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ABSTRACT: Online stores are available 24x7, do not require travelling, provide a variety of items and services at a
single store which is easy to access and look up. All these features have let these e-shops gained popularity from late
90’s. Since then many attempts have been made to improve the experience of shoppers with the online shopping sites.
Inspired by the Tim Berners Lee’s vision of Semantic Web to make searching on the web easy and efficient, in this
paper, an ontology for online-shopping has been created by using Protégé in-order to add new features in the shopping
sites and answer the complex queries of the users making their life of shopping easier and happier.
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I. INTRODUCTION

Online shopping is a form of trading by the use of internet which helps users to buy goods or services from a seller
using web browser. Michael Aldrich invented e-shopping in 1979 [1]. With the advancement in internet and web
technologies, experience of e-shoppers improved day by day. Most of online shopping applications till today have
relational databases as their data servers which were proposed by E. Codd in 1970[2]. With a lot of progress made in
the field of knowledge management, there are various types of databases available like NoSQL[7] databases, graph
databases to suit particular requirement settings. When Tim Berners Lee [8] introduced his vision of web in which
machines can also understand and exchange the data on the web, RDF (Resource Description Framework)[4] databases
were introduced. RDF data model has the ability to express the semantics of data (expressed in terms of uniquely
identifiable resources) and to make it sharable on the web. RDF technology is used to create an ontology which is a
formal description of concepts of a particular domain. Just like database schema describes the structure of database,
relationship between tables and how the data is stored in tables, in the same way ontologies describe the resources in
terms of the concepts to which they belong, what is the relationship between concepts, what are the properties each
concept have, thereby creating a graph which link resources to concepts and concepts to each other through
properties/relationships.

In general, an ontology consists of collection of concepts and relationships between these concepts [10]. These
terms describe the domain of ontology. For example in ontology for online shopping setting, brands, clothing, shoes
and jewellery are some concepts. Most of the typical ontologies are hierarchical in nature. RDF Schema is a
description language for describing properties and classes of RDF resources and hierarchies of such properties and
classes [9]. Each relationship is expressed as an RDF triple. A part of ontology for online shopping domain has been
shown in fig 1. The relationship shown in figl will be stored as <BlackT-shirt><IsOfBrand><Puma>. RDF database
can be queried using SPARQL [3]. SPARQL Protocol And RDF Query Language is based on matching graph patterns
against RDF graphs. Using any of the subject or object, the other one can be queried by using SPARQL.

I1sOfBrand

| Black T-shirt

Fig.1 Example Ontology
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In this paper, an ontology for online shopping domain has been created using protégé. The proposed ontology has been
loaded with instances and performance has been evaluated by executing complex SPARQL queries on it. The
organization of this paper is as follows: In section Il, advantages of representing data as ontologies over relational
databases are discussed. In section Ill, the model and statistics of the proposed ontology are given. In section 1V,
common and complex queries of users are discussed and how they are handled by the proposed method is shown. In
section V, paper is concluded by discussing the contributions and future scope.

Il. WHY ONTOLOGY?

In this section, advantages of storing data as RDF rather than as relational tables have been discussed. Following are
various advantages of ontologies over RDBMSs:

- There is no overhead of normalization in ontologies as it is in relational databases in order to get rid of
redundancies and inconsistencies [6].

- New instances can be easily added without worrying about data integrity. Relational databases for online store are
frequently updated and if they are poorly planned and unnormalized, they suffer from update and insert anomalies and
therefore it is not always easy to update such databases. Moreover, adding new data in relational databases need to
undergo certain integrity/constraints checking. But in case of ontologies new instances can be simply added without
worrying about data integrity.

- Reasoners with ontologies can be used to derive new information from the both the schema and tuple information:
In case of ontologies for shopping domain, products can be recommended to customers by defining simple rues based
on information from what they have already bought. For example if a user has bought some t-shirts which are of color
black and from puma, black colored trousers and shoes from puma can be recommended to the user .

- Ontologies are reusable, sharable and are more expressive in terms of semantics than RDBMSs [6].

I1l. PROPOSED ONTOLOGY

The ontology for online shopping is created using Protégé [5]. The main elements of ontology are Concepts,
Properties, Instances and Rules which are described briefly in this section.

