
Verification and Control of CPS: Assignment 3
Due Date: Thursday, October 2nd, 2014 (4:30 PM)

P1. Consider the extended state machine below:

x, y are real numbers. The initial states are

ϕ0 : pc = s0 ∧ 0 ≤ x ≤ 100 ∧ y = 0

(A) Write down the transition relations for all the six edges in the extended state machine.

(B) Compute post(ϕ0) by separately considering each of the six edges.

(C) Compute three steps of model checking to write down ϕ1, . . . , ϕ3. Use Z3 to check if the
process should stop at each step.

(D) Check the safety property

�(pc = s2 ⇒ (x = 0 ∧ y = 0))

using the results of model checking.

(E) Is the formula
pc = s2 ⇒ (x = 0 ∧ y = 0)

an inductive invariant? If not, write down a strengthening that indirectly proves the correctness of
the formula above. Use Z3 to check candidate inductive invariants.

(F) Write down a Z3 formula to perform three steps of bounded model checking to see if the
property (pc = s1 ⇒ x = y) holds?

(G) Using the results of the symbolic model checking above, guess a non-trivial invariant of the
system. Use Z3 to check if your invariant is inductive.

P2 Consider the extended state machine below:
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x is an integer. The initial states are

−3 ≤ x ≤ 3 ∧ pc = s0

(A) Compute ϕ1, ϕ2 by application of the post operator twice.

(B) Which of the following assertions are inductive invariants? Use Z3 to check. If they fail to be
invariants, describe why.

(1) pc = s0 ∧ x ≥ −3, (2) pc = s0 ∧ x ≤ 3, (3) pc = s0 ∧ −3 ≤ x ∧ x ≤ 5.

(C) Setup bounded model checking of depth upto 5 using Z3 to try and find a violation for each
of the safety properties above.
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