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1 Executive Summary 

This document describes the technical details of the first developed prototype of the EEXCESS federated 
recommender. It presents the resulting design and system architecture of the federated recommender, and the 
APIs and data formats used to communicate both between its internal components and with other parts of the 
EEXCESS framework. The architecture is intended to support both the general requirements established in WP1 
to satisfy the scenarios supplied by our test bed partners, and also the specific research agenda of WP3. We 
also report the limitations and future work of our prototype implementation.  

We designed the EEXCESS Federated Recommender as a distributed system in which existing item information 
and search indices of the collections remain under the control of each partner system. We developed a 
software layer (i.e., a reference implementation) for partners to add to their systems as a building block, 
leaving each partner with a minimum of configuration and lines of code to write for joining the system. We 
configured and set up the reference implementation for each of our existing partners. 

The federated recommender is in charge of querying partner systems, merging and sorting the most relevant 
recommendations, and delivering them back to the client. In the first version of our prototype implementation, 
our priority has been to develop a fully working version of the partner system component, so that partners can 
deliver real data to the federated recommender. We have defined APIs and reference implementations, 
allowing partners to expose content to the system. 

We identified two important limitations in our results that need to be researched further. Firstly, the accuracy 
of retrieved recommendations both at partner system level and at federated recommender level still has room 
for improvement. Secondly, some strategies that improve accuracy (e.g. transforming data, querying a partner 
system several times) necessarily conflict with efficiency.  
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2 Introduction 

As presented in deliverable D3.1, the EEXCESS framework is an open extensible system to recommend cultural 
resources from the web. Although the initial set of source collections is fixed (the partner systems listed in 
deliverable D3.1), the EEXCESS framework makes it as easy as possible for other partner systems to join and 
expose their source collections. 

For that purpose, we designed a distributed system in which existing item information and search indices of the 
collections remain under the control of each partner system. We developed a software layer (i.e., a reference 
implementation) for partners to add to their systems as a building block, leaving each partner with a minimum 
of configuration and lines of code to write for joining the system. We configured and set up the reference 
implementation for each of our existing partners. 

The reference implementation includes the registration of each partner system to the federated recommender, 
which itself takes care of making the recommendations to the final consumer (client) of the recommender 
framework. All communication takes place via RESTful APIs and data can be transmitted in either JSON 
(preferred) or XML. 

Figure 1 shows a typical configuration of the framework, consisting of (a) the partner systems exposing their 
source collections via our reference implementation, (b) the federated recommender, and (c) a client that 
triggers the recommendation cycle and consumes the final recommendations. 

 

 

Figure 1: A typical configuration of the framework includes a client, a federated recommender, and several partner 
systems. 

 
 

The following sections of this document describe the components that conform the federated recommender, 
their general interactions, and the specifics of our implementation. 

2.1 Status of this Document 

This is the final version of deliverable D3.2. 

2.2 Related Documents 

Deliverable D3.1 from year 1 presented an overview of the research challenges that conform the basis of the 
prototype presented here. Deliverable D3.2 from year 3 will present the second federated recommender 
prototype. 
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3 Components: Description 

3.1 Client 

 

The client plays a key role in the architecture, as the client triggers the full recommendation cycle and is the 
ultimate consumer of information from our partner systems. Although the development of the client is not part 
of this work package, we list here the tasks of the client in relation to the federated recommender for the sake 
of completion. In a typical configuration, the client and consumer of the federated recommender is the privacy 
proxy (WP6), through which all communication happens. 

3.1.1 Core Tasks 

(1) Detecting the information need of the user, as well as their context. 
(2) Sending the information from (1) to the federated recommender. 
(3) Displaying the recommendation results to the user. 

3.2 Partner System (Source Collection) 

The partner systems contain the actual information of interest to the user. They are existing working systems 
that use their own data storage and data formats for exchange.  

3.2.1 Core Tasks 

(1) Reformulating the request sent by the federated recommender to match the partner’s information 
retrieval system. 

(2) Retrieving the most relevant results according to the partner’s information system. 
(3) Normalizing the results to conform to the EEXCESS data format. 

