
M. Oivo and S. Komi-Sirviö (Eds.): PROFES 2002, LNCS 2559, pp. 587-600, 2002.
 Springer-Verlag Berlin Heidelberg 2002

Wireless Games – Review and Experiment

Dan Bendas and Mauri Myllyaho

Department of Information Processing Science, University of Oulu
P.O.Box 3000, FIN-90014 OULU, Finland

{bendas.dan,mauri.myllyaho}@oulu.fi

Abstract: This paper is an introduction to the domain of wireless
games. It presents a brief history of mobile gaming, a number of
important technologies and introduces classification and evaluation
concepts and criteria. A multi-player, multi-platform card game
developed in the University of Oulu, is used to present authors' own
experiences in this field.

1 Introduction

Computer gaming is often thought as children’s free time hobby, but IDSA surveys
show that more than half of computer and video game players are over 18 years old.
The three top reasons to play games are related to entertainment: fun, challenge, and
playing with company. [6] The major challenge of creating a computer game is to
make a game for almost everyone, and in the mobile environment reality-based games
have drawn "special interest".

This paper aims to rise the interest of the reader towards issues of mobile and
wireless gaming. In doing so we'll present results from a study aimed at finding new
methods, processes, tools and technologies for developing mobile content. One
critical assumption of the study is that entertainment services will be one of the key
revenue streams for the 3G wireless industry. Findings of our background research
about the current status of the wireless entertainment industry support the assumption
and they are presented in the first part of this paper. For the experiments, a card game
called "Four Players' Tuppi" (which is a traditional card game from Northern Finland,
similar to Bridge or Whist) was developed to be playable with mobile devices.

This paper suggests that multi-platform wireless games have higher chances of
commercial success than games running on a single type of handset. The practical
development of a server-based game helped us to identify a possible architectural
approach for this type of applications.

This paper is organized so that it starts with a presentation of the electronic gaming
history followed by a short market analysis and a classification of wireless games by
type of connectivity. Next chapter analyses the leading technologies used for
implementing wireless games. Issues affecting the development of wireless games are
discussed.  An original solution for multi-device gaming is introduced. Lastly, the
finding of the paper are synthesized.
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2 Background

Most gaming history related articles forget to present, that first computer games were
created for educational and simulation purposes. The first games were done in 1950's
for the army scenarios and business management purposes, an example is Top
Management Decision Game in 1957 [21, 24]. Digital gaming includes besides
computer games also different mobile phone games, electronic games, video games,
arcade games, and TV-games from the end of 1970's [25]. 1970's and 1980's created
many arcade and computer game classics. Here are some examples: in 1978 Space
Invaders created a "public" concept of game addiction [17], 1980 brought the most
copied game title Pac-Man, and 1988 was the year of Tetris that was brought to all
possible gaming platforms.

Nintendo is the most important mobile game company up to date. In 1980 it started
selling portable Game & Watch product line having LCD displays, including two
game alternatives and a watch (utility feature). Game Boy was introduced in 1989 and
has already over 700 game titles from various game genres. It has sold close to 120
million units by March 2002 [14]. History of digital gaming shows that superior
technical level is not a guarantee of success, as Game Boy has shown. The most
important factors by Saarikoski [18] are quality and amount of games, and the
naughty troll called "Chance".

1989 brought the public Internet and in 1993 Doom generated many Internet
downloads and was a big success for ID software. Introduction of Doom established
the concept of networked game in the mind of the public [10], and it invited later on
new players with the abilities to create their own game environments (level-builders)
and avatars (character builder kits).

The big amount of digital games has created the need to classify games into genres
(categories). Many game companies have simplified their genres to very few numbers
like arcade, adventure, role-playing, simulations, strategy, sport & racing [4].
Probably this simplified categorization will change in near future: the most popular
genre for the adult gamers (over 50 years) was "puzzle/board/card"-games [7], and
mobile phone gaming has introduced in few years forgotten and really successful
game genres.

3 Mobile and Wireless Games

Mobile games are electronic games that are played using portable devices such as
handheld game console, personal digital assistant (PDA), or mobile phone. A special
category is wireless games that are played using network-enabled devices.

