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Abstract

This work presents a technological analysis of guifi.net, a free, neutral, and open-access
community network. Guifi.net consists of more than 27,000 operational nodes, which makes
it the world’s largest community network in terms of the number of nodes and coverage area.
This paper describes the characteristics of the network, the link level topology, its growth
over a decade, and its resilience in terms of availability and reachability of network nodes.
Our study is based on open data published by guifi.net regarding its nodes and wireless
links, monitoring information, community database, and its web portal. The data includes
historical information that covers the lifetime of the network. The scale and diversity of
the network requires a separate analysis of the subsets of the entire dataset by area or
by separating the core from the leaf nodes. This shows some degree of diversity in local
characteristics caused by several demographic, geographic, technological, and network design
factors.

We focus on the following aspects: technological network diversity, topology characteris-
tics, evolution of the network over time, analysis of robustness, and its effect on networking
service availability. In addition, we analyse how the community, the technology used, the
geographical region where the network is deployed, and its self-organised structure shape
the network properties and determine its strengths and weaknesses.

The study demonstrates that the guifi.net community network is diverse in technolog-
ical choices for hardware, link protocols, and channels and uses a combination of routing
protocols yet provides a common private IP network. The graph topology follows a power-
law distribution for links in regions up to a few thousand Km2, limited to the scope of
wireless links. Network growth has two aspects: a geographic growth of the network core
using long distance links with wireless or fibre, and the local growth in density with leaf
low-cost leaf nodes. The resilience of the network derived from the nodes’ uptime and the
structure of the graph varies across different regions with more fragile leafs than core nodes
and diverse degrees of graph resilience to random failures or coordinated attacks, such as
natural causes, depending on the network planning, structure, and maturity. The guifi.net
community network results from a loosely coupled and decentralised organic growth that
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exhibits large local differences, diverse growth, and maturity under a common community
license and social network.
Keywords: Community network, Wireless network, Topology patterns, Network
characterisation, Resilience

1. Introduction

Today, the Internet connects the world; however, the availability of sustainable, cost-
effective, and quality services for all citizens is still challenging. Community networking,
also known as bottom-up networking, is an emerging model for the future Internet, where
communities of citizens build, operate, and own open IP-based networks. It is also a key
infrastructure for individual and collective digital participation [1]. Hundreds of community
networks operate in very diverse areas. These networks are usually run by non-profit organi-
sations and can cooperate with local stakeholders – including commercial service providers –
to develop community services, including local networking, voice, data, and Internet access.
These large, decentralised, dynamic, and heterogeneous structures raise challenges that can
be of interest to researchers, both as a source of inspiration and as a field to apply their
research findings [2].

This paper focuses on guifi.net, which is the world’s largest community network, to the
best of our knowledge. The network started in 2004, and ten years later it has surpassed
27,000 operational nodes and around 13,400 users [3]. Most nodes are located in Catalonia
and nearly all are in the Iberian Peninsula (Spain and Portugal). There are many more
community networks around the world, with local variations in aspects, such as structure,
operation, population, coverage, and technology with the common goal of empowering all
citizens to access and participate in the digital world.

The purpose of this paper is to describe and analyse this large-scale community network
to understand its characteristics in terms of structure, scale, dynamics, and decentralisation.
In addition, we identify the challenges that Internet protocols and service providers must
face to be able to operate in these networks.

In Section 2, this paper presents a measurement study of guifi.net and extends prior
findings presented in [4, 5] based on a smaller portion of the data. The collected data include
management information, such as network structure, from the community node and traffic
database, SNMP logs, and active traffic measurements on routing and wireless interfaces.

After a description of related work and data collection in Section 3, our study analyses the
following aspects: hardware network diversity (Section 4), topology characteristics (Section
5), evolution of the network (Section 6), availability of network nodes (Section 7), analysis of
resilience (Section 8) as well as the consequences on network services and applications. We
analyse how the social community, the technology, the region where the network is deployed,
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and its self-organised structure shape the community network and determine its properties,
strengths, and weaknesses. Finally, the paper discusses related work and conclusions in
Section 9 and concludes.

