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ABSTRACT 

Yellow pages are one of the most useful catalogues on the web. Representation of yellow pages on the web has changed over the 

years from a mere listing to a full catalogue of products and services. We present a new mechanism of building yellow pages using 

the semantic web technologies; Semantic Yellow Pages (SYP). We also present ontologies for modelling yellow pages and user 

profiles. SYP will be powered by RDF, OWL and SPARQL from the Semantic stack. Semantic Yellow Pages will present listings 

that are both personalised and localised. We also present a new user interface for representation of search results, Semantic 

Navigator. Semantic Navigator is based on modern web standards. 
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1. INTRODUCTION 

Advances in search engines have matured they have made simple yellow pages redundant. We see a new wave of 

specialised yellow pages for restaurant, electronics etc… Services, which were a core part of yellow pages initially, have 

grown at a slower rate in terms of adoption on the web. Almost, all of the yellow pages portals used some form of 

keyword based matching to perform search. Products and Services are recommended to the user on the basis of their 

search criteria augmented with their past history of buying or viewing the listings on the portals. As e-commerce has 

grown, these recommendations have been combined with non-personalised recommendations coming from usage by other 

users. There is no doubt that these recommendation algorithms have become more sophisticated with time and use of 

more exotic machine learning based algorithms. Simultaneously, the advent of Semantic Technologies gives us an 

alternate view of the problem domain. Search in yellow pages can be made more contextual and relevant. Relevance can 

be increased not only for the users but also for the product and service providers. 

The use of Semantics introduces an additional dimension between the entities in consideration allowing for wide range of 

inter-relations previously untapped by standing ranking based systems. User interface for search results has remained 

static over the past decade. A linear representation of search results does not do justice to the capabilities of semantic 

technologies. Since, the results hold significance based on varied contexts it becomes important to align results not only 

based on pure ranks but also their context which calls for a non-linear representation. 

 

2. OVERVIEW OF CURRENT SYSTEMS 

Most of the current yellow pages applications suffer from common issues like monolithic approach to search, almost no 

contextual information harnessed, inadequate representation of data etc. 

 

2.1 User Driven Categorization 

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted 

without fee provided that copies are not made or distributed for profit or commercial advantage and that 

copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on 

servers or to redistribute to lists, requires prior specific permission and/or a fee. In a traditional yellow pages 

application (like Yahoo Directory [14]), the prospect is burdened with the task of figuring out the relevant category based 
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on his needs. For example, a lookup on a yellow pages application for mobile repairing might involve navigating through 

the directory from Electronics -> Repair -> Mobile. Such kind of systems which rely on the good judgment of the user to 

identify from the wide spectrum of categories often leads to confusion as the size of the data grows. This effectively 

translates to more time being spent looking rather than analysing the results, often leading to poor experience and low 

satisfaction rates. 

2.2 Keyword based Category search 

A keyword based search system might fail to understand the “context” of the search generating unwanted results or even 

worse, in some cases, erroneous results. Few variants of yellow pages applications (like Yellow Pages, Yell [15]) still rely 

heavily on the keyword based matching of the search queries against the categories stored in the data source. For 

example, a search query like “mobile repair" might give relevant result but the same can't be said for "mobile problems", 

both of which mean the almost same "semantically" for a prospect looking for services and products. 

 

2.3 Narrow search scope 

Another aspect which is often overlooked in such systems is the inability to store and harness relations between entities at 

various levels. For example, an electronic gadget like a mobile phone can be easily to linked to other entities like cellular 

phone(synonyms),cordless phone(closely related entity), portable music player (related entity) etc. This concept can be 

extended either ways from generalized to fewer specific items and vice versa. For e.g. a prospect’s search for products by 

Apple brand (specialized) might indicate an interest towards (generalized) entities like smart phones, laptops etc. which 

might in-turn have associations with other entities. 

 

2.4 User Preferences and behaviour 

Finally almost all of the systems fail to take into account user’s past activity and preferences [7], which can be a significant 

factor in determining weights for different associated entities. For example, a search for “latest novels” should take into 

account the user’s preference toward a particular set of author/s thereby ranking his/her books above the other latest 

books within the search results. 

