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What are domain-specific visual languages?
Examples of some DSVL tools:

- Data mapping

- Process management/tool integration

- User interface design

- DSVL tool event specification ©
Building DSVL tools - our approach(es)
Code generation from DSVL tools
Conclusions
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Models in Software

‘LSE

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

‘The University of Auckland

Engineering

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

ASE 2005 PC Workshop - John Grundy 2005 4



£ 2005|

PRESENTATION

The University of Auckland | New Zealand

Software

Engineering

An Example: the Form-based
data mapper

‘LSE

Consider problem of “data mapping” between enterprise

‘Thc University of Auckland

systems:
— formatb —

System A System B

format a
Q:I Developer must

Build...

Development of data translator tools is very tedious, time
consuming and error prone using general-purpose langs/tools

In enterprise system integration, often have “business analysts”
who understand meaning of data in each domain, but not how to
implement mapping tools using XSLT, Java, or even XML Spy etc.

Idea: a new tool for translator generation - uses concept of
“business forms” as the metaphor to represent source/target
system data, and “mappings” between form components...
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Form-based data mapping ‘LSE P bnncering

Source Data | Target Data  Mapping

Source Data Tree

&4 name
i & family
- ghven
w email
- url
= _4 orders
| =4 order
® date
=4 item
@ book
& gty
® price

-

~Target Data Trae

=24 order
& date
#® created
- total_price
=4 tustamear_info
® name
~—# gddress
= _4item
# book_info
@ guantity
@ total_cost

4
)

‘ The University of Auckland

—Source Data Form

Resize

~person

ie: [ 1234 /
&~

hame s
|: family: ﬁrundy given: |JDhﬂ

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

AN

’7 href: | wnny 05 auckland. ac.nz~john-g — Add Sub
—orders / Sthture

—orde //
date: | 20th March 2002
—itern
book: |How to use Java _,,ll
i G e
i D T —— Rearrange layout
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Data mapping

~orders

rorder

date: |
created: |
total_price: I

FET PP IREE I IT I

N
N
L

\\

% -customer_info ’
v
v - v
4| name: -7 g
'l v
v v
v v
’ address:| g
"l v
v v
v v
‘J”"’I"I'""’I"""I"""I":
—orders

order
date:l
created:l

. T
total_price: I

/

]

address:|

customer_info
name: I i

‘LSE

email:l

url

i

2|

~person—————
namne
vrrrrrrrrrrrrrres
vfamily: v
P’ vrrrrrrrrrrrrrrs, ~Source Data Form
sgiven: g
—‘- (PP YYY Y]
[ person
id: [ 1234
emall- I name
family: [3rundy given: [John
url
email:|iohn-g@cs.auckland.ac.nz /
href:l )
{ href:l www.cs.auckland.ac.nzi~john-g W
orders
—nrdar ——
date: [ 20th March 2002 I
item
~person——— book:]How to use Java ——
name aty:| 1 m
; - |
)I\ily:l L |
P

></ created:

/]

Software

Engineering

The University of Auckland

~Target Data Form

~orders

o
order

fe: 20/03/02

total_price:l 49.95

rcustomer_info

name:| John Grundy

address:

ritem

I book_info:l How to use Java

T wantity: | 1
\‘“mta[_cost: | 49.95

|0rders.arder.date = Date(person.orders.order.date,"ddmmyy")

href: |

Jperson.name.family: LastName{orders.order.customer_info); person.name.given = FirslName(orders.0rder.cust0mer_inf0)|
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Code generation...

Customer Form Order Form
Order:
ID Name A DateTime 1
Address Created .
XSLT transformation
e TotalCost 2 . .

Orders Subfoy/ . script generation

OrderDate CustomerInfo 3
Orderltems Items 4 . —nm
Book | Qty [ TotalCosf [Bookinfo | Qty | xslitemplate mateh=r/r
I I - <Number>..</Number>

is “concrete”,

Software

:Englneerlng

@

The University of Auckland

<DateTime><xsl:value-of select="/Order[l]/Order/Date"/>

</DateTime>
<Created>

<xsl:value-of select="date:to-string(date:new())"/>

Form-based mapper

<TotalCost><xsl:value-of

<xsl:variable name="customer id" select=
"/Order/OrderItem[1l]/CustomerSID"/>

“Semi-declarative”

DSVL...

