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Abstract

This literature synthesis covers material pertgnia a mobile
shopping system. Shopping behaviour is explored eertin

patterns of behaviour are found that will be uséfutiesigning

the system. Certain software patterns that couldidsdul to the
design are discussed. As the system has a Welataas well as
a mobile interface data needs to be sent to pgdséierogeneous
clients. The possible middleware for this is codengamely Java
RMI and Web Services, the inter-operability of easltovered,
and their performance in terms of network and Clekburces.
The possible communication protocols that couldused are
discussed and compared. Finally similar systems lihge been
developed are explored

1. Introduction

The literature being discussed is that pertainiagat mobile
shopping system. This system will provide user \sérvices that
will aid in shopping such allowing users to colledte remotely
on a shared shopping list. This can be done throaigiveb
browser or a cell-phone.

It will be split into three components, a Web apation, mobile
application, and an application managing the data Hoth

applications. The application managing the datd agsume the
role of the server with the other applications ragtas clients.
This paper will focus on this server, while coverisimilar

systems as well as the possible technology reqirirésting the
server and communicating with the different compuase

2. Related Work
2.1 Shopping Behaviour

The design of the system relies on how people hbehava
shopping environment, what functionality would bsed and

where. Based on a user study several common shpppin

behaviours are discussed [15].

There exist two kinds of shoppers, those who makatah lists
and those who make physical lists. Those who kéggigal lists
tend to carry it on their person. Some occasiorlallye the list in
the shopping cart. Many of those who keep physisia mark off
items as they are bought, showing the need forrdotion
between the shopper and their list. Shoppers whep keental
lists rely on browsing behaviour to remind themwdfat items
should be bought.

Shopping typically involves three phases:

e Pre-shopping phase which is where the shopper pdans
go shopping and creates a list.

«  Shopping phase where the person is choosing tins.ite
¢ Checkout phase where payment is made.

Shoppers often pick up items or otherwise use thads while
shopping.

Even though mobile phones are used more often FBiiahs, the
size of a PDA was preferred over that of a mobHere for use
while shopping.

Shoppers tend to visit the same shop often andwolhe same
route.

2.2 Related Systems

Systems that are related in some way to the prapose are
discussed below.

2.2.1 Similar Architecture

Listed are example systems that deliver data toeei Web
interface or a mobile interface using a client/seapproach.

2.2.1.1 Google Maps

Google Maps is a Web application that allows oniéw road
maps through a Web interface [11], as well as ailmatterface
[12]. This application allows the user to view réale traffic, get
directions and search for locations. Using SMS meotlients are
limited to searching maps by text, but using a neolpplication
the client can view maps graphically, communicatimigh the
server through the use of WAP. Much like the mmlsihopping
system, Google Maps interacts with both a Web arabile
interface to provide information to users. Theefince is that the
system does not deliver personalized information.

2.2.1.1 Google Calender

Google Calender is a similar application to Goollaps, but
provides functionality for creating and maintainipgrsonal and
public calendars [13]. Events can be added by usiawral
language such as "Brunch with mom at Java Cafe léam
Saturday" which is then parsed. Users can chaoseceive SMS
or email event notifications on their mobile deviggalendars can
also be shared between users, allowing multipl@leem edit the



calendar depending on the access rights. The afgipliccan be
accessed through a Web browser or a mobile deGomgle
Calendar is very similar to the Mobile Shopping teys
architecturally and functionally. It allows the nagement of a list
through similar interfaces, provides personalizgdrimation and
lets users collaborate on a single list.

2.2.2 Similar Shopping Systems

Systems that deal with providing shoppers serviodselp them
in the store are shown below.

2.2.2.1 Easi-Order

The Easi-Order system works on using PalmPiloteriate a
shopping list, then sending that shopping list stcae and having
the items pre-picked [14]. The system can pre-patpulthe

shopping list used based on the user’s shoppirgripjsas well as
offer “impulse buy” suggestions. The store’'s pragduare

electronically stored in a product index in catég® and using a
barcode scanner on the PalmPilots products camtszed into

the list by scanning their barcode.

This system is similar in allowing shoppers to teeand manage
shopping lists. The difference is that each userehaeparate list,
whereas the Mobile Shopping system allows multiders to
have one list.

2.2.2.2 U-Scan Shopper

The U-Scan Shopper system involves a monitor baftaghed to
a shopping cart handle which can display promotiwhen the
shopper is near certain items [16]. Additionallyaa code scanner
is on the shopping cart allowing the shopper tanstams for
themselves and pay at an automated station. Fittadlysystem
automatically generates a shopping list for eadppbr based on
their shopping history with that store, viewabletba monitor.

