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Abstract—Schematic maps are in daily use to show the connec-
tivity of subway systems and to facilitate travellers to plan their
journeys effectively. This study surveys up-to-date algorithmic
approaches in order to give an overview of the state of the
art in schematic network mapping. The study investigates the
hypothesis that the choice of algorithmic approach is often guided
by the requirements of the mapping application. For example, an
algorithm that computes globally optimal solutions for schematic
maps is capable of producing results for printing, while it is not
suitable for computing instant layouts due to its long running
time. Our analysis and discussion, therefore, focus on the compu-
tational complexity of the problem formulation and the running
times of the schematic map algorithms, including algorithmic
network layout techniques and station labeling techniques. The
correlation between problem complexity and running time is
then visually depicted using scatter plot diagrams. Moreover,
since metro maps are common metaphors for data visualization,
we also investigate online tools and application domains using
metro map representations for analytics purposes, and finally
summarize the potential future opportunities for schematic maps.

Index Terms—Metro Maps, Graph Drawing, Metaphors

I. INTRODUCTION

A metro map is a schematic visual representation of an un-
derlying transit network that depicts the connectivity between
metro stations and lines of a public transportation system [30].
With well-designed metro maps, travellers can effectively
identify their locations and find their way or perform routing
planning on a complex transportation system in a big city, such
as London, Paris, or Tokyo. These maps are especially helpful
since travellers often look for a quick solution for the shortest
or cheapest path from station A to B, how to transfer from
A to B, and how many stations left to B [33]. To support
these tasks, Henry Beck introduced the so-called Tube Map
of London Underground, and has proposed several drawing
criteria to achieve this [14], and many extended versions have
been evaluated [34] [35].

Nonetheless, the need for automatic drawing algorithms
is still increasing due to the high cost and limited adapt-
ability of hand-drawn maps. This has been considered as
a difficult problem because several subproblems, including
layout schematization, line crossing minimisation, and map
label placement have been studied and proved as complex
problems [26]. Two state-of-the-art reports from 2007 and
2014 have surveyed similar approaches before [50] [26].
Hence we focus on relatively new approaches from the last 5

years after Nöllenburg’s report [26] and discuss the correlation
in terms of computational complexity and interactivity, as
well as the potential techniques that can be used in different
research domains.

A. Problem Definition

The initial idea for a metro map lies on simplifying the
layout geometry to facilitate users’ comprehensive understand-
ing of connectivity between metro stations. This allows us
to formulate the drawing problem as network visualization
problems, which are often studied to untangle visual clutter
of the layout to improve its readability [51].

Metro Map Problem: Let us formulate the metro map
problem by introducing an undirected graph G = (V,E)
embedded in a plane R2. Each vertex v ∈ V represents a
metro station and an edge e = (vi, vj) ∈ E indicates the
physical connection between two metro stations. In addition, a
line l ∈ L is a metro line containing a set of metro stations and
edges that are defined from the corresponding metro system.
Note that l is a set cover, which implies each edge e belongs to
at least one l ∈ L. We call MG = (G,L) here a Metro Graph
as previously defined by Nöllenburg [26]. The input of the
proposed problem is the connectivity of a Metro Graph MG
together with its geographically accurate embedding, and the
solution aims to find a schematic layout of MG that maximally
satisfies several user-defined aesthetic drawing criteria.

B. Our Taxonomy Design

In this study, we investigate the trade-off between com-
putation times and layout quality as well as application
requirements. This is motivated by our observation that a
user who is trying to create a map would accept longer
computation times for an exact solution if the generated map
is expected to be printed, while the user will not be patient if
the application is expected to be an interactive application. To
investigate our assumption systematically, we analyze several
factors in this survey (see Tables I and III) that influence the
computational complexity and optimality requirements of a
problem together with the corresponding running time of the
algorithmic approach (Table III). Our two primary topics cover
algorithmic network layout techniques and station labeling
techniques. The correlation between problem complexity and
time complexity is then given using a scatter plot diagram
visually.
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This is done by categorizing publications along two primary
coordinates, problem complexity and running time. These
include (1) the range from local to global optimality in terms of
the incorporated aesthetic criteria and objective functions, and
(2) the range of suitability from static to interactive visualiza-
tions based on the computation speed. The values on the first
coordinate are computed using the scoring Tables I and III.
For simplicity, we assume that the degree of interactivity,
running time in other words, of a schematic map algorithm is
potentially linearly-correlated to the degree of criteria selected
by the proposed approach. In other words, we expect the
developed techniques would find a good balance between the
efficiency of the algorithms and the quality of the schematic
maps generated by those approaches. For better instructing
readers along this assumption, we will focus our discussion
on these two aspects in the following sections.

