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Abstract: This paper aims to present an analysis and assessment of the different options currently accessible for assisting the 

creation and execution of a Digital Twin (DT) that relies on a discrete event simulator. Discrete-event simulation (DES) is 

widely recognized for its industry standards such as Anylogic, Arena, Flexsim, Software Plant Simulation. However, especially 

in the context of Industry 4.0, it becomes crucial to have business systems that can be easily integrated and adapted with pre-

existing systems and technologies, to guarantee a flexible and dynamic approach to handle innovations. As a result, the industry 

is shifting towards the use of open-source software for discrete-event modeling. Some examples of simulation libraries are 

SimPy, Ciw, and Salabim for Python, Simmer for R, and ConcurrentSim for Julia. The methodology for evaluating these tools, 

regardless of whether they are open or closed source, will involve conducting literature reviews and analyzing additional 

sources, such as GitHub and GitLab. This approach is necessary because descriptions of the utilization of open-source 

software may not always be readily available in academic papers. The purpose of this study is to identify metrics that can 

indicate the most relevant open-source tools in today's landscape and compare them to the most well-known and widely used 

industrial software. The study will critically evaluate the proposed metrics in order to highlight the key characteristics of a 

DES tool based on the needs of a company seeking a DT solution. 
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1. Introduction 

Digital Twin (DT) has emerged as a promising approach to 

improve efficiency, productivity, and decision-making. In 

the context of Industry 4.0 and 5.0 technologies, the DT is 

seen as an extremely versatile tool. The concept of a real 

space and a virtual space, linked by two-way streams of data 

and information, was introduced almost twenty years ago 

by Grieves (2005) under the name "mirrored spaced 

models". It was later adopted by NASA, which provided an 

extensive definition as "an integrated multi-physics, multi-

scale, probabilistic simulation of a vehicle or system that 

utilizes the most accurate physical models, sensor updates, 

fleet history, etc., to replicate the life of its flying 

counterpart." The NASA Modeling, Simulation, 

Information Technology & Processing Roadmap of 2010 

and 2012 states that the system is highly realistic and takes 

into account multiple important and interconnected vehicle 

systems. 

After the announcement of Industry 4.0 at the Hannover 

fair and the development of new technologies such as the 

Internet of Things, data science (Qi and Tao 2018), artificial 

intelligence (Salini et al., 2023), blockchain (Dolgui et al., 

2020), and cyber-physical systems (Frazzon et al., 2018), the 

concept of a digital twin has started to be more extensively 

studied and explored. Boschert and Rosen (2016) define 

DT as the "next wave of simulation, characterized by 

continuous support throughout the entire lifecycle." The 

key elements of the definition of DT are those of the virtual 

representation of a physical counterpart, connected by a 

continuous and bidirectional flow of data and information. 

The concept of DT has gained significance following the 

European Commission's programmatic announcement of 

Industry 5.0, where it is identified as one of the key 

technologies (European Commission, 2021). In addition to 

being part of European projects (Castañé et al., 2023), 

various uses of the digital twin in the manufacturing field 

can be found in the literature (Negri et al., 2017). These 

include production planning management, production 

control, scheduling, inventory management, design of 

production processes and layouts, and online monitoring 

(Agostino et al., 2020; Mosca et al., 2022; Pietrangeli et al., 

2023). It has also been shown how data-driven tools and 

simulation can lead to optimization and better decision 

making, paving the way for the utilization of a proper DT 

(Lanzini et al., 2023, Fani et al., 2017 and 2023). 

Despite the increasing interest in this solution, and despite 

the existence of numerous methods for structuring the 

virtual counterpart of the physical system (discrete event 
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simulation, continuous time simulation, stochastic 

simulation, artificial intelligence, multiphysics modeling), it 

is extremely difficult to find literature that compares the 

various solutions or proposes adaptability analyses based 

on identifiable parameters. The lack of a clear tool 

evaluation guide is identified as one of the challenges in 

implementing digital twins in the industrial sector (Saporiti 

et al., 2023). 

Specifically for discrete event simulation (DES) tools, there 

are several contributions in the literature that propose an 

evaluation framework for these tools. Particularly relevant 

is the work of Dias et al. (2016), which identifies and 

compares approximately twenty software for discrete event 

simulation. Fumagalli et al. (2019) present a systematic 

review of existing selection frameworks and propose a 

method based on the Analytic Hierarchy Process (AHP). 

Cafasso et al. propose an alternative method to AHP, 

which is integrated with benefits, opportunities, costs, and 

risks (BOCR), and further enhanced with a "best-worst 

method" (BWM). The main drawback of these methods is 

that they are designed for proprietary licensed software, the 

costs of which can be a deterrent for this solution, 

especially for small and medium-sized enterprises (Saporiti 

et al., 2023). 

It is relevant to mention the presentation and discussion of 

frameworks for open source (OS) DES toolsby Dagkakis 

and Heavey (2016). Although a formal evaluation 

framework is not formally presented, the presentations of 

the tools and their usage are extremely useful. Peyman et al. 

