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hoepfner@acm.org
International University in Germany
School of Information Technology
Campus 3, 76646 Bruchsal, Germany

Abstract
Nearly all common information systems are based on database systems or at least use technology
that is also used in database systems. In order to realize modern information systems that are on the
one hand context aware and on the other hand support mobile clients, one has to consider reusing,
extending and improving existing solutions. In this paper we summarize and classify the work we
did so far in terms of using database techniques for realizing a context aware mobile information
system, and discuss open issues.

Keywords: Mobile Information Systens, Context Aware Systems, Databases

1 Introduction and Motivation
Mobile information systems are typically classical information systems with mobile clients. However,
the usage of mobile, lightweight devices as clients leads to new requirements:
• Mobile clients (MC) or their users, respectively, are mobile and the usability of the devices is
restricted. So, users want the “system” to work in a context aware manner.
• Mobile clients use wireless connections in order to access the server of the information system.
Thus, communication is often slow and expensive.
Classical information systems are mostly based on data base systems or at least use technology that is
also used in database systems. Our idea is to reuse this technology in order to assemble context aware
mobile information systems. The vision behind our work, and the idea of a scalable mobility server
(SMoS) was presented in (Höpfner and Sattler, 2003b). Figure 1 shows the basic architecture of our
system. Mobile clients post context aware queries (CAQ) to the server. On the server, the queries are
answered using preprocessed (integrated and fragmented) data that were derived from heterogeneous
data sources (e.g. databases or websites). The clients cache received data locally in a semantic manner
and the server stores the answered queries in order to support the maintenance of clients’ caches.
Obviously, such a system is tangential to various database techniques. In the following paper we describe
and classify our approaches towards a pure database based context aware mobile information system.

2 Database Fragmentation
As described above, data from various data sources are integrated and fragmented in SMoS. That means
that data, which are not context dependent, are annotated by contextual information. Many approaches
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Figure 1: Architecture of the Scalable Mobility Server

reduce contextual information to location information (e.g. (Seydim et al., 2001b; Seydim et al., 2001a))
or to other subsets of possible context elements (e.g. (Prante et al., 2004)). Our approach is not restricted
in this way but allows to freely model elements of the user and the device context (Höpfner and Sattler, 2003a). Nevertheless, we use locations as examples in the following. Existing context based data
should be integrated into SMoS’ database. Because the integration is an open issue we focus here on the
fragmentation.
Fragments are views on the databases that where enhanced by additional (contextual) information
(e.g. position, time), that are called server extensions v se ∈ Vse . Server extensions are vectors (e.g.
se (x, y); x, y ∈ R). The parameters (in our example x and y)
two-dimensional geographic coordinates v gc
may be parameter-functions that compute the values of the parameters by querying the database. So, the
redundant storage of data, that are already in the database, is avoided.
At the moment, the annotation is done manually but automatic fragmentation could use additional
meta information about the data sources in order to calculate the server extensions. If, for example, a
data source is a web site, the location of the server could be used as location annotation. Other contextual
information could be extracted from the content by wrappers, but this is future work.

3 Context Aware Queries
The context aware queries in our system are based on the conjunctive queries with inequalities and selfjoins, that were first presented in (Höpfner, 2005a) as predicate sequence queries (PSQ). As discussed in
(Höpfner, 2005b) context aware queries (CAQ) are PSQ-queries with additional context predicates, so
called replication criteria (Höpfner and Sattler, 2003a). A replication criterion is a triple and consists of a
ce
client-extension vname
and of the minimal postulated and the maximal allowed tolerance of this criterion
(e.g. rkgc = ((100, 200), 0, 20)).
Answering such queries requires additional server capabilities. At first the correct fragments are
selected. The decision, whether a fragment is of interest for the client or not, is done on the server using
a ξ-function. If the result of this function is greater than or equal to the minimal postulated threshold and
lower than or equal to the maximal allowed tolerance the respective fragment
p is taken into account. In
our example such a ξ-function is the Euclidean distance ξ gc (vgc1 , vgc2 ) = (x1 − x2 )2 + (y1 − y2 )2 .
However, a ξ-function must not necessarily have the properties of a distance function, e.g., does not have
to be symmetric in the arguments.
The second step is to perform the PSQ-part of the CAQ on the selected fragments.

