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Outline

B What is domain-specific modelling (DSM)?
- Why DSM?
- DSM examples from different application domains
— Industrial experience reports
— Where to apply
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Modelling domain vs. modelling code

Domain é Map to code, implement A bl Finished
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What is domain-specific modelling

B Captures domain knowledge (as opposed to code)
- Raise abstraction from implementation world
- Uses domain abstractions
— Applies domain concepts and rules as modelling constructs
- Narrow down the design space
— Focus on single range of products

B Lets developers design products using domain
terms

= Apply familiar terminology

=» Solve the RIGHT problems
— i.e. those problems the language is defined for

=» Solve problems only ONCE!
— directly in models, not again by writing code
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Why Domain-Specific Modelling

B Development is supposed to become faster

- less to "write” as abstraction is raised

- features made and changed faster
B Development becomes easier

- lower level details hidden (see Assember for C)

- models easier to read, understand and remember
B Expertise can be leveraged

- domain to code mappings made only once — by the
expert

© 2003 MetaCase




Example: Digital wristwatch

Domain Product family . Finished

Idea - Models: His, Hers, Sport, Kid, Traveller, Product
Diver...

Reusable component applications
- Time, Alarm, Timer, WorldTime, StopWatch...

Hide complexity from modeller
— Model-View-Controller separation
— Separate thread for real-time display

Implementation in Java

No map! = pomain Generate calls

Model **'t5 components > Components

© 2003 MetaCase 7




SLUEILN ® Let’s make a new model and function!  [FLIENEY
Idea ~ Pure stopwatch with lap-time function Product

B Points of comparison:

- Where are we thinking: domain or code
world?

— Support for getting the right domain
solution?

- How long does it take?
— Can we do it right first time?
- Is everything updated that should be?

No map! = pomain Generate calls

Model **'t5 components > Components
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Code-based approach

& Exploring - C:\MetaEdit\MetaEdit M'wB 3.0%Reports

J File  Edit “iew Go Favoites Tools  Help

pod
Address [ C:\MetaE ditMetaE it MWE 3.0%Fieparts =l B¢-k -
al

Mame | Sizel Type | Modified ;l
@AbstractWatchADDlication.iava BKB  JAMA File 1.2.2001 1325
@ FARYNH BY Programmer’s File Editor - [Stopwatch.javal] =10l x|
@Ala[mcl File Edit Options Template Execute Macro Window Help _|H|L|
@Eelestre
@Celestrc
@Decom import java.util.x; =
@D?I'C'a' public class Stopwatch extends AbstractWatchapplication {
2] Displayl T ine - new 1 l
@ Dizplagy: 4 Ry 3
| Displag: . . .
% ?Spa‘l't public METime getstartTime() {

Displayi return startTime;
] Display: 3
@Displa}\? public void setstartTime(HETime t1) {
] Displau startTime = t1;
%l Dl_'rlr 3

con.jay publiic § {
| w1
@METimE : nli i tapti FMETA 1y 4

. public void setstonfioeibETine v1) ¢
@Fl.esult.{ stoplime = £1;
@Slmplm 3
@Sport}l.i
3] Stopwa public St sbractiatonipplet watchipplet;
&

) anning -
3] Time jar 178
@Timer.ie i pped g

. addTrans {
@TlnyTe: addiransition
@TST.@\
@Watch.
@Watch additatebisplay ”5}‘ DI A
) vent ] addStatedispl ., I 1588

erture 3:
(] world T
@Zone.ia
@Alarmtl public Object a22_718() i
=T, bl 3
[ [Gicen [65 [ A Fec OFf [Mo'wrap [DOS [ING y

93 object(s]

[BEEE [0k free space | = My Computer
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Down

Calculate
laptime

Display laptime

Read the documents
Find the solution

Find the relevant code
Change the right code

Document the code change

Test the changes
Document the solution



Code visualization approach

MetaEdit MWE 3.0\Reports
J File  Edit Wiew Go Favoites Tools  Help |
pod

Address [ C:\MetaE ditMetaE it MWE 3.0%Fieparts =l j B‘::k -
Mams | Size | Type | Modified B
@AbstractWatchApplication.iava BKE  JAMA File 1.2.2001 1325

@Alarm. java 1KB  JAMA File 1.2.2001 1325

@Alarmclock. java KB JAVA File 1.2.2001 1325

@ Celestrajava KB &V File 1.2.2001 1325

@ Celestron.java 1KB  JAWA File 1.2.2001 13:25

@ DecompPairjava 1KE  JaVA File 1.2.20010 1325

@ Delicia.java KB JAMA File 1.2.2001 1325

@ Dizplaylnfa.java 1KE  JAVA File 1.2.2001 1325

@ Display<022 java 1KB  JAMA File 1.2.2001 1325

@ Display<025 java TKB  JAWVA File 13.12.200015:59

@ Display<032 java TEB  JAVA File 1.2.2001 1325

@ Display<125 java 1KB  JAMA File 1.2.2001 10:13

@ Display<234.java TKB  JAVA File 1.2.2001 1325

@ Display<334 java TKB  JAVA File 1.2.2001 1325

@ lconjava 1KB  JAMA File 1.2.2001 1325

@ L 1 java 2KB  JAMA File 1.2.2001 10:13

@ ME Time. java KB JAVA File 1220011325

@ Result.java KB JAWMA File 1220011325

@ Simple.java 1KB  JAMA File 1.2.2001 1325

@ Sporty.java 1KE  JaVA File 1.2.20001 1325

@ Stopwatch. java 2KB  JAVA File 1.220001 1325

@ TAST java 1KB  JAMA File 1.2.2001 1325

@ TASTW java 2KB  JAVA File 1.2.2001 1328

@ Time.java KB JAMA File 1.2.2001 1325

@ Timer.java 4KB  JAMA File 1.2.2001 1325

@ TinyT extField java 1KB  JAMA File 1.2.2001 10:13

@ T5T java TKB  JAWVA File 1.2.2001 1325

@ Watch java 2KB JAVA File 81220001613

@ Watch_128 java 1KB  JAMA File 8122000 16:13

@Ventuler. java 1KE  JAWA File 1.2.2001 13:25 o
@WorldTime.iava 2KB  JAMA File 1.2.2001 1325

