
Background
As a software developer, I have had the chance to use
many GIS/CAD software packages and libraries over the
years, I liked some of them and, I was frustrated by others,
but overall I learnt a great deal – in particular that GIS
software wasn’t very helpful when it comes to
cartography. After all, at some point you might want to
produce nice-looking maps from your data. Professional
cartographers seem to ignore GIS to some extent and use
graphic/publishing software like Adobe Illustrator or Corel
Draw instead. These are very good professional packages,
but they are not much help if you are in the business of
rendering millions of map ‘tiles’. In the traditional GIS
field, there are some extra ‘carto’ add-ons one can try, but
these are usually both very expensive and slow. 

The same situation existed in the F/OSS (Free/Open
Source Software1) world and most projects were GIS-
centric, meaning that all efforts would go into supporting
OGC (Open Geospatial Consortium2) standards and the
quality of rendering and cartography tended to be
overlooked. 

When Google Maps arrived, everything changed.
Their maps looked good, worked well and user
expectations – both in terms of quality and performance –
were taken to the next level.

In my everyday work I wanted a toolkit which I
could use to make great maps in this new, exciting
environment, so I started Mapnik. 

Introducing Mapnik
Mapnik is a library written in the C++ programming
language. It runs on all major platforms including Linux,
Mac OS X, and Windows and it is free – released under
LGPL (Lesser General Public Licence3). It also has Python
(another popular high-level language4) bindings. Most of
the core functionality is reflected in Python and this makes
Mapnik a great platform for agile development. As a
developer you have a choice depending on the problem at

hand. If you’re after performance or you want to
implement new features, C++ is probably the way to go.
On the other hand for rapid prototyping or testing new
ideas, Python really rocks. 

Without getting into too much detail, Mapnik’s
architecture can be described as data access and
presentation layers (see Figure 1.). The workflow is very
simple: there is a data source(s) to which Mapnik can talk
and query geographical features and there’s a styles
processor which applies symbolization to features based
on pre-defined rules. Finally, features get rendered to
produce a map. 

Making a map is actually quite simple with Mapnik.
Here is some minimal Python code: 

from mapnik import *

m = Map(800, 600)

load_map(m,”map.xml”) 

m.zoom_to_box(Envelope(-180,-90,180,90) 

render_to_file(m,”world.jpg”,”jpg”) 
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Figure 1 Mapnik’s architecture
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Even if you’re not a developer, you can probably see what
is happening in the sample code above. We create a map
object, then we load styles and the information needed to
access data from the configuration file (map.xml), zoom to
the bounding box we’re interested in (the whole world in
this example) and finally render 800 by 600 pixels map
‘tiles’ to the file. Needless to say, this is the simplest
possible example, which relies on many default settings. 

Styles, Rules, Filters and Symbolizers
Let’s take take a closer look at the above example. There is
a configuration file (‘*.xml’) which is where all styles and
data are referenced. As I mentioned already and you can
see from the architecture diagram (Figure 1), there is a
separation between data (vector or raster, stored in
database or on filesystem) and presentation – in our case
these are styles that control how the final map is going to
look. 

Mapnik uses ‘named styles’. You create a style with
a unique name, and each layer can reference 0...N styles.
The order of these styles is important; Mapnik implements
the so-called ‘painter’ model. Each ‘Style’ can have 0...N
‘Rules’. Rules have minimum and maximum scale
denominators and filters which control when they are
active. Filters are ‘filter expressions’. The syntax is very
simple, you enclose variables (evaluated at runtime) in
square brackets, and you can use the following operations: 

Arithmetics : +, – , *, / 

Comparison: > , < , = , <>, >=, <= 

Logical operators: and, or, not 

Regular expressions : [ATTR_NAME].match(‘regex’) 

Here are some examples: 

[highway] = ‘motorway’ or [highway] =

‘motorway_link’

[cfcc].match(‘^A1[0-9]’) 

[area] >= 1000 and [area] < 2000 

Inside each ‘Rule’ we have ‘Symbolizers’. They are
responsible for actual visual representation. Mapnik has a
collection of symbolizers which can be applied to
geographical features. For example you might use
‘LineSymbolizer’ for linear geometries like roads, and
‘PolygonSymbolizer’ for lakes and so on. 