 

2.5 Semantics based approach 

The underlying principle of maintaining relations between entities and “understanding” them helps avoid most of the 

challenges faced by today’s systems. A search query will not only be analysed based on its exact meaning (semantics) but 

also lead to other possibilities [8] some of which, the users might not even have hoped for. E.g. reconsider the query for 

mobile repair with exact keywords submitted being “mobile problems” – such a query can be first interpreted correctly 

with the help of a underlying relation between an action entity “repair” and “problem” and then “mobile repair” context 

can be searched for other results which the degree of relevance varying for each of the results based on its proximity to 

the query terms in the graph based data source. 

3. SYSTEM DESIGN 

We present the system design for Semantic Yellow Pages starting with the Architecture and moving onto profile 

management for users and service providers and query and recommendation engine. 

 

3.1 Architecture 

 

The users of such a system are going to be customers looking for some product or services and the service providers to 

provide their advertisements. The conceptual system diagram provides a gist of the entire process and data flow in the 

system with regards to the two targeted users. The consumer can use the application to query for any service about which 

he wants information. Secondly, for better service provision he can opt for filling the personalization form which helps 

him get better results and relevant results. Similarly, a service provider can use the system to describe his service in a 

flexible manner without being bound to logical data storage constraints only specifying the attributes applicable to their 

service. The consumer can use the application to query for any service about which he wants information. Secondly, for 

better service provision he can opt for filling the personalization form which helps him get better results and relevant 

results. Similarly, a service provider can use the system to describe his service in a flexible manner without being bound 

to logical data storage constraints only specifying the attributes applicable to his/her service. 
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Figure 1 System Architecture 
 

3.2 Components 

 

3.2.1. User Profile Management 

 

The user can generally perform two things on the website. Firstly, he can query for any service about which he wants 

information. Secondly, for better service provision he can opt for filling the personalization form which helps him get 

better results and relevant results. The user is also intimated about the related services according to his query. Thus the 

user first enters his personalization details, assuming he opts for that. Then the user profile is created and again the 

procedure of annotation is repeated for this information just that this time it’s with respect to the user preference 

ontology. This data again is stored in the system databases. 

 

 
Figure 1 User Profile Management 

3.2.2. Service Provider Profile Management 

 

Any service provider can add details about their service using a web based interface. The system takes this information 

performs basic validation and sets it up for annotation. This information is enriched by performing semantic data 

annotation wherein metadata is then added to this information using an external semantic data source. Once the data is 

stored in the internal semantic data store according to the service ontology, new associations are derived on the basis of 

the content provided.  

 

 
Figure 2 Service Provider Profile Management 
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3.2.3. Query Execution & Recommendation Engine 

 

User enters a query using the query interface. This request then goes to the query engine where it is formulated into a 

query. This query is then expanded to look for “recommendations”. Once this is completed the queries are executed 

against internal and external linked data sources. The results are then overlaid with user preference data which results in 

ranking within the result sets. Finally, the entire response is sent to an aggregator module responsible for representing the 

primary search results and the recommendations. 

 

 
Figure 3 Query Execution/Recommendation System 

4. IMPLEMENTATION 

 

We describe the implementation of the various modules that form the system below. 

4.1 Ontology Design 

 

OWL provides formal semantics for stating the relationships between various entities [2]. The user profile modelling is 

done by maintaining an ontology that describes the user profile [7]. These details are captured in the form of a personal 

profile and used by the application to assist the user in getting relevant results which are more informative and useful than 

non-personalized results. The user profile created can be used to explore semantic links between users and converting the 

information available into knowledge. 
 

 
Figure 4 User Preference Ontology 
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Table 1 User Profile 

 

Class Name Description 

Person Basic user information like name , date of birth ,age, etc. 

Occupational Detail Type of profession, income etc. 

Location Residence Location, Work Location, Current Location 

Schedule Daily schedule, Leisure time etc. 

Interests User hobbies like cooking, dancing etc. 

Reading User preference for books, blogs, newspapers, magazines. 

Cuisine Favourite cuisine, restaurants, dislikes etc. 

Sports Sports categories, sporting clubs, affiliations, players etc. 

