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Abstract

In this project, an extensive analysis and evaluation of the existing e-marketplaces is
performed. The aim of this analysis is to improve the experience of end-users through an
Android application that is capable of summarizing multiple heterogeneous hidden data

sources and unify received responses to one single, structured and homogenous source.

The proposed Android application is based on the multi-level conceptual analysis and
modeling strategy. In which, the data is analyzed in a way that helps discovering the main

entities of any unknown dataset captured from hidden web sources.

Several experiments have been conducted that depend on static data analytics for
discovering entities. The results showed that query results analysis and re-structuring the
output before displaying to the end-user in conceptual multilevel mechanism are
reasonably effective in response time to the user interaction with minimal number of
screens and clicks. The proposed application can also predict user requirements from the

initial query that built on the results obtained from different e-commerce marketplaces.

Based on the proposed intelligent application that predict user required products, the
interface is minimized to only two navigation screens, and the approximated time needed
is 8 seconds to reach the targeted product. This solution is faster and easier to use than the
current available application solutions by comparing the response time and the user

interaction for the obtained results that met user requirements.
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Chapter 1

Introduction

E-business is Electronic business technique to facilitate performing business by taking
advantage of internet technology that incorporates website, computer and internet.
Nowadays, one of the most important types of e-businesses is the transactional business
models called e-marketplaces, also known as online marketplaces. The first e-

marketplace is the eBay platform, first used in 1995 [1].

Business online is more flexible as the parties involved are sitting behind PCs and trade
online with no need to actual physical move from one place to another. Internet provides
useful tools for marketing, application for orders, and handling private information of the
customers. As a niche, m-business starts to grow with more companies implementing
mobile platforms for their business. Therefore, no need to be near a PC, a smartphone

with internet connection is suffice.

This project aim to show the impact of an innovative mobile application based on new
analysis and presentation concept that can predict users’ needs from initial input query
which improves the interface. Many Human Computer Interaction HCI concepts of look
and feel design are taken in consideration. We will illustrate how online marketplaces are
working today and how we can get the advantage of their Application Program Interfaces
(APIs). We are looking for better solutions to serve the end users to find their target

products from different marketplaces.



1.1. Quick Overview of e-Marketplaces

Online marketplace systems are present on the web for more than 20 years and there are a
huge number of players working on a global scale producing more than $50 billion dollar
every year. This type of commerce has become widely used due to uncontested
advantages over traditional model in online commerce. When going online there are no
limitations for opening hours or business locations. Beside this, a buyer can get in contact
with great numbers of sellers from which he can chose to buy a certain specific product
[2]. This is very advantageous for the buyer because the competition between suppliers
can lead to lower purchasing prices of products. On the other hand, a seller will always be
grateful for the wide network of clients from all over the globe. This is very advantageous
for the business as the sell process and the profit is greatly influenced by the number of

customers [3].
Other advantages of e-marketplaces are:

e Online marketplaces offer a much wider area of services.
e Quick access to the search services.

e Comparison between products.

Even searching for a product on Amazon or eBay saves time; but there is still a room for
improvements that can rely on hidden databases for better and faster solutions that can be

integrated with different online marketplaces.



1.2. Online Systems with Hidden Data

Hidden database are data that cannot be reached by current search engines. They are
much more abundant than direct public data that we could find by querying current
search engines. The hidden web contains huge data repositories on the Web. A statistic
from 2014 states that the hidden web comprises of approximately 550 billion documents
and content greater of the web by 2000 time’s [4]. Most hidden data are accessible
through direct queries to online systems or through particular provided APIs Extracting

information from hidden databases can be in 3 general steps:

1. Formulation of search method.
2. Search sources which are relevant to the task.

3. Submit search form to source to extract results of each relevant resource.

Query List of Select

through relevant interesting
search form links pages

Figure 1: Hidden Web Step by Step

1.3. Problem Statement and Challenges

Searching different online marketplace systems for a certain product or service is time
consuming for the end users and doesn’t provide comparison capability between different
items distributed among different systems. In order to overcome this gap and allow the
user to have a pleasant experience, our research investigates the following primary

research question:



e How Mobile Application could assist the end user to find his target while
searching different online marketplaces for certain product within minimal

number of clicks?

This is the main target of this project, to have a unified, integrated and interactive
solution built as one mobile application that works as an intelligent interface for multiple
different online marketplace systems through conceptual extraction and discovery of the
available products along with their features. This kind of data analysis and modeling
provides the end user with a multilevel browsing environment that can predict the end
users’ needs exactly and reaching his target product within minimal number of clicks and

navigation screens.

In order to answer and respond to the primary research question, the research seeks to

find answers to the following related sub-questions:

e How can we find and extract products hidden data from different online
marketplaces?
e How can we structure the captured hidden data to shorten the query path to

the target products?

Hidden data are retrieved through specific APIs that help extracting sufficient amount of
data for our analytical purposes. These data sets from different sources are unified in one
structure that will be fed to our data analysis and modeling component based on
automatic entity extraction and conceptual browsing techniques. These techniques are
smart enough to be domain independent and can adapt to any online marketplaces and

products searching.



1.4. Aim and Objectives

The aim of this research is to design and develop one integrated mobile application
interface capable to output in one place the searching results from multiple different
online marketplace systems. Our proposed new presentation methodology depends on

entities extraction and concepts methodologies.
The aim of the research can be met through the following specific objectives:

e Investigate existing online marketplaces alternatives, as Amazon and eBay.

e Discover entities by static data analytics.

e Summarize findings of the research.

¢ Implement methodology framework for mobile applications on Android OS based
smartphones.

e Make different test cases for the implemented framework.

e Present test results in detail.

e Provide lessons learned, recommendations and future work.

1.5. Proposed Solution

This project proposes a solution of one mobile application interface for multiple different
online marketplaces systems. For that purpose, providing APIs feature can be used to
customize the search process by optimizing the query results with minimum number of
clicks to reach the target products. The online systems to be included for this search

process are: Amazon, eBay and can have as additional Add-on or plugin feature to



integrate with new online marketplace systems in the future that allow application

program interface API to their systems.

The design of such solution will depend on many Human Computer Interaction concepts
of look and feel design and system usability. On the other hand, semantic web concepts

that allow the exchange of information between different systems are also involved.

The solution developed and presented in this research allows:

e Search multiple online marketplaces in one search Mobile Application.
e Unify in one structure the relevant pages found from different sources.
e Predict user needs.

e Browse the results in more intelligent way.

e Reach target product within minimal number of clicks.

1.6. Contribution

Our main contribution can be specified as follows;
(1) The main focus is on the customer and not on the seller

(2) The mobile application will provide one structure results from different online

marketplaces.

(3) The application is built on the concept of user requirements prediction, so the user
will input only the initial query. This can be considered as automatic query reformulation

using only the interface.



Concerning the first point, focus on the customer rather than the seller, is an innovative
approach as most existing studies focus on how to provide the seller with a solution that
can help him sell more products. Rather than following the same path, this report explains
a solution that has as goal to help the customer to find easily and fast the product(s) he is

looking for.

The present study proposes to search for the product in an automatic way on all reached
hidden databases and bring together, in one window, all the results. Up to now, the client
had to perform a searching process on each online market (for example, Amazon and
eBay) and then to analyze one by one each output of the query. This is a time consuming
and error prone process as it requires many clicks and navigation between many tabs
opened on different online marketplaces. Consequently, it was decided to bring all the
results in one tree-structured view that helps the user to easily navigate between different
search criteria and automatically filters the initial search query to achieve the target
product. At the end of query reformulation, the user can go directly to the required
product page on the source marketplace (which at the moment of the search is unknown)

rather than surfing on each marketplace, by turns.

With this mobile application a user can get a product much faster because the user’s
requirements are being guessed even before he mentions them. All results will come up
in a tree structure where products will be listed in folders based on common
characteristics. For example, when a customer looks for an iPhone 6S the mobile
application will arrange results in folders like Gold, Rose, Gray and so on. Thus, for
client it is much easier to avoid searching process on different places that is time

consuming.



This report is organized as follows: first present a general background on online
marketplace systems, hidden data and formal concept analysis with comprehensive
review of related work in Chapter 2. Chapter 3 describes the hidden data and entity
extraction from online marketplaces. Chapter 4 presents Mobile App design and
development phases. Comprehensive results are discussed in Chapter 6, followed by
validation and evaluation of the results at the same chapter. At the end, the conclusion

and guidelines for future work are summarized in Chapter 6.



Chapter 2

Background and Related Works

This chapter provides a brief background and related works about online marketplaces,
business models, Formal Concept Analysis, automatic entity extraction and functional

dependencies.

2.1. Background

A. Business Models behind Online Marketplaces

Online marketplace system has a variety of names, including web or virtual marketplace,
e-marketplace, market space, market maker and E-hub [5]. In this paper it was adopted
the definition given by Hanson and Kalyanam (2007): an e-marketplace is defined as a
virtual marketplace based on the internet where numerous companies execute economic

transactions [6].

