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Abstract: The web is the largest database with a huge amolumtformation and services
primarily intended for human users. A user perfodifferent tasks on the web, such as reserving
a table in a restaurant, and buying a movie ticRenilar tasks are often performed in various
web applications. The reuse of web application camepts would offer greater productivity and
ease the maintenance of web applications. Dueetslibrt time-to-market and the faster pace of
technology development, designing reusable webicgifuin components is often not a primary
concern for developers. The focus of this papéo isircumvent this limitation by proposing an
approach to interactively identify reusable wetksam a web application. We represent these
tasks as services that developers can reuse td apee development of their web applications.
We perform a case study on 21 real world web agfitins from four domains. We identify tasks
and services from these web applications. Resutt& $hat our proposed approach can identify
tasks correctly with a precision of 89% and a fesimore than 90%. Our proposed approach
also successfully identifies relations among taskh a precision of 86% and 100% recall.
Hence, using our approach, a web developer canaammatically extract reusable tasks and
represent each task as a RESTful service.
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readable results. Hence, the majority of servicevipers

1. Introduction now uses RESTful services [30].

It is not simple to use data and functionalitiesrdifferent
web applications as web services. A little work Haen
done on the migration of web applications to SOAe Tew
migration approaches that have been proposed either
migrate a web application into SOAP-based serviaeeeds
to re-engineer the web application’s code-base?[17, 8,

Millions of web applications are available and ewveore
people access web applications for conducting ttaity
activities, such as buying a product or bookinglight
ticket. Web applications are popular, due to thiguiby of
web browsers and the possibility to update and tamin

web applications without interrupting the clienss. web 10]. However, the web application code base isahotys

application is coded in a browser-supported languagch vailable and SOAP-based services consume morerpowe

as JavaScript, and combined with a browser-renderecZnd time to process the messages [31]. In this weEk
markup language, such as the HyperText Markup Lageu view a web application as a set of tasks; an dgtas a set

EH(;I’M,L).ngeb apphcqﬂons ar:a faaEg ne;/; chaz{lleng;s of task and a process as a set of activities. @ontro
oﬂays usm%ssd inv:jr%nmer; » Such af[.s el'ngf’r ¢ previous work, we do not re-engineer the web appbta
sortware provided by difierent organizafions. i Gurren code base, but instead, we reverse engineer tleat cli

state of practice, most web apphc_:atlons are ireentbr representation, request and response pattern ofela w
manyal use. Because of.short-e ' tlme_—to_—market,t mweb application, to extract tasks as services. A tasla igoal
appllcatéons s_re not built usmﬁ Erlnuplles .Of hseeb\//v specific functionality, such as search a restay@md book
Or|e|_nte_ Arc |Itecligre (SOA)r’]. whic reshg ts n thee . atable in a restaurant. A goal may be defined st of
app |ct:):_;}_t|ons_ _lac mgh mat(;l me—tfo-mgcb ine |n'Feracit|on affairs that a user wishes to achieve; a taskdsctiurse of
capa ||t_y. Similar to the pro 'ems faced by earggitiona action a user goes through in order to achievestai®. In a
applications, many web appllcatpns become_leggspms web application, the code responsible for a tadcédtered
because of their lack of machine-to-machine intéac between several files. and it is written in difiere
capability. Moreover, these web applications art @i languages, such as sérvice side scripting langgage

unstructured data that make them hard to process, : ;
) . HP), database query languages.{ SQL), client side
automatically [15]. There is a desperate need dofstthat scripiing Ianguagge(g.,y\]avagscri%t), zfmd H')I'ML. We treat

Fin cc:_nvertb unstrut;.tured webt datt? I:nto strugu;edweb applications like black-boxes and extract tabls
n orrr]na |c;n, yh.cre?mgt_ anrtauvsmg I(I:'a y trrg;e a analysing client-side representation of a web apfitin.
machine to machine functionaiity. ¥ve believe can Extracting a task from a client representation dan

be fulfnleq through web services which provide iiae-to- particularly useful when the code-base of a weliegon
machine interactions. is not available. The extracted tasks can therpbeified in
A Web service is a software component designedippart  terms of RESTful service and deployed through m@®xi
interoperation between machines over the Web. Webaccessing the original web server and parsing#ponses.
services are increasingly used as basic constimctapidly
developing low-cost distributed applications. The
composition of services via business processesarered
by existing tools and solutions, concepts for Nghight
service consumption are still in a preliminary ghashe

This paper extends our earlier work published ie th
proceedings of the '5IEEE International Conference on
Service-Oriented Computing and Applications (SOCA)
[26]. We enhance this previous publication in tbkofving

complexity of state-of-the-art SOA technology pnetee aspects:

users with limited IT skills in getting easy acceéssWeb 1) An improvement of the model used to represent a
services and their offered functionalities. In aviE® chain, task. We can now identify a segment of a web
one Web service invokes another based on the servic application that a user browses to accomplish a
definition. For some Web services, the invoker rbaya task. We represent the functionality of the

user. The ways for a service to interact with apliaption identified segment of a web application as a
and a user should be different. When the serviterants RESTful service.

with a user, it is preferable to provide a UI. Aeusnay 2) The extraction of logical data as input and output

access a Web service from different devices, sush a
desktops and various handheld devices, and thehtlild
be designed differently to fit different characstéids of the
devices. However, it would be a burden to a service

for a task, from the data decorated with HTML tags
for human users. The extracted data capture
semantic information; making machine interactions

: . easier.
composer to manually develop the interfaces foeptl
user interactions or even manually design varioterfaces 3) The identification of relations between tasks to
to fit potential user devices. The two most popular automate the transition between tasks and the
architectural styles used in web services are Sirgiject migration of tasks as RESTful services.