Music Information about genre, bands, artists, songs ,albums etc. 

Movies Information about actors, directors, genre, films etc. 

 

If we consider the modelling of a user's musical interests; an OWL class can represent that and data properties can be 

created to take care of interests like a song and genre of music. 

 
Listing 1 OWL for describing music tastes for a user 

<OWL:CLASS 

RDF:ABOUT="HTTP://WWW.SEMANTICWEB.ORG/ONTOLOGIES/2011/2/ONTOLOGY1299586091336.OWL#MUSIC"/> 

<OWL:DATATYPEPROPERTY 

RDF:ABOUT="HTTP://WWW.SEMANTICWEB.ORG/ONTOLOGIES/2011/2/ONTOLOGY1299586091336.OWL#SONG"> 

 <RDFS:DOMAIN 

RDF:RESOURCE="HTTP://WWW.SEMANTICWEB.ORG/ONTOLOGIES/2011/2/ONTOLOGY1299586091336.OWL#MUSIC"/> 

<RDFS:RANGE RDF:RESOURCE="XSD;STRING"/> </OWL:DATATYPEPROPERTY> 

<OWL:DATATYPEPROPERTY 

RDF:ABOUT="HTTP://WWW.SEMANTICWEB.ORG/ONTOLOGIES/2011/2/ONTOLOGY1299586091336.OWL#GENREMUSIC"> 

<RDFS:DOMAIN 

RDF:RESOURCE="HTTP://WWW.SEMANTICWEB.ORG/ONTOLOGIES/2011/2/ONTOLOGY1299586091336.OWL#MUSIC"/> 

<RDFS:RANGE RDF:RESOURCE="XSD:STRING"/> 

</OWL:DATATYPEPROPERTY> 
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A relationship such as "likesMusic" to associate the user with the music interests can be created as described below. 

 
Listing 2 OWL Relationship between User and Music 

<owl:ObjectProperty 

rdf:about="http://www.semanticweb.org/ontologies/2011/2/Ontology1299586091336.owl#likesMusic"> 

 

<rdfs:range rdf:resource="http://www.semanticweb.org/ontologies/2011/2/Ontology1299586091336.owl#Music"/> 

 

<rdfs:domain rdf:resource="http://www.semanticweb.org/ontologies/2011/2/Ontology1299586091336.owl#User"/> 

 

</owl:ObjectProperty> 

 

 

Yellow Pages require a lot of content to describe their listings. A popular of example of ontology for e-commerce is 

Good Relations [6]. We describe a smaller set of possible model and use that to describe the listings. The ontology will 

describe the features such as prices, stores, store timings, payment options etc. These features become particularly useful 

when we are looking for localized services such as spare parts, consumable goods etc.  

Mapping can be done more accurately by combining existing e-commerce ontologies [6] and adding classes as per 

requirement of the web application. This gives greater flexibility and is more efficient for searching and querying. A 

complete description of the offerings enables better discovery of listings and improve the visibility of the offering 

substantially by using existing semantic relationships and discovering new ones through querying and inference 

mechanisms[1]. 

 

 
Figure 5 Service Provider Ontology 

 
Table 1 Service Provider Ontology 

Class Name Description 

Company Detail Basic information like legal name, registration information, market size etc... 

Location Detail Information like city, state, corporate office. 

Company Description Company policy, motto, logo, public URL etc… 

Category Line of business like fmcg, industrial etc… 

Store Detail Store location, employee strength, product range etc. 
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Service Detail Service Centre, service description, 

Product Details Product name, description, category, offers etc. 

Timing Details Working hours on weekday, weekends, special timings 

Brand Brand name, slogan, logo, associated products etc. 

 

 

Consider modelling the payment for a listing for a store. We can create the relationship between a store and payment. 

