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1. Introduction

Research on Industry 4.0 is expanding as digitalization becomes a priority for manufacturing and service
companies [1] . Deloitte's (2014) report found that the possibility of using Industry 4.0 would lead to
greater competition in digital supply chain activities [2] . The digital tools can be used to share common
data, information, and knowledge across the supply chain [3] [4] .

Industry 4.0 is creating intelligent production systems by changing the mode of operation, design,
product service, and structure of production systems. This new technological and forward-looking
approach aims to increase the effectiveness and efficiency of the entire supply chain in the industry [5]
. Digital transformation reduces deviations in the supply chain and improves the quality of banking
services, ultimately leading to the integration of the supply chain and profitability [6] .

The birth of Industry 4.0 has caused the supply chain of various industries, especially service industries,
to face extensive changes and to have greater integrity. About two-thirds of the world's advanced
economies have moved towards service industries, indicating that most future jobs will be service-
oriented with more integration [7] .

Despite the importance and increase of services in the world economies, research on the service supply
chain has been neglected compared to production. The emphasis on supply chain management is still
seriously focused on the manufacturing sector, and hence, the service supply chain, which has services
at its core, has been neglected [8] .

Service companies' supply chain design and development have many problems; therefore, little research
has been done to develop the service supply chain model [9] . The reason for these problems is the
different nature of the services. Services have different Attributes, such as Not being tangible, not
homogeneous, not being storable, simultaneous production, distribution, and consumption, customer
participation in production, etc. [10] . More specifically, in the banking industry, the growing cost of
the cash supply chain is the issue or problem managers face.

The high cost of the traditional banking supply chain is focused on the cost of equipment or services
required to receive, transfer, and distribute cash. This traditional and long chain starts from the central
bank, moves to the branches/ATMs, and finally, goes to the customers. The growing and high cost of
the cash supply chain is mainly attributed to the rising demand for cash and the use of complex
technology in the supply chain. Therefore, although Industry 4,0 has certain benefits, it will also cause
bank fees to grow. Thus, it is necessary to redefine the supply chain for service industries, including the
banking service industry, which has had the largest share in digital developments due to changes in
customer needs. This study designed and simulated the banking service supply chain model in Industry
4.0. we contribute to the literature and fill in the literature gap by investigating the supply chain of
banking services of Industry 4.0 and its simulation based on agent-based modeling. More specifically,
we aim to provide more insights into the detailed influence of Industry 4.0 on various aspects of banking
operations, including the impact on bank’s digital investment, banks’ retained profit, and revenue from
digital services, the number of customers, banks’ ability to attract more customers as well as customers’
use of digital banking services. We are the pioneer in providing this detailed analysis based on the
innovative method and would be able to provide concrete policy implications. In summary, we are faced
with the following questions:

1). What is the effect of the advent of Industry 4.0 on bank’s investment in digital development?

2) what is the effect of the advent of Industry 4.0 on the retained profit of digital banking?

3) what is the effect of the advent of Industry 4.0 on the number of bank customers?

4) what is the effect of the advent of Industry 4.0 on revenues from digital banking services?

5) what is the effect of the advent of Industry 4.0 on the bank's ability to attract customers digitally?
6) what is the effect of the advent of Industry 4.0 on customers' use of digital banking tools?
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2. Theoretical Basis
2.1. The concept of Industry 4.0

Industry 4.0 is a growing research field and an attractive keyword in the industry [11] [12] . This can
be introduced as emerging convergence and new technologies such as artificial intelligence, big data,
the Internet of Things, and robotics [13] . Industry 4.0 is a new concept that researchers and executives
use to explain how the world's industrial systems will improve shortly, using Internet-based tools to
increase added value for companies [8] .

Progress towards Industry 4.0 is currently significantly impacting the manufacturing industry. This is
based on establishing intelligent factories, smart products, and intelligent services embedded in the
Internet of Things and services, also called the Industrial Internet of Things [14] . In addition, new
business models are evolving based on Industry 4.0. Advanced technologies in Industry 4.0 have great
potential to increase production efficiency dramatically. For instance, according to McKinsey, a change
from conventional production towards automatic production in Industry 4.0 can increase productivity
by 45%-55% [5] .

Industry 4.0 includes the entire product life cycle and supply chain, from design, sales, inventory,
planning, and quality to engineering, and it even changes the way people work [3] . Industry 4.0
emphasizes using digital technologies to collect and analyze data and provide industries with vital and
practical information [15] . One of the largest industries that has significantly changed in recent years
is the banking services industry. Therefore, investment in the IT sector of banks and using digital tools
such as artificial intelligence, the Internet of Things, cloud services, and big data has increased. This
has increased the bank's costs in the short term [16] . All these tools and concepts can transform the
business models of the banking industry; thus, understanding these effects on banking supply chain
evolution is very important.