<xsl:apply-templates select="//Customer
$customer_id]"/>

</CustomerInfo>

<Items>

<xsl:apply-templates select="//OrderItem"/>

</Items>
</Order>
</xsl:template>

ASE 2005 PC Workshop - John Grundy 2005
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Other DSVL mappers

@ http:/ocalhost/ebay 1

category

minOccurs=@ maxOccurs=

@& item

tte tye=[Sng]
-

@ seller type=|string
.

highest_bidder type=[string
-

description type=
.

location type=
-

price

LE! amount type=

L currency type=
-

=
=

B shipment type=
-

payment type=|integer |
-

hids type=
\

[m time_left type=[uration]

.

sEiag
@ timeRemaining type=

=

/LEI description type=

[ auctionType

title type=

-

seller type=
-

/{El shdescription type=

.

/

EY bid

LE] user type=

/LE amount type=

Software

Engineering

‘LSE

declarative

| @ tme tpe=[aateTine

DEBirthField String |

[4]
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Performance test-bed ‘LSE Software
generation

ArgoMTE -

<4 Clients (1) < AppSeniersr
enerates Java,
accessNet Pay Site() I |——"’;:i"
| l e <4fppServerss <4fppSer S S
|
1 ! : Remate CustomerhBnagerSansen Remote Beoinhg , ,
' ' ' —
! T
<< Remate Object> > : <<Remote Object »> : :
CustomerRegistration Page : CustomerBuy BcoinPage \\l/ V
[> | 5 = p— <<Remote Object > »
register Custome B <<Remote Object >> <<0Basefarvars>
. 0 I |buyEcain() FemoteBcoinbianager
! Remote CustomervBnager BrokerDBServer
|
enerate Exoin
: [>insenl3ustomer0 : 2 0
| generateTand ()
<4 Remate Objects > select Customen() l
| zelect Beoin()
Ecoinlnterface updataCustomen() |
ClientTest.java
doGenerate Exaing) <¢Databasasr
N Broker public class ClientTest
doRegist
o Registen) [> {
customer
<<Client>> public static void findVideo (VideoManager server) {
Reader int iter = 10;
ozt
Met Pay Site String name = "findvVideo";
String recordTime = "yes";
(3) System.gc () ;
long start = System.currentTimeMillis();
<4¢Remote Object>> int i=0;
CustomerReqi ion Pag while (i != iter){
- server.findVideo service ();
registerCustormen() “<Remote Object>> i++; B
Remote Customertvianager } !
nsert Customert) if (recordTime.equals ("yes")) {
2 - - clect Customer) long time = System.currentTimeMillis() - start;
( ) < <Remote Object » double elapse = (double) (time) / (double) (Math.max(1l,iter));
Ecoinlnterface lupdate Customer() String perf = name+"\t"+time+"\t"+iter+"\t"+elapse;
40 Generste Boaing) <<Oatabases> System.out.println(perf);
System.err.println (perf);
do Register) Broker }
customer }
ecoin
handp }
[wendorhost
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view type_Data flow_0 I view type_Data Flow_Overview

| processinput I

h 4

A message2 I
messagel

| message3

| ("4 yoperation1
. 4 operationDQ

messagel I

Web service1

EperationQ
Web service2

operation3

data store

Kl |

ViTABaL-WS - web
service orchestration

—
@
<receive

(generates BPEL4WS)

typeChecking2

name= "receive” partnerlLink="customer”
portType="loanApproval PT"
operation="approve’
variable=""request"”
createInstance="yes">

<!—links-->

</receive>
<invoke names="invokeapprover” partnerlinks="approver’

| e type_Data flow | view type_Control Flow | view type_Combined Flow |

portType="loandApproval PT"
operation="approve"
inputVariable="requestc”
outputVariable="approval Info">
<!=links-->

</invoke>

<invoke name="invokeassessor" partnerlLink="assessor’

</invoke>

portType="riskAssessmencPT"”
operation="check"
inputVariable="request”
outputVariable="riskAssessuent'>
<!—links-->
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‘ The University of Auckland

‘LSE

YT_PM_AddOnProcess

mo

del props I visual props I

7]

O Stat [/

2 Code Add-on
Coder code java
ICreator

code the add-on
SimpleFlow
3 Test Add-on
Tester test.doc

Desigher
Therese

1 Design Add-on

Designer

design.vsd
MS Visio
design the add-on

view xml For this entity

save this entity
save this entity as

remove this entity

Therese

MS Word
Test Add-on
Simpleflow

IMAL - Process modelling
& tool integration
(configures InfoPath,

Big‘n the add-on
4 >

inputs:MultiLinesText

start

hame: String

Desigh Add-on

outputs:MultiLinesText

design completed

x Server

YT_PM

Idiom)

Idiom
Rules

&
= [

InfoPath
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UT Design Qe

F GUI Tool For AUIT
File Edit Help

a

RaPABKHEDT Adaptive Uls

GUARANTIID NOTORS LTD ﬁ M

<%@ taglib uri="/auit" prefix="auit" %> // page directive to access AUIT

NATION# h tags

DE Searc <jsp:useBean id="jjob_manager’ class=’jobs.JobManager /> // JavaBeans to
Y TS BN M M IR T A AN Yy USe

Find Cars [Nzt Vibdar :'] <auit:screen name="job list”> // sets user/task/device information...