2. The Guifi.net Network

Guifi.net [6, 7] is defined as an open, free, and neutral network built by its members,
who are citizens and organisations pooling their resources and coordinating efforts to build
and operate a local network infrastructure. The underlying principle behind guifi.net is the
common pool resource (CPR) model as the optimal method to manage a network [8, 9].
Most of the network links in guifi.net are wireless [4], but there is an increasing number of
fibre links being used [10].

The community network is built upon an interconnection agreement in which each new
participant is given the right to use the network for any purpose unless it affects the operation
of the network or the freedom of other users, the right to know and learn any detail of the
network and its components, and the freedom of joining or extending the network following
the same conditions. The only limitation is that this network cannot be used in a way that
affects its operation or the freedom of other users.

The network started in 2004, and ten years later it has more than 27,000 operational
nodes. Most nodes are located in Catalonia and nearly all are in the Iberian Peninsula
(Spain and Portugal). In 2008, the community members created the guifi.net Foundation, a
non-profit organisation responsible for the coordination of the community and the provision
of deployment support for the users. The guifi.net Foundation encourages the deployment
of the network, but it does not manage it. Therefore, decisions concerning network growth
and maintenance are made by the network users.

Typically, guifi.net grows very quickly; in a week about, 30 nodes can become operational
and more than one hundred new nodes can be planned (created on the web interface but not
yet operational). Moreover, the network offers a wide range of services, provided by individ-
uals, social groups, and small non-profit or commercial service providers. Guifi.net is also
open and welcoming to researchers; together with AWMN (Greece) and FunkFeuer (Aus-
tria), it is part of the experimental testbed Community-Lab. This testbed was inspired by
PlanetLab, and its main goal is to promote and facilitate research on community networking
[2].

Currently, at the physical level, guifi.net combines several technologies with wireless
and optical fibre being the most common. Due to its affordability, accessibility, and ease of
deployment, Wi-Fi was the first technology to be used and is still the most popular; it is fully
supported by the web tools, and its use is widespread among professionals and volunteers.
The initial nodes of guifi.net were deployed in 2004. Figure 1 depicts the evolution of the
total operational nodes over time. Optical fibre was first introduced in 20091.

Topologically speaking, Wi-Fi and optical fibre networks are rather similar [4, 10]. In
both cases, end-user nodes (the nodes) are connected to a central point (the supernodes

1http://guifi.net/node/23273

3

http://guifi.net/node/23273


Figure 1: Growth of guifi.net in terms of the total number of operational nodes.

in Wi-Fi and the Point-of-Presence Internet Exchange (PoPIX) in optical fibre), and su-
pernodes are connected to each other through dedicated links as the backbone. In Wi-Fi,
the infrastructure mode (i.e., the combination of master-client mode for nodes to supern-
ode connections and dedicated Point-to-Point (PtP) links between supernodes) has been
shown to be much more efficient than solutions based on IEEE 802.11 ad-hoc mode [11, 12].
Nonetheless, some parts of the network operate in Ad-Hoc mode. In Wi-Fi, practically all
of the links are deployed by guifi.net. In contrast, for optical fibre deployments, most of
the PtP links are subcontracted dark fibres2. Figure 2 shows the current distribution of the
operational PoPIX (15 total). In the areas where the two technologies coexist, optical fibre
links replace Wi-Fi links in the backbone. Such fibre links form a backhaul that results in a
more efficient topology, amending the abnormal situation of having a backbone with several
tenths of Wi-Fi hops.

