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Background

* Hybrid System
— Continuous element — Physical, Electric, Analog
— Discrete Element — Digital electronic, Computing, Software
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Linear Hybrid Automata
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HyTech

Hybrid Systema A&, 245t =+

« Q3 0] - Linear Hybrid Automata

— Variables, Locations, Initial Condition, Invariant Conditions, Transitions, Rate
Conditions

« Parallel composition
— Synchronizing Hybrid Automata

« Reachability and safety verification
— Forward/Backward reachability

« Parametric analysis
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Model

Car control model

Example — Car Controller 0| 4|
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Automata
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HyTech Code

var
locl:analog; HyTechO| Al &3

2t AutomataZ}f A}
23t Variable M

loc2:analog;

onl:discrete;
onZ2:discrete;
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HyTech Code

Automaton start

automaton carl Synchronization List

synclabs:off_carl, on_carl;

initially ready & loc1=0 & onl1=0; Initial Condition
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loc ready: while True wait {dloc1=0}

when True sync on_carl do{onl'=1} goto moving;
loc moving: while True wait {dlocl in [1/4,1] }

when True sync off_carl do {onl'=0} goto ready;

end
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Properties

var init_reg, final_reg, reached_reg : region; Reqgion definition

Init_reg := loc[carl]=ready & loc[car2]=ready & loc1=0 & loc2=15 & onl1=0

S on2=h & 70 —
final_reg := loc2-loc1<10;
property All reachable

reached_reg := reach forward from init_reg endreach; region from
Init_reg

print trace to final_reg using reached_reg;

Verification
Code
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Verification
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Location: moving.moving

on2 1 & onl = loc2 <= 2t + 15 & loc2 »= 2locl + 15 & locl >=

loc2 <=2t + & & 8locl >= locZ + 25 & loc2 >= 2

loc2 <= 2t + 15
& 2locli + 5

& loc2 <= 8locl + 15 & locl <=

onl =1 & loc2 <=2t + 5§ & loc2 >= 2locl + 5 & locl >=5

on2 =1 &
& locl >= 8

loc2 »>= 2locl + 5 & loc2 >= 15 & locl <=t &

on2 =1 & loc2 »>= locl + 18
8locl >= loc2 + 25

& loc2 + 2t »>= 4]locl + 5

& on2 =
& locl <=

& loc2 + 2t »>= 4locl + % & loc2 >= locl + 18
& locl »=8 & loc2 <= 2t + 15

1 & on2 =1
& 8locl >= loc2 + 25

& loc2 >= locl + 18 & locl <= ¢ & loc2 <= 2t + §

1 & on2 =1 & locl <=t
& loc2 >= locl + 18
Location: moving.ready
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& locl >= 8 & loc2 <= 2t + 1% & loc

& onl

& locl <=t & locl <=5 & locl >= 8

1 & 2locl loc2 <= 2t + 15 & loc2 >= 15 & locl >=
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Verification

« Final_reg
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