The similarity of this system is that it allows thlkeopper to view
their shopping list while shopping. The differerisethat the U-
Scan system automatically generates this list, @dsethe Mobile
Shopping system allows the user to create their. own

2.2.2.3 Mobile Shopping Assistant

The mobile shopping assistant is a system develdpeallow
shoppers to access Web services that are publishtite store by
using their mobile device [2]. Some of the servieesilable
allow the customer to create a virtual shopping, lieceive
promotions and view a floor plan of the shop. Thebite devices
used were normal mobile phones running a J2ME egtibin.
The mobile devices communicate with the Web sesvigsing
SOAP messages. Caching and compressing the meskages
quicker data exchange. Some of the problems of ilenob
computing that this system tries to overcome inelud

¢ unstable network connection status.
. Limited bandwidth of mobile communication channels.
¢  No efficient XML parser.

Some of the problems encountered in developmeifiideclocal
cache management on the mobile device, pre-fetotiitg from
the Web services, data consistency and data ctnflic

In summary there are many systems that have a asimil
architectural design in having a Web and cell-pharterface
connect to a server, and a few systems that dehl providing
services to shoppers in stores.

3. Software Patterns

Software patterns provide proven and tested axthite designs
that take into account issues not readily appardvging

applicable software patterns is then importanteducing errors
in the project. Two software patterns are discubstow.

Model —View - Controller

The Model-View-Controller framework divides an aipption
into three parts, the model where the core apjicais, the
controller which directs the flow of the actions)ydathe view
which handles presentation [3]. In this system Web and
mobile device interfaces would be the View, the €ater would
be what links the Web and mobile application inpwtsactions
that the component handling the data will perfofthe model
responds to input from the controller, returningad&om the
database or changing the state of the view depgndm the
business model. The benefit of this model is thdividuals can
develop each component separately.

Publish / Subscribe

The Publish/Subscribe pattern refers to a model revhe
information providers publish events to the systeand
information consumers who subscribe to events they want
notification of [4]. The benefits of this model are that
communication is asynchronous as information prergdand
consumers are decoupled, meaning if the clienta@reeachable
notifications will be stored and sent later. Withist model the
mobile clients can receive event notifications withhaving to be
continuously connected to the system



3. Middleware

Middleware is a software component that sits betwdle
network operating system and an application. ltilifates
communication and management of distributed compignian a
network [10]. The following are examples of midd&ee.

3.1 Java Remote Method Invocation

Remote method invocation allows remote Java objestbe

invoked from other Java virtual machines or remiotests [6].

RMI has been in the Java SDK since version 1.ligngsed to
develop distributed applications in Java. The bieoélising Java
RMI is that it requires no additional libraries modification of

normal Java application. One drawback is that ttemtcneeds an
open port to communicate, which is not availabliné server has
a firewall. Compared to Web services, using RMsignificantly

faster if there are open ports to communicate rimgeof network
and hardware performance.

3.2 XML-RPC

XML-RPC is a way to make RPC-style function calts &
machine over a network [10]. XML-RPC communicatsig the
HTTP protocol and XML messages. The benefits ofigis{ML-
RPC is to have

¢ An easy to implement standard.
¢ Discoverable services.

¢« Messages that can go through firewalls.

XML-RPC is different from other RMI protocols asdbes not
need stubs generated beforehand [7]. Instead présiare used
to construct requests and get responses. XML-RP€s dmt
marshal arguments as all data is sent as text.

3.3 Web Services

Web services refer to an application component tteat be
accessed over the internet and used remotely. \Welices use
XML and HTTP as these are interoperable standatfisAny
computer that can communicate via HTTP can use la $¥evice.
The difference between Web services and its praedece is that
it uses the SOAP protocol to communicate, has aerface
defined using WSDL and is discoverable through WWméversal
Description, Discovery and IntegratiofiJDDI) service. The
benefit of using Web services is that of interopéity between
different platforms such as .NET and Java. A seiRIs for Java
are available that can be used to implement a \Welice called
the Java Web Services Developer Pack. One of iketbe Java
API for XML based Remote Procedure Call (JAX-RP®hich
makes implementing a Web service similar to creggdn RMI
remote object. Web services differ from RMI in ththey are
executed in a Web container as servlets. The Wefices classes
can be converted to servlets or a servlet handlerbe used to

forward requests. Compared to RMI some of the featuhat
Web services do not have include:

e Using object references.

« Distributed garbage collection.
¢ Dynamic class loading.

« Remote object activation.

Web services have decreased network performancearenh to
RMI, due to the overhead of using SOAP. Using S@O#d3sages,
XML needs to be serialized and de-serialized, weeRRMI uses
binary serialization.

Each middleware provides different functionalitydan varying
degrees of interoperability depending on how eashds and
receives messages. An overview of the messagetisteucf the
communication protocol different middleware usediscussed
next.

4. Communication protocols

As bandwidth is limited when communicating with rielelients,
the messages each middleware used should be minimal

4.1 SOAP

SOAP requests consist of a header and a body. die dontains
the XML request object, while the header has infdion not
required for the request [7].

<?xml version="1.0"?>

<soap:Envelope xmins:soap="http://www.w3.0rg/20Q1$bap-
envelope"

xmins:m="http://www.uct.ac.za/shop">

<soap:Header>
<m:ID>1234</t>

</soap:Header>

<soap:Body>
<m:GetList>

<m:ListNamee>Example</m:ListName>

</m:GetList>

</soap:Body>

</soap:Envelope>
Fig 1. SOAP Request message.

