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MotivationMotivation

Growing interest is currently being devoted to Service Oriented Growing interest is currently being devoted to Service Oriented 
ArchitecturesArchitectures

IDC estimates that worldwide spending on Web servicesIDC estimates that worldwide spending on Web services--based software based software 
projects will reach $11 billion by 2008, compared to $1.1 billioprojects will reach $11 billion by 2008, compared to $1.1 billion in 2003 n in 2003 
((Neal Leavitt, IEEE Computer, Neal Leavitt, IEEE Computer, NovemberNovember 20042004))

Possible approaches for obtaining Web ServicesPossible approaches for obtaining Web Services
Developing them from scratchDeveloping them from scratch
Reusing existing softwareReusing existing software

Legacy Systems pervade fundamental productive activities: Legacy Systems pervade fundamental productive activities: 
Public administration, bank, tourism, customer relationships, …Public administration, bank, tourism, customer relationships, …

A relevant issue: migrating legacy system functionalities towardA relevant issue: migrating legacy system functionalities toward
Web Services Web Services 
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Three basic questions …Three basic questions …

1.1. What to expose as a Web Service?What to expose as a Web Service?
2.2. When the migration is convenient?When the migration is convenient?

G. Lewis, E. Morris and D. Smith have approached this question G. Lewis, E. Morris and D. Smith have approached this question 
in the yesterday tutorial and in the previous talk …in the yesterday tutorial and in the previous talk …
S. Tilley, J. S. Tilley, J. GerdesGerdes, T. Hamilton, S. Huang, H. Muller, K. Wong , T. Hamilton, S. Huang, H. Muller, K. Wong 
also outline the challenges inherent in migrating to Web servicealso outline the challenges inherent in migrating to Web servicess

3.3. Which approaches for the migration?Which approaches for the migration?
Sneed and Sneed present a tool supported process to make Sneed and Sneed present a tool supported process to make 
accessible selected sections of legacy code as Web Services;accessible selected sections of legacy code as Web Services;
E. Stroulia, M. ElE. Stroulia, M. El--Ramly, P. Sorenson Ramly, P. Sorenson propose methods based on propose methods based on 
the analysis of screen features and on the tracing of user the analysis of screen features and on the tracing of user 
interactions to reverse engineering interfaces of an interactiveinteractions to reverse engineering interfaces of an interactive
legacy system in order to support the migrationlegacy system in order to support the migration

A specific problem: 
the migration of interactive legacy system functionalities 

toward Web Services
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Form based Interactive Systems

Users query the system by inputting 
data and sending commands, by 
interacting with the user interface.

System answers by producing a 
response screen, containing output 
values and new input fields and 
command buttons

Web Services

A Client party invokes a 
service implemented by a 
provider party, using a request 
message. 

The provider processes the 
request and sends a response 
message with the obtained 
results. 

Comparing Interaction paradigms…

Which approaches for the migration?

Req

Resp

Wrapping
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The WrapperThe Wrapper

The goal of the wrapper is to drive the legacy system during theThe goal of the wrapper is to drive the legacy system during the
execution of each possible interaction scenario associated with execution of each possible interaction scenario associated with 
the use case to migrate, by providing it with the needed flow ofthe use case to migrate, by providing it with the needed flow of
data and commands. data and commands. 
The wrapped legacy system use case is accessible as a Web The wrapped legacy system use case is accessible as a Web 
ServiceService

Legacy System
Wrapper

Application Server

Web 
Service 
Request

Web 
Service 

Response
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A key requirement of the WrapperA key requirement of the Wrapper

The wrapper must be reusable for migrating different The wrapper must be reusable for migrating different 
use cases, so… use cases, so… 

The wrapper behavior requested for each use case will The wrapper behavior requested for each use case will 
not be embedded in the wrapper…not be embedded in the wrapper…

But it will be separately specified for each use case But it will be separately specified for each use case 

A key question: obtaining for each use case a complete  A key question: obtaining for each use case a complete  
model of the interaction between the legacy system and model of the interaction between the legacy system and 
the user the user 

A Reverse engineering problem!A Reverse engineering problem!
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Modelling Interactions between User Modelling Interactions between User 
and Legacy Systemand Legacy System

Input: /

Input: 3

Input: 4

Input: Quit
An example: a scenario from the 
“Division” use case of a legacy 
calculator program
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The Model of the InteractionThe Model of the Interaction

A Finite State Automaton FSA= (S, T, A, Sin, A Finite State Automaton FSA= (S, T, A, Sin, SfinSfin) ) 
where:where:

S is the set of S is the set of Interaction StatesInteraction States, , 
A is the set of A is the set of ActionsActions performed by the user when an performed by the user when an 
Interaction State occurs, Interaction State occurs, 
T is the set of T is the set of TransitionsTransitions between states, between states, 
Sin and Sin and SfinSfin are the are the InitialInitial and and FinalFinal statesstates of the interaction.of the interaction.

