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What are Domain-specific

‘The University of Auckland

SE
visual languages (DSVLs)? ‘L

Much of Engineering is about developing models of engineered
products (or rather, models of products to engineer'..g

We’ ve developed models for a whole range of SE “products” and
activities:

- Software processes

- Requirements

- Software design

- Data structures

- Software architecture

- Software behaviour

- Interface design

We’ ve also developed visual representations of these models -
some are “abstract” (UML, ADLs). some are “concrete” e.g.
WYSIWYG UI design...
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But...

‘LSE

Our models often get too complex, too unwieldly, hard to i
understand/maintain using only “abstract” or “general-purpose
model representations

Example: any non-trivial Model-Driven Architecture application...

Domain-specific languages (DSLsz - models that focus on
expressing problems in‘a PART of software engineering, using
less general but more expressive constructs

- E.g. a scripting language for handling event responses

Domain-specific visual languages provide way to represent such
domain-oriented models using a wide variety of visual
“metaphor(s)”
Idea is to have a metaphor providing closer mapping to the
problem domain than vanilla, general-purpose abstract model

- E.g. show event-condition-action rules as flow charts

DSVL tools provide environment to construct these models,
configure existing components, generate code etc.

‘Thc University of Auckland
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Example: ViTABaL-WS Web
Service composition tool

Software
Engineering

‘The University of Auckland

‘LSE

+ Idea of “web services” - software components can
dynamically discover, integrate, communicate with

- Want to support users specifying WS compositions

» Usual approach: code “Business Process Execution
Language for Web Service (BPEL4WS)” or simplar
textual specification

» Really want visual composition metaphor/tool...

Loan Approval request Loan Approval response

L.oan Approval process @‘_
Request<1000 Request>=1000 4

rrrrr

Loan Approval
Audit WS
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VIiITABaL-WS

‘LSE

view type_Data Flow_0 I view type_Data flow_Overview ]

Fy
.‘ approvallnfo ] 1

-1 error 1
riskAssessmentP1 H _ |

5 )
i
oanAssessmen. ).

bpws:getVariableData(riskAssessment’, risk')="ow"

yetvariableDatal reque<th

riskAssessment

Kl | I

' view type_Data flow | view type_Control Flow ] view type_Combined Flow ]
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Environment for
modelling
compositions of
web services

Uses a “tool
abstraction”
paradigm
(metaphor)
Generates
BPEL4AWS

Provides
“debugger” for
running BPEL
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BPEL4AWS Generation &
Execution

—| approvallnfo

request

S
:nageData('reque ;
check
riskAssessmentP1
datastore1
get%riableData('riskAssess N I="loww"

ataCriskadd@Esment

Process definition -
loanApproval

<receive name= "receive” partnerlLink="customer”
portType="loanApproval PT"
operation="approve’
wvariable="regquest”
createlnstance="yes">
<!—links-->

</receive>

<invoke names="invokeapprover”™ partnerlinks="approver’
portType="loandApprovalPT"
operation="approve"
inputVariable="requestc”
outputVariable="approval Info">
<!=links-->

</invoke>

<invoke name="invokeassessor” partnerlink="assessor’
portType="riskAssessmentcPT"”
operation="check"”
inputVariable="request”
outputVariable="riskAssessment’>
<!—links-->

</invoke>

VWRKTITS D USS FTUnaTy

Software

Engineering

‘LSE
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A
H ) low’

The University of Auckland

1)
=

IBM BPWS4J
Workflow
Engine
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Building DSVL Tools...

The University of Auckland

» Its hard to build these things...

- What are the “right” visual metaphor(s)?

- What model(s) do we need to represent/build?

- How to generate code/configurations from model?
- How do we achieve integration with other tools

- How do we make them practical for users?

