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Abstract— This paper presents the development of a 

recommendation system component, and its integration into 

the PHD UNS digital library - a Digital Library consisting 

of PhD Dissertations from the University of Novi Sad. This 

component is used to improve the PHD UNS user experience 

by providing a list of PhD dissertations recommended 

specifically for that user, and also re-ranking search results 

based on personalized recommendation scores.  The 

developed component has been put in operational mode on: 

http://www.cris.uns.ac.rs/searchDissertations.jsf. 

Recommendation is performed on the basis of the user’s 

download history.A sub-system that is able to capture users’ 

explicit and implicit feedback has also been developed. This 

feedback will be used to evaluate whether the 

personalisation component improves PHD UNS users’ 

experience. 

I. INTRODUCTION 

A recommendation system assists users to find and 
retrieve relevant digital content from a potentially  huge 
amount of information present within a data source. Given 
a large set of digital items and a user's requirements 
(represented within a user model), the recommendation 
system presents to the user a small set of the items that are 
well suited to his/her information need. The digital library 
of PhD dissertations of University of Novi Sad (PHD 
UNS) stores more than 2,000 dissertations in pdf format. 
Each year this number is extended by approximately 300 
new PhD dissertations that have been defended at 
University of Novi Sad. Usage of this digital library is 
quite substantial, in fact there are over 1,000 logged 
search query requests per month 

The motivation for this research is the improvement of 
the PHD UNS user experience by providing a 
personalized list of recommended PhD dissertations, and 
also by providing a personalized search service that re-
ranks search results through the utilisation of personalized 
recommendation scores.  Recommendation systems 
require the construction (and update) of user models, and 
we used the PHD UNS download logs and the PhD 
dissertations’ contents for this purpose. 

This research has been implemented within two Short 
Term Scientific Missions (STSMs) funded by 
KEYSTONE (IC1302) COST action. The objectives of 
the first STSM consisted of implementation and 
experimentation with: different recommendation 
algorithms (both content-based and collaborative-based), 
the application of Latent Semantic Analysis (LSA) to both 

content and collaborative recommendation approaches, 
and  the use of different similarity functions. The second 
STSM targeted the development of the actual 
recommendation component that uses the best 
recommendation approach and the integrate of this 
component into the operational PHD UNS digital library. 

II. PHD UNS 

The CRIS UNS system (http://cris.uns.ac.rs) is a 
research information system that has been developed at 
the University of Novi Sad and has been continuously 
maintained and updated since 2008 [1, 2, 3, 4]. It was 
originally developed within the project DOSIRD UNS 
(http://dosird.uns.ac.rs/). The digital library of Ph.D. 
dissertations of the University of Novi Sad (PHD UNS) 
stores the entire process of a dissertation’s submission and 
defense. The digital library is integrated with the CRIS 
UNS system in order to create a unified central catalog of 
all scientific-research outputs published by the University 
[5, 6, 7, 8].  

Table 1. Export of data  

System URL Number 

of 

exported  

NDLTD http://search.ndltd.org/search.php?q

=publisher%3A%22University+of+

Novi+Sad%22  

847 

DARTEuro

pe 
http://www.dart-europe.eu/browse-

results.php?institution=578 

871 

NaRDuS http://nardus.mpn.gov.rs/    837 

OATD https://oatd.org/oatd/search?q=publi
sher%3A%28Novi%20AND%20Sa

d%29  

848 

OPENAire

+ 
https://www.openaire.eu/search/dat

asource?datasourceId=opendoar___

_::ae1d2c2d957a01dcb3f3b39685cd
b4fa  

825 

 As at 2017, PHD UNS contains metadata concerning 

4,877 different dissertations, 1,202 of which have a 
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digital copy of the actual dissertation document stored on 

the PHD UNS system.  878 of these latters dissertations 

are published under an open-access license. In order to 

improve accessibility of these dissertations, a web 

interface has been developed that allows users to search 

within this digital library [9].  Morover, the  dissertations’ 

metadata has been exported to other systems using the 

OAI-PMH protocol [10, 11, 12] (Table 1). 

