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10 At las  of  cyberspace

In this chapter, we provide an analysis of a range of maps
designed to communicate information about the 
infrastructure that supports cyberspace, the demographics of
users, and the type, flow and paths of data between locales and
within media.These maps are by far the most commonly
produced maps relating to cyberspace and, as we discuss
below, are important for a variety of reasons, not least of which
is their commercial and political value. Indeed, the maps we
look at have all been created to either market the services or
products of large corporations, or to aid our understanding of
the structure, organization, operation, and use of information
and communication technologies and cyberspace.They
represent only a fraction of those so far produced and have
been chosen primarily to demonstrate the range of different
types of maps being constructed and the techniques used in
their construction. A secondary consideration was their
aesthetic appeal.

All the maps we consider are in the public domain and the
majority are freely available to browse through on the Web.
Clearly, there are many more maps that are deemed
confidential to the companies and organizations that own and
operate the infrastructure, either containing sensitive
information or being of a practical nature primarily used by
network engineers.

In the first part of this chapter, we focus our attention on maps
that seek to delineate the vast array of telecommunication and
computing infrastructures that support cyberspace.These
infrastructures have been developed over several decades and
built at the cost of many billions of dollars.They are often taken
for granted because, unlike roads or railways, they are often
invisible: buried underground, snaking across ocean floors,
hidden inside wall conduits, or floating unseen in orbit above
us. Given its invisibility, it is easy to assume that the
infrastructure of cyberspace is as ethereal and virtual as the
information and communication that it supports. However, the
infrastructure has a physical presence that can be mapped onto
geographic space (planemetrically or topologically) or displayed
using techniques of spatialization.

Maps thus provide one of the best means of making sense of
the vast and complex infrastructure of information and
communication technologies, allowing us not only to see where
those technologies are located and how they interconnect to
provide the platform for cyberspace, but also to assess the social
and economic implications of their distribution. As such, they
reveal insights into the structures of the material (and, in turn,
immaterial) aspects of cyberspace in terms of who controls and
owns the systems, and how systems can be presented, marketed
and surveyed.

Moreover, they reveal important information about physical
access to cyberspace, because they display the complex and
uneven geography of infrastructure across the world. Indeed, it
is important to realize that the location and topology of
infrastructure are key determinants in access to cyberspace,
affecting cost, speed, reliability and the ability to connect.These
maps illustrate that, on a global scale, infrastructure is
concentrated in certain countries (such as the United States,
United Kingdom and Scandinavia), on the national level it is
concentrated in certain regions (e.g. Silicon Valley), and even in
high-tech cities like San Francisco or New York there is very
localized clustering. Accessing cyberspace is fragmented along
traditional spatial and social divisions, with infrastructure
density and variety being closely related to areas of wealth.

In the latter part of the chapter, we present maps that detail the
types, flows and paths of data through and within domains in
relation to geographic space.These maps reveal what volume of
data is flowing through specific vectors, at what speed, and the
different types of data traversing the Internet. As such, they
display detailed pictures of the relationships between different
locations, how well a system is performing, and what the Internet
is being used for.They also reveal another important aspect of
access, namely bandwidth. It is nowadays often stated that if the
value of real estate is dependent upon location, then the value of
a network connection is determined by bandwidth (see, for
example,William J. Mitchell’s book City of Bits (MIT Press,
1995)). Accessibility becomes redefined so that the “friction of
distance” is replaced by the “bondage of bandwidth”. Low
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bandwidth means longer connection times and thus higher costs.
At present, high bandwidth is largely confined to information
hotspots, mainly focussed around key universities, high-capacity
data sources (e.g. telecommunications companies), and localized
centers such as telecenters in rural areas.

We hope that the selection of maps that follows will provide
useful insights into the infrastructure that supports cyberspace,
who is using cyberspace, and how data travel through the
networks.Whilst many are visually striking and persuasive, we
would like to remind you to consider some of the issues raised
in chapter 1. All the maps presented have been created by
people with a variety of motivations and agendas. Furthermore,
all the maps are selective and subjective presentations of their
underlying data. No one map, then, is a “true” map of the
infrastructure of cyberspace – and no such map can be created.
Perhaps, even, our knowledge is diminishing as the scale and
complexity of infrastructure grows and information about it
becomes less open to scrutiny. It is important to interrogate the
maps using the questions outlined on page 7.

Mapping inf rast ructure  and t raff i c 11
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12 At las  of  cyberspace

Historical maps of telecommunications

Cyberspace’s history is not confined to the recent past. It has a
long antecedence with its roots in the development of the
telegraph and telephone in the 19th century.These technologies
were the first to connect distant places in order to allow the
instant communication of data. In his book entitled The
Victorian Internet (Weidenfeld & Nicolson,1998) Tom Standage
argues persuasively that all the advances in telecommunications
since the telegraph have really been incremental improvements
rather than revolutionary breakthroughs.We begin by
presenting two maps that chart the geography of the telegraph
and telephone networks at different times in the past.

The telegraph was the first technology that allowed a 
message to be passed between two distant places virtually
instantaneously. Following Samuel Morse’s famous
demonstration of the first practical system in May 1844,
connecting Baltimore and Washington DC, the telegraph
network quickly spread across the United States.The map
shows the extent of the telegraph infrastructure barely ten years
later, in 1853.This detailed map was produced by Charles. B.
Barr and charts the number and geographical reach of
telegraph stations covering the eastern portion of North
America, stretching from Quebec in the north to New Orleans
in the south, and from Philadelphia on the eastern seaboard to
Kansas city in the Mid-West.The map states that it is
“compiled from reliable sources”, although it is not clear what
these are.

In terms of cartographic design, the geographic locations of the
telegraph stations are represented by small black dots, labeled
with the town’s name (see the enlarged section of
Pennsylvania).The telegraph wires linking stations into the
nation wide network are shown by the thin black lines that have
been generalized and simplified into straight-line segments. An
underlying base map shows the coastline, state borders and
major rivers and lakes, in order to provide a necessary context
for the reader. Overall, the map provides a simple but effective
way of showing the geography of a large and complex network

topology.The arc–node method of representation is a design
that many subsequent maps of network infrastructure have
employed, as illustrated throughout this chapter.

The map also provides detailed and useful information about
the “Tariff of Rates on the National Telegraph Lines” in the
large table on the left-hand side.This lists some 670 telegraph
stations in alphabetical order, from Alexandria,VA, to
Zanesville, OH, and the cost of sending a message to that
location from Pittsburgh (where the cartographer Charles B.
Barr was based). For instance, it cost 90 cents for the first ten
words of a message to be sent to Boston, and then 7 cents for
every additional word.

2.1:  Telegraph stat ions in the United States,  the Canadas 
and Nova Scotia

chief  cartographer:  Charles B. Barr (Pittsburgh, PA).
aim: to map the location of telegraph stations and their connections. Table provides
telegraph tariffs from Pittsburgh to all other stations.
form: telegraph system represented as an arc–node network on a simple, geographic, base
map. All telegraph stations shown by a black dot and labeled with name.
technique: color paper map, 58 by 64cm, “compiled from reliable sources”.
date: published in 1853.
further  information: Library of Congress, Geography and Map Division, Washington DC
<http://hdl.loc.gov/loc.gmd/g3701p.ct000084>
further  reading:  The Victorian Internet: The Remarkable Story of the Telegraph and the
Nineteenth Century’s Online Pioneers, by Tom Standage (Weidenfeld & Nicolson, 1998).
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14 At las  of  cyberspace

Created almost a hundred years later in 1945, the map opposite
is a colorful and attractive marketing map designed to promote
the global telecommunications network of Cable & Wireless. At
this time, Britain was still the heart of a diminishing global
empire, and C&W provided communications with the many
distant colonies, colored red on the map.The map was created
by MacDonald Gill, a noted artist and calligrapher in the 1930s
and 1940s, whose work was published in many books and as
posters. He is perhaps best known for the large murals he
painted for the ocean liners Queen Mary and Queen Elizabeth of
that period.

To illustrate Britain’s role as the hub of this empire, a polar
projection has been employed, placing Britain at the center of
the map.The C&W telecommunications network consisted of a
vast system of undersea cables and wireless stations that
traversed the globe, and these are represented on the map by
solid and dotted lines.The map is clearly designed for
promotional purposes, with its rich decorative border aimed to
appeal to the general public.This border consists of pictorial
scenes that represent the different types of technologies
employed by the company, such as wireless transmitter masts
and cable-laying ships.The map, then, is a marketing map,
designed to show the geographical reach of the network and the
range of different services that the company employs to ensure
a fast and reliable service. More recent examples of marketing
maps are presented later in the chapter (see page 30).

2.2: Cable & Wireless  “Great Circ le” map

chief  cartographer: MacDonald Gill (Cable & Wireless).
aim: to provide a marketing map showing the global connectivity of Cable & Wireless (C&W)
through its telecommunications network, with Britain centered representing its position as
“hub of the world”.
form: an attractive map of the world with arcs representing globe-spanning C&W
telecommunications network. Surrounded by rich pictorial embellishments showing
telecommunication scenes.
technique: geographic map using a polar projection centered on the UK.
date: 1945.
further  information: Cable & Wireless – A History <http://www.cwhistory.com/>
further  reading: America Calling: A Social History of the Telephone to 1940, by Claude S.
Fischer (University of California Press, 1994).
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Maps from the birth of the Net

ARPANET pioneered wide-area computer networking and laid
the foundations of the Internet as we know it today, developing
both the technical and the social infrastructure of Internet
working. It was conceived as a method to link several
incompatible computer systems located at various points across
the United States so that resources could be shared. (It is a
popular misconception that the linking of computers was to
ensure continuation of the network after a nuclear attack.The
system did, however, use the idea with the intention of
overcoming such an event, as proposed by RAND researcher
Paul Baran in the 1960s.) It was funded by the US military,
through the ARPA agency, and it was designed and operated by
the Bolt Beranek and Newman (BBN) company.The first
network node was installed at the University of California, Los
Angeles (UCLA) in September 1969.The network was built as
a distributed, decentralized system with each node of equal
importance, and it used packet-switching protocols that allowed
data to travel by any available route between nodes.

