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Abstract— Linked open data end-points are accessible to users 
and applications to exploit semantic data. However it is not 
very usable for non-expert users. A search tool can be 
evaluated on certain criteria i.e. access to knowledge 
resources, usability, expressivity and scalability. For a user 
friendly semantic search tool, there is a number of 
challenges e.g. translating user query to formal SPARQL 
query, scalability, guidance, optimising query results for better 
readability and visualisation etc. The focus of this paper is the 
result optimisation for the data received as a result of 
running queries over different SPARQL end-points. The paper 
highlights two aspects of the result optimisation i.e. (i) result 
ranking and (ii) result readability. The paper introduces 
algorithm for result ranking and suggests the layout schema 
that defines the result template for the user interface.  
 

Keywords- Semantic web; Result optimisation; result 
ranking; ontologies 

I.  INTRODUCTION 
SPARQL has become the standard language for querying 

RDF-based semantic data. Since 2008, the features of 
SPARQL have been the focus of interest for the semantic 
research communities. As a result of these efforts, the 
theoretical properties of the SPARQL are now well-
understood [11]. Currently, SPARQL is the core technology 
for querying the semantic web and most of the RDF-based 
applications are accessible via SPARQL endpoints. However 
the Linked Open Data is still only usable for semantic 
technology experts and programmers. The problem of 
friendly user interfaces for accessing Linked Data is still 
largely unsolved [21]. 

One important feature for the user friendly interfaces is 
‘Result ranking’. There is a number of search tools like 
Swoogle [18], Sindice [19] and Watson [20] that now 
include large repositories of ontology data sets and the size 
of data is increasing constantly. This rapid increase of 
semantic data adds a need for procedures to rank results and 
display the results in a user friendly way.   

This work focuses on two aspects of result optimisation: 
(i) result ranking and (ii) schema for result display layout. 
This paper is divided as follows - Section II and III describe 
the challenges faced by a semantic search tool focusing more 
on the end user interface and the basic definitions used in the 
paper. Section IV analyses the related work done in the 

similar context followed by Section V that explains the 
proposed system. Finally, Section VI introduces an 
algorithms along with some examples for result optimisation. 

II. CHALLENGES 
There is a number of challenges faced by the end user of 

a semantic search tool: 
 

i) Query translation – a facility to translate from 
informal end user query to formal SPARQL query. 
From the end user point of view, the semantic data is 
difficult to access given that a non-expert user may 
not have the required technical knowledge to express 
their needs in a relatively complex query language, 
such as SPARQL. This is why translating user 
queries is one of the biggest challenges for a 
semantic search tool. 

ii) Scalability – a measure of a system to cope with 
large datasets. Scalability is a challenge for linked 
open data repositories with the increasing number of 
data sets. 

iii) Guidance – to help end users to build proper queries 
using search features i.e. auto-complete and auto-
suggest. The implementation of such functions 
requires the knowledge of the datasets and their 
specified structure [2].  

iv) Result ranking – in a traditional search environment, 
the results are ranked based on the relevancy, 
popularity and customisation factors. For a semantic 
search tool however, result ranking is a challenging 
task as whilst the semantic search results are 
assumed to be relevant by default, there is a need to 
do some further verifications to confirm the 
relevancy of results.  

v) Result readability – the results returned from a 
SPARQL endpoint are commonly in JSON, XML or 
HTML format. For a better visualisation and 
readability, the results need to be re-formatted.  
 

In the present work, the authors aim to resolve the 
problem of result optimization and propose a solution that 
aims to optimize results fetched from different SPARQL 
end-points. The main focus of this work is the features of 
result ranking and result readability. 
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III. PRELIMINARIES 

A. Ontologies  
Semantic Web is designed to build a web of 

meaning. The foundation of effective communication on the 
Semantic Web is ontology, sometimes defined as a 
vocabulary of data. Ontology provides a formal, explicit 
specification of a shared conceptualisation of a domain [3]. 
An ontology facilitates knowledge sharing over distributed 
systems; in other words, it allows systems or applications 
to communicate even when these are not formerly designed 
to interoperate. It helps to create a common understanding of 
data among different applications.  

 

B. SPARQL endpoints  
The most common way for accessing RDF datasets is by 

means of SPARQL endpoints. The SPARQL endpoints are 
similar to APIs (Application Program Interfaces) that 
implement the SPARQL protocol and are accessible by other 
applications and users to query RDF data. Although there are 
often some limitations for some endpoints that restrict data 
access to a certain limit or set a maximum number of query 
execution in a specified duration [1], the endpoints are the 
common mean of accessing open linked data. 

