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Abstract. Despite recent improvements in wireless network protocols and the manufacturing of better, more performant mobile
devices, developing mobile applications and services still poses
major challenges. Mobile devices have scarce computing capabilities, limited storage, short battery lifetime, and slow, expensive, and unreliable wireless communication. To alleviate these
problems, we propose (1) to move the computationally intensive
operations from the mobile client to an external Web Service and
(2) to implement efficient data caching on the mobile device to
minimize network traffic. In this article, we present these two key
design aspects in the context of a Java development of a mobile
service that offers train schedule information. The results show
better response time and reduced network traffic.
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each start and destination pair. Once installed, the application
never updates the data nor checks for data validity.
Another approach is by Actuan Mobile who offers the complete dynamic schedule for the New Jersey Transit rail system.
The application2 is offered both as a mobile browser solution
and Java application with extensive features. However, no data
caching is used; the schedule information is obtained directly by
querying on-line servers for each request.
Most of the mobile devices on the market (mobile phones,
smart phones, PDAs, etc) run an implementation of the Java 2 MicroEdition (J2ME). J2ME contains several profiles, but the most
widely used is the Mobile Information Device Profile (MIDP).
For these reasons and for portability considerations, we implemented the MTrainSchedule as an MIDP application (i.e. MIDlet).
In the following section, we present theoretical considerations
of the two key design aspects: data caching and Web Services, as
well as general practical concerns regarding Java implementation
on mobile devices. Section 3 presents the MTrainSchedule application and emphasizes the design principles and implementation
decisions. Section 4 evaluates the approach while Section 5 concludes and proposes further research directions.

Introduction and Related Work

The enhancement in the capabilities of mobile devices together
with the increasing user adoption rate provide a solid basis for
the development and deployment of innovative mobile applications and services. However, despite these improvements, mobile
devices are still far behind personal computers in terms of scarce
computing capabilities, limited storage, short battery lifetime, and
slow, expensive, and unreliable wireless communication.
Despite the definition of the 3rd Generation (3G) network
protocols (e.g. UMTS) which promise higher transmission rates,
3G networks are expensive and not widely deployed. Wireless
connectivity is by its inherent nature unreliable due to reflection, refraction, signal attenuation and so on. Furthermore, mobile devices have limited storage, computational power, and battery lifetime. To alleviate these problems, we propose a Web Service based architecture to distribute computational intensive operations, and client-side data caching to reduce network traffic. As
a direct benefit, the battery power consumption of the mobile or
embedded device decreases.
In this article, we present the Java implementation of a mobile application that gives train schedule information and we emphasize how we put in practice the above mentioned design principles. The user enters the departure station and the application
displays the next departing trains and their destinations.
Other projects aim to provide similar services. Deutsche Bahn
offers personal schedules between two specific stations1 . However, the user needs to download and install one application for
∗ Supervisor
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Theoretical and Practical Considerations

The usage of a service oriented architecture offers significant advantages in terms of loose coupling of services, flexibility, and
adaptability to changes. The JSR 172 optional package, J2ME
Web Services Specification [Ellis and Young, 2003] for MIDP,
defines the API for accessing remote SOAP/XML based Web
Services. Method invocation follows the synchronous requestresponse model of client-server interaction. The JSR 172 stub
and runtime transparently handle the encoding and decoding of
method calls and parameters, object serialization, as well as sending the request and receiving the response. However, despite the
introduction of this standard, Web Services for mobile clients are
still scarcely discussed in literature and implementations for mobile phones are nascent.
General, theoretical considerations to data caching have been
throughly discussed in literature. Based on the classification of
replication, hoarding and caching in [Höpfner et al., 2005], one

of the project.

1 http://persoenlicherfahrplan.bahn.de
2 http://www.actuanmobile.com/documentation/train_schedule_manual-online-version-v0_1.pdf
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must consider major caching issues such as coherency, replacement and look-up. [Lee et al., 1999] introduces semantic caching
and [Gray et al., 1996] presents synchronization techniques.
To cache data on a mobile device, one must use the persistent storage offered by MIDP: the Record Management Store
(RMS) [Ghosh, 2002, Giguere, 2004]. Record Stores are uniquely
identified by their names and contain a number of records accessible by their integer index. We use RMS to persistently store
cached application data. The specific indexing and storing formats are described in the next section, together with the system’s
architecture.
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MTrainSchedule:
Implementation

Architecture

for the given station and caches the received response.