Two of the earliest surviving maps of the nascent ARPANET
are shown opposite.The first diagram displays the first node of
the network (#1 IMP) connected to a mainframe computer (#1
Host, a Sigma 7 model) at UCLA in 1969.This very simple
conceptual diagram is a significant record as it marks an

important moment in history, the connection of the mainframe
to a message translator forming the first location in cyberspace.
Test messages were passed between the network node (IMP)
and the host computer on 2 September 1969.The “map” is a
hand-drawn black-and-white sketch, reminiscent of “back-of-
the-envelope” wiring diagrams drawn by many an engineer.

A test configuration of ARPANET’s first four operational
nodes as at the end of 1969 is represented by the second figure.
The nodes of the network are again represented by circles,
which are numbered by the order in which they were installed
and labeled with the site name. So, after UCLA there was SRI
(the Stanford Research Institute), then UCSB (University of
California Santa Barbara), and then the University of Utah.The
connections between nodes, running over special telephone
lines, are shown by the straight lines. The square boxes on the
map represent the actual computers connected to the network,
and they are labeled with the model name – for example,
PDP10 (made by DEC) and 360 (from IBM).

ARPANET grew rapidly from these initial nodes, and its
expansion was charted in a fascinating series of maps used by
the BBN engineers who built and managed the network.The
topology of the network was plotted using both geographic

2.3: Sketch maps of  ARPANET in September
and December 1969

chief  cartographer: unknown ARPANET scientist/engineer.
aim: to record the initial topological structure of ARPANET.
form: black-and-white line drawing of arc and nodes.
technique: hand-drawn, “back-of-envelope” style of sketches.
dates : September and December 1969.
further  information: The Computer Museum History Center
<http://www.computerhistory.org/timeline/topics/networks.page>
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18 At las  of  cyberspace

and non-geographic layouts.The top spatialization opposite
displays the ARPANET network topology as it had developed by
1977, using an abstract layout. By the time this map was drawn,
ARPANET was no longer a curious experiment but a fully
operational network of nearly 60 nodes.The network was run by
the Defense Communication Agency and had nodes in many
US states, including Hawaii, and even stretched to Europe with
a link to a NATO radar facility in Norway and then on to
London.These overseas links were carried by satellite circuits,
which are represented by the wavy lines on the map.

The bottom map displays the same data from just a few months
later, in June 1977, plotted onto a geographic base map.The
most striking feature of this map is the great concentration of
sites in California and the north-east of the United States, with
only a scattering of nodes outside these areas.This pattern
clearly reveals the density of military establishment and
defense-funded, advanced-research labs in these regions.The
cartographic style is simple and functional, using an arc–node
representation to show the logical structure of the network.
Different types of nodes are shown by circle, square and black
triangle symbols drawn on the map in the approximate
geographic location of the site, along with a name label.The
network connections between sites are represented by black
lines. Magnifying circles are employed to display the densest
concentration of nodes, in northern and southern California,
and the Boston and Washington regions.The paths taken by the
actual connecting wires (leased from AT&T) are abstracted to
straight lines for ease of representation.

Although these maps are relatively simple black-and-white line
drawings, they are now of historical importance because they
were created by the people who built the first Internet network.
As a collection, they chart its size and approximate geographic
structure. Moreover, they record what no longer exists.
ARPANET has long since been decommissioned, having been
officially “turned off” in 1989. It was superseded and replaced
by faster, more sophisticated networks.

2.3: ARPANET logical  map,  March 1977

chief  cartographer: unknown graphic designer (Bolt Beranek and Newman).
aim: to display the topology of connections of ARPANET in early 1977, with particular
reference to host computers. 
form: similar to a wiring diagram of an electrical circuit.
technique: black-and-white line drawing on paper.
date: March 1977.

2.3: ARPANET geographic  map,  June 1977

chief  cartographer: unknown graphic designer (Bolt Beranek and Newman).
aim: to display the geographic topology of ARPANET in the summer of 1977.
form: outline map of the United States with the network represented using an arc–node
technique. 
technique: black-and-white line drawing on paper.
date: June 1977.
further  reading:  Where Wizards Stay up Late: The Origins of the Internet, by 
Katie Hafner and Matthew Lyons (Simon and Schuster, 1996). Inventing the Internet, by 
Janet Abbate (MIT Press, 1999). Casting the Net: From Arpanet to Internet and beyond..., 
by Peter H. Salus (Addison-Wesley, 1995).
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ARPANET GEOGRAPHIC MAP, JUNE 1977
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20 At las  of  cyberspace

Mapping where the wires, fiber-optic cables and
satellites really are

The maps we have so far presented use a topological mapping
technique.That is, they provide a generalized representation of
a network, showing the correct linkages between nodes but not
the exact route of the connections in relation to geographic
space. In this section we present three maps that seek to provide
more exact representations of the actual locations of network
infrastructure.The first two chart the paths of cables at
different spatial scales: a building and a continent; the third
map plots the path of the Teledesic satellite constellation.

In general, these maps are produced solely for use by the
engineers who maintain the facilities, allowing them accurately
to locate the infrastructure in an environment. For example, if
an engineer needs to find a fiber-optic cable that runs under a
street, an accurate map is needed to know exactly where to dig.
As such, these types of maps are rarely designed for general
public consumption.

Most network architecture in the built environment is invisible,
running unseen in floor conduits, roof voids, underground
pipes, and so on.We generally only see the connection points
into which we plug our computers.The plates opposite show
schematic diagrams of the network infrastructure for a floor in a
building.This type of map is most often at an architectural
scale and is generally very accurate, with the position of cables,
network ports and cabinets plotted to the nearest centimeter.

The examples shown are from the Network Connectivity
Section system which manages the large and complex network
infrastructure at University College London.This network is
one of the largest in the United Kingdom, serving many
thousands of academics and students.The current “CRIMP”
cable-management system holds a database and associated plan
layouts showing the locations of over 26,000 data outlets and
331 network cabinets, spread around 118 separate buildings.
With this kind of scale of network complexity, it is vital to have
real-time locational information to identify and fix faults, as
well as to plan for extensions and upgrades of the network.The
top plate shows one floor of a building, with data ports (red
diamonds) and network cabinets represented.The bottom plate
is a CAD schematic of the logical cabling layout for a building.

2.4: Schematic  diagram of a bui lding’s  network fac i l i t ies

chief  cartographer: Nigel Hayward and colleagues (Network Connectivity Section,
University College London).
aim: to provide a detailed layout of the network infrastructure through a building for use by
network maintenance engineers.
form: computer-aided design (CAD) diagram of network topology plotted on building
architecture plans.
technique: produced by a specialized cable management system called CRIMP by Cablesoft.
date: December 2000.
further  information: details on CRIMP at <http://www.itracs.com/>
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22 At las  of  cyberspace

The two maps opposite are of the long undersea cables that
provide vital intercontinental communications infrastructure.
Undersea communication cables linking continents have been
laid since the 1860s. In the 1990s their capacity was greatly
increased by advances in fiber-optic technologies. A single
strand of fiber-optic cable can carry great volumes of data – for
example the latest cable across the North Atlantic, laid in 2000
and called TAT-14, can carry the equivalent of 9.7 million
simultaneous telephone conversations.The cables consist of
large bundles of fiber-optic threads housed within a protective
steel casing, and can thus carry huge volumes of data across the
world at the speed of light.This has led to a rapid growth in
aggregate communication capacity between continents, most
especially across the North Atlantic where cables connect the
highly wired regions of North America and Western Europe.
This means that in several regions of the world a dense network
of cables criss-crosses the oceans.

The maps are produced by Alcatel Submarine Systems, a 
major manufacturer of telecommunications systems, and its
submarine division is one of the world leaders in designing and
building undersea cable systems.These maps are from a series
created to show major undersea cables in different regions of
the world.They are good examples of maps – aimed primarily
at a technical, engineering audience – that detail the location of
cable infrastructure and, most importantly, where their landing
points are.These landing points are critical nodes in the system
shown, for it is here that the submarine cables connect to
conventional terrestrial telecom grids.

Clearly, at the scale that the maps are drawn, there is some
generalization over the exact route of cables on the ocean floor.
In its simple no-frills cartographic design, the map has much in
common with the telegraph station map (page 12). It also uses
the same kind of graphic representation – arcs and nodes –
which are each labeled with their name and bandwidth.

Satellites are significant elements in the infrastructure of
cyberspace. It is vital to understand their “geography” because
they are vulnerable, and difficult and expensive to repair or
replace.The complex patterns of their orbital position and

surface coverage mean that it is difficult to plot the geography
using a single map. One method to chart position and coverage
is to use an animated sequence.This approach was taken by
Robert Thurman and Patrick Warfolk while at the Geometry
Center at the University of Minnesota using their SaVi (satellite
visualization) software.Their animations show the changing
positions of satellite constellations encircling the globe.The
plate bottom-right is a single frame from an animation of the
orbital paths of the original design for the Teledesic satellite
constellation.The animation shows the “birds” literally
marching across the sky in orderly precision.Teledesic is a
multi-billion-dollar low-Earth-orbit constellation of several
hundred satellites, circling at an altitude of 435 miles and
designed to provide broadband data transmission for networks,
including the Internet.The individual satellites of the Teledesic
constellation are represented by small green dots and their
orbital paths are shown by the red tracks.This is overlaid on a
simple Earth globe showing country boundaries.The SaVi
software can also calculate the footprint of the satellites on the
Earth’s surface and simulate the view of the satellites overhead
from a specified point on the ground.