At the IP level, guifi.net uses IPv4 RFC1918 private addresses. The IP addresses had
been initially mapped to network interfaces according to guidelines issued by the Free Net-
works project. This project, which started in 2000 but has been unmaintained for years, had
the aim of harmonising the 10/8 block allocation among community networks. Currently,
the full 10/8 address space is considered, although in practice only some /16 blocks are
being used. The IPs are allocated to supernodes in /27 chunks3 and each one of the nodes
receive one of these IPs. In addition, the 172.16/12 block4 chunks are used for the PtP
backbone links. Nonetheless, this range is not routed; hence, 10/8 and 172.16/12 addresses
are frequently referred to as public and private addresses, respectively.

At the routing level, the network is split into Autonomous Systems ; most of them are
internally running Open Shortest Path First (OSPF) and interconnected via Border Gateway
Protocol (BGP). Number and name assignments and allocations are made foreseeing the

2So far all of them to the Catalan national dark fibre provider http://www.xarxaoberta.cat/en/about-xoc
3Such small netmask is a legacy of the address space scarcity in the times of Free Networks (10/8 were

assigned to each community network regardless of its size – while guifi.net already had thousands of nodes
the other community networks had only tenths).

4Currently just the 172.25/16 block are used. Assignments are made in /30.
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Figure 2: guifi.net Optical Fibre backbone links (May 2015).

network as a completely single network (i.e., for compatibility reasons). In addition, in
September 2014 about 2,900 routes were announced at the largest BGP cloud5.

With respect to the network interconnection, guifi.net is connected to many networks,
including the Internet, in different ways. Peering with other networks is the preferred method
because this fits better with the principles of the project, carriers, and domestic Internet
connections. Network interconnection is made available following the conditions established
by the individuals or groups that are offering it.

The guifi.net Foundation is a member of the Catalan Exchange Point (CATNIX6), which
has about 39 peers (counting IPv4 and IPv6) and three 1 Gbps Internet uplinks. Two of
these uplinks are operated by the Foundation and the other by an Internet Service Provider
(ISP). Both the uplinks that are operated by the Foundation and the CATNIX connections
are distributed among participating ISPs, which, in turn, redistribute them among their
customers. Figure 3 shows the evolution of the total inbound and outbound guifi.net traffic
over the last year. The network is also part of the Community-Lab experimental testbed;

5Because block aggregation is not automated
6http://www.catnix.net/en/
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therefore, gui�.net has a network level federation with several other European community
networks [2].

Figure 3: Evolution total transit exchanged by gui�.net.

The most common method for users to make their domestic Internet connections available
to other gui�.net members is through proxies (usually web proxies). Gui�.net has developed
a proxy federation system, which allows any user to freely use all the network proxies using
the same credentials. The DSL lines belonging to public administrations (councils, libraries,
telecentres, etc.) are usually made available to gui�.net participants through this proxy
federation system because it o�ers several technical and legal guarantees.

3. Methodology and Data Collection

Although community networks are open and inclusive by nature, collecting data from
them can be challenging due to the nature of the network, its decentralised structure, the
number of members involved, the formal and informal structures of governance, and the
technical barriers due to its heterogeneity. In addition, the network grows according to
the needs of the users, and they are responsible for installing, con�guring, and maintaining
their own nodes as well as the network services and management tools. This fact makes it
more di�cult to keep track of the state and evolution of the network, which also a�ects the
collection of data.

We used historical data from several open data repositories of the gui�.net commu-
nity. The data contains information collected since the beginning of the network in 2004.
Analysing this data, we can observe the growth of the network, both socially and compu-
tationally in terms of wireless links, monitoring information, membership, and web portal.
Additionally, in 2014 and 2015, we performed several active measurements over the network
for short periods (from a few days up to a couple of weeks).

Both active measurements and data collection were constrained to avoid any negative
e�ects on the operation of the network. Therefore, although most of our data requirements
were granted by the gui�.net Foundation, our access to logs was limited (only open and
anonymized data), and our experiments were conducted in a way that would not signi�cantly
a�ect network performance.