C. Tasks and Design Rules

It is known that drawing criteria are often designed based
on users’ effectiveness to accomplish tasks on a map. These
tasks are similar to tasks on graphs, such as Topology-Based
Tasks, Attribute-Based Tasks, and Browsing Tasks since finding
shortest or cheapest paths, identifying a station of a line,
and navigating along a specific route are mostly performed
by the travellers. We revisit Nöllenburg’s list [26] of design
principles and investigate which of these serve as dominant
constraints, for generating a globally optimal map, in the
coming sections. In this survey, we primarily focus on two
directions in this field, including network layout techniques
(N) and labeling techniques (L) as summarized in Table I
and Table III, respectively. Note that the selected criteria are
ordered in the sense that the criterion with higher scores
influences global structures of the layout, while the one with
lower scores affects the layout in a local fashion. This scoring
scheme will then be used as an indicator for guiding readers to
navigate the diagrams created in the coming sections. Based
on the aforementioned scoring scheme, we derive our novel
taxonomy of metro map techniques in this survey paper.

The remainder of this paper is structured as follows. In
Section II, we summarize relevant schematic network layout
algorithms, and in Section III, research approaches integrating
map features, mainly on text and image labels. In Section IV,
we then introduce several tools that are accessible online
and demonstrate the usability of the collected techniques in
different research domains. Finally in Section VI, we conclude
this paper and list several future directions to this topic.

II. ALGORITHMIC NETWORK LAYOUT TECHNIQUES

In this section we classify the different network layout
algorithms proposed in the literature over the past 15 years
along three criteria that determine the degree of globality of
the algorithmic techniques. These criteria comprise combina-
torial properties (N1) of the underlying graph structure (e.g.,
topology preservation), geometric properties (N2) of the input
network and the schematic layout (e.g., directional deviations
and line straightness), and the degree of optimality (N3) of the
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Fig. 1. Network map visualization, including an example of (1) Vienna
metro map [27], and (b) layout techniques with respect to their globality
and potential for interactiveness.

TABLE I
THE POINT SYSTEM FOR EVALUATING THE CRITERION EFFECTIVENESS.

ID S Description (x-coordinate in Figs. 1- 3)
(N1) Combinatorial property

(N1.1) 4 Overall combinatorial optimization.
(N1.2) 3 Combinatorial criteria for sets of vertices or edges.
(N1.3) 2 Combinatorial criteria for pairs of vertices or edges.
(N1.4) 1 Combinatorial criteria for single vertices or edges.
(N2) Geometry property

(N2.1) 4 Uniform geometric optimization.
(N2.2) 3 Geometric criteria for sets of vertices or edges.
(N2.3) 2 Geometric criteria for pairs of vertices or edges.
(N2.4) 1 Geometric criteria for single vertices or edges.
(N3) Approach optimality

(N3.1) 4 Global optimality and exact global optimization.
(N3.2) 3 Global optimality, but local optimization.
(N3.3) 2 Local optimality, but global optimality for sub-problems.
(N3.4) 1 Local optimality, and local optimization.

computed solutions, i.e., whether an global optimum is com-
puted or just a local optimum. Table I lists the three criteria,
which are ranked by scores ranging from 1 (high locality) to 4
(high globality). Additionally, we assess each technique by the
required computational resources and resulting degree of suit-
ability for interactive applications (summarized in Table II).

Each of the papers discussed in the following paragraphs
thus receives two scores that we use as coordinates in the
two-dimensional scatter plot of Figure 1.

We start with four classic papers that serve as represen-
tatives of the main algorithmic techniques that were already
discussed in the 2014 survey of Nöllenburg [26]. Since our
focus is on new results from 2014 onward, we refer to the 2014
survey for a comprehensive discussion of the earlier literature.
The force-based algorithm of Hong et al. [18] considers
combinatorial and geometric parameters of individual and

TABLE II
THE POINT SYSTEM FOR EVALUATING THE TIME EFFECTIVENESS.