3.1 Market Analysis

Mobile phone content (MPC) market is pretty young worldwide: in Japan it started in
1999. Estimation of Japanese MPC market size for 2002 is 140 billion yen, from
which downloadable Java games are thought to be 20 billion yen [19].
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Table 1. Mobile entertainment and gaming users, millions [28]

Entertainment by
application

2001 2006 Games by
sub-application

2001 2006

Information services 47.2 901.0 SIM/embedded 34.3 263.7
Gambling 25.7 572.4 Online (SMS/net) 12.0 508.8
Gaming 42.9 848.0 Downloadable 5.7 206.7
Music 71.5 689.0 Multi-platform 3.0 197.8
Pictures 34.3 636.0
Moving Images 1.4 318.0

Biggest U.S entertainment field in 2001 was music, and after that follow digital
gaming (sales of hardware and software) and movie ticket sales [11]. Global markets'
of 3G service revenues are estimated to be $320 billion, and mobile gaming worth
$23.7 billion in 2010 [20; 27]. In Western Europe five big countries generate over
70% of the mobile entertainment revenue, and the estimates for the Finnish mobile
gaming market size are: 3.55 million EUR in 2001, and 31.13 million EUR in 2005
[17]. In 2001 PC and video game market in Finland was 59.3 million euros [26].

The ARC Group’s predictions from the growth of the global mobile entertainment
usage are given in Table 1. This shows that gaming is expected to be popular
compared to other entertainment applications, and that online (connected) gaming is
expected to become the most popular sub-category.

The mobile gaming value chain can be expressed with three main players,
presented in Figure 1. Their tasks are following: game developer provides the content,
portal is the distribution channel, and operators charge for the service or for the data
transfer.

IDSA study [5] shows that more than one-third of Americans owning game
consoles or computers say "they play also games on mobile devices like handheld
systems, PDAs, and cell phones". Nintendo has also noticed the growing interest to
multi-player games and it has introduced link cable to connect 4 Game Boys (GB). In
2001 Mobile Adapter GB system was introduced in Japan to enable linking Game
Boy to cell phones [2].

The current situation of the wireless gaming field is best synthesized by
D. Kushner's [11] words: "Despite puny screens, primitive to nonexistent graphics
and conflicting standards, cell phones and other wireless devices are the hottest
electronic playspace around."

Fig. 1. Mobile gaming industry value chain [15]
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3.2 Classification of Wireless Games

Kushner [11] defines wireless game as an "entertainment application, that is played
on the Internet-enabled portable device such as PDA and, particularly, with a mobile
phone". From the connectivity point of view there are three main categories of
wireless games:

1. Stand-alone game involves only one non-connected handset and one player.
2. Peer-to-peer game involves two or more handsets and players and some data

transfer channel.
3. Networked game resembles a distributed system that is played by many

players over a cellular network while connecting to some mobile
entertainment server.

Stand-alone games typically come embedded with handsets. These games can be
specifically optimized for one platform, and take full advantage of the handset’s
features such as sound, vibration, or a color display. Since there is no need to deal
with I/O (networking) induced uncertainty, stand-alone games can provide high
quality presentation, good response time for the user interface and are robust. Typical
embedded games are Snake on Nokia, and Kung-Fu on Siemens. The idea of playing
games was introduced to consumers in year 1997, when Nokia launched the model
6110 with its Snake game [15, 29].
The channel of data transfer for peer-to-peer games can be infrared interface (IrDA),
short range radio (Bluetooth), or Circuit Switched Data Call (CSDC). They bring
additional challenge for the player when compared to stand-alone games: the player
can now have an intelligent human partner, not an algorithm, to compete with. The
interface with the communication channel (I/O subsystem) adds always some delays
and uncertainty into the application – no matter how simple the implementation is.
Need of available game partner(s) requires physical proximity or at least a previous
agreement between players. An example of peer-to-peer game is Nokia's Snake when
played via infrared.

Networked game includes many players using different computing devices to
participate in a game, aiming common goals and sharing the same virtual realm.
Networked games always involve a server. An example is Alien's Fish Exchange by
nGame. The data capacity of the connection and its latency directly affects the quality
of the interaction. The nature of games dictates their bandwidth needs: for example a
deep thinking board game like chess may be enjoyed when it's played over WAP, and
a fast-paced multi-player action game requires a fast and low-latency broadband
connection.

The main difference between peer-to-peer and networked games is that the first
category doesn't use a server as an active element, the logic and control of playing is
self-contained in the mobile application.

4 Mobile Games Provided in Different Platforms

The entertainment value of wireless games depends in a high degree on the technical
abilities of that game, on its presentation, on its complexity and speed of response.
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Moreover, customers want to have a large variety of games to choose from, not to be
limited to a few of them, that came embedded with the terminal.

