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Abstract. Service providers willing to offer functionality over angrggation of in-
formation objects are becoming the key actors in the Dididatary world. This ag-
gregation is usually performed by collecting and procassibjects from a federa-
tion of data providers — e.g., institutional repositoriéata archives — through well-
known standard protocols for data-exchange. Higher-litetoperability problems
affect these scenarios and determine the quality of thecgeoffered by and the suc-
cess of these providers initiatives. Interoperabilitylppeons are mainly due to the
impedance mismatch occurring between data models of thectsbjo be exported
by data providers and the data model of the service providdrcan be measured
in terms of “structural heterogeneity”, “semantic hetemogity”, and “granularity-of-
representation heterogeneity”. In this paper, we definesiclmchitecture through
which we describe the interoperability patterns arisingmwbonstructing such a feder-
ations and present the D-NET Software Toolkit as a genenggse practical solution
to these issues.

1 Introduction

In the last decade, research communities increasinglytaddpigital Library Systems
(DLSSs) to preserve, disseminate and exchange their rdseatcome, from articles and
books to images, videos and research data. The multidisarglcharacter of modern re-
search, combined with the urgency of having immediate actethe latest results, moved
research communities towards the realization of servioeigers aggregating content from
federations of DLSs. Service providers, which act herdatia consumers, offer function-
ality over an aggregation of information objects [1] obtdrby manipulating objects col-
lected from a set of DLSs, which act heredasa providers. Data providers exposmntent
resources while the service provider is willing to consume such resesrto accomplish its
tasks.! In order to interoperate, the two interlocutors have to thegfollowing challenges:
(i) “how to exchange objects”, i.e., identifying common daiahange practices, ani)(
“how to harmonize objects”, i.e., resolve data impedancamaich problems arising from
distinct data models assumed by the two. Typically, date@sscacross different platforms
is overcome by adopting XML as lingua-franca and standata-dachange protocols, such

! By data providers we mean DLSs whose collection of obje@suaeful to a service provider for
accomplishing its tasks. In other words, a DLS cannot be a peivider for a service provider
that is not interested in its content resources, i.e., thesaot useful for achieving its tasks. In this
sense, being or not being interoperable is an exclusivelgmobf a data provider and a service
provider, hence of two interlocutors willing to interactaocomplish a task together.



as OAI-PMH [3] and OAI-ORE [4]. If the adoption of these stands represents an impor-
tant step towards interoperability, it still leaves operedateroperability challenges. These
challenges have mainly to do with impedance mismatch igha¢€an be classified as:

Data model impedance mismatch—the mismatch between the service provider data model
(i.e., the XML schema capturing structure and semantich@friformation objects to
be generated) and the data providers data model (i.e., tHesiema capturing struc-
ture and semantics of the information objects to be coltkated elaborated).

Granularity impedance mismatch — the mismatch between XML encodings of informa-
tion objects at the service provider and data providers,sithich may consider differ-
ent levels of granularity. For example, one DIDLXML file magpresent (i.e., package)
a set of the information objects, together with relatiopsHietween them, namely a
“compound object”; a MARCXML file, instead, typically rements the descriptive
metadata of one information object.

When service providers and data providers feature diffedata models or granularity of
representation, specific solutions to achieve interoplsaimust be devised and imple-
mented.

In this paper we shall describe the interoperability pagewrhich generally surface
when constructing DLS federations featuring data modelgmadularity impedance mis-
match, and present the D-NET Software Toolkit, today useskireral real-case scenarios,
as a practical general-purpose solution to those. In pdaticSection 2 introduces the ter-
minology and defines a basic architecture for DLS federatiSection 3 depicts DLS feder-
ation interoperability issues and sketches ideas for isolsit Section 4 presents the D-NET
Software Toolkit as an implementation of them. Finally, i8et5 concludes the paper.

2 Digital Library System Federations

Figure 1 shows the basic architecture of a DLS federatiota paoviders manage a collec-
tion of information objects that match a given data modepdrticular, information objects
may be publications, audio and video material, compoundatbj(i.e., sets of interlinked
information objects), or “surrogates” of all these, nanmagtadata descriptions of informa-
tion objects. In general, we can assume that data providerdid a “graph” of information
objects, whose structural and semantic complexity dependhe data model to which it
conforms. Typically, data providers expose a “view” of thadjects collection, by identify-
ing the subset of objects to be exported and, for those, thetstal aspects to be revealed
to the world.