A. Design:

The design of the ontology contains concepts of shopping domain like Books, Stationery, Men, Women, Brand,
Home and Furnishing etc. These concepts have further sub-concepts to cover the in-depth knowledge in shopping
domain. Object properties and data properties are defined to link the data and describe the attributes of each
concept. Instances of concepts are also defined to test the reliability of the design as far as complexity of users’
queries is concerned. To design this ontology following steps have been followed:

Step 1: ldentify the concepts in the shopping domain.

Step 2: Identify the object properties.

Step 3: Identify the data properties.

Step 4: Adding individuals by creating instances of concepts defined in step 1.

The ontograph view of the created ontology is shown in the fig 2:
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Fig.2. Shopping Ontology Graph

B. Concepts:

The proposed ontology contains 289 classes which covers the concepts of shopping domain. The hierarchy of the
concepts is shown in the fig 3:

[ Class hierarchy | Class hierarchy (infen=d) | ¥ @ Men
Class hierarchy: DIEER ¥ @ Bags

© Backpacks
- @ Duffle__Bags

v CThmg - Laptop__Bags
@ Best_Offers @ Laptop_Sleeves
»- 0 Books @ slingBags
> © Brand ® Strolleys
- @ color @ wWallets

> O Gifts_and_Sweets - @ Belts

% Home_and_Furnishing ¥ @ Clothing

= @ Kids. b0 Accessories

> Material @ Denims

> @ Men @ Ethnic_Wear
@ New_Arrivals b @ Shirts

@ PriceRange < i Shorts
i@ Size © Sleep_and_Inner_Wear
» @ sports_and_Health @ Suits_and__Blazers
¥ @ Stationery @ Tees
» @ user_Profile - @ Track_Wear
¥ @ Women »- @ Trousers

@ Winter_Wear

Fig.3. Hierarchy of Concepts
C. Properties:

e Object Properties: There are 17 object properties which are defined in this ontology to provide linking to
other concepts in ontology.

o Data Properties: 15 data properties are defined to describe attributes of each concept.

The properties also have sub-properties for example in fig.4 Product_Info property have subproperties like
hasdimensions, Product_Weight etc.

Object property hierarchy:

=— | = o] T || = X

V- mmtopObjectProperty
- mmawvailinColor

¥ mmtopDataProperty

! O = CashOnDelieveryAvail
o -?vallIrl5|ze == desrciption

= orGender

forOccassion = hasPrice

hasAddress = Package nup. v ww semanticweb.o
hasBought v -Produ

- mm hasCategory hasdimensions

-~ = hasFit hasextrahandle
- mm hasLength

- mmhasNeck

-~ mm hasOffer

- mm hasPriceRange

- mm hasRecommendations
- mmhasSleeves howtouse

- mm hasStyle Product_Weight

- mmisMadeOf ProductWarranty
- mmisOfBrand Lo mm Type_of__closure

Fig 4. Object Properties and Data Properties

hasLaptopCompartment
= hasnoofcompartments
hasnoofpockets
hasnoofzips
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D. Instances:
There are around 382 instances which are used to further query and find results from the created knowledge. Some

perty assertions

p— asLength Calf_Length
neri =

@ Aqua_Blue_Dress_mMaterial = hasNeck Sweetheart_Neck

#® Aroma_Treasures == availInSize Large

® Arora = isOfBrand Sangaria

* Arrow = hasPriceRange 2000-3000

® Arrow_Classic = hasSleeves Full_Sleeves

: o Seons (e = hasOffer 10_percent_off_on_min_purchase_of_1999
mismadeof Polyester

# Avocado_oil |
= availinColor Black

@ Avon
® Baggit
@ Bags_Forever Data praperty assertions =

@ Bajaj
% Bata
# Beige

4 Being_Human_Clothing
# Belle_Fille

@ below_1000

4 Benetton

# Biba

@ Black

# Black_Suitset

@ Blue

#® Blue_Heaven

Fig.5 Instances and the property assertions
E. Rules:
Ontologies have the assistance of reasoners whenever it is required to derive new information. To derive new
information from existing data and schema information, description logic rules need to be applied. The rules can be
defined as shown below in the fig 6:

Rules: MEEE
Rules

Men(?x) -> forGender(?x, Male)