2.5: International  submarine cable infrastructure 

chief  cartographer: unknown (Alcatel Submarine Systems).
aim: to show the detailed geography of undersea cables for a technical audience.
form: arc–node representation on a base map of coastlines.
technique: large paper map. 
date: 1999.
further  information: <http://www.alcatel.com/submarine/> 

2.6: Frame from a SaVi  animation of  the Teledesic  satel l i te
constel lat ion

chief  cartographers : Robert Thurman and Patrick Warfolk (SaVi project, Geometry
Center, University of Minnesota).
aim: to show the changing pattern of satellite constellations around the Earth.
form: 3-D globe overlaid with the orbital paths of satellite constellations.
technique:  animations produced using the SaVi custom software application.
date: 1997.
further  information: SaVi homepage at <http://www.geom.umn.edu/~worfolk/SaVi/>;
Teledesic homepage at <http://www.teledesic.com/>
further  reading:  Lloyd’s Satellite Constellations, by Lloyd Wood,
<http://www.ee.surrey.ac.uk/Personal/L.Wood/constellations/>
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Infrastructure census maps

The maps presented so far aim to provide information about
network topology. In this section we consider three attempts to
provide a broader picture of the geographical location of
Internet infrastructure. So-called Internet census maps try to
provide an overview of the amount of Internet infrastructure
(such as the capacity of international links or computers per
capita) within countries through the presentation of aggregate-
level statistics.The first two examples we present here are both
at the global scale, but their techniques have also been used at
much smaller scales to demonstrate the unevenness in access to
Internet services within cities, states and countries.The third
example uses a more disaggregated technique, showing domain
name locations at these finer scales.

During the 1990s the Internet spread across the globe, so that
by 1997 most nations had some form of connection.This
diffusion of the Internet was tracked by Larry Landweber and
charted in a series of maps. In total, he produced 12 maps over
a period of six years, providing a useful and fascinating visual
census of the spread of international network connectivity.The
top map displays national-level diffusion of the Internet as at
September 1991.The bottom map is the last in the Landweber
series and was created in the summer of 1997. In each of the
maps a fourfold classification is used to represent network
connectivity. No connectivity is represented by yellow; the two
intermediate connectivity levels – to email only and to
BITNET – are represented by green and red respectively; and
the highest category of permanent Internet connectivity, with a
full range of interactive services, is represented in blue. Data on
the changing state of network connectivity in different countries
were gathered by Landweber from a network of human contacts
across the world.

These two maps reveal a partial picture of global Internet
diffusion through the 1990s.The first, from 1991, shows that a
large number of countries, particularly in the Americas and in
Northern Europe, had full Internet connectivity. However, an
equally large measure of the world’s nations are shaded yellow,

indicating that they had no Internet connectivity. In fact this
category included well over half the nations of the world,
though these were clearly concentrated in the less-developed
regions of Africa and central Asia. By 1997, the majority of the
nations of the world were shaded blue: the Internet, as
measured by Landweber’s survey, was so widespread that the
exceptions really stand out. (It was at this point that tracking
diffusion at this scale became redundant and, hence, this is the
last map in the series.) The yellow-shaded exceptions were
nations suffering from extreme poverty, war and civil conflicts
(such as Afghanistan and Somalia) or from geopolitical
isolation (e.g. Libya, North Korea, Burma, Iran and Iraq).

Landweber’s maps represent data by shading countries
according to a classification scheme.This is a very common
cartographic-design approach known as choropleth mapping,
which is widely used to map statistical data. It is easy to
assume that these maps provide a clear and straightforward
geographic presentation of the data. However, this is not
always the case, and one must interpret them carefully to avoid
drawing naive and unsound conclusions about the patterns in
the data. In the case of the International Connectivity series of
maps, an uncritical reading of them could easily provide a
distorted view of the global spread of the Internet. As
discussed in full in chapter 1, whilst most of the world is
connected to the Internet, this level of connectivity is not
equally distributed in scope or cost.

2.7: International  Connect iv ity ser ies  of  maps

chief  cartographer: Larry Landweber (Computer Science Department, University of
Wisconsin-Madison).
aim: to chart the global spread of network connectivity at the level of nation-states. 
form: choropleth maps where countries are shaded according to which one of four
categories of network connectivity they fit.
technique: digital maps available as Postscript and bitmap images.
dates : the first map was created in September 1991 and the last one in June 1997.
further  information: all the maps and supporting data tables are available from
<ftp://ftp.cs.wisc.edu/connectivity_table>

7973 Chapter 2 (9–72)  3/10/08  09:01  Page 25



26 At las  of  cyberspace

The longest-serving cartographer of the Internet is undoubtedly
John S. Quarterman.Through his research consultancy,
Matrix.Net, based in Austin,Texas, he has been actively
measuring, analyzing and mapping the geography of the Net for
the past decade or more. His company makes many different
maps of the Internet, but perhaps the most significant is the
world map showing the whole Internet in one snapshot (also see
the Internet Weather maps, page 66).The examples here show
the state of the Internet in January 1997 and January 2000
respectively.They provide an overview of the global Internet by
mapping the aggregated volume of networked computers,
known as “hosts”, using the common cartographic design of
graduated circles; the larger the circle, the more hosts are
located in that geographic element, where the circles are plotted
onto the familiar geographic framework of continents and
countries.The map opposite from January 1997 displays three
other global computer networks (BITEARN, UUCP, and
FidoNet) in addition to the Internet.These networks have
declined dramatically in use as the Internet has come to
dominate; hence, they have been dropped from later Matrix.Net
world maps such as that shown below.

2.8: Matrix.Net Internet world maps

chief  cartographer:  John S. Quarterman and his colleagues (Matrix.Net, Inc., 
Austin, Texas).
aim: to chart the geographic extent of the Internet as a function of the volume of
networked computers at the city level. The first map charted four different networks, while
the later one shows only Internet-connected computers.
form: world map with networked computers represented by a graduated circular symbol. 
technique:  digital maps as bitmaps and Postscript-generated using custom software and
mapping application.
dates :  January 1997, January 2000.
further  information:  Matrix.Net homepage at <http://www.matrix.Net>

The maps provide a more detailed overview than the
Landweber maps, revealing the extent to which Internet
infrastructure is distributed within countries, and the large
concentrations in North America, Europe and East Asia.The
large number of purple circles in North America, representing a
million or more Internet hosts, demonstrates the extent to
which this area of the world still dominates Internet usage –
although Europe and East Asia are clearly catching up, as
evidenced by their clusters of blue circles. Unlike Landweber’s
maps, then, a north–south divide is clearly evident, with
developing countries in Africa and South America having
comparatively fewer hosts. Further interpretation, beyond a
global overview, is difficult because the scale of the map has led
to significant overplotting, making it difficult to identify the
geographic locale of each symbol.
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Domain name maps

Computers identify other computers on the Internet using a
globally unique number called an IP (Internet Protocol)
address. IP addresses are 32-bit numbers consisting of four
numbers ranging from 0 to 255, separated by a period (e.g.,
144.82.100.130).The particular IP number in the foregoing
example identifies a single Unix workstation at University
College London, providing it with a globally unique location on
the Internet. Numeric IP addresses were originally the only
form of virtual address. However, they proved difficult for
people to remember and so an alternative system of addressing,
called “domain names”, was developed. Domain names are
short textual names (e.g., www.ucl.ac.uk) that are structured in
a hierarchical system, which can be thought of as a tree that
grows upwards from the general to the specific. Domain names
have become an increasingly valuable commodity as
corporations seek memorable addresses for their websites.

There have been a number of attempts to map and analyze the
geographic distribution of ownership of domain names at
different scales.This task, however, has had two main problems.
First, names are allocated by many different agencies; and,
second, it is difficult to pin down the exact size of global
domain names because of their delegated structure and rapid
growth. (As of November 2000 there were over 33 million
domain names registered, of which 19.9 million were .com).To
date, most maps have concentrated on plotting the ownership
of .com domains in the United States.The geographic location
of the owner of these domains can be determined from the
registration database, which has a billing postal address
containing zip codes that can quite easily be mapped to street-
level locations.

Matthew Zook, in the Department of City and Regional
Planning at University of California, Berkeley, has produced a
series of domain name maps, from a regional scale down to the
scale of street in a number of selected cities.This is part of his
doctoral research into the geography of the Internet industry.
Zook gathered his own data on the ownership location of .com,

.net, .org and .edu domains from InterNIC using a
computerized survey that ran for five weeks in the summer of
1998.Three of Zook’s maps for the San Francisco region are
displayed opposite.

Zook uses simple dot and proportional symbol maps, with
background road and town data to add context.These illustrate
well the potential of this type of Internet census-mapping. Each
symbol represents the number of domain names at that
particular zip code.The top map is at the regional level, showing
the Bay area with dense clusters evident in San Francisco itself,
down Silicon Valley and in the Oakland/Berkeley area.The
bottom-left map displays the domain names in San Francisco
itself, with the densest concentrations in the financial district
and “South of Market” area (famed as “Multimedia Gulch”).
The bottom-right map displays only a few city blocks around
South Park, at the heart of the multimedia district. A high
degree of geographic clustering of domains is clearly visible
across the three spatial scales.

2.9: Domain name maps for  the San Francisco region

chief  cartographer:  Matthew Zook (Department of City and Regional Planning,
University of California at Berkeley).
aim: to map the distribution of domain name ownership.
form: graduated dot map on base data, where the size of the symbol is proportional to the
number of domains at a location.
technique:  digital maps produced using geographical information systems, based on
domain name registration data.
date:  1998.
further  information:  Internet Geography Project at
<http://socrates.berkeley.edu/~zook/domain_names/>
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Marketing maps of Internet service providers

A large number of maps of the Internet have been produced by
commercial network operators for the purposes of marketing.
Here, maps serve an overt commercial purpose, namely to
attract potential customers in what is a highly competitive and
lucrative global business.The maps created seek to
communicate to potential customers the benefits of using the
network operators’ services by highlighting two key aspects of
their infrastructure: its geographic extent and its capacity.

UUNET is one of the world’s leading Internet network
providers, being part of the massive MCI WorldCom
corporation. UUNET’s network maps are designed to promote
the impressive capacity and connectivity that the company
offers in different regions of the world.They are created by
Henry Ritson, UUNET’s global marketing manager, as an
integral part of UUNET’s sales and marketing strategy.The
maps are produced at four different scales – global, continental,
national and city – and are updated on a quarterly basis using
information passed on from the engineering department.This
information is turned into high-quality, hand-crafted maps, a
time-consuming cartographic exercise taking several days’ work
for each map.