Similarly, the service provider operates a collection dbimation objects matching a
local data model. Such a collection is obtained by bulkHetg, manipulating and then
aggregating information objects exported by the individiza providers.

As highlighted in Figure 1, in the Digital Library world thebic interoperability issues
occurring between a service provider and data provider ah@xge information objects
are typically overcome by adopting XML as lingua-franca embination with standard
data-exchange protocols (e.g., OAI-PMH). XML files havelzel&ed tree structure and can

2 Other federative approaches are possible, for exampletiadogistributed search as interaction
mechanisms, but these are out of the scope of this paper.
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Fig. 1. DLS federation: basic architecture

therefore represent any kind of information objects; impiple XML files can also contain
the payload of another file (e.g., a PDF) instead of a referéma payload.

On the data provider side, information objects are assstiatth an XML schema that
captures the essence of their data model and special “éxgodgmponents” are developed
to generate and return the relative XML representationg@ponse to service provider's
requests. On the service provider side, a similar but iedesttuation occurs. Information
objects have a correspondent XML schema and a special “tingaromponent” is con-
structed, capable of converting an XML file onto an inforraatbbject instancé Note that
having the same data model does not mean to have the same Xidinaaepresentation.

3 Interoperability Patterns

Observing Figure 1, it is clear that if the XML schema and thtended semantics of the
element values of all data providers and the service provittch, no interoperability
issue occurs. The service provider can smoothly collechfdata providers information
object XML representations and directly aggregate therallpinto one collection. When
this happens, it is because common agreements have beblsbst@dor an interoperability
solution has been already realized. When this is not the, cleta and service providers
cannot interoperate due ttata model or granularity impedance mismatches and solutions
must be devised.

3.1 Data Model Impedance Mismatch

Data model mismatches occur at the level of the data proaid@the service provider data
models when the relative XML schema views have paths of XMimgints (paths in the
following) and/or the relative value domains (leaves in fibilowing) that do not exactly
match. In this case interoperability issues arise becalugeto either structural or semantic
heterogeneity, the service provider cannot directly ag@peethe information object XML
representations of the data providers. Typically, depgndin the kind of mismatch, the

% Note that, in some cases, data provider or service providptementations may manage their
information objects directly as XML files, onto native XML tddases or full-text indices.



solution consists of software components capable of oweirepsuch differences by apply-
ing appropriate XML file transformations (see Figure 2). licily, such transformations
convert information objects from one data model onto anothe
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Fig. 2. Interoperability issue: data model mismatch

In particular, we can identify two kinds of mismatch, styatelated with each other:

Structural heterogeneity occurs when the XML schema of data provider and service gesvi
are not equal, i.e., when their paths do not match. Typicaihgples are: the service
provider paths are a subset of the data provider pathsceepvovider has paths that
are different but correspond to data providers paths (isng different element names
or hierarchies to describe the same concept), servicegeolias paths that do not have
a data provider path correspondent (i.e., service proddt model is richer than data
provider’s one).

Semantic heterogeneityoccurs at the level of leaves, under two circumstances:

1. service provider and data provider have correspondangekein the relative XML
schemas (i.e., the schema are equal or are not equal but &-@mne- mapping
between their paths can be identified), but do not share time $armats (e.g.,
date/time formats, person names) and vocabularies;

2. the service provider has leaves in the XML schema that ddimda direct corre-
spondent in the data provider XML schema; such leaves mudtiieed by elabo-
rating (i.e., computing over) leaves of the data providdvH Xiles.

Interoperability solutions to data model mismatches inrithe realization ofransfor-
mation components, capable of converting XML files conformant to data provechema
onto XML files conforming to the service provider schema. Tégic of the component
maps paths in the original schema onto paths of the targetrszhin principle, source and
target paths may have nothing in common, either the elenzenés or hierarchical structure
of the elements. Similarly, the values of the leaves of theuuXML files may completely
differ from the ones in the input XML files, in domain, formatdameaning.