 

3.2.2 Extended Tasks 

(1) Connecting to the federated recommender on startup through a registration service. 

3.3 Federated Recommender 

The federated recommender is in charge of querying partner systems, merging and sorting the most relevant 
recommendations, and delivering them back to the client. Most research goals presented in Deliverable D3.1 
are implemented in this component. 

3.3.1 Core Tasks 

(1) Routing requests to relevant partner systems, exploring strategies on learning how to query. 
(2) Aggregating and re-ranking recommendations from each partner system, exploring approaches on 

learning to rank. 

 

3.3.2 Extended Tasks 

(1) Letting partner systems register themselves as subsystems through by exposing a registration 
service. 
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(2) Exploring strategies to avoid duplicate results, and add diversity and serendipity to the final list of 
recommendations. 
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4 Components: Interactions 

Figure 2 illustrates the main interactions and information exchange between components, which can be 
divided into two main tasks: 

 Partner System registration. The partner systems register themselves with the federated 
recommender so they are taken into account as recommendation sources. When registering, 
cooperative partner systems can provide metadata about their contents in form of tags. 

 Getting recommendations. 

1. The client sends the information from the user and the detected context to the federated 
recommender. 

2. The federated recommender routes the request to the connected partner systems that are 
relevant. 

3. The partner system returns the top N recommendations to the federated recommender, and 
also gathers and returns facets. 

4. The federated recommender aggregates all recommendations, and re-ranks them. 
5. The federated recommender aggregates all facets. 
6. The federated recommender returns the recommendations and facets to the client. 

 
 

 

Figure 2: Interactions between components in the system. 
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5 Data Exchange 

This section specifies the structure and details of data exchanged between components, mainly: 

1. Partner System Registration information (Partner Badge) 
2. User Profile 
3. Recommendation Results 

 

All data exchange formats were implemented using standard Java classes and libraries, so the client can 
communicate with the federated recommender in both JSON and XML. 

5.1 Partner System Registration Information 

The PartnerBadge1 Java class contains all the information that a partner system needs to share with the 
federated recommender in order to subscribe to the system and start providing recommendations. This 
includes a unique system identifier, a partner key (in case the partner system is marked as private), a 
description of the system, the endpoint where our partner system REST layer is placed, and tags describing the 
contents of the partner system, in case it is collaborative. 

The following excerpt shows an XML partner badge of the Mendeley partner system: 
 <eexcess - partner - badge>  

    <systemId> 1</systemId>  

     <partnerKey> A234F2FAD</partnerKey>  

     <descriptio n>Mendeley EEXCESS Partner API </description>  

    <endpoint> http://eexcess - dev.joanneum.at/eexcess - partner - mendeley -  

              1.0 - SNAPSHOT/partner/recommend/  

    </endpoint>  

    <tags>  

  <tag>Science</tag>  

  <tag>Journals</tag>  

    </tags>  

 </eexcess - partner - badge>  
 

5.2 User Profile 

 

As of now, the main sections of the user profile are the following: 

 Systems to take into account 

 Public 

 Private 

 

 Personal information of the user 

 First name 

 Last name 

 Birth date 

 Gender 

                                                                 

 
1
  https://knowminer.at/svn/eexcess/code/common/src/main/java/eu/eexcess/dataformats/PartnerBadge.java 
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 Address 

 User locations 

 Languages 

 Existing accounts in partners, if the user has them 

 Browsing history 

 Interests: weight, confidence, competence 

 

 Context of the user 

 Keywords 

 Named entities (locations, persons, organizations, misc, topics) 

 

The exact fields of the user profile as agreed by all involved work packages for the first EEXCESS prototype can 
be seen in Appendix A and online2

. 

 

5.3 Recommendation Results 

 

As of now, the main sections of a recommendation result are the following: 

 Systems to take into account 

 Id 

 Title 

 Preview image 

 URI 

 EEXCESS URI 

 Creator 

 Description 

 Collection name 

 

 Facets 

 Language 

 Provider 

 Type 

 Year 

 

 Embedded RDF 

 

The exact fields of the user profile as agreed by all involved work packages for the first EEXCESS prototype can 
be seen in Appendix A and online2

. 

