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Fig. 14. FIFA World Cup 2010.

6 A PPLICATION

We created a proof-of-concept implementation of the majority of our
algorithms in Java. Our program supports centroid and wedge inter-
vals, computes the optimal symbol sizes using the dynamic program-
ming algorithm, and uses the force-based approach to optimize the
symbol placements. It also implements the extensions described in
Section 5. All �gures in this paper were created by our program.

Our implementation is quite fast: all maps in this paper were com-
puted in under a tenth of a second. Our implementation works for
thicknessK ≤ 15. Maps with K = 15 take several minutes to com-
pute;K ≤ 6 for all maps in this paper. We have tested our implemen-
tation with up to 100 symbols on a single necklace, but we expect it to
work for many more symbols, especially when using multiple neck-
laces. The thickness of geographic maps rarely exceeds 10 and if this
is the case, then it is generally advisable to use several necklaces.

Our data stems from various sources: the European Com-
mission Eurostat Program (ec.europa.eu/ eurostat ),
Worldmapper (www.worldmapper.org ), the Swiss Federal Of�ce
of Energy (www.bfe.admin.ch ), and Statistics Netherlands
(www.cbs.nl ). We use the ISO 3166-1 alpha-2 and alpha-3 two-
and three-letter country codes to label our maps.

7 D ISCUSSION

The major advantage of necklace maps is their clear and uncluttered
appearance. The linear ordering of the symbols along the necklaces
makes it easy to estimate and compare symbol sizes correctly. Neck-
lace maps visualize data sets well which are not proportional to region
sizes and which do not contain data for all regions of the input map.

Our algorithm computes necklace maps of high quality: the relative
spatial position of symbols and regions captures the spatial relation
between regions and necklaces well and enables users to quickly asso-
ciate a symbol with the correct region. Our symbols are disjoint and
appear along the necklaces in an order which mirrors the neighbor re-
lations of their regions. Furthermore, our optimization approach yields
necklace maps whose symbols are as large as possible given the input.

There is a clear trade-o�between symbols sizes and the spatial re-
lation of symbols and regions which is also in�uenced by the num-
ber and distribution of symbols per necklace. Generally speaking it is
better to use several necklaces instead o� ust one necklace. We are
mapping two-dimensional data onto a one-dimensional domain. In-

tuitively, several necklaces increase the chances that a symbol can be
placed close to its region and scaled to an appropriate size. In the
extreme, many necklaces will bring us back to symbol maps. How-
ever, necklace maps with few necklaces still preserve their structured
appearance while allowing for good symbol placement and sizing.

Clearly the shape and the exact location of the necklaces is very
important for a good necklace map. Currently we create our necklaces
by hand and add them to the input map. In the future we hope to be
able to automatically generate suitable necklaces for given input maps
and data sets, however, this seems to be a quite challenging algorith-
mic problem on its own. Also, our necklace maps currently lack a
legend as it is commonly seen with symbols maps. Hence users can at
the moment only judge relative sizes of symbols but cannot read ab-
solute values o�the maps. Finally, it would be interesting to explore
animated necklace maps for time-varying data.
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by step sequence of instructions that performs a well defined 
task. It is natural enough to be understandable by humans,  
but precise and formal enough to be converted easily into a  
computer program.

Computational geometers focus on algorithms for geometry 
problems that come from many areas: robotics, databases,  
computer graphics, molecular biology and geographic  
information systems.  Bettina Speckmann’s research group 
produced algorithms to generate the maps below.

Computers generate more numbers about what is going on in 
our world than we can take in.  Fortunately, they can also help 
us present numbers in ways that we can interpret visually --  
as maps and diagrams. Computers, however, have no spatial  
insight; they need computer scientists to develop geometric  
algorithms that can collect the numbers and create meaningful, 
interpretable results.

Computer scientists develop algorithms that enable computers  
to efficiently and reliably work with data. An algorithm is a step  

RESEARCH ON
THEMATIC MAPS
Maps are one of the most efficient ways to 
communicate information. They help people 
to make decisions in navigation, spatial plan-
ning, or risk and disaster management. Maps 
also communicate geopolitical information, and 
generally aid the process of public opinion and 
consensus building. Decision makers and the 
greater public benefit from high quality up to-
date, on demand, and online map production, 
which necessarily has to be fully automated.

Thematic maps are special purpose maps for 
conveying specific information. They usually  
focus on a single theme and visualize such  
diverse topics as the gross domestic product 
per country, the effects of pollution on the  
water quality, or the migration patterns of  
animals. Thematic maps can be found on  
webpages, in newspapers, infrastructural  
reports, or biological studies, to name a few.

Flow Maps
An example of Thematic Maps are Flow Maps. 
Flow Maps are thematic maps that visualize 
the movement of objects, such as people or 
goods, between geographic regions. One or 
more sources are connected to several targets 
by lines whose thickness corresponds to the 
amount of flow between a source and a target. 
Good flow maps reduce visual clutter by merg-
ing (bundling) lines smoothly and by avoid-
ing self-intersections. Most flow maps are still 
drawn by hand and only few automated meth-
ods exist. Bettina Speckmann presented a new 
algorithmic method that uses edge-bundling 
and computes crossing-free flows of high  
visual quality. 

This method is based on spiral trees, defined 
mathematically by Bettina Speckmann and her 
group. Spiral trees naturally cluster targets and 
smoothly bundle lines. To draw one, they start 
with a thin spiral tree bypassing obstructions, 
which is then thickened, then smoothed using 
mathematical optimization tools that prevent 
overlap.

RESEARCH ON
MOTION DATA
Over the past years the availability of devices that can
be used to track moving objects GPS systems, mobile
phones, surveillance cameras, RFID tags, and more
has increased dramatically, leading to an explosive
growth in data about moving objects. Objects being
tracked range from migratory birds to delivery trucks,
sea turtles to sports players,  hurricanes to suspected 
terrorists. Naturally the goal is not only to track  

objects but to determine typical or unusual patterns  
of behavior by doing trajectory analysis:  computing 
similarity, clustering, classifying, simplifying, segment-
ing, and detecting the effects of time and space. 
The movements of animals, people and vehicles are 
embedded in a geographic context, which both  
enables and limits movement: cars can move on 
roads and turtles ride ocean currents, but people  

cannot walk on water and wolves cannot cross a wide 
river gorge.Most analysis algorithms for trajectories 
have so far ignored context, except for the display  
of results. Hence one of the big challenges for the 
coming years is to capture the essential properties of 
context and develop efficient analysis algorithms that 
are context aware.
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