Access Protocol (SOAP) based services and RESTful
services. Compared with SOAP-based services, RESTfu
services are lightweight and easy to build, andvige

4) A case study that examines the performance of our
proposed approach for extracting service
descriptions from web applications. The case study

Copyright © 200x Inderscience Enterprises Ltd.



examines the proposed approach on
applications from four domains.€., book, housing
travel and tourism).

The remainder of this paper is organized as follddestion 2
discusses background knowledge on web applicatans
RESTful services. Section 3 introduces a meta-mddel
tasks. Section 4 presents an overview of our aghroa
Section 5 reports our case study and discussesestdts.
Section 6 discusses the related works. Finallytiaec7
concludes the paper and explores some avenuesutiore f
work.

2. Background

In this section, we introduce web applications RiS5Tful
services in more details. Our paper focuses oraetig
RESTful services from web applications, hence
understanding the following two topics is crucial.

<html>
<script>
function validateForm() {
var x=document.forms["myForm"]["FName" l.value
if (x==null || x==""){
alert ("First name must be filled out");
return false;
}}
</script>

<form name "myForm" onsubmit="return
validateForm ()" action="..">

<div class="inputlabel">First name</div>
<input type="text" name="FName" />
<input type="submit" value="Submit">

</html>

Figure 1: A fragment of client code segment of a viee
Application

21 Web applications

In web applications, the layout of a web page ifnde
using HTML and is represented with the Documente®bj
Model (DOM). All client side interactions involve
modifications of the DOM. The presentation of thebw
pages is defined through Cascading Style SheetS$)(CS
Figure 1 shows a code segment from a web applitatio
where the style is defined by the CSS clamggitiabel, and
JavaScript functions. A web application uses thpdiyext
Transfer Protocol (HTTP) as the transfer protocal a
consists of a series of events. An event is a suliisan
application that consists of at least one usertinfpllowed

by some processing. For example, an online bardgstem
should maintain a communication session with a ifipec
user during the time the user is logged in. Unfaately, the
communication protocol between a web browser anela
server (HTTP) is stateless, and

webfunctionality on session control.

3
The connection is
established when a browser sends out a requestaeiyes
a response message. In order to maintain a logasgion
between a web browser and a web server, the idextiifn
of a web client should be included in each requestbnse
communication cycle. The cookie technique has eatbes
a solution to enable user’s control of the sessforookie
contains a unique identification information thatables a
web server to recognize the identity of the broveset trace
the communication with the client.

The conceptual modelling of most existing developime
methods for web applications is based on the objémt
data) and the related methods, functions, or sesvid web
page frequently adopts the traditional CRUD (CreRiead,
Update, and Delete) pattern: a web page is lintibedasic
operations on objects and their relationships. Ab we
developer manually links different web pages tobémahe
navigation of users from one web page to anothgngduhe
accomplishment of their goal.

22

A RESTful service is a web of interconnected reses
identified with URIs. A RESTful service can be
manipulated through a uniform interfacee.g(, HTTP
operations), whose state is served through repietsams
(e.g., an HTML page). A resource representation embeds
links and controls for a service. The simplicity REST
[101], along with its natural fit over HTTP, hasntdbuted
to its status as a method of choice for exposiegddta of
web applications. At the core of REST based deisignset
of state transfer operations universal to any daieage and
retrieval systems. A resource may have two staesrver
state and a client state. We are interested intcigle state
and the changes during the completion of a task.

Hypermedia as the Engine of Application State
(HATEOAS) is a constraint of the REST application
architecture. The principle is that a client inttsaentirely
through hypermedia provided dynamically by applaat
servers. A REST client needs no prior knowledgmteract
with particular applications or server beyond a egén
understanding of hypermedia. One of the benefitasifig
RESTful services is the ability to use HTTP Headers
provide the context of request around each of tRUD
operations. A request to a particular resource trigult in
an HTML, XML, or JSON depending on the desired raedi
type transmitted in the HTTP Accept header. Thisvad
developers to overlay the programmatic API for sie
directly on top of the site exposed to web usetsraduces
the cost and complexity of providing multiple fortmdor
accessing the underlying data of a website. Thetiom
signature of a call in RESTful services is desdatilby the
tuple: (Resource URL, HTTP method, Input paramedeids
Accept Header).

RESTful services

it does not provide



Table I: Different Types of Resources in a Web Apjitation

uch

and client side scripts

input parameters, output representat

Resource Type Description Example

Type 1 Type | resources represent a simpleformation web pages, such as a web page
process without any input parameters | without any parameters

Type Il Type Il resources take input parameteearching products based on keywords, S
and output representation as Amazon product search web page

Type llI Type Il task is a complex process wittA login process with client-side validatio

=)

auch as an email login process

Task
" 1 1. 1 1.* :
Initial State Name Final State
description
Representation , 1
—S| Name 47 47
*
s | Schema L
=] o . *
& | description L. 1 Resource |1 1 URL
g mediaType
g Name 1
[J]
< Respnse 1 URL
Q description 1.4
& € | headers<name, value> HTTP
8| | description Methods
§ source target
%_ Effect Of
& Request
§ i T iti Triggered by Event uses Client side
ransition f
a headers<name, value> script
£ | InputParameters
description
User System

Figure 2: Meta-model for users’ tasks

The Web Application Description Language (WADL) [25
is a machine-readable XML description of RESTfulbwe
services. WADL models the resources provided bgraice
and the relationships between them. WADL is intehtte
simplify the reuse of RESTful services. It is pbaith and
language independent and aims to facilitate theereand
integration of RESTful services.

3. Meta model for a task

A task is a set of resource interactions groupedain
meaningful way to accomplish a goal. The identtfaa of
a task is essentially centred on the question: Wiikta
user do with a web application? A task is a coofsactions
that a user performs on a web application. A tagituwres a
navigation structure of a web application that perfs
certain functionality.

