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ABSTRACT
Internet protocols spread to potential adopters through several successive phases of implementation, commercialization, acquisition, and adoption of the protocol. This process of protocol deployment involves several
stakeholders and varies depending on the deployment environment and the protocol in question. This complexity
and the lack of comprehensive measurement studies call for a further conceptualization of measuring protocol
diffusion along the whole deployment process. Therefore, this article develops a framework for measuring the
deployment of Internet protocols, consisting of deployment steps, deployment models, deployment measures,
and data sources. The measures are further linked to each other through deployment gaps and delays. In
order to demonstrate the framework, it is used to assess how a set of pre-installed protocols spread in the
Finnish mobile market. The framework highlights the differences between the deployment models and the
importance to use both the deployment measures and gaps in the analysis of protocol success. Furthermore,
the illustrative results indicate that protocol deployment is driven by applications, and show the existence
of large deployment gaps between the protocol possession and usage. The results are relevant especially to
researchers interested in holistically analyzing protocol deployment and protocol developers for measuring
and improving the success of their protocols.
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INTRODUCTION
The Internet Engineering Task Force (IETF)
develops and standardizes Internet protocols
as voluntary standards. Diffusion of Internet
protocols is a relevant and special example of

standards diffusion because the IETF operates a
bottom-up marketplace for individual protocol
standards. The Internet constitutes a unique
environment for innovation diffusion due to
its global, distributed and loosely regulated
nature where control over resources is spread
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among a multitude of stakeholders with diverse
economic goals (Marcus, 2004). Moreover, the
Internet protocols are networked innovations,
which exhibit significant network externalities
(Katz & Shapiro, 1986). As a result, the diffusion of Internet protocols is a market-based
process where the successful alignment of
stakeholders’ incentives is a key to success
(Clark, Wroclawski, Sollins, & Braden, 2005).
A protocol can be understood as a software
component or feature, which enables applications and services (Jorstad, Dustdar, & Do,
2005). Protocols typically spread to the end
users embedded in products, such as applications, operating systems (OS), or devices – thus,
diminishing the direct impact of a protocol
on the end users’ adoption decision (Warma,
Levä, Tripp, Ford, & Kostopoulos, 2011) and
increasing the impact of supply-side decisions to
include the protocol in products (Kivi, Smura, &
Töyli, 2012). This is an example of market-pull
vs. technology-push (Ende & Dolfsma, 2005).
In case of a strong technology-push strategy, a
protocol can be acquired by a large population
as part of a product bundle, but is possibly only
used by few users. Such phenomenon, related to
the gap between different adoption events, was
introduced by Fichman and Kemerer (1999).
On the other hand, protocols and other software
features may not even become available to
the potential end users due to the decisions of
software and hardware vendors (Levä, Komu,
Keränen, & Luukkainen, 2013), hindering the
protocol diffusion. For example, the decision
of Apple not to support Flash in their mobile
devices prevents end users from adopting (services based on) it.
Despite the important role of technology
providers, the traditional diffusion of innovation
theories (Rogers, 2003) and the case studies on
protocol diffusion (e.g., Hovav, Patnayakuni,
& Schuff, 2004; Ozment & Schechter, 2006;
Joseph, Shetty, Chuang, & Stoica, 2007) often
limit to modeling and measuring the end user
adoption. As Lyytinen and Damsgaard (2001)
conclude, this is insufficient for explaining the
diffusion of complex, networked technologies,
and therefore the focus needs to be widened

to cover the critical process features and all
key players. In order to overcome too narrow
perspective when analyzing the protocols’ feasibility, which affects their diffusion, Levä and
Suomi (2013) define protocol deployment as a
process, during which a protocol is advanced
from the first specification into actual use on the
Internet through steps such as implementation,
commercialization, acquisition, and adoption
of the protocol. Measuring and analyzing the
diffusion during all these steps is essential for
understanding the dynamics of protocol deployment and identifying the critical factors affecting
the success of Internet protocols.
Motivated by the special characteristics of
Internet protocols and the lack of comprehensive
measurement studies on protocol deployment,
this article develops a framework for measuring
the deployment of Internet protocols during the
different steps of protocol deployment. This is
achieved by identifying the deployment models,
measures, and data sources of each step. In addition to measuring the deployment levels that
are directly linked to the different steps, also
deployment gaps and delays between the steps
are defined and described. The developed framework is then applied to analyze the deployment
of 11 protocols in the Finnish mobile market
by studying how they have gradually spread
into mobile handset models on sale, handsets
in use, and actual usage by end users, using an
extensive longitudinal and cross-sectional data
collected from 2003 to 2012.
The framework builds on the existing literature and the authors’ cumulated knowledge
on protocol deployment and previous data collection efforts on mobile device diffusion and
usage. The data collection for the application
of the framework is based on long cooperation
with several industry partners and experiences
from analyzing the collected datasets. The development of the framework was an iterative
process, where the framework was refined
based on the data analysis of the case Finland,
and vice versa.
The article makes a methodological contribution by identifying alternative deployment
models of Internet protocols and developing
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a framework for measuring the deployment.
The article makes a practical contribution
by applying the developed framework to an
example market, and analyzing the success of
the protocols in each of the deployment steps.
The article also contributes by combining and
comparing different data sources in a novel way.
The rest of the article is structured as follows. Section 2 introduces the background on
innovation diffusion and protocol deployment.
Section 3 presents the research process and data
that are used in Section 4 for developing the
framework and in Section 5 for demonstrating
the application of the framework to the Finnish
mobile market. Finally, Section 6 discusses the
findings, limitations and future work.

BACKGROUND
The innovation diffusion theories tend to define
the development and diffusion of innovations
as a stepwise process. For example, according
to Rogers (2003), the innovation-development
process consists of six main stages: 1) needs/
problem, 2) basic and applied research, 3)
development, 4) commercialization, 5) diffusion and adoption, and 6) consequences. Other
closely related process definitions have been
suggested, for example, by Tornazky, Fleischer,
and Chakrabarti (1990). As defined by Levä
and Suomi (2013), protocol deployment covers the commercialization and adoption stages
of Rogers’ process. The interplay between
the providers commercializing and end users
adopting the innovation, known as technologypush vs. market-pull (Zmud, 1984), defines the
diffusion of the technology. Both Prescott and
Van Slyke (1997), who analyzed the diffusion
of Internet as a collection of various hardware
and software technologies, and Ende and
Dolfsma (2005), who studied the evolution
and diffusion of various computing technologies, concluded that both technology-push and
market-pull are important for diffusion but their
importance fluctuates across time. In addition
to the technology-push from the providers, also

