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Can you trust a computer to control physics?

André Platzer (CMU)



CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems)

Design & verify controller for
a robot avoiding obstacles

@ Accelerate / brake
(discrete dynamics)

@ 1D motion
(continuous dynamics)
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CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems)

Design & verify controller for
a robot avoiding obstacles

@ Accel / brake / steer
(discrete dynamics)

@ 2D motion ~E =l S e
(continuous dynamics) '
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CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems)

Design & verify controller for

a robot avoiding obstacles

@ Accel / brake / steer
(discrete dynamics)

@ 2D motion
(continuous dynamics)
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CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems) 3 h

Design & verify controller for
a robot avoiding obstacles

@ Dynamic obstacles
(other agents)

@ Avoid collisions

(define safety)
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CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems) I h

Design & verify controller for
a robot avoiding obstacles

@ Dynamic obstacles
(other agents)

o Avoid collisions — T [ O
(define safety)
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CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems)

Design & verify controller for
a robot avoiding obstacles

e Control robot
(respect delays)

_________________

@ Environment interaction 2 N AP
(obstacles, agents,
uncertainty)
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CPS Analysis & Design: Robot Lab

Challenge (Hybrid Systems) 3 h

Design & verify controller for
a robot avoiding obstacles

e Control robot
(respect delays)
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_________________

@ Environment interaction 2 N AP
(obstacles, agents,
uncertainty)
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CPS Design & CPS Contracts in Programs

Reveal in layers @eli=ei Reason about CPS

O@requires(v"2 <= 2xbx(m—x))
Q@requires (v>=0 & A>=0 & b>0)
@ensures (x<=m)

{
if (v'2 <= 2xbx(m—x) — (A+b)x(A+2xv)) {
a = A;
} else {
a = —b;
}
t = 0;

{x'=v, v'=a, t'=1, v>=0 & t<=1}
}+x@invariant (v"2 <= 2xbx(m—x))

Simulate for intuition Design-by-invariant
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Teaching CPS Foundations With Contracts

differential dynamic logic

Develop CPS models

N
Express CPS contracts §
Intuition for operation
Reason rigorously about CPS

Focus on core principles

CPS programs + contracts
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Successful Hybrid Systems Proofs
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Successful Hybrid Systems Proofs
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Successful Hybrid Systems Proofs
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Logic for Hybrid Systems

differential dynamic logic
dC = FOLg
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Logic for Hybrid Systems

differential dynamic logic
dC = FOLg + DL + HP

C — [if(z>SB)a:=—b; 2/ =a]v? <2b

-~
hybrid program
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Logic for Hybrid Systems

differential dynamic logic
dC = FOLg + DL + HP

C— [if(z> SB)a:=—b; 7/ =a]v?<2b

Post
condition

-
hybrl program

|t|aI ystem
condltlon dynamics
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Differential Dynamic Logic: Axiomatization
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[x' = f(x)]¢ < V=0 [x:= y(t)]¢ (v'(t) = £(y))

[a U Bl < [a]o A [Bl¢

[a; Bl = [a][B]o

[a"]¢ <> ¢ A [a]la”]¢

[al(é = ) = ([el¢ — [a]y)

[a*](¢ — [a]d) = (6 — [a7]9)

[a"]Vv>0 (p(v) = (@)p(v — 1)) = Vv (o(v) = (@) Iv<0p(v))
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