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Motivating Example Contract Automaton

Cyber-Physical Systems combine discrete The contract automaton encodes the single-agent continuous property, as well as the restrictions
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Consider a distributed quadcopter system where each Proving Correctness
agent moves in a 2d world. Each helicopter has .
continuous dynamics. We want to prove distributed, The contract automaton is used to create Showing  distributed collision  avoidance
end-to-end collision avoidance.

software specifications which we prove with a : .l . . :
software model checker (CBMC). requires additional distributed properties

S ———— proven by assuming a synchronous middleware
Single-Agent Continuous Property Loc loc = hover; and using CBMC (sequentialization).

void update_setpoint(double x, double y) {
pos = *; //-- assign non-deterministic value

(Rhover A epn-rr = speur) V (®move A if (loc == hover) { | The single-agent and distributed properties
s t — speur| = (5,0) V |spnzt — speur| = (0, 5))) assume (INV_hover) ; assert(REq_hover_walt); .
It = op spuxt = (x,y); assert(INV_vait); can then be composed into an SMT problem to
OC = Wallt, recurmn,
/ \ b o check if collisions are possible, which is
assert s . .
} discharged using Z3.
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(<= (abs (- (pos i) (pos j))) (* 2.0 HELI_RADIUS))

The contract automaton is used to create

A min(spcur , spnzt ) — 1.5 < pos . . . .
< maz(speur,, spnat,) + 1.5 continuous specifications which we prove Potontial Error Dotection
llSiIlg a hybrid Systems reachability tool. Software bug modifies setpoint twice in a row SW
. Software bug changes setpoint by both x and y SW
Controller’s gains are too high causing quadcopter to HY
10 - overshoot into neighboring cell
‘- Controller logic unstable HY
g ; Real-time period of low-level controller too low HY
Do H has_arrived condition too aggressive HY
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