ID S Time complexity (y-coordinate in Figs. 1- 3)
T1 4 The layout is computed less than a second.
T2 3 The layout is computed in a few seconds.
T3 2 The layout is computed within a few minutes .
T4 1 The layout is computed in several hours or more.
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pairs of edges and vertices in their objective function, e.g.,
the slope of edges, or the preservation of the local network
topology at each vertex. The objective function considers the
sum of several forces acting upon each vertex to push it toward
a state of locally minimal energy. Layouts are computed within
a few seconds.

Stott et al. [39] define an explicit global objective function
for metro maps, which takes smaller values for maps with
higher layout quality. This quality function measures, e.g.,
angles at each vertex or between neighboring edges, local
edge length differences, or the octilinearity of edges, which
corresponds to a score of 2 in these criteria. The optimization
itself is by a hill climbing algorithm that moves vertices to the
best position in a local neighborhood, but evaluates the global
map quality. The reported computation times range between a
few minutes and a few hours.

The mixed-integer linear programming (MIP) approach of
Nöllenburg and Wolff [27] defines combinatorial and ge-
ometric constraints among pairs of edges and vertices to
guarantee, e.g., the correct network topology, octilinear edges,
or a bounded amount of angular distortion, as well as the
minimization of bends along lines and subpaths or the total
network length. Their solution model, however, guarantees a
globally optimal solution. To achieve this highest degree of
optimality, one needs to invest computation times ranging from
several minutes for simple network maps to several hours for
more complex instances.

Finally, Wang and Chi [48] define an energy function to
represent the layout quality, with the goal of minimizing this
energy function. As in the previous methods, this comprises
aspects defined on pairs of vertices and edges such as edge
lengths, angles, or octilinearity. Their optimization aims for
global optimality, but using an iterative conjugate gradient
method for least squares minimization to converge to a global
minimum. Their algorithms typically run in less than a second.

Among the more recent papers, we mostly find approaches
that improve and extend one of the classic techniques like MIP,
local optimization heuristics, force-based iterative methods, or
stroke-based incremental algorithms. Chivers and Rodgers [8]
present a hybrid force-based method that defines both a set
of classic spring embedder forces [13] as well as a magnetic
force field that models octilinearity [41]. Their hybrid idea
is to first let the spring forces find a well distributed layout
and then let the magnetic forces become dominant to achieve
octilinear edges. By the nature of their method they aim for
locally optimal stable layouts, but the convergence is quite fast
and typical metro maps can be computed in less than a second.
A second and very fast approach with similar properties is
given by van Dijk and Lutz [45]. They propose a method based
on linearized least-squares minimization as an approximation
of a non-linear model for computing linear cartograms, which
are network drawings with prescribed edge lengths. This idea
is then applied to metro map layout as one problem instance,
where the length and slope of edges are soft constraints to be
optimized. While several typical constraints of metro maps are
not considered in their algorithm, it is an extremely fast tech-

nique with running times in the range of a few milliseconds.
Wang and Peng [49] provide another system using a global
energy function whose minima correspond to locally optimal
metro layouts in their model. The optimization technique is
least-squares minimization. It comprises both octilinear and
curvilinear layouts and is designed for interactive editing by a
user who can modify the positions of a few handle vertices. It
is very fast and only requires a few milliseconds to compute
medium-sized metro maps.

Three papers take the idea of decomposing the network
into paths (also called strokes), computing schematic repre-
sentations of the strokes and then composing them into a
single network again, see e.g. [20]. Ti and Li [42] and Ti et
al. [43] both propose an approach that first detects and enlarges
areas in the geographically accurate representation of the
metro network that have high vertex or edge density and then
apply multifocal fisheye transformations to get a more uniform
spatial distribution of the underlying network. In a second
step, strokes are identified and locally schematized in an
octilinear fashion. While no running times are reported in the
papers, these methods are typically quite fast and run within
at most a few seconds. On the other hand, the schematization
only minimizes local distances to the input geometry and no
explicit global objective function is optimized. The algorithm
by van Dijk et al. [46] proposes schematic maps using strokes
that are represented as circular arcs, and not as octilinear
paths. They first simplify sequences of edges of the same
metro line into longer paths, even across junctions, to reduce
overall complexity of the layout and then find locally optimal
representations of these paths/strokes by circular arcs guided
by the Fréchet distance between paths and circular arcs.

Chivers and Rodgers [9] extend the search space of the hill
climbing local search technique [39] by parameterizing grid
spacing, local neighborhood size for node movements, and
the number of iterations. The constraints and objectives are
the same as those by Stott et al. [39]. With their improvements
they gain a speed-up factor between 5 and 8 compared to the
earlier multi-criteria hill climbing technique [39] and obtain
the final (labeled) layouts within 5 to 60 minutes.

