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Abstract: The role of the Association of Southeast Asia Nations (ASEAN) small and medium enter-

prises (SMEs) as the regional socioeconomic stabilizer inseparable from endogenous multi-sector 

collaboration. Indonesian SMEs struggled with Industry 4.0 adoption due to the lack of digital in-

frastructure (DI) and digital literacy (DL). This study aims to explore the role of technology startups 

(TS) on covering DI and DL of SMEs. The evaluation was through a multi-parties provisional sim-

ulation model of Indonesian SMEs' collaboration with government and TS. The provisional model 

is the integration of an Agent-based model (ABM) and causal loop diagram (CLD). The model as-

sesses the TS collaboration impact on SMEs' Industry 4.0 adoption and SME competition with larger 

competitors. The simulation results imply that SMEs' collaboration with TS leads to the early adop-

tion of Industry 4.0 that balances the business competition environment. The model also shows that 

exponentially rising government aid can help the SMEs to late adoption of Industry 4.0 that still 

unable to sustain the SMEs in business competition. Thus, the developed integrative simulation 

model is a state-action planning model with each state result bounded to the previous state result. 

The initial input parameters determine the model behavior. Thus, the model is a good resiliency 

planner for SMEs' Industry 4.0 adoption. 
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1. Introduction 

The small and medium enterprises (SMEs) are the economic backbone of future As-

sociation of Southeast Asia Nations (ASEAN) and Indonesia. Even more, the golden age 

demography bonus makes Indonesia have to provide enough employment to ensure the 

economic stability of the people [1]. Therefore, the SMEs that established in Indonesia (In-

donesian SMEs) have a role to ensure regional stability. The economic dependency on 

foreign countries is not an available option for a nation to maintain its socio-economic 

stability. On the other hand, people's dependence on government aid will force the coun-

try to enter such a situation. Besides, the economic dependency of a country on other 

countries in the same region may reduce regional stability [2]. Hence, collaboration is 

needed to maintain regional stability. 

Financial, technical, and human resource barriers hinder Indonesian SMEs Industry 

4.0 adoption. Most developing countries struggle with those three major problems in In-

dustry4.0 adoption. The specific issues of Indonesian companies on Industry 4.0 adoption 

are Lack of ICT infrastructure, financial constraints, management support, technical ex-

pertise, privacy concerns [3]. The Indonesian government resolves the issues by creating 

special regulation for industry 4.0 adoptions [4]. However, the regulation only focuses on 

Industry 4.0 knowledge and organizational culture empowerment. Hence, the regulation 

does not provide financial or technical empowerment for SMEs. Therefore, this study ex-

plores the possibility of SMEs Industry 4.0 adoption through collaboration with TS. 
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The endogenous multi-sector collaboration of a nation's public and private sectors is 

necessary to build a robust financial structure. System modeling approaches can model 

such relationship dynamics. For example, the use of the Bozeman collaboration model to 

evaluate the economic impact of scientific research collaboration. The corresponding pro-

visional model assesses research collaboration effectiveness among interdisciplinary sci-

entists [5]. The expansion of the model also successfully declassifies public and private 

sector employees' job satisfaction [6]. However, semi-structured interview data was the 

basis of both models. In contrast, this study constructs a provisional model based on in-

formation feedback. 

Collaboration modeling belongs to non-physical system modeling. Thus, the system 

complexity is high because it consists of various entities. In consequence, modeling the 

social system through conventional statistics requires some assumptions. There are risks 

of assumption exaggeration and oversimplification that lead to bias [7]. Correspondingly, 

the discrete event simulation (DES) approach that relies on statistical distribution is not 

fit to model human collaboration dynamics in medium-level abstraction. Instead, model-

ing the entity behavior through simple logic called the agent-based model (ABM) is more 

representative. It is possible to construct data-driven ABM by arranging the agent logic 

from historical data [8]. This study employs data-driven ABM to simulate the Indonesian 

SMEs and technology startups (TS) collaboration in adopting Industry 4.0. 

The growth of Indonesian TS changes the economic ecosystem. TS promote technol-

ogy disruption that widens access to advanced technologies.  Through some cooperation 

with the Indonesian government, TS focus on helping SMEs sustain themselves [9]. Indo-

nesian startup global growth ranked 5th with 2229 listed startups in 2021 [10]. The growth 

is due to venture capitalist funding and an active startup growth campaign involving 

young technology talent. The expected outcome of TS collaboration with SMEs is to main-

tain prosperity over the increasing population. This study models the dynamics to achieve 

the expected outcome. 

Indonesian TS has rapidly grown while facing some major obstacles. The obstacles 

were digital technology infrastructure and digital literacy of the available human re-

sources. The technology problem is a global problem since European SMEs also experi-

enced the same digital resources problems [11]. However, funded TS has access to use 

giant technology company infrastructure. Most Indonesian TS use exclusive subscription 

plan that has lower fare by cloud service providers such as Amazon, Google, Facebook, 

and Microsoft [12]. Numerous training programs can overcome the digital literacy prob-

lem in the Indonesian TS ecosystem. However, outside the TS ecosystem, Indonesia's dig-

ital literacy index is 3.49 which is low [13]. Indonesia has a decacorn, 13 unicorns, and 

hundreds of startups in the Serie-B and Serie-A funding stage, but thousands of Indone-

sian TS are still in seed and pre-seed funding [14]. This study aims to analyze the contri-

bution of the growing TS to Indonesian SMEs' adoption of Industry 4.0 technology. 

