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Exercise 1.1
Given an arbitrary TSP instance G, does the Nearest Neighbour Heuristic always return the same solution, that is,
does G have a uniquely defined nearest neighbour tour? (Justify your answer.)

Exercise 1.2
For a proof that a problem Π is NP-complete, a polynomial-time transformation from another NP-complete
problem Π′ to Π has to be given. Such a transformation could also be used in practice to solve a decision problem
Π′ with an algorithm for problem Π. This is actually done occasionally. In fact, it is rather common to transform
decision problems, for example, the decision version of the graph colouring problem (GCP), into SAT and solve
the resulting instances with effective algorithms for SAT.

Find a polynomial-time transformation of the decision variant of the GCP into SAT in conjunctive normal form
(CNF). To do so, define appropriately propositional variables and transform each of the conditions that define a
candidate solution for the GCP and each of the constraints in the GCP into appropriate clauses.

Exercise 1.3
Consider the following recursive algorithm for SAT:

procedure DP-SAT(F ,A)
input: propositional formula F , partial truth assignment A
output: true or false

if A satisfies F then
return true

end
if ∃ unassigned variable in A then

randomly select variable x which is unassigned in A;
A′ := A extended by x := >;
A′′ := A extended by x := ⊥;

if DP-SAT (F ,A′) = true or DP-SAT (F ,A′′) = true then
return true

else
return false

end
end DP-SAT

Which search paradigm does this algorithm implement and which of the properties discussed in the lectures does
it possess?

Exercise 1.4
Consider the following Conflict-Directed Random Walk algorithm for SAT:

procedure CDRW-SAT (F)
input: CNF formula F
output: model of F or ‘no solution found’

a := randomly chosen assignment of the variables in formula F ;
while not (a is a model of F) do

c := randomly chosen clause in F that is unsatisfied under a;
v := randomly chosen variable from c;
a := a with v flipped;

end
if a is a model of F
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return a
else

return ‘no solution found’;
end CDRW-SAT

Let N be the neighbourhood relation under which assignments a and a′ are direct neighbours if, and only if, a′ can
be reached from a in a single search step according to this algorithm. Is N symmetric? (Justify your answer.)
In the lectures, we have discussed an uniformed random walk algorithm for SAT (see slide 38). Is the neighborhood
relation used in this algorithm symmetric?

Exercise 1.5
Consider the decision variant of the graph colouring problem. Design an iterative improvement algorithm for this
problem considering the assignment representation of candidate solutions. To this aim, consider an appropriate
evaluation function to rate the quality of candidate solutions.

Many heuristic approaches to tackle the graph colouring problem use a best-improvement pivoting rule. Consider
appropriate data structures and how to update them to efficiently search the neighbourhood, where two solutions
differ by the colour assignment to exactly one node.

Exercise 1.6
Delta-evaluation (aka incremental updates) can be very effective to reduce the computational effort for determining
the evaluation function value of neighboring solutions. Consider what are appropriate data structures that allow to
compute efficiently the effect of flipping a variable in the SAT problem.

Exercise 1.7
The optimisation variant of SAT is called MAX-SAT. The goal in MAX-SAT is to find a candidate solution that
maximises the number of satisfied clauses. Develop a static and an adaptive constructive heuristic for MAX-SAT.


