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Semantics of LTL

The relation |~ is defined by

T | true
ml=a iff ae(x[0])
TEpAY iff TEpandr EY
m = e iff not(m = ¢)
TE Qe iff 7[1.]E=¢
TEeUy iff Ji>0:7[i.]EvandV0<j<i:z[j.]E¢p

m = : the execution path 7 satisfies the LTL formula .
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Semantics of LTL

123123 - - - = green? l
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Semantics of LTL

123123 - - - = green? l

123123 - . |=green
iff green € ¢(1)
iff false
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Semantics of LTL

123123 - = Ogreen? l
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Semantics of LTL

123123 .- = Ogreen? I

Answer

123123 - .- = Ogreen
iff 23123-.- = green
iff green € 4(2)
iff true )
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Semantics of LTL

123123 - - - =red A Ogreen? l
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Semantics of LTL

123123 - - - =red A Ogreen? \

Answer

123123 - - - =red A Ogreen
iff (123123 .- =red) and (123123 --- |= Ogreen)
iff (123123 -- =red)and (231283 - |= green)
iff (red € (1)) and (green € ¢(2))
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Semantics of LTL

123123 - = —~green?
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Semantics of LTL

123123 - = —~green?

Answer

123123 - - - = —green
iff not(123123--- = green)
iff not(green € ¢(1))
iff true )
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Semantics of LTL

123123 --- =red U green? l
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Semantics of LTL

123123 --- =red U green? \

Answer

123123 - - |=red U green
iff 3/>0:123123---[i..] = red and
V0 <j<i:123128---[j..] = green
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Semantics of LTL

123123 - =red U green
iff 37>0:123123---[i..] E greenand
V0 <j<i:123123---[j..] = red

Choose i = 1.

123123 ---[1..] = green and
V0 <j<1:123123---[j..] =red
iff 23123 .- = greenand 123123 ---[0..] = red
iff 23123-.- = greenand 123123 - - |= red
iff green € ¢(2)andred € ¢(1)
iff true
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Eventually

T = Oy iff? I
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Eventually

T = Oy iff? \

Answer

T = Qp
iff 7ml=trueUep
iff 3i>0:x[i..] EeandV0 <j<i:nl[.]}true
iff 3F>0:x[i.]E¢e
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= Op iff? l
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= Op iff? \

Answer

m | Qe
iff ™ -0-¢
iff not(m = O—y)
iff not(3i > 0 : 7[i..] = —y)
iff Vi >0:not(r[i..] = —yp)
iff Yi>0:xn[i.]E=ep
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Infinitely Often

™ = OO iff? l
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Infinitely Often

™ = OO iff? l

Answer

7w = OCp
iff Vi>0:x[i.] = Op
iff Vi>0:3j>0:7[i.][j.]Ee
iff Vi>0:3j>0:x[(i+)).]Ee
iff Vi>0:3h>i:7n[h.]kE=e
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Almost All

m = OO iff? l
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Almost All

m = OO iff? l

Answer

7w | OOy
iff 3i>0:x[i.] =DOp
iff 3I>0:Vj>0:7[i.][j.]Ee
iff 3I>0:Vj>0:x[(i+)).]Ee
iff 3i>0:Vh>i:n[h.]E=e
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Semantics of LTL

TSEpiffvsel:sk= ¢

where

Sk ¢ iff Vr € Paths(s) : m = ¢
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Semantics of LTL

Prove
@ TS =true
@ TS = (OO(green Vv orange)
@ TS = O(green Vv orange)
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Semantics of LTL

TS = OO(green Vv orange)

1233 --- = OO(green Vv orange)
iff 233--- = (O(green Vv orange)
iff 33--. = greenV orange
iff (33--- =green)or(33--- = orange)
iff (green € ¢(3)) or (orange € ¢(3))
iff true

Similarly, we can show that 1244 ... = O((green Vv orange).
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Equivalence

Definition
LTL formulas ¢ and v are equivalent, denoted ¢ = v, if TS = ¢
iff TS = « for all transition systems TS.
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Equivalence

Prove
@ Op=0¢
0 ~Qp=Uyp
0 Uy =0y
° O0p =0y
@ [y =0

@ pU(pUy)=p Uy

° (pUy)Uy=pUy

° pUyp=9¢V(pAO(pUy))
° Jp=pVO0p

@ Op=pAQOlp
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Equivalence

—“Op = O

™ Oy
iff not(m = Oyp)
iff not(w[1..] E ¢)
iff #[1.] E ¢
iff ™= Oy
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Quiz on Thursday

@ Quiz will cover the reading material of March 1 and 7.
@ Quiz will be 30 minutes.
@ Definitions will be provided.
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