The Analysis of SMEs' Industry 4.0 adoption in this study context requires the inte-

gration of system variables with the detailed entity variables. The high-level model and 

medium-level abstraction model connection allow the integration of both system varia-

bles. The medium-level abstract model provides a detailed model of an entity's behavior 

in a system. The highly abstract model provides general entity relation. The relation de-

picts the way an entity affects the overall system states [15]. This study applies high-level 

abstract modeling to understand the effect of TS and government support on Indonesian 

SMEs Industry 4.0 transformation. The evolution of the high-level abstract model states 

every time step unit can be analyzed using dynamical systems (DS). DS analyzes the 

changes in a system with predefined general variables [16]. Meanwhile, the construction 

of ABM for SMEs business competition introduces detailed factors. 

The DS and ABM simulation integration enables in-depth system analysis with a gen-

eral perspective. DS is a top-down modeling tool that models a system at a high abstrac-

tion level [17]. DS relies on information feedback from an entity to another entity. The 

most common tool to construct a DS model is the causal loop diagram (CLD) and stock & 

flow diagram (SFD). CLD excels at qualitative model building that only involves binary 
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relationships represented by positive (+) and negative (-) at the arrowhead [18]. The infor-

mation loop is either reinforcing (positive-positive / negative-negative) or balancing (pos-

itive-negative). Both CLD and SFD allow DS to model the complex and nonlinear behav-

ior of a system into a simple relationship structure [19]. SFD excels at quantitative system 

modeling that allows the system flow estimation according to inflow and outflow quan-

tity [20]. The SFD's ability to quantify flows makes it suitable for data-driven DS [21]. 

However, CLD integration with a bottom-up model such as ABM has enabled its utiliza-

tion of quantitative problems. The corresponding integration scheme utilization was to 

explore the complexity of the construction waste management problem [15]. The flexible 

CLD can act as a logic gate for the bottom-up model result based on high-level interactions 

(ABM on top DS) or low-level interactions (DS on top ABM). This study proposes a real-

time interaction model that allows the ABM model and DS concurrently to feed input and 

output data. 

This study evaluates the digital technology disruption by the TS that targets the SMEs 

as their customer. This study applies and extends the provisional model by[5] and [6] by 

integrating ABM for a medium-level abstraction model and CLD-based DS to construct a 

high-level abstraction model. This study reports the first real-time ABM and CLD concur-

rent simulation. The first implementation of the proposed integrated model is to solve the 

problems described by [11]. The model represents problem [11] as the integration of SMEs' 

business competition behavior at the bottom abstraction layer and the Indonesian SMEs 

Industry 4.0 development environment at the top abstraction layer. The integrated model 

outputs a decision support tool to maintain a balanced manufacturing SMEs business 

competition environment for multi-parties users (SMEs, government, TS, investors, and 

funders).  

2. Materials and Methods 

The provisional model that relates SMEs' business competition was built by integrat-

ing DS and ABM. The DS technique used was quantitative CLD as previously imple-

mented by [22]. The CLD employs simultaneous equation to process quantitative varia-

bles. The CLD was constructed to model SMEs-government, SMEs-TS, and TS-Govern-

ment relationships. The information exchanged between the entities in the DS model 

which connected in real-time with the ABM model. The information processed by ABM 

on each simulation step was fed to the CLD to be processed.  

The historical data determines the CLD simultaneous relationship and ABM model 

behavior. The Indonesian TS and SMEs data were collected from several open data pro-

viders. The SMEs data were collected from Indonesia open government service, and In-

donesia SMEs growth projection data obtained from World Bank data [23,24]. The SMEs 

data were obtained from the ASEAN SMEs policy index [25], Indonesian SMEs growth 

data [26], and Indonesian SME’s Industry 4.0 readiness data (4IR) data [27]. The TS data 

were collected from databoks and some previous studies through Mendely open data. The 

TS data were Indonesian startup growth index, Indonesia startup classification, and Indo-

nesia startup fundings collected from [28]. The cost components were calculated from the 

collected panel data. Hence, the variables were comparable due to unit homogenization 

as cost. The data collection was for the Industry 4.0 adoption and current SMEs operation 

model construction and simulation. 

The ABM simulation was performed using Python programming language with the 

help of MESA module. MESA is an open source ABM simulation module licensed under 

Apache 2 [29]. The simulations consist of three scenarios applied on high-level abstraction 

CLD of SMEs industry 4.0 adoption. The model describes the business operations of the 

SMEs and the competitors to gain profits. Obtaining profits requires a set of operations 

that need operational costs. The simulation run was in 50 steps, with each step represent-

ing a year. The simulation agents were the SMEs, the competitors, and the profits to be 

gained by the SMEs’ and the competitors. The model construction assumed the competi-

tors (the large companies) are always capable to take over the SMEs market. In opposition, 
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the SMEs industry 4.0 adoption removes the first assumption. Based on the data and the 

underlying assumptions, the simulation parameters were defined in figure 1. The param-

eters were the initial population of the SMEs and the competitors, the growth rate, and 

the profit gained from the customers. The second scenario in figure 1(b) is related to the 

exponential growth of government aid which is assumed to double the growth rate. The 

third scenario in figure 1(c) reflects the balance competition by equally setting the “gain 

from customer” variables due to the SMEs Industry 4.0 adoption. 

