3A Consuier a mutual excluslon scenario where the concurrent processes sha:e a, resource - -
" (stich as a file on a disk or a database entry), it is necessary to ensure that they do not
~ have aecess to it at the same time. Define various properties for the proposed protocol,
and write the LTL specifications for all the properties. If some of the propertles can not .
- be expressed in LTL then gwe the ratmnale behmd it - S _ [5] '

3B. Consider the Kmpke model M of Flg;u;re Q 3B Dec1de for each of the LTL formulae & :
_below, whether M ¢ hoids Justlfy your answer Wlth smtable expla,na,tmn

i) ¢ —FGC
1) ¢p =GF¢
iii)'-'-giigz'__X—:c%XX;e ' - DR o
' w) $1="0a o o SR o ;_: o &
V) s = alUG(bV &) IR S R
) = (XXDUGVY e T wm T

3C. Run CTL Iabe]imﬂ* algonthm for the tranmtlon dlavra,m gwen in F1gure Q 3C to the- .
. formula Bla U cz] o _ 2]

4A. Formalxze the wise-men puzzle in the. moda,l logle K T45" o | [5] _

o - ' Figure: Q.3B-
4B. Let .7—" (W R) be a f_rame The followmg sta,tements are equwa.lexzt R - i :

- ,R is tran31t1ve

" — F satisfies Clp — Ul¢
—F satisfies Op — DB;p

Prove above statements using correspondence theory , ]

: 4(3 Find the natural deduetxon proofs for the follomng sequent over the basm modal Iogic X.

FKB(P—}Q)*‘DP**EQ
| 2
7 5A. With referenee to NuSMV, explain the following
i) Inclusion operator - '
Gooaia R 11) Case expressmn | ' .
| ' ) I Then—Else expressxon
~ iv) Basic next expression - .
v) Count operator ' 5]
5B. Describe different types of variable declaration in 2 finite state machine in the NuSMV
language. | : : o ' [3] Figure: Q.3C
5C. Write syntax of LTL formulas recognized by NuSMV. — ~ 12
“Jor sie : ' ' Page 2 of 3 :
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3 1A Consxder the argument “If F were smart or good-looking, I would be happy and mch But
I am nat rich. So it’s true that cither I'm not happy or I'm not rich. In other words, I
 am not both hoppy-and rich. Therefore. I am-not smart or good-looking. In other words

I am not smart and neither am I good—ioakmg In particular, I om not smart.”. Writea
sequent in propositional logic capturing the logical structure of this argument and prove
 the sequent using natural deduction Tules. ‘ . - 5]

~ 1B. Consider the sequem; PV @D T by Determme a DAG which is not satlsﬁable iff this
L sequent is valid. Tag the DAG’s root node with ‘1:T,” apply the. forcing laws to it, and
extract a witness to the DAG’s satisfiability. Explain in what sense this witness serves as
an explanation for the fact that pV ¢,p — r Fr i3 not valid. [3]

1C. Prove ﬂle validity of the sequent, (pV (q —=+p)Agrp - 2]

2A. Cousider the argument, “Every student can swim. Everyone can either swim or surf.
: Betty can not swim. Therefore, not everyone who can surfis o student. " Write & sequent
in predicate logic for the given for the given sequent, and prove the sequent. [5]

9B. Prove the equivalence (Jz¢) v (Fzg) - Zx(pV¢) in first-order logic. [3]

2C. Let F & {e, }and P = % {<} where eis a constant, - is a function of two arguments and
< is & predicate in need of $wd arguments as well. Again, we write - and < in infix notation
as in (£1.65) < (¢¢). The model M has set A all binary strings, finite words over the
alphabet {0, 1} including the empty string e. The interpretation e of e is just the empty
word ¢, The interpretation M of - is the concatenation of words. Finally, we interpret < <
as the prefix ordering of words. We say that s is a prefix of sg if there is & binary word
{ 8a such that s; -M 33 equals s,. Thus, <M is the set {{s1, 87)|s1 is a prefix of so}. For the
given model M, check the satisfaction relation M E ¢, where ¢ :

iy Va{(z <z-e)A(z-e<z))

i) ~TIxvy((z <y) = W<3)) | 9
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