governmental mandates may push the technology to the market (Carter, Jambulingam, Gupta,
& Melone, 2001).
Existing research concerning the commercialization step has focused largely on provider
strategies for competing against other providers.
Firstly, providers decide on which standards they
invest in. Here it is important to decide whether
to compete within or between standards (Besen
& Farrell, 1994). For example, personal computer (PC) vendors compete within the Windows
ecosystem, whereas Apple competes against
that with its own operating system. Secondly,
the providers of software have various strategies to attract customers, including versioning
(Shapiro & Varian, 1998), bundling (Bakos &
Brynjolfsson, 1999), and pricing (Lehmann &
Buxmann, 2009). These all affect the market
offering provided to the end users. Despite
the interest towards provider strategies, measurement studies on the commercialization of
particular technologies are rare in the existing
literature (Adams, Bessant, & Phelps, 2006).
The adoption step can be divided on a
high level to pre-adoption, adoption decision,
and post-adoption phases. The diffusion of
innovation literature (Rogers, 2003) focuses
often on the adoption decision traditionally
approximated by the number of cumulative
purchases. This is a reasonable approach for
studying the diffusion of fairly simple consumer
goods among individual adopters. However, this
approach falls short when studying complex,
networked IT innovations (Lyytinen and Damsgaard, 2001) with significant network effects
and knowledge barriers (Fichman and Kemerer,
1999). This is particularly true in the organizational context with large number of adoption
events that involve different decision-makers.
Because of this complex nature of organizational
innovation diffusion, the information systems
implementation literature (e.g., Cooper and
Zmud, 1990; Liker, Fleischer, & Arnsdorf, 1992)
has identified large differences in the number of
employees that have certain products installed
and the number of actual users in organizations.
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Fichman and Kemerer (1999) call this difference as assimilation gap and define it as “the
difference between the pattern of cumulative
acquisitions and cumulative deployments of
an innovation across a population of potential
adopters”. However, they do not restrict the term
to only these two particular adoption events.
Shih and Venkatesh (2004) suggest that
assimilation gaps can emerge also on adoption of complex consumer innovations. This
is supported by some diffusion, adoption, and
consumer product choice studies on mobile
handsets. Verkasalo (2008) analyzed the behavioral intention to use mobile services and
identified that even if there is an intention to use
specific services, the intention does not always
materialize into actual usage. In mobile handset
choice studies the identified main factors affecting product choice decision include price
and properties, brand, prior experience and size
(Karjaluoto et al., 2005; Liu, 2002; Riquelme,
2001). If the importance of a specific feature is
small in the purchase decision, the gap between
the possession of such feature and the usage of
it could be rather large. However, to the best
of our knowledge, these gaps have not been
previously studied empirically in the case of
Internet protocols.
Protocols are complex, networked innovations typically embedded in other products, such
as mobile phones, PCs, or operating systems
(Fomin, Su, & Gao, 2011). Due to the hidden
nature, the adopters do not necessarily make
conscious decision concerning the adoption of
a protocol (Warma et al., 2011). As networked
innovations the protocols exhibit network effects since the utility of a protocol depends on
the number of potential communication partners
(Katz & Shapiro, 1986) and the availability of
complementary products (Nair, Chintagunta,
& Dubé, 2004). Consequently, the utility of
protocols is often too low for early adopters
before the critical mass (Rogers, 2003) is
achieved, known as the bootstrap problem
(Hanseth & Lyytinen, 2010). Multiple authors
have proposed solutions for this problem by, for

example, introducing converters between the
new and the incumbent protocol (Joseph et al.,
2007; Jin, Sen, Guérin, Hosanagar, & Zhang,
2008) and suggesting business strategies, such
as bundling, coordination and subsidization
(Ozment & Schecter, 2006).
Requirement of interoperability is another
key characteristic of networked innovations,
due to which protocols are typically standardized. The specifications of Internet protocols,
known as RFCs (Request For Comments), are
voluntary standards developed by the IETF
through the process based on “rough consensus
and running code” (Alvestrand, 2004). The
standards play an important role in mediating
different interests and motivations among the
various stakeholders (Yoo, Lyytinen, & Yang,
2005). Standardization also affects the diffusion
of innovations, as it encourages deployment by
reducing technological uncertainty and lowering costs (Weitzel, Beimborn, & König, 2006).
However, standardization does not affect measuring deployment, due to which the framework
developed in this article does not differentiate
between standardized and proprietary protocols.
The existing measurement studies on protocol deployment focus on measuring the possession and usage of protocols. Eggert (2013)
maintains a web site that reports the deployment
status of different Internet protocols on the
most popular web services and sites. Huston
(2013) measures the deployment of IPv6 on
the autonomous systems based on the Border
Gateway Protocol (BGP) routing tables. Colitti,
Gunderson, Kline, and Refice (2010) use server
side measurements to analyze the usage of IPv6
by the clients using Google’s services. Internet
traffic classification studies (e.g., Thompson,
Miller, & Wilder, 1997; Maier, Feldmann,
Paxson, & Allman, 2009) measure the traffic
volumes generated by different Internet protocols on an aggregate level. Even though all
these studies provide valuable insights into the
adoption and usage of Internet protocols, they
usually focus on a single deployment event,
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preventing the analysis of the whole deployment process.

METHODS
As was identified in the background section,
a need for a holistic conceptualization of the
protocol deployment process and its measurement exists. This chapter describes the research
process used for developing and applying the
framework for measuring protocol deployment,
as well as the data sources.

Research Process
The research process consisted of three main
parts: framework development, data selection
and collection, and application of the framework. First, the framework was developed
based on a literature review, the cumulated
knowledge from our previous protocol deployment studies, and experiences from several data
collection efforts on mobile devices. Then, the
appropriate data for the illustrative application
of the framework were selected and collected
where necessary. Last, the deployment measures
identified in the framework were calculated and
characterized to show how the framework can
be applied. However, some improvements to

the framework were identified in the data collection and application parts, and therefore the
framework and its terminology were modified
during several iteration rounds. The iteration
rounds include an early version of the framework and its application that were presented
in a conference paper of Levä and Riikonen
(2013). After the feedback from the conference,
industry experts, and the new co-authors, the
framework was extended and improved. These
changes were also taken into account in the
refined application part. Figure 1 depicts the
iterative nature of the research process.
The previous protocol deployment and
feasibility studies by the authors of this article
provided substance knowledge of protocol deployment process (Warma & Levä, 2011; Levä
& Suomi, 2013; Levä et al., 2013). The previous
data collection efforts providing experience
about measuring the device and service usage
focused on the Finnish mobile market during
2005-2012 in the context of several research
projects. These datasets have been collected
in close collaboration with different market
stakeholders, including mobile operators, device manufacturers, market research companies,
and regulators. Previous results of the analysis
of these datasets are reported, for example, by
Riikonen et al. (2013) and Kivi et al. (2012).

Figure 1. Research process
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These results also provided substance understanding on the topic area of mobile device and
product feature diffusion, of which especially
the latter is related to protocol diffusion. Different methods for measuring mobile service
usage are discussed in more detail by Smura
et al. (2012).