A task is identified on the basis of two main clutesstics:
1) should be reusable, and 2) should perform atifumality.
An example of a task includes searching a prodogin
into a web page and purchasing a product. For elaarbp
identifying a task to buy a product, service preval can
reduce multiple user interactions.q., product selection,
credit card verification and address confirmatién)one
task where a user do not have to go through maltipl
interactions. The types of resources included skgalefine
the nature of a task. We have identified three typé
resources used in web applications as shown ineTlafilhe
classification is based on how a user-agea.,( web
browser) interacts with a resource. Type | resaittave
fixed URLs. However, the content changes over tione
when a user invokes a URL. An example of Type buese
is a weather page [22]. Type Il resources taketiaguJRL
parameters or payload. The representation of aureso



updates with the changes in the parameters. An gieaof

5

define the operating parameters of a resourceaictien.

Type |l resources is a product search page of an eWhile completing a task, a resource undergoes iassef

commerce site [23]. Type lll resources uses boplutimnd
client side code to manipulate and change the resatate.
A user event, such as a button click calls a JavgiSc

function. The HTTP protocol is invoked from the JS

function. An example of Type Ill is a login pageath
validates the format of a user input before redngsa

resource [24]. A task can be accomplished by onmane

resource interaction as shown in Equation (1). Eptamof

resource interaction include opening a page speciiy a
URL, clicking a link, and submitting some data tdoam.

Each resource interaction is a function of a URHph
method, input parameters or a client side scripthasvn in

Equation (2).

Task := RI|RI "." Task Q)

RI := f (URL, method, ip) | execute(S) (2)
Where Rl is the resource interaction. ip is the input

parameters, method is a HTTP method used on URL and
execute (S) isthe execution of a client side code S.

Figure 2 shows the meta-model to model users’ ta&ks
task starts with an initial resourdeg(, initial state) and ends
with one or more final resource. Each resourceahadiL,

HTTP method, request and response. The request andescribes

response contain the header information, input maters
and response representation. A response reprasantat
the description of the messages sent or receiveh fa
Resource in terms of a technological language. eDtiyr

transitions. A transition can be triggered by arusetion
(e.g., form submission and resource request) osylsyem
events (e.g., automatic updates of the representai
certain intervals and web page redirections). Ressuin
our meta-model can be one of the three resourstsllin
Table I. Based on the model presented in Figureve,
describe each task as a RESTful resource.

4. Our approach

Figure 3 gives an overview of our approach to regme a
task as a RESTful service extracted from a webicguin.

Our approach consists of two steps as shown inr&igu
The first step is to select and execute a taskitpate. A
user does not necessarily need to be an experhan t
language and technology used to develop the web
application. We implemented as a browser plugimtrk

the start of a task and the completion of a tasle W
instrument a browser to log all the events gendrate a
web application in a client-sidé., execution log) in order
to capture all scenarios involved in the completibra task
as shown in Figure 4(a). Figure 4(b) shows an atioot
tool to select the region of an HTML page as apoutWe
store this annotation in as annotation log. Sectb8
in details the annotation process and
annotation logs. Figure 4(c) describes a task cetiqul
process for a login task. In the login task, a udieks the
login link (i.e., shown as navigational link in Figure 4(c))
and fills a login form. Based on the data entethd, task

the

XML and JSON are the most popular languages forcan reach one of the two final states.(success or failure).

describing these messages. Therefore a representsti
defined in the meta-model as an abstract entity tha
generalized in the different types of representatio
according to the corresponding media-types. Foessing
or modifying a resource, one of the four HTTP mdto

A recorded portioni(e., between start and end of a task) is
performed multiple times with different combinatomf
input parameters. We separate output based onntiilargty

of the corresponding DOM structure.

(GET, POST, PUT or DELETE) are used. HTTP headers

Identify Output of
P Outputsofa P Task
Task Y
Execution -
Select and Annotate . . Inputto Identify Wrap a
Identify | t
Execute the P Resource Annlotatlon > engyT;siu Byl Task P Task P Taskasa
Task to Migrate Representation o8 \/_\ Relations Service
Identify Resource
—»| Resources and [ '\i‘m_rp —
e
First Step HTTP Methods \/Od§ Second Step

Figure 3: Overview of our approach to identify senices from a web page
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(a) Menu to denote start and completion of a task
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(b) Annotated content in a web page
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Beloved
$54.99

T Welcome to Mystore

Welcome Would you like to|log yourself in? Or

New Products For June

Navigational
Link

Blade Runn
S

Y

Returning Customer

E-Mail Address:

Password:

Task Navigation

| am a returning customer.

Password forgotten? Click here.

<
N
&

0(\

/. Error: No match for E-Mail Address and/or Password.

Returning Customer

| am a returning customer.

E-Mail Address: bipinupd@gmail.com

Password:

Password forgotten? Click here.

Sign In

K A

Welcome to Mystore

Welcome back Would you like to see which new products are avail

New Products For June

Red Corner Beloved
$32.00 $54.99

o

Microsoft Internet Keyboard PS/2 The Replacement Killers
$69.99 $42.00

(c) Task involving navigation over multiple web pags

Figure 4: Screenshot showing different phases ofgk identification

In the case of the example shown in Figure 4(&,ahtput
DOM structure from multiple runs belongs to two gps.
One group represents the success, and the otlees tefthe
failure.

The second step is the analysis of the annotatige &nd
the execution logs to identify input, output and THPT
methods of a task. In the following subsectionsdescribe
the second step (illustrated in Figure 3) in matails.

4.1 Identifying inputs of a task

A task in a web application includes interactiorighwveb
pages. Hence, input parameters for a task inclodenput
parameters needed to accomplish interactions iakapage.
These input parameters include input elements i we
forms, cookie and request headers. One of the sswt
input for a task comes from web forms. Therefore,



identifying the correct parameter label is crucad it
corresponds to the data required by a task.
subsection, we discuss our approach to extrachpeas,
labels from web forms and other input parametarsh sas
session and cookie information.

