£ 2006

PRESENTATION

ity of Auckland | New Zealand

Univers

The

Directions in Innovative Software
Engineering

Professor John Grundy
Dept Electrical and Computer Engineering &
Dept Computer Science
University of Auckland, New Zealand



£ 2006

PRESENTATION

The University of Auckland | New Zealand

Software

Engineering

Outline

‘Thc University of Auckland

G
Some trends in Software Engineering
UoA Software Tools Group research activities
Some examples of our current research - basic and
applied:
- Domain-specific visual language tools
- Model-driven software engineering tools
- Service-oriented software engineering tools

- Aspect-oriented software engineering tools
Some of our future work plans
Conclusions
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* You' ve probably heard this several times before ©:

Software is getting ever-more complex

Key requirement is for higher quality software and
more agile response to end-user needs

Moving to service-oriented delivery of (software)
system solutions

Increasing need for self-healing, autonomic
computing systems

Desire for “open-ness” - open source, standards,
inter-operability (software, devices, networks...)

Ideally - end-users have ability to configure/
change systems THEMSELVES...

UoA Software Tools Research - NICTA Oct 2006
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Engineering

How can we do this??

‘LSE

Model-driven development - generate from high-level models vs
hack code

Domain-specific (visual) languages and tools - close-to-end-user
approaches to authoring of models

Service-oriented architectures - compose systems as need to
from reusable, 37 party services

Software product lines - framework of solutions vs lots of once-
offs

Aspect-oriented software development - abstract cross-cutting
concerns

Agent-oriented systems - autonomous and emergent behaviours
Open-source software development - collaborative engineering
Agile engineering processes - response to changing requirements
End-user development - users do their own development ©
Evaluation and improvement - continuous improvement paradigm

‘Thc University of Auckland
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Example...

%/Cr%tell\/lodify Itinerary

Customer
! Search for ltem

-

=

Travel Age& Annotation

Review ltinerary

-

Book Itinerary

Software
Engineering

‘Thc University of Auckland

‘LSE

Example: collaborative travel
planner

Want to build from services
vs components/programs

Need to integrate 34 party
components & services

Dynamically integrate and
change comps on-the-fly

Users might want to use
different devices e.g. laptop
vs PDA vs phone

Might want to share same
user interface between
different users

UoA Software Tools Research - NICTA Oct 2006
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-3 Online Travel Planner Menu - Microsoft Internet Explorer provided by Department of

J File Edit View Favorites Tools Help

B

J Back v = - &) Zat | Qi search [l Favorites &4 History | EN- S =

J Address I@ http:/flocalhost: 8080 examplesfjspftravelfmenu_html.jsp

~| @eo ||unks >

Options
View details
New booking
Update booking
Annotate bookin

Flights Lodging

's Travel Itinerary

annotation

info:
2002/09/23 - QFE0
SYD to AKL: 55a

‘request flights

Chedk flight departfarrival
imes

Ensure all hotel
reservations confirmed

%John

Online Travel Planner

Selected booking

=il

Cars/Rail Vacations Cruises My Stuff

I~ Mark

Wiew ltinerany |

FlightScarch
Flight search criteria:
otart Date:||j|
End Date:[ ]

Book Scat
Flight find: 5
Flight selected:
QF43 2002/0420: 5¥YD
to AKL

Select seat:

Row: ||

Delete | Update | Add Task |

Seat:[ |

Options

== |

|Document: Done

| 4

%5 P

The University of Auckland | New Zealand
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Thick-client
UIs & web-
based/
mobile-based
UIs

Collaborative
work support

Built from
set of
services
(some 3rd

party)
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(Desired) Approach ‘LSE

Developers
(& end users??

Model(s) of (

Services, DB, Uls etc

__~| Tools for multi-agents

/

Aspects e.qg.
security,

Transactions, audit,

Generators

DSVL - developer &
End-user tools

Meta-tools for
DSVL tools

End-users &
Developers

Developers

Software
Engineering
‘The University of Auckland

End-users

Evaluate e.g.

usability _’g

Adaptive Uls

N\
MuIti-Agent‘R

Components/
Services

v

[

Monitoring etc
e.g. performance

self-heal,
\ self-adaptive 3rd party

\/ Services e.g.
\ Airlines, payment

UoA Software Tools Research - NICTA Oct 2006
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Research

* Meta-tools (tools for building software tools...)

