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Verification

Given a model
(Kripke structure)
with initial state

Given a property
in temporal logic

Check if the model
satisfies the property




Synthesis

|
[ ] G.
M : I |: (P iven a property

in temporal logic

Construct a model

that satisfies the property



Temporal logics

without explicitly

referring to time:
eventually, next time, globally,...

Examples:
Nothing bad will ever happen.

Something good will eventually happen.
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Linear Temporal Logic LT L EXPTESSES properties
over a single path




Linear Temporal Logic LT L EXPTESSES properties
over a single path

* Atomic propositions

e Boolean connectives

X ime), U i),
* Temporal operators (next time), U (unti)

F (future), G (globally), R (releases)

* Path quantifiers



[ TL syntax

* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

-, o v, pe AP, XY, pU Y
AP, =P, pY Fo, Go, o Ry



wrt. a fixed Kripke
structure

LTL semantics

on all paths
starting in the state
@ holds

* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

-, o v, pe AP, XY, pU Y



wrt. a fixed Kripke
structure

LTL semantics

* If © isa path formula, then A is a state formula.

* If Yand ¥ are path formulas, then so are

~, v (e AD) Xy, pU ¢
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wrt. a fixed Kripke
structure

LTL semantics

* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

ﬁso,sovw,peAP,@ o U
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wrt. a fixed Kripke
structure

LTL semantics

* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

—p, p Vv P, pe AP, sz

ve -O-0-0-0-@-0O-0O-0O~



wrt. a fixed Kripke

structure —
LI L semantics
.
Fo=TUuy
I'=pv —p
N
* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

-, o v, pe AP, XY, pU Y
(Fg) G, o R

Fo  —O-~0O—~0O-~0—~@—0O—0—0O—



wrt. a fixed Kripke
structure

LTL semantics

oo

* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

-, o v, pe AP, XY, pU Y

Fo,(Ge) ¢ R

Go -O-O0-0-0-O0O-0-0O-0—



wrt. a fixed Kripke
structure

LTL semantics

(emor

* If © isa path formula, then A is a state formula.

* If Yand 1 are path formulas, then so are

-, o v, pe AP, XY, pU Y

RO -@-@-@-O-O-0O-O-O-
-0-0-0-0-0-0-0-0-



wrt. a fixed Kripke

S
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structure

LTL semantics

7(0) is labelled by p
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Homework task

Prove that

T

= o Ry

iff

Vi = 0. (V5 <i.7?

9o == %

1

f

relating the formula above with the derived meaning

pRY = U (pnrd)) v Gy

from the informal intended semantics

RO  —-@0-@-@-@-O-0O-0O-O—

-0-0-0-0-0-0-0-0
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LTL examples

request = F grant A request will eventually be granted.
.. =FC After the rain, the sun will shine.

FG - Eventually, there will be only sunshine.
GF- Infinitely often there will be sunshine.

G No rain ever.

From every state a - state is reachable ? 126 @presslie in B

expressible in CTL