2.2. Banking Supply Chain

The supply chain of traditional banking services includes supply and demand related to the supply chain
of banking services. The supply chain is an interconnected process for financing, managing resources,
disbursing loans, and receiving and disbursing cash to customers. Physical cash transfer includes
logistics and delivery mechanisms and monitoring of this process. The banking supply chain is affected
by issues such as financial statements, financial management, information technology management,
customer relationship management, and bank process improvement management [17] .

Also, bank supply chain management includes cash flow management and optimization and helps banks
extend their payment terms to their suppliers according to banking standards [18] .

Banks are one of the most important, complex, and reliable supply chains among industries that move
large amounts of cash daily with low risk. The costs associated with these supply chains include all the
equipment and services needed to process transfer and store information related to liquidity in the
banking network. The operating expenses of this chain are very high. This is when customer demand
for liquidity and increased use of more advanced technology throughout the supply chain are growing.
Figure 1 is related to the main activities of the banking supply chain, including liquidity management
and lending activities. Bank supply chain management includes lending, deposit, and investment
activities [17] .
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Figure 1. Comparison of supply chain activities with liquidity and lending management in banking [19]

2.3. Banking service supply chain in Industry 4.0

The digital revolution has recently changed production and service paradigms by migrating from the
tangible world to the digital space. Industry 4.0 has become a big revolution in eliminating old jobs and
creating new ones. The emergence of Industry 4.0 in the financial sector, including the banking industry,
is also growing faster than other industries.

With the advancement of technology, customers' expectations of service quality are increasing, and
they are constantly evaluating the trust and personalization of banking services. This issue changes the
service strategy of banks in using advanced technologies. Therefore, it is necessary to redesign the
operational processes of the banking sector, especially the banking supply chain, in the path of the
digital revolution [20] . The empirical literature has attempted to investigate the relevant issue of the
application of Industry 4.0 in the banking sector, including the examination of technology quality
management of Industry 4.0 and cyber security risk management [21] , and using fuzzy techniques to
model Industry 4.0 on the banking supply chain [22] .

The significant evolution in digital bank branches is related to customer interactions and the relationship
between banks and customers. In today's world, customers receive banking services through tablets and
computers. Also, one of the other essential conditions of the Digital Bank branch is innovation in
providing services. This is related to a continuous process of innovation that offers different activities
in the Digital Bank branch besides services. Other new services are no longer included in the traditional
supply chain of banks. Banks could attract more customers not individually but through collaboration
with other financial institutions by providing these activities using technologies. Therefore, from this
perspective, industry 4.0 would increase banks’ ability to attract customers digitally. This is an
important issue, in line with our hypothesis 5. Future digital bank branches must provide attractive and
up-to-date banking services to customers based on interactions and innovations that allow customers to
quickly receive banking services without being in a branch. Therefore, we expect that Industry 4.0
would increase the number of customers, which aligns with our hypothesis 3. In addition, Industry 4.0
can facilitate the design and implementation of digital banking, from which, as argued previously, the
banking customers benefit from cost reduction in terms of saving time and transportation costs. This is
supposed to increase the number of customers using digital banking tools. This aligns with our
hypothesis 6.

Previously, we mainly emphasized the impact of Industry 4.0 on banking customers. Concerning
banking operations and bank performance, industry 4.0 would be able to create profitable business
models and improve the staff working conditions through incorporating relevant technologies, running
the business and providing the services online would significantly reduce the staff cost, energy costs as
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well as the cost regarding the fixed assets, therefore, it would increase the retained profit. This aligns
with our hypothesis 2. Furthermore, revenue is supposed to grow by attracting more customers digitally
and increasing the number of customers using digital technologies, which accords with hypothesis 4.
Finally, in terms of the impact of Industry 4.0 on the investment in digital development, although we
can see that banks adopting Industry 4.0 are supposed to benefit from the retained profit and revenue,
this will depend on the specific condition of a particular bank in terms of its volume of capital and
ability to invest into technology-based services and operational mode. Therefore, the impact of Industry
4,0 on digital investment will be determined based on individual bank. This aligns with our hypothesis
1.

In today's banking world, the speed of digitization of banks has dramatically increased, and traditional
models must be constantly redesigned.

In addition to providing services on a secure platform, customers' demands for speed and efficiency
must also be met. Security and trust are critical, and banks have developed innovative banking products
and services over the past few years to protect customers' assets fully. However, like any industrial
revolution, Industry 4.0 can have positive and negative implications for the banking industry.

The digitization of banking processes is being carried out with total capacity. Other aspects of Industry
4.0 are expanding using blockchain, artificial intelligence, the Internet of Things, biometrics, and the
cooperation of banks with fintech companies [23] .