@Zone.iava 1KB  JAMA File 1.2.2001 1325

@Alarmclock. doc 320KE  MicrosoftWord Docum.. 11.12.2000 14:24 -
flh_ . .. . ————— PR .- e e o I_}l—l

|53 object(s)
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DecompPair Displaylnfo leon METime Result Abstra chilatohippl et Celestron
-hame +olinkirn -iconMame -HOUR_OF_DAY +action
-application hay ks icomilidget MINUTE sarget State -elockThread +Ce:?6° nl
" +igplayhiethod -SECOND -dizplay
+Decomp Pain]) +lean) _HUNDOREDTH +Result() -alarms
+D0isplayinfal) +zet Onid) _sizas -applications
+set Off) -appStack Delicia
-clock Offzet
_— -iconPanel +Delicial)
AbstractilfatchApplication Simple timePanel +900
_START -button Panel
-5TOPR +5imple) R -appPanel
-applet 432k 0110 Timer -state Pane| oy
-decompositions +ail 7340 Hength -appField
_stateTransitions +d22_29390 HengthLeft -stateFiald Pr——
-stateDisplays +stopTime ‘C]I”__'_F 00
-cument State
-5TART +getlength() -H;o%
-5TOP i +zatlangth() Hnit
-applet WorldTime I hLeft0) +start() Wenturer
-decompasitions +offzet +zetlengthLeft() +Huni
-stateTransitions rgetotfsatl) +getstopTime() +paint() +enturer()
-stateDisplays ssetoffset() +zatstopTimer) +zetBlinks() +goi}
-curment State i Timer) +Timen) . +stapl)
+a2i_27130 +azk_FETI0 +action F!erforrnedo
432213410 +azi_28410) _Ho30
+ébstractiiate h pplication) +aTE_GTE0 +a2Z_11530) +addThisAnd $ub Apps()
+getclockTimel 4aZi 22920 +azk_FIRE0) +tart Appl) Celestra
+setelockTime() w72 111 60 +a2l_TEEE0 Hysﬁme Changed()
+getsysTimen - +ali_o030) ill Aarmey +Calestral)
+getclock Offset) +aiz 21050 +aiseAami) +goi)
ssetclock Offset() /_\./ +alZ_2154()
+setAammi) +d22 16880
+ill 4arm) TST +d22_13460
+add Decomposition() +d22_18000) AbstractDisplay
+addTransition() Kr——] MZETSZE(QQ Display<nz2 oons
+addState Display() _26590) r il
+hardie Bvent(y eDisplay 02z |
+icon OnQ) TESTH Pay buttans
Heon OF ) /_/57
+hoey Unit() +TASTIN Time Displayx234
+HlisplayTimel) +d22_16520)
+perform() +Timer) +Display¥za40
+rbstractiatehApplication) +a2?_3240)
+getolockTime) TAST +a3 13300
+zetclockTime() +@zz_ 1010 DizplayXa3a
ﬁe‘lsylfg;‘ego +TASTO +a22_224000
Hgetooaits +22_1653 +a22_15620) i
+setclock DFfsetl) 19520 At 5350 +Display33340 Alarm
+setAami) +d22_26800) -name
+kiIINarrnQ X Dizplay#03z JocalTimeAwareness
wadd 5;?"“".9“'5“0 AlarmClock -alamtate
+addTransition - _sleeptime
+add State Display() +alarmTime Stopwateh +DisplayH3z0 -ap;.)tlet
+handle Bvent() JrmrE——— +startDate -alarm pplication
+Hion On() +zstalarmTime() +stopTime Zone -name
+Heon OFf) +am Clack() JocalTimeAnareness
Hezy Lnit) +getstart Date) -zane Name _alarm State
+display Time?) +al2 15200 +setstart Date) -zonetdlue -sleeptime
+parformi]) +al2 17800 +getstop Time) -zoneiifidget -applet
+all 9860 +zetstopTime() -blinking -alarm2pplication
+al2_ T +5topwatchi)
+322_ 27340 4a22_TI6A0) +Zanel)
+ai_5350) +a22_14750) +setialue() ppTm——
+a22_13400 +a2i_17750)
- +un()
+d22_19370) +d22_29050) st
+d22_3260) +un()
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Code visualization

Read the documents
Find the solution
Find the relevant modelsq
Change the right code

DecompPair Dizplaylnfo leon METime
-na.me. +blinking -izonhame -HOUR_OF_DAY
-application ey Unit -iconilidget -MINUTE
" +displayhiethod -SECOND
+Dlecamp Fain) play +leon() -HUNOREDTH
+DisplayInfol) +setOng) -sizes
+set DT}

B4 Programmer’s File Editor - [Stopwatch.java]
File Edit Options Template Execute Macro Window Help

import java.util.x;

ime st

and models \
Document the code and
model changes

Test the changes

Update models (Use
cases, Class models,

ime stoplime =

srtlame =

public class Stopwatch extends nbstractWatcEEEplication {
381 BT aew HETimed )
new METimel):

public METime getstartTime() {
return startTime;

H

public void setstartTime(HETime t1) {
startTime = t1;

\e

public METime geistopTiws(} {
return stapiime;

Celestron
lat
e S +Celestron)
-display +00)
+Result() -alarms
-applications
-appStack Delicia
' -clockDffset
— = m @ -iranBanal +Delicial)
=10l x| +9a()
=1 | A/
/| |1AB | =2
= L1 +iporty()
I +a00)
“enturer
+unturen)
‘Q\ +300
Celestra
+Celestral)

¥
nublic updd sety
stoplin
?
public Stapuatch
Superiu
agdivan
addiran
afdTrans
IR

Message sequences

adairang

models, State models
etc.)

LA A

4

public Object a3

Document the solution
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Ln 1 Call [ | [wA
HeonOff)
Hezy Lnit)
+displayTimel)
+Hperformi)
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Use alarm

Apply
worldtime

>
,
1
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AT
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Domain-Specific Modelling

Find the relevant models
2. Change the models .
e add feature [ ]
e (generate code
3. Test the changes

=

stopTime

Stopped

sysTime sysTime

stopTime
startTime

-} Delicia Watch Test Environment - M
J File Edit Wiew Favorites  Tools Helpr__
|e-»- QR & | D | 5
| Address |€1 p:\Temp|patch test|21091999iRen,

J Links .Select wOur region ﬁMetaCase horl

Delicia

Running

Watch Test Environ

Mode
—

IOO IOO |14 m ijthe current time and shows it on 2
-mw lay. It keeps the stopwatch still
Mode | il ﬂl Do |
e ao
<

State ICOUFﬁiHQ
C | Infa...
|@ Done ’_l_ |@‘ Iy Co anee e
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Let's see some further examples
on different application
domains...

© 2003 MetaCase

13



L

| Casel:
Insurance products & eCommerce

B Developing portal for insurances and financial
products

B Need to specify several hundred financial products

B Insurance experts specify visually insurance
products and generate code to the portal

B Comparison to writing directly Java after first 30
products = DSM at least 3 times faster
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EPmduct Model: ¥ehicle insurance, September 24, 2001, 14:26

Graph Edit Wiew Twpez Help

oo N P = = o o S

Comprehensive

Car owner Coverage

Accident

P

~J

-
> |
1)

>
T
ﬁgﬁ

Car Driver Passengers IrdParty

4]

Active: None Grid: 10&10 Zoom: 100%
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Programmer's File Editor - [Basis.java] = IEllﬂ
. Fil: Edit Options Template Execute Macro  Window  Help _Iﬂl__)g

