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A discrete execution model of dense-timed programs
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We studied the formal treatment of the gap between continuous behaviour and
discrete behaviour of software with dense-time behaviour, as seen in CPS (cyber-physical-Systems).
Software for CPS implements the behaviour of hybrid automata, where discrete transitions occur along

with continuous transitions. A discrete transition occurs if a specific condition holds over
continuous variables. Since this hybrid behaviour cannot be directly implemented by software
running on computers, a program runs discretely based on sampling. It is possible for the sampling
to miss the critical moment to change the behaviour. We study Yampa programs, that is a DSL of
Haskell describing hybrid automata. We modelled the discrete behaviour of a Yampa program that
aﬁprogimates the continuous behaviour by comﬁosing a hybrid automaton with a timed automaton, where
the timed automata sample the behaviour of the hybrid automaton. We applied the model to Uppaal to
check the property of a Yampa program.
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% 1: Checking v by sampling with jitter

Halprogram.hs Ha4Program.hs

Sampling Time Range and Step | Time(sec) | Memory (KB) | Time(sec) | Memory(KB)
Range [1.0,1.0] (Constant) 0.024 51,712 0.133 51,684
Range [0.9,1.1]/Step 0.1 3.891 92,584 231.357 2,893,852
Range [0.8,1.2]/Step 0.1 6.969 97,524 505.442 5,266,224
Range [0.7,1.3]/Step 0.1 10.537 135,016 833.631 7,782,628
Range [0.6,1.4] /Step 0.1 14.368 175,704 1,157.481 | 10,466,364
Range [0.95,1.05]/Step 0.05 14.294 296,468 1,066.576 17,366,568
Range [0.9,1.1]/Step 0.05 25.11 409,348 3,063.726 38,701,728
Range [0.85,1.15]/Step 0.05 35.954 487,160 5,214.78 57,265,228
Range [0.8,1.2]/Step 0.05 47.872 609,384 7,730.198 75,440,968
Range [0.8,1.2]/Step 0.2 1.148 53,556 39.123 403,816
Range [0.6,1.4]/Step 0.2 2.086 55,392 82.459 753,052
Range [0.4,1.6]/Step 0.2 3.401 57,512 137.783 1,186,116
Range [0.2,1.8]/Step 0.2 4.685 92,884 209.389 1,733,452

(Uppaal 4.1.22(64bit) on Ubuntu 18.04LTS server(kernel 4.15.0) with Intel Xeon E5-2690 v2@3.00GHz and
128GB memory.)
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