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Outline

v What is “Automated” Software Engineering?

v Some recent ASE research @ UoA:
o Meta-tools

o Performance engineering via test-bed generation

o Component discovery/integration/validation

o Collaborative work

o Adaptive user interfaces

o Software architectures to support this stuff

v Conclusions
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Automated Software Engineering

v Generative – try and generate code from high-level, abstract 
descriptions (models)

v Component-based – “build applications from bits” approach; 
ultimately “autonomous agents” composition

v Adaptive – components/agents discover environment and adapt 
to the circumstances they find themselves in

v Dynamic – ideally can do the above at run-time while the 
software is in use

v Formalisms necessary – specifications we can reason with; 
generate code from; verify vs validate models/code
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Why?

v Code is too low-level for tasks we want it for – who wants to write 
code anyway?

v Engineering is about building models of problems/products – can we 
have models higher level than code? If so, can do much more with 
them than with program code...

v Can generate huge code base from small abstract models (if all goes to 
plan...)

v Some successes – domain-specific languages; IDEs; 4GLs; rapid 
prototyping tools; CASE/CAD tools; hardware synthesis

v Still lacking sufficient formal models for practical use

v Validation/verification become crucial issues

v Can get emergent behaviours esp. with agent-based systems
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Examples from our work

v Pounamu (a meta-CASE tool):
o Specifying & evolving software tools

v Argo/MTE (a test-bed generator):
o Performance engineering via test bed code generation

v Aspect-oriented component engineering:
o Adaptive component-based systems
o Deployed component validation

v Adaptive user interfaces:
o E-whiteboard, PDAs, mobile phones etc.

v Some of our current/future directions...
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Meta-tools: Pounamu

v A meta-tool (tool for building tools…)

v Specify visual, multiple view “tools”/applications

v Framework provides for dynamic, run-time tool 
modifications

v Various plug-in extensions: web-based & mobile 
PDA/phone-based diagramming; collaborative work 
support; web services APIs; dynamic tool integration
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Pounamu example

 

Pounamu Meta-tool Application 

Modelling Tools Specification Tools 
 Shape Designer 

Meta-model 
Designer 

Event handler 
Designer 

View Designer 

Modelling Views 

 
 
 

Model Entity instances 

Tool Specifcations 
– XML documents 

Plug-ins 

Event 
Handlers 

Web Services 
APIs Tool specification 

projects (XML) 
Modelling 

projects (XML) 

HCC 2003
HCC 2004
AUIC 2005
ASWEC 2005
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Code generation: Argo/MTE

v For performance engineering – very difficult to 
estimate likely system performance during design

v Our approach: generate real performance test-bed 
(code etc) from software architecture model

v Run performance tests and visualise results

v Extension to ArgoUML open-source CASE tool
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Argo/MTE example
ASE 2001
SEKE 2004
ASE 2004
ASE J 2005

 

2. Model architecture 
designs (from 
requirements) 

1. Create Domain-
specific meta-

model(s) 

3.Generate XML 
(Extended XMI Format) 

4.Transform XML 
to test bed code, 
.BAT files etc 

5.Run performance 
analysis tests 

6.Visualise test 
results/modify 

architecture designs 

System 
Requirements 

Results DB 

Reusable 
Meta-models 

Extended 
XMI 

.java, .cpp, .bat, 

.war, … 

 
 

( 1 )  

(2 )  

(3 )  

( 4 )  

( 5 )  

( 6 )  
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Components: AOCE

v Software components = “build from bits” model

v Problem – understanding/characterising the 
components to use

v Our solution – apply aspect-oriented techniques to 
identify cross-cutting concerns to characterise

v Developed method, basic tool support

v Can apply at run-time for dynamic adaptation too
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1. AO-Specification 
and AO-Designs 