Result
Second
Operand
Request

Menu
First 
Operand
Request

+ A1 A2
Menu

quit

Interaction States Transitions Actions
Initial State Final State
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A problemA problem

What the next State?What the next State?

Access 
Permitted

Access 
Denied

Password 
Request

Login 
Request

Login
Password ?

The next state depends on the internal logic or on the internal The next state depends on the internal logic or on the internal state of state of 
the legacy system. the legacy system. 

Password

Password

A solution: A solution: Non Non DeterministicDeterministic Finite State Finite State AutomataAutomata
a Non Deterministic Finite State Automaton (NFA) is a a Non Deterministic Finite State Automaton (NFA) is a 

finite state machine where for each pair of state and finite state machine where for each pair of state and 
input symbol there may be several possible next statesinput symbol there may be several possible next states
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Another Wrapper RequirementAnother Wrapper Requirement

The wrapper must know the list of the possible Next States of a The wrapper must know the list of the possible Next States of a given Stategiven State
Possible successors of Possible successors of Password Request Password Request State are State are Access PermittedAccess Permitted and and 
Access Denied Access Denied statesstates

The wrapper must be able to identify the current state on the baThe wrapper must be able to identify the current state on the basis of the sis of the 
returned screenreturned screen

Wrapper must discriminate among Wrapper must discriminate among Access PermittedAccess Permitted screen and screen and Access DeniedAccess Denied
screenscreen

Access 
Permitted

Access 
Denied

Password 
Request

Login 
Request

Login

Password

Same Action, but different Transitions!

Password
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Screen TemplatesScreen Templates

Fixed Location

x
y

Label

Regular Expression

Output Field

Value

Input Field

Value

Relative Location

offset x
offset y

Field

optional1

*

1

*

Location *1 *1 Screen Template

size

**

1 *1 *

Initial Cursor Position

A description of Legacy Screen is needed for the identificationA description of Legacy Screen is needed for the identification: : Screen Screen 
TemplatesTemplates

A Screen Template is a collection of A Screen Template is a collection of FieldsFields::
LabelsLabels;;
InputInput FieldsFields;;
OutputOutput FieldsFields;;

Each field has a Each field has a LocationLocation on the Screen. Location may be defined as a:on the Screen. Location may be defined as a:
FixedFixed LocationLocation, i.e. coordinates of the field;, i.e. coordinates of the field;
Relative LocationRelative Location, i.e. distance from another field., i.e. distance from another field.
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Characterising Interaction StatesCharacterising Interaction States

An Interaction State is characterised by a An Interaction State is characterised by a 
Screen Template and a set of actions to Screen Template and a set of actions to 
perform on its fields, causing transitions to perform on its fields, causing transitions to 
other Interaction Statesother Interaction States

Set Input Field

Value

Get Output Field

Value

Submit

Command

Screen Template

User ActionInteraction State

*

1

*

1

*

*

+from
*

Transi tion

+to

*
1..*1 1..*1

User Actions may be:User Actions may be:
Set Input Field ActionsSet Input Field Actions
Get Output Field ActionsGet Output Field Actions
Submit Command ActionsSubmit Command Actions
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Wrapper ArchitectureWrapper Architecture

Legacy 
System

Terminal 
Emulator

Automaton 
Engine

State 
Identifier FSA 

Description 
Document

Wrapper

Web Service 
Request

Application Server

Legacy Screen, 
Current State

Identified 
Interaction State

Actions
Legacy Screen

Screen 
Template 

Description

Web Service 
Response

Legacy 
System

Terminal 
Emulator

Automaton 
Engine

State 
Identifier FSA 

Description 
Document

FSA 
Description 
Document

Wrapper

Web Service 
Request

Application Server

Legacy Screen, 
Current State

Identified 
Interaction State

Actions
Legacy Screen

Screen 
Template 

Description

Web Service 
Response
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Terminal EmulatorTerminal Emulator

The Terminal Emulator component is responsible The Terminal Emulator component is responsible 
for the dialogue between the Wrapper and the for the dialogue between the Wrapper and the 
Legacy System terminalLegacy System terminal

Different implementations of the Terminal Emulator Different implementations of the Terminal Emulator 
are needed for different Legacy System Terminalsare needed for different Legacy System Terminals

Stream Oriented terminals;Stream Oriented terminals;
Block oriented terminals;Block oriented terminals;
Web Applications.Web Applications.