A web form contains different input elements, sashnput
fields and radio buttons. Each input element costai
semantic informationif., label) and the name of the
element. A label of an input element defines thaawics
of that input-element. Hence, correctly identifyiaglabel
for an input element helps to retrieve and integrat
information hidden behind web form interfaces. As
illustrated by meta-model shown in Figure 2, a vese
transition can be either a user event or a systemteWeb
forms and hyperlinks are the most usual ways toigeo
input to a web application. A web form submissia®sl not
always invoke a resource. Web forms generate a euwib
events. These events are handled by client sidetifuns.
Client side functions are executed by a client’® Wweowser
and have access, via a document object model, ¢o th
resources of the browser, in particular, to the HTM
document shown in the browser. For this purpose, th
document is represented as a hierarchical objecttste
where the attributes of each object can be acceesed
manipulated by the standard “dot notation”. Fortanse,
the class identifier (whose meaning is usually i in a
style sheet) of an object element in an HTML docainean

be changed to myStyle by the assignneberh.className =
"myStyle”.
web browser when some events occur. For instaficam i
input button in an HTML form has an attribute
onsubmit="fun(x)", the function callfun(x) is evaluated
whenever the user clicks this button. Our plugacks all
the events generated during the completion of & tas
including JavaScript events.

Web forms and hyperlinks contain semantic inforovati Search
(i.e., labels). It is challenging to identify labels thescribe Cri

HTML input elements. Especially, web forms havdeatiént
layouts. The positions of labels in a web form depen the
designer of the web form. Labels can be placed ebov
below, to the left, or to the right of an input rlent. To
identify the label representing an input elemerd,amalyse
the content of a web page delimited by the openimg) the
closing tags of an HTML patrtitioning element thaparates
the different sections of a web page. For exanpgaeagraph
tag (.e., <p>) separates a paragraph in HTML. The text
nodes under the partitioning element are part ef shme
blob (.e., a text contained within a partitioning element).
However, style tags, such as, the italic tag,(<i>) and the
bold tag {.e., <b>) add stylese(g., bold, and italic) within a
section of text. Therefore, styling tags are notsidered as
partitioning elements. A web form is a hierarchytdbfML
tags. Labels and form input elements are oftentiposid in
proximity in the hierarchical structure of tags.
Hierarchically nested labels and form input eleraeate
placed close to the lowest common ancestor

JavaScript programs are usually executed by the

hierarchy. If a label and the associated input elgnare in

In thisthe same parent structure, they are close to gaeh within

the parent structure. The hierarchical proximitymeen the
elements helps to associate the input elementsthdthext
blob. Figure 5(a) shows a screenshot of a web query
interface. Figure 5(b) shows a fragment of the D@&& of

the query web form shown in Figure 5(a). In Figb(e),

the input field rl is in closer hierarchical proxiynwith the
label 11 (.e, “Search Criteria”) than the label 12.¢€,
“Categories”). Therefore, the label Ili.e{, “Search
Criteria”) should be associated with the input r1.

Advanced Search
Search Criteria
Search Help [] Seart
Categories: All Categories T
Y| Include Subcategories
Manufacturers: All Manufacturers v
Price From:
Price To:
Date From:
Date To:

(a) HTML Representation of a Web Form

eria
;‘1

(b) DOM Tree of the Web Form shown in (a)

Figure 5: HTML and DOM representation of a web
interface

To identify the association between input elemeautsl
labels, we traverse and analyse the DOM tree tbtfie text
nodes that constitute a label. When a partitioretement
(e.g., paragraph tag <p>) is reached, we create a nesV. la
The text node under the partitioning element isealdit the
label. If the partitioning element contains another
partitioning element as a child, then the text modeat

in thegppear under the sub-partitioning child belongghte text
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blob of the sub-partitioning child. For each inmlé¢ment, content contains information, such as, advertisésneand
we compare the hierarchical proximity between thgut navigational panels.
element and the text blob. For example, in Figut® 5o

reach rl from I1, we have to traverse three nodes (2,

div and div). The label with the least distanceadssidered & COMMerce

as a candidate of an input description tag for ithgut s

element. The distance between a text blob and patin - | What's In My Cart?
element is given by the number of nodes visitednfithe
text blob to reach the input element. For examipl&igure
5(b), the distance between the nodes rl and |1; thes
distance between the nodes, rl and 12, is 6; andidtance
between the nodes, rl and 16, is 6. The node riheakeast
distance with the text blob I1, and hence the nlddés
selected as the description tag for the node rindfe than
one candidate is identified, we calculate the etance .
[17] between the candidates and the “name” atgilmfitthe == @ N o
input element to choose the candidate for the inp~ "+

Productis]

description tag. The edit distance between twagsriof

characters is the number of operations requirdcattsform
one string of characters into the other.

Cookies are considered as an input field in HT Tduests.
The web browser cookie technology provides pernsistata
storage on the client side. A cookie is a dataceasisting
of at least a cookie's name, a value and a dor@aiokies
are sent by a web server as part of an HTTP respor
message using the Set-Cookie header field. Theie€sok
domain value is used to determine in which HTTRuests
the cookie is included. Whenever the web browseesses
a webpage that lies in the domain of the cookie,abokie
is automatically included in the HTTP request. deslare
often used as authentication tokens in web apjmicat
After a successful login procedure, the server sencookie

to the client. Every following HTTP request thamntains (b) Annotated DOM with Similar Structure
this cookie is automatically regarded as authetgtttaWe *
track changes in cookies and other HTTP headetsfiahd
consider them as input parameters. | XPath | Name [ Example
*[contams(concat( " *, @class, " " ), concat( * Soeed. S
", "contentContamer”, * " ))} table/ (1] Namae P’ » AN
e - Galaxy Tab
4.2 |dentifying outputs of a task d{1)table w{1)2d(1] _ _
. . *[containsi (", @class, " "), ’
Mulnple_ web pages constitute for an output of skteAs a - .[cwmccmm.. . c:]';m;k "]“'imm Picture IH
user finishes a task, he annotates the output Wwempages. 1] table uf1]11d[1] img

