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Abstract
The weak visibility polygon of a line segment s inside a simple polygon P , denoted by VP (s),
is the region of the polygon that is visible from at least one point on s. Given its fundamental
nature in computational geometry, several algorithms have been proposed to compute weak visibility
polygons e!ciently. In this work, we present an implementation of an optimal linear-time algorithm
for computing the weak visibility polygon of a segment inside a triangulated simple polygon. Our
implementation provides exact, robust geometric primitives and optimizations to handle large inputs
with more than 18 000 000 vertices. We demonstrate two concrete applications: (1) construction of
window partitions, a standard data structure in visibility algorithms, and (2) support for optimal
minimum-link path queries between two points in a simple polygon, the latter serving as a direct
use case of the former. Experimental results confirm that the end-to-end runtime scales linearly
with the size of the polygon and is dominated by the cost of computing the triangulation, validating
the practicality and scalability of the approach.

Related Version Full version and code [11, 12]

1 Introduction

In this paper, we provide a practical solution for a fundamental problem of Computational
Geometry: Compute the weak visibility polygon of a segment ω within a simple polygon P .
This task occurs in a wide variety of problems, such as in robot navigation or optimal
surveillance, e.g., in the classical Watchman Problem; see the surveys by Mitchell [22, 21].
In theory, the weak visibility polygon of a segment can be computed in linear time, combining
Chazelle’s O(n) triangulation algorithm with an O(n) algorithm by Guibas, Hershberger,
Leven, Sharir and Tarjan [15]. However, to this date, we are unaware of any open source
implementation. Our implementation has the following properties.

It is scalable: We can solve instances with 18 000 000 points within seconds.
It is robust and exact: We use exact arithmetic for all computations.
It is also available: It comes as a CGAL package that can be used out of the box.

In addition, we showcase two major use cases of our code for large-scale instances: We
show how to compute a window partition of a polygon P , as well as computing the minimum
link path between two points in P , for polygons with up to 2 000 000 vertices.
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Figure 1 Left: VP (s) is given in red and the windows are marked using dashed lines. A minimum
link path between x and y is marked in blue; dL(x, y) = 3. Middle: A segment ω → P is marked with
a solid black line and VP (ω) is marked in red. Right: The window partition W(s) and the window
tree Ts of s. Points with link distance one are colored red, with two are colored blue, and with
green are colored green. Ts is marked in purple.

Related Work Due to restricted space, we focus on weak visibility polygons of segments
inside simple polygons; the interested reader can find a more general overview of visibility
problems in [27, 23, 24, 13, 9]. Given a triangulation of a polygon, Guibas et al. [15] presented
an O(n) algorithm that computes the visibility polygon. A number of algorithms have been
proposed for data structures that can e!ciently compute these for a query segment ω, each
with its own trade-o"s in terms of preprocessing time, query time, and space complexity [1,
3, 5, 8, 15]. Implementing these more recent results with improved output sensitive query
time with exact predicates seems extremely challenging. It is also unclear if these will lead
to improvements in runtime in practice (see Section 3 for experiments).

Computing segment visibility is a crucial subroutine in several geometric data structures;
perhaps the most well-known one being window partitions [25]. These can be used to
e!ciently compute minimum link paths between two points. For a comprehensive overview
of minimum link paths, we refer the reader to [18, Chapter 12] and [19].

2 Overview

We implemented the algorithm by Guibas et al. [15] as well as the window partition con-
struction by Suri [25] which allows exact and approximate minimum link path computation.
All our implementations use exact number types and handle real-world degenerate cases.

Weak Visibility of a Segment Let P be a simple polygon with n vertices. Two points x
and y are visible to each other if the line segment xy → P . The visibility polygon of a point
s ↑ P , denoted by VP (s), is the set of all points in P visible to s (see Figure 1, Left). Given
a segment ω = pq inside of P , the weak visibility polygon VP (ω) is the set of all points in
P that are visible from any point on ω, i.e., VP (ω) := {p ↑ P | ↓s ↑ ω : p ↑ VP (s)}, see
Figure 1 Middle. Constructing a triangulation T of a polygon P takes linear time using
Chazelle’s algorithm [7]. Thus, computing VP (ω) for a segment ω in P takes linear time –
first triangulate P [7], then use the algorithm from Guibas et al. [15], which we describe
in the full version [11]. As we are unaware of any implementation of [7], we compute a
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constrained Delaunay triangulation (CDT) of P using CGAL [2]. Due to the lack of more
direct polygon triangulations or other types of constrained triangulations implemented in
CGAL, this is, to the best of our knowledge, the recommended way of obtaining a polygon
triangulation using CGAL. Although CDT can incur a worst-case cost of O(n2) [4], they
perform very well in practice. Our implementation of [15] nevertheless runs in linear time
on the computed triangulation. For this runtime, we also implemented a specialized data
structure called a finger tree [17, 16] (for details see the full version [11]). A finger tree is
a balanced search tree augmented with pointers (fingers) to its extremal elements, enabling
access and splits in O(log ε) time, where ε is the distance to the nearest finger. This yields
an amortized constant time per operation in the algorithm and thus overall linear runtime.
A simpler alternative is to use a standard balanced binary search tree such as CGAL’s
Multiset (a red-black tree), which supports the same operations in O(log n) time, resulting
in an O(n log n) algorithm. To the best of our knowledge, all previous implementations of
finger trees are in functional programming languages like Haskell or Scala [16, 14]; we used
C++ for their iterative versions.