Legacy 
System

Terminal 
Emulator

Automaton 
Engine

Actions
Legacy Screen

Legacy 
System

Terminal 
Emulator

Automaton 
Engine

Actions
Legacy Screen
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State IdentifierState Identifier

It has to It has to match thematch the current screen of the legacy system with the current screen of the legacy system with the 
Screen Templates associated with potentially reachable Screen Templates associated with potentially reachable 
Interaction States Interaction States 
The Screen Templates descriptions are part of the Automaton The Screen Templates descriptions are part of the Automaton 
Description DocumentDescription Document

Moreover, the State Identifier Moreover, the State Identifier 
localises Labelslocalises Labels
localises Input Fields localises Input Fields 
Localises Output Fields and read their valuesLocalises Output Fields and read their values

Automaton 
Engine

State 
Identifier FSA 

Description 
Document

Legacy Screen, 
Current State

Screen 
Template 

Description

Automaton 
Engine

State 
Identifier FSA 

Description 
Document

FSA 
Description 
Document

Legacy Screen, 
Current State

Screen 
Template 

Description

The State Identifier The State Identifier 
component is responsible component is responsible 
for the identification of for the identification of 
the Interaction State the Interaction State 
reached by the Legacy reached by the Legacy 
SystemSystem
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Automaton EngineAutomaton Engine

The Automaton Engine is responsible for interpreting the FSA The Automaton Engine is responsible for interpreting the FSA 
associated with a given service offered by the legacy system. Itassociated with a given service offered by the legacy system. It: : 

Sends commands to and receives screens from the Terminal EmulatoSends commands to and receives screens from the Terminal Emulatorr
Queries the State Identifier about the identification of the CurQueries the State Identifier about the identification of the Current rent 
Interaction StateInteraction State
Interprets the request message received from the application serInterprets the request message received from the application serverver
Builds the response message and sends it to the application servBuilds the response message and sends it to the application serverer
Manages Automaton Variables (i.e. temporary variables needed to Manages Automaton Variables (i.e. temporary variables needed to save save 
intermediate results of the execution of the Automaton)intermediate results of the execution of the Automaton)

Final Activity

do/ Build Response Message

Interpretation Activity

do/ Get Output Field Values
do/ Set/Update Automaton Variables
do/ Set Input Field Values
do/ Submit Transition Command
event Legacy Screen Returned/ Get Legacy Screen
do/ Identify Current Interaction State

Current Interaction 
State = Final State

NOT (Current Interaction State = Final State)

Start Activity

do/ Get Request Message
do/ Init Automaton Variables
do/ Start Legacy System
event Legacy Screen Returned/ Get Legacy Screen
do/ Identify Current Interaction State
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Finite State Automaton Description DocumentFinite State Automaton Description Document

Label

Regular Expression

Request

Response

Ini t Action

1

1

1

1

Get
Build Response Action

1

1

1

1
Build

Output Field Input Field

Automaton Variable

*

1

*

1

Set

*1 *1 Get

Relative Location

offset x
offset y

Get Output 
Field Action

** **

Get

Set Input Field 
Action

Expression

1

*

1

*

Set

*

*

*

*
Get

Set/Update Automaton 
Variable Action

Expression

1

*

1

*
Set/Update

Submit Command 
Action

Command

Interaction State

*

1

*

1

*
*+from

*

Transition
+to

*

*

1

*

1

*

1

*

1

1

1

1

1

Field

*

1

*

1

Screen Template
**

* 1* 1

Location

1

*

1

*
*

1

*

1

Initial Cursor Posi tion

Fixed Location

x
y

<<automaautoma>>
<<automaautoma--states>states>

….….