2] Je] 2][A EEE

puhllc class Basis extends PruductRep051tury

EE

public Basis({String name)}

{
super{name) ;
PRODUCT_MAME = Basis;
MofPackage productpackage = createProduct();
this.addHofPackage{productpackage);
} 4 = 3
public Basis() y
{ N a . |
f!_name ?F namespace ProductRepository not used SeleMionsrechner | | Produdpariner -m,ﬂmdﬂml
this{Basis);
¥ I YEY ] ol e Enﬂ mopsce] e |
rivate HMofPackage createProduct Daten vor P ¥
{p g 0 = 5 L:smm“ o Hisr kinnen Sie e Registrierungadaten Gndern
productpackage_ = new HofPackage(PRODUCT_HAME} ; 1- hobie Gasse 12(7) Bitte sanden She urs sine &.Mall fr Horrelduren in den gesperrien Feldarm
B Kontsktmaglichketsn
/7 Global Instances, will be re-used by each section | 1 Teieton 00000234 (7] g I;q“
HofAttribute attribute; 2 eal 18201
MofAssociation mofAssociation; 3. Faxc () Vi [w
Constant constant: B~ Bankverbngungen
AssociationEnd end1; 1. 1234564 ") Pec"""-'“"!""'ﬂJl
AssociationEnd end2;
Reference reference; e I dnckivi ]‘ e ' j
Srasae i
£
£/ Tags i |” Land J
£ -
beitragssicht_ = new Tag{"Tarifierung",MofHodelConstants.TAGID_TARIFII i i
productpackage_.addContainedTag{beitragssicht_};
Teleton I (00234 & Mai 10
selektionssichtTrue_ = new Tag{''Selektion_true",HofHModelConstants.TAG
selektionssichtTrue_.addUalue{"True"}; . rﬁ"ﬁ”—————“ B rﬁ"ﬁ”————
productpackage_.addContainedTag(selektionssichtTrue_ ); il
. Kredtinattt | i
angebotssicht_ = new Tag("Angebot",MofModelConstants.TAGID_ANGEBOT);
productpackage_.addContainedTag(angebotssicht_}; il I=
i
/7 Exceptions
£

HofException Exceptioni = new HofException {"Exceptioni")}
parameter = new Parameter (“ExcepParami”, new DataType{"Haftung"));
.addParameter(parameter)
parameter = new Parameter("ExceptionParam2", new DataType{"string"});
.addParameter (parameter)

R\LI;

4
||—Ln1 Cal 1 [720 [ [WR[  [RecOf [Nowrap [DOS NS NOM[
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Case2: Configuration of services

B Telecom services and their configuration
B Users visually specify new configuration models

B Generate various configurations from single design
- One model
— Multiple outputs

B Reusable component library
B Code generators refer to external files

© 2003 MetaCase 17
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‘Buffers Files Tools Edit Search Mule Help

# This is a simple config file generated by MetaCase
# Actusl LAMA components Graph are:

# tup @ LAMA_setup; name : AndurasMini
# LAMAZ - STARTUP- Configuration

# Config_name = LAMAmini.cfg

# LAMA_root_dir = soptslamamini

2lobal.subnet = minlck.hamburg.minick.net
2lobal.subnet_mask = 255.255.255.0

global MYSOL_HOST = 192.1658.190.46

g2lobal .MYSOL_USER = test

g¢1lobal.HYSUL_DATABASE = save_the_sms
global . MYSOL_UNX_SOCKET = WULL

2lobal.DB_tupe = subase

g¢lobal.tcp_nodelay = O

# End STARTUP

# In Module :

# Module I_SMTP_in : smtp

smtp_in.main_gueue = localhost 32000
smtp_in.server_port = 25

smtp_in. info_port = 34333

smtp_in.debug_port = 35333

# Maln Queue: sms

SMS_QUEUE.gueue_port = 32000

sms_gueue. info_port = 32001

sms_gueue. supported_properties = all
sms_fuele.secs_to_reset _failed_connections = 0

# Dispatcher properties are stored in routing table f
# Routing table filename not set. Use Default Routing
Dispatcher.routingtable = cfg/LAMA-routing.cfg

# UCP-out module : D1

ucp_out_D1.input_gueue = localhost 30020

ucp_out _D1l.output_gueue = localhost 32000
ucp_out_D1.ucp_socket = 2.9.81.35 5008
ucp_out_D1.ucp_account_username =
ucp_out _D1.ucp_account_password =
ucp_out_D1.billing_account _username
ucp_out_D1.billing_account _password
ucp_out_D1.ucp_operator = D1
ucp_out _D1.8SM5C_sender_id = D1
ucp_out_Di.national_prefix =
ucp_out_Dl.windowsize = 0
ucp_out_D1.TCP_MODELAY = O
ucp_out_D1.1logfile = logsD1.log
ucp_out_D1.supported_properties =

# Storage Queue: STORAGE
STORAGE _Queue .queue_port = 33000
STORAGE _Queue. info_port = 0

STORAGE _Queue.secs_to_reset_failed_connections = 0
DI _Queue.queue_port = 30020

DI_Queue. info_port = 30021

DI_Queue.initial_state = offline
DI_Queue.supported_properties = all
DI_Queue.secs_to_reset_failed_connections = ofl

# Module - File-out : D1

D1_fileout.gueue = localhost 30020
D1_fileout.outfile = datasDl.sms
D1_fileout.billing_account_username = D1

D1
D1

Reporting Tool

if [ -» "$LAMASBIN"kegeln.zh 1; then "$LEMAZBIN kegeln.sh; fi
#start_module starts the module %1 as instance F2 with output %3
function start_modulel)

§

echo $1 %2 $3
#now start the instance $2 of %1 with output to £3, make timestamps and erase o
utput every 15 minutes

{ T"ELAMASBINTSL %2 2:81 | "$LAMASBIN stdin?log -t -e -r 900 -f $LAMASDIR/scCres
enshot/ %3 18
i

start_module SmS_guUeue SMS_fUeUE SMms_QueLE
sleep 2
sleep 2
sleep 2

start_module smtp_in smip_in smtp-server
sleep 2

start_module sms_gueue DI_Queue DI_QOueue

start_module storage_gueue STORAGE_BQueue STORAGE_Oueue

sleep 3

# 0Out HModules in comments line are replaced with File-out Modules
# start_module ucp_out D1 D1

start_module file_out D1_fileout D1_fileout
sleep 4

start_module dispatcher Dispatcher Dispatcher

OUTPUTStartAndu
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Case3: Web application

B Web application for e-commerce; product catalogs,
events, press releases, and discussion forums

B Core components and basic functionality available
for reuse and customization needs

B Each customer can specify own data content,
behavioral logic and user interface

B Code generators produce running Java applets,
stylesheets and xml files

B Generation of documents for both internal and
external use

© 2003 MetaCase
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Eﬁ:rm Model: Event Admin view, June 9, 2001, 10:15 EFnrm Model: Event view, June 11, 2001, 14:02 _ Inlﬂ
Graph  Edit “iew Typez Help Graph Edit View Types Help
| | |L|n| | Callukl |nc| |E|E|Lln| | Calll oKlErmrllncll
e
Event Event
ﬁ"de CVErViE ﬁ;:_j:e
ame
Date = Date (Starts)
Oate (Ends)
ey
Pririt oK Delete ey Update
Event
. Ham=
Detailed Date (Starts)
= Date [End.
Event deleted! Event Ek
Info Info Detailed Al elements Courtry
Ok, —— Priviting dbmation Celedion infomaiion = shown I — Description
shom o e wser, sho v o e wmer
Register
Error
S Registeration confirmed
Info
User gets invomation abowt fis
coafimakion.
Cornfimadion about [
Fa v F0 M. Send by
email
-
4 I I »
« | : : -
Active: Mone Grid: 10810 foom: 100%
Active: MNone Grid: 10&@10 Zoom: 100% i
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JJ File Edit Project ML DTDjSchema  Schema design ¥SL Conwvert Table Wiew Browser  Scripting  Window Help

Dzl @@ &t oo (add 7

| yel:stylesheet
=110
3 it ey 3 orgM 9991 Transform
xsi:template
= match !