The first embedded games were coded into the firmware, and powered by the extra
processing abilities of devices that were not used for controlling the main functions of
the phone. Since then, the hardware evolved bringing up the possibility and interest
for applications developed by 3rd parties that can be installed by end-users.

Different software solutions (platforms) have emerged, trying to solve the complex
problem of accommodating and running foreign application in a small and restrictive
medium such as a mobile telephone's operating system. Between them J2ME and
BREW are competing to become accepted as standard platform for high-end handsets,
while WAP and SMS are still dominating the lower range of devices. Some
manufacturers choose proprietary solutions such as ExEn or Mophun™ in order to
obtain the desired quality. There are more competitors such as the Symbian
consortium or Microsoft's Pocket PC 2002 Phone Edition, which have the potential to
induce big changes in the near future.

4.1 J2ME

The Java™ application environment, designed and maintained by Sun Microsystems
through an open process, is a de-facto industrial standard. Characteristics like the
structure of the language, portability of binaries, and inherent protection mechanisms
recommend Java as a possible candidate for an universal application environment for
mobile devices. The "Micro Edition" of Java (referred as J2ME) was developed to
fulfill the need for small version, suitable for portable devices [23]. The Mobile
Information Device Profile (MIDP) is the J2ME variant aimed for small, connected
appliances, especially mobile telephones and PDAs.

There are already many MIDP enabled devices on the market from most of the
major mobile telephone manufacturers. This first generation portable Java technology
(based on MIDP 1.0) suffers from a series of inconveniences. Each manufacturer has
proprietary, incompatible extensions of the MIDP standard, the networking is
restricted to HTTP (the only protocol required by the standard), and many device-
specific features can't be accessed by Java applications (ex. infrared or Bluetooth
interfaces). A series of improvements are expected in the future, including higher
execution speed with optimized virtual machines and hardware acceleration, more
networking possibilities (datagrams, sockets, secure HTTP), game-oriented graphical
functions, etc. MIDP 2.0, the next version of the standard, which is going to be
introduced in 2003, will contain many of those additions, eliminating though the need
for proprietary extensions.

MIDP applications are called "MIDlets". They can be downloaded and installed
into a device in multiple ways. One possibility is via the device's wireless network
connection (ex. GPRS), following a link in a WAP page. A PC can also be used to
download the MIDlet, and to upload it into the handheld using a short range
connection (cable or infrared or Bluetooth).

Industry analysts forecast J2ME to have a significant market share as a platform
for mobile entertainment in the coming years [15]
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4.2 i-mode and i-appli

i-mode is a mobile data service and a brand name of the Japanese operator NNT
DoCoMo. It is designed to provide Internet connection and access to special designed
services to cell phone users

The network's transmission protocol for i-mode is a variant of low bandwidth Code
Division Medium Access (CDMA) that allows efficient usage of the radio spectrum.
CDMA doesn’t reserve one channel for each link like in the GSM’s CSDC system.
i-mode's maximum speed is only 9600 bauds that is anyway appropriate for optimized
applications [3].

i-appli is an extension to i-mode service that allows downloading and executing
applications locally on handsets, see Figure 2. The environment is based on J2ME and
on the i-mode extensions library similar to MIDP defining terminal-specific features
like the user-interface, and HTTP protocol.

The first generation of games were simple server-based applications like fortune
telling or virtual horse racing. i-appli made it possible to have downloadable stand-
alone micro-games.

Well-established games companies like Sega and Sony have launched titles for the
i-mode platform (many of them being adapted from other restricted platforms). The
potential is even higher: in the beginning of 2001 the Japanese company Dwango Co.
launched a massive multi-user role playing game (RPG) called Samurai Romanesque.
It includes nice graphical capabilities and impressive features: up to 500.000
simultaneous users, real-time interaction, complex scenario and graphics [9].

Content
Provider's

Site
iMode compatible

Java handset

Packet
Network

iMode
Server

Internet

Java
Application

Java
Application

1

2

1 - Java Program Download (http)
2 - Java Program Communication (http)

Fig. 2. Downloading Java applications in i-mode handsets1

4.3 BREW

Binary Runtime Environment for Wireless™ (BREW) is an application environment
developed by Qualcomm Inc. Initially it was intended for Qualcomm's CDMA
chipsets, but now BREW is available for most of the existing mobile platforms.