I am not a Cartographer but...
We can all see when cartography works. After all,
cartographers work hard to make the final map look
appealing to us, the end users. Without undermining the
importance of real cartographers, as a developer I’m
primarily interested in an automated process. There are
many factors which influence cartographic output: here are
just some starting points. 

If you’re making maps for the web, the sometimes
competing demands of quality and performance must be
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Figure 2 Anti-aliasing rendering



balanced. Firstly, you must have a high quality renderer,
which in most cases means anti-aliasing (see Figure 2).
Getting away with ‘jagged’ Bresenham lines is no longer
an option. To provide world-class anti-aliasing rendering
with sub-pixel accuracy, Mapnik relies on another great
Open Source library: Anti-Grain Geometry (AGG5).
Obviously, anti-aliasing means the final image might have
thousands of colours, thus making it bigger and not
optimised for web delivery. This means colour-reduction
algorithms should be applied.

Label placement is another important area.
Overlapping, badly-placed labels don’t look great and can
be confusing. Mapnik uses efficient algorithms and data
structures to allow on-the-fly collision detection and
overlap resolution. There is of course room for
improvement, but Mapnik already produces good results
(Figure 3). 

Custom Cartography
Why don’t we just use Google, Yahoo!, or Microsoft
(GYM) maps? Why bother rendering your own maps,
developing applications, etc? Well, in many cases GYM
Maps are perfectly suitable. But there are lots of situations
when it doesn’t work. All maps by GYM are motorist
orientated, but as we all know, people also walk, cycle,
ramble, sail, and so on. There is a need for specialized
maps on the web, the same way as in the UK you would
use OS Landranger printed maps if you’re on a country
walk. For example, Google Maps don’t show contours,
which could be inconvenient to say the least if you find
yourself walking uphill in the rain. Another consideration
is that web maps become tedious if they all look identical,
as we can see on thousands of emerging mash-up sites. 

Use of GYM maps is of course strongly driven by
the fact that geographical data in most cases is not free.
Actually, it’s very expensive. But projects like
OpenStreetMap are filling the gap at an ever-accelerating
pace. Most main cities in the UK have been mapped to
street level, and in many cases user-contributed data is
more up-to-date and accurate than the commercial
alternative. This also means more people can experiment
with geographical data, leading to increased innovation.
One great example uses OpenStreetMap6 data to render a
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Figure 4 OpenStreetMap – standard cartographic style

Figure 3 ‘Follow line’ label placement with collision
detection and resolution



specialized map, in this case a cycling map7 for the whole
of the UK (see Figures 4 and 5).

Conclusion
Mapnik is a free toolkit for rendering maps that promotes
flexibility and innovation of application. It gives you the
freedom to map your world whatever your world might be. 

After reading this article, I hope you have a better
understanding of what Mapnik is and how it can be used.
And you might consider using it next time you’re
implementing a web-mapping application. There is a web
site: (http://mapnik.org) and also feature/request/bug
tracking system at: (http://trac.mapnik.org). If you
would like to find out more don’t hesitate to get in touch.

Notes
1 For one definition of F/OSS see:

http://en.wikipedia.org/wiki/FOSS
2 Open Geospatial Consortium website:

http://www.opengeospatial.org/
3 GNU Lesser General Public Licence website:

http://www.gnu.org/licenses/lgpl.html
4 Python Programming Language website:

http://www.python.org/
5 Anti-Grain Geometry website:

http://www.antigrain.com/
6 OpenStreetMap website:

http://www.openstreetmap.org/index.html
7 UK Cycle Map website:

http://www.gravitystorm.co.uk/osm/

Examples of Mapnik in use:
1 http://www.mysociety.org/2007/more-travel-maps/
2 http://www.everyblock.com/
3 http://www.placebase.com
4 http://www.kosmosnimki.ru/
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Figure 5 The same data has been used to make a specialized cycling map 


