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Abstract. This paper describes how models from differ-
ent simulation tools can be connected and simulated on 
different processors by using the Functional Mockup 
Interface (FMI) and the transmission line element meth-
od (TLM). Interconnectivity between programs makes it 
possible to model each part of a complex system with 
the best suited tool, which will shorten the modelling 
time and increase the accuracy of the results. Because 
the system will be naturally partitioned, it is possible to 
identify weak links and replace them with transmission 
line elements, thereby introducing a controlled time 
delay. This makes the different parts of the system natu-
rally independent, making it possible to simulate large 
aggregated system models with good performance on 
multi-core processors. The proposed method is demon-
strated on an example model. A suggestion of an XML 
extension to the FMI standard for describing TLM ports is 
also presented. 

Introduction

1 Functional Mockup Interface 

•
•
•
•
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Figure 1: With the FMI standard, Functional Mockup 
Units (FMUs) can be used to exchange models 
among simulation tools. 

2 Transmission Line Element 
Connections 

Figure 2: An example of a transmission line element is 
the linear mechanical spring. 

Figure 3: An addition to the FMU XML description,  
describing TLM ports, is suggested. 
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3 Importing Functional Mock-up 

Units 

Hopsan

fmuLib.cc fmu-

Name.hpp

fmuName.xml

Hopsan

 
Figure 4: FMUs are imported to Hopsan by compiling a 

wrapper library. 

Hopsan

4 Exporting Models to 
Functional Mock-Up Units 
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Figure 5: FMUs are exported from Hopsan by compiling 
the simulation core with a C interface using a 
wrapper. 

5 Example Simulation 

Figure 6: An example model that describes a four-wheel vehicle with a simple hydraulic transmission is used to verify 
the proposed method. 
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Figure 7: A simple drive cyxle is used to verify the  
functionality of the example model. 

 Sub-model Time/iteration 

 Wheel (OpenModelica, FMU) 1.192  

 Gearbox (OpenModelica, FMU) 1.083  

 Vehicle (OpenModelica, FMU) 0.574  

 Brake (Hopsan, FMU) 0.476  

 Engine (Hopsan, FMU) 0.189  

 Relief Valve (Hopsan, built-in) 0.121  

 Pump (Hopsan, built-in) 0.115  

 Volume (Hopsan, built-in) 0.024  

Table 1: The simulation time for each sub-component 
ismeasured before the simulation, to achieve 
good load balancing.  

 Thread 1 Thread 2 Thread 3 Thread 4 

Wheel 1 Wheel 2 Wheel 3 Wheel 4 

 Gearbox Vehicle Pump 1 Pump 2 

   Relief  
Valve 1 

Relief Valve 2 

   Pump 3 Pump 4 

   Pump 5 Check Valve 1 

    Check Valve 2 

Total 
time 

2.275  1.765  1.644  1.606  

Table 2: Sub-components are automatically distributed over 
the simulation threads.  

 Threads Simulation time 

 1 3307 ms 

 2 2091 ms 

 3 1466 ms 

Table 3: Parallel execution reduces simulation time. 

6 Conclusions 
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