In this subsection, we describe the process of edtaction [contains(concal( " *, @class, " * ), concai( "

from web pages for a task. " “contentContainer”, * * ))}table//r{1] soct_id 17 28
_ _ . d[1)table tr{1)td[2) input{ 1] value
The output of a task is encoded in the return SEITRLON |« oopmns(concatt " ", Gclass, " * ), concat

generated once a web page is requested or a wabifor - “contentContainer™, = ))] table u[1] cart_quantity 1,1
submitted. There are mainly two kinds of data theg  /d[1]tablet[1)1d[2) input[2] vale

received in a return page: (1) header informatiomtaining *[contains(concat( " *, @class, " * ), concat( " |

a status code; and (2) a resource representatienteéddrd . “contentContainer™, 7 )] ‘table w[1)1d[2] | price $19.99, §749.99

the changes in the header fields. To identify thgpot of & | w/umsconca * @class, = ), concar

task, a user has to select the region in an HTM - “comentContainer” " ) p strong sub-total $789.98
representation that represents the output of thle tasing Subma )

our plugin. In a resource representation, we lomkdata (c) Extracted XPath with name of the elements
relevant to a task output. For example, in Figuf@) @he Figure 6: Identify data segments from an HTML
items in the shopping cart relevant are the namehef representation

product, quantity and the unit price. The returrggas
represented in a common template. The generateplatanm



Although the above mentioned parts of a web pagelma idempotent HTTP methods. Idempotent describestifigya
helpful for a user to browse, they can be consiflaae  of a method that produces the same result if dépiglied to
“noisy data” that may complicate the process ofaeting itself (i.e,, f(x) = f(f(x)). In HTTP, this concept ensures
the output of a task from web pages. The noisy datdd safely resent of the same representation irresmeati
be wrongly matched as correct data resulting imeeit receipt of the same message multiple times. Wectsele
inefficient or even incorrect wrappers. Therefore, allow unsafe methods over safe methods, and un-idempotent
users to identify the data rich section that corgaihe methods over idempotent methods [11]. For exanipla,
output of a task. Our data extraction is based lom t task uses two resources: one using HTTP methddves a
following steps: representation of a resourceg(, using GET method on a
resource URL), and other changes the representafian
1) Select a portion of an HTML representation that resource (e.g., using POST methods on a resourde,UR
contains the output of a task. Figure 6(a) shows anthe HTTP method for that task is POST. Similarly, a
example of a user selecting a specific part of anrequest/response header of a task is the mosttreeader

HTML page. _ _ used in the resources invoked for that task. Thaning of
2) Parse the HTML document to find the starting (SP), the HTTP header plays important role in determining
and ending (EP) positions of the selected region.  header of a task. For exampld;Modified-Since header

3) ldentify regions with the similar DOM structures ives the timestamp when a resource has been dhange
between S?'DSR/? EP. Our haphproa_ch_l 'd%n(g';\'szence a resource of a task involving multiple reses
segments of DOM regions with the similar takes the most recent date among all the dates insad
sFru_cture. The S|m|lar_ DOM structure represents theresource. Similarly, if an intermediate resourcarges
similar type of data. Figure 6(b) shows an exanople parameter of cookies during the completion of &,tdlse

similar DOM 'structures. We use the following most recent change in the cookie is propagateldetaltent
heuristic to identify the semantics of the extrdcte 9 propag '

elements:

a) Match if web form labels are presented in the . .
response representation. 4.4 |dentifying task relations

b) Search for labels in table headers in a resourceye model a task as REST resource; hence we include
representation. HTML specifications define |aTEQS behaviour in extracted services. The HATEOS
tags, such as, header cells n HTML tables, ponayiour will guide a user between different tadker
z$:EAaDn>d Tﬁadfr c%ntentls n HT'\;IL tables, example after register task, a user will be prodidéth the

- We list the columns of HTML link for register task. Web developers embed thislithat

tables. uides a user from one state to another
c) Search for voluntary labels encoded in the 9 '

response pages. For example, if a responseNe use two different approaches to extract HATEOS
page contains a column with the symbol ‘$’, information between extracted tasks. The first apph is
we consider that the data item representshased on how a user navigates Web pages duringske
currency related fields such as, price. start to completion period. For example after fiig a
4) Refine the sgmantics of th(_e extracted data templlateregister task a user performs kogin task. Hence the
A user can import the available ontology or define representation of aegister resource should contaigin
her own ontology if there is no available ontology. resources. In addition to that, we analyse all ekiacted
Figure 6(c) shows a screenshot of GUI that helps 8jinks and forms in HTML representation that helgs t
user to refine the extracted data template. identify the possible next state information. BasedJRLsS
and analysis of representation, we define rulegxiact
resource. For example, after finishingegister task, a user
can perform dogin task. Hence theegister representation
should contain links fotogin task. In a web application,
relations between tasks are embedded as HTML kmics
web forms. We analyse all the web forms, incoming a
outgoing links between the tasks to identify taslations.
We propose the following rules to extract task tiefes
from a client-side representation.