Minimum Link Paths and Window Partitions For two points x, y ↑ P , the link distance
dL(x, y) between them is the minimum number of edges in any polygonal path within P
between x and y (see Figure 1, Left). Consider a point s ↑ P and its visibility polygon
VP (s). The vertices of VP (s) are either vertices of P or the shadows of reflex vertices of P
seen by s. The edges of VP (s) between reflex vertices and their shadows are called windows.
A window w is a chord of P and divides P into two parts; define P (w, s) to be the part of
P that does not contain s. The window partition WP (s) is the partition of P obtained by
recursively computing the visibility polygons of the windows of VP (s) within their respective
subpolygons P (w, s). The window tree Ts of W(s) is rooted at s and has the windows as
its vertices, with an edge between two vertices whenever their regions share a common
boundary; see Figure 1, Right. Following Suri [25], we use W(·) to compute exact and
approximate minimum link paths; see the full version [11] for details. The approximation
algorithm precomputes window partitions from k random seed points and answers a query
by finding the best path among all seed trees, guaranteeing an additive error of at most four
links. We improved the visibility polygon routine so it runs in time linear in the number
of triangles of T that intersect VP (ω), allowing the window-partition construction to run in
overall linear time.

3 Experimental Evaluation

In this section, we present the experimental evaluation of our implementations, see Figure 2
for some example outputs. All experiments were run on otherwise idle workstations equipped
with AMD Ryzen 7 5800X CPUs and 128 GiB of DDR4-3200 memory, running Ubuntu Linux
24.04.3 LTS. The core routines were implemented in C++17, compiled against CGAL 6.0.1
and Boost 1.83.0 using g++ 13.3.0. Our instances and code are publicly available [12].

3.1 Weak Line Segment Visibility
For evaluating our implementation, we consider the following research questions.
RQ1 How does our implementation scale to large inputs, and how is the total runtime

distributed onto the individual subroutines?
RQ2 Is there a measurable di"erence between using finger trees and CGAL’s multiset?

Which of the two approaches is faster?

EuroCG’26
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Figure 2 Example outputs. Left Column: Weak visibility polygon of a segment. Middle: Window
partition from a source point s. Right: Minimum link path between two points s and t.
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Figure 3 The runtime of di"erent subroutines (triangulating the polygon, marking faces in the
polygon, and computing the visibility polygon itself).

RQ3 How does the performance of our implementation depend on the size of the output?

To address these questions, we randomly generate segments for simple polygons from the
Salzburg Database of Geometric Inputs1 [10], the largest of which has 18 556 888 vertices. To
generate segments, we sample a source point uniformly at random within the given polygon,
compute the visibility polygon of that point, and then either sample a target point in the
visibility polygon or pick a random vertex of it. Using each polygon and each approach twice
results in a total of 24 096 instances. For each such instance, and each of the two shortest
path tree data structures, we compute the exact visibility polygon five times, measuring the
runtime (both total and of various subroutines). Figure 3 depicts the resulting runtimes.
We can see that the overall runtime is dominated by computing a triangulation of the
input polygon, which we do via CGAL’s constrained Delaunay triangulation (CDT). Even
CGAL’s mark_in_domain routine, which simply flags the CDT’s triangles that constitute
the polygon, is typically more expensive than the actual visibility computation. The runtime
for the visibility computation seems to be almost una"ected by the size of the input polygon
because it mostly depends on the size of the output polygon; see Figure 4, Left. On our
inputs, there is a small but detectable runtime advantage resulting from using a finger tree
compared to CGAL’s Multiset; see Figure 4, Right. This is despite the fact that funnels
are rarely large; when building a funnel by left insertion as part of a preliminary micro-
benchmark, we found that our finger tree implementation already becomes significantly
faster at around 15 funnel vertices. This threshold might be reached even earlier if the
comparison operation is particularly expensive. In light of this observation, in the remaining
experiments, we used our finger tree-based funnel.