The cartographic design of Ritson’s marketing maps opposite
uses conventional arc–node topology to represent the network
on a geographic base. In the global and continental maps,
network links between cities are shown by lines where their
color and thickness encode capacity measured in millions of
bits transferred per second (Mbps).The thin purple lines are 45
Mbps (known as T3s) and the range goes up to thick black lines
that are the 12-lane superhighways of the Net carrying a
massive 2,488Mbps.The use of the geographic base map
provides an important and familiar template for users,
illustrating the reach of the network. As such, the maps provide
an abstracted picture of UUNET’s network, using a process of
generalization to produce relatively neat and ordered maps
suitable for marketing purposes. However, they only capture the
state of UUNET’s network at a single point in time. In the

frenetic world of Internet infrastructure provision, UUNET’s
network is reportedly growing at 1,000 percent a year, and links
and nodes are added and upgraded all the time.The engineers
who design, build and maintain the network can obviously track
the infrastructure, but the maps and schematics they use for
this task are full of highly technical and confidential
information and are therefore not publicly available.

It is clear from these marketing maps that UUNET has
developed an extensive, high-capacity network forming a dense
mesh of links connecting many parts of the world. Indeed, the
density of network capacity in Silicon Valley and along the
Washington–Boston corridor means that these areas on the map
have limited cartographic legibility.

2.10: UUNET’s  backbone marketing maps at  four different scales

chief  cartographer:  Henry Ritson (UUNET), UK map artwork by Mark Watts.
aim: to provide marketing maps to promote the company’s Internet network to potential
customers by demonstrating the geographic extent and capacity of the infrastructure. 
form: high-quality arc–node representations mapped onto a geographic framework, with
symbol size and color denoting different capacities of links and hubs. Different scale maps
reveal more detail about network topology and capacity.
technique:  hand-crafted maps, updated quarterly from detailed information concerning
network engineering.
date:  global – June 2000; North America – June 2000; UK/London – October 2000.
further  information:  UUNET Network homepage at <http://www.uu.net/network>
UUNET UK at <http://www.uunet.co.uk/network>.
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Interactive mapping of networks

The maps we have discussed so far convey information in a
fixed form that cannot be altered or queried by the map reader.
In contrast, some researchers are exploring more sophisticated
representations that allow the map reader to interact with the
map and to explore the visualization further.These maps shift
some of the power of representation from map author to map
viewer, allowing the user to explore the dataset (although this is
within the parameters set by the map’s creator).

Interactive maps can take a number of forms. Some allow the
map reader to change viewing position, others to modify the
visual presentation by changing the data classification or
symbology, or through the subsetting of an area of interest by
zooming or database selection, and others still to enquire
interactively about individual data objects. In some cases, these
features are combined. All of these approaches are pushing the
conventional boundaries of map representation into the realm
of cartographic visualization. Moreover, they often utilize the
power of the Web to deliver data and interactive representations
onto a user’s desktop, where users are then free to explore 
them at will.

Mapnet is an interactive mapping tool that allows Web users to
map and examine multiple Internet-backbone infrastructures
from more than 30 different commercial and education-and-
research networks. Mapnet was developed by Brad Huffaker at
CAIDA and is programed in Java so that it can be run using a
standard Web browser.The plates opposite display a series of
screenshots of Mapnet in action, mapping the network
infrastructures of the Ten-155 network in Europe (shown by
green links), then adding UUNET (cyan links) and then
Telstra’s network centered in Australia (orange links). Mapnet
visualizes networks as arc–node topologies on a flat, terrain-
style, geographic base map.The interface comprises four major
elements: in the center is the large map window; above this is a
series of control buttons and menus that provide a number of
useful interactive functions; and at the bottom are two text
boxes, the one on the left providing a selection list of networks

to map and the one on the right displaying the results of
interactive queries.

The Mapnet application offers a significant degree of control
over data representation and enquiry. One can set the line
thickness and color-code the arcs by company or by bandwidth.
It is also possible to zoom from the global view to regional
levels to see detail more clearly, as the bottom-right screenshot
shows by zooming into Europe. Moreover, using the enquiry
mode it is possible to click on a link of interest and receive
details about that link in terms of the end nodes, capacity, and
company that owns it. In the example, the link between London
and Lisbon is highlighted.

Mapnet thus provides the user with the flexibility to explore the
network infrastructures of their choice, mapped onto a
common, familiar framework of real-world geography.This is
important because it allows the comparison of networks of
different companies. Usually it is difficult to compare networks
because information is generally only available in marketing
maps, which are presented in all manner of different formats
and cartographic styles.This said, Mapnet is reliant on
commercial networks to provide up-to-date information –
something many are reluctant to do.

2.11: Mapnet,  an interact ive Internet-backbone mapping tool

chief  cartographer:  Brad Huffaker (Cooperative Association for Internet Data Analysis).
aim: to provide an interactive tool that allows users to explore geographic extent and
bandwidth of multiple Internet networks.
form: geographic world map with networks drawn as arc–nodes that are color-coded by
owner or bandwidth.
technique:  interactive Java program that allows users to choose which network to map,
how to color-code, and how to zoom in to see regions in more detail.
dates :  Mapnet went online in 1997 (screenshots opposite taken in May 2000).
further  information:  CAIDA, homepage at <http://www.caida.org>
Mapnet available at <http://www.caida.org/tools/visualization/mapnet/>
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These plates show three different views of a three-dimensional,
interactive map of the backbone network of CESNET, the
education-and-research Internet network of the Czech
Republic, as at May 1997.The network links between nodal
towns and cities are represented by the horizontal tubes, with
the width of the tube indicating the capacity of that link.The
central focus of the network is the capital Praha (Prague),
which is clearly identifiable as the center of the strong star-
shaped configuration.This map is a 3-D model, constructed
using Virtual Reality Modelling Language (VRML).When
displayed using a suitable VRML viewer, the data are easily
manipulated and viewed from any angle.The user can therefore
freely rotate, zoom, pan and flip the 3-D backbone map, as can
be seen in the three screenshots.

The top plate opposite shows the image viewed from its default
position, “face on”, and it looks like a conventional flat 2-D
map. In the bottom image the map has been tilted on its side to

2.12: 3-D map of  the CESNET Internet backbone

chief  cartographer:  unknown (CESNET).
aim: to map the topology of the CESNET backbone in the Czech Republic.
form: a 3-D map with network links as pipes floating above an outline map of the Czech
Republic. City nodes are shown by small columns.
technique:  geographic arc–node representation of the network using VRML to provide a 
3-D model that can be viewed from any angle.
date:  May 1997.
further  information:  CESNET homepage at <http://www.cesnet.cz> 

reveal the 3-D arc–node structure. In the final image below the
viewing position is as if the model had been flown into,
presenting the effect of zooming into part of the network (in this
case the Prague area). In some senses, then, the map reader can
“get inside” the map. Constructing the map data as a 3-D
model means that it can be examined from an almost unlimited
number of positions and angles, giving more power to the
viewer as compared with fixed or even animated maps.
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The globe is one of the most powerful visual metaphors onto
which to map the geographical dimensions of large networks
such as shipping lines, trade flows, airline routes and
communications. A team of researchers,Tamara Munzner,
K. Claffy, Eric Hoffman and Bill Fenner, have utilized this
metaphor to produce visually striking interactive maps of a
significant part of the Internet – the MBone, which comprises a
special set of routes, known as “tunnels” in technical Internet-
speak, that run on top of ordinary Internet networks and are
used to deliver multicast data. Multicasting is an Internet
protocol designed for efficiently delivering a single copy of a
chunk of data to many different people. It is especially useful
for distributing real-time audio and video communications,
such as of live concerts or space shuttle launches, to a large
audience without sending individual copies to everyone.The
tunnels themselves are created between special routing
computers, forming a dedicated multicast backbone network,
known as MBone for short.

From mid-1996 the cartographers have represented the MBone
using an arc–node representation projected into a 3-D space.
The globe around which these arcs are placed is marked with
country boundaries, along with US state and Canadian
provincial borders, to provide a geographic context. Curving
lines between MBone router locations have been employed to
represent the 700-odd MBone tunnels, with color and thickness
used to show characteristics of the tunnels while the height of
the arcs above the surface of the globe was simply a function of
distance.The longest tunnels were drawn as the highest arcs, as
can be seen opposite.This makes sense in the context of
understanding the MBone topology, because long links that
span large parts of the Internet are the most important and so
merit greater visual prominence. It should be noted that these
MBone visualizations only show the structure of this network
and not any data on traffic actually flowing over the links.

One of the aims in the researchers’ MBone mapping endeavors
was to make the results as widely available as possible and, also,
to make the maps as interactive as possible, so that people
could explore the topology for themselves rather than being

presented with predetermined static images.To achieve these
aims the researchers produced their 3-D maps as interactive
VRML models.The maps opposite present a series of
impressive screenshots of their 3-D MBone maps from a range
of viewpoints.The top-right map is a view of the whole globe,
as if seen from several hundred miles out in space, with a dense
mesh of arcs criss-crossing the United States from coast to
coast, along with higher and longer transcontinental tunnels
curving around the globe. One particular MBone link has been
selected and is highlighted as a yellow arc.The map bottom-
right shows the European MBone structure.

The remaining two smaller figures show horizon views of
different aspects of the United States.The map top-left is a
view of Mexico and the southern states from a vantage point
above Central America. In this example, the MBone links have
been color-coded according to the company that owns the
network links.The map bottom-right is a view taken from a low
angle, close to the surface of the globe off the coast of
California. Looking across North America from this angle, the
density of looping arcs of varying heights is clearly apparent.
Lateral links along the west coast, as well as longer tunnels from
the east coast, can be discerned. Certain tunnels are highlighted
using a different color and thickness of lines, indicating that
they are of a different specification.