Domain-specific visual languages

* Model-driven software engineering

Adaptive user interfaces
Aspect-oriented software development

- Service-oriented architectures & adaptive

architectures
Visual languages and software visualisation

* Light-weight evaluation methods and tools
» Collaborative work support tools

Software processes and process technology

UoA Software Tools Research - NICTA Oct 2006
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Domain-specific Visual
Language Tools

Meta-tools:

JViews/JComposer
Pounamu

Marama

Eclipse plug-ins

Examples of DSVL tools:

Data mapping tools

Process modelling tools

Enterprise & software modelling tools
Event response behaviour tools

UT design tools

Statistical survey design tool

Industry examples:
- XSOL, Orion Systems, WizzBang

(Light-weight) evaluation methods (tools are coming... ©):

Cognitive Dimensions
Attention investment

Software

Engineering

‘LSE

‘The University of Auckland

- Champagne prototyping (or should that be Methode Champagnois?? ©)

- Plus various heavy-weight usability evaluation methods

UoA Software Tools Research - NICTA Oct 2006
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Marama - Ecli

\\

Application

Pounamu Meta-tool

ecification
ols

Shype

Metaymodel
Designer

\

Event hargler
Designe

View Desiggie

pecifcations
documents

specification
projects (XM

(event hanog

Marama
Meta-tools
themselves

DSVL

tools ©
\‘

UoA Software Tools Research - NICTA Oct 2006

pse plug-ins ‘LSE

Software

Englneerlng

Eclipse Application

\

el

NA

Eclipse IDE Uls

Eclipse IDE resource
¥ management etc

Pounamu Plug-in
(GEF Editor)

Adapter API

[ A
J 7

Event handler
objects (in

Eclipse
workspace files

‘The University of Auckland
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complex data mappi ‘L

MaramaVMLPlus -

' 5 BPMN.vmIPlusDiagram

‘ =1 BPEL.vmIPlusDiagram

[}) Select I

3 Marquee

[% Sketching tool
@pes #
] Nat{ve Type

B BlackBox Template
E} Connectors »

} Condition

} Mapping

} Auto Mapping

=S

*BPMMELOBPEL vmlPlusDiagram X
-1 o process | BPMMProcess p...| + | :I

id : decimal

receive : process_sequen...| + [

next : decimal

4

—

invoke ! process_sequenc...| + [
{

J

switch : process_sequenc...| + [

( [ ePMN.vmIPlusDiagram

| 1 BPEL.vmIPlusDiagram [ BPMNEOBPEL.vmIPlusDiagram

“'I type | string

o id : decimal
-~ %

next : decimal

¥ name : skring

o type | string

s operation ! string

za partnerLink ! string

¥ portType : string

o inputyariable : strin

“‘I outputYariable : stril

decimal

BPMMProc

N

‘| type | string

Software

Engineering

The University of Auckland

B BPMNEOBREL vmlPlusDiagram,xsl X .
<?xrl version="1.0" encoding="UTF-8"?2>

<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/ Transforn” version="2.0">
<xsl:template match="/BPMNProcess">
<xsl:call-template nawe="rootMapping">
<xsl:with-param nawe="BPMNProcess" select="."/>
<xsl:wvith-param name="targetElementName"” select="'process'"/>
</xsl:call-template>
</x¥sl:template>
<xsl:tenmplate name="rootMapping">
<xsl:param nawe="BPMNProcess"/>
<x¥sl:param name="targetElementName"/>
<xsl:element name="{${targetElenentName} ">
<xsl:variable nawe="BPMNProcess name" select="§BPMNProcess/@nawe"/>
<xsl:attribute name="nawme">
<xsl:value-of select="§$BPMNProcess_nawme"/>
</xsl:attribute>
<xsl:for-each select="$BPMNProcess/eventStart">
<xsl:variable nawe="BPMNProcess_eventStart” select="."/>
<xsl:call-template name="eventStartMapping">
<xsl:with-param name="BPMNProcess_eventStart” select="§BPMNProcess_eventStart"/>
<¥xsl:with-param name="targetElementName"” select="'secquence'"/>
</xsl:call-template>
</xsl:for-each>
</xsl:elenent>
</xsl:template>
<xsl:template name="event3tartMapping">
<xsl:param name="BPMNProcess eventStart"/>
<xsl:param name="targetElementNawme"/>
<xsl:element name="{$targetElenentName} ">
<xsl:for-each select="§$BPMNProcess_eventStart/next">
<xsl:variable nawe="BPMNProcess__event3tart_next" select="."/>