3

4 html
+ body

"

IT!!!!!!!F!%P

Thiz file is well-formed. Please note: you can also validate an XML file against its
@ document type definition.

@ pRE@ ™

FA | =

Testbereich/.

o ze | llemes [ o= |
- ’ . &\

i Diese Seite wurde entwickelt basierend auf Xsuitel@Webservices
Fanlra Module fiir Webshops, Veranstaltungskalender, Diskussions-
foren, Newsbereiche und Linksammiungen. Weitere Infos ...

Kategarie:

Such-Filterbegriff:

Einkaufswagen anzeigen ...

Portierschirm

ulte.nel

Auswahl der Ansicht
Schuhe 2

Anzeigen!

¥ Ansichts.Optionen snzeigen

Portierschirm 27", 28" und 30"/ Fiberglas oder Metalausfihmng-
Mindestbestelimenge 300 Stick
EUR 10,00 exkl. (12,00 inki)
ATS 137 BO-exkl. (18542 ik /Stilck

In den Einkaufswagen legen ...

Halbschuhe schiin

EUR 100,00 exkl. (120,00 inkl.)
ATS 137603 exkl ¢185124in) [Groesse

In den Einkaufswagen legen ...

Bergschuhe bedingt steigeisenfest
Das ist der Hit oder doch nicht!

kestenlos

Bergschuhe steigeisenfest
Fester Bergschuh aus mit C;
coppekter Vi ] L

und i D
Sonderpreis: EUR  2.499,00 exkl. iz 998,80 ink)
ATS 3439629 exkl 126420 ink) fStilck
Statt: FUR—2975:00-exki—r3-+55-06-+mits

AT et e0- 433 55

In den Einkaufswagen legen ...

<td=
=valwalip.nf splert="Prira'"f= LI

||t = 1

10 33 19 |1 i,

i i [l e [t de I

|| g 3 820 8

0 [k g, B |

b i 0 | Bt i, B |

*¥ML Spyv w3.5 MT Reqistered to Juha-Pekka Tolvanen (MetaCase Consulting) (c)1998-2001 Alkowa GmbH & Alkowa, Ine,

[ [ w4
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L
~—  Casea4: _
VoiceMenu for micro controller

B VoiceMenu for micro controller based home
automation system

- Remote control for lights, heating, alarms, etc.

B VoiceMenus are programmed straight to the device
with assembler-like language (8bit)

B Modelling language to define overall menu structure
and individual voice prompts

B Code generator produces 100% of menu
implementation

B Development time for a feature from a week down to
a day!

© 2003 MetaCase
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Sample YoiceMenu, February 6, 2002, 11:41
Graph Edit “iew Tppes Help

= mt ) [ i

Irevalid
ohoite

Mdzose o
He system!
Press 1 far

HERACTE

The cument
lifestyle

Invalid
choize

K I—

F Y

Tinreout

YoiceOutput: Lifestyle menu, February 6, 2002, 17:04

Graph Edit “iew Twpes Help

=101 ]

& Ol sl e ver

the obfer
e el
Fause for 0.5 sec
the...
Lcarrent.. GetlifeStyle
difeshile. Speaks Lifestyle
s
HARACTE

Fause 0.3 sec
select..
.ahather...

L Aiestyie.

FilltdemB

Active: None Grid: 10&10

Zoom: 100%
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4] |

[

Add to MemB

Speaks Lifestyle

Active: None Grid: 10@10 Zoom: 100%
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S Report Output: Sample YoiceMenu: YoiceMenu H=] E3

File Edit Help

3620
Speak 0x01
Speak 0x02

Speak 0x04
Speak 0x05
GetlLifeStyle
Speaks Lifestyle
Speak Ox06 5
Speak 0x07 5
Speak 0x08 5
Speak 0x04 5
FillkdemB 0O
3570
Add to MemB 01

Speaks Lifestyle

Is MemB == OF
IFMot
Gotod_570

3 422
Speak Ox15 10
Speak Ox16 12
Clear Menu Buffer
Fill Tirneout &

:3 532
Test Tirmeout

(Ll XY

5 1
51
Speak 0x03 5 [ ..current..)
5 (.
50

e e e

Pause for 0.5 sec)
the...)

lifestyle..)
s

Pause 0.3 sec)
select...)
...another.. )

. ifestyle...)

Speak 0x03 5 (for.)

Speak {...press..)
Speak number MemB

(WWelcome to the ather menu)
{Press 1 for the main menu)

[
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Let’'s look then at the
organizational perspective ...

© 2003 MetaCase
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" Some reported industrial cases
based on DSM

Nokia; Mobile Phone product line

Bell Labs / AT&T / Lucent; 5ESS
telecommunications switch,

Honeywell; embedded software architectures
NASA ASE group; Amphion

Pecunet; B2B E-Business: insurance

LexiFi; mlFi, financial contracts

DuPont; Activity Modeling

NASA; Architecture Definition Language
ORGA; SIM toolkit & JavaCard

USAF; Message Transformation and Validation
NASA JPL; embedded measurement systems

© 2003 MetaCase
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DSM Case Study: Nokia

B DSM and related code generators for mobile phone*

B Order of magnitude productivity gains (10x)
- "A module that was expected to take 2 weeks... took
1 day from the start of the design to the finished
product”

B Focus on designs rather than code
— Domain-oriented method allows developers to
concentrate on the required functionality

B Training time was reduced significantly
— “Earlier it took 6 months for a new worker to become
productive. Now it takes 2 weeks”

* MetaCase, Nokia case study, 1999
© 2003 MetaCase
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DSM Case Study: Lucent

B 5ESS Phone Switch and several DSMs *

B Reported productivity improvements of about 3-10
times
- From several cases
- From several DSMs
B Shorter intervals between product releases
B Improved consistency across product variants
— “DSM should be used always if more than 3 variants”

* D. Weiss et al, Software Product-Line Engineering, Addison-Wesley
© 2003 MetaCase

29



DSM case study: USAF

Development of message translation and validation
system (MTV)*

B Declarative domain-specific language

B + code generators and customisation of components

Compared DSM against component-based development:

B DSM is 3 times faster than code components
B DSM leads to fewer errors: about 50% less

B DSM gives “superior flexibility in handling a greater
range of specifications” than components

* Kieburtz et al., A Software Engineering Experiment in Software
Component Generation, ICSE

© 2003 MetaCase
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DSM Case Study: Nokia Tetra

®m DSM for Tetra terminals*

— Earlier development was based on SDL and manual
coding

B Faster development

- "DSM+ has clearly boosted development speed due to its
capabilities for supporting extensive reuse and managing
variation”

B Quality of product code improved

- "DSM rules out errors, eliminating them already in the
design stage”

B Hiding complexity made development easier

- "Developers with less C code experience can effectively
develop features using DSM”

* MetaCase, Nokia case study, 2003
© 2003 MetaCase

31



Where to apply

B Repetitive development tasks

— Large portion of the work similar to earlier done (or
done in parallel)

B Domain expertise needed
-~ Non-programmers can participate

B These normally include:
— Product Family
- Platform-based development
— Configuration
— Business rule definitions
- Embedded devices

© 2003 MetaCase
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Outline

O
O
B Implementing and using DSM

— Architecture for defining and using DSM
— Tools for DSM creation and use
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Modelling domain vs. modelling code

Domain é Map to code, implement A bl Finished
Idea B szm G eee Product
=
(O
£
S Map to code, implement .
c Code
iE) Generate,
Q Add bodies
S  Map to UML
0 UML Model
[e)
N
NOIMAR: Domain (.3. ?n.e.l:a.].t.e..?.a.l.l.si ..... »Components
Model to components P
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How to implement DSM

Done a few times before!