<auit:heading level=2 value=" <%= AUITUser.getUserName() %>"s Job
m List’ />
. <auit:table width=60 border=0>
[.uu;m_-] <auit:row><auit:column><auit:label width=6 value="Num’ /></
auit:column>...
<% jobs = job_manager.selectJobs(AUITUser.getUserName()); %>
Find Cai <auit:iterator name=job data=jobs %>
<auit:row height=1>

NATIONWIDE search
Select Make:(|ENEE)|
Select Model:[Camery]
Year From[1999]

1 to[2000]

. Mﬂkﬂlm <auit:column><auit:label width=6 value=
Price From[1Ell3EllJ] Model " <% job.getJobNumber() %>’ /></auit:column>
t0[20000] oae <auit:column><auit:link width=20 name="<% job.getJobNumber() %>’
[Camery] href= ‘job_details. jsp? task=detail& job=

<% job.getJobNumber() %>’ /></

Year[1999

auit:column>
<auit:column><auit:label width=30 value=

" <% job.getlnitiator() %>’ /></auit:column>

<'/.a.\uit:row>
ASE 2005 PC Workshop - il etindy 2005 13
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Visual event handling SE
specification for DSVL tools ‘L
- “Kaitiaki”

o
wodl props | amul props | ProjectiD
- Vesdde vodd props

T creationDute: String e e

140205085502
deseption g .
o ———

}-'-"'-'- 1 drscerng

2005|

Duration  TolalkCost

M

Cragtion Date

Weeg I

—

tia:Rring
= P — 2 name | vale
e
' | t 0 [
vl props | e props |

= [ EventHandler.java

creationDuhe  Rring

140205085502

} Tatk
1402050003502 )
e o

PRESENTATION

, i _ e public class AddNewTask {
‘ Tnl‘le

o public void notifyChanged(Notifier e) {

[ 140205 0003502 ) 5w
TSNS

V'V""*";;; ”””” Sl '”'”"'I;v }
' . e }

The University of Auckland | New Zealand
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Building DSVL Tools...

The University of Auckland

» Its hard to build these things...

- Visual metaphor [ another talk for another day... ]
- Models to represent/build; editing tool for models
- Generate code/configurations/etc from model

- Integrate with other tools

» Our current approach:

- Meta-tool - visual models/meta-model

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

- Web service/RMI APIs for other tools/plug-ins
- Web browser, phone, Eclipse, collaboration plug-ins

ASE 2005 PC Workshop - John Grundy 2005 15
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Pounamu

Eclipse

Eclipse
Plug-in

Pounamu Meta-tool Application

Tool Specifcations |

— XML documents

Plug-ins

< ——= | Web Services
Modelling

projects (XML)

Tool specification
projects (XML)

ASE 2005 PC Workshop - John Grundy- 2005

Specification Tools Modelling Tools
Shape Designer Modelling Views
Meta-model
Designer |:|
Event handler / Event /

Designer ﬁ Handlers
View Designer \

Model Entity instances

S E Software
Engineering
‘The University of Auckland

Code R
templates |

XSLT
Engine

Code
generated

3 rd p arty
components

Web service API

.

16
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Meta-tools “SE So&garﬂe
(themselves DSVLS') b

Pounamu: Model things with your own tool RemoveShapeAndConnector | PositionNewTask MNewConnectorConstraints ‘

‘ The University of Auckland

Pounamu  Help ResizeConstraints SnapToPlace

Manager Tree | -1 1-—-- 1 e 1 ~Please specify thp-awante bhic vicual handlar will o
J pounamu meta model view 0 I [~ NewShapeEve 1
| tool projec I Title
B UMLTo [~ RemoveConng
=@ ico parent
=@ [ ChangePropel 0 0
E

~Please import an

| Class 3 ]
’mport: 1
=-@ attribute:MultiLinesTes 4

method:MultiLinesTex

IaskiD
Title

270205 10:16:09

Duration Total Cost

: hal name:String:key ~Please input the connector_type
m: MoveShay Creation Date

=@ vie Pounamuj

v modelley
II/ model proj

It

IF d subtpsks

[ «J_| int offg - _D.
fmw— int offg newwShape

general I undo |

‘ B: classshape hi il T

7. implements he l 2 1 - M
& the new mod implements ~Please input the IHLZ é
(It iy IIabel:String:key P I Title
i\elcome to use P A -
final iy L D