                                                                 

 
2 

https://github.com/EEXCESS/documentation/wiki Ą Jason exchange format 
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6 Prototype Implementation 

In the first version of our prototype implementation, our priority has been to develop a fully working version of 
the partner system component, so that partners can deliver real data to the federated recommender. 

In this section we introduce the main modules of our working prototype and show two common scenarios: (1) 
the necessary steps for a partner system to register and join the EEXCESS framework, and (2) how we tested a 
recommendation cycle triggered by a client. 

6.1 System Modules 

Our prototype implementation is modular and organized in form of reusable Maven3 packages, which can be 
divided in three groups: 

 Common4. Contains configuration files, data format definitions, and classes related to the input user 
profile and the output results. 

 Federated recommender5. Contains the federated recommender web service and classes related to 
data transformation, querying, aggregating, and retrieving the results. 

 Partner Systems 

1.  Reference implementation6. The reference implementation contains the placeholder code for 
partner systems to fetch and implement with minimum effort on top of their systems, so they are 
able to join the EEXCESS platform. 

2.  Specific implementations7. We provide specific implementations for our partners Europeana, Kim 
Collect, Mendeley, Wissenmedia, and ZBW. 

 

The following is an excerpt of our pom.xml Maven file: 
<modules>  

    <module> common/</module>  

 

    <module> modules/recommender/federated - recommender/ </module>  

    <module> modules/recommender/federated - recommender - web- service/ </module>  

 

    <module> modules/reference/partner - data - layer/ </module>  

    <module> modules/reference/partner - recommender/ </module>  

    <module> modules/reference/partner - web- ser vice/ </module>  

 

    <module> modules/partners/wissenmedia/ </module>  

    <module> modules/partners/europeana/ </module>  

    <module> modules/partners/kimcollect/ </module>  

    <module> modules/partners/zbw/ </module>  

    <module> modules/partners/mendeley/ </module>  

</modules>  

                                                                 

 
3
 http://maven.apache.org/ 

4
 https://knowminer.at/svn/eexcess/code/common 

5
 https://knowminer.at/svn/eexcess/code/modules/recommender 

6
 https://knowminer.at/svn/eexcess/code/modules/reference 

7
 https://knowminer.at/svn/eexcess/code/modules/partners 
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6.2 Scenario A: Partner System Registration 

 

A new partner who wants to join the EEXCESS system needs to follow these steps: 

1. Download the reference implementation modules (see previous section). 
2. Implement the associated classes (PartnerConnector, Transformer...) with an emphasis on the 

queryGenerator method. The same applies to the transformation and enrichment XLS files from WP4. 
Working implementations for our initial partners are available online and can be downloaded as an 
example for convenience8. 

3. Implement the configuration file for the partner (partner-config.json). A sample configuration file for 
our partner Europeana is the following: 

 
{  

  "systemId":  

      "Europeana" ,  

  "queryGeneratorClass":  

      "eu.eexcess.partnerrecommender.reference. LuceneQueryGenerator" ,  

  "partnerConnectorClass":  

      "eu.eexcess.europeana.recommender.PartnerConnector" ,  

  "transformerClass":  

      "eu.eexcess.europeana.datalayer.EuropeanaTransformer" ,  

  "searchEndpoint":  

      "http://www.europeana.eu/api/v2/search .json?wskey=${apiKey}&query=${query}" ,  

  "apiKey":  

      "XXXXXXXXXX",  

  "mappingListTransformationFile":  

      "mapperResultList.xsl" ,  

  "mappingObjectTransformationFile":  

      "mapperObject.xsl"  

}  

 

4. The federated recommender offers a web service for new partners to register9. A new partner simply 
needs to provide a PartnerBadge during registration in either JSON or XML. A sample partner badge 
for our partner Mendeley is provided below: 