1 We used all valid simple polygons not labeled as “contrived”.
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Figure 4 Top Left: Runtime dependence on the size of the output visibility polygon, excluding
preprocessing. The hexagonal bin plot shows the underlying distribution similar to a scatter plot,
for which we have too many data points; darker hues correspond to a higher concentration of data
points, the gray area contains none. Top Right: Plot of the runtime using CGAL’s Multiset and our
finger tree implementation with a random sample of data points; the finger tree is better for points
below the black diagonal. Bottom: The noise in the plot can be attributed to random disturbances
such as interrupts, page faults on code pages hitting the network file system, and similar issues; it
completely disappears if we drop the worst two out of five runs for each (instance, method) pair.
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Figure 5 Left: The runtime distribution of our window partition implementation, which overall
appears to scale linearly, but does have a significant amount of outliers; these may be related to
the cost of exact computations arising more commonly in polygons with many collinear vertices.
Right: Comparison of the individual components, showing only the regression line for the window
partition time to improve readability. It can be seen that, once a window partition is computed,
computing the link distance is very cheap. A single path reconstruction has almost negligible cost,
whereas k = 7 reconstructions for the approximate approach are more noticeable, but still clearly
dominated by the window partition time.

3.2 Minimum Link Paths
Computing a window partition is a basic routine that is useful in di"erent contexts. Fur-
thermore, we only need one window partition from a source point s to compute shortest
link-distance paths to any target t, and only a constant number to approximate shortest
link-distance paths for any source-target pair inside our polygon. We therefore study the
performance of our window partition on its own, as well as in the context of minimum link
paths, addressing the following research questions.
RQ4 How does our window partition implementation scale to large polygons?
RQ5 How does it compare to the other parts of our minimum link path implementation?
RQ6 How does the approximate algorithm perform w.r.t. runtime and solution quality?

To answer these questions, we randomly selected a sample of 1000 simple polygons with at
most 2 000 000 vertices from [10]. For each such polygon P , we generate 10 source points s ↑
P uniformly at random and computed a window partition for each source. Furthermore, for
each source point s, we generate a random target point t ↑ P outside of the visibility polygon
of s and compute an exact minimum link s-t-path, as well as an approximate minimum
link path using k = 7 randomly chosen source points for the window partitions in our
approximation. The resulting runtimes are depicted in Figure 5. For each path computed
using the approximation algorithm, Figure 6 shows the absolute additive error depending
on the number of window partitions k; the quality of the approximation notably improves
with higher k. One should, however, note that increasing k makes both preprocessing and
path reconstruction more expensive, both scaling linearly in k.
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Figure 6 The additive approximation error of our approximate minimum link paths, depending
on k, the number of source points used to compute window partitions. In particular, for k ↑ 4, the
majority of queries result in an error of 0 or 1.

Overall, we find that both our window partition and minimum link path implementation
scale well to large polygons; in fact, in our experiments, time spent inputting, verifying and
outputting polygons was typically orders of magnitude higher than pure computation time.
If we want to query minimum link paths from a single source s, each subsequent query helps
amortizing the cost of computing a window partition; similarly, for doing many queries for
di"erent sources and targets in the same polygon, the approximate algorithm can be used
to amortize the cost of computing a constant number of window partitions. Depending
on the relative importance of runtime versus solution quality, the approximation may be
preferable.

4 Conclusion

We presented a scalable, robust and exact implementation for computing the weak visibility
polygon of a line segment in a simple polygon, which can handle large inputs with more than
18 000 000 vertices on commodity hardware. The bottleneck of the implementation is the
computation of a triangulation of the input polygon. We also demonstrated two concrete
applications: computing the window partition, and computing the link distance between two
points inside a simple polygon. Our experiments confirm that the visibility and link-path
computations themselves are e!cient and output-sensitive, while the approximate minimum
link path algorithm already achieves an additive error of at most 1 for the majority of queries
with k ↔ 4 random source points. For further improvement on the algorithm engineering
side, we could parallelize the shortest path tree and window partition implementations.

An immediate generalization is to non-simple polygons. Suri and O’Rourke [26] studied
algorithms for computing visibility polygons with holes. Following the approach described
in [6], we can extend our implementation to handle polygons with holes by first splitting the
polygon into simple subpolygons and then computing the union of these visibility polygons.
The same can be considered for link distance in polygons with holes [20, 19].
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