Finally, the MIP model has been improved and accelerated
by several authors. Oke and Siddiqui [28] relax some of the
integrality constraints of Nöllenburg and Wolff [27] and drop
one term in the objective function. Their model improves the
running time by up to one order of magnitude to computation
times of few minutes. Onda et al. [29] also modify the existing
MIP model [27]. They split the computation into two phases
in order to speed up computation of large instances such
as the Tokyo metro map. In the first phase they generate a
rough layout that satisfies all hard constraints in an incre-
mental face-by-face manner. The second phase optimizes the
directions of short subpaths while keeping the directions of
the remaining layout fixed. A layout of the Tokyo network
was computed within 5 hours. Certain topological structures
can be highlighted by Wu et al., who allow for straightening
a user-specified path [55], or deforming a cyclic path into a
circle [52] in order to emphasize meaningful structures. This
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has been achieved by introducing additional constraints to the
standard MIP model, which increases the time for finding the
corresponding solutions by a small amount. Fink et al. [12] use
the MIP technique to model layout of concentric metro maps,
where the network consists of polylines composed of radial or
circular segments. The optimization considers among others
bend minimization, minimization of distinct radial slopes, or
uniformity of edge lengths. The reported running times are in
the range of several minutes for small input maps like Vienna
and Montreal.

III. LABELING TECHNIQUES
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Fig. 2. Labeled network maps, including an example of (1) Vienna metro
map with image labels [53], and (b) labeling techniques with respect to their
globality and interactiveness.

TABLE III
THE POINT SYSTEM FOR EVALUATING THE CRITERION EFFECTIVENESS.

ID S Description (x-coordinate in Figs. 2)
(L1) Adjustment of metro maps

(L1.1) 4 The layout and label placement is done simultaneously.
(L1.2) 3 The layout is uniformly scaled to fit in labels.
(L1.3) 2 The directions of the edges are preserved.
(L1.4) 1 The layout is not changed when labeling is created.
(L2) Placement of labels

(L2.1) 4 Uniform placement.
(L2.2) 3 Criteria for sets of labels.
(L2.3) 2 Criteria for pairs labels.
(L2.4) 1 Criteria for single labels only.
(L2) Optimality

(L3.1) 4 Global optimality and exact global optimization.
(L3.2) 3 Global optimality, but local optimization.
(L3.3) 2 Local optimality, but global optimality for sub-problems.
(L3.4) 1 Local optimality, and local optimization.

In this section we discuss the current state on algorithmic
labeling techniques for metro maps. Similarly to Section II, we
classify the approaches with respect to their degree of globality
and interactivity; see also Figure 2. We used the following
three criteria to decide on the locality of a labeling approach,
including adjustment of metro map (L1), placement of labels
(L2), and optimality (L3) (see also Table III).

For each criterion and each labeling approach we deter-
mined the highest score that suits the approach. The overall
degree of globality of a labeling approach is then the average
over its three assigned scores. In order to decide on the degree

of interactivity for each labeling approach, we applied a similar
approach as we did in Section II using Table II. We assigned
each approach to the lowest category that suits the approach
best. Altogether, we obtain a measure for both the degree of
globality and interactivity of a labeling approach, which we
depict in Figure 2. In the following we discuss the single
results in increasing order with respect to their degree of
interactivity.

Nöllenburg and Wolff [27] present an approach that creates
the layout of the metro map and the label placement simul-
taneously. To that end, they present a mixed integer linear
programming formulation that optimally creates a metro map
with respect to a global cost-function. They particularly require
that labels in between two crossings lie on the same side of
the metro line. However, their approach comes with a high
running time, e.g., for the metro system of Sydney they report
a running time up to 12 hours. Stott et al. [39] present an
iterative approach that creates the layout and label placement
in an integrated way using hill climbing based on a global
multi-criteria function. Among other criteria they prefer labels
on the same side of the metro line. They report running times
between 2 and 120 minutes.

In contrast, Wu et al. [53] assume when placing labels
that the layout is given. Still, they scale the map to increase
free spaces, which they use for label placement based on a
MIP approach. By considering the layout and labeling step
independently, they achieve running times up to minutes.
Yoshida et al. [56] scale single edges of the map while
preserving the directions of the edges. The main idea is to
create free spaces in dense parts of the map, while leaving
other parts of the maps unchanged. Similarly to Wu et al. [53],
Niedermann and Haunert [25] systematically scale the map
layout to fit in the labeling. For the labeling procedure they
propose a dynamic programming approach that labels a single
metro line optimally. They use this method as a subroutine of
their heuristic, which labels the map within few minutes.