2.13: 3-D MBone globes 

chief  cartographers :  Tamara Munzner (Computer Graphics Laboratory, Stanford
University), K. Claffy (CAIDA), Eric Hoffman and Bill Fenner.
aim: to visualize the topological structure of the part of the Internet called the “MBone” on
a geographic base.
form: 3-D arcs on a globe, with country boundaries shown to provide context.
technique:  custom software to create 3-D visualization distributed in VRML.
date:  June 1996.
further  information:  Planet Multicast homepage at
<http://oceana.nlanr.net/PlanetMulticast/>               
further  reading:  “Visualizing the global topology of the MBone”, by Tamara Munzner, 
K. Claffy, Eric Hoffman and Bill Fenner, proceedings of the 1996 IEEE Symposium on
Information Visualization, 28–29 October 1996, San Francisco, pages 85–92. 
<http://www-graphics.stanford.edu/papers/mbone/>
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Visualizing network topologies in abstract space

In this section, we turn our attention away from attempts to
map the Internet’s infrastructure onto geographic space to
examining more abstract spatializations.These are essentially
topological maps of the infrastructure that have been visualized
into forms that do not correspond to geographic space.The
spatializations most often use graph-type structures as their
basic visual metaphor, with a number of different layout styles.
Here, the absolute, geographical location of the infrastructure
is not important, and the spatializations are designed to reveal
other kinds of information using a system of relative location.
For example, the spatializations might reveal connectivity and
routing that may well be indiscernible on a cluttered
geographic representation.

As with other maps of infrastructure, these spatializations take
on a number of forms and are used by different groups of
people; some spatializations are technical blueprints used by
those who manage the networks; others are aimed at the users
of the networks.

The spatialization shown opposite was created by Elan Amir
whilst a graduate student in the Computer Science Division at
the University of California at Berkeley.The spatialization
shows some 1,377 routers on the MBone in August 1996 as an
organic-looking graph with dense clusters and many scattered
outlying limbs. It looks almost astronomical, with the MBone
nodes and connections floating free in an abstract space, like
stars in distant galactic clusters.This graph can be thought of as
a non-geographic version of the MBone maps of Tamara
Munzner and colleagues (see previous page).

The map was created using a network drawing tool developed
by Amir, called Carta. MBone routers are represented by
boxes labeled with an ID number.Whilst having limited
practical use, the spatialization provides an interesting holistic
view of the MBone topology from a single view, providing a
sense of the shape and interweaving structure of that part of
the Internet infrastructure.

2.14:  Large graph of  the MBone network topology 

chief  cartographer:  Elan Amir (while at the Computer Science Division, University of
California, Berkeley).
aim: to visualize the topological structure of the MBone.
form: a complex, organic-looking graph, laid out in an abstract space.
technique:  2-D postscript graph created using Amir’s Carta software.
date:  August 1996.
further  information:  <http://www.cs.berkeley.edu/~elan/mbone.html>
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Plankton is an interactive network mapping tool developed to
create topological maps of a particular and important element
of Internet infrastructure, namely international Web caches.
These caches help make the Web work more efficiently and
improve the speed for end users by storing commonly sent data.
The screenshots here show Plankton in action, with each small
square representing a cache node and the lines showing how
they are connected into hierarchies.The inset image below
displays a small part of this complex hierarchy in finer detail.
The nodes and lines are colored according to traffic demand,
with darkest red being the busiest. Data on cache topology are
gathered daily, and users are able to select which day they want
to examine.

2.15:  Plankton,  a  v isual izat ion of  the topology of  global  
Web caches 

chief  cartographers :  Brad Huffaker, Jaeyeon Jung and K. Claffy (Cooperative Association
for Internet Data Analysis – CAIDA).
aim: to create a spatialization of global Web caches.
form: hierarchical graphs drawn in semicircular configurations, color-coded by traffic.
technique:  interactive Java application.
date:  application developed in 1997, screenshot captured with June 2000 cache data.
further  information:  
Plankton homepage at <http://www.caida.org/tools/visualization/plankton/>
further  reading:  Visualization of the Growth and Topology of the NLANR Caching
Hierarchy, by Bradley Huffaker, Jaeyeon Jung, Duane Wessels, and K. Claffy, CAIDA Report,
March 1998. <http://www.caida.org/tools/visualization/plankton/Paper/plankton.html>

Plankton provides a number of interactive functions, including
graph layout (geographic or abstract), symbology (node size,
link thickness, or color-coding by traffic or domain), rotating,
panning, zooming and the creation of time-series animation.
In addition, individual nodes can be interrogated.
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In terms of attempts to map the whole Internet, a rival form to
the Internet census maps has emerged with the work of Bill
Cheswick and Hal Burch.Their Internet Mapping Project
spatializes the topology of thousands of interconnected Internet
networks to provide an overview of the core of the Internet in a
single snapshot.They map the Internet in an abstract space: as
Cheswick argues, “We don’t try to lay out the Internet
according to geography … The Internet is its own space,
independent of geography.”

Data are gathered by using the Internet to measure itself on a
daily basis, surveying the routes to a large number of end points
(usually Web servers) from the research project’s base in New
Jersey.The resulting spatializations reveal how the hundreds of
networks and many thousands of nodes connect to form the
core of the Internet.The striking example shown opposite is a
spatialization of data gathered on 11 December 2000,
representing nearly 100,000 nodes.

2.16: Internet connect iv ity graph

chief  cartographers :  Hal Burch and Bill Cheswick (Lumeta).
aim: to visualize the core of the Internet in a single graph.
form: a striking graph that has been variously described as a peacock’s wing, a lung or a
coral reef. It has an organic look of fractal complexity. Color-coding identifies networks of
major operators.
technique:  Internet structure measured daily and maps rendered using custom graph-
drawing software which takes many hours to lay out the final image.
date:  December 2000. 
further  information:  <http://www.lumeta.com>
Internet Mapping Project <http://www.cs.bell-labs.com/~ches/map/index.html> 
Peacock Maps <http://www.peacockmaps.com>

The spatialization takes several hours to generate on a typical
PC.The layout algorithm nevertheless uses simple rules, with
forces of attraction and repulsion jostling the nodes into a
stable, legible configuration.The end result is a static image,
but there are many permutations in the algorithm to generate
different layouts and color-codings of the links according to
different criteria (such as network ownership or country). In the
example shown, links have been color-coded according to the
Internet service provider (ISP), seeking to highlight who
“owns” the largest sections of Internet topology.

This project is ongoing and the data are archived and available
to other researchers to utilize. Over time, it is hoped that the
data will be useful for monitoring growth and changes in the
structure of the Internet.
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  Legend

cw.net  6070
alter.net  3997
sprintlink.net  2479
att.net  2294
apnic.net  2219
ripe.net  2032
ans.net  1843
uu.net  1545
bbnplanet.net  1438
qwest.net  1243
telstra.net  1120
psi.net  1120
verio.net  1056
krnic.net   897
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Moving downscale from spatializations that try to show the
“whole” of the global Internet, we now present an example that
focusses on a single territory.The “Cyber Map” of Hong Kong
provides a comprehensive visual census of all Internet backbone
connections between ISPs in Hong Kong and their
international links. It is a hard-copy paper poster-sized
spatialization and is provided as a free supplement to IDG’s
computer magazine in Hong Kong.The data on ISP
interconnections is laboriously gathered and verified by hand
unlike, say, Cheswick and Burch’s Internet Mapping Project
just examined, which uses automatic measurement probes.

In style, the spatialization is an abstract topological
representation reminiscent of old-fashioned astrological star
charts. It uses a simple and effective symbology of circular
nodes representing hubs of different ISPs and lines for the

interconnecting links. Strong color-coding of the lines and
circles is used to represent details about the different types of
links and the nature of the ISP. Labels also show the name
and/or abbreviation of the ISP and the bandwidth of the link.
International hubs are arranged in boxes at the top and bottom
of the spatialization; the heart of the diagram is the Hong Kong
Internet Exchange (HKIX – http://www.hkix.net/), which is the
key hub and provides a “neutral” meeting point where a large
number of competing ISPs can interconnect to share traffic.
The HKIX is shown on the spatialization by a double-ringed
white circle, which appears to be the brightest “star” at the
center of Hong Kong’s Net constellation. For Internet users,
the spatialization provides a comprehensive and
comprehensible survey of Internet topology and capacity.

2.17:  “Cyber Map” of  Internet interconnect ions in Hong Kong 

chief  cartographer:  Ernest Luk (IDG Communications, Hong Kong).
aim: to show the network topology and capacity for all interconnections in Hong Kong and
to international networks.
form: abstract topological map using simple nodes and arcs. 
technique:  manual survey and construction.
date:  December 1999, updated quarterly.
further  information:  <http://www.idg.com.hk/cybermap/>
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This graph is an intriguing summarization and visualization of
the complex topology of the core of Internet connections. It is
based on data gathered by CAIDA’s skitter program and Bill
Cheswick’s Internet connectivity project (see page 42).The aim
was to show how much ISPs were interconnected in terms of
their peer relationships and how they are dispersed around the
world. Importantly, the researchers who created this
visualization aggregated and filtered the data first, rather than
trying to visualize the whole dataset, as occurs with Lumeta’s 
2-D Internet graphs or the 3-D hyperbolic graphs discussed
next.The 220,000 individual nodes in the dataset, of Internet
topology were aggregated by the ISP to which they belonged,
based on the technical grouping by autonomous system (AS)
number.This yielded some 1,516 AS nodes, which represent
the most highly connected ISPs that form the core of the
Internet and carry the bulk of the traffic.

These data were then visualized as a polar-projected graph,
where each AS node was represented by a small square.The
spatial position of the squares encode two vital characteristics:
first, the distance away from the center shows the relative
strength of peer relationships with other ISPs; second, the
angular position around the circumference of the circle shows
its approximate geographic position.The links between ISPs are
shown by the arcs, which are color-coded “hot” (red) to “cold”
(blue) based on the relative strength of connection, so yellow,
central, nodes are some of the most well-connected ISPs.

In terms of the geographic component of the visualization, one
can think of this as somewhat like a map of the Earth with a
projection centered on the North Pole. Around the
circumference of the graph, longitudes are marked every ten
degrees, and colored strips denote the different continents. Key
cities are also labeled.The geographic position of an AS node is
determined by the headquarters location of the ISP. Clearly,
there is considerable generalization because many large ISPs
will have their infrastructure spread across the globe. As such,
one might like to think of this as more of a geopolitical location.
The graph generally divides the nodes into three distinct
segments based on the continents of North America, Europe
and Asia/Oceania.