Figure 6(c) shows a screenshot of the GUI of oalwhich
is used to help users to refine the extracted watgplates.
Based on user selections, we identify differentgaf the
resource representation. The selected part of aures
representation is extracted as an XPath. The s@ndor
each XPath is defined using a label extracted fioeweb
page. A user can verify each semantic label, anatixXP
mapping as shown in Figure 6(c). The XPath, andaséim
label mapping are described in a single file faheask.

o Rule 1: Identify state changes without requests and
4.3 ldentifying resources and HTTP methods of a task responses

At this stage, we identify resources required twoagplisha  This rule identifies the client side script thatedonot
task, and the execution sequence between the ocesouk perform HTTP requests, and responses, but chaegstate
task often encapsulates multiple resources. Whenfor an HTML representation. In such a case, the URL
abstracting different resources to a task, the doisuthe HTTP-methods, and parameters between the two msour



interactions remain the same, whereas there isanagehin
the DOM elements. This change is due to client sadgpts,
such as validation of data entered in a web formor
example in Figure 4(c), when a user tries to sulanfiirm
without username, and password, the representdispitays
an error, but the validation is only performed e tclient-
side. Hence the state of the resource represamtasio
dependent on the client-side script.

Representation, = {URL,, HTTP — Method, Param,}
Representation, = {URL,, HTTP — Method, Param,}
Representation, # Representation,

The URL, HTTP-method and Parameters remain the same

where there is a change in the representation. Kihe of
change is due to client side scripts. For exampientc
validation for Web forms such as User registratiod login
forms.

Rule 2: Identify tasks sharing output parameters

This rule helps to identify resources that shapuiroutput
parameters. For example, with a product id, oneficanthe
product as well as the product review as well. fidsources
may have one to many relationships with other resssu
We cluster URLs with similar parameters, and reseur
paths. To automatically create the clusters, wekusgans
[27 and 28] which is an unsupervised clusteringpiagm.
K-means algorithm divides the resources into a afet
disjoint groups. The main challenge in using such
clustering algorithm is to identify the expectedmier of
clusters [28]. In case of k-means, this parametealled k.
One possible solution is to ask domain expertdémtify
the proper value for k empirically. However, singe need
to automate the process completely, we use a diugte
validation approach proposed by Hartigan [28]. dsihis
approach, we can measure the success of any mosaibk
for k in generating a set of coherent clusters.fihd the
proper value for k automatically, we create clusteith all
possible values for k where the maximum value is th
number of distinct data points. Then, we measum th
success of each experiment using Rousseeuw [29)agin
Finally, we select the k value with the highest suzad
success rate for our actual clustering. The ressuic a
same cluster share input output parameters anckheance
resource relations.

Resource, = {URL,, HTTP — Method, Parameter,}
Resource, = {URL,, HTTP — Method, Parameter;}
where

Parameter, = Parameter;, U {x}

Resource, is related toResource,. For example, if the
URL of a product resource (i.e., product Info task)
http://foo.org/product?pid=xx , and the URL of tfeview
resource (i.e., product review task)

http://foo.org/reveiw?pid=xx, the parameter namesthe
URLs of the product info task, and the product eaviask

is
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are similar, and belong to the same cluster. Hehegwo
tasks are related.

Rule 3: Identify the next task to perform

A web developer embeds a link or a web form th#psha
user to decide what to do next. In this rule, wenidfy the
next task a user can perform after completing &. tége
extract all next-state elements. For any two gikesource,
we choose non-reoccurring elements. A non-reoauyirri
element is a symmetric difference among a set af-ne
states. We identify tasks whose initial statespesent in
the non-reoccurring elements list.

Next, = ExtractFormsLinks{Task,}
Next, = ExtractFormsLinks{Task,}
Next.ommon = Next, M Next,
Nextr, = Next, — Next.ommon
Nextrp = Next, N Next.ommon

Next, and Next, are the set of links and forms extracted
from the representation of Task A and Task B. Fangple
when a user selects a product and adds to a shtp ca
general links (such as categories product linksrcée
forms) get excluded as shown Next.,mmon above.
Nexty, and Nextyp are next state tasks from task A and
task B.

Rule 4: Identify dependent task through flow sequece

aanalysis

In this rule, we mainly focus in the order of tastecution.
For two tasksi(e, task A, and task B), if the completion of
task A is required before starting task B, therktBsis
dependent on task A. One task can be invoked niwe t
once (e.g., multiple add to cart task in a shopgiativity).
The multiple occurrences of a task should not aftee
technique since we do not consider the number of
occurrences of a task. If the execution flow ofasktis
present in another task, a flow-based relationsisavered.

Resource, = {URL,, HTTP — Method, Parameter,}
Resource, = {URL,, HTTP — Method, Parameter;}
Resource, redirects to Resource,,

For example, checking out a shopping cart resoneegls a
login task to be invoked first; hence checkout task
dependent on the login task.

Different rules may be applied to recognize a commo
relation. We select unique task relations. Figush@ws the
resource relations identified among different taiska web
application. For simplicity, we removed the reverskation
in figure 7. Figure 7 shows some hierarchical refet as
well. In hierarchical relation the parent task Hhas be
complete to perform child task. The register nodenot be
reached directly from the index nodegin node points to



the register resource, and forgotpassword resource. we selected web applications that already have segweb
Similarly, one can only reach a review state frone t services. Selecting the web application with exdose
product or dNewproducts resource. services make task selection easier for our casky.siWe
consider each resource as a task and compare the
effectiveness of our approach. More specificallg, aim at
accessing (1) the effectiveness of our approachxtoact

task from a web application with correct input amaput
parameters, and (2) the effectiveness of our apprda
identify task relations. In the following subsectiowe
discuss the case study in more detalil.

register categories listprdducts search

contac Newproducts 5.1 Data Collection
We randomly choose 21 web applications from five
Legend different domainsi(e., finance, weather, ecommerce, book
8 Type | resource and travel). We make sure there are services fgetlweb
Type Il resource updatetoCart applications. Having services allow us to extragks as
Checkout . . . L
O Type Il resource ChangeShipping those described in the service description docusndrable
Address Il lists the domains and the number of web sitdscsed to

. . assess our approach
Figure 7: Task relations extracted from a web PP

application in E-commerce domain Table Il: Domain and number of web applications usd