Wu et al. [55] label the stations with photos instead of text
labels. They place the photos alongside two boundaries of
the rectangular map and associate them with their stations via
connecting curves, also called leaders. They aim at crossing-
free solutions that minimize the length of the leaders. Wu et
al. [52] generalize this approach to all four sides of the map.
Wu et al. [54] separate the labels from the metro map less
clearly. They present a genetic algorithm that places overlap-
free text labels and photos within the free spaces of the metro
map connecting the labels with their stations using straight-line
leaders. At the core of the genetic algorithm, which system-
atically explores different orders of placing labels, the actual
placement is done by a simple and fast greedy procedure.

Hong et al. [18] separate the placement of the labels from
the computation of the layout. They describe the labeling
problem as a conflict graph based on label candidates and their
occlusions. The label placement corresponds to an independent
set of vertices within the graph, which they determine using
simulated annealing. Although they maximize the number of
labels, they cannot guarantee that each station gets a label.
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Wang and Chi [48] also separate the placement of labels
from the computation of the metro map layout. They describe
the labeling problem as a multi-criteria energy function, which
they locally optimize. Their approach particularly avoids oc-
clusions between labels and prefers labels on the same side of
the metro line. They report running times below one second,
which makes their approach applicable for interactive real-time
scenarios. Wang and Peng [49] use the same labeling approach
for their interactive editing system.

Chivers and Rodgers [7] present an approach that after
fixing the metro map layout selects for each station a label
out of eight candidates using a simple greedy approach. They
penalize label occlusions and prefer similarly placed labels of
adjacent stations.

Altogether, we observe that with increasing degree of inter-
activity the globality of the approaches decreases. In particular,
those approaches that are applicable for interactive real-world
scenarios, typically assume a fixed metro map layout. While
this provides the possibility of computing the label placement
much faster than approaches integrating the process of creating
the layout, the given metro map layout may not host all labels.
This is either resolved by allowing occlusions [48] [49] or by
labeling only a (possibly large) subset of stations [18]. Hence,
those approaches are far away from achieving the same quality
with respect to the labeling as approaches with a smaller
degree of interactivity. We therefore deem the development
of labeling algorithms with the potential for a high degree of
interactivity as a still open and important research problem.

IV. APPLICATIONS AND ON-LINE TOOLS

Schematic network maps have widely been employed for
representing abstract relationships between subjects. In such
cases, the schematic maps serve as visual metaphors that
effectively systematize the underlying structures hidden behind
the target information space. In this section, we first focus
on techniques for visualizing abstract information space using
schematic map metaphors and then raise representative on-line
tools for designing such maps.
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Fig. 3. Visualization using schematic maps as metaphors, including (1) an
example of fruit maps, and (b) Applications with respect to their globality
and interactiveness.

A. Metro Maps as Visual Metaphors

Effects of using schematic maps as visual metaphors have
been investigated, though several case studies are at an early
stage. Nesbitt [23] conducted preliminary studies to evaluate
the capabilities of metro map metaphors in understanding
abstract data and showed that they can provide a better mental
model of the target data as a first impression. Pontikakis and
Twaroch [32] also examined the potential use of metro maps
to represent the topological connections between points of
interest especially when the underlying topographic maps are
unavailable.

Metro map metaphors have often been employed to explore
the underlying structure of an information space. In this case,
each line corresponds to a chain of subjects such as events,
topics, plans, articles, etc. Stott et al. [40] visualized the
time-lines of project plans and their dependency as a metro
map by employing the early version of their hill-climbing
algorithm [39]. Aguiregoitia et al. [6] applied such an idea to
software project visualization where a different set of tasks
is aligned with each metro line according to the software
development process.

A set of documents is another target for which we can
effectively employ a schematic map as a visual metaphor.
Shahaf et al. [37] proposed an algorithm for constructing a
metro map of documents in such a way that the topology of a
document network reflects the desired sparseness inherent in
ordinary railway networks. This technique has been devised to
visualize chains of scientific papers to clarify the evolution of
research fields [36], and then further extended to the scalable
scheme that enables the the level of detail control in metro
map metaphors [38].

