
Specifying and simulating hybrid modelling languages:
the combination of (embedding in) ODE/CT-CBD and TFSA
by mapping them onto DEVS

PI-DEV  +  TFSA  +  TFSA>(LCC+ODE) onto     DEVS

Randy Paredis

Joachim Denil

Hans Vangheluwe



Use Case:

PRT

Station A

Station B

Cruising
(Bang-Bang Controller)

Braking

2



Model

3



Simulation 
Trace

4



DEVS as a 
common 
denominator

5
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GPSS2DEVS

TFSA to DEVS

ODE embedded in TFSA to DEVS

Paredis, R. & Vangheluwe, H. (2020) “Translating Process Interaction World View Models To DEVS: GPSS To (Python(P))DEVS”. In Proceedings of the 2020 Winter Simulation Conference (WSC), pages 2221-2232.
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Discretization
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𝑦 𝑡 = y t − Δ𝑡 + Δ𝑡 ⋅ 𝑥(𝑡)

𝑦 𝑡 = y t − Δ𝑡 + Δ𝑡 ⋅ 𝑥(𝑡 − Δ𝑡)

𝑦 𝑡 = y t − Δ𝑡 +
Δ𝑡

2
⋅ (𝑥 𝑡 + 𝑥 𝑡 − Δ𝑡 )

Runge-Kutta Methods

Simpson’s Formula
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𝑦 𝑡 = 𝑦 t − Δ𝑡 + Δ𝑡 ⋅ 𝑥 𝑡 − Δ𝑡
𝑦 0 = 𝐼𝐶



CBD 
Simulation
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five.OUT1 = 5

sum.IN1 = five.OUT1

neg.IN1 = v0

neg.OUT1 = -neg.IN1

sum.IN2 = neg.OUT1

sum.IN3 = v_int.OUT1

sum.OUT1 = sum.IN1 + sum.IN2 + sum.IN3

prod.IN1 = k

prod.IN2 = sum.OUT1

prod.OUT1 = prod.IN1 * prod.IN2

int_v.IC = v0

int_v.IN1 = prod.OUT1

int_v.delta_t = delta

v = int_v.OUT1

int_x.IC = x0

int_x.IN1 = int_v.OUT1

int_x.delta_t = delta

x = int_x.OUT1
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X = zero-order hold of inputs + “stop”
Y = zero-order hold of outputs + state event locations
S = set of all CBD states
δint runs next CBD simulation step if “computation”
δext stops simulation, reinits and possibly restarts
λ, ta: see paper
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𝑥0
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FTG+PM
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Mustafiz, S., J. Denil, L. Lúcio, & Vangheluwe, H. (2012) “The FTG+PM Framework for Multi-Paradigm Modelling: an Automotive Case Study”. In Proceedings of the 6th International Workshop on Multi-Paradigm Modeling, pp. 13–18. ACM. 
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Simulation 
Trace
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Future Work

 Optimizations
 Adaptive Stepsize (and StEL coordination)

 Symbolic Optimizations

 Memoization (of simulation sub-results)

 Parallelization (schedule)

 Traceability for Debugging

 Numerical Accuracy Study

 Co-Simulation (Architecture of Coupled ODE Models) ~ FMI
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Questions / Discussion