The PHD UNS library also logs any download of digital 

files associated with these Ph.D. dissertations. A logged 

message includes information such as:  download date 

and time; titl; and other bibliographic information about a 

dissertation. Moreover, each log message includes 

information on how the user found the  downloaded 

dissertation – whether it was through the search interface 

provide (www.cris.uns.ac.rs/searchDissertations.jsf), or 

whether it was from the web portal of one of networks 

presented in the previous table. An example of a logged 

message is shown in Listing 1. 

 

[ INFO] 26.02.2017. 09:53:23 (FileManagerServlet:handleDownload) 

Date and time: Sun Feb 26 09:53:23 CET 2017| miliseconds: 1488099203495| + session id: not defined| userId: 

148809920348916| ip address: 66.249.66.139| location: city: Mountain View, postal code: 94043, regionName: 

California (region: CA), countryName: United States (country code: US), latitude: 37.419205, longitude: -122.0574| 

user agent (device): Mozilla/5.0 (Linux; Android 6.0.1; Nexus 5X Build/MMB29P) AppleWebKit/537.36 (KHTML, 

like Gecko) Chrome/41.0.2272.96 Mobile Safari/537.36 (compatible; Googlebot/2.1; 

+http://www.google.com/bot.html)| download record id: (BISIS)83350| file id: 591| file name: disertacija.pdf| source: 

CRIS UNS| license: Creative Commons | record: Vuković Dejan, Kontrola reprodukcije krava visoke mlečnosti, 

primenom različitih hormonskih metoda indukcije estrusa post partum, Poljoprivredni fakultet u Novom Sadu, 

Univerzitet u Novom Sadu, 2012 

 

[ INFO] 26.02.2017. 09:53:26 (FileManagerServlet:handleDownload) 

Date and time: Sun Feb 26 09:53:26 CET 2017| miliseconds: 1488099206836| + session id: 

47F7733703B214A4034B201487F01307| userId: 148778984397686| ip address: 95.180.110.60| location: city: null, 

postal code: null, regionName: null (region: null), countryName: Serbia (country code: RS), latitude: 44.0, longitude: 

21.0| user agent (device): Mozilla/5.0 (Windows NT 6.1; rv:51.0) Gecko/20100101 Firefox/51.0| download record id: 

(BISIS)94390| file id: 3478| file name: 142831570574231.pdf| source: CRIS UNS 

(http://www.cris.uns.ac.rs/searchDissertations.jsf)| license: Attribution-NonCommercial-ShareAlike | record: Radović 

Gordana, Modaliteti finansiranja ruralnog turizma u Republici Srbiji, Poljoprivredni fakultet u Novom Sadu, 

Univerzitet u Novom Sadu, 2015 

 

[ INFO] 26.02.2017. 09:57:06 (FileManagerServlet:handleDownload) 

Date and time: Sun Feb 26 09:57:06 CET 2017| miliseconds: 1488099426407| + session id: not defined| userId: 

148809942640771| ip address: 93.143.38.127| location: city: null, postal code: null, regionName: null (region: null), 

countryName: Croatia (country code: HR), latitude: 45.166702, longitude: 15.5| user agent (device): Mozilla/5.0 

(Windows NT 10.0; WOW64; rv:51.0) Gecko/20100101 Firefox/51.0| download record id: (BISIS)99985| file id: 4899| 

file name: 145493205988096.pdf| source: CRIS UNS (https://www.google.hr/)| license: Attribution-NonCommercial-

NoDerivs | record: Iličić Renata, Bakteriozno sušenje trešnje (Prunus avium L.), Poljoprivredni fakultet u Novom Sadu, 

Univerzitet u Novom Sadu, 2016 

Listing 1. A download message

III. AUTOMATIC RECOMMENDATION COMPONENT 

 There are three main approaches used by 
recommendation systems [13, 14, 15, 16, 17], namely: 
content based, collaborative based, and hybrid (mixed) 
approaches. All approaches require the capture of users’ 
interests and goals to build and update the user models.  
For this purpose, we utilised the  PHD UNS download 
logs (Listing 1) and the PhD dissertations’ texts that have 
preprocessed with a Serbian language tool.  