» Our approach to date:

- Meta-tool - visual models/meta-model

- Import/export from model (XMI, Java, BPEL,
WSDL, etc)

- Web service/RMTI APIs for other tools/plug-ins
- Web browser, phone, collaboration plug-ins
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Pounamu
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Ponnamn Meta=tool Annlication

The University of Auckland | New Zealand

Eclipse

Eclipse
Plug-in

Specification Tools Modelling Tools
Shape Designer Modelling Views
:1\
Meta-model
Designer Web bl
g % Browsers Phones
Event handler ! / Event \
Designer FH Handlers
View Designer
A J

Model Entity instances
% | Web
/ \ editing

) plug-in
Plug-ins /

Web server

Tool Specifcations
— XML documents

components

\
<
Web Services
APIs

Tool specification
projects (XML)

Modelling
projects (XML)
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Pounamu Meta-tools
(themselves DSVLSI!)

Pounamu: Model things with your own tool

Pounamu  Help

O E D

@

Software

Engineering

The University of Auckland

RemoveShapeAndConnector | PositionhewTask
ResizeConstraints

Manager Tree | -1 1-—-- 1 s 1

! pounamu
ILJ tool projec
=- UMLTo
=@ ico
=
E

=-a

@ ha
=@ me

v

=@ vie
.

ILI model proj
4

general I undlo |

B: classshape hi
7. implements he
§: the new mode

b P

i\elcome to use P
MR

meta model viewy 0 |

] Class|

attribute:MultiLinesT|
method:MultiLinesT|
name:String:key

| implements

‘Iabel:String:key

panent

getSubTasks

subtpsks

40407

Title

NewConnectorConstraints
SnapToPlace

Please specify the events this visual handler will response to

|~ MNewShapeEvent |~ NewConnectorEvent
|~ RemoveConnectorEvent v MoveShapeEvent

|~ ChangePropertyEvent

I~ RemoveShapeEvent

| ResizeShapeEvent

I_ ~Please import any class you want here

import java.awt.?¥;

Du Kl

gl

Please input the action code here

MoveShapeEvent event = (MoveShapeEvent)e;

PounamuPanel movedPanel = event.getShape()

modellerPanel = getPanel();

( int offsetY = movedPanel.get¥()3VERTSPACE;
int offsetX = movedPanel.getX()3%HORZSPACE;

Kl |

-

I

-

~Please input the helper methods code here

27402405 10:30:01

name

D( final int VERTSPACE = 70;
final int HORZSPACE = 70;
ModellerPanel modellerPanel;

value . U X p—_—
Kl I

e

~Please briefly describe this handler here

I snapToPlace

Kl

S

visual_event_handlers |  visual_user_handlers |  meta_model_views | view_types
~shapes | connectors | model_event_handlers | model_user_handlers
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But...

‘Thc University of Auckland

Pounmau is stand-alone, our own IDE

While it has good extensibility/integration support via web
services API, not a “commercial quality” IDE

Still too difficult to integrate 3¢ party tools

Solution: Use the open-source, commercial quality Eclipse IDE to
realise Pounamu-specified DSVL tools

Eclipse provides:
- Open architecture IDE via plug-ins, very nice APIs
- Wide range of 3 party tools
- Nice plug-ins & tools for building DSVL tools: EMF, GEF, JET,

- Very well-engineered system

Brighton Presentation (c) John Grundy 2005
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Marama( ’rhe moon ")

<< XML >>

1. Visual language tool
specification in the
Pounamu meta-tool

2. Pounamu saves tool
specification to XML files

‘LSE

Software

Engineering

Tool spec.
XML

Eclipse
IDE

Marama
Plug-ins

—

]
]

Other .
Maramas vi(imng commands
GEF-based | CO%?SMUVG
Other editors 1tng

Eclipse / A

plug-ins v Diagram
EMF-based Differencing
model data Eclipse IDE

GEF-based
editors

Vi

v

o

5. Modelling tool data
saved/loaded as XMI; multi-
user support via plug-ins

EMF-based
model data

Maram
~ a Plug-
L ins

Eclipse IDE

4. Marama dynamically
configures GEF editors; uses
EMF-based model data
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Pounamu DSVL tool spec

# Pounamu: Model real world cases with your own tool

Pournamy  Plugins  Misc  Help

Manager Tree ] Toal lcons |

B pounamu
= [ 100l projects
= & ViTABaLWS
= @ icon_creator
= @ shape_crestor
= & DataStore
= - |2
- e