Finished
Product

Domain Code Component
metamodel generation library
Domain Generate calls
Model """ t. (.). Eé.ﬁ‘ib.éh.é.ﬁ{:.s ...... »Com ponent -
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DSM environment

B Three things are required for a complete
DSM environment:

1. Domain-specific modelling language

- Metamodel (of the language) maps to
application domain (not to coding concepts)

— Models describe only allowed design space
2. Code generator(s)

— Generators read the instance models to
produce code

— Provide variation for output formats
3. Domain framework

— Include common aspects used as
primitives/components/platform services

- Called by the generated code

— No single place to put the automation
rules!

© 2003 MetaCase

DSM environment

DOMAIN-
SPECIFIC
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CODE
GENERATOR
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FRAMEWORK
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DSM environment in use

. DOMAIN IDEA
B Few experts define the POMAIR

DSM environment

B Many application
engineers use it for

DOM AIN-
product develoemgns DOMAIN ||
— Less work to “write MODELLING M ODEL

LANGUAGE

— Code generated

— Models easier to read
and change

DOMAIN-

— Safer process SPECIFIC
CODE N i PRODUCT
GENERATOR CODE

DOMAIN
FRAMEWORK
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Difference to MDA?

B Same idea on using models and transformations, but...

Example Transformations

15

Automation
Level
{P-Stack)

PIM

=» Transformation =2

Business Object Model |:>

Two tier UML model

Four tier UML model

Four tier JZEE/EJB
environment

=)
=

=)

Pattern based
refinement module
Model to Model

Internet Accessor

generator
Model to Model

Translative
generator w/ JZEE
Cartridge.

Model to Code

Compile, build, test
using the model
generated env.
Code to Binary

=)
=)
=

=

PSM

2 tier UML mode

UML madel of all
4 tiers

Tuned 4
tier J2EE/EJB
envirocnment

Operative
4 tier J2EE
systems

* ObjektSpektrum Newsletter: Koch, T., Reckziegel, J., MDA - State of the Art
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DSM aim to provide...

B Abstraction higher than coding terms
- not about return types, classes or their stereotypes
- but about domain concepts directly
B Fully automated generation for the modellers
- no need to change transformed models
- no need to write code manually after generation

B Models are not based on UML, but to a language
suited for both the domain and generation needs

B Simpler in terms of management and versioning of
the models and generators

© 2003 MetaCase
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Tools for DSM creation and use

B Tools are relevent for both DSM implementation and
use
B Good tools...

— Minimize resource use (few man-weeks)

e create modelling tools and generators (semi)automatically
e qguide in DSM greation

 allow you to test DSM already during domain design
— Allow DSM to change and reflect changes
1. to modelling tools
2. to design models already made
B A variety of tools available
- from Lex & Yacc to metamodel-based tools
—  CAME tools support metamodeling

- MetaCASE tools integrate both modeling and
metamodeling environment

© 2003 MetaCase
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Outline

Implementing modelling languages

- Metamodels and metamodelling

- How to identify modelling concepts and rules
- Sample languages

— Exercise: extending modelling language (i.e.
metamodel)

© 2003 MetaCase
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oJ

| Implementing modelling

languages

B The most important asset of a DSM
environment
— application engineers use it
— generator and platform largely
invisible
B Often defined by extending some
type of a modelling language for the
required computational model

— state machine
— flow model
- data structure, etc.

B Language specified as a metamodel

© 2003 MetaCase
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Metamodels and metamodeling

B Models play a crucial role in language definition, as in
all engineering.

B A metamodel is a conceptual model of an method
- here of a language only

B one level of abstraction higher than "normal” models

Metamodeling

Dev EI‘V %’:'“5

MModel of a method, Represen g Modeling
metam odel

Instanﬁaté\\ Devel?,/ weives
Model of an object |Eepresents [An object system to
B Metamodelling is Lrﬂ%edeh 6deling prLees%le“m"d“ed ich takes place

at one level of abstraction and logic higher

© 2003 MetaCase
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4 levels of IRDS by ISO

B The IRD Definition Schema Level:
- A metametamodel

IRD schema level

IRD definition
level

IRD level

Application
level

© 2003 MetaCase

L~

_

Metatypes: e.g. GOPRR'’s ‘Property’
(MetaCase), MOF’s Attribute (OMG)

® IRD Definition level:

/

Schemata and application specs

Metaclass level of programming
languages

Metamodels
e.g. specification of UML

B The IRD level:

DB schemata and app. programs
Class level of class-based languages
Models

e.g. Customer entity

B The application level
— Application data and execution.

Instances of class-based languages.
Instances
e.g. Customer “Juha-Pekka”



Metamodelling in OMG 4 levels

. G O P RR | Metametamodel
4
M O F etc Graph Object Property Relationship Role
7 .
B Language —
Metamodel
9(:Oncepts Button Alarm
> Rules
->
9 InstanceOf InstanceOf InstanceOf
Model
Down Wake
Sets
. P rOd u Ct InstanceOf
SpeCIflcatlons System in operation
Down button
pressed

© 2003 MetaCase
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Metamodelling languages

B Metamodelling is based on languages too!