£i |

UoA Software Tools Research - NICTA Oct 2006
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SDLTool - Statisical Survey ‘LSE Software
Design tool ;

‘ The University of Auckland

We need to differentiates

sighKicant resutt a high-performing group

and a low-performing
groups based on TV

if significant relationship found , viewing habits.

do further study involving Infer Regression Discriminant

other factars Analysis on

and inform the advisory eving

groups
board

SASXProc
(DISCRIM)
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Other DSVLs... ‘LSE g

‘The University of Auckland

ROGER ARBITER UNI-VOX
WAH-WAH MAYER FUZZ FACE UNI-VIBE
PEDAL OCTAVIA PEDAL PEDAL

UNI-VIBE
EXPRESSION
PEDAL

| '

Music — Jimi Hendrix set-up... (from guitargeek.com)

UoA Software Tools Research - NICTA Oct 2006
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Industrial examples

S E Software
Engineering
‘ The University of Auckland

E.E Mapper V1.0

PatientMess
-| PacientcRec
'I IDField :

Patienth

Patienth

PatientViz

<VisitRe

4

—Source Data Form

~RErsan

name
’> family: Erundy w

~Target Data Form

- orders

II:IZI 1234

3

email: |juhn-g@cs.auckland.ac.nz

el

href: | www.cs auckland.ac.nz~john-g

~orders

arder

dae: | 20th March 2002

[item

huuk:lHuwtu use Java

av[1

price:| §49.95

S

arder

date: 20003002

trea15d:|
tutal_price:l 4995

A _
L N customer_info
e | John Grundy

address:

——item

Dn:lk_lnfo:l How to use Java

quanﬁtr.| 1
1Dtal_l:ast| 49,95

l:urs=
@ maxOccurs=

orders.order.customer_info.name = person.name.given +

+ person.name family

UoA Software Tools Research - NICTA Oct 2006
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Dimensions Framework

* Green and Petre 1996 (since developed by Blackwell)

Establishes a set of “dimensions” to think about the
tradeoffs made in implementing visual programming
environments

- Means of explaining effects of design decisions
- Has had very strong influence on the VL community

+ Comes out of cognitive psychology community
+ Lightweight - doesn’ t need large

usability studies to get useful insight

» Can be used for evaluation and

also as a design aid

UoA Software Tools Research - NICTA Oct 2006
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SE
Cognitive Dimensions ‘L

Abstraction gradient What are the minimum and maximum levels
of abstraction? Can fragments be encapsulated?

Closeness of mapping What ‘programming games’ need to be
learned?

Consistency When some of the language has been learnt, how
much of the rest can be inferred?

Diffuseness How many symbols or graphic entities are required
to express a meaning?

Error-proneness Does the design of the notation induce
‘careless mistakes™?

Hard mental operations Are there places where the user needs
to resort to fingers or penciled annotation to keep track of
what's happening?

Hidden dependencies Is every dependency overtly indicated in
both directions? Is the indication perceptual or only symbolic?

UoA Software Tools Research - NICTA Oct 2006
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Model-driven Software ‘LSE
Engineering Tools
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Meta-tools:

- Marama

- MaramaVMLPlus

- Eclipse JET, ALT; QVT; XSLT

Examples:
- EML
- MaramaMTE

- Adaptive User Interface Technology

Industry examples:
- XSOL, Peace Software, Orion Systems, iVistra

UoA Software Tools Research - NICTA Oct 2006
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Enterprise Modelling