As an application of schematic network metaphors to sci-
entific data, Wahabzada et al. [47] successfully visualized
plant disease dynamics by tracking spatiotemporal disease
patterns with imaging techniques and composed metro map
metaphors by taking advantage of [27]. Cancer pathways [16]
were also visualized as schematic metro maps in the context
of multiobjective optimization [28].

Schematic network metaphors also allows us to visualize
the structure of low-dimensional space obtained through di-
mensionality reduction techniques. Neumayer et al. [24] em-
ployed a metro map metaphor to describe the configuration of
segmented characteristic regions over the 2-dimensional plane
obtained through self-organizing maps. Gorban et al. [15] ap-
plied this idea in the context of dimensionality reduction based
on elastic energy minimization to schematize the distribution
of data samples with a metro map metaphor.

Several manually designed metaphors of metro maps are
available on-line. Example includes a Galaxy map that details
relationships among planets [11], a science map composed of
scientists and their fields of sciences [31], a human anatomy
diagram consisting of organ systems as metro lines [17], a
logistic map of supply chains [1], a map of leading names and
domains on the Internet [5], and a map of digital workspace
and marketing technology vendors [2]. The most timely ex-
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ample is the Brexit tube maps [10], which model Brexit issues
and sectors as stations and lines, respectively, to elucidate how
they relate to one another.

B. Accessible On-line Tools
On-line tools often allows us to customize travel routes

within the precomputed schematic network maps or even
to manually design such schematic maps themselves. Map-
way [4] and ExploreMetro [3] are mobile apps for finding
a route to the destination on metro maps in major cities.
Metro Map Maker [44] provides a web-based tool for de-
signing schematic network maps, in which it is possible to
manually place stations and draw metro lines by referring to
a regular grid on a screen canvas. Several software libraries
for designing interactive schematic maps are also available,
including Unfolding Map Library [22] for Processing and Java,
a library for interactive SVG metro maps with JointJS [21],
and a jQuery plug-in for subway map visualization [19].

V. DISCUSSION AND GUIDANCE FOR FOLLOWERS

Our hypothesis about the correlation between problem com-
plexity and running time has been visually supported since
our scatter plots approximately show a top-left to bottom-right
diagonal distribution of algorithmic approaches. This strongly
suggests that researchers are looking for a compromise be-
tween the selected constraints for their problem formulation
and the techniques to be used, in order to find the balance
between the global scope of the solution as opposed to the
running time of the algorithm. Doubtlessly, the final goal
of schematic mapping algorithms is to develop an ultimate
technique that pinpoints us in the top-right corner of the plots,
representing high-quality maps computed instantaneously. As
shown in Figure 1, the blue markers represent approaches in-
vestigated before 2014, and red markers depict the techniques
developed after 2014. A tendency from left to right and from
bottom to top can be observed indicating that researchers
are heading towards the desired goal. While some tech-
niques [29] [28] tend to accelerate the conventional approach
by Nöllenburg and Wolff [27], which has been considered as
the most global optimization method in this paper, the running
times are still not very suitable for interactive applications.
This also confirms that the schematic map problem is still
a fundamentally difficult one, so that a certain quality loss
needs to be tolerated in order to achieve fast performance [48].
More sophisticated algorithms are expected to be developed
to open further opportunities. As summarized in Section IV,
several researchers are beginning to use the maps generated by
schematization techniques to visualize their research results,
especially when the data is associated with entity connectivity
and spatial relationship between entities. The previous plots
can also serve as a visual guidance to instruct those researchers
to select an appropriate technique for their research purposes.

VI. FUTURE RESEARCH DIRECTION

In this study, we have compiled the state of the art on
schematic network visualization and have given a compre-

hensive overview of automatic network layout algorithms and
map labeling algorithms, as well as tools and applications for
use in multidisciplinary domains. Our taxonomy demonstrates
that most methods carefully design their solutions in com-
pliance with the problem space in order to provide effective
approaches with reasonable quality. Nonetheless until now, no
benchmark is provided to enable standard testing on schematic
map production, although the Sydney metro map has been
studied by most of the conventional map layout algorithms.
Developing such a repository would help promoting the usage
of algorithms not only in cartography but also in other scien-
tific domains. Another challenge for future work in this field
is to target advanced methodology to smartly handle global
constraints to improve the scalability of the algorithms. This
can be integrated with the interaction techniques together with
appropriate user scenarios. For this purpose, we plan to further
investigate visual representations and interaction schemes in
accordance with the task taxonomy for map users.
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