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2-1 

MODULE main

VAR

waitingWriters : 0..1 ;

activeWriters : 0..1 ;

waitingReaders : 0..2 ;

activeReaders : 0..2 ;

r1 : process reader(waitingWriters, activeWriters, waitingReaders, activeReaders) ;

r2 : process reader(waitingWriters, activeWriters, waitingReaders, activeReaders) ;

w1 : process writer(waitingWriters, activeWriters, waitingReaders, activeReaders) ;

ASSIGN

init(waitingReaders) := 0 ;

init(waitingWriters) := 0 ;

init(activeReaders) := 0 ;

init(activeWriters) := 0 ;

FAIRNESS running

FAIRNESS (activeReaders = 2)

-- Concurrency

LTLSPEC G F (activeReaders = 2)

-- Exclusive Writing

LTLSPEC G(!(activeWriters = 1 & activeReaders > 0))
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MODULE reader(waitingWriters, activeWriters, waitingReaders, activeReaders)

VAR

state : {normal, ready, reading} ;

ASSIGN

init(state) := normal ;

next(state) :=

case

(state = normal) : {normal, ready} ;

(state = ready & activeWriters = 0 & waitingWriters = 0) : reading ;

(state = reading) : {reading, normal} ;

1 : state ;

esac ;

next(waitingReaders) :=

case

(state != ready & next(state) = ready) : waitingReaders = waitingReaders + 1 ;

(state = ready & next(state) != ready) : waitingReaders = waitingReaders - 1 ;

1 : waitingReaders ;

esac ;

next(activeReaders) :=

case

(state != reading & next(state) = reading) : activeReaders = activeReaders + 1 ;

(state = reading & next(state) != reading) : activeReaders = activeReaders - 1 ;

1 : activeReaders ;

esac ;

FAIRNESS running

FAIRNESS (state = normal)

FAIRNESS (state = ready)

FAIRNESS (state = reading)
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MODULE reader(waitingWriters, activeWriters, waitingReaders, activeReaders)

VAR

state : {normal, ready, reading} ;

ASSIGN

init(state) := normal ;

next(state) :=

case

(state = normal) : {normal, ready} ;

(state = ready & activeWriters = 0 & waitingWriters = 0) : reading ;

(state = reading) : {reading, normal} ;

1 : state ;

esac ;

next(waitingReaders) :=

case

(state != ready & next(state) = ready) : waitingReaders = waitingReaders + 1 ;

(state = ready & next(state) != ready) : waitingReaders = waitingReaders - 1 ;

1 : waitingReaders ;

esac ;

next(activeReaders) :=

case

(state != reading & next(state) = reading) : activeReaders = activeReaders + 1 ;

(state = reading & next(state) != reading) : activeReaders = activeReaders - 1 ;

1 : activeReaders ;

esac ;

FAIRNESS running

FAIRNESS (state = normal)

FAIRNESS (state = ready)

FAIRNESS (state = reading)
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MODULE writer(waitingWriters, activeWriters, waitingReaders, activeReaders)

VAR

state : {normal, ready, writing} ;

ASSIGN

init(state) := normal ;

next(state) :=

case

(state = normal) : {normal, ready} ;

(state = ready & activeWriters = 0 & activeReaders = 0) : writing ;

(state = writing) : {writing, normal} ;

1 : state ;

esac ;

next(waitingWriters) :=

case

(state != ready & next(state) = ready) : waitingWriters= waitingWriters + 1 ;

(state = ready & next(state) != ready) : waitingWriters = waitingWriters - 1 ;

1 : waitingWriters ;

esac ;

next(activeWriters) :=

case

(state != reading & next(state) = reading) : activeWriters= activeWriters + 1 ;

(state = reading & next(state) != reading) : activeWriters = activeWriters - 1 ;

1 : activeWriters ;

esac ;

FAIRNESS running

FAIRNESS (state = normal)

FAIRNESS (state = ready)

FAIRNESS (state = reading)
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2-2 The verification result from NuSMV
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3.

1) ¼ = q3 q4 q3 q4 ….  , ¼ ² G a

¼ = q3 q4 q3 q4 ….  , ¼ ² a U b

¼ = q3 q4 q3 q4 ….  , ¼ ² a U X(a Æ :b)

¼ = q3 q1 q2 …, ¼ ² X:b Æ G(:a Ç :b)

¼ = q3 q4 q3 q1 … , ¼ ² X(a Æ b) Æ F(:a Æ :b)

2) M, q3 2 G a * ¼ = q3 q1

M, q3 2 a U b * ¼ = q3 q1 q2 …

M, q3 2 a U X(a Æ : b) * ¼ = q3 q1 q2 …

M, q3 2 X:b Æ G(: a Ç : b) * ¼ = q3 q4 …

M, q3 2 X(a Æ b) Æ F(: a Æ : b) * ¼ = q3 q1 q2 …

CS402, Solution of Homework#5 7



4.