 

Figure 1. Simulation parameter setup: (a) current scenario, (b) doubled SMEs growth rate, and (c) 

SMEs with Industry 4.0 adoption. 

The relationship model between SMEs and TS was developed based on technology 

infrastructure and digital literacy problems as shown in figure 2. The model components 

in figure 2 were determined based on available digital literacy data on [28] and the Indus-

try 4.0 basic infrastructures reviewed by [30]. Both [28] and [30] derive the components 

used to evaluate the ABM simulation state and transfer to CLD through equation (12), as 

shown in table 2. The DI variable on equation 12 consists of the sum of equations (1) to (5) 

in conjunction with the DI value obtained from equation (6). The high-speed internet com-

ponent is critical for production control (PC), inventory control (IC), and facility control 

(FC) of manufacturing operations. Each manufacturing and management operation gen-

erates data stored and processed by computing servers (cloud or dedicated). The data 

were comprised of production data (P), supply data (S), and management data (M). The 

computing servers may be required for physical control (PCtrl) of the production machine 

or equipment. The form of controls (PC, IC, FC, and PCtrl) can be in the form of intelligent 

control (AI), internet of things (IoT) control, or both that require extra computational re-

sources. The AI may be utilized in the production line, management, or executive level as 

a Decision support system (DSS). The IoT control utilization is for a physical data collector 

in the production line controlled directly by management input or AI. All the control pro-

cesses require executor software (Soft). The whole infrastructure components control was 

by Digital talents, SMEs employees that received a digital scholarship, or digital training. 

This model assumed the SMEs gained infrastructure and digital literacy through a sub-

scription plan to the TS, and the TS gained capital from investments. 
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Figure 2. Model derived from major problems. 

The detailed impact of the TS on SMEs assessment was using industry 4.0 adoption 

cost. The costs were operational cost (OC), digital infrastructure cost (DC), human re-

source cost (HC), and digital service subscription cost (SC). The subscription price as-

sumed to have been set by TS based on its expense over profit multiplied by the initial 

price (I) (see equation 6 in table 1). Each TS profit consists of investment (INV) and income 

(INC), while the expense covers human resource (HCTS), operational (OCTS), and infra-

structure costs (ICTS). Each cost relationship mathematical model was built based on dig-

ital resource utilization (see table 1). The cost utilization control was using the amount 

factor (Af), usage factor (Uf), and existence factor (Ef). The Af represents amount of a dis-

crete or continuous resource, Uf represents the usage of a resource (continuous), and the 

Ef  is a binary (0 or 1) variable that marks the existence of a resource. 
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Table 1. Detail model of SMEs Industry 4.0 adoption cost. 

Cost Component Equations 

Adoption 

Technology 

Adoption Cost 

High speed 

internet (HSI) 
3 �

����

����

����

� [���� ���� ���� ] (�� + �� + ��)   (1) 

  

Computing 

Server (CS) (�� + ��) �
��������

��� ��
��� ��� ���� × �

���

���

���

�  (2) 

  

AI Technology 

(AI) 

����������   (3) 

IoT Technology 

(IoT) 

������������   (4) 

Softwares (Soft) (����� + ����� + ����� + �������)��������  (5) 

 

Subscription Price Setting 

 

SC ����� ����� ����

�������
� (6) 

 

 

The DS simulation was employed to observe system behavior on the high-level ab-

straction side. The DS simulation compared the initial condition (SMEs Industry 4.0 adop-

tion without TS collaboration) and TS collaboration with SMEs. The DS simulation was 

performed using Vensim® PLE software. The high-level abstraction model constructed 

using CLD focused on a SMEs Industry 4.0 adoption capability and measured by SMEs 

competitiveness. The CLD variables and the simultaneous equation are listed in table 

2. The variables were concurrently updated with the ABM. All simultaneous variables 

unit listed in table 2 were currency. The government aid was a predefined variable ob-

tained from [26]. The digital inf cost was the total infrastructure cost while the digital HR 

cost was the total human resource related cost obtained from table 1. 
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Table 2. Causal loop Simultaneous Equations of SMEs Industry 4.0 adoption cost. 

Initial SMEs System 

Variable  Simultaneous Equation  

Government Aid 
������������(����� ��� ∗ (���������� ��� ∗ 0.01), ����� ���)                            (7) 

SMEs Investment ������������(���′� ���������� ���′� ���������������, ������� ����������)                                                           (8) 

SMEs Capital ������������(���������� ��� +  ����� ���������� −

 "���′� �������� 4.0 ��������", ���������� ��� +  ���′� ����������)                   

(9) 

Digital Literacy ������������(�� ���� ����(����� ������� ≥

������� ������� �� ����, ������� �� ����, 0), 0)                                                        

(10) 

Digital 

Infrastructure 

������������(�� ���� ����(����� ������� ≥

������� �������������� ����, ������� ��� ����, 0), 0)                                                

(11) 

SMEs Industry 4.0 

Adoption ������������(������� �������������� +  ������� ��������, 0)                             (12) 