We experimented with the use of Latent Semantic 
Analysis (LSA) in both content and collaborative 
recommendation approaches, and also evaluated the use of 
different similarity functions. The best results were 
obtained when using a collaborative approach that utilizes 
LSA and Pearson similarity (Table 2).  

These results are presented and discussed more 
thoroughly in [18]. We created a recommendation 

software component with two interfaces: the first interface 
returns a personalized list of recommended PhD 
dissertations for a particular user; and the second interface 
provides personalized search – it combines 
recommendation scores with search ranking results 
(Figure 1). The recommendation component is 
implemented together with a subsystem for obtaining 
users’ explicit and implicit feedback in order to evaluate 
whether this implementation improves PHD UNS users’ 
experience. Moreover, it is integrated into the PHD UNS 
digital library and put into operational mode on: 
http://www.cris.uns.ac.rs/searchDissertations.jsf as from 
October 2016. Considering that  recommendation is 
performed on the basis of the previous download history 
of each user, the user models are updated every night 
taking into the account new downloads from the previous 
day. 
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Table 2. Recommendation approach evaluation 

System Description LSA Recall 

Random Recommendation   0.051 

Content-based Recommendation No LSA 0.200 

Content-based Recommendation k=150 0.232 

Collab-SimUsers, non-binary ratings, Cosine Similarity No LSA 0.291 

Collab-SimUsers, non-binary ratings, Cosine Similarity k=50 0.369 

Collab-SimUsers, binary ratings, Cosine Similarity No LSA 0.261 

Collab-SimUsers, binary ratings, Cosine Similarity k=50 0.41 

Collab-SimUsers, non-binary ratings, Pearson Similarity No LSA 0.291 

Collab-SimUsers, non-binary ratings, Pearson Similarity k=50 0.338 

Collab-SimUsers, binary ratings, Pearson Similarity No LSA 0.272 

Collab-SimUsers, binary ratings, Pearson Similarity k=50 0.416 

Collab-SimUsers, non-binary ratings, Eucledian Similarity No LSA 0.063 

Collab-SimUsers, non-binary ratings, Eucledian Similarity k=50 0.185 

Collab-SimUsers, binary ratings, Eucledian Similarity No LSA 0.072 

Collab-SimUsers, binary ratings, Eucledian Similarity k=50 0.338 

Collab-SimItems, non-binary ratings, Cosine Similarity No LSA 0.382 

Collab-SimItems, non-binary ratings, Cosine Similarity k=50 0.311 

Collab-SimItems, binary ratings, Cosine Similarity No LSA 0.355 

Collab-SimItems, binary ratings, Cosine Similarity k=50 0.294 

Collab-SimItems, non-binary ratings, Pearson Similarity No LSA 0.386 

Collab-SimItems, non-binary ratings, Pearson Similarity k=50 0.294 

Collab-SimItems, binary ratings, Pearson Similarity No LSA 0.358 

Collab-SimItems, binary ratings, Pearson Similarity k=50 0.299 

Collab-SimItems, non-binary ratings, Eucledian Similarity No LSA 0.032 

Collab-SimItems, non-binary ratings, Eucledian Similarity k=50 0.076 

Collab-SimItems, binary ratings, Eucledian Similarity No LSA 0.023 

Collab-SimItems, binary ratings, Eucledian Similarity k=50 0.072 

 
Figure 1. Recommendation system component 
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IV. THE LIST OF RECOMMENDED DISSERTATIONS 

The recommendation component can be visualized as a 
“black box” with two interfaces. The first interface 
receives as input the user identifier and the number of 
recommended items desired.  Its output is a list of 
recommendation PhD dissertations’ identifiers (control 
numbers) and recommendation scores. This interface is 
used to build the list of recommended dissertations for a 
particular user. Subsequently, the information on the 
recommended dissertations are retrieved using the control 
numbers and presented to the user (Figure 2).  