Several studies have been conducted on the digital development of banks. The results are shown in
Table 1, which is based on a comparison of traditional and modern supply chains of banking services.
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Table 1. Previous studies conducted on the digital transformation of banking service

Topic Agent aim Methodology findings Supply chain Supply chain Source
Traditional In Industry 4.0
Interaction Customer Examining the role of single-layer neural With the development of electronic Receiving There is minimal need to [106]
with customer electronic banking on the network banking, many costs are imposed on the services by interact directly with the
profitability of a bank's (perceptron). bank, but in the long run, costs are going to banks | customer through digital
reduced, and profitability increases. tools.
Variety of Bank Examining the a descriptive Communication with customers is Providing Customizing services based [24]
services relationship between qualitative research personalized, and the satisfaction of services within a on big data analysis and
banks and customers in design digitally oriented customers has increased. | fixed framework customer behavior
the digital world for all customers
Information | FinTechs The impact of Industry A Systematic Applied technologies in Industry 4.0 will Information Systematic shating of [25]
flow 4.0 on supply chain Literature Review improve supply chain performance circulation customer information
performance among members of the
participatory supply chain

Chain FinTechs Investigating the hierarchical Crowd-based financial fintechs will disrupt Customer and Connecting various actors [20]

members applications of the classification the tranquility of legacy institutions and bank to the supply chain,

Internet of Things in analysis based on grow. including fintechs

finance and analyzing fuzzy
digital trends Jaccard dissimilarity

Environmental Evaluate the service grey-based hybrid | This method is superior compared to other Customer Eliminating paper and no [27]

impacts supply chain MCDM approach MCDM models, which have drawbacks commute to need to visit banks

environmental

performance

such as the inability to capture realistic

fuzziness in decision-making (human
judgment), inadaptability to different levels
of measurement, complexity in calculation,

and requirement of intricate details

banks and the
use of paper

tools
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Availability Customer Examining the role of Review of literature Frontline teams are very decisive in the Limited access Permanent availability [28]
frontline teams in the preferences of using banking channels for in the city at
preferences of using customers. limited times
banking channels
Infrastructure Central A theoretical literature Review of literature | Competition in the banking industry forces Required Developing central bank [29]
bank review on the banks to use new digital models that create infrastructure infrastructure in the digital
development of digital significant value. for traditional age to create local and
technology in the Indian banking global opportunities
banking industry
Cost All Knowledge of supply Review of literature Industry 4.0 reduces costs, makes Excessive costs | Reducing branch costs and [30]
chain 4.0 and global value production more responsive to consumer of buying coordination and
chains demand, boosts employment, and saves property and compliance costs
consumers’ time. rental and staff
costs
Synergy FinTechs Understanding the A systematic The new generation of banking has a wide | Lack of inter- Joint cooperation, [31]
practical applications of literature review | impact on improving the customer | organizational particularly sharing
Banking 4.0 in Industry experience, using artificial intelligence, and | cooperation and knowledge and expertise
4.0 the emergence of databases, identification added value and intellectual property
algorithms, machine learning methods, and
data analysis.
Resource FinTechs Analysis of drivers of one-to-one nearest Companies' involvement with fintechs is Lack of Chain members share their [32]
sharing adoption of advanced neighbor matching positively related to the adoption of resource-sharing resources to avoid

digital production

technologies

method

Industry 4.0 technologies

unnecessary rework on
matters and resources such
as expensive assets such as
transportation and
maintenance network

equipment.
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Although these studies have examined the digital transformations of banking services, changes in the
banking supply chain in Industry 4.0 have received less attention. Thus, in this study, the banking
services supply chain model was designed in Industry 4.0 and simulated with an agent-based simulation
approach.

2.4 Hypotheses development

Few studies address the impact of Industry 4.0 on digital investment and argue that there is a lack of
clarity regarding the cost-benefit analysis and the monetary benefits of digital investment when
applying Industry 4.0 to the supply chain context [33] . This argument is also supported by Nagy et al.
(2018) [34] . Digital investment requires a reasonable amount of costs, the impact of Industry 4.0 on
the volume of digital investment will depend on the benefits/profits that the companies or industries can
gain from incorporating technology into the manufacturing and distribution of products and services.
Regarding the impact of Industry 4.0 on profit Muller et al. (2018) argue that the application of
technology in the operation and manufacture derived from Industry 4.0 would create profit business
models, improve efficiency and product quality, and improve work conditions [35] .

