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Hybrid systems
Flow + Jump
Jump is familiar
Flow is not

Veloc. flow flow
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This work
Turns flow into jump



This work
Turns flow into jump
With infinitesimals
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This work

Turns flow into jump Infinitely
With infinitesimals small values
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This work

Turns flow into jump Infinitely
With infinitesimals small values
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Infinite infinitesimal
jumps
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Concretely
Programming language WHILE®"

WHILE + dt
t := 0;

: ’ < infinitesimal constant
W?I I i Et N CH:IL)/ (“infinitely small”)

Hoare-style program logic (HOARE®) for WHILE®t
Sound and relatively complete
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Challenges

Mathematically rigorous basis

“infinite”-time
iterations?

t 1= 0;

t o=t + dt]

while (t < 1) |-

dt: denotation?

<>

Section-wise
approximation
of while-loops

July 19, 2011

Details in our
ICALP’11 paper
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Non-standard analysis
[Robinson’60]




Modeling in WHILE®

t=0;x:=0;v:=0;a:=1;
while (t < 4) {

vV :=v+a*dt;

X :=x+v*dt;
v:i=Vv;Xx:=x;
t:=t+dt;
a:=(x>=2)?1:-1;

}




Modeling in WHILE®

t=0;x:=0;v:=0;a:=1;

while (t<4){ —[dw/dt=v

‘i=v+a*dt - =
ey a*dtf/ dv/dt = a
Xa=hd VAT d b
V=V X:=X;
t:=t+dt;

a:=(x>=2)?1:-1;

}
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Verification in Hoaredt

t:= 0 =0;v a:=1;

{true}  fecaol)



In the paper...

WHILE®
HOARE®"
Proofs
Examples

Preprint at Suenaga’s webpage
Google: Kohei Suenaga
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