According to Both (2001) online marketplaces can be split into vertical and horizontal
systems. The vertical dimensions are specialized in computers, electronics, vehicles,
chemicals or steel. These markets provide vertically integrated services unique to each
industrial sector [7]. The horizontal dimensions are specialized in items not tied to a

particular industry.



Table 1: Vertical and Horizontal online marketplaces

Vertical online marketplaces  Horizontal online marketplaces

Uber Amazon.com
Airbnb eBay.com
HomeAway Alibaba.com

Customers compare online marketplaces and start transactions with the most suitable
ones. When a level of trust has built — up, the transaction with that online marketplace is
continued. Trust is formed when the buyer feels the seller has the ability to satisfy with

success its needs [8].

Putting the business to the web has the benefit of offering personalized services and good
communication with customers. According to Baltzan and van Phillips (2009), there are
few approaches to be used for facilitating business on the web. B2B, B2C and C2C are
the most typical business models adopted by online marketplaces [9]. Moreover, in time
some of these businesses use more business models. For example, eBay first was used as

a B2B but in time it becomes a B2C model [10].

B. Online Systems with Hidden Data and Mobile Apps

Hidden database are much more abundant than direct public data that we could find by
querying current search engines. Most hidden data are accessible through direct queries
to online systems or through particular provided APIs. Currently, many studies are

carried out for improving the extraction of information from hidden databases and some

10



proposals have been already made: manual approach, wrapper generation and automatic
extraction [11]. In this project, a hybrid model of wrapping and automatic extraction
methods have been considered: the forms collected are being reorganized and resized to
keep important features like link, id of product and product description as will be

discussed in more details at chapter 3.

C. Binary Relation , Rectangle and Maximal Gain

In general a binary relation R is subset of the Cartesian product E X F where E is a set of

arguments and F set of images.

Non empty rectangle or rectangular relation of binary relation R is any Cartesian product
A X B included in R where, A#0, B, ACE and BCF. A is the domain and B is the

codomain or range of the rectangle.
The gain that is associated with a given rectangular relation RE = A x B is calculated by:

g(RE) = ([[A[] > [BI]) - ([|A[l +[[BI) (1)

where ||A|| denotes the cardinality of the set A.

A rectangle RE = A x B that contains an element (a, b) of a binary relation R is said to be

optimal if it realizes the maximal gain g(RE) among all rectangles that contain (a, b).

Optimal rectangle represents most important data associations involving (a, b) [12].

D. Formal Concept Analysis

Formal concept analysis (FCA) is a data analysis technique that defines relations between

specific set of objects and specific set of attributes. FCA creates two types of output from

11



the input data: the concept lattice which is a set of all formal concepts in the data that are
ordered hierarchically by a super-concept and sub-concept relation, and a set of attributes

implications that define a valid dependency in the data [13].

Logical attributes in a table can be represented by a triplet (G, M, I) where I is the
relation between G and M. Components of G are called objects and represent tuples in
the table, components of M are called attributes and represent columns in the table, if we
have gl€ G and m1€ M, (ol, attrl) € I, then it shows that object ol has attribute attrl,
while (ol, attrl) € I, shows that object ol does not have attribute attrl. The equivalent
table (G, M, 1) is given by G = {ol, 02, 03}, M = {attrl, attr2, attr3} and we have (ol,

attrl) € I, (02, attr3) € I as shown in Table 2.

“A formal context is a triplet (G, M, I) where G and M are non-empty sets and I is a

binary relation between G and M, I € G x M” [13].

Table 2: Formal Context Example

attrl attr2 attr3

ol X X X
02 X X
03 X X

2.2. Related Work

A. Automatic Entity Extraction from Database Instance

Discovering concepts or entity types from database instance is useful for decomposition.

12



Information system decomposition process starts from concrete hidden database on the
system structure coming from several tables or n-ary relations. Each table contains

several tuples and each tuple is a vector of values of some attributes.

Analyzer has to extract the information system entities, and some general dependencies
that must be valid for any instance of the system. Functional dependencies can be

between some subsets of attributes or between some previously discovered entities [14].

Jaoua et al. [15] proposed rectangular decomposition of n-ary relation for database
decomposition and extracting entity types. Any rectangle RE represents two clusters of

fully associated information: domain (RE) and codomain (RE).

Let’s have one instance r(R) of an n-ary relation. In the first step, we map r(R) to an
equivalent binary relation R2. In the second step, we find optimal rectangle (REopt) of
R2 that provides the maximal gain. (REopt) is composed of two clusters domain (REopt)
and codomain (REopt) that are the most fully associated. The entity sets for the two
clusters are disjoint, in another word there is no entity type with its set of attributes is
shared between the two clusters. Then we continue for the same decomposition process
for the two lower levels of the domain and codomain to discover lower sets of entities till

we find the minimal number of entities that make coverage for the whole relation.

We can take one example of n-ary relation for the decomposition process that automates
the entity discovery and extraction scenario. Example of one table that has 24 records as

rows and 13 attributes as columns is given in Table 3 below [15]:

13



Table 3: Database Instance [15]

SNO SNAME STATUS SCITY PNO PNAME COLOR WEIGHT PCITY JNO JNAME JCITY QUANTITY

51 Smith 20 Londen  pl MNut Bed 12 Londom J1 Sorter Paris 200
51 Smith 20 Londen  pl MNut Bed 12 London J4  Console  Afhens 700
52 Durand 10 Paris p3 Screw Blue 17 Fome 1 Sorter Paris 400
§2  Durand 10 Paris p3 Screw Blue 17 Rome ]2 Punch  Fome 200
82 Durand 10 Paris p3 Screw Blue 17 Rome I3 Reader  Athens 200
52 Durand 10 Paris p3 Screw Blue 17 Fome J4  Consele Athens 500
52 Durand 10 Paris p3 Serew Blue 17 Fome J3  Collator London 600
52 Durand 10 Paris P Serew Blue 17 Fome J6  Temmmal Oslo 400
52 Durand 10 Paris 3 Screw Blue 17 Fome 17 Tape  London 300
§2  Durand 10 Pariz p3 Cam Blus 12 Pariz 12 Punch  Rome 100
53 Dupont 30 Paris p3 Serew Blue 17 Fome 1 Sorter Paris 300
83 Dupont 30 Paris p4 Screw Red 14 London 2 Punch  Rome 500
84 Clatk 20 London  pé Cog Ped 19 London J3 Reader  Athens 300
54 Clark 2 London  pé Cog Red 19 London  J7 Tape  London 300
85 Kurt 30 Athens  pl Nut Red 12 London J4  Consele Athens 1000
85 Eurt 30 Athens  p2 Bolt Green 17 Paris J4  Console  Athens 100
83 Kurt 30 Athens  pl Balt Green 17 Pariz 12 Punch  Rome 200
85 Kurt 30 Athens  p3 Serew Blue 17 Fome J4  Consele  Athens 1200
85 Kurt 30 Athens  ps Cam Blue 12 Pars I3 Collator Leondon 300
85 Kurt 30 Athens  pS Cam Blue 12 Paris J4  Console  Athens 400
85 Kurt 30 Athens  ps Cam Blue 12 Paris I7 Tape  London 100
85 Kurt 30 Athens  pd Cam Red 14 London T4 Consle  Athens 800
85 Kurt 30 Athens  pé Cam Red 19 London 2 Punch  Fome 200
85 Kurt 30 Athens  pé Cam Red 19 London  J4  Console  Athens 300

We can translate n-ary relation to binary relation by taking attribute-values in pairs; all
pairs of any attribute value are as pair of this format

(Valuel.AttributeOrder1, Value2.AttributeOrder2) as Figure 2 example for Table 3:

{(S 1.00,5mith.01);(S 1.00,20.02);(S 1.00,London.03);(S 1.00,pl.04);(S 1.00,Nut.05);
(S1.00,Red.06);(S 1.00,12.07):(S 1.00,London.08);(S 1.00,11.09);(S 1.00,Sorter. 10);
(S 1.00,Paris. 11) ;(S 1.00,200.12) ;($mith.01,5 1.00);(Smith.01,20.02) ;(Smith.01,London.03);

(Smith.01,p 1.04) ;(Smith.01,Nut.05) ;(Smith.01,Red.06) ;(Smith.01,12.07) ;( Smith.01,London.08);

Figure 2: Binary Relation as attribute-values in pairs [15]

14



Once we translate this relation to binary relation, we can find the first optimal rectangle
according the maximal gain g(RE), which splits the relation to two disjoint sets of

domain and codomain as below binary-table Figure 3:

INAME<- JCITY<-=At QUANTITY SNO<-52 SNAME<->Durand STATUS<->10 SCITY<->Paris PNO<-2p3 PNAME<->Screw COLOR<->Blue WEIGHT<->17 PCITY<-Rome QUANTITYJNO<-212

PNO<-3p3 1 1 0
PNAME<->Screw
COLOR<->Blue
WEIGHT<->17
PCITY<-=Rome
QUANTITY<->400
INO<-212
INAMEs->Punch
CITY<->Rome
INO<-213
INAME<-=Reader
QUANTITY<-2500
INO<-25
INAME<->Collator
JCITY<->London
QUANTITY<->600
INO<-216
INAME<->Terminal
JCITY<->0sl0
INO<-217
INAME<-3Tape
QUANTITY<->300
PNO<-3p5
PNAME<->Cam

== = R R = = R R R = T = = T = T = R R T e el
e = = T = R = = T R R = T = R e = T = T = T R e T e e
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el e e e e T T e e e e e e R T e e T
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T L T S e
L= I = R e I e e T e e e e e R R e el ]
L I R e e e e e e T T S e e T e e — T
e e T e e e e e e e I e e e e T = T e
L I R e e e e e T T e e e T — T e e et
L T e e R e I e T I R e I e = e e e
R T T T — T T — T T T T R e e
=R R R == R R = R T e e T T T T e e T

Figure 3: Binary Relation

Then we make projection on the same relation for the domain attributes to make the

decomposition, and the same for codomain attributes.