Data
Several primary and secondary datasets were
utilized in the research. Information about the
pre-installed protocols of different handset models were collected specifically for this article.
The data were collected from several sources
due to the large number of device models on
sale and in use, and the lack of a single, comprehensive data source. These sources included,
for example, WURFL device description repository, manufacturer websites, and other public
device information databases. Because Internet
protocols were rarely mentioned directly in the
used data sources, the existence of protocols
in the handset models was identified based on
other capabilities. In total, protocol information was found for over 1000 handset models,
covering the major models on sale and in use
during the measurement period. The protocol
data collection process is described in more
detail in Appendix 1.
Three other data sets were collected about
mobile handset sales, installed base of mobile
devices, and mobile service usage. Handset sales
data were received from the market research
company GfK. Data on the model-level unit
sales includes a time period from January 2003
to September 2012 and covers roughly 70-90%
of the Finnish mobile handset retail market over
the measurement period. Data on the installed
base of devices using mobile networks were
collected from all three Finnish mobile network
operators annually in the end of September from
2005 to 2012, consisting of the number of units
of each handset model that the operators had
identified in their networks. Data collection
was based on the charging functionalities of
mobile networks and the unique identifiers of

handset models called Type Allocation Codes
(TAC). The installed base data covers roughly
80-99% of the handset base in Finland over
the measurement period. Public survey data on
mobile service usage were received from Ficora
(2012), the Finnish communication regulation
authority, who collected this data yearly during 2006 to 2012 from representative samples
of 15-79 year old Finns. The sample sizes of
the surveys increased from 1500 to 3000 over
time, and the confidence level is over 95% in
all of the surveys.

FRAMEWORK FOR
MEASURING PROTOCOL
DEPLOYMENT
After a protocol has been developed, it spreads
gradually into use through different deployment steps. The detailed deployment actions
and involved stakeholders of each step vary
depending on the chosen deployment strategy
and the protocol in question – resulting in
different deployment models. The diffusion
of a protocol can be measured in each of the
deployment steps. What is actually measured
depends on the deployment model and the objectives of the inquiry. This section combines
the deployment steps, deployment models,
deployment measures, and data sources into a
framework for measuring protocol diffusion.
The framework focuses on the client-side deployment of standardized Internet protocols for
individual end users (i.e., consumers). Due to its
generality, however, the framework should be
applicable also to other software innovations,
such as mobile applications, and to the server
side deployment.

Deployment Steps
Building on the innovation deployment processes introduced in Section 2, the protocol
deployment is divided into four steps. During
the first two steps – 1) implementation and 2)
commercialization – the providers of software
and hardware implement and make the protocol
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available for end users. During the last two
steps – 3) acquisition and 4) adoption – the
end users acquire and start using the protocol.
In the implementation step, providers
implement the protocol based on the protocol
specification developed and standardized by
the IETF. As illustrated in Figure 2, at least
three protocol implementation locations in the
different layers of software can be identified: i)
the kernel of an operating system (e.g., TCP/IP
protocols), ii) middleware (e.g., OpenSSL for
SSL/TLS), and iii) directly in an application
utilizing it (e.g., BitTorrent). A new protocol
is often first introduced in the higher layers of
software hierarchy, from where it moves to the
lower layers in the course of time. For example,
the Microsoft’s operating systems did not have
native support for TCP/IP suite before Windows
951. If the protocol implementation and the
application utilizing it are separated, access to
the protocol functionality is provided through
an application programming interface (API),
such as Sockets API for TCP/IP. This allows
the same protocol implementation to be used
by multiple applications. The separation also
means that the implementation of protocols
and applications utilizing them can involve
different stakeholders, potentially leading to
separate deployment.
In the commercialization step, providers
make the protocol available to end users by
including it in products that the end users can

acquire. These products can be the same software, where the protocol is implemented in,
or operating systems and hardware including
the higher-level software. For example, if the
protocol is implemented in an application, the
commercial product that the end user acquires
can either be an application, an operating system containing the application, or hardware
containing the operating system, which contains
the application. This modularity is visualized
in Figure 2 with nested boxes. Consequently,
product is defined being something that end
users can acquire (and which contains the protocol), whereas platform is something where the
end user installs the product after acquisition.
In the acquisition step, end users acquire
the capability to use the protocol. Acquisition
can be divided into 1) the acquisition of the
platform where the product can be installed,
and 2) the acquisition of the product that contains the protocol. These acquisitions can occur
simultaneously if the platform and the product
are bundled together. For example, smart
phones are always bundled with an operating
system, and operating systems contain many
applications when sold to the customers. After
the acquisition step, the end user possesses the
necessary components for using the protocol:
hardware, operating system, an application, and
the protocol embedded in one of the abovementioned locations.

Figure 2. Protocol implementation locations (P) in the software hierarchy
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In the adoption step, end users start using
the protocol. In practice this means that they start
to generate protocol traffic by using applications
enabled by the protocol. The level of activity
required for taking the protocol into use varies
from one case to another. On the one hand, the
protocol may be used by an operating system
service that is started automatically when the
device is turned on. On the other hand, the end
user may need to enable the protocol manually,
as is the case of IPv6 in Windows XP (Colitti
et al., 2010).

Deployment Models
The deployment steps describe the process of
advancing the protocol from the specifications
into actual use on a rather high level. However,
the detailed deployment actions and involved
stakeholders of each step vary depending on
the products in which the protocol is included
– resulting in three deployment models: i)
pre-installation, ii) post-installation, and iii)
update installation. The models are not mutually exclusive and can co-exist depending on
the protocol. Identification of the deployment
models is relevant, since the dynamics of
protocol deployment and the sources for the
measurement data differ between the models.

Pre-Installation
In the pre-installation model, the end user
acquires a device (HW) in which the software
containing the protocol is pre-installed. In other
words, the product and the platform are bundled
together. This model is used heavily for introducing protocols and applications into mobile
phones where the hardware and software are
typically provided by the same stakeholder –
the HW provider. When a protocol is deployed
along this model, the HW providers’ decisions
to include the protocol in their devices affect
significantly the diffusion of the protocol into the
device base owned by the end users. However,
the impact of the protocol on the acquisition
decision of device is likely small as it is only
one feature among a multitude of features. Additionally, deployment of a protocol along the

pre-installation model is a slow process due to
the long replacement cycles of hardware (Kivi
et al., 2012).

Post-Installation
In the post-installation model, the end user
acquires the software (product) and the device
(platform) separately from each other, and then
installs the software to the device. Software
distribution over the Internet has increased
the importance of the post-installation model,
which is the predominant model for providing
applications to smart phones through the application stores. In the post-installation model,
the protocol is potentially a more significant
part of the product than in the pre-installation
model, thus affecting more the acquisition
decision. For example, a decision to download
the VLC media player from the web is more
likely motivated by an interest towards video
streaming over real-time streaming protocol
(RTSP) than a decision to purchase a laptop.
The model also allows the SW providers to
bypass the HW providers, which may speed
up protocol deployment.