We have extracted a task and task relations. Figusieows in the case study
a visual representation of a product search taskask is Domain m Example web applicatior
denoted by a URL, HTTP method, HTTP hegder_s, NPUtEiance 4 | http://www.exchangerate.com
parameters, output parameters, and task relatids.liFor
simplicity in Figure 8, we show only the task narmgut Weather 3 | http://www.theweathernetwork.com
parameters, output parameters, and tasks relations. Ecommerce 6 | http://ebay.com
Book 5 | http://www.freebooksearch.net/
Travel 3 | http://www.expedia.ca/Flights

E-commerce Search

Search Text . ) . o
We use our Firefox plugin tool as discussed in iBect to

Cat Task -
atecont - askname extract tasks from web applications and represéet t
Input Manufacturersf]  FHO%HETE extracted tasks as RESTful services. The plugin tso
Parameters Price From Procuct | designed to assist users in identifying tasks. rfeigB(a)
Price To Manufacturer shows an annotated screenshot of the initial amal &tates
Date From Price | of a task. Figure 3(b) helps a user to annotatesaurce

I

I

I

I

|

I Date To Category I Output representatioln. Figure 6 shows a screep—shot vIdnemer

‘ mage I Parameter: Selects a region of an HTML representation andfiesrihe
I

name of the output elements.
Description

A user can verify all the identified resources hsven in
Related Figure 9 and generate a Web Application Description

links Language (WADL) file as shown in Figure 10. WADL
describes the task extract long with input and wutp
parameters. WADL helps machine to machine integnati
The tool is directly connected with the Firefox dSeript
engine. Code fragments specific to some browsers, (
Internet Explorer, Opera, and Safari) are not extich We
execute web applications to record the executigs land
In this section, we discuss our case study to etalthe the annotated information. The plugin tool extreetsks as
effectiveness of our proposed approach to extesbtst and ~ RESTful services and identifies the relation amdiffgrent
task relations from a web application. For thisecatudy,  tasks.

Figure 8: A task showing input parameters, output
parameters and related links

5. Case study
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wrername L sername 1o logn the | |Product_List Lm:r::;;u b'“d_m user's
1 egia Productinio POST
Unaquely identifies the Code amached for funme
| h: product Access_Code request for resowrces —
|| | _ 1) (2)
?ﬂ.‘ﬂ_\'_.‘m Name of the category | Category_Mame Name of the category
WAccess code recened :
1 catalog categories | Categoryinio GET L login rescurse Category_Description |Dﬂ'2‘~‘m of the category .
e84 '
- pequest [boopaon for | o  List_URL URL to get the kst of products
| thes resource om a category
Product_ID [Uniquely e Product_Name I.\?ne- of the product
product
Product_Price Price of the product
L] catalog productinfo | Productinio GET l’“'—’"::: 'm':d Lntﬁr
Access_Code ' Product_ Manulacture w
request [ts option fior o
rh resouce Py 1 ID of the prod

Generate WSDL @

Figure 9: An annotated GUI used to verify the tasksdentified

= ow

<grammars>
<include href="0sCommerce.xad"/>
<include href="Error.xad"/>
</grAmmATS >
<Iesgurces base="http://api.localhoat:80Bl/cacommerce/V1/ ">
<resource path="ProductInfo™>
<method name="GEI"™ >
<requUest>
<param name="product id" types"xad:string” required="true"/>
<param name="currency" type="xsd:string™ default="U5"/>
<option wvalue="US"/>
<option value="EORO"/>
</param>
</ requeats
<response>
<representation mediaType="application/xml"™ element«"ProductInfo”/>|

<fault status="400" mediaType="applicalicaveny™ €l ement="Error”/>

</response>
el
</method> | ye:complexType names"EroductInfo™>
ree <Xa:sequence
<xs:element name="product_name" type="xs:string™ >
<¥z:documentaticn>Name of the product</xs:documentation>
</xa:element>
<xs:element name="product price™ type="xs:string”™ >
<¥a:documentacion>Price of the product</xs:documentation
</X8:elamenty
</ X3:sequencer
</Xs:complexType>

Figure 10: A WADL file generated by clicking “Generate WADL” in figure 8

Copyright © 200x Inderscience Enterprises Ltd.
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5.2 Evaluation criteria

We measure the quality of our approach using picecend
recall. We discuss the evaluation criteria in gib-section.

A. Evaluate the quality of tasks extracted from a web
application

We evaluate the effectiveness of our approach ¢ntity
and extract tasks without any prior knowledge oiveb
application by examining if our approach can cdiyec
identify the input and the output parameters fdask. As
defined in Equation (3), the precision evaluatesaiify
irrelevant input and output of tasks are misidéedif Recall
is a measure of completeness. As specified in kauéd),
the recall evaluates whether our approach can atbyre
identify all necessary input and output of taskshaut
omissions. We use both metrics to evaluate ourcambr.

i HRIN{RGY
precision = —

©)

_ R n{ry}|
recall = —I{Rj}l

4)

Where {R;}the number of input and output parameters
identified by our approach; {R;} is the total number of input
and output parameters and {R;} N {R;} is the number of
correctly identified input and output parameters.

B. Evaluate the quality of identified task relations

We evaluate the effectiveness of our approach toaex
task relations among identified
application. As defined in Equation (3) and Equatid),
the precision evaluates if there is any irrelevaask
relations, while the recall evaluates whether gupraach
can correctly identify all necessary task relatioAs In
Equation (3) and (4){R;}is the number of task relations
that are correctly identified by our approagh;} is the total
number of task relations that are manually verifiasl
correct; and {R;} n{R;} is the number of correctly
identified task relations in a web application. \&eercise
each web application individually and create adfetasks
containing all the tasks that can be achieved ugiegwveb
application. The set also contains relations betwte

tasks (e, correct sets from Equation (3) and (4)). We

manually verified the correctness of all tasks aadk
relations that were generated during the data ctalle
phase.