After doing the same steps for the Domain and Codomain recursively, will end up with

the final entities that discovered from Figure 3 as below Figure 4:
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51 Smith 20 Llondon pl Nut 12 london 11 Sorter Paris 200
51 Smith 20 London p] Nut Red 12 london 14 Console  Athens 700
52 Durand 10 Paris Blue 17 Sorter Paris
/Em RY cico-
sno lsname Istatus lscry lpno pname lcolor lweigHT bno name iy lquantiy
51 Smith 20 london  pl  Nut Red 12 London 11 Sorter Paris 200
§2  Durand 10 Paris p3 Screw Blue 17 Rome 14 Console  Athens 700
52  Durand 10 Paris Cam Blue Paris

- IR I

51 Smith 20 London pl Nut Red 12 London 11 Sorter  Paris 200
52 Durand 10 Paris p3 Screw  Blue 17 Rome 14 Console Athens 700
53 Dupont 30 Paris p5 Cam Blue 12 Paris

sno___Isname_status _Iscry _lleno __pname lcoor iweickT _lpcry  JNO Uname liory louanty |

51 Smith 20 London pl Nut Red 12 London 11 Sorter Paris 200
52 Durand 10 Paris p3 Screw  Blue 17 Rome 14 Console Athens 700
53 Dupont 30 Paris p5 Cam Blue 12 Paris

Second Entity Third Entity

Figure 4: Decomposition Process

The algorithm can continue for the decomposition till it reaches single attribute level, but
that is not practical to reach our purpose for the minimal number of entities. For that
reason, we proposed a termination condition to stop the decomposition. Decomposition
should stop if the number of records in the new domain and codomain matched the
number of the records of the original n-ary table. That means, after decomposition the
number of records may not be reduced because all attributes belongs to the same entity

and no need for further decomposition process to be carried out.

B. Design of Conceptual Browser Tree

Formal concept analysis defines methods for data clustering. Formal concept associated

pattern is a set of objects sharing the maximum set of properties.
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We can illustrate the proposed method for selecting optimal concepts to minimize
information representation [16, 17]. That is text summarization process to generate the
optimal concepts with word similarity method. The idea is to extract summary from
document and association between contained keywords in the document. First, creating
binary context where objects are sentences and properties are words. List of empty words
is consulted to avoid these words from the text. Then from this binary context, we find
optimal concept for all sentences in this domain concept to generate the summary
keywords. Decomposition process depends on the maximum weight of the words

associated to the text.

For example for our research problem from conceptual browser point of view, assume we
get results from e-marketplaces APIs for our search context. These results considered as
objects O for the retrieved records {ol, 02, 03, 04, 05, 06} and its features description as
properties or attributes P {IPhone6s, smartphone, HTC, M9, M10} which considered as

keywords.

Retrieved results:

1. IPhone6s smartphone original
2. IPhone6s smartphone used

3. HTC smartphone new

4. HTC M9 smartphone brand
5. HTC M9 old

6. MI10

Then we can build the formal context by the following binary-table Table 4:
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Table 4: Formal Context

IPhone6s smartphone HTC M9 M10
ol 1 1 0 0 0
02 1 1 0 0 0
03 0 1 1 0 0
o4 0 1 1 1 0
05 0 0 1 1 0
06 0 0 0 0 1

Next, we can find the formal concepts of the above formal context, where concept is from
two parts: extension that is all objects belonging to a concept, and its intension that is all
attributes shared by these objects. That can be visualized as concept lattice that represents

structure set of concepts as Figure 5 below:

FCl1 {1 {01, 02, 03, 04, 05, 06} }\‘_h
. T
— ~ —
- ~ — FC7
- ~__ FC3 .
FC2 {smartphone} {01, 02, 03, 04} {HTC} {03, 04, 05} {M10} {06}
FCc4 ~_FC5 FC6
{IPhone, smartphone} {01, 02} {smartphone, HTC} {03, o4} {HTC, M9} {04, 05}
FC8
{IPhone, smartphone, HTC, M9, M10} {

Figure 5: Concept Lattice

18



Then, make coverage of the context by a minimal number of concepts as below Figure 6:

[Phone6s smartphone HTC M9 MI10

olﬁ “““ "‘] 0 0 0

2 1 | 0 0 0

“ - __ S |

03 |0 -7 T~ - 0 0

| I
.

o4 [0 J g L 0

05 |0 0 1 1 : 0

o6 | 0 0 0 0 i1 |

Figure 6: Coverage of the Context

Coverage of context formed by:

FC4 concept of ({01, 02}, {IPhone6s, smartphone})

FCS5 concept of ({03, 04}, {smartphone, HTC})

FC6 concept of ({04, 05}, {HTC, M9})

FC7 concept of ({06}, {M10})

Each concept associated with a significant title that is a word with a maximum weight
selected from the domain of the concept that is keywords. Finally organizing the words
into a heap that is complete binary tree where words with greater weight appear at higher

level in the tree as below Figure 7:
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smartphone

IPhone HTC

M10

Figure 7: Conceptual Browser Tree

This method can be considered as unsupervised classifier to generate summary keywords

for the domain text.
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Chapter 3

Entity Extraction from Hidden Data

This chapter provides descriptive analysis of the methodology used to collect the required
hidden data from different online marketplaces. This includes methods and tools used for

the data collection, analytics and entity discovery.

3.1. Hidden Data

Online marketplaces have a lot of information for the related products on e-commerce
websites. These data can be displayed to the end users with proper arrangement of
information categories or be hidden from the end users and used for the management of

the online marketplace system.

Hidden data is important factor for the data analysis process while it provides more
information for the study subject. The ability of having direct access to these hidden data
depends on the business strategy of the online marketplace and on the services that can be

provided for the customers or for other business parties.

The most famous online marketplaces as eBay and Amazon provide this kind of service
to access their repository database for the products by registered Product Advertising
APIs to send the request for searching certain items and receive the respond in XML

(Extensible Markup Language) format to view information about these stored items.

XML response file contains a list of products and information of each product as
attributes that describe each product from the hidden database that can be accessed only
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by registered API. Product Advertising API is encoded by Web Service Description
Language (WSDL) that is an XML document that defines the operations, parameters,

requests, and responses used in web service interactions.

For this study, we registered for eBay API authentication to send our text query and get
the matched products list with all related information of the attributes of these products in
XML that contains header for the request parameters submitted through HTTP GET
method. Product Advertising API returns a well-defined set of tags for each kind of

request.

The HTTP GET call method passes values in the URL using name-value (NV) pairs as

below for eBay:

e http://svcs.ebay.com/services/search/FindingService/v1?OPERATION-
NAME=findltemsByKeywords&SERVICE-VERSION=1.0.0&SECURITY -
APPNAME=QUab7f54c-a457-49ad-b3d0-5a66db619f3&RESPONSE-DATA-

FORMAT=XML&keywords=iphone%206s

The request consists from the following end point URL and named-value pairs:

¢ End point URL to receive the request:
http://svcs.ebay.com/services/search/FindingService/v1?

e Operation-Name: findItemsByKeywords

e Service-Version: 1.0

e Security-AppName: which given to our registered authenticated API

e Response-Data-Format: XML
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o Keywords: the search text

The response XML file as below Figure 8:

@ nttp://sves.ebay.com/services/search/FindingService/ O + & ” & sves.ebay.com ‘ ‘

<?xml version="1.0" encoding="UTF-8"?>

zack>Success</acks
<version>1.13.0</versions
<fimestamp>2016-01-06T15:24:43.254Z </timestampz
- «searchResult count="100">
- <itemz
<itemId>291653979756</itemId>

<globalld>EBAY-US</globalld>
<primaryCategory>

<categoryld=9355</categoryld=

<categoryName>Cell Phones & Smartphones</categoryName>
</primaryCategory >

<productld type="ReferencelD">216194734</productld>
<paymentMethod>PayPal</paymentMethod>
<autoPay>true</autoPay>
<postalCode>93309</postalCode>
<location>Bakersfield,CA,USA </location >
<country>US</country>
+ <shippingInfo>
- <sellingStatus=
<currentPrice currencyld="USD">700.0</currentPrice>
<convertedCurrentPrice currencyld="USD">700.0</convertedCurrentPrice>
<sellingState>Active</sellingState>
<timelLeft>P29DT16H43M205</timeLeft>
</sellingStatus:
- <listingInfox>
<bestOfferEnabled = false</bestOfferEnabled
<buylt i >false</buyltl ilabl
<startTime=>2016-01-06T08:03:03.000Z </startTime>
<endTime>2016-02-05T08:08:03.000Z </endTime>
<listingType>FixedPrice </listingType>
<gift=false</qgift>
</listingInfo>
<returnsAccepted>false</returnsAccepted>
- <conditionz
<conditionId>1000</conditionId:>