= bpmn.vmlPlusDiagram

‘% Select
I, Marquee
h Sketching tool

B DataObject
B EventEnd
I EventStart
B Gateway
B Task

B SubProcess

(r_}Coninectors
} MessageFlow
} SequenceFlow

S E Software
Engineering
The University of Auckland

Language

bpws:getVariableProper!
| bpmn. vmiPlusDiagram . [ EmailvotingProcess. pouDiagram utpL X Ny =iim|
<process nawe="EMailVotingProcess"> _A_]
<sequence>

<receive partnerLink="Internal® portType="tns:processPort"
operation="receivelssuelList" wvariable="processData" createlnstance="Yes"/>
<invoke name="ReviewIssuelList" partnerlLink="Internal’” portType="tns:internalPort"
operation="sendIssuelist" inputVariable="processData" outputVariable="processData" />
<switch nawe="AnyIssueReady">
<caser> condition="hpws:getVariableProperty(ProcessData,Nunlssues)>0">
<invoke name="Discussion_Cycle Derived Process" partnerLink="Internal” portType="tns:processPort"”

operation="call Discussion_Cycle Derived Process" inputVariable="processData" outputVariable="
</case>

<othervise>
<empty/>
</otherwise>
</switch>
</sequence>
</process>

< | ;I;J

UoA Software Tools Research - NICTA Oct 2006
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MaramaMTE - Performance ‘LSE Software
Engineering tool * :
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Eg_;’g'\l’ideo System Architecture - #1 (8] _|EI|1|

File Edit “iew Changes Code-Generstion Collaboration

R (ates 2
req_2 2q_3 -
#nd ideo wodate Cstomer
ﬁe_S %cefl
- fird Curstomer Tvice_1 skiyice_2
L e

rosoft Excel - corba-java.xls =10l x|
|E] Fle Edit View Insert Format Tooks Chart window Help ==l x|
DEHSRY I bR o-a=r 4D 2] =B 2w JS d%e.ecu
[ =/ L B

comparison 7

T tabhe_query_z table_quen s
-
12000 57

e000

run G000 o total n
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2000.
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Ready 1 ] I e el |l
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Industrial Examples

Software

Engineering

@

NS - Rasource - formDesigner. pounamu - Eclipse Platform

| proce

mes

AT -

view type_

File Edit Mavigate Search Project Tomcat Run ‘Window Help

The University of Auckland

Itf-Be & -8 REB|Q- |2 |000 [0e-o- @ | (EoResource
| €5 Navigator X =l W *formDesignerl.pounamu X ]
@ | BB |Z v || sekct ) : i
= abe I Marquee |&‘
E] l.ﬂproject (% Shapes » NameGroup
=| diagram1.pounamu
= di d P B xFormsButton
iagram2. pounamu Lastname ohn
|Z| FormDesigner1.pounamu B XFormsGroup )
|2 shapesExamplel.shapes B FormsLabel Firstname [Grundy
shapesExample2.shapes B XFormsSelect Title i v] l
| \=| shapesExample3.shapes B XFormsText
+ =z
(= Connectors »
Addrgss T
} Grouped EStret :I|123 There St Country v] l
City ﬁuckland
|' Accept
e ™~ =9
o= Outline &3 8
B shape 15383855
B sShape 20911796
B shape 25826327
B shape 21005093
B shape 23462603 - -
M Shape 6471319 Tasks \ Prablems \ Error Log | = Properties 52 E 3 v
B Shape 14858725 [ ot | value
B Shape 8796461 T z . =
M Shape 16390957 alignmen
m Sha;:e 12812081 background RGB {236, 233, 216}
B Shope 161080 foreground RGE {0, 0, 0}
Height 16
B shape 1506500 label Stret
B shape 1386211 width an
B Shape 23186725 ¥ 44
B shape 7225316 ¥ 188
B Shape 2248917
<
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Service-oriented Software
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Engineering Tools

+ AOCE-WS (Aspect Oriented Component Engineering)
+ Enterprise Modelling Language

+ ViTABaL-WS

- IMAL

- JEdit-WS

+ AUIT

» Industry projects:

- XSOL, Peace Software, Orion Systems, iVistra, ...