<state id="<state id="go_to_headergo_to_header" " 
type="type="automaautoma" " 
screen="screen="PineGoToHeaderScreenPineGoToHeaderScreen">">

<description>State <description>State 
</description></description>
<layout><layout>
<location x="1" y="2"/><location x="1" y="2"/>
<size width="8" height="2"/><size width="8" height="2"/>

</layout></layout>
<actions><actions>

<set<set--fieldsfields--action>action>
<field ref="prompt"><field ref="prompt">

<data ref="/root/header"/><data ref="/root/header"/>
</field></field>

</set</set--fieldsfields--action>action>
</actions></actions>
<next<next--states>states>

<next<next--state ref="state ref="bad_headerbad_header">">
</next</next--state>state>

<next<next--state ref="header">state ref="header">
</next</next--state>state>
</next</next--states>states>
</state></state>

<screen id="<screen id="GoToHeaderGoToHeader">">
<size width="80" height="25"/><size width="80" height="25"/>
<simple<simple--field id="field id="GoToHeaderIdGoToHeaderId" " 

optional="false" input="false">optional="false" input="false">
<fixed<fixed--location>location>

<point x="0" y="22"/><point x="0" y="22"/>
</fixed</fixed--location>location>
<content pattern="Message number to <content pattern="Message number to 

jump to" length="25"/>jump to" length="25"/>
</simple</simple--field>field>
<simple<simple--field id="prompt" optional="true" field id="prompt" optional="true" 

input="true">input="true">
<fixed<fixed--location>location>

<point x="25" y="22"/><point x="25" y="22"/>
</fixed</fixed--location>location>

<content pattern="" length="5"/><content pattern="" length="5"/>
<focus order="1"><focus order="1">

<advance<advance--key id="ENTER"/>key id="ENTER"/>
</focus></focus>

</simple</simple--field>field>
<caret<caret--location>location>

<fixed<fixed--location>location>
<point x="28" y="22"/><point x="28" y="22"/>

</fixed</fixed--location>location>
</caret</caret--location>location>

</screen></screen>

……

</</automaautoma--states>states>
</</automaautoma>>Automaton Description 

Document UML model
An excerpt of an Automaton 

Description Document
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A Case studyA Case study

A migration case study has been carried out A migration case study has been carried out 
according to a process including the following according to a process including the following 
phases:phases:

IdentificationIdentification, i.e. reverse engineering of the , i.e. reverse engineering of the 
interaction model;interaction model;
DesignDesign, i.e. defining the FSA describing the Wrapper , i.e. defining the FSA describing the Wrapper 
behaviour;behaviour;
ImplementationImplementation, i.e. realisation of the XML FSA , i.e. realisation of the XML FSA 
Description Document;Description Document;
Web service deployWeb service deploy, i.e. deployment of the wrapper in , i.e. deployment of the wrapper in 
the context of an application server;the context of an application server;
ValidationValidation, i.e. testing of the scenarios of the , i.e. testing of the scenarios of the 
migrated use casemigrated use case



1919

A Case StudyA Case Study

Legacy system: Pine (Legacy system: Pine (verver. 4.64) . 4.64) 
client mail software, that allows a user to read, compose and client mail software, that allows a user to read, compose and 
manage emanage e--mail messages from an existing message box.mail messages from an existing message box.

Pine is a form based legacy system based on Pine is a form based legacy system based on stream stream 
orientedoriented terminals. terminals. 

Usually, Pine is accessible via the Telnet protocol. Usually, Pine is accessible via the Telnet protocol. 
We submitted to the migration process the We submitted to the migration process the Get MessageGet Message
use case that allows the owner of a mailbox to get the use case that allows the owner of a mailbox to get the 
text of a specific etext of a specific e--mail message contained in a specific mail message contained in a specific 
mailbox folder. mailbox folder. 

Use case: Get Message

Preconditions

Input

Output

Postconditions

None

Login, Password, Folder, Message Number

Date, From, To, cc, Subject, Body, Exception

None
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The Automaton: graphical viewThe Automaton: graphical view

Authentication
Menu (Ask Login)

Authentication Menu 
(Ask Password)

Authentication
Menu (Incorrect

Password)

Main
Menu Go To Folder

Folder Not
Found

Empty Folder

Folder Open Go To Message

Bad Message
Number Header

Folder Open 
(Bad Message

Number)

Exit Confirm
(Folder Not

Found) Exit Confirm
(Empty Folder)

Exit Confirm
(Read Message)

Exit Confirm
(Bad Message

Number)

Message First 
Page

Message Mid
PageMessage End

Main Menu (User
not admitted)

Exit Confirm
(User not
admitted)

Login Password

Password

<Control>C

Folder

Mess.Numb.Mess.Numb.