SMEs 

Competitiveness 

������������(�����1�("���′� �������� 4.0 ��������" +

1, ����� ���������� ���� , "���′� �������� 4.0 ��������" ),0)                                

(13) 

SMEs with Tech. Startups System 

Technology 

Startup 

������������(������� ������� +  ����� ��������� +  (0.2 ∗ ���′� �������) −

������� �������������� −  ������� ��������, ������� ������� +  ����� ���������)             

(14) 

Venture Capital ������������(������� ������� +  ������� ������� ∗ �����ℎ, ������� �������)               (15) 

Angel Investors ������������(������ ���������� +  ������� ���������� ∗

�����ℎ, ������� ����������)                                                                                            

(16) 

 

The DS simulation was driven by the medium-level abstraction ABM simulation re-

sult. The variables values in equation 7 to equation 16 were based on the output of the 

ABM simulation result on each time step. The MESA ABM simulation and Vensim® DS 

simulation was running simultaneously through a Python script intermediary. The con-

current real-time connection between ABM and CLD was achievable through multi-

threading. The Vensim® model (.mdl file) and dataset (.vdhl) was read by Python through 

PySD module. The Pandas module modifies the dataset for the simulation. The variable 

analysis was using Vensim® slider basic I/O. 

3. Results 

3.1. Medium level abstraction analysis 

The ABM simulations of SMEs competition with three different scenarios projects the 

future state of each agent. The initial and termination states of the simulation showed in 

figure 3. The grid represents the market for SMEs and competitors to perform their busi-

ness operations. The green-colored grid indicates the availability of profits that are 
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available to be gained by the occupant agents. The orange-colored shop icon portrays the 

SMEs and the tall building icon portrays the competitors. Figures 3(a) and 3(b) depict the 

first simulation scenario's initial and termination state representing the model maintain-

ing its current simulation state. Figures 3(c) and 3(d) represent the initial and termination 

state of the doubling growth rate scenario by exponentially increasing the government aid 

to the SMEs each year. However, both scenarios failed to maintain a balance competition. 

The inexistence of SMEs at the termination state indicates the corresponding failure (see 

figure 3(b) & 3(d)). Meanwhile, the balanced competitive model indicated in Figures 3(e) 

and 3(f) shows the ability of SMEs to compete with larger competitors as they adopt In-

dustry 4.0 early with a collaborative strategy. 

 

Figure 3. Simulation states: (a) 1st scenario initial, (b) 1st scenario termination, (c) 2nd scenario initial, 

(d) 2nd scenario termination, (e) 3rd scenario initial, and (f) 3rd scenario termination. 

The dynamics of the business competition by the SMEs and the competitor agents 

were to obtain maximum profit and cover their operational costs from time to time. These 

conditions are represented by the agents' behavior that plotted timely as the simulation 

started. Figure 4 presents each plot of each simulation scenario. Figure 4(a) represents the 

first scenario that indicates the competitors are superior to the SMEs. The competitors 

fully absorb the profits on each simulation step. Meanwhile, the SMEs were early elimi-

nated from the competition in the 6th year. This event strengthens the competitors as the 

competitors absorb the reinitiated profits at each simulation step. However, the competi-

tors were self-competing which declined the competitor population after the 18th year.  
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Figure 4. Competition Simulation Plot: (a) Superior competitors, (b) SMEs growth rate doubling, 

and (c) Balanced competition. 

Third-party involvement has changed the competitive dynamics. The SMEs with 

doubled growth rate in figure 4(b) has rapidly increased along with the exponentially ris-

ing government aid in the first five years. However, due to the model obeying the first 

assumption, competitors were able to overtake SMEs profits. This definition of assump-

tion was due to the competitors being more technologically sophisticated and having bet-

ter financial management. In year 9, the SMEs population fell, followed by the exponential 

growth of the competitors. As the SMEs vanished in year 14, the competitors began to self-

competing. As a result, the competitors' population becomes narrower. The narrowed 

competitors compete in the balance competition from year 26 to the termination year. The 

dynamics of the balanced model in figure 4(c) show small growth for SMEs and 
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competitors. The SMEs are in favor of their higher initial population compared to the com-

petitors. Also, the TS helps SMEs' technology advancement to compete with the competi-

tors equally. 

3.2. High level abstraction analysis 

The high-level abstraction of CLD simulates the ability of SMEs to adopt Industry 

4.0. The simultaneous equations (see table 2) of the initial SMEs model flow have gener-

ated the model in figure 5. Current Indonesian SMEs capitals depend on government aid 

with IDR 1.6 million / SMEs valuation and external investment [31]. In this model, the 

external investments were not from loans or returnable favors. Therefore, both variables 

reinforced the SMEs capital. The SMEs has to adopt Industry 4.0 to increase their compet-

itiveness. However, the lack of digital infrastructure and digital literacy restricts them 

from Industry 4.0 adoption. 

 

Figure 5. Causal loop of SMEs Industry 4.0 adoption without collaboration. 

Industry 4.0 adoption requires cost and investments in digital infrastructure and dig-

ital literacy. Based on simultaneous equation (10) and equation (11) in table 2, the industry 

4.0 adoption by the SMEs requires the SMEs to allocate the profit surplus. The required 

allocation was a 50% surplus. Both digital infrastructure and digital literacy create a bal-

anced causal loop between SMEs capital and Industry 4.0 adoption capability. The de-

layed impact of Industry 4.0 adoption is the capital reinforcement as the future period 

investment increases due to reduced operational cost.  
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Figure 6. Causal loop of TS collaboration on SMEs Industry 4.0 adoption. 