 
 <eexcess - partner - badge>  

    <systemId> 1</systemId>  

     <partnerKey> A234F2FAD</partnerKey>  

     <description> Mendeley EEXCESS Partner API </description>  

    <endpoint> http://eexcess - dev.joanneum.at/eexcess - partner - mendeley -  

              1.0 - SNAPSHOT/partner/recommend/  

    </endpoint>  

    <tags>  

  <tag>Science</tag>  

  <tag>Journals</tag>  

    </tags>  

 </eexcess - partner - badge>  

                                                                 

 
8
 https://knowminer.at/svn/eexcess/code/modules/partners 

9
 http://eexcess.joanneum.at/eexcess-federated-recommender-web-service-1.0-SNAPSHOT/recommender/register 
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6.3 Scenario B: Recommendation Cycle Testing 

Figure 3 below shows how we tested our prototype using a REST client, with the sample user profile from 
Appendix A. A user profile is sent via POST to the HTTP-based REST recommend method. The profile is then 
transformed into a partner-specific user query, and results are retrieved in the standard format to be used by 
the federated recommender (see Section 5.3), then returned back. 

Note that our prototype accepts input and output in both XML and JSON formats, and therefore the following 
headers were added to the POST call: 

 Accept: application/json 

 Content-Type: application/json 

 

 

Figure 3: REST client used to test the federated recommender prototype. 
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7 Limitations and Future Work 

In the first version of the prototype we focused on ensuring that the framework was providing results from 
partners. Most effort was spent on designing the architecture, providing a complete implementation, agreeing 
on and defining data formats, implementing the partner data layers, testing the code, and integrating with 
other work packages (in particular, regarding data integration and enrichment). 

We identified two important limitations in our results that need to be researched further. Firstly, the accuracy 
of retrieved recommendations both at partner system level and at federated recommender level still has room 
for improvement. Secondly, some strategies that improve accuracy (e.g. transforming data, querying a partner 
system several times) necessarily conflict with efficiency. Furthermore, the multi-querying strategy that might 
be used by the privacy proxy to preserve anonymity is expected to severely affect latency and could become a 
major bottleneck when it comes to delivering recommendations within a reasonable time frame. 

In the next stage of our prototype we will therefore focus on further research into methods to ensure the 
accuracy and efficiency of our recommender, as well as improving development aspects, namely: 

1. Improving the partner systems that are already delivering data (e.g., adding or adapting fields and 
data transformations if required in WP4); 

2. Implementing federated recommendation strategies and analysing the results provided by the 
algorithms described in Section 5 on learning how to rank, how to query, as well as diversifying 
results; 

3. Improving the registration service for partner systems (see Section 4) by adding persistence in the 
federated recommender and partner pinging, to avoid re-registration of the partners in case the 
federated recommender server needs to be restarted. 
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8 Conclusions 

Work for WP3 to date has focused on designing a distributed architecture that can support the EEXCESS 
scenarios – some of which have fairly complex requirements falling somewhere between search and 
recommendation – while still making it easy for other content providers to expose their catalogues to the 
project at any time in the future. While the algorithmic challenges are clearly also numerous, our view has been 
that prototyping early with real data is the best way to get a firm insight into the relevant available techniques 
and the remaining research problems to be solved. 

As reported here we have therefore made good progress by defining APIs and reference implementations, 
allowing partners to expose content to the system: we already have three usable initial partner services 
meaning that practical research on all of the algorithms and techniques of interest – and in particular those 
specialized to distributed settings – is already possible. 

Working on architecture designs and these early prototypes has also enabled us to revisit the recent literature 
on recommender systems and in particular on personalized and federated search, and to sketch solutions – and 
open research issues – for our particular scenarios. In the next stage of our work we look forward to being able 
to implement, evaluate and improve on these strategies within a working prototype system with multiple 
content providers. 
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9 Glossary 

Terms used within the EEXCESS project. 

