
CS 270: Algorithms Lab classes - Week 10 Dr Oliver Kullmann

In the lab-classes this week we experiment with SAT solvers.

Update the environment: Update the repository via

git pull

or, if you didn’t create it before, create a (new) clone by

git clone git://github.com/OKullmann/CS-242-Algorithms.git

Change to the subdirectory for week 10:

cd ~/CS-242-Algorithms/201112/Week10/

Basic setup:

1. This time we run a SAT-solver, the OKsolver-2002.

2. We create small examples of SAT problems and run the solver.

The program has already been statically compiled and is ready for action:

Week10> ls -l

total 3296

-rw-r--r-- 1 you users 31 2011-05-04 04:29 Example.cnf

-rwxr-xr-x 1 you users 3368978 2011-05-04 03:48 OKsolver

Comments on the code

1. OKsolver-2002 is a solver especially for studying the SAT problem.

2. It comes with the OKlibrary.

3. See http://www.ok-sat-library.org for the project homepage.

Input format As variables you have to use the natural numbers 1, 2, . . ., while the negated
variables just use arithmetic negation. For example, the input formula

(a ∨ b) ∧ (¬a ∨ b) ∧ (a ∨ ¬b) ∧ (¬a ∨ ¬b)

uses then the variables a 7→ 1, b 7→ 2, which results in the clause-set
{

{1, 2}, {−1, 2}, {1,−2}, {−1,−2}
}

.

Now the (standard) input-format of a SAT-solver, the DIMACS format, adds a header line
showing the maximal index of a variable and the number of clauses, and finishes a clause with
“0”. So the above clause-set yields

p cnf 2 4

1 2 0

-1 2 0

1 -2 0

-1 -2 0

You have to store this in a file (by the way, the DIMACS format also allows leading comment lines,
starting with “c”). Then you use ./OKsolver file. Most of the output you can ignore (though
some fields shouldn’t be too hard to understand). If you want to see the satisfying assignment, as
an additional line starting with “v” and finishing with “0”, use ./OKsolver -O file.
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The meaning of “satisfiability”

1. In the DIMACS format we have variables 1, . . . , n.

2. A satisfying assignment gives each “variable”, i.e., number from 1 to n, a sign, either “+”
or “−”. (Typically the “+” is not shown, only the “−”.)

3. The condition is that this assignment must meet each line of the CNF.

4. For example

p cnf 2 3

-1 2 0

1 -2 0

-1 -2 0

has the satisfying assignment −1,−2.

5. And

p cnf 2 4

1 2 0

1 -2 0

-1 -2 0

has the satisfying assignment +1,−2.

6. Verify that in these two cases, there are no other satisfying assignments (every flipping of
signs in the assignment results in one clause being not satisfied, i.e., not met).

7. If there is no such satisfying assignment at all, then the problem is unsatisfiable.

First examples

1. Determine (un)satisfiability of the above example, and also run OKsolver on it.

2. Translate the casting-example from the script into the Dimacs format, and then run the
solver on it. Understand the results (that is, satisfiability or unsatisfiability, not the various
statistics).

3. Create your own examples, and understand their (un)satisfiability.

4. Show the Dimacs-files to the postgrads.

Graph colouring Create a Dimacs-file for the SAT-translation of the 2-colourability of the
cycle with 5 edges (as discussed in the lecture; we have 10 variables and 15 clauses).

Further example Determine (un)satisfiability of

F :=
{

{c, b, e}, {c, d, a}, {b, g}, {d, f}, {c, b, g}, {c, d, f}, {d, f}, {d, a}, {b, e}
}

by hand, and then run the solver on it.
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