All the data collected allowed us to capture and understand the speci�c characteristics
of the gui�.net network. We collected information from the following sources:
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� Network description: expressed in the Community Networks Markup Language (CNML),
an XML-based language used to describe community networks. Gui�.net publishes a
snapshot of its network structure every 30 minutes with a description of registered
nodes, links, and their con�gurations. In the CNML description, the information is
arranged according to di�erent geographicalzonesin which the network is organised.
This information has been used to build topology graphs (see [5] for more details).

� Node database:a dump of the community network database that, in addition to the
data described in CNML, includes other details about dates and people involved in
the creation and update of the con�guration of nodes and links.

� List of federated users: a list of user identi�ers with password hashes for authenti-
cation on the diverse services o�ered by gui�.net, mainly on federated web proxies.
In February 2015, we registered 12,797 user identi�ers used on about 300 web proxy
servers.

� Periodic infrastructure logs: we analysed the logs of a gui�.net proxy widely used by
community members to access Internet content. These logs contain information about
the amount of data transferred, active sessions, users, and tra�c patterns.

� Simple Network Management Protocol (SNMP) snapshots:we collected information
concerning 3,668 nodes using SNMP requests and scripts to reach nodes via SSH.
Examples of the information collected in each node are statistics about the uptime,
the total number of nodes linked to it, addresses of its neighbours (ARP tables), current
channel number, number of failed transmissions, background noise level, routing tables,
etc.

� Link data tra�c logs: this service (also known as a graph server) is a distributed and
hierarchical monitoring system that collects metrics about the in/out tra�c, delays,
and availability of all nodes and link interfaces registered. In each geographicalzone,
one or more servers are continuously collecting information via SNMP requests to nodes
and storing it on Round-Robin Database (RRD). Any request to the gui�.net web
server of a given node will be managed by the graph server responsible for delivering
the tra�c graph.

4. Hardware of the network nodes

In this section, we analyse the hardware, �rmware, and setup used in gui�.net. Our
objective is to characterise the di�erent hardware and software choices made by network
members. This analysis will allow us gain an understanding of how an open, free, and
neutral network led by a diverse range of individual and independent choices results in a
cohesive IP network.

In the gui�.net community (as in any human community), collective actions are coordi-
nated among members, but a high number of decisions are also individually made. Never-
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(a) Firmware (b) Manufacturer (c) 802.11 protocol

(d) Routing
(e) Antenna

(f) Channels

Figure 4: Diversity of gui�.net wireless network nodes

theless, many practical experiences, lessons learnt, and knowledge are shared not only within
the community but also with users of other community networks.
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Individual freedom is re�ected in the analysis of the hardware and software heterogeneity.
That diversity may be a characteristic feature of large community networks, in contrast
with smaller ones, where there may be more homogeneity. Figure 4 summarises the range
of choices in wireless gui�.net nodes.

Among the more than 27,000 nodes studied, we discovered that 13 di�erent �rmware
versions were running simultaneously (Figure 4a). Of these, 56% are di�erent versions of
AirOS, and 26% run RouterOS �rmware versions. Both �rmwares are based on General
Public License (GPL) source code but include proprietary binary modules from Ubiquiti
Networks and MikroTik, respectively. This variety of versions for the same �rmware illus-
trates that deployed devices are not updated or changed until they fail or become congested.
For instance, RouterOS version 6 was released in 2013, version 5 in 2010, version 4 in 2009,
and version 3 in 2008.

Ubiquiti devices are the most common hardware used in gui�.net (Figure 4b) at 32% of
the deployed devices NanoStation. Ubiquiti devices are designed for easy installation, for
example, outdoor boxes, integrated antenna, Passive Power over Ethernet (POE). On the
other hand, MikroTik devices (RouterBoard) o�er better performance and �exibility but
require outdoor boxes, antennas, wireless radios, and pigtails.Supernodeswith several links
require devices with multiple radios and multiple antennas. Therefore, Ubiquiti devices are
used for end-user nodes and MikroTik devices are used forsupernodes. Currently, supernodes
combine multiple components (hybrid supernodes), for instance, a RouterBoard device as
the core of the router connected through Ethernet with Ubiquiti devices, which are used as
radios and antennas.

