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Questions:

Do Speedy & Sleepy get to JFK?

Do Speedy & Sleepy stop flying?

Speedy has a warrant in Texas.
Does Speedy Land in Texas?
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“True” Expressions

LAX

next(JFK)

ever(end), next(end)

always(~ TX)
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“True” Expressions

LAX

next(SFO)

next(next(PHX))

next(next(next(JFK)))

next(next(next(end)))

always(~ TX)




Linear Temporal Logic over finite traces (LTL )



What is a logic?

Syntax

LTL

Semantics

Proof
Theory




Syntax for LTL, Example Formulae

Define the set of formulae, LTL (V), to be V = {LAX, SFO, PHX, JFK,
f CA, TX}

a,b :=v| False| True | end
| - a| next a|always a| ever a
la—bla V blaAb (P

LAX, SFO, LAX — CA

) ever(end)
Or equivalently,

ever(JFK A end ) — - always(-~ JFK)
LTLV) =<V U {True, False, end},

{ -, next, always, ever}, LAX — ever(JFK)
{—, V. A}
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Semantics: A Ground Truth

Definition: Timeline
Atimeline T"= (f,f, ..., f) is an n-tuple of functions f,: V — { . )

T4 =




JFK?

JFK?

JFK?

JFKI!




end :(




Semantics: Validity ()

Definition: Validity
A formula a is valid if for every timeline T"
T" (a)=True Vi=1,..,n,

Write Fa , if a is valid.

Example: = always(- a) — - ever(a).

l_l_l_> .
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Towards a Proof Theory

e Proofs for specific timelines are done by induction
e Syntactic proofs for timelines in general -- without Timelines??

We want to be able to prove
valid formulae.




Tauts in Classical Logic

- next (@ — b) = next(a) —
next(b)

+t end — - next(a)

- ever(end)

+evera = a V next(ever(a))

If + a,then + wk_next(a)

If ra—b
and + a — wk_next(a),
then + a — always(b)

No Reference
to Timelines!!

Example Proof ( + next(a) — - end )

Proof.

1. next(a)
2. end

3. -next(a)

4. contradiction

5. =-end

Assume that next(a) holds

To show - end, assume end for
contradiction

Apply + end — - next(a) to end
giving - next(a)

- next(a) and next(a) are a contradiction

end was contradictory, so - end A




What is a logic?

LTL,
Completeness
Svntax Proof
y Semantics Theory
Soundness

provable = valid



Soundness & Completeness next(True)

Theorem: Soundness

If F athenFa.
If we can prove a, then a is valid.

Proof. Simple. show all rules are valid. O

Theorem: Completeness
If =athen F a.

If a is valid, we can prove a.

Proof. Hard! Construct a graph modelling to all possible timelines. O



One other property: Decidability

Timeline T"
in which
ais true

A formula a Decision Procedure If exists

not




Tableau for always((next a) or b)

Contents

({Cend, O{0avb} 0)
({6, T,0avb-Caend,0(CaVh} {L,a0CTVL0aCT,0-end})
({a,b, T,0avh-0aend,0(Cavd)},{L, 0TV L 0a 0T, 0-end})
({oavboTv Ll ¢end, 0o 0T, 0(0aV b}, {L,b-Ca,end, O0-end})
({b,oavh -Caend, Cend,0(Cavb)} {L.OTVL 0eOT,O-end})
({b,oavhoTVvL Cend,Ca 0T, 0(0avb)}, {1, ~Ca,end, O0-end})
(b, C0avbhbOoTV L ~0aCend, O T,0(CaV b}, {L end Oa,0-end})
({a, T,0avbhOTV L 0a0T,0Qavb} {Lb-0eend 0-end})
({a,b, T,0aVvbhOTVLCa0T,00aevh}{L, ~0Oa end 0-end})
({a,b, T,0avhOTVL,-0ae0T,00aVb} {1 end, Oa,0-end})
({T.0avboTv L oaoT,0avb)}, {L ab-=0a end 0-end})
({5, T,0evboTv L Ca0T,0Cavb)},{L a-0a,end O-end})
({5, T,0aVb,OTV L,~0a,0T,0(0aV b}, {L,a,end,0a,0-end})




Motivation




Motivation for my work

Q NetkAT + LTL, = Tempora




What is a logic?

LTL,

Syntax

Completeness

Semantics

Soundness
provable = valid

Proof




Questions?



Proof Theory

Tauts in Classical Logic

- next (@ — b) = next(a) — next(b)
- end — -~ next(a)

- ever(end)

-evera = a V next(ever(a))

If + a,then +wk_next(a)

If tra—b
and + a — wk_next(a),
then + a — always(b)




Full Semantics

K} (v) = ni(v)
K!(L1l) = false
true if K(a) = false
K''(a—b) = { true if KMb) = true
false otherwise
KP(a) ifi<n
false otherwise

K!Oa) = {

(true if K}'(a) =true, foralli<j<n

true if there exists 1 < k < n, such that K7(b) = true
K'(a Wb) =4 P ki]
and for every j such that ¢ < j < k, K'(a) = true
false otherwise




Syntactic Sugar

always(a) = a wk_until False
ever(a) = - always(- a)

auntilb = awk_until b A ever(b)
wk_next (a) = -~ next(-a)

end = - next(True)



Linear Temporal Logic over finite traces

next, always,
ever, until,
etc.

- ever end
7" = (f1, ,fn)

Unique

Successor




