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O) Outline
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What is “Automated” Software Engineering?

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

Conclusions
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O0) Automated Software Engineering
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Generative — try and generate code from high-level, abstract
descriptions (models)

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

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

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

Formalisms necessary — specifications we can reason with;
generate code from; verify vs validate models/code
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O) Why?
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Code is too low-level for tasks we want it for — who wants to write
code anyway!?

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...

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

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

Still lacking sufficient formal models for practical use
Validation/verification become crucial issues

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

Pounamu (a meta-CASE tool):

o Specifying & evolving software tools

Argo/MTE (a test-bed generator):

o Performance engineering via test bed code generation

Aspect-oriented component engineering:
o Adaptive component-based systems

o Deployed component validation

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

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

The University of Auckland New Zealand

A meta-tool (tool for building tools...)
Specify visual, multiple view “tools”/applications

Framework provides for dynamic, run-time tool
modifications

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

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

The University of Auckland New Zealand

For performance engineering — very difficult to
estimate likely system performance during design

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

Run performance tests and visualise results

Extension to ArgoUML open-source CASE tool
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0) Argo/MTE example

ASE 2001
SEKE 2004
ASE 2004
ASE | 2005
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Edit wiew LCr isgram  Testbed ArchCollsborstion  Arrange G Lo Help

I SN (2] (=] =) O~ A ]S

<<Cliart>> <<FppSaryers>

Feadar Broker

aaaaaa HetPay sita0)|

(1)

< <Remote Dbjest > <<DEafserver]

Femote CustomertvEnager

<<RemoteObject >

Remote Ecoinhianager

dit Wiew Creste Diagram JTestbed ArchCollaboration Arrange Generstion Critique (oo/- Help

I HOd =] [2]5] [8]8] (& [ofo]olN ARSI

<<Client>>

Reader

accessNetPay SiteQ

<<rpparer

bisct>> i
RemstsObject -
Articlaintarface <<Remate Object>
EcainPage
a0 AticteGontero
.cin Logirn
a0 a0 Dizpiavo rarity Bcoing

[setectanicle DO
[setectaniclen

Y ' =

=3
< <Application Server> 3] é
| erokerserver
<<
[Remote

<<Remo(el:lb]ec!>> <<RemoteObject>>

CustomerReai: g

Buy EcoinPage|

registerCustomer() F—

repeatTime total
10 510
10 1990

doGenerateEcoind:

2

Evaluation Results

()]

200
................................................................... e
- 2
v : s 100
O e Architsstoral| string Marme=Reader
R £ E E 1= I A .
Hame Readsr
MetaType et K
Namespace MetPay o
none
none
none

S E Software
Engineering
‘ The University of Auckland

Cate 1
categony

| gister(): W doG in():

THE UNIVERSITY OF AUCKLAND

NEW ZEALAND




2004 |

O0) Components: AOCE

The University of Auckland New Zealand

Software components = “build from bits” model

Problem — understanding/characterising the
components to use

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

Developed method, basic tool support

Can apply at run-time for dynamic adaptation too
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O0) AOCE Examples
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<<Aggregate Collaborative Work Aspect>>
+replay received events
+event/data broadcasting
[-locking protocol ]

IJSEKE 2000
S-P&E 2002
NCWS 2003

_________________ = ———— . »
e kit . 1 <<Aggregate Persistency Aspect>> |
‘ i <<_Aggregate User Interface Aspect>> i E + store data !
; SearchInterface P BookinglInterface MakeBooking
| [

=l

-

title:String

y dlsplayEvengg(}rf

Event History

+view

-viewer |

Middleware

—\-s.'talsW

=== F

store data «g-——_ _
retreive data «g -

addEverygy,

removeBy_ent()
saveEv¢ms‘()~ d
loadEvknpst"__ ~~fo | .|
subscr\be'{/QEvenf(‘)\ | hf"‘: :
rep layEvew ..... r
llnkComponcmSQ)\

addEvent AN \\ B
removeEvent N

changg TravelltemsManager
and A(

Configuration Asp
EM info

+ aspect info ———————

- configuration tool g

~__°
~M - encode dal
- extensible

TransactionCo-ord

Database

Aspect Kind>>
ovided detail

quired detail
ptionally required ]

provides ———-P= requires

+begin(): void
+commit(): void

Software

Engineering

The University of Auckland

Process Stage
| _dEplayHistory() AO-
Adaptors
-
Collaborative
. Editing Comp
N te an
1 :gqmenu( ) a “7eb
f; Aspect
cp Annotations
cleo-.,
lobjddem() W
Provides J-Client(s)
Versior
\_\,\D Requires
chéckIn(,
_ checkOut() |
Dlstrlbutlon
File S
! Persistency E
» Security
= , Transaction er Web

N i ces
N .
- User interface
= ~coniIghr

THE UNIVERSITY OF AUCKLAND

NEW ZEALAND




O0) Component Validation
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How do we check deployed components meet their
requirements!’

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

Requires more detailed information about
components at design/run-time
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O) Component Validation Example

SOFTWARE ENGINEERING
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Application Server Test Data
ProductManager
ad Order
Shopping Cart . Manager & Dpatabase API
Manager | /& @ a4 =
2 i
e R
Persistency

orderMan.ejbLoad()

Id=1234, date=...
Id=1234, date=...

getXYZ(); getABC(); ...

ect AspectName="Persistency">

. N setXYZ(...); setABC();...
Validation Agent orderMan.ejbStore()
setXYZ(...); setABC();...

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>

IDetail DetailName=""Store” DetailType=""StoreData” Provided="true’>

S E Software
Engineering
‘ The University of Auckland

THE UNIVERSITY OF AUCKLAND

NEW ZEALAND




0) Some of our current work
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Adaptive user interfaces for tools:

o Web browsers
o Mobile devices

o Sketching-based interfaces

AOCE for web services

Collaboration “agents”/components
Visual languages/tools for integration

DSLs for Data and notation translations
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O) Adaptive Uls

lwC 2002
HCC 2003
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O0) How achieved

"""""""" ' Rendering formats Rendering
Converter —»| and/or editing
Generators... ¢.g. SVG, VRML tools
CASE tool view
CASE tools
Pounamu Tool data e.g. SoftArch
Notation

Views < XML [P
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V\ GXL, Tools supporting these
(3) GraphML etc exchange formats. ..

Model <

XML | Model

Converters

XMI, X-ADL Other software tools

) 4/' .
<> CSV. ete formats that dr.aw.thelr own
visualisations...
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Extensible Software Tools

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

O

NCWS 2003
ASAW 2004
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O) Collaboration Components
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O0) How achieved/achieving...
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O) Integration Visual Languages

HCC 2002
ASE 2004
JVLC 2004
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O) Conclusions
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Automated Software Engineering = generate/adapt software
from high-level models

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

Promising results to date in these areas

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

Commercialisation of some of this research underway
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