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Learning Objectives

Choice & Control

nondeterminism

abstraction

programming languages for CPS
semantics

compositionality

models operational effect
core principles operational precision
discrete+

continuous
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Playing with Acceleration and Braking

Example (Speedy the point)

a=a+1 {xX=v,vV=a}
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Playing with Acceleration and Braking

Example (Speedy the point)
a:=-2; {xX'=v,v =a};
a:=0.25;{x' = v,V = a};
a:=-2; {xX'=v,v =a};
a:=0.25;{x' = v,V = a};
a:=-2; {xX'=v,v =a};
a:=025{x"=v,v = a}

a 6V X
0‘ _I I_I 5 6 7t 4 ’; m
- 1 2 3 4 5 6 7t ’
- o 1 2 3 4 5 6 Al
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Notational Conventions: Names

Example (Naming Conventions)

Letters Convention
X,y,z  variables

e,é terms

P,Q formulas

a, B programs

c constant symbols

f,g,h function symbols
p,q,r  predicate symbols

In CPS applications, all bets are off because names follow application:
X position v velocity and a acceleration variables
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Notational Conventions: Precedence

Convention (Operator Precedence)
@ Unary operators (including *, = and Vx, 3x) bind stronger than binary.
@ A bind stronger than V, which binds stronger than —, <>
© ; bind stronger than U
@ Arithmetic operators +, —, - associate to the left

© Logical and program operators associate to the right

Example (Operator Precedence)
VxPAQ=(VxP)AQ VxP — Q= (VxP)— Q.

a; Uy = (a; B) Uy aUBiy=aU(B7) o; B* = o; (B7)
P—-Q—R=P—=(Q—R).
But —, <> expect explicit parentheses. lllegal: P+ Q<+ R P+ Q— R
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Hybrid Program: Semantics

Definition (Hybrid program semantics) (I-] : HP — p(S x S))

[x:=€] = {(w,v) : v=uw except V[x] = w[e]}
Q] = {(w,w) : welQl}
[x =f(x)] = {(«(0),¢(r)) : ¢ x" = f(x) for some duration r}
[«vp] = [o]Us]
[: 5] = [e]° [5]
] = J

neN




Hybrid Program: Semantics

X
[p— : .f Y
X:=e | ? v Ianlé();jzz) gﬂsyz) for z # x
o w
L t
0
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Hybrid Program: Semantics

X
o o v if =
xX:=e i v Ianlé();zz) gﬂcﬂz) for z # x
o w
: t
0
X
X' =f(x)&Q
:) 3 [ t

0o r
X' =f(x)&Q
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Hybrid Program: Semantics

X
. » U if =
X:=e ? Ianlé();zz) 2'1522) for z # x
o w
- t
0
X

:x/:f(x)&Q:
| é t

0o r
X' =f(x)&Q

X

Q _
_ e w no change if w € [Q
@ if we [Q] | otherwisge no tranltl'ltign
0
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Hybrid Program: Semantics

Definition (dL Formulas)

[a]
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Hybrid Program: Semantics

Definition (dL Formulas)

a-span
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Hybrid Program: Semantics

Definition (dL Formulas)
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Hybrid Program: Semantics

Definition (dL Formulas)

a-span

compositional semantics = compositional proofs!
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Hybrid Program: Semantics

Definition (Hybrid program semantics) (I-] : HP — p(S x S))

[x:=€] = {(w,v) : v=uw except V[x] = w[e]}
Q] = {(w,w) : welQl}
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