Depending on the application scenario the implementatfamamsformation compo-
nents may largely differ. We can identify the following castgether with possible cate-
gories of solutions, where, in some cases, the cardindlitfata providers in the federation
may impact on cost and sustainability.



All data providers have the same XML schema The transformation component should
generate XML files conforming to the XML schema of the serpeevider from the data
provider XML files, whose paths are the same. To this aim alds of service provider
XML files are generated by processing the leaves of the inegidML files through trans-
formation functions ['). The complexity of thel’ can be arbitrary: “feature extraction”
functions taking a URL, downloading the file (e.g., HTML, PBDPG) and returning con-
tent extracted from it; “conversion” functions applyingrarislation from one vocabulary
term to another vocabulary term; “transcoding” functia@msforming a leaf from one rep-
resentation format to another (e.g., date format conves3iéregular expression” functions
generating one leaf from a set of leaves (e.g., generatimgseop name leaf by concatenat-
ing name and surname originally kept in two distinct leav8#)ce only one source XML
schema is involved, the component can be developed aroermhtli one mapping neces-
sary to identify which input leaves must be used to generateugput leaf through a given
F.

Data providers have different XML schemas The transformation component should gen-
erate XML files conforming to the XML schema of the serviceyider assuming the in-
coming XML files have different paths, depending on the dateider's XML schema. In
principle, the solution could be that of realizing one com@uat as the one described for
the previous scenario for each set of data providers shéntmmgame schema. However, if
an arbitrary number of data providers is expected, possitidyving different structure and
semantics and therefore requiring different transforamafunctions, this “from-scratch”
approach is not generally sustainable. One solution isdhatoviding general-purpose
tools, capable of managing a set of “mappings” (e.g., REpDXNET [5]). These consist
in named listsifput paths, F', output path), where the output path (which may be a leaf) is
obtained by applyindg” to the input paths. Mappings can be saved, modified or removed
and be reused while collecting XML files from data providdraring the same structure
and semantics. Similarly, the component should allow feralldition of newF' to match
unexpected requirements in the future.

3.2 Granularity Impedance Mismatch

In designing an interoperability solution between a datvisler and a service provider,
the “granularity” of the objects exported by a data providey not coincide with that
intended by the service provider. For example, data prosidey export XML files that
represent “compound objects”, which are rooted sub-grapkise local object collection.
The service provider might be interested in the compoundatlajs a whole, thus adopting
the same granularity, or only in some of the objects that amé @f it, thus adopting a
finer granularity. Hence, in addition to the data model misinaa granularity impedance
mismatch may arise.
The following scenarios typically occur (see Figure 3):

(1:N) each XML file of the data provider translates onto more XMLdfilef the service
provider, e.g., un-packaging of compound object XML repreations. The solution

4 Technical University of Lisbon, Instituto Superior TécniRepox - A Metadata Space Manager,
http://repox.ist.utl.pt
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Fig. 3. Interoperability issue: granularity mismatch

requires the realization of gplitting component, capable of obtaining a list of XML
files from each XML file exported by the data provider. The agien may occur before
or after structural and semantic interoperability issumgetbeen tackled.

(N:1) more XML files from one data provider correspond to one XML &ifehe service
provider. The solution requires the realization opackaging component capable of
identifying the set of XML files exported by the data proviaérich have to be com-
bined onto one XML file of the service provider. The logic o€kl combination may
vary across different application domains, but is ofteredam shared identifiers and/or
external references to those.

(1xM:1) the combination of one XML file for each data providers in thddration corre-
sponds to one XML file of the service provider. The solutiosiisilar to the case (N:1),
where thepackaging component has to be able of managing the XML files exported by
a set of data providers and identify those that have to be owdlonto one XML file
of the service provider.

3.3 Architecture of interoperability solutions

The reader may have noticed that no assumption has been madeah entity is in charge
of the realization of the components. In fact, given an mperability scenario like the
one we described, the transformation, splitting and packpcpmponents may be fully or
partly realized by the data providers or by the service mherd, depending on the level of
engagement and agreements established by the federation.