= I/Dscislnn

—
Message | Toolie | DataStore || JoinPoirt | ErrorHandier | Decision

@ property panel

SE Software
Engineering
‘ The University of Auckland

<?xml version="1.0"?>

<IDOCTYPE pounamushape SYSTEM
"../l../../..J../nonjavafiles/icon.dtd">
<pounamushape>

<name>Toolie</name>
<source>Toolie</source>
<thumbnailshapetype>square</thumbnailshapetype>
<thumbnailsizetype>ratio</thumbnailsizetype>
<thumbnailwidth>100</thumbnailwidth>
<thumbnailheight>100</thumbnailheight>
<displayname>panell </displayname>

= = panels exported props <type>pounamu.core.visualcomp.PounamuPanel</type>
[Sy— ~Flease specify properties here A <path>this</path>
# & ErrorHancler rindex <property>
= & JoinPoint 0 | <propertyname>type</propertyname>
- parield <propertytype>ShapeType</propertytype>
= ¥ Meszage [ fareground <propertyflag>visual</propertyflag>
= = paneld [ ]‘ <propertypath>this</propertypath>
- |sheln L < lue>
- propertyvalue
= 'ng = " background <simplevalue>Oval</simplevalue>
ar = [ | </propertyvalue>
= @ connector_creator [ tant :/pr()pit}j
v Contral ‘ property:
v Flow -I AaBbieDafef g ] <propertyname>stroke</propertyname>
= @ handler_definer [oarder <propertytype>BasicStroke</propertytype>
& @ model_handier_definerfl| |[ ] <propertyflag>visual</propertyflag>
= @ visual_handier_definer <propertypath>this</propertypath>
@ visual_event_hand] || [ 9Paque <propertyvalue>
S @ el vser handdl |lteize v <linewidth>1.0</linewidth>
v :m:n:::l. —enabled <endcaps>2</endcaps>
v G:cer atspre] [ | Vl <linejoints>0</linejoints>
= @ meta_model_definer i <dasharray0>10.0</dasharray0>
B & meta model view 0 [ verticalAlignment <dasharray1>0.0</dasharray1>
= @ entiy type CENTER v| <dasharray2>10.0</dasharray2>
' Toolie S " 0 <dasharray3>0.0</dasharray3>
+ DataStore B <miterlimit>10.0</miterlimit>
& A MiessnoeT [LEADING | m <dashphase>0.0</dashphase>
et [ —— </propertyvalue>
</property>
ueneral undatst | redoist | s property
&7 ViTABaLWS xml has been saved - peeh ounarmuluserdire clar o
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Marama

2. Load tool specification into

Engineering

“S E Software
| The University of Auckland

-
] *vitaball .pouModel &2

] *process_viewl, pouliagram |

| [.} Select

£, Marquee

[ Shapes -
M EntitysShape

B ~ssociationShape
[== Connectaors - |

J LinkConnectar

L J

| Jain

[d:String

| MessageType

| DataStore | Decision | ErrarHandler
I‘uame:String ld:String I‘uame:String
f 3 Iy
f 3
| Flow

,al:uel:String

F 3

| Taalie

Fame:String

Fame:String

L 3

| Zonkrol

,al:uel:String

—
Tasks | Errar Log Properties
row | id =13 | parent

| child | label |
1 Flow, 5 Flows, Toolie. loandpprow...  Toolie,2 Datastore. ¢ rll
z Flow, & Flow,DataStore, assess,,,  DataStore,7? Toolie,3 ridll
3 Flowe. 2 Flow.MessageTvpe.req... MessageTvype.O Decision. & il
4 Flow, 10 Flows, Decision, =10007_-...  Decision, & Toolie, 3 rll
5 Flow, 11 Flows, Decision, =10007_-...  Decision, & Toolie, 2 rll
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3. Create Visuadl