The SOAP protocol was not designed for wirelessranication
and does not consider the limited resources thabhile device
has [8]. SOAP is generally used over HTTP and T@ich has
the following limitations :



¢ Congestion avoidance in TCP assumes packet losses a 5. Web Servers

because of congestion, in a mobile network thisccou
be due to disconnections instead .

¢ Using TCP requires a connection to be established,
resulting in increased overhead as acknowledgement
packets are sent.

¢ Network is not utilized well as a SOAP message that
carries only a small amount of data will still régua
connection being initialized.

By using client side caching and compressing thARB@essages
the performance of mobile clients can be signifisaimproved
by up to 800%.

4.2 REST

REST uses standard HTTP GET requests to call fomality [6].
The parameter data is included as an HTTP requestmeter.
The protocol is the simplest but relies on the HPpFétocol.

GET /List?ListName=Example HTTP/1.1
Host: www.uct.ac.za
Fig2. REST request message.

4.3 XML-RPC

XML-RPC is verbose compared to non-xml protocdke IREST
[9], but uses fewer bytes per message than SOAPegiest
message that passes one integer is 168 bytes cif whibytes are
used to mark up the integer parameter. Compressiorbe used
on these messages to reduce the size. Another acivalh XML-
RPC is that retrieving data using XPath can be dioated as the
elements are not named semantically [6].

<?xm version="|.0"
"1 SO 8859-i " ?>
<met hodCal | >
<met hodNane>act .
<par ans>

<par an»

<val ue><stri ng>Exanpl e</ stri ng></val ue>
</ par an»

</ par ans>

</ met hodCal | >

Fig 3. XML-RPC request message.

encodi ng=

Cet Li st </ net hodNane>

The protocols differ in how many bytes each messagels to be,
with REST requiring the least, and SOAP the mosfILbXRPC
lies in the middle, but requires complex parsing.

The choice of what Web server software to use jsoitant as it
must support whatever middleware is chosen, as aglbeing
easy to maintain and develop for.

5.1 Jakarta-Tomcat

Jakarta-Tomcat is the Apache Software Foundatipnigect for
handling servlets and JSPs. A servlet is a proghatis executed
in response to an HTTP request and returns an HE§Ponse
[5]. Servlets are object classes and are run irtkidedava Virtual
Machine, which means servlets can run on many tpgra
systems. As the software runs Java it allows tledfislava-RMI
as well as Web services.

5.2 Microsoft Internet Information Services

Microsoft Internet Information Services (IIS) is\deb Server
built into the Microsoft Windows framework that chandle Web
services and Web applications developed in ASP.INBBT. As
IIS does not support Java, Java RMI cannot be ugéien
developing Web services in ASP.NET many of theitfesaich as
creating WSDL documents, creating the SOAP messageés
Web Discovery Service File are done automatically \bsual
Studio .NET [17].

Summary

Shopping behaviour has been explored in user stulgfore.

Shoppers either keep a physical list or rely on 8iep

environment to remind them of what to buy. Meanthgt a

shopping system should offer a list managementiceeiand the
ability to view a floor plan of the shop with iteristed. Shopping
can be divided into three phases, a phase whereshhpper

decides what to buy, a phase where they chooskgetine at the
shop, and a phase where they pay for the items.shbeping

system should provide different services at eaabestShopping
involves the frequent use of both hands and cohsttiention,

therefore the system should be fast to use asaselsable by one
hand only.

In terms of similar systems there are many thathagb a mobile
and a Web interface to show data. For the mobiterfiexce
multiple communication protocols can be used siSBES for
simple text response/request messages or a m@pilieation that
uses GPRS to interface with the server. Systemisftitas on
providing mobile services while shopping have biegplemented
before. Some automatically generate a shoppingbksted on
previous purchases, while others allow the shoppereate and
manage their own lists. One used a PalmPilot askilendevice,
another a custom device attached to the shoppitgued finally
one used a mobile phone. Neither system had a Welbface
providing similar services that the mobile devicadh The
problems highlighted in developing these systemslired those
related to mobile computing. Mobile devices haveeliable



network connections, limited bandwidth and a limhit&XML
parser. Some systems use client-side caching o4 ded
compression of the messages used to increase iparfoe.

Two middleware choices were covered, Java RMI whiddwed
a normal application to communicate remotely wittother, and

XML based Web Services which requires a Web Server.

Performance wise Java RMI uses less network bankwide to
the shorter messages and less CPU resources bechuss
needing to serialize and de-serialize XML messagEse
drawback is that it is less interoperable than \8ebvices as the
clients need to be able to run Java code. The elwimiddleware
is important due to the limited resources the neblient has.
Using tomcat as a server allows the use of Java, RNdb
Services and normal Web Applications, whereas ué#igvithout
Web Services drastically reduces interoperability.
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