Modelley
T 270205 10:30:01
I name value s
u ~Please briefly de: _ setProps | Title
snapToP] 1 M

o

Ll I 0

27/02/05 10:20:56

Visual_event_ STTOTeTS T = =] 1) = = 1) =T T
shapes | connectors | model_event_handlers | model_user_handlers |
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Code (data) generation ‘LSE

riskAssessment

“risbleData(requesgy
N

check

riskAssessmentP1

-|_approvaiino_||

loanApprovalPT

| error 1

datastore
ASSESSTERT, TisK|

getMriableDatarisk

i=low"

thagt=11

Process definition -
loanApproval

<view>

<viewname>FormLayout_0</vie
<viewtype>FormLayout</viewty
<shape>

rootid>

objectid>

Via XSLT/XPath

<receive name= "receive” partnerLink="customer"

</invoke>

<name>XForm$123_abc<
<type>XForm</type>
<id>shape0</id>

<rootid>9B028801-3974

<objectid>9B028801-397

<iconname>XForm_0</icq
<icontype>Form</icontyp
<basex>197</basex>
<basey>19</basey>
<width>400</width>
<height>435</height>
<property>
<propertyname>for
<propertytype>Cold
<propertypath>this
<propertyoldname>|
<propertyvalue>
<red>255</r
<green>102<4
<blue>102</I
</propertyvalue>

Software

Engineering

WEKTITS [0 USS FTUnamy

LA E)

</property>

The University of Auckland

B =@

towt
SOatxrid)
— A
£ . Vs /_\

perty>

portType="loanApproval PT"
operation="approve’
variable="request"”
createInstance="yes">
<!'—links-->

</receive>

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

</invoke>

<invoke name="invokeassessor” partnerlink="assessor’
porctType="riskAssessmentcPT"
operation="check"”
inputVariable="reguest"”
outputVariable="riskAssessment' >
<!=links-->

P!
<propertyname>background</propertyname>

<invoke debugWS=>
<invoke dehugWS:
<invoke dehugWS=
<invoke Ws2 . >

<invoke debugWS>

ASE 2005 PC Workshop - John Grundy 2005
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Code Generation Approaches

The University of Auckland

& Experiences

+ Experiences with translating XML (DS model) into:

- XSLT (Form-based Mapper); Rimu (RVM); XSLT
+Express-G (VML); XSLT or Java (Vision) - all via
Java

- BPEL (via XSLT) - ViTABaL-WS

- Java/C#/JSPs/Ant scripts/IDLs/... (all via XSLT &
Ant build scripts) - ArgoMTE

- Java - Pounamu ECA event handlers (via Java) -
Katiaki

- Adaptive User Interface Technology - AUIT, via
Java

- Configuration of web service components - IMAL,
via Java and SOAP messages

ASE 2005 PC Workshop - John Grundy 2005 19
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Still too difficult to express model transformation
and code generation (ironically, a data mapping
problem... ©)

+ XSLT is nice, abstract approach but proving limited

for complex transformation problems

-+ Java code gen. effective but too hard to maintain -

whole reason for the various data mapper tools...|

» Recently built an Eclipse plug-in which also allows use

of the purpose-designed Java Emitter Templates
(JET) code generator now - basically JSPs

- Looking at ways to generate JET specifications for

DSVL tools...

ASE 2005 PC Workshop - John Grundy 2005
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Current Work

The University of Auckland

» Code generation challenging:

- Have DSL model for which to generate code
- Have target code/model/configuration

* Need better meta-tools to describe this code-gen
* Our approach: YAMT (yet another mapping tool ©) -

DSVL specifically for code gen/MDA
- Source/target models (BOTH DSVLs...)

- Mappings between
- Generation of code generator (meta-generator ©)
- Doing with the VISION tool (see ASE 2004)

ASE 2005 PC Workshop - John Grundy 2005 21
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Conclusions

* Models using general-purpose visual notations can get

too complex, unwieldy, unsuitable for expressing
things in various domains

Domain-specific languages enable purpose-built model
specification; DSVLs provide visual mepahor for these
building these models

DSVL tools support DSL model construction,
visualisation and code/data generation/component
configuration

While editing tools is usually thought of as hard
stuff, code gen. is v. hard too - need DSVLs for this!

ASE 2005 PC Workshop - John Grundy 2005 22
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