- «findltemsByKeywordsResponse xmins="http://www.ebay.com/marketplace/search/v1/services">

<title>New Apple iPhone 6S (Latest Model) - 64GB - Silver (AT&T) Smartphone</title>

<galleryURL=http:/ /thumbs1.ebay ic.com/m/mITEHwzqkCWs-zR-wf5vvHQ/140.jpg</galleryURL>
<viewItemURL>http:/ /www.ebay.com/itm/New-Apple-iPhone-65-Latest-Model-64GB-Silver-AT-T-Smartphone-/ 291653979756 </viewltemURL>

A
UL 2af 857

)

Figure 8: XML Response File

3.2. Data Collection and Analysis

API of eBay returns 24 attributes for each product, these attribute names as below Figure

9 from the response XML file in table format:
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Figure 9
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We recognized that some of these attributes can be serial number of the record for the

obtained results, blank, or with single value for all the records. After eliminating these

attributes we ended up with total of 9 attributes and most of these attributes are URL link

to the product page, URL to product image, or true/false values. While only one attribute

for product description which called title as below Figure 10 for the nine attributes:

country, galleryURL,

startTime.

itemld, location, title, topRatingListing, niewltemURL and

country  galleryURL globalld  itemld location title topRatedListing viewltemURL startTime

CH Pittp:/thumbs 1 ebaystatic.com/m/ EBAY-US  "16121943139¢ China One Piece Anime The New World false http://www.ebay.com/itm/One-Pien 2014-02-07T06:28:15.000Z
P hitp:/ithumbs1 ebaystatic.com/m/ EBAY-US  "12177537047¢ Japan F/S MegaHouse Variable Action Ffalse http:/fwww.ebay com/itm/F-5-Meg 2015-10-01T11:06:57.0002
CH hitp://thumbs2 ebaystatic.com/ny EBAY-US 28178768512 China Anime One Piece Roronoa Zoro B false http: /iy ebay.com/itm/Anime-C 2015-08-31T15:49:55.0002
P http:{/thumbs2_ebaystatic.com/m/ EBAY-US '22191055920‘Japan ONE PIECE Dramatic Showcase false http:/fwww ebay com/itm/ONE-PIE 2015-10-11T09:47:41.000Z
CMN http:/thumbs1.ebaystatic.com/m/ EBAY-US "22179457541¢ China Anime One Piece Roronoa Zoro 1(false http:/fwww.ebay.com/itm/Anime-C 2015-06-07T00:21:03.000Z
HK Pittp:ithumbs 1 ebaystatic.com/m/ EBAY-US  "16098188190¢ Hong Kong Bandai Super One Piece Styling Ftrue http:/www.ebay.com/itm/Bandai-£ 2013-02-26T16:58:00.000Z
us Pittp:/thumbs2 ebaystatic.com/m/ EBAY-US 16166028990 Rochester NY USA  One Piece Jolly Roger Matal Keyctrue http:/fwww.ebay com/itm/One-Pien 2015-04-02T14:41:31.0002
P hittp:/ithumbs1 ebaystatic.com/m/ EBAY-US 252120892932 Japan One Piece manga anime figures Rfalse http://www.ebay com/itm/One-Pien 2015-10-11T13:13:16.0002
P hitp://thumbs2 ebaystatic.com/my EBAY-US 25212089678 Japan One Piece anime figures Creator xfalse http: /. ebay.com/itm/One-Pies 2015-10-11T13:47:57.0002
HK http-//thumbs3 ebaystatic com/m/ EBAY-US 73166965373¢ Hong Kang One Piece Battle Ver. RORONOA false http:/fwww ebay com/itm/One-Piei 2015-08-29T04-53:04.000Z
us http://thumbs2.ebaystatic.com/m/ EBAY-US "12167056426" Dallas, GA USA Roronoa Zoro's Shusui One Piece true hitp:/fwww.ebay.com/itm/Roronoa 2015-06-05T20:34:50.000Z
P Pitp:ithumbs3.ebaystatic.com/m/ EBAY-US  26208862398¢ Japan One Piece anime figures Roronoa false http:/www.ebay.com/itm/One-Piei 2015-10-11T13:18:49.000Z
P Pitp:/thumbs4 ebaystatic.com/m/ EBAY-US  "28180885839¢ Japan MegaHouse Variable Action Heroefalse http:/fwww.ebay com/itm/MegaHo 2015-09-24T12:38:06.000Z
CH hittp:/thumbs3.ebaystatic.com/m/ EBAY-US 311061032322 China **One Piece Roronoa Zoro New Wirue http://www.ebay com/itm/One-Pien 2014-08-22T07-56:00.0002
CA http://thumbs4 ebaystatic. com/m/ EBAY-ENC/26210002281¢ Canada Raronoa Zoro, Variable Action Herfalse http: /. ebay.com/itm/Roronoa 2015-10-18T08:59:23.0002
CMN http:{/thumbs1_ebaystatic.com/m/ EBAY-US "19156151869: China 5"13cm One Piece Roronoa Zoro false http:/fwww ebay com/itm/5-13cm-1 2015-04-16T11:20-48 0002
CMN http://thumbsd.ebaystatic.com/m/ EBAY-US 281570855961 China One Piece POP Zoro Ear Clip Allofalse http:/fwww.ebay.com/itm/One-Piei 2015-01-21T06:21:49.000Z
P Pitp:thumbs4 ebaystatic.com/m/ EBAY-US  "12179066119¢ Japan MegaHouse Variable Heroes One false http:/www.ebay.com/itm/MegaHo 2015-10-16T01:20:28.000Z
P Pitp:/thumbs3.ebaystatic.com/m/ EBAY-US  "12175234347( Japan Roronoa Zoro DXF Figure One Pie false http://www.ebay com/itm/Roronoa 2015-09-06T05:05:09.0002
P hitp:/ithumbs3.ebaystatic.com/m/ EBAY-US  25212959670¢ Japan MegaHouse excellent Model POP false http://www.ebay com/itm/MegaHo 2015-10-17T14:47:17.0002

Figure 10: Records from eBay API with 9 attributes only

Finally, we can use these sample records for entity extraction process to identify entities

that can be represented by which attributes.

3.3. Entity Discovery

The exported table from the XML response file in the previous section is considered as

the database instance from eBay products database.

Discovering entity types or concepts from database instance is a decomposition process

that preserves all important information of the original relation, so there is no loss of
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information while decomposition. Each element of the relation represents attribute-value
pairs linking different entity types that are unknown. Attribute set can be broken into one

or several attribute subsets.

In this section, we will discuss information system decomposition and discovery of

conceptual knowledge in n-ary relation or database instance.

Unknown n-ary relation can consists of many entity types, and by decomposition process
that make conversion to a binary relation can split the relation to two parts as domain and

codomain of the original table.

Entity discovery and extraction process:

1. Read n-ary relation (table)

2. Create binary relation from n-ary relation

3. Find optimal rectangle from binary relation

4. Extract domain and codomain from max. rectangle results
5. Redo step 2 through step 4 for the domain and codomain

6. Stop when all max rectangles of the results (domain and codomain) analyzed

For entity discovery and extraction purpose, we built java application to take as input the
relation table to make the binary relation for attribute-value matrix and find the maximum
rectangle that split the table to domain and codomain recursively till the final minimal

concept as below Figure 11:
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galleryURL<->http://thumbs1.ebaystatic.com/m/m: title<->One Piece Anime The New World Roronoa viewltemURL<->http://www.ebay.com/ startTime<->2014-02-07Ti g
galleryURL<->http://thumbs1.ebaystatic.corm 0 1 1
title<->0One Piece Anime The New World Ror
viewltemURL<->http://www.ebay.com/itm/
startTime<->2014-02-07T06:28:15.000Z
galleryURL<->http://thumbs1.ebaystatic.com
title<->F/S MegaHouse Variable Action Herol
viewltemURL<->http://www.ebay.com/itm/
startTime<->2015-10-01T11:06:57.0002
galleryURL<->http://thumbs2.ebaystatic.com
title=->"Anime One Piece Roronoa Zoro Battl
viewltemURL<->http://www.ebay.com/itm/.
startTime<->2015-08-31T15:49:55.0002
galleryURL<->http://thumbs2.ebaystatic.com
title<-»ONE PIECE Dramatic Showcase 2nd se
viewltemURL<->http://www.ebay.com/itm/
startTime<->2015-10-11T09:47:41.0002
galleryURL<->http://thumbsl.ebaystatic.com
title<->"Anime One Piece Roronoa Zoro 10th
viewltemURL<->http://www.ebay.com/itm/.
startTime<->2015-06-07T00:21:03.000Z
galleryURL<->http://thumbs1.ebaystatic.corm
title<->Bandai Super One Piece Styling Film 3
viewltemURL<->http://www.ebay.com/itm/
startTime<->2013-02-26T16:58:00.0002
galleryURL<->http://thumbs2.ebaystatic.com

O 00D 0000000000000 000 O K KK
0000000000000 0000000 0NN
D0 0000000000000 0000D0KOKN
0000000000000 0000000 00NN

Figure 11: Binary Table for Automatic Entity Extraction

Final result for automatic entity extraction has title and galleryURL for the domain and
rest attributes for the codomain. For the domain galleryURL will be the URL address of
the matched title, and codomain will have start time of the advertisement and view item
URL which will be the image URL. Therefore, we can consider the title as the main
attribute to be taken into consideration for our application to define the entities and to be
used for our Mobile Application process for conceptual discovery and browsing for the

matched entities that will be discussed further in Chapter 4.