Update Installation
In the update installation model, the end user
acquires the protocol through a SW update.
In this model, the product is the SW update
and the platform is the previously acquired
software. For example, web browsers, smart
phone applications, and operating systems
are updated regularly. The update installation
model resembles the post-installation model,
with the distinction that the end user does not
acquire a completely new product. Therefore,
the acquisition decision is likely smaller than
with a new product. The other key difference
from the post-installation model is that the
updates are often pushed to end users through
the update mechanism included in the software,
such as Windows Update, so that the end user
accepts the installation either separately for each
update or once for all the future updates. The
update installation model potentially allows fast
deployment of new protocols for the owners of
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the required platform, as the fast diffusion of
multipath TCP2 along with the Apple’s iOS 7
OS update3 demonstrates.

Deployment Measures
and Data Sources
The deployment level of a protocol can be measured in each of the deployment steps. These
measures are useful in analyzing the success of
protocol deployment. What is actually measured
in each step depends on the deployment model
and the objectives of the inquiry. On the provider
side, the protocol spreads into the different
product models, whereas in the end user side
the analysis concerns the products owned and
used by the end users. In addition to analyzing
the deployment levels of each step separately,
comparison between them by measuring the
deployment gaps and delays can help to identify
the bottlenecks of protocol deployment.

Provider Side Measures
Implementation level is a measure for the
implementation step. It measures how widely
a protocol is implemented for different platforms and supported by applications, i.e., the
number of implementations. Defining the target
population is difficult for the implementation
level. One possibility is to calculate the share
of certain type of software, such as operating
systems, for which an implementation exists.
However, more important than measuring the
implementation level itself is to identify the
implementations and applications utilizing
them, so that this information can be used in
the later steps. Data sources for analyzing the
implementation level include product specifications, device description repositories, such
as WURFL (ScientiaMobile, 2012), or source
code analysis (Komu, Varjonen, Gurtov, &
Tarkoma, 2012).
Availability level is a measure for the commercialization step. It measures how widely a
protocol is included in the product models the
end user can acquire, i.e., the share of avail-

able product models containing the protocol.
In the pre-installation model, this translates into
measuring the share of device models on sale
containing the protocol, whereas in the post- and
update installation models, the measure is the
share of available operating systems or some
class of applications, such as web browsers,
containing the protocol. This information can
be found from the product catalogs, such as
the web sites of online shops or the application
catalog of app stores. Additionally, data on
product sales collected by, for example, market
research companies can be used to identify the
products on sale.
Availability level alone is not a perfect
measure for the success of the commercialization step, since it does not take into account the
popularity of the products. Scaling the availability level with the sales volumes of different
products can complement the analysis. This
measure, called as acquisition rate, provides
a linkage between the provider side and the
end user side. It is defined as the share of sold
products containing the protocol. The data on
product sales is available from market research
companies or directly from the stores selling
the products. Availability level and acquisition
rate are relevant measures to the protocol developers and providers for finding the optimal
commercialization strategies.

End User Side Measures
On the end user side, the diffusion is measured
in relation to a specific population. In addition to
the typical approach of analyzing the diffusion
into a population consisting of end users, one
can also analyze the diffusion into a population
consisting of products. For example, the user
population of the protocol can be measured
either as the number of laptops or the number
of end users that generate protocol traffic.
Acquisition step has two measures related
to the possession of platform and the protocol.
Platform possession level measures the share
of end users that could acquire (the products
containing) the protocol, i.e., the population

Copyright © 2014, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

International Journal of IT Standards and Standardization Research, 12(1), 38-62, January-June 2014 47

possessing the platform. Due to the lack of
separate platform and protocol acquisitions in
the pre-installation model, this measure exists
only in the post- and update installation models.
Platform possession level is a relevant measure
to protocol developers that decide in which
platforms they implement their protocols, as
they are interested in estimating the population
they can reach with specific implementations.
Protocol possession level measures the share
of end users that could use a protocol, i.e., the
population possessing (the product containing)
the protocol. Possession level is a relevant
measure to application and content service
providers that decide upon which protocols they
build their services. Data on cumulative sales of
the HW and SW products and the SW updates
containing the protocol provide one approximation of the possession levels. However, by
using cumulative sales data it is difficult to take
the replacement acquisitions and discards into
account. Consequently, the number of products
in use provides more accurate information on
the possession levels. In case of mobile devices,
mobile operators’ reporting systems are one
potential source for these data. Additionally,
device models and operating systems can be
identified from the network traffic or from the
OS vendors’ customer databases.
Usage level is a measure for the adoption
step. It measures the share of end users that generate protocol traffic, i.e., the population using
the protocol. When measuring the usage, it is
important to clearly define the measure. Usage
can namely be measured both on binary (i.e.,
use or no use) and continuous scale (i.e., rate
or variety of use (Shih & Venkatesh, 2004)).
Data sources for measuring the usage include
end user surveys, client monitoring systems,
network traffic measurements, and server-side
measurements (Smura, Kivi, & Töyli, 2009).
Usage level is a relevant measure to other
potential adopters that are interested in communicating with the protocol, Internet service
providers who manage their networks, and
application service providers whose revenues
depend on the usage of their services.

Deployment Gaps and Delays
In addition to measuring the deployment separately for each step, comparison of the measures
by analyzing the gaps and delays can be used
to identify the bottlenecks and dynamics of
protocol deployment. In our terminology the
deployment gap is defined as the relative or
absolute difference between two deployment
measures at time t. Similarly, the deployment
delay is defined as the timely difference between
two deployment steps reaching a specific deployment level.
On the provider side, the number of implementations and the number of product models
that contain the protocol are not commensurable.
Nevertheless, qualitative comparison of the
implementation level and the availability level
can still be beneficial for the protocol developers in order to analyze the relative efficiency of
protocol commercialization in comparison to
the implementation effort. For example, despite
a large number of protocol implementations for
different OSes, the host identity protocol is not
included in any commercial OS due to the OS
providers’ preference for substitute solutions
and reluctance to include unnecessary protocol
implementations that increase the maintainable
code base, and thus costs (Levä et al., 2013).
Comparison of the availability level to the
acquisition rate links the provider side to the end
user side through the product models on sale,
thus enabling the analysis of technology-push
vs. market-pull. This gap reveals the popularity
of the products containing the protocol compared to those not containing the protocol over
a certain period of time. This is an especially
relevant comparison in the pre-installation
model, where the success of commercialization
cannot be analyzed before acquisitions have
occurred. Comparison of the availability and
possession levels, for one, allows analysis of the
delay between the availability of the protocol in
product models and its possession by the endusers. Due to the different populations – product
models on sale vs. product base in use – these
measures are not directly comparable. This
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delay differs between the deployment models
depending on the replacement and update cycles
of hardware and software. Additionally, the gap
between availability and possession levels is
likely smaller in cases of strong technologypush, e.g., when the protocol comes bundled
in hardware or operating systems.
On the end user side, the measures can be
calculated as relative shares to the total population and are, therefore, directly comparable.
Figure 3 visualizes the end user measures
and the gaps and delays between them with
example data.
Platform possession gap is calculated as
the difference between the total population and
the platform possession level. This gap does not
exist in the pre-installation model, because the
platform and the product are acquired simultaneously. In the post installation and update
installation models this gap exists, as there
can be a notable difference between the total
population and the number of platform owners in the market. The size of the gap depends
heavily on the provider side decisions on which
platforms the protocol is made available. For
example, the lack of Android OS implementa-