¼ ² Á U Ã means

9 i.(1 · i Æ ¼ i ² Ã Æ 8 j .( 1 · j < i → ¼ j ² Á)) = Á 1

¼ ² Ã R (Á Ç Ã ) means

9 i.(1 · i Æ ¼ i ² Ã Æ 8 j.(1 · j · i → ¼ j ² Á Ç Ã ) Ç

8 i.(1 · i Æ ¼ i 2 Ã Æ ¼ i ² Á Ç Ã )

¼ ² F Ã means

9 i.(1 · i Æ ¼ i ² Ã )

So ¼ ² Ã R (Á Ç Ã ) Æ F Ã means

{9 i.(1 · i Æ ¼ i ² Ã Æ 8 j.(1 · j · i → ¼ j ² Á Ç Ã ) Ç  8 i.(1 · i Æ ¼ i 2 Ã Æ
¼ i ² Á Ç Ã ) } Æ 9 i.(1 · i Æ ¼ i ² Ã )

≡ 9 i.(1 · i Æ ¼ i ² Ã Æ 8 j.(1 · j · i → ¼ j ² Á Ç Ã ) = Á2

≡ 9 i.(1 · i Æ ¼ i ² Ã Æ 8 j .( 1 · j < i → ¼ j ² Á)) * Á 1 Æ Á2 = Á 1 Ç Á2 = Á2

CS402, Solution of Homework#5 8



5.

¼ ² Á W Ã Æ F Ã means that
(9 i.(¼ i ² Ã Æ 8 j.(j < i ! ¼ i ² Á)) Ç 8 i.(¼ i 2 Ã Æ (¼ i ² Á)) Æ 9 i.((¼ i ² Ã ).

Using distributive law, 

(9 i.(¼ i ² Ã Æ 8 j.(j < i ! ¼ i ² Á)) Æ 9 i.((¼ i ² Ã )) Ç
( 8 i.(¼ i 2 Ã Æ (¼ i ² Á) Æ 9 i.((¼ i ² Ã ))

≡ 9 i.(¼ i ² Ã Æ 8 j.(j < i ! ¼ i ² Á))

And ¼ ² Á U Ã means 9 i.(¼ i ² Ã Æ 8 j.(j < i ! ¼ i ² Á)).
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6-(a)
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6-(b)
(i) M , s0 ² :p → r

(ii) M , s0 2 AF t * ¼ = s0 s1 s1 s1 s1 …

(iii) M, s0 ² :EG r *M,s0 ² AF:r

(iv) M, s0 ² E(t U q) 

(v) M, s0 ² AF q * s0 ² q

(vi) M, s0 ² EF q * s0 ² q

(vii) M, s0 2 EG r * s0 2 r

(viii) M, s0 2 AG(r Ç q) * s2 is reachable from s0 but s2 2 r Ç q.

6-(c)
(i) M , s2 ² :p → r

(ii) M , s2 ² AF t * s2 ² t

(iii) M, s2 ² :EG r *M,s2 ² AF:r

(iv) M, s2 ² E(t U q) * s2 ² t, s0 ² q and s3 ² q 

where s0 and s3 are only successors of s2

(v) M, s2 ² AF q 

(vi) M, s2 ² EF q 

(vii) M, s2 2 EG r * s0 2 r

(viii) M, s2 2 AG(r Ç q) * s2 2 r Ç q.
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7-(a)
(in LTL) G(( p → F q) → (:r U t))

7-(b)
(in LTL) G(s →XG:p) Æ G(t →XG:p) 
(in LTL) AG(s →AXAG:p) Æ AG(t →AXAG:p) 

7-(c) 
(in LTL) G(p → XG:q)
(in CTL) AG(p → AXAG:q)

7-(d) 
(in LTL) GF(q → :p U r) Æ GF(r → :p U q)

7-(e)
(in LTL)
:p U p → X(:p U p → XG:p) Ç :p U p → XG:p Ç G :p
(in CTL)
A[: p U p →AXA[(: p U p → AXAG: p)] Ç A[: p U p → AXAG: p] Ç AG:p

7-(f)
(in LTL) Xp Æ G(p → XXp)
(in CTL) AXp Æ AG(p → AXAXp)
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8-(a) M ,s0 ² AFG p , M, s0 2 AFAG p

p :p p

8-(b) M, s0 2 AGFp M, s0 ² AGEFp

:p p

8-(c) M, s0 ² A[(p U r) Ç (q U r)]  M, s0 2 A[(p Ç q) U r]

:pÆq rpÆ:q
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8-(d) M ,s0 ² A[Xp Ç XXp] M, s0 2 AX p Ç AXAX p

8-(e) M, s0 2 E[GFp]  M, s0 ² EGEFp

:p p

p

p

:p:p

:p

pp

:p

14CS402, Solution of Homework#5