C. Federated query  
A federated query is an extension of SPARQL query for 

executing queries distributed over different SPARQL 
endpoints. SPARQL 1.1 supports federated queries that 
merge data distributed across the Web using 
the ‘SERVICE’ keyword [5]. 

IV. RELATED WORK 
Swoogle is a semantic web search engine that discovers 

and indexes information in semantic web documents. 
Swoogle provides semantic web data access service, which 
helps human users and software systems to find relevant 
documents, terms and triples [23]. However, Swoogle has a 
number of limitations i.e. limited quality control (redundant 
ontologies), limited search (keywords based only) and no 
support for a formal query language like SPARQL [22]. 
Sindice[19] is another example of popular semantic search 
engines, but that is not very usable for people with no 
understanding of semantic technologies. 

Watson [20] uses keyword search feature that makes it 
similar in use with usual web search systems. Watson search 
tool matches set of keywords entered by the user to the 
literals of entities saved in semantic document and display 
entities matching each keyword. The search tool also 
provides facility to find data considering types of data i.e. 
classes, properties, individuals. However, it is not easy to 
discover data and results are not readable.  

A number of efforts have been made towards the 
enhancement of page ranking techniques. Consequently, 
numerous algorithms have been proposed for page ranking 
[12]. One instance is [13] that focuses on the granularity of 
Web pages and use three kinds of information to re-rank 
documents i.e. document information, query Information and 
ancillary Information. The authors of [14, 15] propose inter-
document relationships that can be obtained from the text, 
hyperlinks and other information and assign similarity 
weights to the documents. However these approaches are 
limited for a semantic result ranking. In paper [17] a ranking 
approach based on syntactic classification, still; this 
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approach does not take into consideration the semantics of 
the data. 

The idea proposed by [16] is partially similar to the 
authors’ present work but they approach the problem 
differently. The solution proposed by [16] is to analyse on 
how the ontologies have been rated and reviewed by the 
users. It allocate weights for concept hierarchy using users’ 
profile.  

The above work originated from the similar idea to 
formalize semantic data to be made available online, for 
users and applications to find and exploit. However, they 
mostly rely on extracting labels or comments from RDF 
documents and match the search keywords with saved data. 
To enable applications to explore large scale semantic data, 
new mechanisms are required for query optimization and 
result optimisation.  

V. PROPOSED SYSTEM 
In the present work, the authors proposed a ranking 

technique as a part of the result optimization system that is 
based on semantic classification. The authors propose an 
algorithm to rank ontology concepts that help to arrange 
results in an order of top ranked ontology. The authors also 
define result schema for a user friendly layout for the results.  

The proposed solution is based on authors’ previously 
modelled framework [9, 10]. The framework consists of a 
number of modules i.e. user interface, ontology processor, 
query processor, bag of keywords, API and result optimiser. 
The query processor generates a SPARQL query from the 
keywords entered from the user interface and sends the 
mapped query to the API. The API interacts with the 
SPARQL endpoint/s to fetch results matched to the user 
query. The results received are then sent to the result 
optimiser that formats the results and sends to the user 
interface.  

This paper focuses specifically on three parts of the 
framework that are involved in result optimisation. These 
parts are: 

A. User Interface 
The user interface retrieves a query or search keyword/s 

from the end user and dispatches the keywords to the query 
processor. Once processed by other parts of the framework 
(‘bag of keywords’, ontology processor and result optimizer) 
the user interface displays the results based on a set schema 
(see Section VI (B) for details).  

B. Query Processor 
The query processor is the core of the entire framework. 

It performs a number of key tasks but this paper will focus 
only on the tasks that are involved in result optimisation. The 
first step is handled by the query processor which generates a 
SPARQL query – that is, a query statement is written that 
will return results ranked by relevance.  

C. Result Optimiser 
The result optimiser works in two ways. Firstly it 

interacts with the query processor to get schema attributes 
(defined in Table III), and secondly it facilitates result 

ranking and fetches schema from the ‘bag of keywords’ to 
set up the result layout.  

D. Bag of keywords 
‘Bag of keywords’ is one of the root concepts used in the 

prototype model. It is a repository of keywords with defined 
meanings attached using particular properties and classes.  

VI. RESULT OPTIMISATION 
This section describes the prototype implementation 

based on the proposed model. Section (A) explains the 
ontology ranking technique followed by Section (B) that 
demonstrates the result schema. Finally section (C) 
introduces algorithms to rank ontologies and generate rank 
based SPARQL queries. 

A. Result Ranking 
Since semantic web data is based on ontologies, the 

ranking of the search results must be somehow ordered on 
the basis of semantic relevancy. Due to different interests 
and points of view, many people define their own ontologies 
for the same domain of interest e.g. the concept ‘Person’ has 
been defined in various namespaces i.e.  