We conducted another set of experiments for the final result, we got from automatic

entity extraction for functional dependency to evaluate this result.

A functional dependency exists in case of one or more attributes in a relation uniquely
determines another attribute(s). That idea will be useful for our case to determine which
attributes will be centric for other attributes and we can focus our search criteria on these

centric attributes.
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Open source java application called “ConExp” used in our case study for analyzing
attribute object table as formal context in Formal Concept Analysis (FCA) that is

exploring different dependencies, that exists between attributes.

For the same example instance we obtained from eBay, it was used as input for this
experiment to determine the functional dependency that can be noticed from the output as

below result:

e [title] = [country, itemld, topRatedListing, viewltemURL, globalld, location,
startTime, galleryURL]

e [country, globalld, title] = [itemld, topRatedListing, viewltemURL, location,
startTime, galleryURL]

e [country, globalld, title, viewltemURL] = [itemld, topRatedListing, location,
startTime, galleryURL]

e [country, globalld, title, topRatedListing] = [itemld, viewltemURL, location,
startTime, galleryURL]

e [country, globalld, location, title] = [itemld, topRatedListing, viewltemURL,
startTime, galleryURL]

We can notice from this experiment that “title” attribute is the most key attribute that
most of the other attributes depend on. As a result, we can take into consideration title
attribute to be our focal attribute to determine the search of our query for the matched

records.

As a final result for the entity discovery and extraction, we can end up with the three
attributes: itemld, title and viewltemURL. Title is the text description of the product,
itemld is the unique identifier for this item and viewltemURL is for the product page

URL address.
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Chapter 4

Mobile App Design and Development

This chapter describes the development lifecycle chosen for the Mobile App, system

workflow and screen layout design with implementation.

4.1. Development Lifecycle

Nowadays, agile development methodology is widely used for mobile application

development for its simplicity and flexibility.

Agile methodology for software development is an alternative to traditional project
management that helps responding to unpredictable events through incremental and
iterative work process known as sprints as Figure 12. Agile development methodology

provides opportunities to assess project direction throughout development lifecycle.

Since it is an innovative methodology, agile was preferred over the traditional waterfall
development scheme for our project. Moreover, agile method breaks down the software

development into small phases, and quality testing is performed at the end of each step.
Some of agile based principles are the following:

e Early Customer satisfaction and continuous delivery of valuable software.
e Welcome changing requirements, even in late development.
e Working software is delivered frequently (weeks rather than months).

o Working software is the principal measure of progress.
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e Continuous attention to technical excellence and good design.

e Regular adaptation to changing circumstance.

Generally, Apps can be of two types: goal driven Apps or entertainment Apps. Since our
proposal for this research is goal driven App, we considered two features to be taken in

consideration that agile methodology support:

e Usefulness: reach fast a target product

e User friendly: few buttons, simple graphic interface and fluent navigation

Deploy
To
Customer

AGILE

METHODOLOGY

START |

Initiate Project

Define
Requirements

Figure 12: Agile Methodology

Agile methodology used for our project where each full iterative cycle focused on one
aspect. First iteration focused on delivering Java application using a signed registered
API (Amazon) to send predefined product as text and receive the response XML file from

one marketplace. After the successful completion of first cycle, changes applied to test
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the second marketplace registered API (eBay). Third iteration was for migration from
Java to Android Studio Integrated Development Environment (IDE). Forth iteration was
to deliver user input text for the product parameter to be sent to the registered
marketplaces. Fifth and final iteration was to customize and enhance the search, retrieve

and conceptual browser processes of the solution to deliver the final solution.

Each iteration time frame was between one to three weeks to deliver the final Mobile

App solution as the redefined requirements at each iteration.

Furthermore, agile methodology adopted in our research recommends the use of
competitive analysis as a tool for assessing the App’s performance as will be discussed in

further more details in chapter 5 for experimental results.

4.2. Workflow

It is an important part from the design point of view, to create the system workflow. That
is the system infrastructure for defined sequence of tasks arranged as workflow which
will provide a complete description for the series of activities that are necessary to

complete the required tasks.

The App workflow can be summarized by the following sub-tasks:

1. Get user input for the search product.

2. Fetch item information from registered online marketplaces APIs that are eBay
and Amazon APIs for this research.

3. Remove duplicated items.

4. Summarize results for both Amazon and eBay.

31



5. After summarization, make tree structure that display main concepts as keywords
in expandable levels.

6. When user click on any top level, show the next keyword levels.

7. When user click on keyword view button, it starts extracting matched records and
display them in List View.

8. After extracting records matched, save them to Record Item for each record that
keeps Item ID, Title, and URL address of the product page.

9. When click List View’s item, redirect to the advertisement URL address for the

item within web browser.

These steps are represented graphically in Figure 13. There, it is very clear how the App

works and how the steps succeed one by one till the list with results is returned to the end

user.
User input XMLHelper
Fetch records from
o Amazon relative to
- — search text - —
MainActivity MainActivity Controller

Summarize fetched items information
Search Text Input Merge Two Lists and make tree structure for extracted
concepts keywords

EbayXMLHelper

Fetch records from
eBay relative to
search text

MainActivity 8 RecordsActivity 8 Web Browser

Display records list Redirect to the selected

. relative to the selected .
User click concept keyword User click record URL page

Display concepts
keywords tree

Figure 13: App Workflow
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App workflow makes a visual and detailed description for the required tasks to achieve
the target job to find the related products to user search text and identifies the needed

screens for either user input or display process outcome to the end user.

The first sub-task to find the target products can display the retrieved records from online
marketplaces on the same screen of the user search input to minimize the number of
screens that user need to navigate between back and forth. This idea is taken in

consideration for the next phase for screen prototype design.

4.3. Screen Design

We started the design development by designing sketch of the screens from HCI

perspective in terms of the App look and feel and ease of use for the end user.

These screens will be total of two designed screens, first screen to capture user input for
his target product, and the same screen will display all the matched results from Amazon
and eBay with hierarchy levels from top conceptual level till the most down level concept

as conceptual browser for the products as their descriptions.

User can expand each level by clicking on the top node to display its children nodes and
the same will be for the children nodes. If user wants to check the matched records at any

level, user can click on the right side of the target node to go for the second screen.

The second screen, will display matched records in list view, each list item will display

the description of the product and will have a link to the specific product page URL.

These products list view will be designed as objects not as texts with hyperlinks, in other

words, these objects will contain all its attributes, as its item ID, item description and
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item URL address. Once the user click on any product from this list, the mobile App will
navigate to the product page, the below screenshots Figures 14 through 17 will illustrate

the sketch design for each screen as prototype and mockup for the App.

Search Text | search | peacchileat: [[search |

Figure 14: First Screen Sketch

| Search Text I | Clear

— Header 1
—+ Sub-Header 1.1
~+ Sub-Header 1.2
—+ Sub-Header 1.3
— Header 2
~+ Sub-Header 2 1
~+ Sub-Header 2 2

Search Text [ clear |
=

~+ Header 1 -
+Header2
+Header 3
+Header 4

[~

Figure 15: Search Results 1% and 2™ Level
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Itembescription

Ttembescription

Trembescription

Search Text | Clear

ItemDescription

— Header 1
+ sub-Header 1.1
— Sub-Header 1.2
Details Node 1.2.1 IE‘

Details Node 1.2.2
Details Node 1.2.3 lz‘
Details Node 1.2.4 =]
—+ SubHeader1.3
— Header 2
—+ Sub-Header 2.1
—+ Sub-Header 2.2

Figure 16: Search Results 3™ Level and Item Description Page

Amazon Product Page eBay Product Page

Amazon
Product
Page

eBay
Product
Page

Figure 17: Product Page

4.4. Implementation

We named our proposed App in this project as QU Marketplaces Search App and it was
developed on Android Studio Integrated Development Environment (IDE) using Java

programming language. All responses are received in XML format.
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The required API authentication account created for Amazon and eBay to have the
security access key to enable our App to send requests for their services and get the

required XML response for the available products.

The most important thing when developing such applications is to keep a simple
interfaces in such way that is not distract the client from the main goal of the application,
that is to find an easy and fast process for the target searched product. This application is

indeed simple in appearance and in use.