Figure 2: Record Store: Structuring and indexing train schedule
information
Figure 2 depicts the index data structure used for caching the
train schedule information for one departing train station. The
data structure is known and understood by the application - hence,
semantic caching techniques are not necessary. Furthermore, synchronization techniques are not required because clients do not
modify the provided train schedule. Each train station is saved
in a separate Record Store and uniquely identified by the name
of the departing station. The first entry contains validity information. The next 24 entries (one for every hour) contain the train
partitioned by departing time. For instance, when the application
needs to retrieve trains leaving at 14:02h, only the 16th entry in
approrpiate the Record Store is read. To minimize storage, train
information is binary serialized and contains the train type, departure time and destination.

and

The scheduled train departures can normally be checked online
from public transport websites. However, accessing these services
from a mobile phone remains expensive and inefficient, especially
when the user repeatedly enters the same query. Alternatively, we
propose a mobile application that stores the schedule and reuses
the information during the next sessions, thus minimizing network traffic.
Besides the usual HTML interface, the Karlsruher
Verkehrsverbund Website (KVV3 ) also offers, for each station,
raw data files containing limited information on all the departing
trains; we used these plain text files as information source.
Figure 1 presents the main components of the system: (1) the
MIDlet application running on the device, denoted MTrainSchedule, (2) the remote Web Service which answers the MIDlet request, and (3) the KVV Website which offers up-to-date schedule
information.
The MTrainSchedule MIDlet queries the Web Service
through the WS stub to retrieve the information on the train departing from the given station. The reply from the Web Service
contains basic details on the next trains such as type (e.g. regional train, InterCity Express, etc), departure time, and final destination. The Web Service is responsible of data consistency, updates and proper format. Concretely, the Web Service gathers and
parses the latest raw train schedule data from the KVV Website.
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Evaluation

The performance tests presented in this section have been
made on a desktop computer using the J2ME Wireless Toolkit
[Sun, 2006]. This emulator offers an execution environment similar to the one on mobile devices and allows adjusting the virtual
machine emulator speed and network throughput.

Figure 3: Evaluation – Data size vs. response time
Figure 3 illustrates the response time for answering a query
without cache against variable data size. In this case, all data is
retrieved from the server.
Figure 1: Train schedule application architecture
The Cache Manager on the client side is responsible for
caching and retrieving data from the persistent storage of the
Record Store. If the user queries for the next trains for a given
station, the MTrain Engine first checks whether the information
is already present in the cache. If so, the next departing trains are
displayed to the user, without generating any network traffic. Otherwise, the MIDlet queries the Web Service for the latest schedule

Figure 4: Evaluation – Cache hit vs. Cache miss

3 http://www.kvv.de/kvv/
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Figure 4 compares the response time of a cache miss with respect to a cache hit. Answering a query locally is much faster
compared to retrieving the data over the network. The influence
of the size of requested data is significantly amortized if the data
can be provided from local cache.
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[Sun, 2006] Sun (2006).
J2ME Wireless Toolkit.
http://java.sun.com/products/sjwtoolkit/.
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Conclusions and Future Work

In this article, we presented a service oriented train schedule application using data caching for MIDP enabled mobile device.
We discussed the architecture and implementation, illustrated the
caching issues and presented first evaluation results. This article
is only a first step in terms of caching implementations for mobile
clients. The results show that Web Services and data caching on
mobile phones are indeed possible and have a huge potential to
support the integration of mobile devices into distributed information systems.
Additional extensions of the work should consider allowing
the user to set trade-offs of cached data versus data accessed remotely. In this regard, we want to investigate and implement dynamic caching strategies that depend on query history and user
preferences, and are location and time-aware.
Remark: This paper is an improved version of the paper
[Caracaş et al., 2007] that has been presented at the Studierendenprogramm of the 12th BTW-conference in Aachen. The authors
would like to thank Mihaela Ion for her help with the implementation of the prototyp.

References
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