The key aspect of the AS Core Internet graph is its ability to
identify the most powerful ISPs and where on the globe they
are concentrated. (In this visualization – powerful in the sense
that power for ISPs comes through peering – the more peer
linkages with other ISPs, the more efficiently you will be able to
route your customers’ data.) It is clear that the densest
concentration of AS nodes, towards the center of the graph, lies
along the longitude of about 70° West, which relates to the
eastern seaboard of the USA.The headquarters of some of the
leading Internet backbone operators, such as UUNET, PSInet,
Qwest and CWUSA, are found there.

In many ways this visualization reinforces what is apparent from
many of the other maps in this chapter: that the United States
is the dominant player in terms of Internet infrastructure. In
fact, the top 15 most connected AS nodes are in North America
(just one being in Canada).The AS Core Internet graph also
reveals that many of the ISPs based in Europe and Asia–
Oceania have relatively far fewer connections between them,
relying instead on peer links with US backbones to act as a hub.

2.18:  AS Core Internet graph

chief  cartographers :  Brad Huffaker, Andre Broido, K. Claffy, Marina Fomenkov, 
Sean McCreary, David Moore, and Oliver Jakubiec (Cooperative Association for Internet Data
Analysis – CAIDA).
aim: to visualize the macroscopic structure of the Internet for a snapshot in time by showing
relationships between peer and geographic location of ISPs.
form: polar-projected graph.
technique:  data gathered from automatic measurements of the Internet topology through
a program skitter.
date:  January 2000.
further  information:  <http://www.caida.org/analysis/topology/as_core_network/>
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The evocative images shown here look like strange nebulous
jellyfish with complex dense fronds, floating in a black sea. In
fact, they are the preliminary results from a visualization of
Internet topology of connections between routing traffic nodes.
The visualizations use a special type of 3-D projection called
hyperbolic space to enable the interactive display of huge
directed graphs, some with hundreds of thousands of nodes.
They are produced using a software tool code-named Walrus
currently being developed by CAIDA researcher Young Hyun.
The tool works interactively, so that the user can rotate and
view the graph from any position.

Walrus uses hyperbolic space so that a large graph can be
displayed in the limited resolution of a computer screen and
still be legible to the analyst. Hyperbolic projection provides a
“focus + context” view of data, whereby the viewer sees the
world through a 3-D fish-eye lens so that the portion of the
graph at the center of the display is greatly enlarged, revealing
fine detail. Despite this focus, the rest of the graph is still
visible, gradually diminishing in size (but never disappearing)
towards the edge of the fish-eye, and so providing vital overall
context.The user can drag any portion of the graph into the
center of the fish-eye and it will enlarge in a smooth transition.

(The Walrus software is based in part on the 3-D hyperbolic
research of Tamara Munzner, which we examine in chapter 3.)

The data being visualized by Walrus is gathered by skitter, a
comprehensive Internet-monitoring tool developed also by the
CAIDA researchers. skitter’s monitoring software runs on
dedicated machines located at a growing number of sites on the
Internet, and it actively probes tens of thousands of destination
points on a daily basis, recording the route and performance of
test traffic.The three images show the routing topology of the
Internet as measured by the skitter monitor based in London,
visualizing the same dataset in different ways for some 535,000
separate nodes and over 600,000 links.

2.19: 3-D hyperbol ic  v isual izat ion of  Internet topologies

chief  cartographer: Young Hyun (Cooperative Association for Internet Data Analysis –
CAIDA).
aim: to provide interactive exploration of huge graphs (greater than 100,000 nodes) showing
complex structures of Internet routing.
form: dense and organic, jellyfish-like 3-D graphs projected inside a transparent sphere.
technique:  data gathered from automatic measurements of the Internet topology by
skitter. Visualization through custom-written hyperbolic graph-viewer code named Walrus.
date: 2000.
further  information:  <http://www.caida.org/~youngh/walrus/walrus.html >
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The top image opposite is a striking 3-D topology spatialization
of vBNS, the high-performance Internet network that links US
universities and research labs (http://www.vbns.net). It is part of
a short animation, created by the Cichlid visualization toolkit,
that simulates data packets zooming along the links as dark-red
cubes.The topological structure – copied from a more
conventional-looking static 2-D spatialization shown below –
uses a standard arc–node graphical form.

The core vBNS network hubs are represented by the large blue
cubes interconnected by purple arcs.These are laid out in space
based on approximate geographic configuration, and so west-
coast nodes are shown on the left-hand side of the image and
east-coast nodes are on the right. Branches from these blue cube
hubs are links to aggregation nodes (shown by cyan pyramid
symbols) and normal university nodes (small red balls). Also
shown are connections to other Internet networks represented
by larger gray balls. All nodes are labeled with name (or
abbreviation) of the site or network.The overall image is a still
frame from an animation of simulated Internet traffic flows.

2.20: 3-D map of  the topology of  the vBNS Internet backbone

chief  cartographer:  Jeff Brown (Measurement & Operations Analysis Team, National
Laboratory for Applied Network Research).
aim: to demonstrate the potential of the Cichlid visualization toolkit to model networks. 
This example models the topological structure of the vBNS network in the United States in 3-D
with an animation of simulated data packets.
form: 3-D arc–node network representation floating in empty space. Layout of the graph is
partially geographic. Data packets are shown by small red blocks.
technique:  digital animations and images created by Jeff Brown’s Cichlid visualization
toolkit.
date:  summer 1999.
further  information:  MOAT homepage at <http://moat.nlanr.net>
Cichlid homepage at <http://moat.nlanr.net/Software/Cichlid/>
further  reading:  “Network Performance Visualization: Insight Through Animation”, by 
Jeff Brown, A. J. McGregor and H-W. Braun, paper for PAM 2000 Workshop, Hamilton, New
Zealand, April 2000. <http://moat.nlanr.net/~jabrown/cichlid-misc/cichlid-pam2k.pdf>
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The geography of data flows

Whilst the maps and spatializations discussed so far reveal
information concerning network topologies, they tell us very
little about how much data actually flow through those
networks or what the data consist of.There are considerable
difficulties in obtaining representative data on traffic flows
across the Internet. It is also a challenge to represent what are
temporal phenomena, and so cartographers often resort to
various aggregations over time and space. In this section we
examine several different attempts to produce maps that
perform this role.

The maps shown opposite are some of the earliest of Internet
traffic flows still publicly available.They display data traffic
flows on the Usenet network in 1993 (see page 164 for a fuller
discussion of Usenet).They were created as part of a project to
measure the number of hosts in the Usenet network and the
amount of traffic (number and volume of posted articles)
flowing between them, along with estimates of the number of
readers, from 1986 to the early 1990s. In order to visualize the
geography of the Usenet network infrastructure and traffic flow
within this network, a mapping tool called Netmap was
developed.The maps that Netmap produced were somewhat
rudimentary in style, comprising a simple arc–node network
representation plotted on a simple black-and-white world map
with national boundaries shown, where the width of the arcs
was proportional to volume of traffic flowing over the links
between backbone nodes.

This mode of representation has led to severe problems of
graphical overplotting in North America and Europe, where
most Usenet sites are based and through which most traffic
flows (see top image). In fact, the map reveals that very little of
the rest of the world was connected to the Usenet system in
1993.The problem of overplotting is partially remedied by
showing only the data flows between backbone sites and by
producing region-specific maps.The backbone nodes are
represented by labeled circle symbols giving the ID code for the
site.The more numerous ordinary sites on the Usenet network
are shown by small black dots.

2.21:  Usenet data f lows 

chief  cartographer:  Brian Reid (while at the DEC Western Research Labs, USA).
aim: to display worldwide Usenet data flows between individual sites.
form: black-and-white line world map of countries, overlaid with a conventional arc–node
network representation, with line width proportional to data-flow volume.
technique:  created with Reid’s Netmap software and output as a Postscript digital map.
date:  May 1993. 
further  information:  a series of Reid’s maps is available in Postscript format at
<ftp://gatekeeper.dec.com/pub/maps/>; Reid’s homepage is at <http://www.reid.org>
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TeleGeography’s maps develop further the cartographic style
employed in Reid’s Usenet maps.The maps display aggregate
telecommunication traffic-flows across the public telephone
network, as measured in millions of minutes for 1999, for two
important regions of the world: Europe (opposite) and Asia
(below).The nodes and links are used to represent two aspects
of the data.The nodes, positioned on the approximate
geographic location of the capital city of each country, are
drawn as circles with their diameter proportional to the annual
total volume of outgoing traffic for that country.The traffic
flows between countries are represented by lines sized
proportionally to the total annual traffic between that pair of
nodes. Only links over a minimum threshold are shown, so as to
limit the problems of overplotting.

2.22:  TeleGeography’s  telecommunicat ions f low maps

chief  cartographer:  Gregory C. Staple and colleagues (TeleGeography, Inc.).
aim: to map the volume of telecommunication traffic between countries.
form: map of countries, with traffic flows represented by smoothly curving lines, and nodes
as circular symbols plotted onto capital-city locations. The size of the circular node indicates the
country’s total outgoing traffic, while arc thickness is proportional to the traffic on that route.
technique:  hand-crafted maps using arc–node representation.
date:  1999.
further  information:  TeleGeography’s homepage at <http://www.telegeography.com>

Despite the fact that the data flows are not normalized in
relation to population, the maps reveal a great deal about
communications and data flows between countries in these
regions. Some large flows are due to business transactions – for
example, those at the heart of Europe – whereas others mainly
represent large groups of immigrants keeping in contact with
home, such as the large flows between the United Kingdom and
Ireland, and Saudi Arabia and India.
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The two striking images shown opposite are from one of the
most well-known Internet visualizations.They are single frames
from an animation of Internet traffic flows on NSFNET for the
early 1990s. NSFNET was the heart of the Internet from the
late 1980s to 1995, connecting major universities in the United
States and linking them with many countries around the world.
Here, a visual metaphor of a virtual network floating above the
United States is used to represent the NSFNET backbone, with
the source of the inbound data and its connecting node shown
by the colored vertical lines.These lines are color-coded to
indicate the volume of traffic that was carried, ranging from low
(purple) to high (white).