The TS collaboration has covered all SMEs Industry 4.0 technological needs. The TS 

is assumed to offer subscription-based digital infrastructures for the SMEs. This condition 

balances the SMEs capital as the SMEs only need to spend subscription costs. Also, ven-

ture capital and angel investors capitalize on TS. The capitalization enables them to own 

digital infrastructure and hire digitally literate employees. Hence, the collaboration with 

TS has enabled the early adoption of Industry 4.0 by SMEs. Thus, this condition equates 

the SMEs with the larger companies. 

 

Figure 7. Causal loop simulation of SMEs Industry 4.0 adoption results: (a) steady system, (b) gov-

ernment aid exponential growth, (c) TS collaboration. 

The quantitative results of the causal loop simulation indicate that TS collaboration 

is the best way to maintain SMEs competitiveness. The quantitative results in figure 7 are 

the outputs of all simultaneous equations in table 2 using ABM simulation parameters 

and outputs as the input of the equations. As a result, the link can be made from figure 

7(a) to figure 4(a), figure 7(b) to figure 4(b), and figure 7(c) to figure 4(c). The SMEs' ina-

bility to adopt Industry 4.0 is visible in figure 7(a) despite the linearly increasing capital 
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each year. Figure 7(b) shows by growing the government aid exponentially each year, 

SMEs can adopt Industry 4.0 in the 18th year. The early industry 4.0 adoptions by SMEs 

and TS collaboration increases the SMEs investment rapidly by ten folds compared to the 

previous scenario, as seen in figure 7(c). Thus, TS collaboration is critical to enabling the 

early adoption of Industry 4.0 for SMEs. 

4. Discussion 

The combination of side-by-side medium and high-level abstraction model simula-

tion of SMEs Industry 4.0 adoption provides some insights to view the future of the chosen 

strategies. The initial step of the simulations initiates the model dynamics as reflected by 

each simulation step initiate future simulation step. The ABM and the highly abstract CLD 

models utilization in this simulation employ encapsulated mannered simultaneous rela-

tion. Encapsulated simultaneous relation assumes the neglection of the external factors 

once the system state has evolved [32]. Hence, the initial parameters settings are the only 

cause of the whole model dynamics.  

The simultaneous model enables detailed focus observation on a few parameters of 

SMEs Industry 4.0 adoption. The focus enhances the model capability to provide correct 

behavior on each step. The physical system behavior validates the correctness of the 

model behavior. The behavior of Indonesian SMEs' business competition with the large 

competitors' validation is by comparing the SMEs' capability with large companies. The 

SMEs' lack of infrastructure, capital, and strategies in business enforce SMEs to gain 

smaller profits from the large competitors [33]. The behavior setting is a part of the first 

assumption of the ABM simulation. Therefore, the competitors are always capable of over-

taking SMEs markets leads to SMEs bankruptcy. Hence, the ABM simulation model with 

provided assumptions correctly reflects the actual business competition environment. 

The real-time concurrent ABM integration with CLD reveals the relationship dynam-

ics of high level and medium level abstraction variables. The model behavior is a direct 

response of ABM, CLD, or both model parametrical changes. The usual integration 

scheme of ABM and CLD is by specify one model as the receiver and other model as data 

transmitter [18]. Therefore, the behavior of the receiver model is steered by the transmitter 

model. The developed integrated model specifies both ABM and CLD to act as transmitter 

and receiver. Hence, both models affect each other as the simulation runs.  

The ABM integration with the CLD helps the SME industry 4.0 adoption possibility 

assessment. The simulation scenarios in the medium-level abstraction ABM simulation 

define the causal loop simultaneous relationship. In the first scenario, the linear increment 

capital was not enough to help SMEs to adopt Industry 4.0 in 20 years. The exponentially 

increment government aid is also not enough to support the Industry 4.0 adoption at the 

right time. The results fit with the current Indonesian SMEs' competition environment. 

The previous study shows government support and competitor pressure does not affect 

SME business operations [34]. These reflect the successful model integration as the ABM 

parameter tuning leads to change in CLD simultaneous behavior. Therefore, this inte-

grated model is useful as a decision support tool for policy makers. 

The long and short-term robust system design is possible upon a strong initial pa-

rameter definition. The well-planned initial move in a competitive business environment 

affects the overall future decision [35]. Therefore, the current combined simulation model 

is fit for robust system planning. A robust system is a system that is unaffected or insig-

nificantly affected by noises due to parametrical changes [36]. Although all models obey 

the Occam razor principle, this integrated model also possesses incorrectness due to as-

sumptions [37]. However, the future state of SME industry 4.0 adoptions planning is 

achievable by utilizing this integrated model. Therefore, the decision support role of the 

model is through current state-action planning. 
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Figure 8. State-action decision support of integrated model. 

The state-action planning of the integrated ABM and causal loop model offers dual 

side future state prediction. State-action planning is the use of a system modeling to pre-

dict the state of a system through parameter tuning [38]. As shown in figure 8, the policy 

maker decides the initial parameter of the model based on current situation. The policy 

maker can tune the parameters in the SMEs ABM and CLD simultaneously to assess both 

industry 4.0 adoption and competition survival of the SME. The strategy should be chosen 

if the Industry 4.0 adoption and surviving competition were possible. 

