
On the Complexity of Guarding Problems on

Orthogonal Arrangements

Ning Xu, Peter Brass, City College of New York

October 1, 2010

Consider a guard checking on some corridors in a building, the guard does
not need to walk the entire length of a corridor, but visits at least one point of a
corridor and looks up and down. What is the optimum solution for the guard’s
tour? The corridors in a building can be modeled as a system of connected
orthogonal arrangement of vertical and horizontal line segments. The optimum
problem is transformed into finding the shortest closed path along the line seg-
ments touching each line segment at least one point. Since it is a traveling
salesman-type problem, we also consider the minimum spanning tree problem
in the same model: finding the shortest tree along the line segments touching
all line segments. We denote the first problem as a corridor-TSP problem, and
denote the second problem as a corridor-MST problem, as shown in Figure 1
below. In this note we claim that these problems are both NP-complete. These
two problems belong to minimum length connection problems, which are pre-
sented in Canadian Conference of Computational Geometry 2000 [1]. Some
corridor problems have been studied in [2] [3].

To prove NP-completeness, We introduce the connected vertex cover prob-
lem on planar graphs with maximum degree four. The connected vertex cover
problem can be described as: given a planar graph G = (V,E) such that each
vertex in V has degree at most 4, and a positive integer R ≤ |V |, is there a
connected vertex cover of size at most R for G, i.e., does there exist a subset
W ⊆ V with |W | ≤ R such that the subgraph induced by W is connected and
for each edge (u, v) ∈ E, u ∈ W or v ∈ W? The connected vertex cover problem
has been proved NP-complete [4][5].

Biedl and Kant showed that a planar graph G = (V,E) with maximum de-
gree 4 can be transformed into an orthogonal drawing in polynomial time [6].
In this note, we transform the orthogonal drawing into an orthogonal arrange-
ment of vertical and horizontal line segments in polynomial time, and claim
that the connect vertex cover problem in the planar graph is satisfied if and
only if the corridor-MST problem is satisfied in the orthogonal arrangement.
Since corridor-MST belongs to NP, this problem is NP-complete. The similar
strategy is applied to show that corridor-TSP problem is also NP-complete.
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(a) corridor-MST

(b) corridor-TSP

Figure 1: Corridor guarding problem on orthogonal arrangements
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