Industry 4.0 has an international approach and is different from traditional banking services provided
by branches, and customers worldwide can use it [31] . This is considered to increase the number of
customers. In addition, Industry 4.0 is geared towards increasingly individualized customer
requirements. Therefore, it is considered that Industry 4.0 could attract more customers [36] . Dutta et
al.(2020) argue that Industry 4.0 can reduce costs by providing customer-tailor production concepts,
and additional revenue can be earned from providing new digital products, services, and solutions [37]
. Fatorachian, and Kazemi (2020) argue that digital transformation in the financial sector increases the
loyalty of existing customers [25] . This indicates that customers like to use digital tools in the services
provided by the banking industry. In summary, we form the following hypotheses:

H1: We do not have a priori expectation of the impact of Industry 4.0 on digital investment.
H2: there is a positive impact of Industry 4.0 on retained profit

H3: Industry 4.0 increases the number of customers

H4: Industry 4.0 would be able to more attractive to potential customers

H5: there is a positive impact of Industry 4.0 on the revenue from digital banking services
H6: Industry 4.0 increases the use of digital banking tools

3. Methodology
3.1. The Agent-Based Modeling Approach

The Agent-Based Modeling Approach is a new computational method for modeling dynamic and
complex systems in which humans play a crucial role [38] . There are generally four approaches of
applications of this modeling, including flow simulation, organizational simulation, market simulation,
and diffusion simulation [39] . This method of modeling creates an artificial community of individuals.
It enables the modeling of two vital things that exist in most systems: people are different (society is
heterogeneous), and people interact and influence one another.

In such systems, each agent is recognized as an independent, autonomous, and intelligent computational
unit that can think and make decisions and social interaction [34] . The agent behavior can be modeled
in the stock market, supply chain, and consumer market/marketing [40] . It can also be used to predict
the spread of the epidemic [41] .

Agent-based modeling has the following capabilities that make it one of the most popular methods in
modeling [42] .

1. Modeling dynamic and complex interactions among system elements in other methods is impossible,
but agent-based modeling can quickly do this.
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2. Creating heterogeneous agents with different characteristics and large numbers is possible in agent-
based modeling, while other methods have severe limitations.
3. The possibility of using complex learning and reasoning mechanisms in agents in the agent-based
method is much simpler than other methods.
Thus, considering the complexities in the banking service supply chain, adopting agent-based modeling
based on its benefits would bring more benefits than other modeling approaches. Table 2 shows the
studies done on supply chain simulation using agent-based modeling.

Table 2. Previous studies on supply chain simulation using agent-based modeling

No. Author Topic Modeled agents or parameters
1 [43] DESIGNING SUPPLY CHAIN EXTERNAL AGENTS (WEATHER FORECASTING, TRAFFIC
MANAGEMENT-BASED FORECASTING, SOCIAL MEDIA MONITORING, WEB
MODELS IN DIGITAL TRACKING) / INTEGRATION AGENT (SERVICE TRANSFER)
ECOSYSTEMS / MESSAGING AGENT (SUBSCRIPTION DISSEMINATION
MODEL) / DATA LAKE AGENT (BACH MODEL) /
PREDICTIVE MODELING AGENT (REAL- TIME) /
VISUALIZATION AGENT (MANAGEMENT AND CONTROL,
SUPPLIER COLLABORATION, CUSTOMER
COLLABORATION, CUSTOMER AND SUPPLIER
ENGAGEMENT, ONLINE ALERT, NEW SERVICES)
2 [44] ANALYSIS OF FLEXIBILITY SUPPLIER/MANUFACTURER/WHOLESALER/RETAILER
STRATEGIES AND THE EFFECT
OF RIPPLE ON BLOCKCHAIN-
COORDINATED SUPPLY CHAIN
3 [45] AGENT-BASED SUPPLY CHAIN PHYSICAL OBJECTS (RECEIPT, PRODUCTION,
OPTIMIZATION ALGORITHM TRANSPORTATION, ISSUANCE, STOCK)/LIQUIDITY
(DEPOSIT, WITHDRAWAL, PAYMENT, SAVINGS ACCOUNT)/
INFORMATION (DECISION-MAKER, INFORMATION)
4 [46] REDUCING THE RISK OF NUMBER OF BUYER/SUPPLIER PURCHASES/ POSSIBILITY
SUSTAINABILITY IN THE OF SELLER-MISCONDUCT/ SUPPLIER MISCONDUCT/ RISK
SUPPLIER POPULATION: AN IMPACT/ BUYER'S POWER/ LACK OF BUYER RESOURCES/
AGENT-BASED SIMULATION NUMBER OF PERIODS
STUDY
5 [47] DATA-DRIVEN DECISION- A NETWORK OF SUPPLIERS/ A NETWORK OF
MAKING FOR SUPPLY CHAIN MANUFACTURERS/ A NETWORK OF DISTRIBUTORS
NETWORKS WITH AN AGENT-
BASED APPROACH
6 [19] SERVICE-BASED SIMULATION BANK/ CUSTOMER/ OTHER BANKS/ CENTRAL BANK/
OF THE SERVICE SUPPLY SUBSIDIARIES
CHAIN IN BANKING BASED ON
SERVICE DOMINANT LOGIC
7 [48] A SERVICE-ORIENTED SUPPLIER/ SHIPPING/ CUSTOMER
FRAMEWORK FOR AGENT-
BASED SIMULATION OF
SHARED SUPPLY CHAINS
8 [49] USING AN AGENT-BASED SUPPLIERS/ DISTRIBUTORS/ SHIPPING/ CUSTOMER
SUPPLY CHAIN TO REDUCE
SUPPLY CHAIN DISRUPTIONS