Jproject
ASYTIC_PrOCaSSEs, pi

vitaball .poutodel
+-1=* maramaletaTools]
+ =F maramaTestsl

A

+- M Toolie loanapprovalFT |

= M DataStore loanApprovy

& Control - = Toolie,lof

+- M Toolie loanapproveud

# W Decision.over 5,0007_
B Toolie.Send Email_

+ - Datastore loans manasg

diagraml .poubizgrd
process_view ], poul

[ vitabal1 .pouModel

[y Select

7} Marquee

[~ Shapes

B BPMNStage
B BPMMStoreStage
B BPMNFailStage
B BPMNProcess
B BPMNFail

B BPMNURdo

B BPMMStart

B BPMNFinish

[~ Connectors

} Flow
} IconLink

[ process_view1a.pouDiagram

[ bpmn_1.pouDiagram

Models @)SE

Software

Engineering

The University of Auckland

loan approval #1

loanApprovalDs

checked
}UGI T
S— amount

h 4

riskAssessmentPT

Successryl

¥
‘invalidRequestZ

processLoanPT

Problems | Javadoc | Declaration  Console | Model Instances IS a=ga e 4 = }
Property I Value

*Model Elements

Height 40

name iskAssessmentPT

Width 102

X 147

Y 209
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!

T
<1000?

(o

S E Software
Englneerlng
‘ The University of Auckland

<receive name="receive" partnerLink="customer"
portType="loanApprovalPT"
operation="approve"
inputVariable="request"
outputVariable="FinalApproval">
<!--links-->

me="invokeapprover"

="approver"
rtType="1loanApprovalPT"
operation="approve"
inputVariable="request"
outputVariable="FinalApproval">
<!--links-->

<invoke name="invokeassessor"

partne nk="assessor"
portType="riskAssessmentPT"
peration="check"
putVariable="request"
outputVariable="assessmentInfo">
<!--links-->

<invoke
partne

Brighton Presentation (c¢) John Grundy 2005
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‘ The University of Auckland

Other Marama DSVLs... ‘LSE Sojiare

File Edit Mavigate Search Project Tomcat Run Window Help
"drs-E R REE [H-0-Q- | BHG- | @@L | D08 0o 4| E| &’sava ¥sDebug >
[% Package Explorer &2 . Hierarchy = B | £ modelt.pou... [ diagram1.po... CustomerMa. .. TestClient1... [ *model1.pou... [ *diagram1.... &2 8
oy = \t’—;ﬂv v [g Select
- 1=* abc ~ || £, Marquee ® £
+ (= def (= Shapes » I ICustomerManager rustomers don't currently
+ == uml - - ecord videos directly...
=) modell.pouMadel @ Class indCustomer{String)
=] diagram!.pouDiagram B Interface pdateCustomer{CustomerData) [~ CustomerDatalmpl —_—
A ) eleteCustomer{CustomerData)
|=) async_processes.pouDiagram B AClass d:String
=] bpmn_1.pouDiagram M niote name:String
\= diagram1.pouDiagram B box ddress:String
_ diagram2.pouDiagram B dashedbox — _IFOB:}:}D?te
|= model2.poutodel i 11
5| process_viewla.pouDiagram = Connectors > | .
(= = + : i
o= O |=| process_viewlb.pouDiagram v Dependency n %
|= vitaball.pouModel | Generalization | CustomerManagerImpl o
v
+-1% marakmaMetaTooIsl =11 | Navigabilty : [ RentalDatalmpl
(- =8 : fFindCustomer()
o Outline &5 } Notelink updateCustomer() Izustomer_id:String 3
B EntityInterface.ICustomerManager_ } Refinement deleteCustomer() taff_id:String —
- EntityClass.CustomerManagerImpl_ | Relation video_id:String b
i Generalization - EntityInterface. ICustomerMz - date rented:Date
+ AssociationClassLink - > EntityClass.CustomerD —
B EntityClass.CustomerDatalmpl_ Problems | Javadoc  Declaration | Console | Model Instances | Error Log 8IS ia e 4 1= }\: e 111
-l E:ntityCIass.RentalDataImpI_ Property IVaIue A
+ Composition - > EntityClass, CustomerDatalmpl_ attribute 0
+ M EntityNote. Height 104 2
method [findCustomer{String), updateCustomer{CustomerData), deleteCustomer(CustomerD. |
name ICustomerManager
‘Width 179
X 18 b
< 3| | 3
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Marama Design