The advantages of BREW are small footprint (it is a binary kernel and the
applications are native, not interpreted), fast execution speed, optimized for one
platform, and seamless integration with the device. These characteristics as well as

                                                          
1 modified after NNT DoCoMo, Specifications of Java for i-mode,

http://www.nttdocomo.co.jp/english/p_s/i/java/index.html [checked September 3rd ,2002]
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support from large telephone corporations (Qualcomm, Sharp, Sanyo, Samsung, LG,
etc.) have assured success for BREW on Asian and American markets.

On top of a wide-band CDMA air interface, with the support of a powerful
processor and a color screen, BREW provides some of the most advanced
entertainment applications in our days. Korean operators are offering entertainment
services such as video clips for movie previews, sports highlights, full-color music
videos, casino gaming, video gaming, downloading of images, and Karaoke services
[12]. In addition to increased throughput CDMA2000 technology makes it possible to
have concurrent voice and data sessions. By July 2002 more than 1 million BREW-
enabled handsets were sold worldwide (in Korea, Japan, and U.S) [13].

4.4 SMS, MMS and WAP

The built-in messaging ability of GSM looked like a promising delivery medium for
mobile entertainment. Despite the large number of commercial and experimental
applications that have been deployed since the beginning of '90s the results are rather
disappointing. Very few major SMS based services did managed to capture the
interest of the consumers. Some companies that tried to offer such services in Finland
include:  iobox, 2ndhead, speedytomato. The factors that contribute to this situation
include price, text entry method, small carrying capacity, and latency.

With game interaction limited to text through triple-tap, there’s not a lot room for
interface innovations. One thing SMS has in favor, though, is a definite revenue
stream. SMS-enabled handsets are available worldwide and every carrier knows how
to bill for messages. [30]

The income model of SMS, as well as the technical implementation, is specifically
designed for person-to-person communication and not for turn-based computer
games, and especially not for machine to machine data links.

Successful SMS games are those where the amount of sent messages is low while
the stakes are high. Examples are "Who wants to be a millionaire", and cross media
games with TV interface. In Finland SMS-based real-time chat brought the IRC to
television, and generated over $90.000 in revenue during the first month [16]. „Who
Wants To Be A Millionaire?“ is world’s most widely played mobile game, for SMS
and WAP, and it is available to over 150 million users across the globe (in May 2002
also for i-mode).

Three ways of employing SMS in games can be detected:

- As carrier – where actual game information is transported over SMS, as in
"Who wants to be a millionaire?"

- As a controller for a cross-media applications. Some or all interactions are
performed using a mobile phone, while game's graphical display is shown in
another media, for example on a TV channel (WaterWar and Katapultti on
Finnish SubTV cable channel) or in Internet (Pumpui).

- As a payment instrument. Premium-priced SMS adds credits for games
performed on other media (ex. Habbo Hotel, or arcade rally machines).

Technically, SMS is used as carrier for other types of mobile entertainment such as
downloadable ring tones and display logos.
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MMS (Multimedia Messaging Service) is a multi-channel messaging system, able
to transfer pictures, sound and text between mobile phones and also to desktop PCs. It
is going to be an enabler application for the new generation of handsets with color
screens, embedded cameras (like Nokia 7650), and fast data interfaces (GPRS,
HSCSD). At this time there are already games for MMS, for example the dating game
LUVM8, in China, developed by a local company in collaboration with Nokia. The
penetration of high-end terminals supporting MMS is still low so the commercial
success of such services can't be yet assessed.

WAP is an open standard for mobile Internet, largely adopted by European phone
manufacturers. A typical WAP system includes a server, an access gateway and a
browser, residing on the handset. Its main usage is for static and low-dynamic
information retrieval.

The first public WAP services started in the beginning of 1999. Between the
different proposed applications have been games and entertainment services, but the
level of acceptance from the consumers was low. Affecting factors include the high
price and the technical limitations of the implementations on top of GSM. The most
suited games for WAP are turn-based board games, played between one human and a
computer. In this case, the player decides the move, submits it to the server, the
response is computed instantaneously and it's sent in response. The lack of a push
mechanism prohibits real-time or multi-player games.

GPRS (General Packet Radio System) is an upgrade to GSM networks (so called
the 2.5 generation), allowing always connected links, faster transfer speeds and flat-
rate monthly fee for data transfers. WAP over GPRS is a much more attractive option
that it was over CSD calls, but our opinion is that downloadable applications (i.e.
J2ME) makes it irrelevant for the future mobile games.