Considering that none of the studies have dealt with the function of the banking services' supply chain
in Industry 4.0, the primary purpose of this study was an agent-based simulation of banking service
supply chain management in Industry 4.0. Therefore, first, the effect of Industry 4.0 on the supply chain
of banking services was identified. Resalat Qard al Hasan Bank was selected because it is a leading
bank in digital banking in Iran, and data related to the bank’s financial statements were collected. The
simulation was done in NetLogo, and coding stages were performed to introduce the factors and their
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interactions. In the final stage, after validating the model and confirming its validity, a virtual
experiment was performed based on real data, and the results were explained.

In this study, it was assumed that in the traditional supply chain and digital supply chain, the following
steps are taken:

1. In the traditional supply chain, customers go to the bank to receive banking services and request their
order, but in the digital supply chain, since physical branches are removed, customers receive their
services digitally without the need to go to the bank.

2. In the traditional supply chain, all banking services are performed through the bank itself, but in the
digital supply chain, the bank provides its services as cooperation networks of other members of the
chain by outsourcing services such as validation, management of guarantee documents, etc.

- In the traditional supply chain, all services are limited to bank branches, but in the digital supply chain,
through information sharing in the network, organizations provide many services to customers and
complete this chain.

4. Because the model dynamics are primarily related to the four factors, such as banks, customers,
FinTechs, and other organizations, factors that create little dynamism in the model (such as the central
bank, bank companies, and other banks) were removed.

5. The model focuses on the revenue of banks, FinTechs, and other organizations in network
collaboration and the number of customers.

In the agent-based simulation, the data in the reports and financial statements of Resalat Qard al
Hasan Bank and related FinTech companies were used to simulate the supply chain of banking services
for 2016-2021. The data used for simulation in NetLogo was extracted from https://www.codal.ir for
2016-2021. The study's statistical population included all banks in the Iranian banking industry.
Considering the transparency and access to financial reports and statistics of variables about the status
of the banking industry and also the leading status of Resalat Qard al Hasan Bank in providing digital
services by completely eliminating its physical branches by the end of 2020, this bank was selected as
a sample, and its supply chain was simulated. The subject area was the banking service supply chain.
The present study was conducted on digital banking services in Resalat Qard al Hasan Bank, and the
research results focus on the banking industry in terms of generalizability to other similar service
sectors. This study can be the basis for further research. Temporally, this study simulated the supply
chain of banking services for 2016-2021.

4. Data Analysis

The beginning of simulation with an agent-based approach is to "identify" a phenomenon that one
intends to identify. Thus, the present study examined a phenomenon called the banking services industry
and Industry 4.0. The parameters in this simulation and the relationships and interactions among agents
are within a bank supply chain framework (Figure 2)

73



. Service fee
Service fee

Other
organi
zation

Provision
of
services

Provision

Return on of
investme services

Return
on
invest

Service fee

Subsidi
aries

N

Service fee
Loan score

Facilitv fee

Loan score
Facility fee

[eloueul

Investments and
legal partnerships

Facility

|

Transformation in the
supply chain

Investments and
legal

Deposit Facility

Legal
deposit

Deposit

[eloueulq

Return on
investment Legal deposit

FinTech
S

Return on
investment Lega

Legal deposit

Centr
al
bank

Figure 2. The framework of the supply chain of banking services in Industry 4.0 (researcher-made)

The next step in the agent-based research methodology is to "define the domain" of the model.
Here, researchers need to clearly identify all the hypotheses used in the model. This model can start
with a simple model that is easy to implement. The scope of the model in this research is the Iranian
banking industry, which was measured by considering the data in the annual reports and financial
statements accessed at https://www.codal.ir. The behavior of the main performance indicators for the
banking supply chain, namely "profit" and "other important parameters," was simulated for 2016-2021.
To this end, Resalat Qard al Hasan Bank was selected and simulated because it is the first bank in Iran
without physical branches.