. — Eclipse GEF

Pounamu Tool
specification files

S E Software
Engineering
‘The University of Auckland

Marama XMI project and editors + views
diagram save files/database

connectors

Marama — meta- 4/ Marama Diagram

Model — data for

tool specification Marama Marama Editor Parts -

Meta-models (Tool L Marama Models (data) Mg.rtama Diagrams
Specifications) | : : : : (editors) @)
@ i 1| Eclipse Modelling ! : :
i ' | Framework (EMF) |y : Eclipse Graphical
l P TS~ i | Editing Framework
OMG XML b Marama Project ! ((él%l?fand drawid -
v . ! ramewor
DOM objects v Model - projects, : . i
Do entities, associations . A > s BRI L T

©) __| Commands -

1
1
1
1
1
|
rendering shapes, |
1
1
1
1

1
:
:
:
i
i
i
i
! A
i
:
:
:
i
i
i
i

objects | diagrams, shapes e <«—{ edit parts/policies to

L gconne’ctorsp ’ : to modify view modify shapes, connectors

! . : data
i —— ©) i
! Marama — Wizards, Views (to create, open Marama — event handler Marama — Plug-in classes :
i projects; to view data) wrapper classes '
'“"'““““““““'“““"“““““““““““"'“/'7' """" (10) \"\' """"""""""""""""""""""""""""""" '

Pounamu event handler classes loaded Other Eclipse frameworks/plug-ins e.g. JET code generator
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Evaluation

Various DSVL prototype tools:

- UML design tools

- Web service orchestration

- Process modelling and project management tools
- Circuit design tool

- Performance test bed generation tool

- Visual data mapping tools

- Marama meta-tools... ©

- Cognitive Dimensions evaluation: Marama vs Pounamu

- Better Closeness of Mapping . higher tool Viscosity:;
good Consistency & low Error-proneness, much
improved Hidden dependencies and Juxtaposability

Brighton Presentation (c) John Grundy 2005
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Current/Future Work ‘LSE Enginserog

The University of Auckland

* Re-implementing Pounamu meta-tools in Marama - as

Marama DSVL tools!

* Enhancing specification of dependencies using

spreadsheet-style formulae and event-condition-
action DSVL

-+ Extending DSVL editing/rendering support e.g. better

support composite shapes, editing in-situ of text etc

* Marama provides dynamic interpretation of Pounamu

specifications - also looking at static EMF/GEF
generation (hope to feed into Eclipse GMF work...)

» Collaborative work support; thin-client diagramming

Building more DSVLs (can never have enough... ©)

Brighton Presentation (c) John Grundy 2005
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M Java - pageflow1_b.pouDiagram -

Fil

Examples: MaramaDiffer;

SE
MaramaThin ‘L *

(D) VQ] http://localhost:8080/PounamuSVGaApp/controllerserviet?action=0OnStandardEditing

Software

Engineering

The University of Auckland

X

12

Main Menu

Display a PounamuView diagram:

Specify a Pl°‘”“'"““ The PounamuView diagram named GanttViewd is displayed as below, you can click a left menu button to edit this
too -
view.,

Load Tool

Specify Pounamu

project & view

New ModelProject

Load ModeIProject
New Pounamuview

Load Pounamuview

Refresh Diagram

Available Editing
Modes

Primitive Edit
Command

Operating Systems

NOKIA
NOKIA

functional /
Ul requiren

| partB$UI requirements:pantB

Refresh

NOKIA

 H—

=08

ction

Page

E——
Transition ’

—

Transition

Page

Action _J

-

u
\)lD]

|
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Summary

of Auckland

Domain-specific visual language tools provide powerful
model representation, modelling support

Building DSVL tools is hard; integrating with existing
tools challenging

Pounamu provides meta-tool specification

Marama provides Eclipse plug-ins to realise these
specifications as near-commercial quality DSVL tools

Allows us to deploy DSVL tools on realistic problems,
with industry, and to scale DSVL research results

Various extensions to Marama including its own meta-
tools (which themselves are Marama DSVLs)
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