(2021) propose methods for integrating Python with major 

DES software, while Lang et al. (2021) discuss whether OS 

software can be a viable alternative to proprietary software, 

comparing two commercial software and two OS tools. 

Generally, in literature, it is not possible to find a 

comprehensive framework for selecting OS tools or a wide-

ranging comparison between proprietary software and OS 

tools, primarily due to the abundance and fragmentation of 

open-source tools. This paper aims to present a selection 

of the most important open-source tools in the current 

landscape of DES tools. Using a well-known software 

evaluation framework from literature, it compares their 

general characteristics with some widely used commercial 

software, thus addressing the gap in literature regarding 

these topics. 

The paper will be structured as follows: in section 2, the 

method used for conducting the research will be presented, 

while section 3 will contain the results and evaluations; the 

conclusions will follow.  

 

2. Methodology  

Following the guidelines of Fumagalli et al. (2019), a 

systematic review was conducted to assess whether there 

were existing contributions that provided insights into the 

use of both proprietary and open-source DES tools in 

relation to digital twin solutions. The search using the key 

[TITLE (("digital twin" OR "digital twins" OR "digital-

twin" OR "digital-twins") AND ("criteria" OR "selection" 

OR "evaluation")).")) yielded 200 papers, none of which 

were relevant to the selection criteria DT tools. Due to the 

lack of formal guidelines, we have chosen to adopt the 

AHP-CORB dimension scheme presented by Cafasso et al. 

(2020)., with the following dimensions: 

• Benefits: This section refers to the features of the tool 

being considered. The main subcategories include 

general characteristics (simulation speed, supported 

languages), visual aspects (icons, 3D objects or 

animations, virtual reality), coding aspects (coding, 

attributes and variables, routing rules, coding rules), and 

output (data export, animation export, statistical 

information on exported data). 

• Costs: encompassing the expenses associated with the 

initial purchase, the implementation process, and the 

subsequent updates.  

• Opportunities: This term refers to the availability of 

input data, statistical information on input data, ease of 

use through a graphical user interface, graphical model 

construction, real-time viewing capabilities, support 

and training provided through manuals, tutorials, online 

support, demo versions, and updates. 

• Risks: refer to the reliability (compatibility, efficiency, 

integration with other systems) and the vendor, 

particularly the vendor's strength. 

• The framework by Cafasso et al. (2020) was employed 

to provide qualitative insights into the main differences 

between proprietary and open-source tools. During the 

search on GitHub and GitLab, the most relevant open-

source DES tools for various programming languages 

were identified. GitHub and GitLab are the two main 

hosting platforms for software projects that implement 

the "Git" version control system. 

The metrics used, following the logic of certain dimensions 

identified in Dias et al. (2016), were the "stars" assigned by 

the online community, the number of "forks" (i.e., the 

number of alternative projects developed from already 

published projects), and the reasonably recent last update. 

The overall count of updates and releases was excluded due 

to their inconsistency in the considered time frames and 

their redundancy in case of problems arising from bug-

containing updates. At the end of the analysis, the reference 

tools for comparison are: 

• Anylogic (AnyLogic Company) 

• Arena (Rockwell Automation) 

• Flexsim (FlexSim Software Products) 

• Software Plant Simulation (Siemens) 

• Simpy (Matloff, 2008) 

• Ciw (Palmer et al., 2019) 

• Salabim (Van Der Ham, 2018) 

• OMNeT++ (Varga, 2010) 

• Simmer (Ucar et al., 2018) 

• Sim# 

• ConcurrentSim 

• JaamSim (King and Harrison, 2013) 
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The first four are software with proprietary licenses that are 

already widely known in the literature (Dias et al., 2016), 

while for some of the open-source ones, it was not possible 

to find a reference for their presentation in the literature. 

The tools to be analyzed were identified, and a qualitative 

analysis of their characteristics was conducted, following 

the dimensions identified by Cafasso et al. (2020).  

 

3. Evaluation 

Based on the dimensions identified by Cafasso et al. (2020), 

it was possible to assess the differences in characteristics 

between commercial and open source tools, and potential 

areas for improvement were identified for the development 

of an evaluation framework. This framework would be able 

to evaluate both the specific use of a DES tool for DT and 

enable an unbiased comparison between commercial 

software and open source tools. The characteristics of OS 

tools are listed in table 1, while the main comparison 

evaluations are presented in table 2. 

Regarding the composition of the identified OS tools, it is 

noteworthy that they tend to have lower numbers of stars 

and forks compared to other commonly used libraries (for 

example, the numpy library, for numerical analysis in 

Python, has 26,400 stars and 9,300 forks). It is hypothesized 

that the lower numbers are caused by a combination of 

factors: firstly, the most widely used tools, for which the 

GitHub and GitLab community is more active, are general-

purpose tools that are traditionally introduced in basic 

programming language courses, while the discrete event 

simulation sector tends to be more niche, in academic and 

industrial applications; another reason may be that 

commercial software often offers academic or demo 

versions, leading those who approach DES techniques to 

use commercial software instead of OS ones. 