• http://xmlns.com/foaf/0.1/Person 
• http://schema.org/Person 
• http://www.w3.org/ns/person#Person.  

 
The flexibility of defining different ontologies for the 

same concepts raises a challenge of ontology alignment and 
trust levels (i.e. which ontologies are the most trusted ones). 
Whilst the ontology alignment is not the scope of this paper, 
it focuses on the result ranking to get a level of trust by 
ranking popularity based results on the top. The proposed 
system does the ontological ranking that helps the result 
ranking. The proposed model saves records for the various 
aligned ontologies and their concept popularity. The concept 
popularity is measured by the number of usage on different 
domains. Table I shows some examples of the concept 
‘Person’ ranked by the proposed system. It can be seen that 
http://xmlns.com/foaf/0.1/Person has the top rank because it 
is the most used namespace on different domains for this 
concept. 

Similarly, Table-II displays an example of property 
ranking. Whilst the same property can be used with multiple 
classes in different namespaces, it is required to set some 
priority ranking for each combination of class and the 
property. From the given example (Table-II), the property 
http://xmlns.com/foaf/0.1/name  has been used with multiple 
classes i.e. ‘Person’, ‘Organisation’, ‘Group’, ‘Document’ 
etc. The proposed system saves the counters for each set of 
property and class and ranks the highest counter on top. �

The property ranking helps the search tool to rank results 
especially when there are no concepts identified from a user 
query e.g. for a search query ‘Milli’, there are no specified 
classes or concepts and the keyword (‘Milli’) is mapped to 
the property foaf:name  (http://xmlns.com/foaf/0.1/name). 
The property foaf:name can be linked to multiple classes i.e. 
name of a ‘Person’, name of an ‘Organisation’ etc.  In such a 
case the search system will find results in an order based on 
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defined ranks. For the above example the proposed system 
will display names of the ‘Persons’ matched with the 
keyword on the top followed by the names of the 
organisations and so on.  

B. Result schema 
The SPARQL endpoint returns results in JSON, XML 

and HTML format and mostly it contains URIs for the 
resources. Since the proposed system is intended to be end-
user focused the results need to be readable and visually user 
friendly. To achieve this the authors introduce a result 
schema. The schema defines key attributes for each class in 
an ontology with a pre-defined layout (as shown in Table 
III). 

The query processor uses schema defined for a class 
while generating SPARQL query e.g. for the class ‘Person’ 
the schema attributes defined are name, givenName and 
familyName and the statements generated are 

 
SELECT ?person ?name ?givenName ?familyName 
?person a foaf:Person 
?person foaf:name ?name 
?person foaf:givenName ?givenName 
?person foaf:familyName ?familyName 

C. Algorithms 
In this section the authors present the Algorithm 1.1 that 

describes the process of setting up ontology based ranking 
and the Algorithm 1.2 that generates query statements to 
fetch ranked results from SPARQL endpoints. 

 
Algorithm 1.1   Ontology parser/ranker 
 
Require: ontology, domain      
1. concepts0..n = parse(ontology) 
2. for each concepts c   do 
3.        get  saved_concepts 
4.         if c exists in saved_concepts  then 
5.               if  domain not listed then 
6.                     add domain 
7.                     concept_counter++ 
8.               else 
9.                       // ignore, do nothing 
10.               end if 
11.         else 
12.              if c mapped to saved_concepts then 
13.                    add to aligned group 
14.              end if 
15.              list domain 
16.              concept_counter++ 
17.         end if 
18. end for 

 
Algorithm 1.1 crawls (the for loop on line 2) through 

online ontologies used at a domain level and checks if the 
concept has already been recorded in ‘ontology cache’.  If 
concepts exists (line 4) and domain is already not listed, it 
increments the usage counter for that ontology concept. 

Greater is the number of usage counter, higher will be the 
concept ranking. If concept does not exists in ontology 
cache, the algorithm tries to align it with the existing 
concepts e.g. http://xmlns.com/foaf/0.1/Person is the same as 
http://schema.org/Person that is why both concepts are 
aligned and put in a group. The algorithm lists non-existing 
domain and initiates the usage counter with +1. 
 