tion contributes significantly to the platform
possession gap in the Finnish mobile market
since the share of Android OS in the Finnish
mobile handset base was 11% on September
2012 (Riikonen & Smura, 2013).
Protocol possession gap (or delay) is calculated as the difference between the platform
possession level and the protocol possession
level, that is, the difference between the platform
owners and the population with the protocol
already installed. Again, this gap exists only in
the post- and update installation models, where
the end users first purchase the platform, and
later acquire the protocol itself. The protocol
possession gap indicates the difference in the
popularity of the platform compared to the
popularity of the products. From the protocol
developer’s perspective, it defines the market
reachable with only single acquisition. Platform
possession gap and protocol possession gap can
be added up to describe the total possession
gap, which is especially relevant in the preinstallation model.
Usage gap (or delay) is calculated as the
difference between the possession level and
the usage level, that is, between the end users

Figure 3. Deployment levels, gaps, and delays on the end user side
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who have the protocol, but do not use it, and
the actual users. The size of this gap depends
on the end users’ awareness of and interest
towards the protocol and the applications utilizing it. The gap is likely smaller, if the protocol
has a significant role in the product the end
user acquires. For example, Skype application
is more likely to be used by an end user who
downloads it himself from the web compared
with the end user who receives it pre-installed
in a device. However, the usage level of Skype
may actually be higher in the pre-installation
model since the pre-installed application may
attract end users who would not download the
application themselves. This example demonstrates that the analysis of protocol deployment
needs to include both deployment levels and
the deployment gaps.

Framework
In order to manage the complexity of protocol
deployment, Figure 4 combines the deployment steps, deployment models, deployment
measures, and data sources into a framework
for measuring protocol deployment. The

framework is divided into the provider and
end user sides based on the key stakeholder of
each step. The measures mapping directly to
the steps define the deployment level, i.e., the
success of the protocol, in each step. In addition
to the deployment levels visible in the figure,
the gaps and delays between them are relevant
measures for identifying the bottlenecks of
protocol deployment. Finally, the selection
of the data source for each measure depends
on the deployment model under analysis. The
deployment models are also relevant since they
represent alternative deployment strategies with
differing characteristics. The transparent boxes
in the post- and update installation models
indicate the platform acquisition steps, which
do not involve the protocol but need to occur in
order to enable the protocol acquisition.
A few practical issues should be taken into
account when conducting the measurements
according to the framework. For each measure,
it is important to identify the population, into
which the protocol is diffusing. In order to
allow direct comparison, the measures of different steps should be commensurable, i.e., the

Figure 4. Framework for measuring the deployment of Internet protocols
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population should be the same. The population
can consist either of i) the products in which the
protocol is implemented, installed, and used,
or ii) the stakeholders that take these actions.
On the provider side, the product models are
more relevant than their providers, since they
link the two sides together through product
sales. On the end user side, however, both the
end user population and the device population
can be selected. These populations may differ
from each other since an end user may use
multiple devices, and single device can be used
by multiple end users. This needs to be taken
into account when combining and comparing
the datasets with different populations, such
as the possession level based on the number of
devices and the usage level based on the number
of end users. Variation is also possible inside
each measure since deployment levels can be
measured both on binary and continuous scales
(e.g., use or no use vs. rate of use). Additionally,
analyzing both the deployment rates (i.e., the
change in the size of the population over time
t) and the deployment levels (i.e., the size of
the population at time t) can complement the
analysis.

APPLICATION OF THE
FRAMEWORK TO THE
FINNISH MOBILE MARKET
In this section the developed framework is
applied to analyzing the success of protocol
deployment in the Finnish mobile market in
2003-2012 by focusing on the measures, delays,
and gaps defined in the framework.

Scope
In total 11 Internet protocols were selected
for the analysis. These protocols cover the
basic network and transport layer protocols
IPv4, TCP, and UDP, the widely used security
protocol TLS, and the key application layer
protocols for email (SMTP, IMAP4, POP3),
web browsing (HTTP), video streaming (RTSP,
RTP), and voice over IP (SIP). Email protocols
POP, IMAP, and SMTP are bundled as a single

protocol (EMAIL), because they typically coexist in the devices they have been included in.
Because of the wide deployment of these
protocols in the personal computer market
and, therefore, in the server side, this analysis
limits to the client side deployment for mobile
devices. Additionally, the analysis focuses on
the pre-installation model. This is because for
the selected protocols the pre-installation model
was the dominant deployment model during the
measurement period, and because the deployment gaps and delays should be most clearly
visible with this model.
The Finnish mobile market is chosen as
the focus market. From the viewpoint of the
framework, the selected market was appropriate, as data of all the protocol deployment
steps in Finland were available from a time
period of several years and the authors have
substance understanding of the market. From
the viewpoint of the analysis results, Finland
represents a developed European mobile market
(Smura, Kivi & Töyli, 2011) with a population
of roughly 5.4 Million in 2013 and some local
peculiarities. On the one hand, Finland has long
traditions in mobile technologies and was one
of the fastest growing mobile markets in the
1990s (Jaakkola, Gabbouj, & Neuvo, 1998).
Therefore, 89% of 15-74 year old Finns were
using mobile phones already in 2002 (MINTC,
2004). On the other hand, Finland is the home
market of the device manufacturer Nokia. This
single device vendor dominated the market with
over 70% of people using Nokia handsets during
the measurement period (Riikonen & Smura,
2013), meaning that the strategic decisions
of one manufacturer affected the competitive
dynamics of the market during the measurement period. The results should be especially
interesting for markets with similar properties
or ones that are still less developed in terms of
the mobile phone penetration level.

Mapping Data to the Framework
Figure 5 describes the linkages between the
data and the measures of the framework. The
protocol data, including the information about

Copyright © 2014, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

International Journal of IT Standards and Standardization Research, 12(1), 38-62, January-June 2014 51

Figure 5. Linkage between the deployment measures and the collected datasets

the pre-installed protocols of different handset
models, were mapped to the handset sales and
base data to enable calculation of the availability
level, acquisition rate, and possession level over
time, that is, along the protocol deployment
process. The usage levels were received from
Ficora’s public usage survey results. However,
web browsing and email were the only mobile
services surveyed in the data that were possible
to be linked to the studied protocols (HTTP and
EMAIL, respectively), and therefore the usage
level part of the analysis focuses only on those
two protocols.
The collected datasets and the calculated
measures represent the Finnish market well.
However, some missing data remains because
of unidentified devices or device features
(protocols). The over 1000 handset models, for
which protocol information was found, cover
over 92% of the handset models on sale, over
99% of the total unit sales, and over 99% of
the handset base data depending on the point
in time and the protocol. Exceptions are RTP,
RTSP, and SIP protocols, for which the protocol
information coverage was notably lower, and
therefore the findings concerning RTP, RTSP,
and SIP are less reliable.

