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CTL example

req

ret;()\ ret;()\ re(,:|/<>\

grO grO grO req grO grO
gr O/Cg?\()

/e From Sthe system always makes a request in future: A fj 9\UY
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e From S the system always makes a request in future: AF req
e All requests are eventually granted: AG(req — AF gr)
e Sometimes requests are immediately granted: EF(req — EX gr)

ﬂrCm@wr >4 [y Wﬂ)

e Requests are held till grant is received:
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CTL example

req

ret;()\ ret;()\ re(,:|/<>\

grO grO grO req grO grO
gr O/Cg?\()

e From S the system always makes a request in future: AF req

e All requests are eventually granted: AG(req — AF gr)

e Sometimes requests are immediately granted: EF(req — EX gr)
e Requests are held till grant is received: AG(req — A(req U gr))
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CTL example
A

I'd
e True properties: ‘E_ir AFr, AGs, AGEFr, E[pUq],
e False properties: AFg, @ Ag EF ﬁ, E[
L ’+‘T"

E(PENEr EFP

cEer
D EEFE(PU“O
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CTL Model Checking

yodels
o It checks whether a given CTL formul@-lolds on a given Kripke structure@i.e., %a

&
e Need to have modalities foré’J AU Mo HF AX

e Other modalities can be expressed using EX, EU and EG

£V fo APEX
* AFf=-EGf b
o AGf = —EF =f -t V
o A(fUg) = (-EG =g) A (ZE[-~g U (=f A =g)]) & ‘%: —

e Basic procedure

e The set Sat(f) of all states satisfying f is computed recursively
e M |=fifandonlyif Sy C Sat(f)

IIT Kharagpur 4


Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit


CTL Model Checking: EX f

function CheckEX(f)
1. Ss={seS|fel(s)}

gz while §; # @ T 2 (fS 15) \b\
&

Choose s € Sf
Sr =S¢ —{s}

O

for all t such that(t, s) e@

p -~
5

6. iffeL() —

7 L) = L(H) U {EXF) @5»@ Ol
7 Lty U {EXf

9
10.

>
£

endif Egjﬂ

end for
end while
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CTL Model Checking: EF f¢
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CTL Model Checking: EF f
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CTL Model Checking: EF f
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fa =pv fi =pv
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CTL Model Checking: EF f

fa =pV EXf,

Least Fix Point |
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CTL Model Checking: EF p

function CheckEF(p)
1. Sp = {seS|peL(s)}

2. f L(s) = L(s) U {EFp}

3. while5, # o

4. Chooses e@

5. S,=S,-{s

6. forall t such that s) eT

7. if{EFp} ¢ L(t) ‘
8. L(t) = L(t) U {EFp}

. 5=5U0
10. endif

1.  end for

12. end while
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Example: g = EF((a®c)A(ad b
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Example: g = EF((a®c) A (a® b))

C # @
S6 <« S7
a,b,c a
SO:\ l S3
g s4% S5 a,c
b \ /
b,c (S2 » S1 ab
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b,c (S2

g 9
S6 « S7
a
l S3
S4 g S5 ac
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CTL Model Checking: EGp

fo=p f1p/\EXf0




CTL Model Checking: EGp




CTL Model Checking: EGp

f2 =pA
EXfi

Xf2
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CTL Model Checking: EGp
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CTL Model Checking: EGP).—

function CheckEG(p)

1. S, ={seS|pel(s)} %WM Cm\wacfw@
2. SCC = {C|Cis nontrivial SCC of S} 2 W/viL
3. R= {s|s e C} ‘ﬁ
cescc
. foralls € Rdo L(s) = L(s) U {EGp}

4
5. whileR + @

6. ChooseseR
7. R=R-{s}
8

for all t such that @s) eT and

9. if (EGp} ¢ L(H)

10. L(t) = @_U {EGp}
1. R=RU {t}

12. endif

13. end for

14. end while
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Example: g = EGbD
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Example: g = EGbD

d
S6 < S7
a,b,c a /
SO:\ l S3
sS4 a,c (S5
b
b,c (52 » S1 ab

‘ Find states satisfying b. ‘
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CTL Model Checking: E(p Uq)
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CTL Model Checking: E(p Uq)

fo = qv fi = qv f“*@
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CTL Model Checking: E(p Uq)

fa=qV (b A EXf2)

fi=qv
(b A EXfo)

fo =qv
(p A EXfy)
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CTL Model Checking: E(p Uq)

fa=qV (b A EXf2)

fo =qv
(p A EXfy)

Least Fix Point |
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CTL Model Checking: Egg Uq)

function CheckEU(p,q)
1. Sq={seS|qgel(s)}
2. foralls e S;dolL(s) =L(s)U{E(pUQq)}
3. whileS; # @

4. Chooses € S,

5. S4=55-1{s}

6. foralltsuchthat(t,s)eT

7. if {(E(pUQq)} ¢ L(t) and p € L(t)
8. L(t) = L(t) U{E(pUq)}

9. Sq =SqU{t}
10. endif

1.  end for

12. end while
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Nested CTL query
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Nested CTL query
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Real Time properties

e Real time systems

e Predictable response time are necessary for correct operation
e Safety critical systems like controller for aircraft, industrial machinery are a few examples
1tical syste rcraft, Iindustrial machine

e Itis difficult to express complex timing properties
e Simple: “event p will happen in future”
e fp

e Complex: “event p will happen within at most n time units”
e pV(Xp)V(XXp) V...(IXX...ntimes]p)
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Bounded Temporal Operators

e Specify real-time constraints
e Over bounded traces

e Various bounded temporal operators
® Gimnp - p always holds between m" and n'" time step

e Fimn|p - p eventually holds between m‘" and n'" time step
e Ximjp - p holds at the m'" time step

e pUimpn) g - q eventually holds between mt" and n'" time step and pwme

IIT Kharagpur


Arijit

Arijit

Arijit

Arijit

Arijit

Arijit

Arijit


Examples

3. 4
Gia 4P SIS - P
_/_,/
. p holds

¢ p holds always between 2nd and 4th time step
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Examples

0 1 2 3 4
Fpgp OO —>0>0—>@
.pholds

¢ p holds eventually between 2nd and 4th time step
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Examples

1 2 31 4
X3 p Q—>O—’Q—>‘—’O

=
. p holds

e p holds in the 3rd time step
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Examples

0 1 2 3 4
pU q
Plegd OO0 >8>0
O p holds g\q holds

e q holds eventually between 2nd and 4th time step and p holds until q holds

IIT Kharagpur


Arijit


[ ] [ ] [ ]
Timing properties
e Whenever requwed grant should take place within 4 time units
e AG(posedge(req) — AF|o 4] posedge(gr))
)05€a3¢ _ (04 PPRERe™S0
e The arbiter will provide exactly 64 time units to high priority user in each grant
attlyos v

e AG(posedge(hpusing) —

A(=negedge(hpusing) Ujga,ss| negedge(hpusin))
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