Figure 4c shows the choices made for the selection of Wi-Fi protocols with more than
81% of the devices using the oldest 802.11b speci�cation. In the 2.4 GHz band, channel
allocation is almost equally distributed among the 13 channels (from 2.412 GHz to 2.472
GHz) available for use in Europe (Figure 4f). Nevertheless, in the 5 GHz band, there are
some unused channels. Currently, gui�.net is testing the 24 GHz band.

In contrast to other community networks [13], the adjacent channel allocation in gui�.net
does not cause interference since 75% of the devices use directional antennas (Figure 4e).
However, other sources of wireless interferences are caused by some devices that are using
high transmission power by miscon�guration and by the use of third-party equipment.

Figure 4e shows a high diversity of antenna gains, which correspond to the speci�c re-
quirements of each physical location and link distance. The diversity observed is mainly
caused by the freedom that gui�.net users have in order to use any solution they are com-
fortable with to build their nodes. This is not the most common case in Wireless Community
Networks as described in Section 9.

Concerning routing, Figure 4d shows the distribution of the protocols used inside the
network. The majority (83.71%) of the nodes are using an unde�ned gateway protocol, which
is usually an alias for Interior Gateway Protocols (IGP). Other protocols are equally popular,
with 6.62% and 5.43% of nodes using Open Shortest Path First (OSPF) and Border Gateway
Protocols (BGP), respectively. This smaller fraction of the network, where the nodes are
using IGP and OSPF, constitutes the network backbone. In contrast, the small percentage
of ad-hoc devices corresponds to mesh clouds built in urban areas, such as Barcelona (Spain),
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and are not part of this study (see [14]).

5. Topology Analysis at the Link Level

In the next sections, we are going to study and review the gui�.net network characteristics
from link structure to network evolution. In this section, we begin with our observations
about the topological structure in order to use the conclusions as a baseline to understand
the behaviour in upper protocol layers. This will allow us to understand the construction
and structural properties of the network.

Figure 5: Zones considered, ordered by the num-
ber of nodes.

Figure 6: Catalonia zone. Axes are in km.

The analysis is based on the CNML information downloaded on January 5th, 20157.
The CNML �le is organized into a tree hierarchy of zones. The root zone is namedgui�.net
World. Each zone can be divided in other zones that cover smaller geographical areas. We
refer to each division aslevels, with the root zone at level 1. Here, we have considered zones
up to level 5. From them, we have chosen 15 leaf zones that have graphs with the largest
number of nodes. Figure 5 shows the resulting zone tree. To explore the resemblance of
aggregated zones with the leafs in the analysis, we also considered the Catalonia level 4 zone.

Figure 6 shows the geographical position of the nodes and links in the Catalonia zone.
Catalonia leaf zones are marked with dashed lines and numbers corresponding to those given
in Figure 5. Note from Figure 6 that not all nodes in a zone are connected in a single cluster.
Isolated clusters correspond to users that started a new group of nodes inside a zone and
did not have the ability to establish links with other clusters in the zone. Several reasons
explain this limitation, such as the geographical distribution of the population within the
territory or the absence of other gui�.net users in surrounding areas.

7The CNML �le can be downloaded from http://guifi.net/en/guifi/cnml/3671/detail
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zo
ne whole base-graph core-graph terminals