Women(?x) -> forGender(?x, Female)

hasPrice(?x, ?price), greaterThan(?price, 999), lessThanOrEqual({?price, 1999) -> hasPriceRange(?x, 1000-2000)
forGender(?x, Female), forGender(?x, Male) -> Unisex_Items(?x)

hasPrice(?x, ?price), lessThanOrEqual(?price, 999) -> hasPriceRange(?x, below_1000)

Women(?y), Women(?z), availinColor(?y, ?color), availinColor(?z, ?color), hasBought(?x, ?y) ->
hasRecommendations(?x, 2z)

Suit_Sets(?y), Suit_Sets(?z), hasBought(?x, ?y) -> hasRecommendations(?x, ?z)

Fig.6 DL Rules

IVV. SHOPPER QUERIES AND RESULTS

In this section it has been shown that both common and complex user queries can be handled efficiently by the
proposed framework. The tablel shows queries in natural language and the corresponding SPARQL queries and also
the results that appeared when they were executed on SPARQL tab in Protégé.

Table.1. User queries and results

S.No SPARQL Query and Result

PREFD rdf. =http /e we v owve 3oorgd 18555002022 rd f-syntax—ns#F=
PREFLEE owl: =http /e v w3 orglf 2002007 /o ww BE=

PREFI xsd: <http e v w3 orgdf 2001 23M LS chema#®#® =

PREFIK rdfs: =http: /v e v 2 orgd 2000001 frd f-s chema#=
PREFD< =

=http:ffw ww semanticw eb. orgfkanchandfontolo giess/201651 funtitle
d-ontology—4938 =

What are products of Brand are SELECT Pproduct

WWHERE { Pproduct =< isO fBrand x:SparkleﬁStreet}I

available?

product

Alloyw  Bracelet
Alloy  MNecklace

Result shows products of Sparkle Street brand available in the
store are queried for.
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SPARCIL gpue e X1 B =1 =1

PREFD< rdf: <hip: e v e we 3. orgd 1 SSSi020 22 rd f-syntax—ns#=
PREFDC ol = hitp /e v v . v 3. or gr 200200770 we BE=

PREFD{ xsd: <htp: /e e v e 3.0rgf 200 1oKM LS chemais=

PREFD< rdfs: <hiip i v e 3 orgf20000010rd f-s chemasss

PREFDE

=hitp: S v v  semanticw eb. orgl/kan chanfontolo giess 20161 funtitie
d—ontology—4SHE—

SELECT DISTINCT Fpricerange

What is the price range of this category? || rarivee == . == rafe subcionaor mage s T oorAnES T

pricerange

below 1000
1000-2000
Z2O000-3000
2000-Z2000

Results show the price ranges of the available bags for men.
SPARCL guery:

PREFI rdf: <=http/he e e owe 3oorgd 1 595002022 -rd f-syntax-ns#=
PREFLK owl: =htip: /e v v 2. orgl 20024007 fowe BE=
PREFLX =x=d: <=http: /e wwe w3 orgf 200125 M LS chemad#=
PREFI{ rdf=: =http e e v w2 orgd2000001 frrdf-schemai#=
PREFLA x:
What are beSt Oﬁers aval Iable on th is =http e wow . semanticw eb.orgfkan chanfontologiess/2071 8/ /untitle

d-ontolo gy —493# =
product? SELECT Zoffer
VWWHERE { =:Pearl_Edp x:hasOffer Foffer}

offer

3I0__percent__off

Result shows the offer available on product Pearl_Edp

SPARGL guery: 0 = ==

PREF rdf: <=http:fereer w3 orgd 1559002022 -rdf-syntax-ns#=
PREFI owl: =htip: /v v 3 orgdf 2002007 ows BE=
PREFIK x=d: =http: /e w3 oorgd 200126 LS chemad®# =
PREFLX rdfs: <=http /e v v 3 orgd 2000001/ rd f-s.chema#=
PREF =
H <http:/ihe we v semanticweb. org/kanchandontologiess/201 81 funtitle
What colours of this product are Iy
avai|ab|e? SELECT DISTIMCT Zcolor
WWHERE { 7= rdf:itype x:Necklaces . 7= =:awailinColor Fcolor}

color

Red
Golden

Result shows the available colours of necklaces

PREFIX rdf: <http/fwrerw w3 orgd 1999 02/22 - rdf-syntax-ns#>=

PREFLX owl =httpodfes e w3 orgl2002/07 /0w BE=

PREF[X x=d: =http /e wowe w3 orgl20012{M LS chema#=

PREFLX rdfs: <httpoifwww w3 org/20000/01/rdf-schema#=

PREFLX

x:=<http:/fw ww . semanticw eb. org/kanchan/ontelogies/2016/1 /untitlied-ontolo gy-4 5=
SELECT ?pricerange