Deployment Measure Analysis
Figure 6 presents a) the availability level, b)
acquisition rate, c) possession level, and d)
usage level of the selected protocols in Finland
from 2003 to 2012. Figures 6a and 6b depict
the provider side measures, whereas Figures
6c and 6d show the end user side measures.
On a general level, four groups4 of protocols can be identified by visual inspection of
internally similar diffusion patterns: 1) IPv4 and
UDP, 2) TCP and HTTP, 3) TLS and EMAIL,
and 4) RTP, RTSP, and SIP. The diffusion patterns of the groups are related to the diffusion of
the following mobile services: WAP browsing
(group 1), HTML browsing (group 2), email
(group 3), and real time communications (group
4). The last group is internally less similar than
the other groups, because real time communications protocols can be divided into streaming
and VoIP related parts. Even though TLS is
important also in securing HTTP browsing, the
results indicate that its deployment has been
primarily driven by EMAIL.
On the provider side, Figure 6a illustrates
the historical protocol availability levels, that
is, the share of handset models on sale equipped
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Figure 6. Protocol a) availability levels, b) acquisition rates, c) possession levels, and d) usage levels

with the protocols. There are large differences
on the availability levels between the protocols
and the groups. For example, the availability
levels of IPv4 (group 1) were 78%-96% during 2003-2012, whereas for SIP (group 4) the
availability level remained below 51% during
the same period. Naturally, the availability of
protocols in handset models on sale is dictated
mainly by the provider and retailer decisions,
which can be based on competitive strategies
and differentiation of handset models, customer
demand, but also on the use cases and device
requirements of the protocols. Within the groups
the availability levels were close to each other,
group 4 (real time communications) with the
largest differences. There RTP was identified to
have higher availability levels than RTSP and
SIP, which is natural since RTP is used with
both video streaming and VoIP applications,
whereas RTSP and SIP relate to only one of

those. It should be noted that the number of
models on sale increased during the measurement period from tens in 2003 to a level of
roughly 200-300 as of 2007. Therefore, even
though the relative availability levels of some
protocols stayed rather stable, the absolute
number of handset models on sale including
the protocols increased considerably.
Figure 6b shows the acquisition rates that
measure the share of handsets including the
protocol from the monthly handset unit sales.
Handset models including protocols from
groups 1 and 2 were popular in sales almost
throughout the measurement period with
protocol acquisition rates of 68%-99% during
2004-2012. The availability levels of group 3
reached groups 1 and 2 in 2006, after which the
three groups have followed closely each other.
For the protocols of group 4 (RTP, RTSP, SIP),
Figure 6b shows an abrupt increase in sales
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in 2006. This peak falls on the point in time
when the Finnish regulator allowed bundling
of mobile subscriptions and 3G handsets (see
Tallberg, Hämmäinen, Töyli, & Kamppari,
2007). This change affected sales behavior of
3G devices positively in short term and was
discussed in Smura et al. (2011). Another unexpected pattern was the sudden drop for SIP
in 2009. One reason for this drop could be that
Nokia’s Symbian S60 devices with pre-installed
SIP were possibly replaced with Apple iPhone
and Google Android devices that did not include
SIP at that point.
On the end user side, Figure 6c illustrates
the protocol possession levels, that is, the share
of handsets equipped with each protocol out of
all devices using mobile networks. Many of the
selected protocols diffused slowly towards 9095% saturation level during the measurement
period. One exception is again SIP, for which
the previously identified drop in acquisition
rates is also visible in the possession levels of
Figure 5c. This supports the presented reasoning
that S60 handsets were replaced by handsets
without pre-installed SIP.
Figure 6d shows the usage levels for two
protocols, EMAIL and HTTP, for which survey
data was available. The usage levels of these
two protocols followed closely each other from
2008 to 2012, growing slowly from 10-15%
to 30-35% during that time period. In general,
Figure 6c and Figure 6d indicate large differences in the possession levels and usage levels of
Internet protocols. These usage gaps and delays
are analyzed in more detail in the next section.

Deployment Gap Analysis
Figure 7 shows the provider side measures availability level and acquisition rate - for the
protocols according to the group. The framework identifies the main criteria for protocol
success in the commercialization stage to consist
of comparing the availability levels and acquisition rates, as the difference of these measures
describes the popularity of the device models
in which the protocols were included. Figure 7

indicates that during the initial stages of protocol
diffusion, the availability level of several protocols was higher than the capability acquisition
rate. For most of the protocols this changed
later and the capability rates increased close
to or higher than the availability level, meaning that the popularity of the models equipped
with the protocols increased. For instance, for
EMAIL the acquisition rate reached its availability level in 2006 at a level of about 70%.
After this point these two measures followed
each other closely. In comparison, for HTTP
the same point in time was in 2004, after which
the acquisition rate remained higher or close to
the availability rate.
The identified gaps could be explained by
several factors. For example, the popularity
of smartphones and handsets with advanced
features, including improved data connectivity,
increased generally during the measurement
period and several of the selected protocols
became basic features also for many feature
phone models. On the other hand, new features
and protocols are possibly first introduced in
high-end or other experimental models, which
might explain the lower acquisition rates in the
beginning of the measurement period.
When comparing the provider side measures, all protocols from groups 1, 2, and 3 can be
argued to be successful in terms of their provider
side deployment in the Finnish mobile handset
market. These protocols reached availability
levels and acquisition rates close to 80-90% by
2012, meaning that they are included in most of
the handset models provided by device vendors,
and these models include the most popular
models in sales. The group 4, and especially
RTSP and SIP are exceptions. For RTSP the
acquisition rate stayed below the availability
level for long periods until 2012, and for SIP
both measures experienced the aforementioned
large drop in 2010. Reason for these patterns
could be that both RTSP and SIP are advanced
application layer protocols, and were mainly
included in more high-end models. These protocols also have more competition than most of
the other protocols, which have already reached
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Figure 7. Provider side measures (availability level and acquisition rate) for protocol groups
1-4 (figures a-d, respectively)

a dominant position. For example, proprietary
protocols such as Skype provide competing
services to what SIP enables, and therefore,
these protocols might substitute each other.
Figure 8 depicts the end user side measures – protocol possession level and usage
level – for HTTP and EMAIL protocols, for
which usage information was available. In
general the provider side success in protocol
commercialization is also visible on the end
user side, where the strong technology-push
by the handset providers resulted in diffusion
of the protocols, that is, increase in the possession levels in 2005–2012. However, the typical
slowness of the pre-installation model because
of the slow replacement rate of mobile handsets