nodes/links/km 2 nodes/links degree nodes/links degree � /p-val r / � /p-val

1 19,654/19,286/22,056 12,161/12,511 1/2.1/525 711/1,061 1/3/28 2.7/0.07 0.24/16/0.31
2 8,383/8,189/3,524 7,753/7,920 1/2/525 311/478 1/3.1/26 2.8/0.5 0.15/24/0.096
3 4,916/4,451/3,344 3,562/3,674 1/2.1/266 205/317 1/3.1/23 2.7/0.62 0.25/16/0.054
4 1,840/1,819/28 888/911 1/2.1/148 50/73 1/2.9/10 2.8/0.32 0.27/17/0.81
5 1,551/1,534/74 1,391/1,405 1/2/152 67/81 1/2.4/8 2.8/0.35 0.65/20/1
6 1,330/1,292/23 650/650 1/2/223 16/16 1/2/4 4.2/0.91 0.36/40/0.14
7 1,037/993/31 763/766 1/2/121 47/50 1/2.1/5 2.8/0.07 0.74/15/0.31
8 972/932/50 730/737 1/2/99 31/38 1/2.5/5 2.9/0.64 0.33/23/0.71
9 701/671/308 503/510 1/2/81 44/51 1/2.3/14 3.3/0.65 0.47/10/0.92

10 580/570/230 291/293 1/2/125 12/14 1/2.3/5 2.8/0.3 0.86/23/0.71
11 579/589/119 526/543 1/2.1/48 54/71 1/2.6/8 2.7/0.81 0.64/8.7/0.3
12 567/598/131 311/391 1/2.5/69 55/135 1/4.9/20 2.1/0.51 0.18/4.7/0.49
13 554/546/151 472/480 1/2/72 31/39 1/2.5/9 3.1/0.47 0.76/14/0.42
14 455/452/38 445/448 1/2/93 23/26 1/2.3/5 3.2/0.51 0.44/18/0.66
15 429/410/538 295/308 1/2.1/118 31/44 1/2.8/13 2.6/0.39 0.38/8.5/0.084
16 419/279/1,911 221/234 1/2.1/23 67/80 1/2.4/8 3.1/0.1 1.3/2.3/0.3

� 1,621/1,555/700 1,253/1,285 1/2.1/144 70/101 1/2.7/11 2.9/0.48 0.52/16/0.47
cv 1.3/1.4/1.7 1.6/1.6 0/0.061/0.85 1.2/1.3 0/0.26/0.64 0.16/0.49 0.6/0.57/0.68

Table 1: Summary of zone graphs. base-graphrefers to the largest cluster of the whole graph. core-
graph is obtained from base-graphby removing nodes with unitary degree. For degree columns it is given
min/mean/max. Fittings with p-value < 0:1 are in bold.

In order to ensure the consistency of our characterization, we considered the largest
cluster in every zone. This cluster is called thebase-graphof the zone.

These facts lead to separately considering the distribution of nodes belonging tonon-
expert usersfrom those nodes forming the core. The former can be identi�ed asterminal
nodes(i.e., nodes in the base-graph having a degree equal to one). The core can be obtained
by removing such nodes. Note that by doing this we obtain another connected graph that
also has nodes with a degree of one (those with a degree of two in the base-graph, connected
to one terminal node). Thus, we should use the termcore-graphto refer to the graph that
results from removing terminal nodes from the base-graph. Table 1 summarises the number
of nodes, links, and degrees of the base-graph and core-graph for each zone. For the degree,
the table shows the minimum, mean, and maximum values. The last two columns are used
in the statistical characterisation of graphs. Finally, the last two rows give the mean (� )
and coe�cient of variation ( cv = �=� ) of the values of the corresponding column.

5.1. Degree Distribution

It is well known that networks built following a preferential attachment process end up
with a degree that follows a power-law distribution [15]. In gui�.net, it is reasonable to
assume that such process has happened in the formation of the core. For instance, nodes
that have a better connection to the Internet are likely to be preferred. We found that a
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Figure 7: CECDF log10-log10 plot of the degree
of the base and the core graphs of the Catalonia
zone. Core-graph �ts with a power law Fc(x).