“Bottom-up” federations Some federations are realized by organizations who have con
trol over the set of participating data providers. All irdperability issues are to be solved
at the data providers sites and the service provider is alsiwigiect collector and ag-
gregator. Although quite rare in practice, due to the diffies of autonomous and inde-
pendent organizations of respecting external guidelitiés,is the case for example for
DAREnNet-NARCIS, the service provider of the research and academic iristitsidf the
Netherlands. The relative institutional repositorieseggron exporting their bibliographic
metadata records according to Dublin Core XML format and poezise semantics of the
elements (e.g., given vocabularies and formats for datésm@@ators).

“Open” federations Some federations are attractive to data providers, whielaaailable
to adhere to given “data model” specifications in order ta jiie aggregation. However,
to not discourage participation, service providers defored provider guidelines” that are
often limited to the adoption of simple XML schemas and tdiigveight best practices
on usage of leaves. Therefore, in most of the cases, thea#ah of leaf transformation
components is left to the service provider (e.g., the DRIVEBOSsitory infrastructuré)

“Community-oriented” federations A community of data providers handling the same
typology of content, but in different ways, finds an agreenoera common data model and
together invests on the realization of a service providpabée of enabling a federation by
solving all interoperability issues that may arise (ele,European Film Gateway projéct

In such scenarios, packaging, if needed, typically occutiseaservice provider side, while
part of the transformation may also occur at the data provide, before XML export takes
place. If this is not the case, data providers are directiglired in the definition of the paths
and leaves transformation specification, while the sempiogider limits the intervention to
the relative implementation.

“Top-down” federations Federations may be the result of the interest of a servicagen
to offer functionality over data providers whose contenbfienly reachable according to
some declared XML schema (e.g., OAlster-OCLC prdjeBASE search engiffi In such
cases, itis the service providers that has to deal withapemability issues.

4 D-NET Software Toolkit

The D-NET Software Toolkit was designed and developed witit DRIVER and DRIVER-
Il EC projects and is being used and extended in EFG and OB Afojects. Its software

5 DAREnet: Digital Academic Repositorielst t p: / / www. nar ci s. nl

5 The DRIVER Infrastructureyt t p://search.driver.research-infrastructures.
eu

" The European Film Gateway projebt,t p: / / ww. eur eopanf i | ngat eway. eu

8 OAlster-OCLC projectht t p: / / ww. ocl c. or g/ oai st er/

 BASE: Bielefeld Academic Search Engirtg,t p: / / ww. base- sear ch. net



is open source, developed in Java and available for dowHloBeNET implements a Ser-
vice Oriented Architecture (SOA), based on the Web Servanméwork, capable of operat-
ing run-time environments where multiple organizationsslaare data sources and services
to collaboratively construct DLS federations [5]. To thimmaD-NET provides several ser-
vices with which developers can “assemble” applicatiomgtie collection and manipula-
tion of information objects from a pool of data sources. $jdly, a D-NET infrastructure

is made of two main logical layers: the system core, callexbéng layer, whose function

is to support the operation of the application layer, whiohsists of the services forming
the applications.

4.1 Enabling Services

The enabling services support a framework where devel@a@rsombine services to build
arunning application. The ResultSet Enabling Servicesxample, can create, delete, oper-
ate a set of ResultSets, i.e., “containers” for transfgrists of objects between a “provider”
service and a “consumer” service. Technically, a ResultSan ordered list of files identi-
fied by an End Point Reference (EPR), which can be accessecdnsamer through paging
mechanisms, while being fed by a provider, in order to redasponse delays and limit the
objects to be transferred. D-NET services are designed tdesnized into workflows by
relying on ResultSet EPRS, i.e., they are conceived to aesdpput parameters and return
as results of their invocations ResultSet EPRs. Other axtpbérvices offer functionalities
for service orchestration and autonomicity, safe commatiga, and discovery [2].

4.2 Application Services

D-NET services involved in the construction of Digital Liny System federations anae-
diation services, i.e., information object collection components, amahipulation services,
i.e., splitting, packaging and transforming components shall see that D-NET also offers
service kits for the realization of advanced service preksgdcapable of managing informa-
tion objects of arbitrary data models. All D-NET servicetira and accept objects encoded
as XML files through a ResultSet.