B These vary from purpose
— illustrating vs. formalizing methods

— defining tool support
e Repository datamodel
e Define tool functionality

B What kind of representation for metamodels
— graphical (ER, NIAM, OPRR, GOPRR, MOF)
- matrix (O/A Matrix)
- text (ObjectZ, MDL, MEL, MOF)
— form based (OPRR, GOPRR)

© 2003 MetaCase
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An example: identifying language
constructs
B Instance (model) k1 v Reference
nfor mation Goods in
of the language for | order the store
modeling . Order between
.o functions \
— activities/tasks, Verity order / Material
— order between tasks, I
— material ﬂOW, _ Collect the goods
. . Function l
- information flow, OR®—— pjor o
- rules for flows, Material flow —p Srnative
— triggers for initiating
~ (references between R
mOdeIS) Information flow
W
Register deliveryg<—After closing  Inform customer
time
V\ Trigger
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An example: metamodel

Operator Material flow

Q

B Types (metamodel) m
B Includes all the type
information:
— object (types)
- relationship (types)
— property (types)

Information Material

formation Material
ow efer to € ow
0:M)
Reference

Informatio Action Material flo
ﬂw) / \\.(O:M)

N Actor
Cament =
O D 1 1
. : Specifier
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Together: type-instance pair

Operator

Mat

Informati
ow from

T
Information Material
formation
ow efer to é
0:M)
Reference

frol

Informatio!
flow to (0M)

© 2003 MetaCase

Specifier

rial flow
M

@ v\JRefer ence

| nfor mation gr”dsgfmer
— Order between ¢ store
functions
Verify order / Material
j P T
_ Collecithe goods
Function
OR € Alternative

Not enough
ordered goods

Reqgister deliverﬁAfter closing Inform customer

time
\ Trigger

Information flow
—w

Description
of specifier
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Identifying DSM constructs [1/3]

B Use domain concepts directly as modeling constructs
- already known and used
— established sematics exist
— natural to operate with
— easy to understand and remember
- requirements already expressed using them
— architecture often operates on domain concepts

B Focus on expressing design space with the language
— use parameters of variation space
- keep the language simple
— try to minimize the need for modelling
- do not visualize product code!
o better to “forget” your current code

B Apply suitable computational model(s) as a starting
point

© 2003 MetaCase 50



o)

Choose computational model for

DSM [1/2]

B How to specify all required design space?

B A variety of models available

- Data models, state machine, process models, interaction,
flow, etc.

B Often several models needed
B One model can incorporate aspects of other models,
e.g:
— state models can describe some static structures

- data models can be extended for behavioural aspects (e.g.
order)
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Choose computational model for
DSM [2/2]

B Computational model(s) depends also on the output
format and domain framework, e.g.
— if most behavior is provided by the framework we need to
produce only interfaces
e suggests the use of datamodels (+extensions)

- if dynamic behaviour of the system is expected to be
modelled (and generated)

e suggests the use of state models (+extensions)
— if expected output is in XML, data modeling adequate
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Identifying DSM constructs [2/3]

B Enrich chosen computational models with domain-
specific concepts and rules

- look type of design languages already used

B Investigate various alternatives for describing domain
with the chosen models, e.qg.

- model element(s)

- element properties

— certain collection of elements

— relationships between elements

- model organization structures
B Specify as a metamodel in some format

- draft samples with pen & paper

- document then early as a metamodel

- implement in some metamodel-based tool

- test it with real models
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Identifying DSM constructs [3/3]

m Type level = in the language
- best place giving first class support by the language
- modelers don’t need to know them
— easier to be used by the generator
- example: all metamodels

B Instance level = in the models
— every developer needs to know them
- how do generators know if they are filled correctly?
- examples:
e comments and note fields
e naming conventions
o profiles (stereotypes, tagged values)
* model marking
e constraint languages
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Example: Digital wrist watch

B We want to design new watch models and
generate 100% of the variant implementation
automatically

B Watch family has common

- Terminology
- Reference requirements and architecture
— Reusable components

B So what kind of language (metamodel) we
should have?
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Identifying modelling concepts

B Analyze architecture

B Analyze commonalities and variabilities
- Behaviour

— Static N o
Commonalities Variabilities

+ parameters

Behaviour

Static
structure

© 2003 MetaCase
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Behaviour commonalities

B The following statements are basic behavioural
assumptations about the digital wrist watch
domain:

B Behaviour
C1 Watch applications display time units and icons
C2 Watches execute applications in certain order
C3 User can trigger actions with buttons
C4 Actions operate on time units, icons, and/or alarms
C5 Icons are shown or hidden
C6 Alarms trigger an action

© 2003 MetaCase
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Static commmonalities

B The following statements are basic structural
assumptations about the digital wrist watch
domain:

B Static structure
C7 Watch has a physical display with zones for
displaying time and icons
C8 Time is divided into two-digit time units like seconds
and minutes
C9 Watches have a set of buttons

C10 Watches provide time-based applications
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Behaviour variabilities

B The following statements describe how watches can
vary:
B Behaviour

V1 Time units and icons displayed vary depending on
the application

V2 Actions applied vary depending on the application

V3 The sequential order of accessing applications can
vary

V4 Watches can be executed on different platforms

© 2003 MetaCase




Static variabilities

B The following statements describe how watches can
vary:

B Static structure
V5 The number of applications can vary

V6 Applications can be constructed from other
(sub)applications

V7 The number of zones in a display unit can vary

V8 Unit of time shown in a zone can vary

V9 The number of icons shown in a display unit can vary
V10Icon label text can vary

V11The number of buttons can vary

V12Button label can vary

© 2003 MetaCase
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Variability space

M Variation space with variation parameters

Variability = Description

V1
V2
V3
V4
V5
V6

V7
V8

V9

V10

V11
V12

Time units and icons displayed can vary depending
on the application
Actions applied vary depending on the application

The sequential order of accessing applications can
vary

Watches can be executed in different OSs

The number of applications can vary

Applications can be constructed from other
(sub)applications

The number of zones in a display unit can vary
Unit of time shown in a zone can vary

The number of icon slots shown in a display unit can
vary
Icon label text can vary

The number of buttons can vary
Button label can vary

© 2003 MetaCase

Parameter

Displayed Times (0-N) +
Displayed Icons (0-N)

[set Time, + Time, - Time, Icon
on, Icon off, Alarm on, Alarm off]
Accessing order

[MIDP, Linux, Windows]
[1..N]
[0..N]

[1..4]

[Hours, Minutes, Seconds,
Hundreds of seconds]
[0..4]

[Stopwatch, Alarm, World time,
Timer]

[2..4]

[Up, Down, Mode, Set]
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design space

1

Watch model

Y

1

Logical watch

Dﬁ. e

T

@_

DisplayedTime

O Variation point

Time
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-4

Time Un(\/8

@7
o

Display zone
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Modelling language for watch
family

B Watch application as a state machine
- V2: Actions executed in state transitions
- V3. State transitions
- V5: Number of state models
- V6: Nested state models

B Display structure as a data model
- V7: Display unit aggregation to zone
— V8: Time unit property (selection list)
- V9: Display unit aggregation to icon
- V10: Icon property (selection list)
- V11: Display unit aggregation to button
- V12: Button property (selection list)

B TimeDisplay mappings as a data model
— V1: DisplayUnits with Zones and shown time

© 2003 MetaCase
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Language for logical watch [1/2]

B State machine as a basis

B Extended with concepts and rules of watch domain,
like:
1. pressing button triggers transitions
2. Actions in transitions operate only with time elements
3. Each state describes time in specified way

T
EL,—MID clockOffset

© 2003 MetaCase
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Language for logical watch [2/2]

B Other extensions to state modelling concepts

— Application state, Action, Alarm, Button, Icon,
Displayed time, Variable

B To relationships

— Action performs

20 MINL PP -
“ariabl
DisplayFnHame ansme I Button2 \

operations for icons,
— Actions can set Alarm,

— Alarm reads time to
trigger application
state,

— Start state transition
do not need triggers,
etc.