3. Deploy Web 
Services 

2. Implementation 
Using AOCE 

Fully Componentised 
Aspect-oriented Web 

services providers 

.Car Rentals WS 

Hotels Web Services 

Flights Web Services 
 

AO-
Adaptors 

AO-Client(s) 
Validation 

Agents 

AO-Servers 

AO-UDDI 

4. Register Web 
Services 

5. Discover Web 
Services 

6. Validate and 
Integrate Web 

Services 

AO-WSDL 

AOCE Examples

Event History

title:String
…
displayEvents()
addEvent()
removeEvent()
saveEvents()
loadEvents()
subscribeToEvent()
replayEvent()
linkComponents()
…
addEvent
removeEvent
changeTitle
…

<<User Interface Aspect>>
+view
+extensible affordances
[ -viewer ]

Process Stage

…
displayHistory()

<<User Interface Aspect>>
-event viewer

<<Collaborative Work Aspect>>
+replay received events
+generate events
-event/data broadcasting
- locking protocol
[ - version control support ]

<<Collaborative Work Aspect>>
- event generation
- event replaying
- encode data
+ event broadcasting
+ synchronous locking

<<Collaborative Work Aspect>>
+ version control support
- encode data

<<Persistency Aspect>>
+ store data
+ retrieve data
- encode data
- extensible affordance

<<Persistency Aspect>>
+ encode data
- store data
- retreive data

<<Configuration Aspect>>
+ PEM info
+ aspect info
- configuration tool

<<Configuration Aspect>>
- aspect info
+ visual component
configuration support

<<User Interface Aspect>>
- extensible affordance

Collaborative
Editing Comp

…
addMenu()
sendEvent()
receiveEvent()
connect()
close()
lockItem()
…

Version Control
Component

…
checkIn()
checkOut()

File Storage
Component

…
readData()
writeData()

Visual Agent
Specification

…
configureComps()

<<Aggregate User Interface Aspect>>
+view
[ +extensible affordance ]

<<Aggregate Collaborative Work Aspect>>
+replay received events
+event/data broadcasting
[-locking protocol ]

<<Aggregate Persistency Aspect>>
+ store data
+ retreive data
[ - index data ]

Component
Attributes
Methods
Events

<<Aspect Kind>>
+ provided detail
- required detail
[- optionally required ]

provides requires Aggregate aspects

 

SearchInterface 
 

BookingInterface 
 

 MakeBooking 
 

Middleware 
 

PaymentManager 
 

TravelItemsManager 
 

TransactionCo-ord 
 
 
 
+begin(): void 
+commit(): void Database 

 

Provides 

Requires 

Distribution 

Persistency 

Security 

Transaction 

User interface 

Aspect 
Annotations 

IJSEKE 2000
S-P&E 2002
NCWS 2003
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Component Validation

v How do we check deployed components meet their 
requirements?

v Our approach:
o Characterise component behavioural/non-functional requirements

o When deployed, inspect these characteristics

o Synthesise tests to check these constraints have been met

v Requires more detailed information about 
components at design/run-time
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Component Validation Example
ASE 2002
NCWS 2003
JSS 2004

 

Application Server 

Shopping Cart 
Manager 

ProductManager 

Order 
Manager 

Aspect XML 

Database API 

Persistency 
Validation Agent 

Test Data 

… 
<Aspect AspectName="Persistency"> 
      <Detail DetailName=”Store” DetailType=”StoreData” Provided=’true’> 
       <DetailProperties> 
         <DetailProperty DetailPropName=”StoreSpeed”  
 DetailType=” ResponseTime”> 
          <DetailPropType>Milliseconds</DetailPropType> 
          <DetailPropConstraint><Expr><LessThan>50</LessThan>… 
          <DetailTestMethods> 
             <DetailTestMethod MethodName=”ejbStore” 
                   MethodArgumentData=’ java:comp/env/ejb/staff_testdata’> 
      </DetailProperties> 
     </Detail> 
… 

Id=1234, date=… 
Id=1234, date=… 
… 

1 

3 
2 

setXYZ(…); setABC();… 
orderMan.ejbStore() 
setXYZ(…); setABC();… 
orderMan.ejbLoad() 
getXYZ(); getABC(); … 
… 
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Some of our current work

v Adaptive user interfaces for tools:
o Web browsers

o Mobile devices

o Sketching-based interfaces

v AOCE for web services

v Collaboration “agents”/components

v Visual languages/tools for integration

v DSLs for Data and notation translations
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Adaptive UIs
IwC 2002
HCC 2003
MUI 2003
IV 2003
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How achieved