 
Listing 3 OWL Relationship between Store and Payment 

<owl:Class rdf:about="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#StoreDetail"/> 

 

<owl:Class rdf:about="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Payment"/> 

 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#PayPal"> 

        <rdf:type rdf:resource="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Payment"/> 

 </owl:NamedIndividual> 

  

 <owl:NamedIndividual rdf:about="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Card"> 

        <rdf:type rdf:resource="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Payment"/> 

</owl:NamedIndividual> 

 

<owl:NamedIndividual rdf:about="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Cash"> 

        <rdf:type rdf:resource="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Payment"/> 

</owl:NamedIndividual> 

  

<owl:ObjectProperty 

rdf:about="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#hasPaymentMethod"> 

 <rdfs:range rdf:resource="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#Payment"/> 

<rdfs:domain rdf:resource="http://www.semanticweb.org/ontologies/2011/1/ServiceOntology.owl#StoreDetail"/> 

</owl:ObjectProperty> 

 

 

4.2 Search Augmentation using Semantic Technologies 

 

Freebase [12] is a free and open knowledge graph. Semantic Yellow Pages augments it's searching capabilities using 

freebase. Freebase offers http based end points to query the knowledge graph. The end points return JSON or RDF as 

response to the queries. The request is made using a custom format proved by Freebase, MQL [10] (Metaweb Query 

Language). 

When a user enters a search term in the browser the following processes: 

1) A SPARQL [4] query if fired in the internal repository to query for all the listings that match the search term, say 

“IPhone 4S”. 

2) A MQL based query is sent over HTTP to Freebase to retrieve all the topics associated with the search term. Freebase 

topic search API exposes the "topics" i.e. relevant domains to which the term belongs (Smartphones, Latest Gadgets, 

and Mobile Operating System). 

3) Another query is sent to Freebase to extract the associated entities in each topic (e.g. Motorola X, Google Nexus 

etc...). 

4) Now, another SPARQL query is sent to the internal repository which allows us to set-up a graph which we can 

combine with the listings discovered in STEP 1. 

5) Results from STEP 4 ensure that all relevant listings which are registered with Semantic Yellow Pages are also 

discoverable to the user. This opens up avenues of monetization for the application as well. 

6) All the semantically relevant results from STEP 1, STEP 3 & STEP 4 together form the initial result set. 
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7) Next, the semantically annotated user profile is queried using SPARQL to act as a booster for search results by moving 

the results which match exactly with the user's preference upwards followed by direct relationships within entities (If 

a user has preference for Apple products, results in associated results floating upwards). 

8) A combination of these results is the final result set for the query, which is moved further ahead in the processing 

pipeline to the user interface layer and rendered using the Semantic Navigator. 

4.3 Semantic Navigator  

 

Current search result interfaces present the results in paged view with a linear set of hyperlinks. We present an alternate 

approach based on graphs. The interface provides both ease of navigation and the ability to see related results together.  

The results which are semantically the closer are shown spatially closer to the central node. The central node is the search 

query of the user. As we move away from the center the interface has the ability to bring more nodes and hence more 

domains closer to the user. We believe that this is a unique way of viewing search results in general and is a better fit for 

the semantic web. Each set of results is placed in an orbital. We can observe that results that were obscure and hidden on 

the second or third pages of the search results can now bubble up in front of the user in the right context. There are many 

possibilities like spreading results based on their relevance score or ranking in different orbitals. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Semantic Navigator 

4.4 Result Augmentation with Geo-location aware application 

 

Search results are now required to be augmented with information from the user’s surroundings. Results need to be 

location aware and context aware as well. Success of yellow pages revolves critically around the listings being local and 

available on demand. Additionally, for users who change locations frequently or are new to a place require this facility as 

well. Semantic Yellow Pages not only captures the location information of the listings but also their operation hours. This 

facilitates representation of relevant information at fore-front of the search results. The Google Maps API [13] was used to 

perform this task. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Map for Location of the Store 
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5. FUTURE WORK 

Semantic Yellow Pages can be further enhanced by using a larger pool of Linked Data sources. A larger yet linked data 

set to run the yellow pages search on will greatly amplify the power of the semantic web for the user. The users can 

benefit from location based services [9] as well as services that are contextual, relevant and highly personalised. This 

relevance and meaning comes only after using the power of semantic web. Mobility [9] and various device form factors in 

the market open the way for the user interface of search results to be re-defined. This remains an area of open discussion 

and research since various device sizes and different feature sets available on these devices remains a challenge. 
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