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where nr is the number of underlying entities, and nbe; is the
number of the sources that contain e; (1<i<nr, 1<nbe;<m). In
this worst case, time complexity is therefore very high.
However, in real applications, we can expect that the num-
ber of paths is quite small as far as biologists queries in-
volve only a small number of entities at each step of a sce-
nario. Moreover, in the implementation of the DSS algo-
rithm, the paths are generated immediately.

4.5 Preference criteria

As there may be too many paths, we have introduced into
the DSS algorithm the possibility of taking into account user
preferences to filter and sort these paths. Other kinds of
preference criteria are still being studied and could be incor-
porated into the algorithm with ease. We show examples of
such criteria below.

In section 2, we saw that each data source was focused on
one entity and provided information about several entities,
and that the reliability of this information was variable. We
have also pointed out that the reliability of cross-references
should be taken into account. Here, we allow the user to set
the reliability level associated with entities in the sources
and with links between these sources. We also show how
this information can be used to limit path length or to access
sources with the aim of obtaining information about their
focus only. Thus, in the DSS algorithm, the user may set
four kinds of filtering criteria, as indicated in table 1. Let us
define the length of a path as the number of cross-references
between two different consecutive sources in that path. For
example, the lengths of the last three paths in subsection 4.3
are 0, 2 and 3, respectively.

Table 1. Preference criteria

We will see in subsection 5.2 how the use of these criteria
provides the user with the possibility of considerably reduc-
ing the number of paths and sorting them. This point will be
illustrated by a concrete example in which filtering reduces
the number of paths from 26 to 6.

5 IMPLEMENTATION AND RESULTS

5.1 Implementation of the BAC augmentation
scenario

User preferences can be used to decrease the number of
paths generated by the DSS algorithm. Nevertheless, the
number of paths may still be high. Each path indicates
which sources should be accessed and how they should be
combined. The results of a path are the instantiated answers
provided by the sources to the specific user query. We will
show how the results of the paths can be implemented in the
HKIS platform.

In the context of the lack of standard characterizing bio-
logical data (see Workshop Report on Bioinformatics-
Structures for the future, 2003), the HKIS platform is an
efficient solution to the data access and crossing problem.
Thanks to a local cache mechanism, it provides transparent
access to any biological data source and makes it possible to
cross-check any given source with any other in seconds. As
such, and because it is an open integration platform facilitat-
ing the integration of tools, the HKIS platform provides an
opportunity to test the DSS algorithm rapidly. Note that
some of the obtained paths may yield no result because not
every data source contains answers to the specific user
query. As the HKIS platform is based on ISoft AMADEA
data morphing technology'' making it possible to handle
large volumes of data in real-time, the cost of studying such
paths is very low.

In the HKIS platform biologists can build bioinformatics
experimentation processes called scenarios and imple-
mented by dataflows. All dataflows are designed graphically
in AMADEA, without programming, and can be easily re-
played at any time if necessary, in the same context or in
new experimental configurations. We provide below an ex-
ample of an HKIS dataflow implementing part of the BAC
augmentation scenario introduced in section 3.

Figure 4 shows how results of the DSS application can be
easily implemented to set up a scenario and obtain the result
of any crossing immediately: e.g. the sources used by the
different steps of the scenario (Position BAC, Cross with
gene position etc.) were identified by using the DSS algo-
rithm. Thus, note that each path generated by the DSS algo-
rithm could be represented in the platform in the same way.
Results for the whole CGH scenario are obtained in less
than 10 minutes on a standard PC.

" http://www.alice-soft.com/html/prod_amadea.htm
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Fig. 4. Implementation in the HKIS Studio of the scenario de-
scribed in figure 3.

AMADEA therefore provides an elegant way of obtaining
results for an instantiated path by combining information
from the data sources given by the DSS algorithm.

5.2 Analysis of the biological significance of the
results

We also assessed the significance of the results given by the
paths generated by the algorithm. Our goal is to highlight
the differences that may appear depending on the path con-
sidered, showing how important it is to obtain several paths.
We assume, by example, that the user assigns to every entity
of the data sources MapView, MapViewFish, UCSCGe-
nome, GenBankS and GenBankG, a level of reliability of 6,
9, 9, 4, and 4, respectively. Moreover, we assume that the
user does not really know the source ensEMBL and there-
fore assigns to every entity of this bank a low level of reli-
ability, such as 2. The user may also consider links from
GenBankS to be unreliable because they are completely
automatic.

Now, we consider that the user has indicated the follow-
ing selection criteria: no unreliable links or sources with a
reliability level less than three are accepted and only one
source with a reliability level of four is accepted per path.
We suppose that the user has also indicated that results
should be sorted by taking into account two criteria, length
and then reliability, with greater length and higher reliability

preferred. Based on these criteria, the algorithm yields only
the six paths given below.

(D[(MapViewFish,L),(MapViewFish,B)],
)[(UCSCGenome,L),(UCSCGenome,B)],

) [(MapView,L),(MapView,B)],
(D[(GenBankG,L),(MapViewFish,L),(MapViewFish,B)],
B)(UCSCGenome,L),(UCSCGenome,B),(GenBankS,B)],
(6)[(GenBankG,L),(MapView,L),(MapView,B)].