4.5 Crossmedia

The interest for interactive TV programs has brought a number of interesting
applications where one mobile technology (especially SMS) is used as a control
channel in a television show.

One example is the successful Finnish game WaterWar [22]. SubTV, a small cable
TV station run this shows daily for about two hours. The players are organized in two
teams, competing for the control of the battlefield. Mobile phones are used to send
SMS controlling the characters on the screen. Up to 30 persons can play
simultaneously. There is also a chat on the screen allowing players and spectators to
exchange messages. Automatic players are available during non-peak hours.
WaterWar is developed using a special platform for TV games developed by Frantic
Media.

This technology can be perceived as a pioneer for real digital TV applications.

4.6 Other Platforms

Outside from widespread standards, a number of proprietary solutions for embedding
games into mobile devices exist on the market.

InFusio is a French company who started activity in the field of mobile games in
1998. In September 2000 they launched their own platform for games called ExEn.
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Early in 2001, the first GSM handsets with ExEn technology has been launched on
European markets, providing for the first time the ability to add 3rd party games into
devices.

The platform has been licensed to several major manufacturers, and has been
deployed in different networks in Europe and Asia. In August 2002, the list included
D2 Vodafone, SFR, Orange , China Mobile, Telefonica [8].

ExEn technology contains three elements: an executive kernel that is embeddable
in handsets (at manufacturing time), a server and a collection of games.

The executive kernel is available for licensees to be included in cell phones. It
offers a core language based on J2ME and a library of game-enabling routines such as
sprite animation, image resize, collision detection, accelerated scroll, etc. The server
supports downloading of games (via CSDC) and some services like high score listing
and access control. This allows mobile network operators to monitor the usage of the
games and to implement different billing policies or extensions to the system. The
games are provided by In-Fusio – at the moment of writing the platform is closed for
third party developers. They are stand-alone games built around successful ideas from
the 8 bit home computers generation: sports games, platform-jumping, etc.

According to Sony Ericsson "Mophun™ 2 is a software based gaming console for
mobile terminals." It is a proprietary solution developed by Stockholm-based
Synergenix. Sony Ericsson schedules to introduce it in their new model T300 in Q4 of
2002. It uses C/C++ applications called "gamelets", deployed in a sandbox
environment. There is an SDK available, WEB support for individual developers and
prototype games that can be played on the Internet.

Until a standard mobile gaming platform will become mature enough and will be
commonly accepted by the telecom industry, the proprietary solutions will continue to
exist and to provide optimum performance for specific devices.

5 Wireless Game Development Characteristics

Creating and operating successful wireless games is a complex process requiring
certain managerial and technical abilities. This might be a surprising assertion, given
that the average wireless game appears to be by far simpler that most of the PC
games. In fact, a number of factors affect the development process of wireless
applications, making it more difficult the development of traditional, desktop
applications. The distribution chain is longer in the wireless case, and the deployment
environment is restricted and controlled by telecom operators. Platforms are less
familiar for average developers, the know-how is less accessible. The wireless
platforms are also less mature, more prone to undocumented behavior than desktop
computers.

In order to be commercially profitable a wireless game should feature a set of
characteristics that are often conflicting or hard to reach: 1) playability – to be fun,

                                                          
2 Mophun ™ White paper

http://www.ericsson.com/mobilityworld/sub/open/devices/T300/docs/Mophun_WP.html
(2002)
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2) reasonable reliability, 3) low cost of playing, 4) interoperability across different
devices, 5) usability of the UI, and 6) enough fast response time (multi-player games).

In the same time a multitude of devices coexist in one operator's network rising up
the dilemma: which one of them to support?, see Figure 3.

The perceived entertainment value of a wireless game is constrained from the
beginning by the natural device's limitations. Small screen, miniature keyboard, low
consumption processor – all contribute to a rather unattractive environment. A game
idea must stand by itself. Unlike in the PC or console world, there can't be any fancy
graphics, sound or effects to back it up. High creativity and talent must be invested in
the earliest design phases, this is a essential precondition of success. Companies
owning intellectual property rights for older games (for 8 bit home computers or
consoles) are in particularly good positions in the wireless entertainment market.
Newcomers are faced with the difficult situation when many good ideas that seem to
be new are already implemented and copyrighted.