To verify that all the tools were active projects and not 

discontinued, we analyzed both the frequency of version 

releases and commits, as well as the responsiveness of the 

community on GitHub/Lab. It was observed that update 

frequencies can exhibit non-linear trends over the years, 

with numerous frequent updates in short periods of time. 

This may be attributed, in some cases, to the limited 

number of individuals actively programming and 

maintaining these tools. (see Table 1) 

Regarding the comparative evaluations, it is possible to 

outline the main differences between proprietary software 

and OS tools. In terms of the "Benefit" section, it is 

observed that licensed software exhibits a more 

pronounced standardization of use, along with more visual 

and intuitive interfaces for both model creation and output. 

On the other hand, OS tools tend to be lower-level 

solutions, but offer significant customization and 

integration possibilities with graphic and presentation tools. 

Regarding costs, open-source tools do not have any 

purchasing or acquisition costs. 

Regarding costs, open-source tools do not have any 

purchasing or acquisition costs. However, this can make it 

difficult to identify who can implement the model if there 

are no internal resources available. There is a clear trade-off 

between costs and guarantees, and this decision point is 

particularly important to present to the company's 

decision-makers and evaluate in light of the implications of 

the specific project for which the tool selection is being 

carried out.  

Regarding the opportunities, despite some differences 

between the analyzed software and tools, it is interesting to 

note the main macro-differences in the two groups. The 

ease of integration with other tools of the OS platform 

allows for a simplified possibility of connecting with 

existing tools, particularly when it comes to input data 

analysis, whereas commercial software often requires a 

custom connection. The learning curve also differs for the 

two categories: in the case of proprietary software, thanks 

to intuitive interfaces, it is possible to quickly become 

independent users, but to become expert users, it is still 

necessary to learn programming in order to allow for high 

levels of customization. On the other hand, operating 

systems have a steep initial learning curve in order to allow 

for high levels of customization. On the other hand, 

operating systems have an initially slow learning curve, 

especially for users who are not familiar with the 

development environment. However, the greatest 

difficulties are concentrated in the initial stages of learning. 

Regarding support and training, OS tools offer a much 

wider but also more fragmented selection of tutorials, 

explanations, examples, and use cases compared to 

proprietary software, which tends to release official 

manuals and tutorials. Although documentation and 

tutorials are also available for OS tools, it is generally 

observed that the amount of information provided by the 

community for the community is significantly greater. This 

results in more widespread support, but also the inability to 

guarantee the quality of certain types of information. The 

size of the risks highlights the fact that proprietary software 

faces challenges in integrating with other existing systems 

and technologies compared to open-source tools. 

However, proprietary software has the advantage of being 

managed by companies, making it less likely for solutions 

and software to be discontinued or become obsolete, while 

open-source tools are more vulnerable in this regard. (see 

Table 2) 

Overall, it is possible to acknowledge that Cafasso's 

individualized dimension structure is valid for a qualitative 

evaluation of software proprietary versus operating system 

tools. However, it is evident that this structure provides 

dimension integration in order to discuss the adaptability of 

software or tools used in constructing the virtual 

counterpart of a DT. 

Specifically, given that the bidirectionality of information 

flows between the physical counterpart and the virtual 

counterpart is a key aspect of the digital twin, it is necessary 

to further explore the potential for this exchange of 

information. Another dimension that should be further 
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explored could refer to the possibility of synchronization, 

even online. 

By incorporating these evaluations into the analysis, it 

becomes apparent that OS tools are increasingly becoming 

highly suitable and appropriate instruments for forming the 

foundation of a DES-based DT. 

 

Conclusions 

In this paper, an evaluation of the available tools for 

implementing a Digital Twin based on discrete event 

simulation (DES) has been conducted. 

The research was conducted by identifying open-source 

tools to fill the research gap, and by using an existing 

comparison framework from literature to analyze the 

strengths and weaknesses of proprietary software and 

open-source tools. Proprietary software typically provides 

standardization, an intuitive interface, and more stable 

support from the provider, but it also entails some 

inflexibility in adapting to the context to be modeled, as 

well as difficulties in integrating with existing systems and 

technologies in the company. On the other hand, OS tools 

offer greater flexibility, customization options, and 

integration with other tools without initial costs, but they 

may require a steeper learning curve and involve risks 

related to maintenance and service continuity. Additionally, 

they are inherently more fragmented and dispersed in terms 

of support resources. 

Thanks to their high customizability and integration, OS 

tools are emerging as valid options for Digital Twin 

solutions. However, it has been revealed that there are 

currently no adequate models of evaluation/selection 

frameworks to assess the suitability of a tool for the role of 

a virtual counterpart of a DT, particularly in terms of 

bidirectional data exchange and real-time synchronization. 

Future work resulting from this contribution may involve 

developing an evaluation framework for DES tools that can 

easily encompass OS tools as well, and investigating the 

necessary dimensions to assess whether a tool is suitable to 

be the virtual counterpart of a DT.
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Table 1: DES tool OS selected from GitHub and GitLab 

 

 

Table 2: Comparison between licensed software and open-source tools for DES 
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