® Figure:
Metamodel by example
© 2003 MetaCase
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Application
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display structure

B Static structure in a data model

— Data model describes one
watch model

- Modelling elements

e Logical Watch, Display, Button,

Icon, DisplayZone

— Element structures and
relations
e Watch model <Logical Watch,
Display>, Display <{Button},
{Icon}, {DisplayZone}>,
Logical watch <Watch
application>

© 2003 MetaCase

Language for watch model and

Watch model
Display Logical watch
/]

alarm

Display
Zone(z) Buttons Logical watch

Applications as
state machine
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Implementing DSM

B To have tool support the metamodel must be
defined in the form the selected tool accepts

B Tool implementation requires also other issues than
conceptal metamodel (concepts and rules)

B Symbols
— notation, icons in toolbars
® Dialogs
— user interface
B Generators
Connecitivity with other tools
B Help and tutorials

© 2003 MetaCase
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| Let’s look at the watch
metamodel...

B Concepts of Watch Model and State
- definition
— properties
- rules
— dialogs
- symbols

© 2003 MetaCase
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| Exercise:
extending the modelling language

B What if we would need a heartbeat functionality
- have an external HW
- HW abstraction layer with following services
e start, stop

e read
e set monitoring interval
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Implementing generators

— Different generator approaches

— The problems of fixed generators

- Implementing domain-specific generators

- Interfacing to generated code

— Sample generators (C, Java, XML, Assembler)
— Exercise: extending generator

© 2003 MetaCase
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Generator

B Generator translates the
computational model into a required
output

1. crawls through the models
- navigation according to metamodel

2. extract required information
- access data in models

3. translates it as the code
- translation semantics and rules

4. using some output format
- possibility to define output format

B There are different generator
approaches
- "Out-of-box” generators
— Customisable generators
- Domain-Specific generators

© 2003 MetaCase
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"Out-of-box"” generators [1/2]

B Typical characteristics
- Fixed metamodel (UML, EXPRESS, SA/SD, IDEF, etc.)

— Limited possibilities to influence on generator
execution (with parameters, input given in models,
etc.)

- Predefined platform support (e.g. ANSI C, certain
processor model)

B Philosophy
- Apply standard method and process

B E.g. generators included in traditional CASE tools

B It is questionable how much there is generation if
class in model is transformed to a class in code?
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"Out-of-box” generators [2/2]

B Benefits
— General purpose solution
— Introduction and use requires relatively little resources
B Limitations
— Generated code often incomplete (e.g. pure skeletons)
-~ Requires manual changes

e Models (other than pure code structure) and code not up-
to-date

e Often re-generation not possible without losing earlier
changes

e reverse-engineering works only for static structures
- Rest of the designs (user view, dynamics, behavior,
interaction etc.) maintained manually
- Generated code not usable
- Inefficient, need to be changed or rewritten

e Typical in areas when only simulation is generated but
not the product code

— Works adequately in few cases only
© 2003 MetaCase
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Customisable generators [1/2]

B Typical characteristics
- Fixed metamodel (UML, etc.)

— Developer can influence to the generator functionality
(e.g. programming or scripting language, templates)

— Platform support depends on the customisation
mechanisms available

B Philosophy

— Generator “intelligence” better because of improved
capability to understand models (source)

— Developer can extend variation handling by implementing
it to the generator

e as can’t be put to the metamodel

— Generators supported by raising abstraction in the
platform

B E.g. generators in MDA
- Models have profiles and marks to guide generators
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Customisable generators [2/2]

B Benefits
- General-purpose solution
- Better customisation support than “out-of-box” generators
e Works in more typical cases
e Generated code more “compete” and “applicable”
- "Single source, multiple target” —approach possible
-~ one model, multiple generators (for each platform)
B Limitations

- Generators become easily large and complex (for each
model instance variant situation)

- Bigger investment in resource use than "out-of-box”-
generators

— Customisation limited because fixed source (metamodel)

e Generator has limited possibilities to “invent” solutions that are
not described in models
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Domain-specific generators [1/2]

B Typical characteristics
— Customisable metamodel
— Customisable generator definitions
- Platform support dependent on the degree of
customisation
B Philosophy

— Modelling language enriched with domain concepts
(types) supporting generator
- variation managed with modelling concepts

— Generators supported by raising abstraction in the
platform

— Generator definitions kept simple
m E.g. generators in metaCASE tools
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Domain-specific generators [2/2]

B Benefits
— Support more complete customisation for given situation

- 100% automated generation

e No manual coding afterwards — models and produced code
up-to-date

— "Single source, multiple target” —approach

— Good support for reuse in domain-specific architectures
B Limitations

— Requires expertise

— Need resources for definition and maintenance
e Fewer tools available
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E Implementing domain-specific
generators

B Generation is influenced by

- Applied modelling language (i.e. metamodel)
e concepts
e rules
e semantics

— Chosen implementation platform

e programming language + components
(subroutines and interfaces)

e Operating system
e Hardware
B Generator should operate directly with domain
concepts
— Shift abstraction (not a class in model to a class in
code)

- Also implementation can refer to metatypes, instead
of types or instances
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Implementing code generator

[1/3]

B Keep generator (and generation process) as simple as
possible

— Raise variation handling into the modelling language (as
data)

- Push low-level implementation issues down to the
framework

B Try to generate as little code as possible
- Glue code only

B Use as many prebuilt building blocks (from the
platform) as possible
- Generated code can call components

— Generator knows how to do it, developer doesn’t need to
know

© 2003 MetaCase
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Domain framework

B Provides an interface for the target
platform and programming language
B Raise the level of abstraction on the
platform side
B Achieved by atomic implementations
of commonalities and variabilities
— especially for behavior
- implementation as templates and
components
B Include interface for the code to be
generated

- often the only needed part for static
variation (e.g. for XML schema)

© 2003 MetaCase
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Implementing code generator
[2/3]

B Move to the generator
— Language syntax variation
— Output format
B Keep generator modular to reflect changes

B Target 100% generation output
- Never modify the generated code
o think about changing assembler after compiling
— Correct the generator or framework instead
* No round-trip-related problems
B Template vs. programmable generator?

- templates simpler and easier to use, but also more
restricted by capabilities

- Programmable generator better for more complex needs
o external generators from the modelling tool perspective

© 2003 MetaCase
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| Implementing code generator
[3/3]

B Extensions to the generator

— Checking completeness and uniformity

— Autobuild - automating compile and execution
B Generators can be used also for other purposes

— Configuration

— Testing and analysis

— Automated build

- Documentation and review

© 2003 MetaCase
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Example: watch framework [1/2]

B Domain framework provides
— Expected code generation output interface

— Basic building blocks in the form of abstract superclass
‘templates’

— Java classes to interface with the target platform

B Platform includes:

- Hardware and OS
e Windows
e Linux
— Run-Time Environment

e Browser
e MIDP

- Java & RTE widgets
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Example: watch framework [2/2]

1. Platform interface:
Implementing Time

3

datatypes and Alarm
services

Venturer

MODEL INTERFACE (

GE D)
‘ DisplayX334 ‘ ‘ TASTW ‘ ‘ Stopwatch
A A

2. Core: template

implementation of the
watch application as an
abstract class

3. Expected generator output:

Specification for creating
and extending watch

application by inheriting
from abstract class

C ‘ AhstractDisplay ‘ | AbstractWatchApplication |
g 0 Q A
E H
Master

vy

A N
‘ AhstractWatchApplet | l . .