Figure 8: CECDF semi-log10 plot of the number
of terminals attached to core-nodes in the Cat-
alonia zone and negative binomial �t.

discrete power law with cut-o� xmin = 2 is a good match for the core-graph. Thus, we tested
the complementary Probability Density Function (PDF) for the core-graph degree:

Fc(x) = P(X > x ) = (1 � p(1))
� (�; x + 1)

� (�; 2)
; x 2 f 1; 2; � � � g (1)

wherep(1) is the proportion of nodes in the core-graph with a degree equal to one, and

� (�; x ) =
1X

n= x

n� �

is the generalised Hurwitz zeta function. We have estimated� using the R package [16],
which implements the method described in [17]. For goodness of �t, we have used the p-
value provided by the same R package. It is important to note that the p-value estimates
the probability that the empirical samples could have been obtained from the conjectured
distribution. We must assume that the power-law hypothesis is ruled out when the p-
value< 0:1.

The column �= p-val in Table 1 gives the computed values for every zone, and those
values that have p-value< 0:1 are marked in bold. These results show that the core-graph
of the Catalonia zone has a p-value of0:07, and therefore is not a very good match for a
power-law. This fact is con�rmed by Figure 7, which plots the Complementary Empirical
Cumulative Distribution Function (CECDF) of the base and core graphs of the Catalonia
zone in logarithmic scale. Note that the complementary distribution of a power law follows a
straight line in such a scale. As shown in the �gure, the degree distribution of the base-graph
is far from a power-law. The distribution of the core-graph degree matches the estimated
power-law in the �rst decade (solid line in the �gure). However, for higher degree values,
the tail of the CECDF decreases faster than a power-law. This can be explained by the
fact that the Catalonia zone covers a large geographical area (around22:000km2, as shown
in Table 1). Therefore, long distances and the orographic characteristics of the zone are
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likely to prevent the establishment of links among nodes with higher degrees, breaking the
preferential attachment process that originates the power-law. However, if we look at the
other sub-zones in the table, which have areas at one or two orders of magnitude lower,
we can see that only one of them the has a p-value smaller than0:1. Thus, in general, we
conclude that the power-law distribution is a good match for the degree distribution of zones
up to a few thousand km2.

We have found that number of terminals,T, attached to core-nodes is well �tted by a neg-
ative binomial distribution with parameters r and mean� , i.e. P(T = k) =

� k+ r � 1
k

�
pk (1 �

p)r ; k = 0; 1; 2; : : : , wherep = �
� + r . Last column of Table 1 gives the values of these param-

eters obtained for each zone. Note that only in three cases was obtained a p-value smaller
than 0:1. Indeed, �gure 8 which shows a semi-log plot of the CECDF of the number of
terminals in the Catalonia zone and its negative binomial �t, con�rms this matching.

(a) (b)
Figure 9: Link length distribution �tting of (a) links of terminal nodes, and (b) links of core-graph nodes of
Catalonia zone. Means are in km,� is the overall mean.

5.2. Link Length Distribution

The link length distribution is a very interesting characteristic of a wireless network, due
to its strong in�uence on the signal transmission in the radio channel. We found that the
link length distribution can be approximated by a combination of two exponential functions.
If we considerL as the complementary CDF of the link length,X , then:

L(xj� 1; � 2; � ) = P(X > x ) = � e� � 1 x + (1 � � ) e� � 2 x (2)

Figure 9 shows a semi-log10 plot of the link length CECDF of the Catalonia zone and its
�tness using equation (2) (solid line). Figure 9(a) has been obtained for the links of terminal
nodes and Figure 9(b) for the links of core-graph nodes. The �gure shows that in both
cases the link length distribution is very well characterized by the combination of the two
exponential functions. This can be explained by the fact that links can be grouped into two
sets. One set of short links characterising the connection of nodes is located in relatively close
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geographical areas, for instance, villages in rural zones or suburbs in Barcelona. Another set
is formed by longer distance links interconnecting nodes from di�erent groups of the former
set of links. We found that 77% of terminal nodes belong to the �rst group (� = 0:77), with
a mean link length of� 1 = 0:58 km. The remaining 23% belong to long distance links with
a mean of� 2 = 2:7 km. Core-graph links are likely to cover longer distances. Indeed, we
discovered that the means obtained for the core-graph are approximately three times higher
(� 1 = 1:7 km and � 2 = 7:3 km).