The bottom map shows the “T1” backbone of NSFNET,
summarizing inbound traffic flows for September 1991 (all
quantities hereafter representing the aggregate volume for that
month). A stylized base map of the US states provides a context
for the virtual network.The white links are carrying 100 million
bytes.The top map shows the next generation of the network,
the T3 ANS/NSFNET, against a more “realistic” background of
the Earth’s surface taken from a satellite terrain image.The
color-coded lines projecting from the ground represent the
network links from individual sites (mostly universities) to the
backbone.The scale of data flows represented by colored links
increased in magnitude during the intervening period to
December 1994, and so white now represents 1 trillion bytes.

The maps in combination reveal that the dominant traffic flows
are on the US east and west coasts where most of the
population and universities are located, and that there was
significant growth in the number of sites connected to the
network between 1991 and 1994.

2.23:  Visual izat ions of  traff ic  f lows over NSFNET

chief  cartographers :  Donna Cox and Robert Patterson (National Center for
Supercomputing Applications, University of Illinois Urbana-Champaign, USA).
aim: to visualize the growth in traffic flows on the NSFNET backbone network in the United
States in the early 1990s.
form: a virtual backbone floating in space above the United States, with lines color-coded
according to the volume of the traffic carried.
technique:  high-quality 3-D animation using custom software. 
dates :  visualizing data for (a) September 1991 and (b) December 1994.
further  information:
<http://www.ncsa.uiuc.edu/SCMS/DigLib/text/technology/Visualization-Study-NSFNET-Cox.html >
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One of the urban myths concerning the origins of the Internet
was that it was designed to survive a Soviet nuclear strike
through its distributed structure.The map opposite is
reminiscent of this myth, having something of the appearance
of ballistic missile tracks displayed on a NORAD (North
American Aerospace Defense) radar display.The world is
encompassed by a fountain of arcing trails streaking from
country to country. In fact, this impressive “arc map” is a
visualization of Internet traffic flows between 50 nations, as
measured by the NSFNET backbone for a two-hour period in
February 1993; it is one of the most compelling, almost iconic,
representations of the Net, and it is widely reproduced in
newspapers and magazines and even on book covers.

The color, thickness and height of the arcs are used to encode
the traffic statistics for particular international routes.The arcs
are also partially translucent so as not to completely obscure
lines at the back of the map, while their height above the base
map is in relation to total volume of traffic flowing over a link.
This has the effect of making the links with the fastest flow the
highest and therefore most visually prominent on the map.

The user had considerable interactive control over the map
within the SeeNet3D application. For example, the arc-height
scaling and translucency could be smoothly varied; and the
map could be rotated and scaled, so that the user could view it
from any angle.

The map shows that there was significant traffic, in the early
1990s, between three areas of the world: North America and
Europe; Europe and Australasia; and Australasia and North
America. Most traffic crossed the Atlantic.The map does not
show all traffic, however, because it is limited to just 50
countries. As such, it portrays a selected image – one that is
dominated by anglophone countries, which were the principal
nations connected to the Internet in 1993.

2.24:  Internet traff ic  f lows between countr ies

chief  cartographers :  Stephen Eick and colleagues Ken Cox, Taosong He and 
Graham Wills (Bell Labs-Lucent Technologies / Visual Insight).
aim: to create compelling 2-D and 3-D visualizations to understand network data flows.
form: flat world map with country boundaries and traffic flows represented as looping arcs
traversing the Earth. 
technique: a still image from an interactive visualization tool called SeeNet3D, designed for
network visualization and data exploration.
date:  1996.
further  information:  Eick’s Network Visualization Gallery
<http://www.bell-labs.com/user/eick/NetworkVis.html>
further  reading:  “3D Geographic Network Displays”, by Kenneth C. Cox, Stephen G.
Eick, and Taosong He, ACM Sigmod Record, 25(4),  pp. 50–54, December 1996. 
<http://www.bell-labs.com/user/eick/bibliography/1996/3D_copyright.pdf>
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The images here display a moment in the dynamic geographic
visualization of Internet traffic.The maps were one outcome of a
larger project to monitor and analyze, in real time, the patterns of
traffic on Web servers to help design systems that perform better.
The visualizations utilize what might be termed a “skyscraper”
metaphor mapped onto the globe to reveal Web traffic and type,
originating at different locations in real time. As such, the heights
of the skyscrapers grow and shrink as the traffic flows vary.The
skyscrapers are located in the geographic location of traffic origin
and are divided into segments, with each segment representing
different types of Web traffic (text, images, video, etc.) that make
up the total volume.

The two figures show Web traffic in North America, although
Europe can clearly be seen on the horizon.The data are Web
requests to the National Center for Supercomputing
Applications (NCSA) Web server in 1995.This server was the
home of the Mosaic Web browser, at that time one of the most
popular sites on the Web and receiving over 400,000 “hits”
(requests for data) on an average day. As hits were received, the
display was updated.The system could cope with a peak traffic
load of 50 hits per second.To enable the visualization of traffic
on the globe, the cartographers developed a method for
determining the geographic location of the origin of Web traffic.
However, this only produced approximate locations, with traffic

originating outside the United States simply being aggregated
to national level, with the capital city assigned as the location of
origin.Within the United States, much greater spatial
discrimination was achieved, with traffic being mapped to the
city of origin.

It is important to note that the global “skyscraper” maps were
designed to be accessed in a sophisticated virtual reality (VR)
system that allowed users to immerse themselves in the
visualization.This required expensive virtual-reality hardware,
including head-mounted displays and even a CAVE. (A CAVE
is an expensive state-of-the-art virtual-reality environment that
uses a room-sized cube of back-projected screens to display the
scene. Users can walk around in the CAVE, and the scene is
updated in real-time response to their movements. In these VR-
supported environments, the user’s head movements are
continuously tracked and the view constantly updated in
response to where the user is looking.) Moreover, it was
possible to interact with the map by reaching out and
“touching” one of the skyscraper bars to initiate an enquiry and
see full details of traffic flows (opposite). Control panels and a
map key were also displayed.The user had considerable power
to change the data classification and the scale and rotation of
the globe.

2.25:  Geographic  v isual izat ion of  traff ic  on the NCSA website

chief  cartographers :  Stephen E. Lamm, Daniel A. Reed and Will H. Scullin.
aim: to show geographic origin of traffic, in real-time, of a popular website.
form: 3-D globe, with traffic represented as bars projecting from the Earth’s surface looking
like virtual skyscrapers. Height, location, and color-coding of the bars encode data attributes
for the website traffic.
technique:  custom software to analyze traffic and create 3-D visualization using 
virtual-reality techniques.
date:  August 1995.
further  information:  “Real-Time Geographic Visualization of World Wide Web Traffic”,
by Stephen E. Lamm, Daniel A. Reed, and Will H. Scullin, proceedings of the Fifth
International World Wide Web Conference, 6–10 May 1996, Paris.
<http://www5conf.inria.fr/fich_html/papers/P49/Overview.html>
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Mapping traceroutes

Given the rapidly evolving nature of the Internet, maps
employing static data (all those so far described) quickly
become dated.To counteract this limitation, research is being
undertaken to create dynamic maps that are automatically
updated in real time. One way that this can be achieved is
through the mapping of traceroutes. A traceroute is an Internet
utility that reports the route that data packets travel through the
Internet to reach a given destination, and also the length of
time taken to travel between all the nodes along a route.The
original traceroute tool was created by Van Jacobson, a
computer scientist working at Lawrence Berkeley national
laboratory in the United States in 1988.

Traceroutes are an important Internet debugging tool for those
involved in keeping networks running.They can help identify
routing problems quickly and simply; moreover, they can be
useful for tracking down a source of spam and also for finding
out where a website is located before credit-card details are
revealed. On another level, traceroutes can help to satisfy
people’s curiosity to know how their computer connects to the
global Internet and how they can access information from all
around the world as if it were just next door.Traceroutes reveal
the hidden complexity of data flows, traversing many nodes –
usually owned and operated by competing companies – to
reach a given destination.

A typical output of a basic traceroute utility is shown here,
charting the route between Maynooth in Ireland to Adelaide in
Australia, via New York and San Francisco.

This approach has now been complemented by a new breed of
geographic and visual traceroutes, and we look next at one good
example:VisualRoute.

7973 Chapter 2 (9–72)  3/10/08  09:02  Page 62



Mapping inf rast ructure  and t raff i c 63

1 2 ms 4 ms 2 ms cismay.may.ie [149.157.1.6]

2 4 ms 5 ms 4 ms Moskva-s2-2-nuim.hea.net [193.1.194.13]

3 6 ms 6 ms 5 ms Kinnegad-fe0-0.hea.net [193.1.198.253]

4 130 ms 98 ms 96 ms heanet.ny3.ny.dante.net [212.1.200.101]

5 103 ms 96 ms 106 ms [212.1.201.36]

6 101 ms 102 ms 106 ms 500.POS2-0.GW6.NYC9.ALTER.NET [157.130.254.245]

7 97 ms 112 ms 97 ms 527.at-5-0-0.XR1.NYC9.ALTER.NET [152.63.24.66]

8 99 ms 98 ms 97 ms 181.ATM5-0.BR3.NYC9.ALTER.NET [152.63.23.145]

9 103 ms 99 ms 98 ms acr2-serial3-0-0-0.NewYorknyr.cw.net [206.24.193.245]

10 * 177 ms 172 ms acr2-loopback.SanFranciscosfd.cw.net [206.24.210.62]

11 178 ms 172 ms 178 ms optus-networks.SanFranciscosfd.cw.net [206.24.209.206]

12 489 ms 488 ms 487 ms [192.65.89.65]

13 486 ms 484 ms 486 ms GigEth0-0-0.ia4.optus.net.au [202.139.190.18]

14 512 ms 514 ms 522 ms SA-RNO-Int.ia4.optus.net.au [202.139.32.206]

15 523 ms 517 ms 510 ms lis255.atm1-0.main.flinders.gw.saard.net [203.21.37.4]

16 513 ms 514 ms 515 ms rory.cc.flinders.edu.au [129.96.253.11]

Trace complete
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VisualRoute presents traceroute results in both a table form
and plotted onto a world map. In this case, the routes from
London to three distant websites are shown – first to the
Japanese Prime Minister’s Office (www.sorifu.go.jp), then to the
Russian Parliament (www.duma.ru) and finally to the White
House website (www.whitehouse.gov).