In the following, we compare the results given by these six
paths for the BAC identified by CTD-2012D15. Queries
were made on January 5 2004. Firstly, the various paths
indicate different locations for this BAC. According to paths
(3), (4) and (6), the BAC is located on chromosome X,
whereas paths (1), (2) and (5) indicate that it is located on
chromosome 11. Faced with this conflicting information,
the user may be guided by the confidence he has in entities
from sources. Here, as the reliability levels of (MapView,L),
(MapView,B) and (GenBankG,L) are lower than the reliabil-
ity levels of (MapViewFish, L), (MapViewFish,B), (UC-
SCGenome,L)) and (UCSCGenome,B), the user is likely to
consider it more probably that BAC CTD-2012D15 is lo-
cated on chromosome 11.

Secondly, it should be stressed that path (5) complements
the answers given by path (2), rendering them more precise.
Indeed, in path (2), UCSCGenome provides information
about all the entities of the query - BAC and LOCALISATION -
by indicating that CTD-2012D15 is located on the 11g22.3
band of chromosome 11, and giving four cross-references to
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GenBankS. Path (5) suggests that the user should follow
these links to obtain more precise information on BAC-end
sequences.

Finally, the information provided by sources depends on
the way the source is reached. For example, GenBankS,
when reached from UCSCGenome in path (5), localizes the
BAC to chromosome 11 in the entries B58231, B58232,
B666573 and AQ225240 whereas GenBanksS, when directly
accessed, returns the entry NT_025319.14, which localizes
the BAC to chromosome X.

6 DISCUSSION

Several approaches and systems have been proposed to deal
with the problem of integrating data from life science
sources. Examples of such systems include SRS (Etzold et
al., 1996), DiscoveryLink (Haas et al., 2001), Tambis
(Backer et al.,1999) and myGrid (Stevens et al., 2003), all
of which are based on different kinds of architecture. As the
DSS algorithm is independent of any architecture and of any
source format, it could be used in any integration system.
For example, in SRS, the DSS algorithm could help the user
to choose which data sources to access. DSS informs the
SRS user of all the cross-reference paths that may provide
answers to the query, enabling the user to choose between
these paths before instantiated results are retrieved.

The biologist's preferences were taken into account in the
Tambis mediator as early as 1999 and this aim was
strengthened further in the recent myGrid12 project. Mygrid
is one of the largest bioinformatics projects aiming to de-
velop the necessary infrastructural middleware for use over
existing Web services & Grid infrastructure to support sci-
entists in making use of complex, widely distributed re-
sources. However, none of these projects proposes a well-
identified module for handling these preferences in the
process of selecting sources.

Our work was carried out in the same spirit as the projects
of Mork et al., 2002 and Lacroix et al., 2003 which ad-
dressed the problem of building source paths. Mork et al.
introduced the query language PQL, which is used in the
Biomediator data integration project. This language is based
on XML and can be used to express high-level constraints
governing the construction of complex paths across XML
sources. Lacroix et al. reviewed certain challenges in the
exploration of life science sources, and illustrated ways of
exploring the search space of links between biological data
sources. Nevertheless, neither of these solutions provide a
means of obtaining the whole combination of data sources
to be accessed according to the user query. Instead, they
directly provide the complete list of instantiated results from
sources. Thus, as in SRS, no filtering occurs and the paths
are not sorted before the results are obtained.

Lastly, we compare our study with other studies on meta-
data. The work of Cheung et al., 1998, Kohler et al., 2003
and the Medical Core Metadata Project = aimed to describe
the content of life science sources (the complex biological
entities) rather than to propose quality criteria specific to
biomedical data.

We will now sum up the key ideas behind the biomedical
data sources selection module presented. This module is
based on the new DSS algorithm, which was designed to
reflect the way in which HKIS biologists search for infor-
mation in public data sources. We also carried out a thor-
ough study of the content of and the relationships between
about thirty life science data sources. The algorithm is
available for use from wwwe.lIri.fr/~cohen/dss/dss.html. This
current implementation should be considered as work in
progress because we are studying new kinds of preference
criteria to be taken into account in our algorithm and are
developing new menus for the user interface to facilitate the
addition and configuration of new sources or new entities.

The main advantages of this module can be summarized
as follows:

e The user does not need to know a priori which data
sources can answer his query because the sources are
selected automatically according to the underlying enti-
ties of his query.

e The module yields, by means of a set of data source
paths, a list of all the possible ways of obtaining infor-
mation about the underlying entities of the query. The
different paths obtained can be used, in particular, to
exploit the complementary aspects of the data sources.
The user also knows the order in which to combine the
data from these sources.

e User preferences are taken into account, making it pos-
sible to filter and to sort the various paths obtained.
Thus, the user can be guided in analysis of the collected
results. This is critically important if the data from the
different sources conflict.

We have shown how useful this module may be by high-
lighting the biological relevance of the alternative paths
obtained, through the example of the BAC augmentation
scenario used in the CGH analysis scenario.

12 http://mygrid.man.ac.uk/

13 http://medir.ohsu.edu/~metadata/
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