What iS the price range of this Brand for WHERE { ?product x isQfBrand x:Sangaria = ?product x hasPriceRange

Ppricerange

this product? :

pricerange

1000-2000
2000-2000
below_ 1000

Result shows the price range of available products of brand
Sangaria
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SPAROL query:

PREFDC rdf: <httpiiiw woier w3, orgl1 99S02/22 - rdf-syntax-ns#=
PREFDX 0wl <http i e e w3, org/2002/07 fow ks
PREFIDX xsd: <http:ifw woe w3, org/2001MLS chemai=
PREFDX rdfs: <httpiw e e w3 org/2000/01/rdf-schema#=
PREFDX
=r=httpoifw wow semanticw eb.org/kanchan/ontologies/2016/1 /untitled-ontolo gy —2 9=
SELECT ?product 7price
WWHERE { Zproduct x:hasPrice ?price
FILTER (Zprice <= 999}
H

Display all the product below Rs999 CoTenger o e s

Sangria_Salwar_kameez_ 1 U500 chtip A v w e 3

Chocolate__Brown_ Color A4S0 ohttp S www ow S
Studs T840 ohtep S wowew v S

lloy_Mangalsutra T4 ahtip S wowe v v 3.
Zinc_Bangale U593 chtip s e o 3
Polyester_Laptop__Sleeve 5507 ohttp /S www ow 3.

Result shows all the available products whose price is less
than Rs. 999

SPARCL guery: I B [=1=1

PREFIX rdf: =http:/ifeswe e w3 orgdl S5 02022-rd f-sywntax-—ns# =
PREFIX owl: =http: /i v w3 orgdf 20027007 oww BE=

PREFIX =xsd: =http:/ /e wew w3 orgéZ20012M LS chema# >

PREFLIX rdfs: <=http:/fwwww w3 orgd200000 1/ rdf-schema##>

PREFL<

=:=http: /e v we  semanticw eb org/kanchandontolo giess/201 851 funtitl

Display all the products of the brand sd-antology-sow-
Wlth discount Of 50% WWHERE { 7product x:isOfBrand =:Philips. Fproduct

FhasOffer =:S0__precent_off }

product

Tulips_ Styler
Result shows the product of Brand Philips which has discount
of 50%

Mmbers

$4hi Laptop Backpack

What are the unisex products available in
the store? #Campus Portable black_sling_bag
$Fundamentals_sparts_duffel bag

Result shows the available products which are common for
men and women(implemented using DL rules)

SPARQL query: MEEE

PREFIX rdf: <http:fvew w.w3.orgH 988/02/22-rdf-syntax-ns#=

PREFIX owl: <http:/veww . w3.org/2002/07 0wk

PREFIX xsd: <http:/vwww . w3.0rg/2001XWLSchema#>

PREFIX rdfs: <hitpuifwww . w3.org/2000/01/rdf-schema#=

PREFIX x:<http:i/www semanticweb.org/kanchan/entologies/2016/ /untitled-ontology-2%#-
SELECT ?product ?price

) 'WHERE { ?product rdf.type x:DressMaterials . ?product xisMadeQf x:Georgette . 7product x:hasPrice Zprice .
What are the dress materials of a ; _
- Order by (price)
particular cloth type?

product price
MulticoloredEmbellished_Dress_Material "3144"~~<http://www.w3.0rg/2001/XMLSchema#p
Pink_Embroidered_Dress_Material "3405"~~<http://www.w3.0rg/2001/XMLSchema#p
Aqua_Blue_Dress_Material "4015 "~ ~<http://www.w3.0rg/2001/XMLSchema#|
Peach_Embroidered_Dress_Material "4275 "~ chttp://www.w3.0rg/2001/XMLSchema#)

Result shows the available dress materials of georgette for
women along with their prices
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Property assertions: Kanchan_Arora