Buttons for positive ( ) and negative ( ) explicit user 
feedback are attached to each recommended dissertation. 
Apart from logging whether the user clicks on these 
buttons, the download of any recommended dissertation is 
logged as positive implicit user feedback. The PHD UNS 
system has logged 172 positive user feedbacks and 24 
negative user feedbacks for the first six months – starting 
from the moment that the feature that presents 
recommended dissertations was put in operational till 
April 2017. 

 
Figure 2. The list of recommended dissertations

V. RE-RANKING THE SEARCH RESULTS 

The other interface of the recommendation component 
(Figure 1) receives as input the user identifier and a list of 
dissertations’ identifiers (control numbers).  This interface 
outputs a  list of recommendation scores for the 
dissertations specified in the input. These scores  are then 
utilised withinnew ranking algorithms that have been 
implemented within the Search component. Previously, 
the Search component utilized two ranking algorithms - 
based on relevance and on publication year.  The new 
ranking algorithms are based on:  the recommendation 
score, and on the average value of relevance and 
recommendation score for each search result. Relevance 
score is obtained using Lucene 

(https://lucene.apache.org/core/4_0_0/core/org/apache/luc
ene/search/ScoreDoc.html), while recommendation score 
is obtained using the recommendation score output 
(Listing 3). Given these new ranking algorithms, two new 
options for the sorting of search results have been added 
to the user interface (Figure 3). The downloading of a 
recommended dissertation (whose recommendation score 
is greater than 0) is logged as positive implicit user 
feedback for that dissertation. The PHD UNS system 
logged 32 such cases for the first six months.  Also, the 
download log can be linked to the search results log, and 
the position (rank) of downloaded dissertations in the 
results list can be calculated. 

 

String command = "/opt/cris/recommendation/SCRIPTS_operational/recommendation-

collaborative/rerankDocsForUser-BestConfig.sh \"" +  
 user + "\" \"" + inputPath + "\" \"" + outputPath + "\""; 
executeCommand(command); 
BufferedReader br = new BufferedReader(new FileReader(outputPath)); 
recordsIds = new ArrayList<String>(); 

String line = ""; 
while ((line = br.readLine())!= null) { 

   String[] split = line.split(";"); 
     recordsIds.add(split[0].trim()); 
     recordsScores.add(split[1].trim()); 
} 
br.close(); 
for (ThesisDTO thesisDTO : records) { 
     for(int i =0; i<recordsIds.size(); i++){ 
  if(thesisDTO.getControlNumber().equals(recordsIds.get(i))){ 

  Float score = Float.parseFloat(recordsScores.get(i)); 
  thesisDTO.setRecommendationScore(score); 
  break; 

 }  
 } 
} 

Listing 3. Recommendation score 

7th International Conference on Information Society and Technology ICIST 2017



404

 
Figure 3. The sort options (ranking algorithms)

VI. CONCLUSION 

A recommendation system component has been 
developed and integrated into the Digital Library of PhD 
Dissertations from the University of Novi Sad. It has been 
put into operation on October 2016. This component is 
used to improve the PHD UNS’ user experience by 
providing a list of recommended PhD dissertations, and 
also by re-ranking search results based on the personalized 
recommendation scores. 

Our planned further research includes the evaluation of 
our implemented approaches using explicit and implicit 
user feedback logs. We are going to verify which ranking 
algorithm is the most efficient for the PHD UNS users 
taking into account the positions of downloaded 
dissertations in the results lists as well as explicit and 
implicit user feedback. 

Moreover, a new STSM within the KEYSTONE COST 
action will be conducted with the aim of optimized 
visualization of PHD UNS search results and 
personalization re-ranking of results. 
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