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Differential Dynamic Logic dZ: Syntax

Definition (Hybrid program «)

x' = f(x) (continuous evolution)

x 1= f(x) (discrete jump) _
if(x)welse (conditional execution) ~ ( Jump & test
a; B (seq. composition)

aup (nondet. choice) Kleene algebra
a* (nondet. repetition)
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ETCS = (ctrl; drive)” ane
ctrl=if (MA —z < SB) then a:= —b = 1
else a:=... Tﬁ— r .
driVe =T.= 01 Z/ =V, V/ = a, 7—/ =1 far ST neg SB cor MA

Av>0AT<e

André Platzer (CMU)


http://symbolaris.com/meta/andre.html
http://symbolaris.com/meta/andre.html
http://symbolaris.com/lahs/

States in Hybrid Systems

What is a state of a hybrid program?
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States in Hybrid Systems

What is a state of a hybrid program?

Definition (Kripke state)
v:V >R with set of variables V
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Differential Dynamic Logic dZ: Transition Semantics

Definition (Hybrid programs «: transition semantics)

:x::f(x)j

x = [F(x)],

aaD o

W) = [,
and w(z) = v(z) for z # x
t

4 X
®* ->0
<

()
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aD o
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Differential Dynamic Logic dZ: Transition Semantics

Definition (Hybrid programs «: transition semantics)

a=bd O

otherwise no transition
t

X
|ov no change if v = x
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Hybrid Programs: Formal Semantics

Definition (Hybrid programs )

p(X' =f(x)) = {(«(0),¢(r)) : ¢ x' = f(x) for duration r}
(v,w) € p(x:=0) <= w=v[x—[0],]
p(x) = {lv,v) : vEX}
plaUp) = p(a)Up(B)
ple;B) = pla)op(B)
(v,w) € p(a*) <= thereis v p(_)oz) le(_)a) Vo o M -
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Hybrid Programs: Formal Semantics

Definition (Hybrid programs «)
p(xX'=f(x)) = {(¢«(0),¢(r)) : ¢ x' = f(x) for duration r}
with I[X/]lcp( d‘P(t)(X) (C)
o thereis ¢:[0, r] — States W|th ©(0) = v, p(r) =

@ [x], () is continuous in ¢ on [0, r]

o dl[X]lcp(t)(C) |[f(x)]]qo(4) for ¢ € (0,r)
A |[}’]|so(C) = |[y]]v otherwise

x' = f(x)
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Branching Transitions in Hybrid Programs: ETCS

system = (cor;drive)*
cor = (TMA—-2z<SB;a:=—b)U(?MA—2z> SB;a:=A)
drive = 7:=0;(Z =v,v =a,7 =1Av>0AT<5¢)
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ETCS Control

ETCS:
train :
spd

atp

move :
rbc

(train U rbc)*

spd; atp; move

Prv<mr;, rai=x% 7—-b<T1.a<A)
U(?r.v >m.r; T.a:=x%; 70 > 1.a > —b)

. SB = —T"’zgl;"'dZ + (% +1) (é&:z +eTv);

(?(m.e — 7.p < SBV rbc.message = emergency); T.a := —b)
U(?m.e — 7.p > SB A rbc.message # emergency)
t:=0; (rp=71v,7vV =12t/ =1ATv>0At<e)
(rbc.message := emergency)
U (mo :=m;m = x;

m.r>0Am.d>0Amg.d?> —m.d? <2b(m.e — mo.e))
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ETCS Control Transition Structure

Cmo:=m3 m=x

7.0 =TV, '
TV =Tat =1,
)
|

jc.message = emergenc Tv>0At<e

?r.v <m.r T.9:= % ?7—-b<Ta<A
¢ ) > ) > ) ’O\ ?(m.e —7.p < SBV
rbc.message = emergency)
m.e—T1.p > SBA
bc.message # emergency)

:]7T.v > m.r: T.9:= % : 0>71.a>-b
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