Each row in the table within the illustration represents one leg
in the route.The columns in the table provide much useful
information, such as the domain name of the machine at each
link-point, its approximate geographic location, and the
company name of the networks that are being traversed.The
round-trip time for each leg of the journey is also shown, as
both a numeric value and also on a graph. In all of our three
examples it takes more than 15 hops, crossing multiple
networks – quite a feat of routing and cooperation that happens
unseen to the millions of average Web surfers.

A limited amount of user interaction with the map is possible
through panning and zooming.VisualRoute is limited by its
geographic database of node locations, although it allows users
to add to this database and to add their own, more detailed,
base maps. One of the significant limits of conventional

traceroute utilities such as VisualRoute for dynamically
exploring the Internet’s infrastructure is that the origin of the
trace is fixed to one location, namely the computer on which
the trace is run.This limitation of a fixed point of origin has
been partially overcome by the development of  Web-based
traceroutes.

There are also difficulties in mapping an Internet node
(logically identified by a network address) to an actual latitude
and longitude on the globe.There is no automatic means to
achieve this mapping of virtual addresses to real-world
addresses. Consequently, these programs use a variety of
heuristics to try to resolve a network node to a geographic
location with differing levels of accuracy.This is a difficult
problem to solve and each utility experiences varying degrees of
success in determining a location. Ultimately, they are
dependent largely on looking up the Internet addresses in static
databases of latitude and longitude, but these are partial and
cannot keep pace with the dynamic growth and change of the
global Internet.

2.26: VisualRoute geographic  traceroute

chief  cartographer:  Jerry Jongerius (FORTEL).
aim: to trace how data flows through the Internet in real time.
form: the trace shown as a black line, plotted on a base map.
technique:  simple plotting of trace onto base map.
date:  initially released in January 1998 (screenshots taken in November 2000).
further  information:  VisualRoute homepage <http://www.visualroute.com>
further  reading:  Mapping the Internet with Traceroute, by Jack Rickard, Boardwatch
Magazine, December 1996. <http://boardwatch.internet.com/mag/96/dec/bwm38.html> 
Nailing Down Your Backbone: The Imprecise Art of Tracerouting, by Jeffrey Carl, Boardwatch
ISP Directory, Summer 1999. <http://www.ispworld.com/isp/traceroute_art.htm>
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What’s the Net “weather” like today?

Like other types of network, such as a national road system, the
Internet can experience congestion. One specialized type of
data-traffic map seeks to chart the flow of data throughout a
network, identifying how long it takes for data to travel through
the system.This type of data can be a valuable aid for network
administrators seeking to keep their systems free of hold-ups.
Here, we detail two example mappings.

The performance of the global Internet is measured every
four hours, every day of the year, by Matrix.Net to produce a
unique and continuous “Internet Weather Report” (IWR).
Having been running since 1993, IWR gives one of the few
consistent, time-series measurement bases of the global
Internet. Frames are shown from IWRs at the global scale and
for Japan from June 2000.

Forecasts are made six times a day for over 4,000 Internet
sample points all around the world.This measurement consists
of “pinging” (sending a tiny packet of data to) sample
computers from Matrix.Net’s headquarters in Austin,Texas,
and measuring the time the ping data takes to travel there and
back.This round-trip time, measured in milliseconds, gives an
estimate of the latency for that sample point on the Internet.
These ping measurements are turned into a map with
graduated circle symbols to represent latency (the larger the
circle, the longer the delay).The color of the circle represents
the number of Internet hosts at each location that are being
surveyed by the IWR. Individual maps are used to create daily
animations of traffic congestion on the Internet. Matrix.Net can
produce these maps from a global to a local scale.

In basic terms, small circles on the map show a healthy
Internet, while large circles are indicative of poor performance
and possible problems. Interpretation of IWR animations can
be difficult, although it is claimed that you can see patterns of
Internet latency (“storms” of congestion). A major limitation
with IWR is that all the measurements are taken from a single
point of origin at the company’s headquarters, which means
that each map can never give a representative view of the whole
of the Internet’s weather.To overcome this limitation,
Matrix.Net has developed a much more comprehensive
monitoring system called Internet Average (see
<http://www.miq.net/>), which samples Internet performance
continuously from many different points across the world.

2.27: Internet Weather Report  ( IWR)

chief  cartographers : John Quarterman and colleagues (Matrix.Net).
aim: to show the Internet “weather” (performance/congestion) at hundreds of locations
across the world.
form: animated geographic maps, with graduated color-coded circles showing changing
latency patterns.
technique:  measurement six times a day from the Matrix.Net company base in Austin,
Texas. Custom software generates daily animated maps for different regions and countries.
date:  examples taken from June 2000. IWR has been in operation since 1993.
further  information:  see <http://www.matrix.net/isr/weather/>
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The diagrams shown opposite display the daily peak traffic for
individual network links on NORDUnet, the education-and-
research network for the Nordic region, with the map below
displaying the countries connected and links to the rest of the
Internet.The top spatialization opposite provides a detailed
view of the topology of nodes and links in the network.The
bandwidth of individual links is represented by line thickness.
The color-coding of the lines denotes the percentage peak
traffic-load for the day, in 10-percent classes, as specified in the
lower-left legend.Thus dark-blue links represent a peak traffic-
load of between 0 and 10 percent, while the most congested
links, colored dark red, peak at 90–100 percent traffic load.The
links are divided into two segments, with the segment closest to
a node (shown as a box) representing outgoing traffic for that
node.

The spatialization is a summary of, and visual interface to, a
complex measurement system that monitors the network traffic
in great detail. More detailed statistics can easily be obtained by
clicking on individual links of interest.The statistics – for
example average and peak traffic on an hourly basis – are then
presented on standard line charts.This type of analysis allows
system administrators to carefully monitor their system’s use
and to counter any particular difficulties such as little spare
capacity.

2.28: NORDUnet network-traff ic  map

chief  cartographer:  Rami Heinisuo (NORDUnet).
aim: to show the peak daily percentage traffic load on individual links in the network. Also,
to provide an index to more detailed traffic statistics.
form: topological map of the network, with links color-coded by density of traffic. Nodes are
shown by the labeled squares.
technique:  custom-written software (NORDstat) for network measurement and the
creation of the interactive traffic map on a daily basis.
date:  example map from 13 June 2000.
further  information:  NORDUnet homepage at <http://www.nordu.net>
traffic map at <http://www.nordu.net/stat-q/load-map/ndn-map,,traffic,busy>
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number of people connected by telephone; this reflects the
dominance of the United States on the Internet.

The world’s population is shown by the blue polygon and its
particular temporal pattern makes an interesting contrast, in
that for part of the day it is outside the other three polygons.
This means that many more people could be online (i.e. they
are awake during their office hours of 9–5) but are not
connected to any global communications networks by the
telephone or Internet.This is most apparent through the early
morning, London time (3–8 p.m.), when Asia is awake but the
highly networked nations in Europe and North America are
asleep. At the peak of the networked population in the
afternoon, London time, the blue line is close to the center of
the map, showing that this represents less than half the world’s
population.This demonstrates graphically that cyberspace is
accessible to the privileged minority of the world’s population,
located predominantly in the wealthy Western nations.
Interpreting their creation,TeleGeography concludes in a 1999
report that: “Each day, while the demand for connections
moves clockwise from East to West with the sun, available
network capacity appears to move counterclockwise as network
resources are idled during the night.”

Mapping cyberspace usage in temporal space

As the “Internet Weather Reports” (page 66) demonstrate, there
is a temporal aspect to the use of the Internet, not only in terms
of daily fluctuations in Web usage but also in relation to delays
in the transfer of traffic. Analysis of these “weather” maps
reveals that peaks in congestion coincide with the overlapping
of key times in geographic space – for example, the coinciding
of early morning on the east coast of the United States with
mid-afternoon in Europe, or the coinciding of early morning on
the US west coast with early afternoon in the east coast. In this
final section of chapter 2, we detail an attempt to map
cyberspace usage at a global scale in relation to time.

The innovative and unconventional-looking map (opposite)
shows the number of people who could potentially be
networked in cyberspace during office hours (9a.m.–5p.m.) in
terms of land-line and mobile telephones and the Internet
throughout the 24 hours of a single day.The map uses the
visual style of a radar graph from statistical graphics, with three
different color-coded polygons representing the different
communications technologies.The size of the polygons varies
through the hours of the day, with the largest percentage of
people online being shown when the polygon vertices stretch
furthest from the center.Time around the edge of the map is
calibrated to London (GMT), with three office days (Shanghai,
Paris and New York) highlighted by the circular strips
surrounding the map.The area enclosed by the red line
represents the percentage of Internet hosts operational during
office hours.This peaks in the afternoon, London time, as the
Europeans are still in the office and the North Americans are
just starting work.The green- and orange-lined polygons
represent fixed and cellular telephone connections, which peak
at two different periods – first in the morning, London time,
when Europe goes to work and Asia is still in the office, and
then in the afternoon when the North Americans and
Europeans are together in network time–space. Interestingly, in
the first European morning peak the percentage of Internet
hosts is relatively low (at around 30 percent) compared with the

2.29: Circadian geography of  communicat ions networks 

chief  cartographers :  Zachary Schrage and Gregory Staple (TeleGeography, Inc.,
Washington D.C.).
aim: to show how many people are connected via the Internet and via fixed and mobile
telephones around the world through 24 hours of a day.
form: radial graph on a polar projection.
technique:  hand-crafted map.
date:  1998.
further  information:  TeleGeography homepage at <http://www.telegeography.com>
further  reading:  TeleGeography 1999: Global Telecommunications Traffic Statistics and
Commentary, edited by Gregory C. Staple, 1998, TeleGeography, Inc., Washington, DC.
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