The implementation of the state-action planning has shown stable and logically true 

prediction. A simulation model is defined as logically true if it can respond parameter 

tuning as the real system respond to it [39]. The results shows the SMEs are unable to 

compete with larger competitors due to capital limitation. Those limitations, restricts their 

technological progression which results in late adoption of the latest technology. Conse-

quently, the larger competitors were superior to the SMEs. Hence, the result of the simu-

lation is a valid representation of the physical system.  

The collaborative strategy with TS removes SMEs current limitations. Indonesian 

SMEs problems are marketing, technology, capital access and human resources quality 

[40]. The first assumption of the competition simulation based on these problems. The 

industry 4.0 adoption removes the competition barriers due to the technology and human 

resource support by the TS. This barrier removal was due to today’s marketing is packed 

with technology component [41]. Consequently, the advances in technology improve the 

marketing capability of an SME. As most business process automated and assisted by 

technology, the quantity of human resource needed by SME will be declined. As a result, 

the adoption of Industry 4.0 resolve whole SME problem. Early adoption of Industry 4.0 

is possible through TS collaboration. Thus, the interplay between government policy, TS 

solutions for SMEs, and SME efforts to collaborate with TS are important factor to realiz-

ing this simulation study results. 
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Table 3. The DS & ABM integration technique comparisson. 

Study Case Integration Behavior Steering 

This study Industry 4.0 Adoption DS concurrent ABM  

[18] Waste Management DS on top ABM  

[42] Industrial Process ABM on top DS  

 

This study contributes to the development of real-time concurrent DS integration 

with ABM. This study reports the first concurrent DS and ABM simulation that under-

standing each other state. The DS model process the ABM output while the ABM process 

the DS output. Therefore, the developed integrated model is the combination of the top-

down integration by [18] and bottom-up integration by [42]. Also, the concurrency of the 

model is maintained in real-time. Furthermore, the developed concurrent integrated 

model is also removes the behavior steering by one model since both models steer each 

other. 

Along with the benefits of the constructed integrated model imposes some limita-

tions. The current integrated model relied on the initial parameters of the ABM and CLD. 

Some detailed parameters of SMEs' business competition were random and uncontrolla-

ble. Therefore, the effectiveness of the model still relies on simulation replication. The re-

liance on random variables can be improved in the future by understanding the funda-

mental mechanism of SMEs' business operations. The developed integrated model appli-

cation in different research areas is also considered. Future test of the model in a different 

system other than Industry 4.0 transformation is required to assess the flexibility of the 

constructed integrated model. 

5. Conclusions 

This study confirms that Indonesian TS has a significant role as SMEs' Industry 4.0 

transformation helper. This study provides an inter-abstraction provisional model by in-

tegrating ABM and CLD. The model utilization is to explore the future solution for Indo-

nesian SMEs to adopt Industry 4.0 by including the external variables of TS growth and 

government aid. The ABM models the SMEs' business competition with the CLD models 

the relationship of the external variables. The simulation model reveals the collaboration 

and competitive dynamics of Indonesian SMEs. The simulation results suggest TS collab-

oration provides capital immune for the SME. Rising government aid may accelerate the 

Industry 4.0 adoption but does not alter SME competitiveness due to late adoption. The 

SME collaboration with TS is the best strategy to sustain Indonesia SMEs in the business 

competition. TS covers the SME limitations by providing digital technology access 

through a subscription at a lower cost and without initial investment. However, current 

developed integrative model relies heavily on random parameters generated by ABM. 

Hence, understanding fundamental SMEs operation is important to build more effective 

model. The generalization of the proposed concurrent real-time model to solve another 

problem is also considered. 

Supplementary Materials: Figure S1: title; Table S1: title; Video S1: title. 

Author Contributions: Conceptualization, I.P.T. and W.S.N.; methodology, I.P.T and W.S.N.; soft-

ware, W.S.N.; validation, I.P.T. and W.F.M..; formal analysis, W.F.M. and W.S.N; investigation, 

I.P.T.; resources, I.P.T and P.P.; data curation, P.P.; writing—original draft preparation, I.P.T and 

W.S.N; writing—review and editing, I.P.T and P.P; visualization, W.S.N and W.F.M..; supervision, 

W.F.M.; project administration, I.P.T. and P.P.; funding acquisition, I.P.T. All authors have read and 

agreed to the published version of the manuscript. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 June 2022                   doi:10.20944/preprints202206.0069.v1

https://doi.org/10.20944/preprints202206.0069.v1


 

Funding: This research received no external funding 

Data Availability Statement: In this section, please provide details regarding where data support-

ing reported results can be found, including links to publicly archived datasets analyzed or gener-

ated during the study. Please refer to suggested Data Availability Statements in section “MDPI Re-

search Data Policies” at https://www.mdpi.com/ethics. If the study did not report any data, you 

might add “Not applicable” here. 

Acknowledgments: The Authors thank the Faculty of Engineering Universitas Brawijaya and Ke-

menterian Perindustrian Indonesia (KEMENPRIN) for their support of this study. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

[1] Habibi M, Juliawan BH. Creating Surplus Labour: Neo-Liberal Transformations and the Development of Relative Surplus 

Population in Indonesia. Https://DoiOrg/101080/0047233620181429007 2018;48:649–70. 

https://doi.org/10.1080/00472336.2018.1429007. 