The next step is to determine the "simulation scheme". In this step, the type of objects is defined
in the simulation. This type of simulation usually has two types of objects: "agents" and "environment".
Then, the characteristic attributes of all objects must be specified. To perform the simulation of the
banking service supply chain factor, NetLogo Ver 5.3.1 was selected and coded, taking into account the
identified factors and their relationships. Given that in agent-based simulation, agents are the "decision-
making members" of the supply chain, in this study, four agents (Bank, Customers, Other organizations
& FinTechs) were identified and considered as the main actors that create the most dynamism in the
banking service supply chain environment that are shown in Table 3.
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Table 3. How important factors and variables interact in the simulation

Variables/ how to interact with the bank agent Agent
Name
* Resources in traditional branches Bank

* Resources in digital banking

* Expenditures in traditional branches

* Expenditures in digital banking

¢ Incomes

* Costs

* The ratio of incomes from traditional banking to digital banking
* Ratio of costs from traditional banking to digital banking

* Number of traditional branches

* Branch rental cost

* Retained earnings

* Number of customers Customers
* Number of traditional account opening

* Number of online account opening

* Number of receiving traditional facilities

* Number of receiving online facilities

* Number of online validation files

* Number of banking service requests in online systems

¢ Income of service contracts with the bank Other
organizations
¢ Income of service contracts with the bank FinTechs

* Financial services consulting fees
* The cost of implementing digital systems

In order to explain the characteristic attributes of the agents, this attribute remains unchanged in
all stages of the simulation and, like gender, maintains the general nature of the agent. In this study,

there were such traits as financial indicators, which are as follows:

Characteristic attribute of the bank: Customer attraction and profitability
Characteristic attribute of the customers: Receiving banking facilities and services
Characteristic attribute of the FinTechs: Profitability

Characteristic attribute of the organizations: Profitability

Figure 3 shows the most important financial data taken from the financial statements of Resalat Qard

al Hasan Bank to simulate the model.
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Figure 3. The most important financial data for model simulation on NetLogo
"Interaction model" is the next step. At this stage, all possible actions that may be performed by
each agent, as well as the rules that it takes, are prepared. At this stage, all input and output variables in
accordance with the statistical reports and financial statements of Resalat Qard al Hasan Bank and
related FinTechs were explained and coded using the following logic in NetLogo.

Table 4. Interaction model among agents

No Agents Interaction model Interaction codes of the respective agent
1 Customer set digitsatisfac 0
Customers have two options: to manage their deposit set capital random-normal IndsAverageCapital (0.1 *
resources by going to the banks and using traditional IndsAverageCapital (
banking setvices ot to benefit from online services by set adigit InitialDigital Will
turning to digital tools. ask inds

set dice random-float 1
set aadigit random-normal adigit adigit / 3
let £ IndsAverageCapital / capital
set dice (dice * 1 * 0.5)
set diceSI random-float 1
set bankSI random-normal bankSSI bankSSI /3
set digitrevenue sum [capital] of inds with [aadigit >
dice and bankSI > diceSI]
set nondigitrevenue sum [capital] of inds with [aadigit
<= dice and bankSI > diceSI]
set allcapital (digitrevenue + nondigitrevenue)
set NCustomers count inds with [bankSI > diceSI

2 Bank * By increasing the number of customer requests in digital ~ set bankSSI InitialBankAttraction
banking systems, the bank reduces its physical branches. set bankprofit 0
* As the number of bank branches decreases, personnel ask banks [
and branch costs decrease, and bank profits increase. set capitalgain ExtraCapitalGain * (digitrevenue +
nondigitrevenue)



3

4

* With the increase in online banking services and the
speed of service delivery, new customers' desire to open
an account and use digital services in the bank increases.
* With increased profits from digital services, the bank

set cost (DigitalCost * digitrevenue + AncienCost *
nondigitrevenue )

set Alldigitalcost DigitalCost * digitrevenue

set digitinvest max (list 0 (DigitallnvestRatio *

invests more in FinTechs. (capitalgain)))
The bank expands its investment and network cooperation  set bankprofit (bankprofit + capitalgain - cost -
with organizations by reducing the number of branches digitinvest)

and the need for constant availability to respond quickly to
customers.

set adigit min (list 0.9 (adigit * (1 + growth) * 2))
set bankSSI min (list 0.5 (bankSSI * (1 + growth) *
0.25))

