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Colorful Challenges
David
Ginat

Rectangle Cover
The current issue involves an optimization challenge, with simple geometry entities. The selection of a suitable
solution should be handled carefully. We
would like to obtain the simplest and
most efficient solution; but, not at the
expense of correctness.
Following the presentation of the new
challenge, we devise, through a series
of observations, a graph algorithm for
solving the first of the two challenges
presented in the previous issue. A key
element in the presented solution is the
utilization of auxiliary elements, which
considerably simplify the computation.
The devised solution exemplifies the
assets of using auxiliary elements in algorithm design.
Due to lack of space, the solution of
the second challenge of the previous issue
will be presented in the next issue.

New Challenge
Rectangle Cover
Given a rectangle of integer width and
length, devise an algorithm to compute
the minimal number of integer-side
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squares needed to “cover” the given
rectangle.
For example, for the rectangle 7×10,
the output will be 7 (one possible cover
with 7 rectangles is: two 5×5 rectangles
(that cover a strip of 5×10), and five
additional 2×2 rectangles (that cover a
strip of 2×10); an additional cover with
7 rectangles is: one 7×7 rectangle, three
additional 3×3, and three additional 1×1
rectangles).

Previous Challenge Solution
Challenge
Edge Chains
Given an undirected graph G, we define
a chain as a path in G in which no edge
appears more than once (a node may appear more than once). Devise an algorithm
that outputs the edges of G in chains,
such that the number of chains is minimal.
(Note that if we do not seek a minimum
number of chains, then we may just output each edge as a single chain.)
Solution
The challenge may be viewed as a task in
which one needs to output paths of edges
(which may include cycles) in the given
graph G. One way to approach the task is
to start “walking” through G, from some
node, as long as it is possible, until a “deadend” is reached, i.e., a point from which it
is impossible to proceed with a new edge.
The used edges will be removed from G;
a new starting point will be chosen, and a
new path through G will be visited. This will
be repeated until all G’s edges are used.
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A key element in this scheme is suitable
selection of the starting points, which
yield a minimal number of paths. How
should we select these starting points?
If we have some “leaf” nodes in G (i.e.,
nodes of degree 1), then it is obvious to
start from them. But perhaps we do not
have such nodes. And even if we do, is
this observation sufficient for obtaining
our goal? Not quite. There may be different cases, of many leaves, a few leaves, or
no leaves.
We may generalize the latter observation. If we start a path from an odddegree node, then we will not end the

What about evendegree nodes? We
may have an even
number or an odd
number of these
nodes. Will it be
beneficial to start
paths from these
nodes? In order to
answer this question,
we may recall some
familiar algorithmic
scheme.
path in that node, since in any future visit
of this node, we will have an outgoing
edge not used so far. Moreover, a path
that starts in an odd-degree node will end
in another odd-degree node. In addition,
the total number of odd-degree nodes
in G must be even, as the total sum of
the node degrees in G is even (each edge
“contributes” 2 to this sum).
What about even-degree nodes? We
may have an even number or an odd
number of these nodes. Will it be beneficial to start paths from these nodes?
In order to answer this question, we may
recall some familiar algorithmic scheme.
A relevant familiar scheme is that of
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computing an Euler cycle. In a graph in
which all nodes are of an even degree,
one can perform an Euler path, which
may start anywhere, “go” through all the
edges, and end in the starting point. If the
graph has two odd-degree edges, then an
Euler path will start in one of the odddegree nodes and end in the other.
The latter characteristic may hint to
us that perhaps it is sufficient to start
only in odd-degree nodes in order to
“go through” all G’s edges. So, we may
repeatedly seek the odd-degree nodes as
starting points for the visited paths. We
also have to make sure that each path is
as long as possible. How can we perform
this elegantly? Again, we may turn to the
algorithm of computing an Euler path.
If our original graph G is suitable for
an Euler path, then we are done (with
one output chain). Otherwise, we may
transform our original graph into one
that suites an Euler path, with an auxiliary construction. We may connect every
two odd-degree nodes with an artificial,
auxiliary edge, apart from two such nodes.
Then, we may perform a single Euler path,
which includes the artificial edges. (The
path will be between the two remaining
odd-degree nodes.) After obtaining this
path, we will remove the auxiliary edges.
The result will be our desired output –
chains of minimal number.
In retrospect, we may notice several
problem solving notions. First, the solution
process started with an initial observation,
which was gradually generalized and refined for the task at hand. Second, it was
beneficial to relate the given the task to a
familiar scheme (Euler path), and capitalize
on that scheme. And third, the notion of
auxiliary elements (in our case – artificial
edges) played a key role in devising the
final elegant solution. Ir
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