4 Client Side Caching
In order to reduce the transmission costs clients cache received data locally in a semantic manner
(Höpfner and Sattler, 2003c). Therefore, queries form a query index (in form of a Trie (Fredkin, 1959;
Fredkin, 1960)), that indexes the respective results. If a new query appears, we try to find correlations
between the new query and the query index. If the query is included in the index, it can be answered
completely locally. If a part of the required answer is in the cache, this can be reused (by performing filter
queries) but, if necessary, has to be completed with data from the server (using compensatory queries).
Only if no usable data is available locally, the query has to be answered in total by the server. Finding
the correct correlation between cache and query and computing compensatory or filter queries are well
known theoretical problems that suffer from the complexity of the algorithms used (Ren and Dunham,
1998; Ren and Dunham, 2003). However, we showed in (Höpfner, 2004) that it makes sense to delegate
these issues to the server. We observed that the additional communication cost does not carry weight in
non-hoarding scenarios with infrequent filter queries.
At the moment we ignore context predicates in the cache. But there are already semantic approaches
that handle at least location aware queries (Ren and Dunham, 2000). However, our aim is a context aware
system that is not only restricted to location awareness.

5 Stateful Database Server
One of the well known problems of information systems with mobile clients is the consistency of the
“global database” (Cai et al., 1997). Replication (Höpfner, 2002) as well as caching and hoarding lead to
temporary inconsistencies if data are modified offline. In our system such modification may arise from
the data sources as well as from the mobile clients themselves. The integration of the updates was not
realized so far, but we notify mobile clients if an update arises that affects their caches. As shown in
(Höpfner, 2005a) it is necessary to check the relevance of modifications at the server site if we allow
PSQ. So, the server must be stateful. In order to decide about relevancy on the mobile device one has to
restrict the query language. Otherwise it might happen that operators (especially projections) “remove”
data (e.g. surrogate keys) that is necessary for the relevancy check.
In (Höpfner, 2005a) we presented an approach for checking the relevance of insert, delete and update
operations. The idea is similar to the query index approach. Queries form a Trie and index the IDs of the
mobile clients that posted the corresponding query. Basing on the incoming update and the predicates
in the Trie we calculate check queries that are performed on the database. If the query is not relevant
for this predicate, we do not have to check this branch of the Trie any longer. This approach is based on
the closed world assumption, that is common for database systems. Other approaches that use the open
world assumption try to decide about the relevancy of modifications on the semantic level by exploring
the queries. Such techniques that are presented in (Maier and Ullman, 1983), (Elkan, 1990) or (Blakeley
et al., 1998) suffer from the well known restrictions of the query containment problem (Solomon, 1979)
and its foundations (Rosenkrantz and Hunt III, 1980).
The kind of our check queries depends on the data model used. In (Höpfner, 2005a) we considered
the common relational data model that considers relations to be sets. In (Höpfner et al., 2004) we
discussed the relevance checks in multi-set semantics. First ideas for checking the relevance of updates
in the case of CAQ were published in (Höpfner, 2005b), where we consider database updates as well as
context updates.

6 Summary and Outlook
In this paper we gave an overview of our work on a context aware mobile information system. We
described the database techniques that can be (re)used in order to realize such a system. We showed that

it is necessary to consider the wireless connections as well as mobility issues and presented first solutions
for some of the problems that arise.
There are many open issues that we will address in the near future. The most urgent ones are:
• Integration of already context based data
• Integration of client updates into the server database
• Considering semantic information in the client cache
Most of these questions will raise other questions. For example, the integration of client updates will be
problematic if data sources are read only but have to be updated too.
Remark: Since we reuse database techniques, our work overlaps with a lot of different research areas.
Because of the space limitations, this paper does not include a real section “related work,” but we referenced the most important papers in the appropriate sections. Please have a look at our referenced papers,
too. We there compare our research to related works in more detail.
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