Partner Acronyms 

JR-DIG JOANNEUM RESEARCH Forschungsgesellschaft mbH, AT 

Uni Passau University of Passau, GE 

Know Know-Center - Kompetenzzentrum für Wissenschaftsbasierte Anwendungen und Systeme 
Forschungs- und Entwicklungs Center GmbH, AT 

INSA Institut National des Sciences Appliquées (INSA) de Lyon, FR 

EconBiz German National Library of Economics, GE 

BITM BitMedia, AT 

KBL-AMBL Kanton Basel Land, CH 

CT Collection Trust, UK 

MEN Mendeley Ltd., UK 

WM wissenmedia, GE 

 

 

Abbreviations 

EC European Commission 

EEXCESS Enhancing Europe’s eXchange in Cultural Educational and Scientific resource 
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10 Appendix A – User Profile and Results Data Formats  

10.1 User Profile (JSON) 

 
{  

“numResults”:ò10ò, 

“partnerList”:[ 

      {  

“systemId”:òEuropeanaò 

      }  

   ], 

“protectedPartnerList”:[ 

      {  

“systemId”:òWissenmediaò, 

“partnerKey”:òdsajln22sadjkl!ò 

      }  

   ], 

“firstName”:òMaxò, 

“lastName”:òMustermanò, 

“birthDate”:1404302589436, 

“gender”:òmaleò, 

“address”:{  

“country”:òtestcountryò, 

“zipCode”:1213345, 

“city”:òtestcityò, 

“line1”:ònothingò, 

“line2”:òto addò 

   },  

“userLocations”: [ 

      {  

“longitude”: 10.5, 

“latitude”: 10.5,  

“accuracy”: 1.0, 

“timestamp”: 1404302589436 

      }  

    ], 

“languages”:[ 

      {  

“iso2”:òdeò, 

“competenceLevel”:0.1 

      },  

      {  

“iso2”:òenò, 

“competenceLevel”:0.1 

      }  

    ], 

“userCredentials”:[ 

      {  

“systemId”:òWissenmediaò, 

“login”:òme@partner.xò, 

“securityToken”:òsdjalkej21!#ò 

      }  

   ], 

    

“history”:[ 

mailto:me@partner.x
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      {  

“lastVisitTime”:1402472311035, 

“title”:òhistory titleò, 

“typedCount”:4, 

“visitCount”:4, 

“url”:òhttp://1234.comò 

      }  

   ], 

“interests”:[ 

      {  

“text”:òtextò, 

“weight”:0.1, 

“confidence”:0.1, 

“competenceLevel”:0.1, 

“source”:òsourceò, 

“uri”:òhttp://dsjkdjas.deò 

      },  

      {  

“text”:òtext2ò, 

“weight”:0.2, 

“confidence”:0.2, 

“competenceLevel”:0.2, 

“source”:òsource2ò, 

“uri”:òhttp://google.deò 

      }  

   ], 

“contextKeywords”:[ 

      {  

“text”:ògrazò, 

“weight”:0.1, 

“reason”:òmanualò 

      },  

      {  

“text”:òviennaò, 

“weight”:0.1, 

“reason”:òmanualò 

      }  

   ], 

“contextNamedEntities”:{  

“locations”:[ 

         {  

“text”:ògrazò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         },  

         {  

“text”:ògrazò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         }  

      ], 

“persons”:[ 

         {  

“text”:òMichael Jacksonò, 

“weight”:0.1, 

http://1234.com/
http://dsjkdjas.de/
http://google.de/
http://dbpedia.url.org/
http://dbpedia.url.org/
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“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         },  

         {  

“text”:òBill Clintonò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         }  

      ], 

“organizations”:[ 

         {  

“text”:òknow-centerò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         },  

         {  

“text”:òmendeleyò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         }  

      ], 

“misc”:[ 

         {  

“text”:òsomethingò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         },  

         {  

“text”:òsomethingò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         }  

      ], 

“topics”:[ 

         {  

“text”:òTreesò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         },  

         {  

“text”:òAnimalò, 

“weight”:0.1, 

“confidence”:0.1, 

“uri”:òhttp://dbpedia.url.orgò 

         }  

      ] 

   }  

}  

 

http://dbpedia.url.org/
http://dbpedia.url.org/
http://dbpedia.url.org/
http://dbpedia.url.org/
http://dbpedia.url.org/
http://dbpedia.url.org/
http://dbpedia.url.org/
http://dbpedia.url.org/
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10.2 Federated Response (JSON) 

 

The following snippet shows a federated response, where the 12 results have been trimmed to 2, and the RDF 
data have been removed for brevity. 