Figure 18 shows Android Studio development environment as it was designed at the early

stage with a simple graphic user interface, easy to use and without any elements of

distractions.
e QUMaobileAppSearch-51 - [E\E-Drive\AndroidStudioProjects\QUMobileAppSearch-51] - [app] - .\app\src\main\res\layout\activity_mainxml - Android Studio 1.5.1 -0
File Edit View MNavigate Code Analyze Refactor Build Run Tools VCS Window Help
DHO ¢4 %B0 QR ¢ H[fae/P v bk 3 GEREH ? Q
[ QUMobileAppSearch-51 + japp [ src [ main  [5res [ layout 3 activity_mainxml
g| §ngoia < © % #- 1 | c ainactuityjav ¢ | < EnayXMIHelpejova % | (€ XMLHelperjava % | & activy mainaml X | o
- -
g '\5:?’ SignedRequestsHelper Palette # 1 [l' ﬁNexqu a- (AppTheme  ~ Mainctiity= )+ lilziv Companent Tree IE(# .f.
il (7% TedProcessor L - s
» ©% Witepe [ Layouts = E- .@_.; QB g % 1 text_to_find (EditText) 7
- D Framelayout 0k, search_button (Button) - “Search” E
o v CHre D - q
5 LinearLayout (Horizontal) ) textViewResult -
g 7 B daable DLmeavLayout(Vavt\cal] § o
@ » [EJiclauncherpng () DTab\ELayout v Dllnﬁrhwm'.‘-ﬂﬂca‘l @
g D icon_view.png (hdpi) ETab\eRow = expandableListView g
v EI\'a!out o DG” dlayout !|reE€nn|ainer\]LinearLa:.'wt] (verticallfiied
E E ZA T RelativeLayout
£ 0 activity_mainZxml £ Widgets Properties -1 4
5 3 activity_recordsxml PIamTextV\ew
E child_rowaml
~ Large Text layout:height match_parent
@ group_rowxml MadiumText
o1 item_record.xm| SmaHTExt ¥ layout:gravity il
K layout_icon_nodeml o Bution I layoutmargin il
f list_iten_post xml o Small Button layout:weight
O result_row.xml ® RadioButton style
v
v = n:‘enu CheckBox orientation vertical
E & menu_mainxm| 1 Switch
§ [ raw ==
] b [ values —‘ DES‘QH‘ Ted ‘
2| Android Monitr #* L
w ‘ No Connected Devices I ‘ No Debuggable Applications n P
alg E
PE‘ [0 logeat | M Memory +°| M cPU | Bl GPU ~°| M Network " Log level: | Verbose I @ ) Regex | Show only selected application n g
tm a
fglt :
i :
» | »
&_TODD ‘ & Android Monitor & Terminal = 0: Messages  Event Log =] Gradle Console
= 51| n/a [n/a Context <nocontet> | §

Figure 18: Android Studio IDE
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All Product Advertising API requests are based on HTTP GET method and all responses

are based on XML. Product Advertising API returns a well-defined set of tags for each

kind of request. Then we use parsing mechanisms to pull out the XML responses for the

data we will process in the conceptual discovery before displaying to the end user. The

next three figures: Figure 19 through Figure 21 show how exactly APIs of Amazon and

eBay were implemented in the code of the mobile App.

File Edit View MNavigate Code Analyze Refactor Build Run Tools VCS Window Help
L = o o [, W ¥ 2 | @ = =
OHO ## 00 QR ¢ HEw- P &¥ L ¥EF L& 7 Q
QUMobileAppSearch-61 + [ QU » [T ste + [ main » [l java ) 51 com » [ qu + 1 msc 51 research ) [£] project € MainActivity
| 1 Android @ & | #- 1| © MainActivityjava X m
5
B aQu z
= 2
@ manifests Override i
2 java ol protected void onPreExecute() | E
intent = getIntent(); %
4 com.qumscresearchproject . a
£ ol pd = ProgressDialog. show(MainActivity.this, "OU Mobile Search App", "Loading Amazon & eBay Froducts ...", true, false); t
g older )
B listener b
“ model o
©% AttributeNode of Void dolnBackground(Void... argd) { B
E] €% Concept /7 L=t
) &% Controller helper = new XMLHelper():
n helper.get (input, requiredPageliumber);
El © 5 EbayXMLHelper
v €' MainActivity postValuedrraylist = helper.getPostslist();
© % MainActivity?
© Posthdapter
© 5 PostBaseAdapter S
nelper? = new EbayXMLHslper();
€5 Postalue .
nelper?.get{input, requiredPageliumber);
€ Recorditem
€0 RecordListAdapter FpostVelueArraylist.addhll (helper?.getPostalist () ;
3 % Recordshctivity
s €% SignedRequestsHelper // remove duplicated items after ger item result: m am
& & TeProcessor reroveDuplicatelten();
& return null;
* & XMLHelper ,
dres
£ 3 assets protected void removeDuplicateltem{) { ‘;‘
= % Gradle Scripts List<PostValue> templist = pos: 2
2 postValuedrraylist = new Arraylist g
E Map<String, Boolean> idMap = new Hashl z
& 2
for (PostValue postValue: templist) | .
[E Terminal ~ =/0: Messages 1 6 Android Monitor % TODO Eventlog [ Gradle Console
[ Gradle build finished in 235 208ms (4 minutes ago) 2041 CRLF: UTF-8: =)

Figure 19: Main Activity class calling Amazon and eBay classes
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public void get({5tring in, int pagenumber) {

S

SignedRequestsHelper helper;
try {
helper = SignedRequestsHelper.gstinstancs(ENDPOINT, AWS ACCESS REY ID, AWS SECRET EEY);
1 catch (Exception e) |
e.printStackIrace();
return;
}
String requestUrl = null;

/% The helper can sign re

Y

Map<String, String> params = new HashMap<~>();

params.put ("Service", "AWSECommerceService"):
params.put ("Version", "2009-03-31");
params.put ("ResponseGroup”, "Small");

params.put ("AsscciateTag", "g09%d6-20");
params.put ("Operation", "ItemSearch");
params.put ("Keywords", in}:

params.put ("SearchIndex"”, "All");

/s for pages I
params.put ("ItemPage", ""+pagenumber);

requeatlUrl = helper.sign{params);

System.out.println("Amazon Signed Request is \"" + requestUrl + "\""}:

Figure 20: Signed Request sent to Amazon

String ebayURL = "http://sves.ebay.com/services/search/FindingService/vl?paginationInput.entriesPerPage=10&0PERATION-NAME={indT tems
int totalResults = 0;

Boolean startItenTag = false;

Boolean currTag = false;

String currTagval = "";

private PostValue post = null;

private Arraylist<PostValue> posts = new Arraylist<-~>{);

public ArrayList<PostValue> getPostslist{) | return this.posts; |

public Arraylist<PostValue> fetchPostsListByType (Arraylist<String> typejl{ soo))

public int getTotzlResulta() | return totalResults; |

i to read XML from
od to read XML from |

L7
public void get(String in, int pagelumbers) |

String requestUrl = null;

try |
requestlUrl = ebayURL+pageliumbera+" tkeywords="+UBLEncoder. encode({in, "UTF-8");

} catch (UnsupportedEncodingExcepticn ) |
e.printStackIrace();

}

System.out.println{"eBay Request iz \"" + requestUrl + "\"");

try |
3RXParserFactory factory = SAXParserFactory.newlnstance();
SAXParser m3axParser = factory.new3kXParser();
XMLReader mEmlBeader = mSaxParser.get¥MLReader();
m¥mlReader. setContentHandler (this) ;
InputStream mInput3tream = nev URL({reguestUrl).cpenStream();
mimlReader.parae (new InputSource (mlnputStream));

Figure 21: Signed Request sent to eBay
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Figure 22 presents the appearance of the final App version for user interface

b 0 T al #1658

Amazon & eBay Search

Find

SEARCH

Figure 22: Final Home Page User Interface



Chapter 5

Experimental Results, Validation and Evaluation

In this chapter, we first will provide walkthrough testing to evaluate the proposed App in
general, then will present out evaluation setup with details on the datasets for different
Mobile Apps. In the last part of the chapter we will present and discuss in details, the
results of the evaluation of prediction in response to the research questions mentioned in

Chapter 1.

5.1. Test Environment

It was planned to make the test on real smartphones instead of emulator to make actual

measurement of the Mobile App.

Next, it was decided to make the test on two different smartphones and with different
Android operating systems in order to see if there is any significant tool dependence
when it comes to speed of processing a search activity. The first smartphone was HTC
One E9 Plus with Android Lollipop 5.0 operating system. Second smartphone was Sony
xperia Z3 Compact with Android Jelly Bean 4.3 operating system. Each test case was
searched on both phones and through our App, MySmartPrice and Smartprix Apps
(selected Mobile Apps for searching marketplaces). Basically, it was intended to perform
the tests in similar conditions. In order to work properly, the mobile Apps need the
smartphone to be connected to Internet. In this case two Wi-Fi connections at different

speed were checked, 25 MB and 10 MB.
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List of products to be searched with the Mobile Apps was prepared. The products on this
list have a wide variety, from smartphones to sport items (bicycle). This list can be found

in Appendix A.