5.3 Analysis of Results

In this subsection, we present and discuss thdtrekthe
case studies.

Copyright © 200x Inderscience Enterprises Ltd.
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A. Evaluate the quality of tasks extracted from a web
application

To identify if our approach can correctly extraatks, we
annotated different tasks in each of the web agfidin
shown in Table Il. Table Il lists the average namiof
tasks extracted by our approach. We find the etddac
resources containing all the three kinds of ressirge.,
Type 1, Type 2 and Type 3). Table Il lists theules
showing the effectiveness of the proposed approach
identifying the input and output parameters. Ouprapch
achieves a satisfactory performancee.( above 80%
precision) on identifying the input/output of aka$he high

recall {.e.,, above 95%) shows that our approach can recover

most of the input/output parameters.

Table I1I: Result of Identifying Input/Output for T asks

#Average| #Average
Domain task input & Precision Recall
Identified output
Finance 10 24 80% 939
Weathe 3 6 100% 100%
Ecommerc 12 58 78% 95%
Book 8 74 81% 92%
Trave 12 82 79% 96%

tasks from a webp.

Our approach misidentified some of the input antpotu
element labels because of the complex layout arstiede
structures of web forms and the response pagese §bthe
input elements have default values without havimy a
descriptive text. Similarly, the use of graphic gea instead
of text hinders the identification of the descuptiof an
element.

Evaluate the quality of identified task relations

Figure 6 shows the task relations identified amdifigrent
tasks in a web application from the e-commerce doma
Table IV lists the result showing the effectivene$sour
approach in identifying task relations. Indeed, approach
has a satisfactory performandes( above 80% precision)
on identifying resource relations. The high recéle.,
100%) shows that our approach can recover all resou
relations.

Table IV: Result of Identifying Task Relations

#Average task
Domain Relationsina | Precision | Recall
Domain
Finance 7 85% 100%
Weather 2 100% 100%
Ecommerce 10 78% 100%0
Book 8 7% 100%
Travel 7 82% 100%




Using our approach, a developer can extract sesvizen
web applications that have not exposed web serviaed
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Our work understands a web application by analyslient

side code. There are two tools that facilitate the

also from web applications whose source code is notunderstanding of dynamic web page behaviours: Scrip

available.

5.4 Threatsfor validity

The main threat that could affect the generaliratié the
presented results relates to the number of wehicapipins
analysed. We have analysed 21 web applications fro
different domains. Nevertheless, further validatiminour
approach requires an analysis of a larger set of we
applications. We are aware that our approach depend
the tasks selected by a developer. It might bectise that
all the tasks have not been selected. Thereforampmoach
can miss tasks and task relations.

6. Related work

In this section, we discuss migration approachesvéb
application and web application analysis approaches

Service-oriented architecture (SOA) migration is an
architectural migration from any non-SOA system &o
system that follows the service-oriented architectu
principles, in order to achieve a new maintainadevice
oriented architecture implementation of the systérhe
major benefits of adopting service oriented architee as a
design framework is the ability to realize rapididow-cost
system development, to improve overall system guaiind
to better enable integration with other systemsve&d
studies in the literature have focused on the probbf
migrating traditional legacy systems to web sevideewis
et al. [5] discuss a migration technique called the Servi

InSight [6] and FireCrystal [4]. Script InSight pslto relate

the elements in the browser with the lower-levelkyBtax.

It uses the information gathered during the saigtecution

to build a dynamic, context-sensitive, control flamodel

that summarises tracing information. FireCrystalilfates

the understanding of interactive behaviours in dyicaveb
ages by recording interactions and logging infdroma
bout DOM changes, user input events, and JS émasut

After the recording phase, a user can use an @gadime-

line to see the code that is of interest for thetipaar

behaviour. Compared to our approach, they make no

attempt to track data dependencies between differen

resources and are limited to understanding the .code

However, we use this information to extract taséentify

relations among tasks and then wrap tasks as ssrvic

7. Conclusion

In this paper, we present a meta-model to reprdasks as
RESTful services. We propose a semi-automatic ambro
to extract RESTful services from Web applicatiofur
approach migrates reusable tasks extracted from web
applications towards RESTful services. We analylsantc
side web wuser interfaces and HTML representation
developed with a combination of JavaScript, HTMLdan
CSS code. Our approach only requires client-sidke aif a
web applications and do not depend on the serdercide.
We identify required resources for the tasks fronebwW
application. We find that our approach can identify
input/output parameters related to tasks with hggtision
and recall. More specifically, our approach has 866

Oriented Migration and Reuse Technique (SMART). The precision and 90% of recall when identifying inputut
SMART technique helps organizations analyse legacyparameters for tasks. Similarly, 86% of precisiod 400%

systems to decide whether their functionalities dan
reasonably exposed as services
architecture. In our approach, a user can use raefr@rk
like SMART to identify the tasks to migrate.

of recall are achieved when extracting task refetioOur

in a service-oientework can help to integrate different functionalftpm web

applications that have not been exposed as Weltesrv

In the future, we plan to extend our approach fupsu the

Sneecdkt al. [16] discuss a tool-supported method for legacy extraction of tasks and their relations from weplaations

code written in COBOL and wrapped behind an XMLIkhe
allowing individual functions within the programs be
offered as web services to any external user. batset al.
[2] present a framework named H2W, which can bel use
construct web service wrappers for existing, mpéged
web applications. H2Ws contribution is mainly is #ervice
extraction step. The authors propose a page-tiamdiased
decomposition model and a page access abstractoielm
with context propagation. Similar to Tatsubeti al. [2]
approach, our approach extracts services analylsanglient
representation. However, our approach represetdaskaas
RESTful services with the state transition. Aimesat al.
[7] present an approach to migrate web applicatitons
web service. Unlike our approach, Almonagesl. [7] uses
analysing the server side code to extract service.

that use Silverlight or Flash.
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