UoA Software Tools Research - NICTA Oct 2006
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Aspects

Exmaples of “Vertical Slices”
i.e. objects, components

Examples of

l.e. aspects,

perspectives \\

=

“Horizontal i ' :
Slices”  —-----X---L= : L :

Software

Engineering

‘The University of Auckland

| User interface- !
. related services

______________________

_____________________

Security- ,
related services

' Distribution-
i related services

Persistency-
. related services

Itinerary Ul Middleware | Customer |’ Flights
Manager Data

_____________________

Functional decomposition - normal approach

Alternatives: parts of system contributing to
"systemic” properties e.g. UI, persistency etc

Systemic properties of system get spread...

UoA Software Tools Research - NICTA Oct 2006
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AOCE-WS
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Ne
g Travel Planner Client
N -Tree display/ e_:c_h_tmg,
YEAR -Tree_data, structure
-DQC}(_ fgf _lll_ghhght ‘ — i <<Co-ordination>> i
E -Messages ‘\‘ T :L Requires: data locking !
E mmmmmmdemmoooSTIIIIIIIIIAETTTOTOOS
2 I <<User Interface>> !
E i Provides: collection viewer |
1 1
= r“““““““““/"l/ """""""""""
1 1
Itinerary Web Service : ;<Us.er Interface>> _
1 Requires: items viewer 1
-Insert/Update/ I_)_ql_egg_l_tems _____ -r* Provides: items list :
-Items Collegtion Data St_f’_u-'(;ture bomomoomooooooooood .
. ook tavel (G5 o s P—
= -Data u}gdate events "1~ Provides: items list 1 . 1 Provides: data lockin g i
Tcg LLock ltem ,\5 - i Requlres‘ Store/load i - e - - I______________________I
T | N ~~<_ | T\ o=
B ~‘~~———— |----------------------------1
:qZ) | §<<Persistency>> i
= i Provides: store/load :
FC% i/'Provides: transactional update i
% ————— e e e e e — = —
=1 Database Q_'qm.pf)nent
< -Selei/Insert/Update/Delete | - ___ -
© _Trinsactions 1 <Transaction>> 1
;‘ T];'alil_SElf:'El’Ol}g ——————————————————— I Provides: Pessimistic, ACID
a S U R —
o
2
[=
)
3}
= UoA Software Tools Research - NICTA Oct 2006
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Tool Support for AOCE-WS ‘LSE

+view

EventHistory ~viewer

userinterfacy

User Interface

+extensible affordance

MyComponent
displayEvents()

Viewer getViewen)

E Collaboration/persistency aspects
File Edt View Changes Compilation Collaboration

[} User Interface Aspects A= B3
File Edit ‘iew Changes Compilstion Collaboration
BaseStage
MyBaseComp
showEnactment)
aftertChange()

, affordance

EventHistonyiewer
MvviewlLayer
L

[-[o]x]

Shape:

EventHistory

MyYComponent
witeData(Stream)

readData(Stream)
recordEvent(Event)

annotateEvent(Event,String)

actionEvent(Event)

Collaborative Work

+event broadcasting/action functions

+ event annotation functions

- remote datafevent synchronisation

colfaboration

Uses event managament, pro

dita storage

BﬁanaegenderReceiver

WyListener

afterChange()

sendChangeQ)

receiveChange(

RemoteFileManager
MyYComponent

uses save/load, pisfides remote data man.

Persistency

+ save and load fundlly

+ temote data manager

Shape:  [Move ~| I” Debug Propagation  Display Shapes

Software

Englneerlng

The University of Auckland

gaSimple Component Repository

extensible affordance A!

=2ollahorative YWork==

AGGREGATE

event ge

event actioning
hroadeast datalevent
receive datafevent

TRANSITIVE
MACROS :.j

-GEMERATE INCLUDES after

locking Add Propetty | Remove Property

wergioning chat &
==Persistency== -event generation = @ wEhvEr
ancode data i GEMERATE INCLUDES atter -
decode data +broadcast dataievent e

query data MU TICAST=falsg .I.j

store data FIND Mew Query

retrieve data

version data Add Component | Aspect Info
==Distribution== '1

Caollak iti
Collaborative editing (R0
Femote event history

EE?,Validatiun error for

Warning: event history relationship not established: Need
event history linked so can do querying/retransmission

g 5 L ; ; 3 A
Properies o
Relationships

Canfiguration settings

Hurman intarfarac

tare Infa
Yalidate
Close
ApEC elnshade ape ™ ebly Propagation DisplayShapesI
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Example - IMAL @ >fivers