We conducted two types of testing, one as walkthrough testing to evaluate the proposed
Mobile App in general to make observation on the system output with its strength and

weaknesses for further improvement.

Second testing as comparative point of view related to other online marketplaces’ Apps

to illustrate what our research can add to the end users.

5.2. Walkthrough Testing

Walkthrough testing purpose is to run the App multiple times and to notice the results

and the performance to the end user.

Walkthrough testing will start after the user enter his search text as “IPhone 6s” and start
searching to get the matched records by clicking on search button at first screen, at this
moment a search operation on different e-marketplaces (Amazon and eBay) started The
App fetches first patch of items' information from the integrated online marketplaces’
APIs. The items’ information are retrieved with xml files. These xml files include
metadata such as link to item, title, item id, and other features list. The application will
keep only the id and the title for summarizing results of the search to be displayed as
keywords with different levels. Then the user can click on the keyword that matched to
his search criteria, and either he can go for the next level or next keyword. The search

process screenshots as below Figure 23 through Figure 27:
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Amazon & eBay Search

Amazon & eBay Search

Find Find

IPhone 6s SEARCH IPhone 6s

SEARCH

Amazon & eBay results has been
>l :
summarized

Figure 23: User Search Query Figure 24: Search Result

The same screen will display the results in tree structure view for the extracted keywords:
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Amazon & eBay Search

Find

iPhone 6S SEARCH

Amazon & eBay results has been
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summarized

v Il Apple(8)

ii

v @ iPhone(9)
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iii

> B Gold(8)

ii

> § GB®3)

v I Unlocked(16)

ii

iii

> [ Sealed(4)

ii

> [§ Factory(3)

Figure 25: Tree Structure List View

A second screen will be a list view for the records that match the keyword hit by the user.
In this case, we want to search for Gold iPhone 6S. Each record of this list view will
contain the link to the target product; once the end user clicks on one of the entries the
App will navigate him to the source that met all conditions of the tree. In other words, the
user will be directed to Amazon or eBay, which are the only e-marketplaces included up

to this moment. Clicking on the last record of the list will redirect the user to eBay.
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Second screen displaying all the matched products with link to the source of the product

page as below Figure 26 and Figure 27:

P ¢ 0 B4+ 17:25

{} m.ebay.com

O F'd 0 1724

2. Apple iPhone 65 Plus (Latesi Mode) -
GAGE - Rose Gold Verizon - Unlocked

- ! I A e AL W‘
- "%m“@whﬁ-

4. Apple iPhone 65 (Latest Model) - 64GB -
Rose Gold (Unlocked) Smartphone NEW

Apple iPhone 6S (Latest Model) -
64GB - Rose Gold (Unlocked)

Smartphone NEW
CONTACT US FOR OTHER MODELS & SIZES - 1600+
FEEDBACK
(1)
Figure 26: Products List View Figure 27: Product Home Page

We noticed that results met user expectation for the App output results, but the first
process of fetching the target products and re-organizing the results output to the user is
taking quite long time that is almost 70-90 seconds which considered as long process for

Mobile App.
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We split the first process to two sub-tasks, first sub-task to fetch the products from online
marketplaces, and second sub-task to build the conceptual tree for the user as Figures: 28
and 29. We recognized that fetching the results is talking normal time, while building the
conceptual tree from the summarization process is talking the longest time to finish the
process. Therefore, we checked the XML file generated from the App and noticed the file
contains 110 matched records for each call to the APIs which make the summarization

process to take that much time.

0 % il 2l 14% @1 3:49 P 3 1 R wilail 14% 51 3:49 pu

QU Mobile Search App QU Mobile Search App

\ Loading Amazon & eBay
Products ...

( > Summarizing Amazon & eBay

Products ...

Figure 28: Loading sub-task process Figure 29: Summarizing sub-task process
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Amazon API returning by default first 10 records matched to the sent request call, while
eBay returning the first 100 records. We customized our App API calls to return the first
10 records from each online marketplace to minimize the summarization process on these

results and provided a next button to fetch the next 10 records for each marketplace.

After customizing our App API calls, the execution time for the process dropped from

70-90 seconds to 5-7 seconds which increased the performance of the process.

Finally, after we customized the proposed solution by fetching records from the
marketplaces by 10 results for each page, we can proceed now for comparison with other

marketplaces’ Apps.

5.3. Comparison with e-marketplace Apps

This competitive analysis will make a comparison between the proposed App,
MySmartPrice and Smartprix dedicated Apps to be carried out. This analysis considered
as quality measurement with the help of three metrics: number of clicks to reach the
target product, time spent to reach the target product and number of screens navigation

for the list of products as Figure 30:

. - — Comparison
Mobile App for e Number of Clicks

Product Search Performance

e Number of Navigation Screer

Indicators

Figure 30: Quality Performance Measurement
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The comparison built on three quality index factors as below:

A.Number of Clicks

Number of clicks counted for each search item in Table 5 below for each App, keywords
between brackets not entered at the search text and it is kept as user preference item

additional information which he is looking for.

Table 5: Number of Clicks to reach target product

Items Proposed App  MySmartPrice App  Smartprix App
iPhone 6S (Gold) 3 4to08* 4t06*
iPad mini (2" generation) 3 4to6* 6to8*
LG TV (HD) 3 6to 8 * 6to8*
Canon (EOS SLR) 3 4t06* 4t06*
Nikon (DSLR) 3 3to4* 3to5*
Calvin Klein watch (men) 3 S5to7* 3to5*
Trek (road bicycle) 3 S5to7* 6to8*

(*) for number of clicks may vary depends on options checked in filtering option

B. Number of Navigation Screens

Navigation guides users between different parts of the App. The App's structure was
organized according to the content. Moreover, the navigation through the App should be
intuitive and predictable. To determine the type of navigation best suited to the App, we

identify typical paths they might take through the App as the results returned.

On MySmartPrice and Smartprix Apps when users move from one view to the next, they

observe scenes containing imagery, actions, and new contents. Thus, they can get
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distracted very easily. When these two are compared to our App, an important difference
can be noticed: the simplicity of our design, without any elements of distractions. Below
Figures 31 and 32 clearly shows how easy is to get distracted when using MySmartPrice

and Smartprix Apps compared to our App.

5 2 il sl 53% (W 9:40 pw = il ail 52% T8 9:40 pm

<&  IPhone 6s E Q Smartprix Q < 2

Apple iPhone 6S SEARCH: "IPHONE 6S"

44,810 Relevance ¥ 1517 Results

Apple iPhone 6s

Apple iPhone 6s Plus
Rs. 42,999  friririr;

753,999 compare
Apple iPhone 6s 128GB Spec

Score
766,990 « 4G, 3G, Wi-Fi, NFC

+ Dual Core, 1.84 GHz Processor
+v 2 GB RAM, 16 GB inbuilt

Apple iPhone 6s 64GB v 1715 mAH Battery

+ 4.7 inches, 750 x 1334 px display
+ 12 MP Camera with flash
©55,999 % Memory Card Not Supported

v 105, v9

' FILTER REFINE CATEGORY R APpleiPhone 6s Plus (12868

e Rs.75,990 iy
po) O (]
Figure 31: MySmartPrice Search Result Screen Figure 32: Smartprix Search Result Screen

In Table 6 the results of a comparison between proposed App, MySmartPrice and
Smartprix Apps concerning the number of screens a user needs to navigate before
reaching the target product is presented. It is easy to notice that the proposed App is
much simpler and consists in only two screens to navigate through before reaching the
target product. The same thing cannot be said about MySmartPrice and Smartprix Apps:

in average they carry the user through average 3 screens, based on the different options
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selected in the filters. A sample can be seen in Figure 33 where some filters enabled in

MySmartPrice and Smartprix Apps are exposed.

Table 6: Number of Navigation Screens

Items Proposed App MySmartPrice App  Smartprix App
iPhone 6S (Gold) 2 3 3
iPad mini (2™ generation) 2 3 3
LG TV (HD) 2 3 3
Canon (EOS SLR) 2 3 3
Nikon (DSLR) 2 3 3
Calvin Klein watch (men) 2 3 3
Trek (road bicycle) 2 3 3

m1 B @ B izl 51% ™ 9:47py Tmz 3 @ Bl il 51% (™ 9:47 py

< @ Filter

Price

B CLEARALL Q

Q < 2

CHOOSE CATEGORY

= Smartprix

BACK

2 CANCEL

«/ APPLY [0]

]

Brand All Products (1517) ¥
z0 275990
Stock Laptop Accessories (634) »
Mobile Accessories (681) »
Mobiles (33) »
Cameras (3) »
Laptops 11y »
Kitchen Appliances a >
Books (144) »

Figure 33: Filter Types in Mobile Apps
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MySmartPrice and Smartprix Apps are not capable to guess user requirements but they
give to user many options to choose from. Although this could be very useful, many
times it proves to be a distraction and time consuming as the user has to click more times
and go through available filters. On the other hand, our application is very simple and is
capable of guessing client’s requirements from the initial query, by obtaining the matched
results from different marketplaces with other keywords that are entered by user and are
united to his input. Then, the results are presented in a tree structure grouped based on

features like color, model and other options.

