[A085: Satisfiability and Automated Reasoning

Seminar 3

Exercise 1 Which of the following formulas are T-valid for the given the-
ory?

e dn.n-n=2for

- T =Tnia,
- T = Tnra,
- T =Tira;

* X <?8] x—l—[g] 1[8] fOT’ T = Tgy;

* VYn.3dm.m >nAP(m)A\P(m+2),
where T = Tnia and P(x) is defined by
Px)=x>2AVp.(p>1AFqx=pq) = (p=1Vp=1x);
Exercise 2 Which of the following T-entailments hold?

u

* ¥ <[y 1285 By ¥ <) ¥ +1g sy

® g =" [=pax read(write(s,0,0),1) = read(b,1),
e x+0=xFur0+x=x,

e x+0=xFyurpx=x+0,

For the following exercises, use the sMT solver z3. For a quick
reference of the input language smT-L18, the following might be
helpful:

COMMANDS

® (declare-const name sort)

® (declare-fun name in_sorts out_sort)
* (assert ¢)

® (check-sat)

® (get-model)
SORTS

* Bool

e Int

® Real

e (_ BitVec 32)

LOGICAL OPERATIONS
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¢ (not ¢)

e (and ¢ V)

e (or ¢ )

* (implies ¢ )
o (iff ¢ ¢)

ARITHMETIC OPERATIONS

* (+ t1 t2)

* (- t1 t2)

e (*x tl1 t2)

* (div t1 t2)

* (/ t1 t2)

e (= 11 t2)

® (distinct t1 t2)
e (> t1 t2)

o (>= tl t2)

IF-THEN-ELSE EXPRESSION
e (ite ¢ t1 t2)

You might also need the corresponding operations for bit-vectors.
Look them up when you need them.

Exercise 3 Use z3 to prove the T-validity of the formulas from Exercise 1.
Further, prove that the entailments from Exercise 2 hold.

Exercise 4 You are the waiter in the XXCD comic strip https://xkcd.
com/287/. What can you bring to the guest? Are there more solutions than

one?
MY HOBBY:
EMBEDDING NP-(OMPLETE PROBLEMS IN RESTAURANT ORDERS
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Exercise 5 You are bored, browsing the Facebook, and found the following Or whatever social network is modern

©+Q-10
OxO+[-12
©-0-A-0:-0
A-7?

What theory is the puzzle using? What is the value of the triangle? Are
there multiple solutions?

puzzle.

Exercise 6 You are planning your weekend. You have 3 hours of free time
on Friday evening, 4 hours on Saturday, and 4 hours on Sunday. You have
to finish the following tasks and you want to work on them without inter-
ruptions (i.e., once you start working on a task, you have to finish it).

e Finish a DPLL solver for this course (takes 2 hours).

e Finish the two-watched literal scheme for the solver (takes 3 hours).
* Go to gym (takes 1 hour).

* Go jogging (takes 30 minutes).

e Rethink your life choices (takes 15 minutes).

* Cook a nice meal (takes 1 hour).

e Read a book (takes 3 hours).

You obviously cannot work on the two-watched literal scheme before finish-
ing the DPLL solver. You also do not want to go to gym and go jogging on
the same day.

Is it feasible to finish all the tasks? Use z3 to come up with a feasible
schedule.

Hint: try using the if-then-else expression.

Exercise 7 You are trying to write a program for computing average of two
numbers and you came up with the following C program.

uint avg(uint x, uint y) {
return (x +vy) / 2;

}

A friend of yours sees your code and tells you that it is not correct. Why?
Propose a fixed version.
You asked ChatGPT and it gave you the following weird solution
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uint avg(uint x, uint y) {
(x &y) + (xy / 2);
}

Use z3 to prove that the solution is equivalent to your fixed version.