FinTechs * As FinTechs’ revenue increases, network collaboration ask fintechs |
should increase by sharing customer information across set revenue digitinvest
the chain. set cost (DigitalizationCostRatio * revenue)
set growth ((revenue - cost) * 7 / (allcapital))
Organizations  * As FinTechs’ revenue increases, network collaboration ask orgs |

should increase through the sharing of customer set cost Alldigitalcost

information across the

And the last step is ""model validation'. There are two stages of validation in agent-based
simulation: internal validation and external validation. There are also two processes for internal
validation: first, conceptual validation and second, explanatory process. The model's validity
determines whether it is suitable for its purpose. In fact, the validation process generally seeks to
eliminate model bugs. In order to check the conceptual validity of the model, banking experts' opinions
were received during the face-to-face interview, and after making the necessary corrections, they were
approved. Then, according to the opinions of two agent-simulation experts, the model explanation
process was also approved. During the external validation process, the "accuracy" of the model is tested.
The model's accuracy determines the extent to which this model can reflect reality. For external
validation, the values obtained from the model should be compared with those obtained by manual
calculations for all parameters in each period. Deviations of up to 0.2% are acceptable (According to
an interview with experts). If the deviations are more than 0.2%, coding and modeling should be
reconsidered. An example of external validation results is shown in the table below, which indicates
that the model is validated. Table 5

Table 5. Validation result of the simulation model

Year Parameter Simulated value Measured value deviations
Accumulated profit of the 0.02
2018 | bank (in million Rials) 42.270.000.000 41.386.000.000
Number of customers 4.570.000 3.600.000 0.02
Accumulated profit of the 0.02
2019 | bank (in million Rials) (457.920.000.000) (468.708.000.000)
Number of customers 5.790.000 5.900.000 0.01
Accumulated profit of the 0.01
2020 | bank (in million Rials) 362.200.000 355.925.000
Number of customers 6.980.000 7.170.000 0.02
Accumulated profit of the 0.02
2021 bank (in million Rials) 1.613.200.000.000 1.572.000.000.000
Number of customers 7.690.000 7.500.000 0.02

The last phase in the agent-based research method is to provide a "virtual experiment"” to generate
relevant hypotheses or explore system dynamics for banking services. Thus, the main variables or
parameters assumed to be the most appropriate variables affecting the necessary properties must be
identified first. Then, the range of values of the investigated main variables should be defined as a slider.
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Random numbers based on real-world data can be used to determine hypothetical variables. Then,
multiple simulation times (number of replications: 5) must be performed for each set of experiments,
and finally, the simulation result should be analyzed. (Figure 4)
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Figure 4. The virtual simulation and testing environment in NetLogo

5. Discussion and Conclusion

This study used agent-based simulation to investigate the behavior of effective factors in the supply
chain of banking services in Industry 4.0. Based on the statistical reports and financial statements of
Resalat Qard al Hasan Bank, the first bank in Iran without physical branches, as well as the
organizations and FinTechs that cooperate with this bank as a network, the behavior of the banking
service supply chain was studied. Important models such as bank retained profit, the amount of bank
investment in the development of digital tools, revenues from digital banking services, the number of
customers, the customers' use of digital banking tools, and the bank's ability to attract customers
digitally were simulated for 2016-2021.

According to Figure 2, a regular and specific process was followed to find answers to research
guestions. Based on the objectives and considering the research process, the research findings can be
examined in three areas: identifying the factors of digital banking services supply chain, identifying the
effects of Industry 4.0, and agent-based simulation of the impact of Industry 4.0 on the banking service
supply chain. According to the literature review and research, a primary list of banking service supply
chain components was extracted. In the next step, the effects of Industry 4.0 on the banking service
supply chain were identified. Table 3 shows the financial indicators of the research. Then, according to
the bank experts and simulation, the supply chain agents of banking services were identified, and the
relationships among them were drawn, as shown in Figure 2.

According to the opinions obtained from bank experts, the structural model of the banking service
supply chain also includes professional service providers, service integrators, end consumers, and other
members of the chain who participate in the service process. Accordingly, the bank acts as a service
integrator, the customer acts as the end consumer, the FinTech acts as a financial service provider, and
the organizations act as secondary service providers in the chain. Therefore, the combination of agents
identified in this study was consistent with the opinions obtained from bank experts in the proposed
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structural model. We contribute to the literature by attempting to evaluate the impact of Industry 4.0 on
the banking supply chain by proposing an agent-based simulation. More specifically, we are the first
study to generate new insights regarding the impact of Industry 4.0 on various aspects of banking
operations, including the perspectives of bank revenue, bank profit, bank investment, and customers
using digital banking tools. The following are the simulated model outputs for some essential items of

the banking supply chain.