Mediation services D-NET offersObject Collection Services for accessing data providers
exposing content through OAI-PMH interfaces (e.g., refposs, archives) or through re-
mote file systems with folders containing XML files. MoreavareciaData Provider Man-
agement Services allow data provider administrators to “register” their i ® the feder-
ation, and D-NET administrators to automatically fetcheait§ from the registered DLSs
throughObject Collection Services.

Manipulation services Services in the manipulation area are capable of handlifectsh
to transform them from one XML schema to another. Bulk transff XML files from
a service to another is performed by sending a ResultSet BRifetservice, which will
then actively pull the XML files from it for local usage. Manilation services implement
splitting, packaging and transformation components aoliie:

1°D-NET Projectww. d- net . research-infrastructures. eu



MDStore Service An MDStore Service manages a sethdDSore units, each capable of
storing XML files of a given XML schema. Consumers can creatédelete units, and
add, remove, update, fetch, get statistics on XML files fitora-given unit.

Feature Extractor Service A Feature Extractor Service generates a ResultSet of XML
files from a ResultSet of input XML files by applying a given mdtion algorithm
to given leaves of the input file. Examples are: extractirgtistograms of image pay-
load objects; extracting full-text of PDF payload objedenerating payload objects
from payload objects (DOC to PDF). Algorithms can be pluggeas special software
modules, whose invocation becomes available to consumers.

Transformator Service A Transformator Service is capable of transforming XML fitds
one schema into XML files of one output schema. The logic oftthasformation,
called mapping, is expressed in terms of a rule languageimdfeules for: {) path re-
moval and addition, leaf concatenation and switdf régular expressions over leaves,
and (ii) invocation of an algorithm through a Feature Extractovi®eron a leaf. User
interfaces support administrators at defining, updatindytasting a set of mappings,
which they can save, refine and reuse in the future. The ideaf$er tools for system-
atizing the process of definition of XML mappings, traditidly consisting in program-
ming XSLT scripts or other sophisticated and ad-hoc code. fbbls capture a very
common scenario, in which paths to the leaves of the inputoamylut XML schemas
can be mapped onto a flat list of labels (“flat record”). Theesuhre then applied to
input label values in order to obtain output label values ammatically generate the
corresponding XML files. For all other cases, administratan opt for a “traditional”
solution by uploading mappings defined as arbitrary compI8kT transformations
or adding new algorithms in the Feature Extractor Serviapable of processing the
whole XML file as desired.

Object Packaging ServiceAn Object Packaging Service can perform both splitting and
packaging operations over XML files provided through Re&eiti$. Splitting is per-
formed by applying a given xpath query to each of the XML filesin input ResultSet;
the XML pieces returned by each query are returned as ing/ML files through a
ResultSet. Packaging is performed by accepting a set ofiR&esis and generating one
valid XML file that includes several XML files, one for each bktinput ResultSets.
The operation accesses the ResultSets incrementallye liieisdmportant to properly
order the ResultSets to obtain the expected XML packages.

“Service provider” services D-NET offers a multitude of data management services, used
by developers to build service providers capable of mampgbjects of various data mod-
els in the most appropriate way. These include: Store Ses\({for payloads of any MIME
type), Index Services (for full-text indexing and facetedvising over XML files of any
schemas), Compound Object Services (for the creation efijgyaphs of metadata, payload
and relationship objects), Database Services (for magagijects as relational records),
OAI-PMH Publisher Services (for exporting XML files throutte known protocol), Vali-
dation Services (for checking the “quality” of a ResultSEXNIL files according to a set of
validation rules), Search Services (for querying and biogZXML files into Index Services
according to SRW/CQL interfaces).



5 Conclusions

Since 2006, the D-NET software toolkit was constantly refiaed extended to accom-
modate the interoperability issues arising in the conssaof DLS infrastructures across
different application domains. In this paper we identified interoperability patterns recur-
ring in these applicative scenarios and schematized tls@n@zg behind the realization of
possible solutions. Finally we presented the D-NET sesvibat were developed to offer
general-purpose tools capable of addressing and tackisngeguirements of the identified
patterns.
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