6. Network evolution

Gui�.net has experienced a steady growth in the number of members and coverage area
and is now considered a well-known reference for social and technical participation. More-
over, the deployment of the physical networking infrastructure has been constantly evolving
and adapting to the circumstances of the moment. Some of the decisions made by gui�.net
members were forced by external factors, such as the geography and demographics of the
Catalonia region or the technologies available at the time, while others were driven by tech-
nical reasons or technological choices. In this section we analyse the impact of the decisions
made and review the historical evolution of the network during the period between 2004 and
2013 in three level 5 zones: Osona, Castelló, and Barcelona.

6.1. Geographic growth

Osona (rural area, unplanned deployment). Like any communication network, the phys-
ical deployment of gui�.net has been constrained by the demographic and geographic envi-
ronment. Osona was the �rst region where gui�.net was deployed. It is an inland county with
an extension of roughly more than 1,260Km 2. In 2009, Osona had a population density
of around 0.12 inhabitants/Km 2 with high-density inequality between its di�erent areas.
Figure 10 illustrates the evolution of gui�.net in Osona. Each map contains a snapshot
of the network topology at the end of the year. Nodes and links depicted in light colours
represent elements that already existed in the previous snapshot of the network. In contrast,
new links that were added during the year under consideration are shown in darker colours.
All the elements have been placed according to geographic coordinates.

During the �rst years (from 2004 in Figure 10a to 2006 in Figure 10c), founders focused
their e�orts on improving the software and hardware technologies behind gui�.net, limiting
the network deployment to a small area centred in their own town and some surrounding
areas. Because wireless technologies by then were not as mature as they are today, any
potential community members were computer savvy people with high interest in new tech-
nologies. In 2006, gui�.net members decided to expand the network to other cities in the
zone by creating large distance links. It resulted in a two-phase deployment, marked by the
lack of initial knowledge in the �rst phase and a learning process during the second.

Castelló (rural area, planned deployment). Deployments made in Castelló took advan-
tage of the �rst experiments in Osona. In Castelló, the deployment started in 2009, and a
group of gui�.net members planned part of it to accelerate the process of providing coverage
to the territory. Castelló is a coastal county with a geographical area of 6,679Km 2 and a
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(a) 2004 (b) 2005 (c) 2006

(d) 2007 (e) 2008 (f) 2009

(g) 2010 (h) 2011 (i) 2012

(j) 2013

Figure 10: Evolution of the Osona sub-network from 2004 to 2013.
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density of 90.18 inhabitants/Km 2 (by 2009). Compared to Osona, the zone contains larger
cities and covers a geographical extension six times bigger. Figure 11 shows the evolution
of the deployment of gui�.net in Castelló from the creation of the �rst node until 2013.

(a) 2009 (b) 2010 (c) 2011

(d) 2012 (e) 2013

Figure 11: Evolution of the Castelló sub-network from 2006 to 2013.

The network deployment was planned to be completed in two years. During the �rst
year, gui�.net members covered a large area by creating long-distance radio-links among the
main cities and by buildingsupernodesto allow connectivity to their citizens. This method
is easier and cheaper in comparison with the cost and e�ort required for wired networks. The
second year, most e�orts were focused on completing a communication ring between cities,
which provided an alternative for connectivity in case of a link failure. The following years,
since 2011, the infrastructure has been expanded and the attention of the members has been
focused on reaching isolated areas inside Castelló and improving the redundancy inside the
urban cores as more members joined the network. This deployment plan highlights one of
the main advantages of wireless technologies.

Barcelona (urban area, unplanned deployment). Figure 12 shows the evolution of the
gui�.net network deployment in the Barcelona zone, which includes only the nodes and links
deployed in the Catalan capital. The city has a total area of 101.9Km 2 and a density of
15,991 inhabitants/Km 2. Given the number of potential users and the geographical area,
Barcelona is considered an independent level 5 zone in the gui�.net structure. However,
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