
Program Analyis and Verification

Assignment 2

Abstract Interpretation and Kildall’s algorithm

Due date: Sep. 22nd 10 am

Instructions: Page limit: 6 pages (i.e., 3 sheets) hand-written, or 3 pages (1.5 sheets) printed. Any

answers or parts of answers beyond the page limit will not be graded. If writing by hand, write neatly

without any striking out, etc. Please write your name, and submission date and time on top of the 1st

page, and submit by slipping under the door of Prof. K. V. Raghavan (Room 232, CSA). Any delayed

submissions will attract penalties as described in the introductory slide deck. Each of you must work

completely individually on the assignment.

Problem 1. This problem is about designing an abstract interpretation to track values of variables

(similar to CP). You will use a lattice LIN, one of whose elements is ⊥. Every other element of this

lattice is a set of linear equalities of the form k1v1 + k2v2 + . . . knvn = km, where the vi’s are program

variables and ki’s are constants. The γ image of any element l (other than ⊥) is the set of concrete

states that are solutions to all the equations in l. For instance, if a program has two variables v1 and

v2, then (a) the γ image of {v1 + 2v2 = 5} is the set of pairs of numbers that satisfy this equality, and

(b) the γ image of {v1 + 2v2 = 5, 2v1 − v2 = 6} is the single state (3.4, 0.8). Any set of equalities that

doesn’t have any solution is not an element of LIN.

1. What is the top element of LIN ? What is its γ image?

2. Show the return value of the most-precise correct transfer function for the statement ‘v = 5’ for

the incoming fact {v + w = 10}. (b) Show the return value of the most-precise correct transfer

function for the statement ‘v = w’ on the same incoming fact mentioned above. (c) Describe as

clearly as you can (in words) the most-precise transfer function of the statement v =exp, where

exp is any expression.

3. Describe as clearly as you can (in words) the most-precise correct transfer functions of the true

branch as well as false branch of the conditional v1 == v2.

4. Define suitable maps αLINCP : LIN → CP and γCPLIN : CP → LIN that form a Galois connection

such that using these maps, and using the most-precise transfer functions under LIN and under

CP, the CP analysis is a consistent abstraction of the LIN analysis.

5. Show a (single procedure) program P and a program point p within it such that the γ image of the

abstract JOP at p using the LIN analysis is a strict subset of the γ image of the abstract JOP at p

using CP. In both cases you can take the initial abstract values to be the respective top elements.

Problem 2. This problem is about distributivity.

1. Consider variables p and q. (a) Show a statement involving these two variables that has a non-

distributive transfer function for the L1 parity lattice. Demonstrate the non-distributivity using



suitable sample inputs. (b) Now show a program that uses the statement you showed for the

part above, such that Kildall’s result at some program point is different from the Abstract JOP

at the same point. Mention both Kildall’s result and the Abstract JOP at that point. Assume

d0 = (oe, oe).

2. Prove that all assignment statements have distributive transfer functions under the L2 parity

lattice. (The same holds for conditionals as well, but you don’t need to prove this.)

Problem 3. Using the Interval Analysis abstract interpretation (see Assignment 1), using its most-

precise correct transfer functions, with d0 = {(i, [−∞,+∞]), (n, [3, 3])}, show a run of Kildall’s algorithm

on the example program below:

i = 0

i < n

i = i + 1

I

B

C

D
E

F

1. For each step of the algorithm, write down the following (a) the point M that is being unmarked,

(b) the value currently in M , and (c) the updated values at all successors of M . Show the final

result as well.

2. Show a value for d0 such that Kildall’s algorithm does not terminate on the same program above.

Show sufficient steps of the algorithm to cover 4 iterations of the loop.

Show the infinite chain in the lattice that is the cause of non-termination.
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