Algorithm 1.2   Rank based query generation

Require: sentence    
Output: statements = null    
1. words0..n � split(sentence) 
2. classes0..n  � getClasses(words) 
3. concept � findMainConcept(classes0..n)  
4. namespaces0..n � getNameSpaces(concept) 
5.  for each namespaces ns  do 
6.         domains0..n � getDomains(ns) 
7.         create statements 
8. end for 
9. join statements 
10. statements � getUniqueStatements() 
11. return statements

 
The Algorithm 1.2 generates query statements to fetch 

ranked results from SPARQL endpoints. 
 The algorithm takes a search query received from the 

user interface. It splits the user query into search terms and 
finds the concepts (classes and properties) defined. The next 
step is to find the one main concept from the user query if 
more than one concept found. After finding the main 
concept, the algorithm fetches all the namespaces that define 
the same concept from the ontology cache e.g. Table-I 
displays the namespaces and their ranking for the concept 
‘Person’. The algorithm gets domains’ URLs for each 
namespace. The ranking for the domains is calculated by the 
number of instances the domain got for the same namespace 
e.g. for the concept ‘http://xmlns.com/foaf/0.1/Person’ there 
are a number of listed domains as shown in Table IV 

TABLE I.  DOMAIN RANKING 

Domain Instance 
count 

SPARQL endpoint Rank 

Freebase 3,401,174 [7] http://www.freebase.com/b
ase/sparql 

1 

DBPedia  1,450,000 [6] http://dbpedia.org/snorql 2 

British 
Library  

1,211,026  
(source: 
SPARQL 
endpoint) 

http://bnb.data.bl.uk/sparql 3 

… … … … 
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TABLE II.  CONCEPT RANKING 

Concept URI Rank 
http://xmlns.com/foaf/0.1/Person 1 
http://schema.org/Person 2 
http://www.w3.org/ns/person#Person 3 
http://dbpedia.org/ontology/Person  4 
http://www.bbc.co.uk/ontologies/coreconcepts/Person 5 
… … 

TABLE III.  PROPERTY RANKING 

Property URI Class Rank 

http://xmlns.com/foaf/0.1/name  foaf:Person 1 
http://xmlns.com/foaf/0.1/name  foaf:Organization 2 
http://xmlns.com/foaf/0.1/name  foaf:Group 3 
http://xmlns.com/foaf/0.1/name  foaf:Document 4 
… … … 

TABLE IV.  RESULT SCHEMA 

Class Attributes Schema 
layout 

http://xmlns.com/foaf/0.1/Person name,  
givenName,  
familyName 

name(family
Name, 
givenName) 

http://purl.org/ontology/bibo/Book  title title 
… … … �

Finally, the algorithm generates statements for each 
domain using ‘SERVICE’ keyword and the schema 
statements as follows 

 
SERVICE < service URL> {  

// schema attributes for the class 
}   �

For example the federated query generated for the class 
‘foaf:Person’ using schema attributes and namespaces will 
be as follows �

PREFIX rdf:<http://www.w3.org/1999/02/22-rdf-syntax-
ns#> 

PREFIX rdfs:<http://www.w3.org/2000/01/rdf-schema#> 
PREFIX foaf:<http://xmlns.com/foaf/0.1/>  
       
SELECT  ?person ?name ?givenName ?familyName 
WHERE { 

?person a foaf:Person. 
SERVICE <http://www.freebase.com/base/sparql> {  

?person foaf:name ?name . 
?person foaf:givenName ?givenName . 
?person foaf:familyName ?familyName 

}  
SERVICE <http://dbpedia.org/snorql/> {  

?person foaf:name ?name . 
?person foaf:givenName ?givenName . 
?person foaf:familyName ?familyName 

}  
SERVICE <http://bnb.data.bl.uk/sparql> {  

?person foaf:name ?name . 

?person foaf:givenName ?givenName . 
?person foaf:familyName ?familyName 

}  
} 

VII. POSSIBLE IMPLEMENTATIONS 
The proposed framework can be used as a back bone of 

the search tool for any system using semantic web 
technologies i.e. linked open data (LOD) and a SPARQL 
endpoint to access LOD data. The proposed framework 
contains a number of modules that may work independently 
with little configuration i.e. ontology processor, query 
optimizer, query formatter, API etc. This flexibility enables 
the framework to be used as a whole or as a part of other 
search tools.  

The algorithm for the ontology ranking can be 
implemented in multiple ways to fit in a semantic search 
system. 

VIII. CONCLUSION 
Among various challenges for creating an efficient semantic 
search tool is the question of how to optimise query results 
(result optimisation). Result optimisation in a view of user 
friendliness involves result ranking and result layout for 
better visualisation of those results.  SPARQL endpoints are 
the access points for Linked Open Data. Various Linked 
Open Data sets use various namespaces for similar concepts 
that raises the challenge of ontology alignment and result 
ranking. This paper has focused on those aspects of result 
optimisation that will give a more user friendly experience. 
The solution is based on a previously modelled framework 
that groups results in an order of popular ontological 
concepts, and rank domains for an ontology concept based 
on the number of instances found. This work has also 
described a layout schema for the captured results from the 
SPARQL endpoints. 
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