[2] Heiduk F. Indonesia in ASEAN: Regional Leadership between Ambition and Ambiguity. SWP Res Pap 2016:1–38. www.swp-

berlin.org (accessed March 7, 2022). 

[3] Elhusseiny HM, Crispim J. SMEs, Barriers and Opportunities on adopting Industry 4.0: A Review. Procedia Comput Sci 

2021;196:864–71. https://doi.org/10.1016/j.procs.2021.12.086. 

[4] Rezqianita BL, Ardi R. Drivers and Barriers of Industry 4.0 Adoption in Indonesian Manufacturing Industry. ACM Int Conf 

Proceeding Ser 2020:123–8. https://doi.org/10.1145/3400934.3400958. 

[5] Bozeman B, Gaughan M, Youtie J, Slade CP, Rimes H. Research collaboration experiences, good and bad: Dispatches from the 

front lines. Sci Public Policy 2016;43:226–44. https://doi.org/10.1093/scipol/scv035. 

[6] Chen CA, Bozeman B, Berman E. The Grass is Greener, But Why? Evidence of Employees’ Perceived Sector Mismatch from the 

US, New Zealand, and Taiwan. Int Public Manag J 2019;22:560–89. https://doi.org/10.1080/10967494.2018.1425228. 

[7] Knief U, Forstmeier W. Violating the normality assumption may be the lesser of two evils. Behav Res Methods 2021;53:2576–90. 

https://doi.org/10.3758/s13428-021-01587-5. 

[8] Fosset P, Andre-Poyaud I, Banos A, Beck E, Chardonnel S, Conesa A, et al. Exploring intra-urban accessibility and impacts of 

pollution policies with an agent-based simulation platform: Gamirod. Systems 2016;4:5. https://doi.org/10.3390/systems4010005. 

[9] Nurcahyo R, Putra PA. Critical factors in indonesia’s e-commerce collaboration. J Theor Appl Electron Commer Res 

2021;16:2458–69. https://doi.org/10.3390/jtaer16060135. 

[10] StartupRanking. Countries - with the Top Startups Worldwide: Startup Ranking. Ctries Startup Rank 2021. 

www.startupranking.com/countries (accessed March 7, 2022). 

[11] Ingaldi M, Ulewicz R. Problems with the implementation of industry 4.0 in enterprises from the SME sector. Sustain 2020;12:217. 

https://doi.org/10.3390/SU12010217. 

[12] Jurriens E, Tapsell R. 14. A recent history of the Indonesian e-commerce industry: an insider’s account. Digit Indones 2018:256–

74. https://doi.org/10.1355/9789814786003-020. 

[13] UNICEF. Literacy rates around the world - UNICEF DATA n.d. https://data.unicef.org/topic/education/literacy/ (accessed 

March 7, 2022). 

[14] Putra IF, Windasari NA, Hindrawati G, Belgiawan PF. Is TWO ALWAYS BETTER THAN ONE? Customer perception on the 

merger of startup decacorn companies. J Open Innov Technol Mark Complex 2021;7:239. https://doi.org/10.3390/joitmc7040239. 

[15] Ding Z, Gong W, Li S, Wu Z. System dynamics versus agent-based modeling: A review of complexity simulation in construction 

waste management. Sustain 2018;10:2484. https://doi.org/10.3390/su10072484. 

[16] Swanson J. Business dynamics—systems thinking and modeling for a complex world. J Oper Res Soc 2002;53:472–3. 

https://doi.org/10.1057/palgrave.jors.2601336. 

[17] Calvo N, Varela-Candamio L, Novo-Corti I. A dynamic model for construction and demolition (C&D) waste management in 

Spain: Driving policies based on economic incentives and tax penalties. Sustain 2014;6:416–35. https://doi.org/10.3390/su6010416. 

[18] Ding Z, Yi G, Tam VWY, Huang T. A system dynamics-based environmental performance simulation of construction waste 

reduction management in China. Waste Manag 2016;51:130–41. https://doi.org/10.1016/j.wasman.2016.03.001. 

[19] Ahmad S, Mat Tahar R, Muhammad-Sukki F, Munir AB, Abdul Rahim R. Application of system dynamics approach in 

electricity sector modelling: A review. Renew Sustain Energy Rev 2016;56:29–37. https://doi.org/10.1016/j.rser.2015.11.034. 

[20] Ye G, Yuan H, Wang H. Estimating the generation of construction and demolition waste by using system dynamics: A proposed 

model. 2010 4th Int Conf Bioinforma Biomed Eng ICBBE 2010 2010. https://doi.org/10.1109/ICBBE.2010.5517850. 

[21] Walrave B, Raven R. Modelling the dynamics of technological innovation systems. Res Policy 2016;45:1833–44. 

https://doi.org/10.1016/j.respol.2016.05.011. 

[22] Lin G, Palopoli M, Dadwal V. From Causal Loop Diagrams to System Dynamics Models in a Data-Rich Ecosystem. Leveraging 

Data Sci Glob Heal 2020:77–98. https://doi.org/10.1007/978-3-030-47994-7_6. 