is visible in the data. For example, the delay for
EMAIL from reaching 80% availability level
and acquisition rate to reaching the same possession level was about three years.
It is also visible in the figure that the
technology-push did not affect strongly the usage levels of the two protocols, as large usage
gaps (and delays) were identified for both. The
possession levels of HTTP and EMAIL grew
from 39% and 65% in September 2006 to 86%
and 89% in September 2012, respectively. At
the same time the usage levels increased from
13% for both HTTP and EMAIL to 36% and
38%, respectively. For HTTP, the usage gap
remained rather stable at 50–55% during this
time period, whereas for EMAIL the usage gap
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Figure 8. End user side measures (possession level and usage level) for HTTP and EMAIL

increased notably from 26% to 50%. A rough
estimation of the usage delay for EMAIL at
30% penetration level is about 6 years. This
long delay could be caused by two reasons.
Either there is a large existing non-user population of the protocol who continue as non-users,
or new protocol acquirers simply do not start
using the protocol.
These results demonstrate adoption as one
deployment step where HTTP and EMAIL
protocols have not succeeded. Even though
the providers introduced EMAIL in popular
models, the popularity of these models was
caused by other factors, as the users did not
take the protocol in use. The large usage gap
indicates that web browsing and email were
not important services to the users of mobile
handsets especially before 2010. This observation is supported by the Ficora (2012) survey
data showing that the interest towards new
mobile services, such as email, had only small
impact on the decision to acquire a 3G handset
in 2006-2009.
Other complementary explanations for
the usage gaps could be that the applications
utilizing email protocols did not provide good
usability or that the pricing of mobile data connectivity prohibited people from using mobile
data services. However, strong price compe-

tition for mobile data started in the Finnish
market in the end of 2007 when USB modems
were introduced, after which the mobile data
prices in Finland have been low. In addition,
the new touch screen –oriented smartphone
operating systems were introduced first with
the Apple iPhone 3G in 2008. However, the
combined share of iOS, Android, and Windows
Phone operating systems was still only 21% in
September 2012 (Riikonen & Smura, 2013),
explaining the slow growth in usage levels to
some extent. Age is also a factor affecting the
usage of mobile services. For instance, according to Ficora (2012), the usage of mobile phones
with older age groups focused on a smaller
range of services, and especially on the basic
voice calling and text messaging functionalities
in 2012. If, however, older users own devices
with advanced functionalities, the usage gap
will not fully close unless the usage habits of
these users change in the future.

DISCUSSION
Protocol deployment is a complex process that
consists of several successive steps, involves
multiple stakeholders, and varies depending on
the deployment environment and the protocol in
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question. Measuring deployment is important
for analyzing the dynamics of protocol deployment and for identifying the critical factors
affecting the success of Internet protocols.
Therefore, this article developed a framework
for measuring protocol deployment levels
and gaps by combining the deployment steps,
deployment models, deployment measures, as
well as data sources. The application of the
framework was demonstrated by measuring
how a set of 11 pre-installed protocols spread
into handset models on sale, handsets in use,
and actual usage in the Finnish mobile market
from 2003 to 2012.
The developed framework divides the protocol deployment into measurable steps on the
provider and end users sides. The deployment
process varies depending on in which product
bundles the protocol is implemented and included, resulting in three deployment models –
pre-installation model, post-installation model,
and update installation model. The interplay of
technology-push and market-pull, the protocol’s
role in the product acquisition decision, and the
product replacement and update cycles may vary
between the deployment models, affecting the
deployment speed, deployment levels, and the
size of deployment gaps. Because the deployment levels define the success of a protocol
in each step and the gaps help identifying the
bottlenecks of protocol deployment, a complete
analysis of the success of a protocol should
involve both deployment levels and gaps.
The application of the framework to the
Finnish mobile market confirms some of the
earlier findings and provides understanding of
the dynamics of protocol deployment along the
pre-installation model. The protocol deployment is generally driven by applications, such
as web browsing, email or video streaming.
The results illustrate the slowness of the deployment along the pre-installation model and
the differences in the gaps and delays on both
the provider and end user sides. For example,
the delay from the high provider-driven availability level to the similar end user –related
protocol possession level was years in the case

of EMAIL protocol. In addition, a high possession level does not necessarily translate into
actual use, as the identified large gaps between
the protocol possession and usage levels of
EMAIL and HTTP show. This result extends
the assimilation gap concept proposed by Fichman and Kemerer (1999) from organizational
innovation adoption to consumer adoption. It
also supports the finding of Warma et al. (2011)
that protocols are often acquired unintentionally
alongside handset acquisitions motivated by
other reasons than the protocols. Consequently,
adoption should be studied by measuring the
actual usage of a protocol instead of using the
acquisition of the protocol-containing hardware
and software products as a proxy for adoption.
The measures and gaps identified by the
framework are useful for analyzing the dynamics of protocol deployment in the different
deployment models. The understanding of the
pros and cons of each model helps in choosing the optimal protocol deployment strategies
for each protocol case, which is especially
important for the technology providers. In addition, researchers seeking to analyze protocol
deployment on a holistic level can utilize the
framework when planning and conducting their
measurements and research. Researchers also
benefit from the application of the framework
to the Finnish market, demonstrating how the
data from the different data sources can be
combined. The framework also captures the
complexity related to the protocol implementation in the software hierarchy and its relation to
the products and platforms end users acquire,
which may be useful for researchers working
with other modular and systemic innovations.
The identified deployment gaps call for
further discussion concerning their reasons and
evolution. Firstly, the gap between availability
and possession is likely to increase until the
critical mass of end users possessing a protocol
is reached and the utility of the protocol is high
enough. Technology providers often take risk
by using the pre-installation model to build
the critical mass, making the possession gap a
natural phenomenon. Building the critical mass
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is often asymmetric so that either the client or
server side acts first, the other one following. In
the analysed case, for example, the problem of
critical mass had already been solved due to the
existing deployment on the server side driven
by the PC market. However, with completely
new, mobile-driven protocols, also the server
side deployment should be analyzed in order to
take into account the cross-side network effects.
Similar asymmetry can also be found between
the network and device functionalities, as the
introduction of 3G networks before the availability of 3G phones demonstrates.
Secondly, multiple reasons may contribute
to the low usage levels, resulting in large usage
gaps. In general, the capabilities of mobile devices seem to have evolved faster than people’s
interest and knowledge of new services, the
availability of attractive applications, the usability of devices, the data rates of devices,
and the pricing of data subscriptions. A natural
way to close the gaps is to solve these issues.
For example, the app stores and automatic OS
update services have simplified the installation
of new applications, whereas the touch screens
and modern operating systems have improved
the user experience. As rather recent phenomena, these evolutionary steps have not yet fully
affected the usage gaps in the Finnish mobile
market. Still, the usage gaps of some size are
likely to exist as long as people use only a part
of the functionalities of their mobile phones.
Thirdly, the competition against other
incompatible protocols and proprietary applications may also explain the deployment
patterns of protocols substituting each other.
For example, in the mobile Internet, email faces
competition from an increasing number of messaging applications, including the traditional
SMS and new instant messaging and social
networking applications, such as WhatsApp and
Facebook. In case of newer protocols (such as
SIP) lack the established user base and server
side availability built on the PC market, the
competition from proprietary applications (e.g.,
Skype) may affect even the availability and
possession levels of the protocols. In the most