Object property assertions
mhasBought Sterling_Silver_Ring
mhasBought Cotton_Salwar_Kameez_Dupatta
®m hasRecommendations Purple_Salwar_Kameez_Dupatta
What are the recommended products') m hasRecommendations Black_SuitSet
@ hasRecommendations Sterling_Silver_Ring
mhasRecommendations Cotton_Salwar_Kameez_Dupatta

m hasRecommendations Sangria_Salwar_kameez_1

m hasRecommendations Cotton_Sling_Bag
Result shows the recommendations of user
SPARQL query:

PREFIX rdf: <http:iwww.w3.0rg199%02/22-rdf-syntax-ns#

PREFIX owl: <httpi/fwwew . w3.org/2002/07 0w =

PREFIX xsd: <http:/'www w3.org/2001XMLSchema#=

PREFIX rdfs: <http:iiwww.w3.0rg/2000/01/rdi-schemas=

PREFLX x<http:/fwrww.semanticweb.org/kanchan/ontologies/2016/ funtitied-ontology-49#=
SELECT ?product ?color

. WHERE { ?product rdftype x:Dresses . Pproduct x:forOccassion x:Party . ?product x:availinColor Zcolor
What are the dresses available for }

women for party occasion? : B o
Solid_shift_Dress Black

Solid_Skater_Dress Maroon
Solid_Maxi_Dress Red
Solid_Bodycon_Dress Purple

Results shows the women dresses with their colour available
for party occasion

SPARQL guery: M EEE

PREFLX rdf. <hitpoifwwow w3, orgh 99900 2/22-rdf-syntax-ns#>
PREFIX owl: <http:/fwerws vw3.org/2002/07 o whE=
PREFIX xsd: <http:/fwwrw w3 org/2001/XMLS chema#=
PREFLX rdfs: =http./fwewnw . w3 orgf2000001 /rdf-schema#=
PREFIX
x:=http:lherwow semanticweb.org/kanchan/ontolo gies/ 2016/ /untitled-ontolo gy-45#=
. . . SELECT 7suitzet #price
ShOW the SUIt SetS along Wlth thell’ best WHERE { ?suitset rdf:itype x:Suit_Sets . Psuitset x:isCfBrand x:Sangaria .

H H H ?suitzet x:hasPrice ?price }
price of this brand in sorted order. ORDER BY DESCopee:

| suitset | price I
Sangria_Salwar_kameez_1 "s00" N~ <http:/fwww.w3.0rgf/200
Purple_Salwar_Kameez_Dupatta "1200 "~ <http://www.w3.0rg/2(

Result shows the suit sets available from brand Sangaria in
sorted order of their price

SPARQL guery:

PREFIX rdf: <http://www.w3.0rgi1 999/02/22-rd -Syntax-ns#=
PREFIX owrl: <http:five weve. v 3.0rgi2002/07 /o wiE=
PREFIX xsd: <http:/iw v w3.0rg/2001/XMLSchemat>
PREFIX rdfs: <http:/fveww.w3.0rg/2000/01irdf-schemai=
PREFIX x:<http:ffvew . semanticveeb.orgfkan 161 untitled-ontology-49#>
SELECT Zbrand ?discount
WHERE { ?brand rdfitype 7y . 7y rdfs:subClassOf x:Brand . Zproduct x:isOfBrand Zbrand . Zproduct x:hasQffer

Zdiscount

H
ORDER BY DESC(Zdiscount)

discount

Puma 50_precent_off

Show the brands with their discount in  Ji e Fbopel

ictoria 50_precent_off

Mascara_Blanco 30_percent_off

sorted order 30_percent_off

Colour_Me 30_percent_off

Mascara_Blanco 30_percent_off

Indivra 30_percent_off
Forest_Essentials 10_percent_off_on_min_purchase_of_1999
Sangaria 10_percent_off_on_min_purchase_of_1999
Sangaria 10_percent_off_on_min_purchase_of_1999
Loreal_Paris 10_percent_off_on_min_purchase_of_1999
Puma 10_percent_off_on_min_purchase_of_1999

Result shows the brands whose products are available in the
store with offered discount in descending order
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SPARGQL guery: ] 5 = =1

