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Abstract— This article describes the development of a 

simulation engine developed in the Python programming 

language, with a focus on continuous system simulation. The 

function of this engine is based on CSMP block-oriented 

language and software, which can carry out continuous 

system simulation. The purpose of this article is threefold. 

First, this article describes the requirements and usage of this 

engine. The second goal is to analyze the Python concept used 

to implement the simulation engine-API development, 

communication with intelligent systems, real-time data 

processing, differential equation integration, threading and 

parallel programming. Finally, this article will describe the 

engine architecture, use cases, and the usage of the concepts 

analyzed during the development process. Finally, we will 

discuss the overall results and the process of future engine 

improvements and upgrades. 
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I. INTRODUCTION 

Continuous system simulation is based on a model that is 

represented via differential equations and recurrence 

relations[1][2]; each change, observed in the system, has a 

corresponding differential equation. It should be borne in 

mind that digital computers cannot perform computations of 

continuous variable changes, hence, they should be 

approximated by a set of discrete values[1][3][4]. 

 The simulation of continuous systems has been 

extensively researched over time and implemented in various 

ways. Available software solutions for the continuous system 

simulation are mostly desktop client-only software (Simulink 

[5], CSMP/FON [6]) or web-based software with limited 

application (Insight Maker [7]). Realtime data processing and 

communication with smart systems are not supported in 

current solutions. 

 This article describes the development of an engine 

for network-based simulation using/using the Python 

programming language, focusing on the function of 

continuous system simulation. The simulation engine realizes 

model union, in which discrete event elements are used to 

extend the classic model for continuous system simulation. It 

will be developed based on the principles of distributed and 

concurrent programming so that it can be integrated with 

different systems and environments. The engine represents an 

integral part of the system, which includes educational 

components, scientific research components, and a framework 

for real-time management of smart devices. 

 The primary reason for choosing Python as the 

programming language was its use in the educational process, 

as well as being a modern and easy to use programming 

language.. In addition, being a modular service. Taking this 

into account, an existing formal model of the simulation 

engine [1] was extended with IoT component [2]. 

II. THEORETICAL BACKGROUND 

A. Continuous system simulation: 

Systems whose state variables continuously change over time 

are called continuous systems [1][3]. An example of this 

system would be a runner on a track whose position and 

velocity are continuously changing over time. The given 

example represents the first of three basic simulation models 

[8]: 

Models described via ordinary differential equations 

1)  (ODE): motion, physical, chemical, biological and other 

processes involving a singular unknown function and 

unknown variable. Models described via systems of 

partial differential equations 

2) (PDE): aerodynamic, hydrodynamic and meteorological 

processes. 

3) System dynamics: a methodology of research, modeling 

and simulations of complex dynamical systems [9]. The 

most common problems modeled by system dynamics 

are feedback models such as social, population and 

economical systems. 

 Web-based simulation makes the simulation of 

systems much easier and accessible; due to the fact it runs on 

the remote server so it’s not limited by a user computer system 

and its possibilities [10][11]. Furthermore, it allows numerous 

users to share simulation results or simultaneously access the 

resulting data, because it is stored on the web server. 

 There are numerous web-based software solutions 

for the different types of simulation, but mostly simulation of 

the discrete events. For instance, one of the well-known 

solutions Insight Maker [7] allows the continuous system 

simulation of system dynamics. 

 Authors [12] described web-based simulation using 

Java programming language and applets that allows modeling 

of the ODEs and PDEs. The main issue with this software is 

that is not fully web-based, only its graphical user interface. 

B. CSMP/FON a reference software model 

Continuous System Modeling Program (CSMP) is a block 

oriented simulation language specialized for continuous 

system simulation[1][13]. 

 The development of the continuous system 

simulation features of the simulation engine described in this 

paper is based on the CSMP/FON software, developed at the 

 Department of e-business, Faculty of organizational 

sciences, University of Belgrade [4]. This software is being 

used in the teaching process within Computer simulation 

course. CSMP/FON is a desktop application (Fig 1.) that 

allows a user to create a block model defined by set of 

differential equations[1][6]. The software is an open source 

solution [6] developed in Pascal programming language 

following principles listed below [13]: 

 Minimal required hardware resources, high speed of 

execution 

 Simple and rich interface, easy to use 
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 Educational support 

 Scientific research support 

 The software is a client-only desktop application 

[14], without a web interface or an API. The CSMP/FON 

software does not support integration. 

 
Fig. 1: CSMP/FON Simulation software 

 Each simulation block specified in the configuration 

has its own order number, assigned chronologically during 

model creation, an ID and graphical symbol, generally 

represented as in the fig.2 [13] that visually depicts a single 

mathematical operation or a function. The set of input values 

is represented by u1, u2, u3 and p1, p2, p3 represent a set of 

parameters. The number of inputs and parameters can vary 

from 0 to 3 depending on the block type. 

 
Fig. 2: General graphical block representation [1] 

 The program itself is based on the sorting algorithm 

of the block order numbers, giving the computation schedule 

for calculating the block output, where each block input is 

already provided from the calculations in the previous step 

[1]. Software uses the numerical integration for the 

calculation of the output of the Integrator (I) block. 

Numerical integration is performed by the Runge-Kutta 

algorithm IV order (RK4)[1][15]. 

1) Continues System Simulation 

Formal model for the hybrid IoT system for real-time 

simulation formulated in the previous research [2] defined 

functions for obtaining values of state variables from the IoT 

system (SIoT): 

 ρ : reading the values of variables from IoT system 

 ω : writing the values of variables into the IoT system 

 γ : reading the outputs of the IoT systems. 