extreme cases, the competition leads to “standards wars” (Shapiro & Varian, 1999), where
the winner takes it all and the loser vanishes
from the market.
Finally, the cause and significance of usage
gaps are neither obvious nor same in every case.
For example, already a small usage gap for a
protocol deployed along the post-installation
model indicates problems in its attractiveness,
whereas in the pre-installation model a many
times larger gap may not be a problem. Moreover, the strategies to increase the deployment
levels and decrease the related gaps are likely
different in these two cases. Consequently, one
should not jump to hasty conclusions when
analysing the results of protocol deployment
measurements.
The research could be continued to multiple directions. First, the framework should
be further validated and improved. Because
the framework has been mainly created for
analyzing the client-side deployment of a particular type of protocols – voluntary standards
developed by the IETF, the application of
the framework to the server-side and to other
types of protocols (or even other software
components, such as mobile games) requires
testing and validation. A deeper analysis of
the modularity of software – the relationship
between software components, products, and
platforms over time – could also help to improve
the framework. Because the framework does not
explain the motives behind the stakeholders’
deployment decisions, the framework should be
accompanied with suitable analytical tools for
analyzing stakeholders incentives. Second, the
application of the framework could be extended
to cover additional data sources, protocols, and
markets. For example, conducting network
traffic measurements would provide data on
usage levels for a larger number of protocols
and would enable the usage analysis to include
the frequency and volume of use. Studying a
case where also post- and update installation
models were relevant would allow comparing
the deployment levels and gaps of different
deployment models. Finally, the comparison
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of different geographic or device (e.g., mobile
handsets vs. PCs) markets could help to explain
the role of deployment environment on protocol
deployment.
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APPENDIX
Collection Process of Protocol Data
The protocol data were collected from several sources. First, a script was created to fetch the
data from the WURFL repository (ScientiaMobile, 2012) containing information about device
capabilities and features for a variety of mobile devices. The capabilities included the URLs of
UAProf files that describe the capabilities of a mobile handset model in an XML format standardized by the Open Mobile Alliance (OMA) (2006). Second, these UAProf files were downloaded
and parsed programmatically to complement the WURFL data. Finally, the missing information
was collected manually from the handset specifications available in the handset vendors’ web
pages and in online databases, such as GSMArena1.
Internet protocols were rarely mentioned directly in the used data sources. As a consequence,
the existence of protocols in the handset models was identified based on other capabilities (Table
1). For example, the inclusion of wireless application protocol (WAP) version 1.x into a device
model indicates that the model is IPv4 and UDP capable, whereas version 2.x adds support for
TCP, TLS and HTTP (Open Mobile Alliance, 2002). Similarly, support for OMA packet-switched
streaming (PSS) standard translates into RTP and RTSP support (Gabin, Kampmann, Lohmar,
& Priddle, 2010), certain Java APIs (MIDP, SIP API) and applications (email, VoIP, push to talk
(PoC), video streaming) indicate support for other protocols, and some protocols are included
as features in operating systems. Finally, application layer protocols typically run over certain
lower layer protocols. Consequently, the availability of application layer protocols indicates the
availability of lower layer protocols, whereas the lack of lower layer protocols translates into
the lack of application layer protocols.

Table 1. Rules for identifying the existence of protocols in the handset models
Protocol
EMAIL
SMTP ( Simple Mail Transfer Protocol, RFC 5321)
IMAP4 ( Internet Message Access Protocol v4, RFC
3501)
POP3 ( Post Office Protocol v3, RFC 1939)

HTTP
(HyperText Transfer Protocol, RFC 2616)

Features Indicating Protocol Support (and Non-Support)
1) Email application OR
2) UAProf: <prf:Email-URI-Schemes> = POP or IMAP or SMTP
NO SUPPORT: 1 ≠ true AND 2 ≠ true
1) HTML browser OR
2) WURFL: <j2me_midp_1_0> or <j2me_midp_2_0> = true OR
3) WURFL: <j2me_http> = true OR
4) WAP version = 2.x
NO SUPPORT: 1 ≠ true AND 2 ≠ true AND 3 ≠ true AND 4 ≠ 2.x

TLS
(Transport Layer Security, RFC 5246)

1) WURFL: <j2me_https> = true OR
2) UAProf: <prf:SecuritySupport> = SSL/TLS OR
3) WAP version = 2.x
NO SUPPORT: (1 ≠ true AND 2 ≠ SSL/TLS AND 3 ≠ 2.x) OR IPv4
= false

continued on following page
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Table 1. Continued
Protocol

SIP
(Session Initiation Protocol, RFC 3261)

Features Indicating Protocol Support (and Non-Support)
1) JSR-180 SIP API for J2ME OR
2) PoC (Push-to-talk over Cellular) application OR
3) VoIP application, including also FaceTime OR
4) OS = Android 2.3 --> OR Symbian v9.1 / S60 3E --> OR Windows
Mobile 6.0 -->
NO SUPPORT: (2 ≠ true AND 3 ≠ true) OR IPv4 = false OR WAP
version = 1.x OR OS = (Windows Phone OR Samsung Bada OR
Blackberry)

RTSP
(Real Time Streaming Protocol, RFC 2326)

1) WURFL: <streaming_real_media> = true OR
2) UAProf: <rdf:Description rdf:ID=”Streaming”> = exists OR
3) OS = Nokia S40 3E FP2 --> OR Symbian v8.1 / S60 2E FP3 -->
OR Blackberry 4.3 --> OR Android OR Samsung Bada 1.0 -->
NO SUPPORT: RTP = false OR IPv4 = false OR WAP version = 1.x
OR OS = (iOS OR Windows Phone)

RTP
(Real-time Transport Protocol, RFC 3550)

1) SIP OR
2) RTSP OR
3) Video streaming support OR
4) WURFL: <streaming_video> = true OR
5) UAProf: <pss6:RtpProfiles> = RTP OR
6) UAProf: <rdf:Description rdf:ID=”Streaming”> = exists
NO SUPPORT: (1 ≠ true AND 3 ≠ true) OR IPv4 = false OR WAP
version = 1.x

TCP
(Transport Control Protocol, RFC 793)

1) EMAIL OR
2) HTML browser OR
3) WURFL: <j2me_socket> = true OR
4) WAP version = 2.x
NO SUPPORT: 1 ≠ true AND 2 ≠ true AND 3 ≠ true AND 4 ≠ 2.x

UDP
(User Datagram Protocol, RFC 768)

1) RTP OR
2) SIP OR
3) WURFL: <j2me_udp> = true OR
4) WAP version = 1.x or 2.x
NO SUPPORT: IPv4 = false

IPv4
(Internet Protocol, version 4, RFC 791)

1) EMAIL OR
2) HTTP OR
3) GPRS OR
4) WAP version = 2.x
NO SUPPORT: 3 = false AND 4 = 0 (i.e., no WAP)
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