As [1] notes, there is a first basic option for a customer: to use a complex,
integrated device, offering both a mobile phone and information processing functions,
or to chose a PDA with separated telephone which can also act as a wireless network
interface.

Fig. 3. Choice of two devices [modified after Canalys, 2001]

The variety of mobile devices is much larger than that of desktop computers and
the diversity of the software platforms is even larger. Even closely related platforms,
like J2ME implementations on telephones from the same manufacturers have slightly
different features, like the size of the screen or the color depth. Each technology may
require investments in new tools (ex. WAP server, MMS access point) and in know-
how.

A specific problem of wireless games is losing the connection in the middle of one
session. Especially in the case of action or multi-player games, these situations need
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to be detected and recovered both for the player who is (temporarily) disconnected
and for those who are continuing their session.

6 Monica Experiment

The Monica Project was established in 1999 at the University of Oulu aiming to
research topics about value-added service development for 3G mobile phones. One
experiment consisted of the practical implementation of a multi-client, multi-platform
mobile card games. By analyzing similar systems developed by industrial companies,
it was evident that a special approach was needed in order to be able to support a large
variety of client devices.

Most of the existing solutions were built around one platform and one bearer
media. There were solutions for WAP over GSM link or Java applets over IP, or
dedicated systems for connected Palm PDAs, and so on. This type of approach seems
to be the most robust and successful since it leverages the strengths of one single
platform and eliminates the risks associated with combining different, incompatible
technologies. A common characteristic of the analyzed solutions was the tight
coupling between the business logic of the application and the presentation layer.

GSM
Network

Game Server

WAP Gateway +
Servlet

WAP Handset

LAN

BayNetworks

Router

GPRS
Network

GPRS Modem

PDA

Game
Logic

Content
Encoding

Bearer
Network

User
Interface

Internet
HTTP Server +
Servlet Engine

Fig. 4. "Monica" architecture for mobile entertainment services

The first step in our approach was to define a generic architecture for mobile
entertainment services to separate as much as possible the logic and the presentation
aspects, see Figure 4. The solution is to encode game's logic in a process called "game
server", which is separate from the preparation of data in the client device's format.
The second activity is carried in a process called "content encoder". In this way, the
simultaneous multi-platform access to the service is realized by adding an encoder for
each of the supported end-user platforms.

Another characteristic of the Monica's approach is that all the information
processing is performed by the server, the end-user client devices act as simple
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"remote user interfaces", or as browsers. This brings the advantage that virtually any
device that is capable of bi-directional communication can be used as a terminal for
the game, and the adaptation process is relatively simple.

The content (in our case, a card game) can be presented in an as simple or complex
way that is required. For instance, on the screen of a WAP phone the cards can be
presented with numbers and letters, and they can be manipulated via menus, while in
a PC's Java client, the same game can display animation, play sounds, etc. Another
advantage is that a centralized logic allows simpler maintenance, defects can be fixed
and features can be added by modifying only one repository of code (the server).

The most important drawback of this idea is that the game is very sensitive to
network latency. Each of the user's actions have to be validated and applied by the
server via a network link, so the roundtrip transfer time of one message between client
and server is the minimum response time of the interface. In the case of SMS for
example, the result of pressing one button in the user interface can be perceived only
after one minute.

7 Conclusion

At the moment, the most common mobile entertainment applications are embedded or
stand-alone games that emphasize a good presentation layer. They are able to
optimally utilize the devices' resources by avoiding the extra burden of a networking
channel. In the near future, multi-player, networked games will become more
important. They bring advantages for both the user – interacting with other humans
improves the playing experience, and for the operator – since multi-player games help
building communities of loyal customers. The ability of addressing large numbers of
potential users is essential for a service in order to be profitable. For a game, one way
to achieve this goal is to have a multi-platform characteristic, being implemented for a
number of different devices that can inter-operate.

Compared with other existing solutions for implementing server-based, multi-user
and multi-platform games, our proposed design has a number of advantages:

- Network independence – it doesn’t matter how a device is connected, as long
as it can send and receive data

- Device independence – any kind of device can be used as a client as long as
it allows implementing of applications or rendering some kind of language.
The level of usability can vary greatly, but essentially, the usability of the
game is similar with the usability of that environment

- Easiness to port to new platforms – since the model of application is well
defined, the modifications are related especially to platform specific issues.
Our implementation supports six different client platforms, each one of the
having multiple configuration variants.
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