<space>

<space>

<space><space>

<enter>q

q

q

q

q

y

y

y

y

y

g j

>

Folder
Folder

1 2

3

4 5

6 7

8 9

1210

11 13

1415

16

17

18

19

20

21

7 different scenarios:
1) One Page Message Read
2) Two Pages Message Read

7) Incorrect Password

3) More than two Pages Message Read
4) Bad Message Number
5) Empty Folder
6) Folder Not Found
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The Automaton: a tabular specificationThe Automaton: a tabular specification
 

Interactio
n State ID 

Interaction State Description Actions Submit 
Command 

Next 
State  

START  Init (Login, Password, Folder, Message Number) 1 
1 Authentication Menu (Ask Login) Set Input Field: Login <Enter> 2 
2 Authentication Menu (Ask 

Password) 
Set Input Field: Password <Enter> 3,4 

3 Authentication Menu (Incorrect 
Password) 

Set Automaton Variable: Exception = “Incorrect Login and 
Password” 

<Control>C 16 

4 Main Menu   g 5 
5 Go To Folder Set Input Field: Folder <Enter> 6,7,8 
6 Folder Not Found Set Automaton Variable: Exception = “Folder not found” q 17 
7 Empty Folder Set Automaton Variable: Exception = “No messages in the folder” q 18 
8 Folder Open   j 9 
9 Go To Message Set Input Field: Message Number <Enter> 10,12 
10 Bad Message Number Set Automaton Variable: Exception = “Incorrect Message Number” <Enter> 11 
11 Folder Open (Message not found)  q 19 
12 Header  > 13 
13 Message First Page Get Output Fields: (Date, From, To, Cc, subject,, Body); 

Set Automaton Variables: (Output: (Date, From, To, Cc, subject, 
Body)) 

<Space> 14,15 

14 Message Mid Page Get Output Field: Body  
Update Automaton Variable: Body = Body + Output:Body 

<Space> 14,15 

15 Message End Get Output Field: Body  
Update Automaton Variable: Body = Body + Output:Body 

q 20 

16 Main Menu (User not admitted)  q 21 
17 Exit Confirm (Folder Not Found)  y END 
18 Exit Confirm (Empty Folder)  y END 
19 Exit Confirm (No Message)  y END 
20 Exit Confirm (Read Message)  y END 
21 Exit Confirm (User not admitted)  y END 
END  Build Response: (Date, From, To, Cc, Subject, Body, Exception) 

 



2222

Testing StrategyTesting Strategy

A Test Suite comprehending 7 Test Cases had 
been selected in order to cover the 7 linear 
independent paths individuated on the FSA

S-1-2-3-16-17-EIncorrect Password7
S-1-2-4-5-6-17-EFolder Not Found6
S-1-2-4-5-7-18-EEmpty Folder5
S-1-2-4-5-8-9-10-11-19-EBad Message Number4

S-1-2-4-5-8-9-12-13-14-14-15-16-21-EMore Than Two Pages Message Read3

S-1-2-4-5-6-9-12-13-14-15-20-ETwo Pages Message Read2
S-1-2-4-5-8-9-12-13-15-20-EOne Page Message Read1

Interaction State SequenceTC DescriptionTC#

We noticed that all the 7 scenarios of the 
migrated use case had been covered by the 
selected Test Suite
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ConclusionsConclusions

A method and a tool supporting the wrapping of A method and a tool supporting the wrapping of 
interactive legacy system have been presentedinteractive legacy system have been presented
A preliminary experiment showed the A preliminary experiment showed the 
effectiveness of the approacheffectiveness of the approach

A more detailed description of the potentialities of the A more detailed description of the potentialities of the 
tool and of the experiment that have been carried out tool and of the experiment that have been carried out 
will be presented in the Tool Demo Session after the will be presented in the Tool Demo Session after the 
lunch!lunch!

Many ideas for future works arises …Many ideas for future works arises …
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Open problems and future worksOpen problems and future works

Definition of criteria for identifying Definition of criteria for identifying migrablemigrable use casesuse cases
Exploring the feasibility of the approach for the migration of Exploring the feasibility of the approach for the migration of 
different categories of legacy systems:different categories of legacy systems:

Legacy system using block oriented terminalsLegacy system using block oriented terminals
Legacy Web ApplicationsLegacy Web Applications

Defining and validating reverse engineering approaches  for Defining and validating reverse engineering approaches  for 
obtaining the FSA specification (in particular Screen Template obtaining the FSA specification (in particular Screen Template 
description)description)

Concept Analysis approachesConcept Analysis approaches
Feature Selection approachesFeature Selection approaches

Exploring the scalability of the approach for more complex Exploring the scalability of the approach for more complex 
functionalities to migratefunctionalities to migrate

Identification of elementary functionalities to be migratedIdentification of elementary functionalities to be migrated
Orchestration of migrated functionalities obtaining complex servOrchestration of migrated functionalities obtaining complex servicesices
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