C. Time Consuming

Time is defined as the total number of seconds needed to reach the target product that can
be found. Time index is strictly connected to navigation screen index, the higher number
of screens a user has to navigate through; the higher will be the time to reach the target
product. This is another reason why our App has just two screens. Below Table 7 for time

results of the Apps:

Table 7: Time Index in seconds

Items Proposed App MySmartPrice App  Smartprix App
iPhone 6S (Gold) 8 seconds 20 seconds 25 seconds
iPad mini (2™ generation) 10 seconds 35 seconds 30 seconds
LG TV (HD) 9 seconds 45 seconds 35 seconds
Canon (EOS SLR) 8 seconds 20 seconds 35 seconds
Nikon (DSLR) 6 seconds 26 seconds 32 seconds
Calvin Klein watch (men) 7 seconds 27 seconds 23 seconds
Trek (road bicycle) 5 seconds 55 seconds 55 seconds
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5.4. Evaluation

The results obtained for MySmartPrice and Smartprix Apps perform very similar. The
app developed and presented in this project is much faster and easier to use than both
applications, especially when products were searched based on their category as
illustrated in Figure 34 and Table 8 for the number of clicks, navigation screens and time
taken to reach the end user target product. For example, we can have a better look at the
last entry, Trek. The end user wanted to buy Trek road bicycle and if he wants to perform
the search with the help of this App, it is enough to write just ‘trek’ in the search field.
On the other hand, when the search is performed on MySmartPrice and Smartprix Apps
the process is much slower because these app returns results such as candy bars, star trek
movie, and items related to trekking but no sign of bicycles as Smartprix. In order to have
an efficient output, user has to write also ‘bike’ into the search field. The same for
MySmartPrice, since it has different approach to reach the products, it display all bicycles
for the first result, but user need to search for the required type of bicycles for mountain

or road.

Therefore the proposed App concept proved to be faster and much user friendly since it
created automatically a folder called bike and added it to the tree structure as below

Figure 34:
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Figure 34: Comparison between Proposed App and MySmartPrice/Smartprix Apps
In Table 8: walkthrough testing results as below, the complete experimental results can

be observed and other test cases provided in the appendix:

Table 8: Walkthrough Testing Results

Index Proposed App MySmartPrice App  Smartprix App
Number of navigation screens 2 3 3
Number of clicks 3 S5to7* S5to7*
Time in seconds (average) 8 33 34

(*) for number of clicks may vary depends on options checked in filtering option
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Chapter 6

Conclusion and Future Work

This chapter outlines the main conclusions obtained based on the research conducted in
the last months, and proposes recommendations for future work related to improvement

of the proposed App.

6.1. Conclusions

Nowadays, one of the most important types of e-businesses is the transactional models
called e-marketplaces. It incorporates a website, a computer and Internet but in this

project the computer was replaced with mobile devices (smartphones).

Based on the results of the study case presented in this research two main conclusions can
be drawn regarding the difference between the proposed App on one side, MySmartPrice

and Smartprix Apps on the other side:

e The App will search simultaneously and retrieve results from different e-
marketplaces in one place. This means a user will have the advantage of saving
time because the search is not performed on each marketplace alone and to make

comparison and user will have more products from different sources.
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e The algorithm implemented in the proposed App has a goal to find the target
product with minimal number of clicks, which is ensured by entity discovery and

conceptual browser methodologies.

Conceptual browser is domain independent and can be adapted to any other unknown
domains. This research adapted conceptual browser to validate hidden data, shorten the
path of the query and automatically reformulate the query by user selections from

interface

6.2. Future Work

This study can be improved in the future for the following:

e Additional plugins and add-on like adding extra e-marketplace APIs is
recommended. In the future Alibaba.com API and other Middle East online
marketplaces can be introduced by implementing XMLHelper abstract class for
each marketplace integrated API.

e The proposed App can be enhanced with additional features like sort, or order
functionalities and other possibilities provided by e-marketplace APIs. That can
be combined with our App by filtering the request call to the marketplaces’
engines, and that will not have effect to the proposed Mobile App performance.

e Introducing more attributes for conceptual browser like: product group and
category description. That will provide more choices to the end users to make a

specific category selection for retrieving results that match his category.
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Appendix

Appendix A: Test Cases

Search context as below, note between brackets not entered

1. Sunglasses (Polarized)

2. Trekking Bag

3. Wind Chime

4. Car Charger (Samsung)

5. Whiteboard Marker (Color)
6. Deodorant (Dove)

7. Axe (Sports)

8. Transformers (Figure)

9. HDMI (cable)

10. Alarm clock

11. Cake Tray (Mold)

12. Microwave (Stainless)

13. Sennheiser (Headphones)
14. Dumbbells (Adjustable)
15. Stapler (Swingline)

16. Table Fan (Clip)

17. Door Handles (Wave Style)
18. Picnic Table (Folding)

19. Denim’s (Jeans)

20. Batteries (Duracell)



Appendix B: Number of Clicks

Table 9: Extended Test Cases — Number of Clicks

Items
Sunglasses (Polarized)
Trekking Bag
Wind Chime
Car Charger (Samsung)
Whiteboard Marker (Color)
Deodorant (Dove)
Axe (Sports)
Transformers (Figure)
HDMI (Cable)
Alarm Clock
Cake Tray
Microwave (Stainless)
Sennheiser (Headphones)
Dumbbells (Adjustable)
Stapler (Swingline)
Table Fan (Clip)
Door Handles (Wave Style)
Picnic Table (Folding)
Denim’s (Jeans)

Batteries (Duracell)

Proposed App
4

W W B~ W W R W WM R W W W W R W A

MySmartPrice App
6to8*
4t06 *
6to 8 *
4t06 *
4to6*
S5to7*
6to 8 *
S5to7*
4t06*
S5to7*
2to4 *
3to5*
2to4 *
3to4 *
3to5*
4to6 *
4to6 *
4t06 *
4t06 *
4t06 *

Smartprix App

5to7*
4t06 *
7t09*
S5to7*
4t06 *
S5to7*
6to8*
4t06 *
4t06 *
6to8*
2to4 *
3to5*
3to5*
3to4*
2to 5 *
S5to7*
S5to7*
S5to7*
5to7*
S5to7*

*number of clicks depends on options checked in filtering option
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Appendix C: Number of Navigation Screens

Table 10: Extended Test Cases — Number of Navigation Screens

Items
Sunglasses (Polarized)
Trekking Bag
Wind Chime
Car Charger (Samsung)
Whiteboard Marker (Color)
Deodorant (Dove)
Axe (Sports)
Transformers (Figure)
HDMI (Cable)
Alarm Clock
Cake Tray
Microwave (Stainless)
Sennheiser (Headphones)
Dumbbells (Adjustable)
Stapler (Swingline)
Table Fan (Clip)
Door Handles (Wave Style)
Picnic Table (Folding)
Denim’s (Jeans)

Batteries (Duracell)

Proposed App
2

[ N e O B S L I O e O R S R S R A S I S L S R S S R S " S

MySmartPrice App
3

W W W W W W W W W W W W W W W W W Ww

Smartprix App

W W W W W W W W W W W W W W W W W W W Ww
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Appendix D: Time Consuming

Table 11: Extended Test Cases — Time in seconds for reach target product

Items
Sunglasses (Polarized)
Trekking Bag
Wind Chime
Car Charger (Samsung)
Whiteboard Marker (Color)
Deodorant (Dove)
Axe (Sports)
Transformers (Figure)
HDMI (Cable)
Alarm Clock
Cake Tray
Microwave (Stainless)
Sennheiser (Headphones)
Dumbbells (Adjustable)
Stapler (Swingline)
Table Fan (Clip)
Door Handles (Wave Style)
Picnic Table (Folding)
Denim’s (Jeans)

Batteries (Duracell)

Proposed App

5 seconds
8 seconds
10 seconds
13 seconds
10 seconds
6 seconds
8 seconds
3 seconds
2 seconds
6 seconds
8 seconds
8 seconds
5 seconds
11 seconds
13 seconds
7 seconds
10 seconds
8 seconds
8 seconds

10 seconds

MySmartPrice App

15 seconds
10 seconds
30 seconds
30 seconds
20 seconds
20 seconds
40 seconds
5 seconds
5 seconds
15 seconds
20 seconds
20 seconds
5 seconds
20 seconds
15 seconds
25 seconds
6 seconds
15 seconds
7 seconds

10 seconds

12 seconds
15 seconds
25 seconds
25 seconds
10 seconds
40 seconds
60 seconds
10 seconds
10 seconds
5 seconds
5 seconds
10 seconds
15 seconds
16 seconds
10 seconds
25 seconds
60 seconds
15 seconds
5 seconds

5 seconds

Smartprix App
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Appendix E: Average Number (Clicks, Screens, Time)
The average of experimental results can be observed in table below:

Table 12: Extended Test Cases — Average Number of (Clicks, Screens and Time)

Index Proposed App MySmartPrice App  Smartprix App
Number of navigation screens 2 3 3
Number of clicks 3.7 4.1t05.55* 435t064 *
Time in seconds (average) 8 11.7 18.9

* number of clicks depends on options checked in filtering option
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