PREFLI rdf: <httpiAfe v e 3 orgd ™ S99 02022 -rd f-swntax—ns#F=
PREFLCX owwl: =http s werwe v 3 orgd 2002007 /owe BE=
PREFLX =x=sd: =http:/fw wewe v 3 orgd 20012 M LS chema## =
PREFI< rdfs: =httpdifes v we wer 3 orglf 2000001 frd f-schema#>=
PREFDA =
=<http /e wer  2emanticwew b orglkanchandfontologiess201 8451 funtitle
H d—ontology—498% -
What is the laptop bag made of leather SELECT hage
H WWHERE {

avallable for men’) Zrags rdf:twpe 7w . Pw rdfs:subClass0f x:Bags . 7bhags

=isMadeOf x:Leather }

bags

Leather__Laptop_Bag

Results shows the available men laptop bags which are made
of leather

SPARCL guery:
PREFDC rdfi =hitp e v e owe 3 org 1 SSSr0Zrz2 rdf-syntasm—nss=
PREFDC ol <hitp /o v v w3 or gl 2003007 Fo v BE=

PREFDC xsd: <hittp /v e v wer 2 orgl 20015006 LS chema#i=

PREFDC rdfs: <hitpo i v v 3 or gl 2000001 frd fos che mais=

PREFDS =

=hitp i v semanticw eb. orglkan chanfontologiess 201841 /untitle
d—ontolo gy —4 Se=

SELECT MSTINCT Z7brand

VWHERE § X rdfitype 7w . 7w rdfs:subClassOf x:Bags . 7=
=risOfBrand Phrand}

What brand bags are available? —
The_ House_ of  _tara

MNiko=

Purma

lvcdidas

Celio

Samsonite

Sauge__Machine

Result shows the brands whose bags are available in store

SPARCL guery:

PREFX rdf. =httpaferwow w3 org/1 99902422 rd f-syntax-ns#=
PREF owwl: <http:/feree e w3 orgd2002/07 Mo BE=
PREFX =x=sd: <http./fe e e v 3. orgé2001XMLSchema##=
PREFIX rdfs: <http/fwwww w3 orgfZ2000/01 /rdf-schema#>
PREF[X x:
<http:/\w e v semanticw eb. org/kanchan/ontologiess/2016/1 /untitied-ontolo gy-4 5=
SELECT ?product! Pproduct2 Tproduct3
- - WWHERE { 7product1 x:hasQffer x:10_percent_off_on_min_purchase_of_1999 .
What are the Comb I natIOHS Of ku rtas, eye ?product? x-has0Offer x:10_percent_off_on_min_purchase_of_1999 .
H Pproduct2 x:hasOffer x:10_percent_off_on_min_purchase_of_ 1999 .
Creams and mangaISUtraS avallable Pproduct! rdfitype x:Kurtas . Tproduct1 x: hasPrice Pprice1. Tproduct2 rdf:type
H f) x:Eye_Care . 7product1 x: hasPrice Fprice2 . 7product3 rdftype x:Manglasutra .
under thls Oﬁer ' ?product1 x:hasPrice ?price3 . FILTER (?price1+7priceZ+?price3==1999) }

| producti | product2 | product3
|Sangria_Salwar_kame-Intensive_Eye_Cream_Silver_Mangalsutr

Result shows the combinations of kurtas, creams and
mangalsutras which have discount of 10 percent and whose
price in total is less than 1999

It is evident from Table 1, all the shopper queries can be easily articulated as SPARQL queries which when
fired to the proposed ontology give desired answers. It can also be noticed that if relational tables are used some
queries may involve multiple table joins which would make the queries complex and inefficient in terms of both space
and time.

V. CONCLUSION AND FUTURE WORK

In this paper an ontology framework for the online shopping domain has been proposed. Database for online stores is
almost daily updated therefore if instead of RDBMS, ontology is used in this domain then modifications can be easy
and efficient. Items can be also recommended easily by applying simple rules. New feature of recommending
combination of products under a certain offer which prevents users from making combinations by browsing extensively
the available items that lie under the price of offer has been proposed which as per my knowledge has not been
introduced yet. As it can also be seen that even complex natural language user queries can be easily expressed as
SPARQL queries and when they are delegated to the proposed ontology framework desired results have been produced.
Automatic conversion of user needs to SPARQL queries is left as future work of this study.
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