[23] Humas Kementerian Koperasi dan UKM. Kementerian Koperasi dan Usaha Kecil dan Menengah - kemenkopukm.go.id. Press 

Release Nomor 168/Press/SM31/VI/2021 2021:1. https://kemenkopukm.go.id/read/target-pemerintah-30-juta-umkm-masuk-

ekosistem-digital-pada-tahun-2024 (accessed March 7, 2022). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 June 2022                   doi:10.20944/preprints202206.0069.v1

https://doi.org/10.20944/preprints202206.0069.v1


 

[24] Bank TW. Indonesia Economic Prospects (IEP). WwwWorldbankOrg 2020. 

https://www.worldbank.org/en/country/indonesia/publication/indonesia-economic-prospect#2020 (accessed March 7, 2022). 

[25] OECD/ERIA. SME Policy Index: ASEAN 2018 2018:500. https://doi.org/10.1787/9789264305328-EN. 

[26] Badan Pusat Statistik. Badan Pusat Statistik 2017:335–58. https://doi.org/10.1055/s-2008-1040325. 

[27] BPKM. Making Indonesia 4.0: Indonesia’s Strategy to Enter the 4th Generation of Industry Revolution 2020. 

https://www.investindonesia.go.id/en/why-invest/indonesia-economic-update/making-indonesia-4.0-indonesias-strategy-to-

enter-the-4th-generation-of-ind (accessed March 7, 2022). 

[28] data.startupindonesia.co. SID Data Platform n.d. https://data.startupindonesia.co/ (accessed March 7, 2022). 

[29] Masad D, Kazil J. OF THE 14th PYTHON IN SCIENCE CONF. PROC 2015:53. 

[30] Matt DT, Modrák V, Zsifkovits H. Industry 4.0 for smes: Challenges, opportunities and requirements. Ind 40 SMEs Challenges, 

Oppor Requir 2020:1–401. https://doi.org/10.1007/978-3-030-25425-4. 

[31] Najib M, Rahman AAA, Fahma F. Business survival of small and medium-sized restaurants through a crisis: The role of 

government support and innovation. Sustain 2021;13:10535. https://doi.org/10.3390/su131910535. 

[32] Bureš V. A method for simplification of complex group causal loop diagrams based on endogenisation, encapsulation and 

order-oriented reduction. Systems 2017;5:46. https://doi.org/10.3390/systems5030046. 

[33] Garcia FT, ten Caten CS, de Campos EAR, Callegaro AM, de Jesus Pacheco DA. Mortality Risk Factors in Micro and Small 

Businesses: Systematic Literature Review and Research Agenda. Sustainability 2022;14:2725. https://doi.org/10.3390/su14052725. 

[34] Maksum IR, Sri Rahayu AY, Kusumawardhani D. A social enterprise approach to empowering micro, small and medium 

enterprises (SMEs) in Indonesia. J Open Innov Technol Mark Complex 2020;6:50. https://doi.org/10.3390/JOITMC6030050. 

[35] Le Nhu Ngoc Thanh H, Vu MT, Mung NX, Nguyen NP, Phuong NT. Perturbation observer-based robust control using a 

multiple sliding surfaces for nonlinear systems with influences of matched and unmatched uncertainties. Mathematics 

2020;8:1371. https://doi.org/10.3390/math8081371. 

[36] Sanchez SM, Sanchez PJ, Wan H. Work Smarter, Not Harder: A Tutorial on Designing and Conducting Simulation Experiments. 

Proc - Winter Simul Conf 2020;2020-Decem:1128–42. https://doi.org/10.1109/WSC48552.2020.9384057. 

[37] Bargagli Stoffi FJ, Cevolani G, Gnecco G. Simple Models in Complex Worlds: Occam’s Razor and Statistical Learning Theory. 

Minds Mach 2022:1–30. https://doi.org/10.1007/s11023-022-09592-z. 

[38] Stepanov MF, Stepanov AM. Mathematical modelling of intellectual self-organizing automatic control system: Action planning 

research. Procedia Eng 2017;201:617–22. https://doi.org/10.1016/j.proeng.2017.09.657. 

[39] Deng Y, van Glabbeek R. Characterising probabilistic processes logically: (Extended abstract). Lect Notes Comput Sci (Including 

Subser Lect Notes Artif Intell Lect Notes Bioinformatics) 2010;6397 LNCS:278–93. https://doi.org/10.1007/978-3-642-16242-8_20. 

[40] Surya B, Menne F, Sabhan H, Suriani S, Abubakar H, Idris M. Economic growth, increasing productivity of smes, and open 

innovation. J Open Innov Technol Mark Complex 2021;7:1–37. https://doi.org/10.3390/joitmc7010020. 

[41] Kazemargi N, Spagnoletti P. IT Investment Decisions in Industry 4.0: Evidences from SMEs. Lect Notes Inf Syst Organ 

2020;38:77–92. https://doi.org/10.1007/978-3-030-47355-6_6. 

[42] Iannino V, Mocci C, Vannocci M, Colla V, Caputo A, Ferraris F. An event-driven agent-based simulation model for industrial 

processes. Appl Sci 2020;10:4343. https://doi.org/10.3390/app10124343. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 June 2022                   doi:10.20944/preprints202206.0069.v1

https://doi.org/10.20944/preprints202206.0069.v1