The University of Auckland

Pounamu meta-CASE
Tool

Process diagrams

Local Model
Data

Model State

Export Import

Process Web Ul

User Login/State '
Service

Service

Il ! I

UDDI Registry
Service

Document Editing
(InfoPath) Service

SOAP messaging between services

{ Il {1 I I

Document
Management
Service

Process Engine
(Idiom) Service

Process Model
Service

Process State
Service

-I. ‘I.
State Model
Data Data

UoA Software Tools Research - NICTA Oct 2006
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IMAL Process Modelling ‘LSE

Software

Engineering

‘ The University of Auckland
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¥ ET R i o objact of ET_SartSage i Pounsin el
WETD oo onobiect of ET_Smodar bie Addon B 21| vp_sicrdvocnss | .
::E:-E S aack oF AT Ploss wode e P grepr— =r
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: Soft
IMAL Run-time ~ @RF >frers

The University of Auckland

P Fle  Edit Tools Table Help

HEA=A" NI= NS AR | L8 JI»/I@!
4] gl -

TIME INFO: Process

View Insert Format

PROCESS == UpdateSofiw

- IHD TTEMS FOR THERESE: Time Estimated: 10 Update
TASK # TASK NAME DES
Time Spent: 11.01

The time spent on this process is distributed as follows:

OVERALL PROCESS INFORMAT

Name Hours Worked Total Hours Worked
- Nigel e 5.22 7.99
TASK NAME DESCRIPTION g . 2.77
Claire e 3.02 3.02

"lﬁ Form template's location: C:\NEW\Thesis\Code \ProcessEngine \base\DiagramTemplate.xsn

,,' start

€ e@m %@ [ Malz. [@wthess [ awsp.. [ Ghscee.. | FMail:.. | Zhc7nt.. F TmeR... EN (f.‘: A 7:00p.m.

UoA Software Tools Research - NICTA Oct 2006



2006

<
m
>
F

PRESENTATION

The University of Auckland | New Zealand

Software
Engineering

‘Thc University of Auckland

Problems still to overcome... ‘LSE

Design of DSVLs:
- Good visual metaphors/building blocks
- Evaluation of effectiveness
- Building DSVL tools
- End-user DSVLs & tools

Model engineering:
- Scalability and complexity of models
- Correctness of models
- Mapping/translating between (very) complex models
- Integrating approaches & tools

Service-oriented systems engineering:
- Design of services - what is a service anyway??
- Engineering of service-based systems - process, methods, tools
- Scalability, performance, reliability, security, ...
- Self-healing; adpative service-based systems
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‘LSE

Approaches

Current/proposed projects:

Domain-specific Software Tools project (current FRST NERF project -
sort-of very Large ARC) - meta-tools, design critique tools, collaborative
work tools, model evaluation tools, MDD tools, software artefact reuse
approaches

Several Technology NZ “TBG” projects - XSOL, Peace, WizzBang, iVistra, ...
- applied R&D - like DEST projects - these apply DS tools group research to
practical industry problems

Meta-tools for DSVLs & MDD (Large FRST NERF proposal)
Software Improvement Research Lab (Large FRST SER proposal)

Aspect-oriented, agent-oriented, service-oriented systems engineering
(Marsden proposal - blue skies basic research)

Open Systems Research Lab/Repository (“CoRE” proposal)

Approaches to fostering academic/industry research:

Usability lab; Light-weight eval methods & tools
ICT Innovation Academy - local industry internship programme
Centre for Software Innovation (our “little brother to NICTA”.. ©)
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Conclusions

Building software is still hard

Complexity management; quality assurance; dynamic change are
the key nasties...

Not just academic problems - Industry needs good solutions now!

Solutions we are pursuing:
- Model-driven engineering
- Service-oriented architectures (+agents + aspects...)
- Domain-specific visual languages & meta-tools
- Software process & product improvement

Working closely with industry to apply research outcomes
Developing better tools to make all of these feasible!
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