{   “result” : [ 

    {  

“facets” : {  

“provider” : ñEuropeanaò, 

“language” : ñdeò 

      },  

“previewImage” : ñhttp://europeanastatic.eu/api/image?uri=http%3A%2F%2Fjacq.nhm-wien.ac.at%2Fimages%2FgeoMin%2Fadore-
djatoka%2Fresolver%3Furl_ver%3DZ39.88-2004%26svc_id%3Dinfo%3Alanl-
repo%2Fsvc%2FgetRegion%26svc_val_fmt%3Dinfo%3Aofi%2Ffmt%3Akev%3Amtx%3Ajpeg2000%26svc.format%3Dimage%2Fjpeg%26svc.scale%3D1
024%2C0%26rft_id%3DC3939_h&size=LARGE&type=IMAGEò, 

“id” : ñ/11601/_OPENUP_MINERALOGY_NHMV_AUSTRIA_3963ò, 

ñeexcessURIò : ñhttp://europeana.eu/api/4050/redirect?shownAt=http%3A%2F%2Fjacq.nhm-wien.ac.at%2Fimages%2FgeoMin%2Fjacq-
viewer%2Fviewer.html%3Frft_id%3DC3939_h%26bt%3Deuropeanaapi&provider=OpenUp%21&id=http%3A%2F%2Fwww.europeana.eu%2Fresolve
%2Frecord%2F11601%2F_OPENUP_MINERALOGY_NHMV_AUSTRIA_3963&profile=standardò, 

“title” : ñKorallenkalkò, 

“rdf” : ñ<rdf:RDF\r\n  (é) </rdf:RDF>\r\nò, 

“uri” : ñhttp://europeana.eu/resolve/record/11601/_OPENUP_MINERALOGY_NHMV_AUSTRIA_3963ò, 

“collectionName” : ñ11601_Ag_EU_OpenUp!_NHMVò 

    },  

    {  

“facets” : {  

“provider” : ñEuropeanaò, 

“language” : ñdeò 

      },  

“previewImage” : ñhttp://europeanastatic.eu/api/image?uri=http%3A%2F%2Fjacq.nhm-wien.ac.at%2Fimages%2FgeoMin%2Fadore-
djatoka%2Fresolver%3Furl_ver%3DZ39.88-2004%26svc_id%3Dinfo%3Alanl-
repo%2Fsvc%2FgetRegion%26svc_val_fmt%3Dinfo%3Aofi%2Ffmt%3Akev%3Amtx%3Ajpeg2000%26svc.format%3Dimage%2Fjpeg%26svc.scale%3D1
024%2C0%26rft_id%3DC3926_h&size=LARGE&type=IMAGEò, 

“id” : ñ/11601/_OPENUP_MINERALOGY_NHMV_AUSTRIA_895ò, 

ñeexcessURIò : ñhttp://europeana.eu/api/4050/redirect?shownAt=http%3A%2F%2Fjacq.nhm-wien.ac.at%2Fimages%2FgeoMin%2Fjacq-
viewer%2Fviewer.html%3Frft_id%3DC3926_h%26bt%3Deuropeanaapi&provider=OpenUp%21&id=http%3A%2F%2Fwww.europeana.eu%2Fresolve
%2Frecord%2F11601%2F_OPENUP_MINERALOGY_NHMV_AUSTRIA_895&profile=standardò, 

“title” : ñGranitò, 

“rdf” : ñ<rdf:RDF\r\n  (é) </rdf:RDF>\r\nò, 

“uri” : ñhttp://europeana.eu/resolve/record/11601/_OPENUP_MINERALOGY_NHMV_AUSTRIA_895ò, 

“collectionName” : ñ11601_Ag_EU_OpenUp!_NHMVò 

    }  

  ] 

“provider” : ñfederatedò, 

“totalResults” : 12, 

}  
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