 

(3) 

(5) 

(4) Pounamu Tool 

Views 

Model 

XML 

XML Model 
Converters 

Notation 
Converters 

XMI, X-ADL, 
CSV, etc formats 

Other software tools 
that draw their own 
visualisations… 

GXL, 
GraphML etc 

Tools supporting these 
exchange formats… 

CASE tool view 
data e.g. SoftArch 

CASE tools 

Rendering formats 
e.g. SVG, VRML 

Rendering 
and/or editing 

tools 

(1) 

(2) 

Converter 
Generators… 
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Extensible Software Tools

 

 

(2) 

(1) 

(3) 

IST 2000
S-P&E 2002
ASWEC 2005
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Web Services-extended 
AOCE

 
 

NCWS 2003
ASAW 2004
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Collaboration Components
S-P&E 2002
WoDiSEE 04

John

Mark
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 JEdit IDE 

Plug-in Manager 

WS Toolet Manager 
Plug-in 

JEdit File Editor 
API 

WS Toolet UI Panel  

JRef. Client 

CVS Client 

JLint Client JEdit File 
Manager API 

UDDI 
Registry 

JRefactor 
Toolset Service 

JRefactor 
Program 

(1) 

(6) (5) 

(4) 

(2) 

(7) 

(8) 

(9) 

Local Files 

Toolet files & 
parameters 

Toolet 
results 

(3) 

(previously registered) 

How achieved/achieving…

 

 
 
 
 
 
 
 
 
 
 

Pounamu meta-tool 

RMI 
APIs 

Collaborative 
Editing 

Components 

Web Services 

 
 
 
 
 
 
 
 

Pounamu meta-tool 

RMI 
APIs Collaborative 

Editing 
Components 

Web Services 

User A’s PC 

User B’s PC 

1 

2 

3 

4 

5 

User B’s 
Modelling Views 

User A’s 
Modelling Views 

<<Distribution>>

+ locate object

- object transf er

<<Persistency >>

+ store/retriev e

data

<<WebService>>
+locate service
AO-WSDL

<<Transaction

Processing>>

+ commitdata

+ rollback data

- lock data data

<<Distribution>>

+ locate object

- object transf er

<<Persistency >>

+ store/retriev e data

<<WebService>>
+services

<<Transaction

Processing>>

+ commitdata

+ rollback data

- lock data data

<<Distribution>>

+ locate object

- object transf er

<<Persistency >>

+ store/retriev e data

<<WebService>>
+services

Staf f  Trav el Planner Client

Discov ery  Agencies

(AO-UDDI)

Trav el Planner Database

Other Web

Serv ice Prov iders e.g.

Itenary Manager,

HotelsWebServ ice etc.

Prov ider Database

SQL

SOAP

Publish

SQL

SQL

Hotels

Serv ice Prov ider Serv er

SOAP

Publish Prov ider Database
SQL

Customer Trav el Planner Client

In
te

ra
c
t

SOAP

Find

SOAP
Interact

Serv ice Requester Application

HTTP

<<UI>>

+process v iews

-f orm/f rame

<<UI>>

+process v iews

-f orm/f rame

<<Persistency >>

+ store data

+retriev e data

- storage media

<<Persistency >>

+ store data

+retriev e data

- storage media

<<Persistency >>

+ store data

+retriev e data

- storage media

<<Security >>

+ authentication

- encode data

- decode data

<<WebService>>
-services
-locate service

AO-Adapter

AO-Post Filter

Validating

and Testing

agents
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Integration Visual Languages
HCC 2002
ASE 2004
JVLC 2004
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Conclusions

v Automated Software Engineering = generate/adapt software 
from high-level models

v Our work focuses on component-based system composition, 
synthesis of UIs, and architectural enhancements to assist these

v Promising results to date in these areas

v Future work includes more formal specifications of 
components; better tools to support 
composition/integration/synthesis

v Commercialisation of some of this research underway


