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Model Checking — Sample Solution 2

Exercise 2.1

Forp=GFpand v =FG(pA—-q— (rUs)):

cFE$ oFEY
() no yes
{p}* yes no
{p,qa}* yes yes
{pH{q}” no yes
({pHa})” yes no
({pHp, ¢})” yes no
({pH{r})~ yes no
({at{s})~ no yes
({p, sHa})” yes  yes
({pHaHrHsH" yes no
({p, at{aH{r}H{s})” yes  yes
({p, rH{aHrHs}h)” yes no
(o, rHa, ri{rH{r. s} yes  yes

Exercise 2.2

In the following table, o and ¢’ are two example sequences such that o |= ¢ and o’ [~ ¢.

) o o'
1. Fyg {930 E
. Glg = G(sA-T)  {gr0 {g,s30¢
or if “after” is strict
G(g = XG(=sA=1)) {g}0¥ {gH{s}0~
3. GFs ({sHrpe  {sHsHs}0v
4. FgAG(g—XG-g) {g}0~ {gH{g}0
5. G(s > XFr) ({sHrpe  {sy0¢
6. (msA—-g)Wr {rHgt {9}

Exercise 2.3

a}:ng & oFE-F¢
o= (trueU—@b)

1}1}1}

Vi:ol = ¢

—3i: (o' = ~p AVEk <i:o" |=true)
Vi: (ol ¢V -Vk <i:of | true)



& o kE(2¢ U )

& —Ji: (ol E Y AVE <i:ofEg)
& Vi:(a’):wVﬂ(Vk<i:ak)#ﬁ¢))
& Vi ((Vk<i:of |E—¢)— (o8 =)
o0 UY) & ok -(-¢0R )

& oF9R

cE¢RY

cEoUY & Fi:(dEYAVE<i:orE o)
& Fi:(i=0AcEYPVi>0Ad EYAVE<i:o" @)
S Fi:(i=0AdEY)VEi>0Ad EYAVE<i:of | ¢))
& ("EFEY)VEISOANGEYA EPAVO<Ek<i:of|E9))
& (("EY)V("EIAT AT =Y AVE <ot | 9))
& PV I(eAX(eU))

TEORY & 0F(-0U )
& —FiolEYAVE <i:ofEg)
& Vi:(otEyVIk<i:ol o)
&S Vil —Jk<i:oE9) (%)

Case 0 = G Obviously, both o =G V...and Vi: (6' = V...) are true.

Case 0 =G Let j be the smallest position where 1 does not hold:
cE-GY = Jj:odE-YAVE<j:otEY
Using the above fact, we prove the equivalence (*) from both directions as follows:
Vi:(o'eE—w—=3Ik<i:c"E=¢) = Fk: (6" EdAY)AVE <k:o" =)
= YU (pAY)

YU (pAY) = Fi: (6" EdAY)AVE <i:ob AY)

= Jj: (P EwATi<j:((c"EOAY)AVE<]:c"AY))

(we know that such j exists because o = =G ¢)
= Vi:(oclEw—3Ik<j:of o)

Exercise 2.4

From the definition: Ky = ¢ iff Vo € [Ky] : 0 = ¢. Since —; C —9, we know that all
paths in K; are also paths in ICy:

Vo :o € [Ki] — o € [K,]

Therefore, Vo € [K1] : 0 = ¢, which means K; = ¢.