 The communication of the entire engine is based on 

signals (messages) and shared memory space, while the 

communication with intelligent systems and other distributed 

components is achieved through APIs. The autonomous 

performance of the continuous system simulation engine is 

realized using the concepts of distributed and concurrent 

computing (threads and processes) (Figure 5): 

1) Serve the request of simulation process control and error 

report, 

2) Provide services for configuration change requests, 

3) Read the data and send the control measures to the IoT 

system, 

4) Serving requests for simulation results,  

5) Perform the simulation process 

 
Fig. 3: Thread/process communication – UML Sequence 

diagram 
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III. DEVELOPMENT CONCEPTS 

In the previous section, the continuous system simulation 

features and functions of the engine have been introduced. 

In summary, the simulation engine should include the 

following functions: 

1) Numerical integration of di fferential equations 

2) Simulation process control 

3) Real-time data processing  

4) Communication with intelligent systems  

5) Enable result preview 

These functions are implemented using different concepts of 

the Python programming language: 

1) Numerical analysis of the integral of di fferential 

equations, 

2) Parallel programming, used to serve the simulation 

process, differential equation integration and real-time 

data processing, 

3) Develop an API for communicating with intelligent 

systems. 

1) Numerical analysis 

Numerical analysis uses numerical approximations for the 

problems of mathematical analysis, such as differentiation 

and integration [16]. As previously mention, computations of 

continuous variable changes performed by the simulation 

engine needed to be approximated by the set of discrete 

values. 

 Python programming language does not have an 

“out of the box” solution for the numerical analysis 

computations. 

 During the development of the simulation engine a 

Python-based ecosystem for mathematics, science and 

engineering – SciPy[17] was used as a reference model for the 

development of the integration method. SciPy offers explicit 

and implicit Runge-Kutta methods for solving initial value 

problems for ODEs systems. 

2) Concurrent programming 

Concurrent programming allows a computer system to run the 

computation without waiting for currently running 

computation to complete [18]. Flynn’s taxonomy [19][20] 

classifies computer systems into four categories based on two 

criteria: number of data streams and number of instruction 

streams: 

1) Single Instruction Single Data 

2) Multiple Instruction Single Data 

3) Single Instruction Multiple Data 

4) Multiple Instruction Multiple Data 

 Multiple Instruction Multiple Data is the most 

general class of parallel computer systems [20], and 

represents the engine classification as well. This is a powerful 

architecture, but it has its drawbacks: memory access. There 

two ways to organize memory access in parallel programs 

[21]: 

 Shared memory 

 Distributed memory 

 Shared memory allows all processors to have equal 

access to data and instructions in memory, wherein distributed 

memory each processor is allocated with its local memory that 

is not accessible to other processors [20]. 

 Python programming language implements two 

ways for achieving parallelism: threads and processes. 

because of the Pythons Global Interpreter Lock (GIL). GIL 

disables parallel execution of multiple threads [24], mainly 

because C Python’s (Python interpreter) memory 

management is not thread-safe – meaning  that  only  one 

thread can execute the Python code at the same time 

[20].Several computations are executed, via threads, 

throughout overlapping time periods [18].. 

 Either way, an implementation of different lock 

mechanisms on the shared memory space should be 

considered. Out of the box, Python provides two locking 

mechanisms: Lock and RLock [25]. Python Package Index 

provides different modules and solutions for the Python 

programming language, such as Reader Writer locking 

mechanism[26].where “reader” threads may share the section 

with each other, but the “writers” must have exclusive access 

(fig.7) 

1) Distributed computation 

2) Reading data from IoT system /distributed 

component 

3) Display of the results in real-time 

 
Fig. 4: Python implementation of the readerwriter lock 

 

 With this in mind, the simulation engine implements 

threads and processes at the same time to achieve 

concurrency and parallelism. Services defined in this section 

 The "system architecture" can be distributed in three 

processes: 

1) Control process: Serving the request of simulation 

process control and error report, 

2) The simulation process with the following threads: 

a) Execution of the simulation process,  

b) Serving configuration change requests, 

c) Read the data and send the control measures to the 

IoT system, 

3) Results request process: provide services for simulation 

results. 

This implementation allows parallel execution of process 

control, simulation and calculation processes, and displays 

the results (if required). The concurrency of the second 

process is necessary because the execution of the simulation 
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process depends on the configuration and communication 

with the intelligent system. 

4) API development 

The simulation engine communicates with smart systems 

over an application programming interface (API), more 

specifically over the REST API. Author [28] defines several 

reasons why API should be considered as a communication 

protocol: 

1) Manipulation of an extensive data set can be resource 

consuming, 

2) Access to the data set should be real-time,  

3) Frequent data set updates 

4) Access to a portion of the data set at any time 

5) Manipulation of the data set by other users 

 Continuous system simulation engine generates 

large dataset over a short period of time; just single simple 

simulation of the motion with the duration of 20 seconds can 

produce 14000 data entries., where: 

1) Engine retrieves output data from the IoT system  

2) IoT listens for control action from the engine. 

 In previous research [2][29] Django framework [30] 

was considered for the implementation of required engine 

functionalities, but after further research and analysis the API 

was developed using Python Flask framework. Flask is a 

lightweight web server gateway interface, a micro framework 

that keeps a core of the application simple but extensible [31] 

[32]. 

IV. CONCLUSION 

The system architecture and Python programming concepts in 

the continuous system simulation engine development process 

are the focus of this article. In the previous research, a formal 

model and system architecture were established 

 The white paper proposes an engine design that 

allows concurrent and parallel execution of some important 

services: 

1) Simulation control and error handling,  

2) Simulation process and communication with intelligent 

systems, 

3) Display the simulation results. 
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