Annual Digital Investment
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0 18

Figure 6. The effect of the advent of Industry 4.0
on the bank's investment in digital development
Number of Customers

4

156

0
0 184

Figure 8. The effect of the advent of Industry 4.0
on the number of bank customers
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Figure 10. The effect of the advent of Industry
4.0 on the bank's ability to attract customers
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Figure 9. The effect of the advent of Industry 4.0
on customers' use of digital banking tools



According to the results presented in Figures 6 to 11, with the entry of banks into Industry 4.0 and
the addition of organizations and fintechs to the supply chain of banking services, bank profitability
rates, fintechs profitability, number of customers, the use of digital tools increase Findings and branch
costs have dropped dramatically. More specifically, we can see from the results that there is a positive
impact of Industry 4.0 on bank investment in digital development. This is not in line with our
hypothesis. However, the results show that even if the banks with less amount of capital and difficulty
covering the cost of digital investment, they would be able to achieve higher revenue and profit to cover
the cost of investment, which induce them to engage in the investment. The positive impact of Industry
4.0 on the number of customers, retained profit, and digital revenue is in accordance with our hypotheses
and arguments. We can see that there is also a positive impact of Industry 4.0 on banks' ability to attract
customers digitally, as well as customers’ use of digital banking tools. However, the effect is also held
for a certain period of time, after which there is no significant influence. This can be explained by the
fact that although Industry 4.0 incorporates the Internet of Things and other technology-based
initiatives, its ability to attract customers can only be sustained by continuous technological innovation.
From the customers’ point of view, the use of technology in banking services and products will be
increased only to a certain point. It can only be further expanded when additional technologies for
financial innovations can be made, which gives banking customers more new and advanced
experiences.

Extensive and comprehensive communication, close cooperation with partners and suppliers,
integration of processes and information based on advanced information and communication
technology, sharing information and banks and information systems of chain organizations, and as a
result, complete and accurate knowledge of the components of the chain, the position and structure of
each other in the fourth industrial revolution is very colorful [50] . Meanwhile, using artificial
intelligence in the supply chain leads to improved response to changes in demand, reduced delivery
time and reduced costs, and sustainable development. Therefore, organizations are rethinking and
redefining the concept of operations management using a supply chain approach based on intelligent
technologies [51] . However, in such a situation, the manager must assess the level of risk and act
intelligently in all decisions. Accurate, up-to-date, and transparent information reduces the risk of
making wrong decisions about digital transformation, so the need to improve digital intelligence in the
organization is fully felt [52] . Therefore, digital management programs help bank managers improve
their bank's operational efficiency and increase transparency in their decisions by predicting monitoring,
and keeping pace with the digital transformation in the supply chain more than ever before [53] .

The innovation of this research can be viewed from two aspects. One innovative aspect of this
research is that the effective agents in the banking service supply chain were identified for the first time
in Industry 4.0, and the interactions among them were considered in agent-based modeling. The
literature study showed that, thus far, the interactions among these agents have not been identified and
investigated. Despite numerous studies and modeling on the production supply chain in previous
studies, no research based on digital banking supply chain simulation has been conducted. Therefore,
another innovation of this research is to present a simulated model of an agent-based supply chain of
banking services in Industry 4.0, which can be used in the banking system. However, the research
method and modeling approach used in this research can be used in other service industries.
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6. Suggestions and Limitations

The present study has weaknesses and limitations that naturally reduce the quality of results and
suggestions. This includes a lack of behavior simulation of other banks and being satisfied with the
financial data of Resalat Qard al Hasan Bank. Thus, it is suggested that a particular study simulates the
service supply chain of several top banks in digital services. At the same time, some other influential
variables and factors should be included in the proposed model. Still, due to the complexity and lack of
detailed information, they were not added to the structures in the model. Therefore, in future studies, it
is necessary to identify other effective variables and measure their effects on the supply chain of banking
services. It is also possible to systematically analyze the important variables of the digital banking
supply chain, identify the causal relationships among the variables through the system dynamics, and
simulate the results by agent-based modeling.

The results showed that digital tools and cooperation with FinTechs have become the most
significant lever for banks in attracting customers. Therefore, by developing such tools, banks must
transform the customer experience and turn themselves into a virtual branch in the digital world.
Meanwhile, in Industry 4.0, intermediaries called FinTechs have entirely transformed the supply chain
of banking services, and by having customer information, they can develop business and improve
services throughout the chain. In such a situation, banks should be able to distance themselves from the
world of direct supply and sale of services by using Internet banking due to the cost of in-person
services. At the same time, simply attracting customers virtually is not sufficient, and banks should pay
special attention to developing their digital service processes to retain customers to receive future
services. Banks must promptly identify customers' new demands and adopt the best appropriate solution
by increasing investment in the IT sector and network cooperation with FinTechs and organizations.

More specifically, based on our main outputs derived from the innovative method, we have the
following recommendations:

1. Banks should further increase the expenditure on research and development, particularly in the area
of Industry 4.0; relevant innovations would not only enable them to provide goods and services to the
banking customers in a more efficient way but also be very helpful to the banking operation in terms of
increasing the number of customers.

2. A sustainable research environment is recommended. As can be seen from our results, customers
appreciate relevant technology-incorporated banking products. At the same time, banks should
continuously engage in providing innovative banking products and services in order to improve their
ability to attract customers digitally and enhance the desire of customers to use digital banking tools.
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