| METime | | Alam |
PLATFORM INTERFACE J
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B Modular implementation to manage complexity
Autobuild
_create make for * _JavaCompone _Models _compile and execute for *
Report '_Roll’
: ‘get’; do ~Set.() {id;}; 0.5
Report 'Autobuild’ roll(METime."; :Time unit; *, ";
if :Up?;='T
[* Create compilation script, HTML files etc. */ then 'true’;
subreport; '_create make for '; 1 else 'false’;
:Generation target platform; run; endif;
|_JavaFile il |, dISp|ayTIme()),',
[* Create static shared Java components */
subreport; ' _JavaComponents'; run;
[* Create Java code for Watch models */ _lava
subreport; '_Models'; run;
/* Compile and execute */ ¢
filename; subreport; ' _default directory’; run; _DisplayFns
‘alldone.txt'; write; close;
subreport; ' _compile and execute for ';
:Generation target platform; run; ¢
lcon
endreport B
_calcValue
© 2003 MetaCase




Code generator example [1/3]

1.

General structure of generator for watch domain

Generate framework
components

Generate each watch
model

e UI 3

o Display

e Applications

Generate additional files
for compiling and
executing

Compile and execute

© 2003 MetaCase

Autobuild

\_create make for * Q_Jaua(:umpunems} _Models mpile and e e for
h 4 i
ode

_HTML

!

v

_HTML for model

q _Applet

avaFile

N—
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Code generator example [2/3]

B Generating watch applications

Show

de

™~

A
EditHours
. o —
HO
Set
h 4
Edithinutes
JMI\
A

/]\
50 clockOffgat
/T\
il clockCffset

*—>»
Gener at or ouput
public SimpleTime(Master master) {
super(master);

addTransition ("Start [Watch]", "™, 0, "Show");
addTransition ("Show", "Mode", 0, "EditHours");
addTransition ("EditHours", "Set", a22_2926, "EditH
addTransition ("EditHours", "Mode", 0, "EditMinutes
addTransition ("EditMinutes", "Set", a22_1405, "Edi
addTransition ("EditMinutes", "Mode", 0, "Show");

addStateDisplay("Show", -1, METime.MINUTE, d22_977)

addStateDisplay("EditHours", METime.HOUR_OF_DAY, ME
d22_977);

addStateDisplay("EditMinutes"”, METime.MINUTE, METim
d22_977);

ours";
");

tMinutes");

Time.MINUTE,

e.MINUTE,

© 2003 MetaCase

_JavaFile

v N\

_Java

v

v

v

—

_Variables _TransitionData _StateDisplayData _Decompositions
_getSet _StateDisplayDataContent _lcon
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Code generator example [2/3]

B Generating watch applications

clockTime A }/I]::) clockDffset

EditHours

Show
o—Pp

—1 Cenerator ouput

clockCffset

_JavaFile tl

_Java

public SimpleTime(Master master) {
super(master);

addTransition ("Start [Watch]", "™, 0, "Show");

addTransition ("Show", "Mode", 0, "EditHours");
addTransition ("EditHours", "Set", a22_2926, "EditH ours";
addTransition ("EditHours", "Mode", 0, "EditMinutes ");
addTransition ("EditMinutes", "Set", a22_1405, "Edi t™M
addTransition ("EditMinutes", "Mode", 0, "Show");

inutes");

v

addStateDisplay("Show", -1, METime.MINUTE, d22_977) . _Variables <_TransitiunData _StateDisplayData _Decompositions
addStateDisplay("EditHours", METime.HOUR_OF_I:_)AY, ME Time.MINUTE,
d22_977); L
addStateDisplay("EditMinutes"”, METime.MINUTE, METim e.MINUTE, £
d22_977);
}. - _getSet _StateDisplayDataContent _lcon
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Code generator example [2/3]

B Generating watch applications

—1 Cenerator ouput

/‘I\
A T clockOffset

_JavaFile tl

_Java

public SimpleTime(Master master) {
super(master);

addTransition ("Start [Watch]", "™, 0, "Show");

addTransition ("Show", "Mode", 0, "EditHours");

addTransition ("EditHours", "Set", a22_2926, "EditH ours";
addTransition ("EditHours", "Mode", 0, "EditMinutes ");
addTransition ("EditMinutes", "Set", a22_1405, "Edi tMinutes");
addTransition ("EditMinutes", "Mode", 0, "Show");

v

addStateDisplay("Show", -1, METime.MINUTE, d22_977) . iables _TransitionData _StateDisplayData \Decumpusitiuns
addStateDisplay("EditHours", METime.HOUR_OF_I:_)AY, ME Time.MINUTE,
d22_977);
addStateDisplay("EditMinutes"”, METime.MINUTE, METim e.MINUTE, £
d22_977);
}. — _getSet _StateDisplayDataContent _lcon

N
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Code generator example [3/3]

B Generating watch applications

EditHours
—» o —
/ Ho
Shiow
@ ’ Iade Set
\ ¥
_JavaFile Editiinutes
Ml 4

T
\ A i clockOffset

Java Gener at or out put }—

switch (methodld) {
splayData _Decompositions _Actions _DisplayFns mdd_dﬂéb.

getclockOffset().roll(METime.HOUR_OF_DAY, true,

| displayTime());
¢ ¢ ¢ ¢ return null;
case a22_1405:
yDataContent lcon ~Rell ~Alarm Set getclockOffset().roll(METime.MINUTE, true,
| displayTime());

return null;
case d22_977:
return getclockTime();

public Object perform(int methodld) { J

_calcValue

}

return null;

}
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Code generator example [3/3]

B Generating watch applications

clockTime clockOffget
I ,EditHours
/ ,HO\
® > Show tode
\ h 4
_JavaFila ﬂ EditMinutes
N
clockCffset
_Java Gener at or out put }—
‘ ¢ public Object pefbrm(int methodld) {
splayData _Decompositions _Actions _DisplayFns
gerRomse) Toll(METime.HOUR_OF_DAY, true,
displayTime());
¢ ¢ ¢ ¢ return null;
case a22_1405:
yDataContent lcon ~Rell ~Alarm Set getclockOffset().roll(METime.MINUTE, true,
| displayTime());
return null;

case d22_977:
return getclockTime();

_calcValue

}

return null;

}
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Code generator example [3/3]

B Generating watch applications

' ,EditHours l
/ ,HO\
o . Shiow hode Set
\ h
imvaFile ﬂ Editinutes  |g
N
clockCiffs
_Java Gener at or out put }—
‘ ¢ ¢ public Object perform(in methodld) {
switch (methodld)
splayData _Decompositions _Actions _DisplayFns .
getclockOffset().roll(METime. HOUR_OF_DAY, true,
¢ | ¢ ¢ LS U VARILLEVE
1
case a22_1405:
yDataContent lcon Roll ~Alarm Set getclockOffset().roll(METime.MINUTE, true,
| displayTime());
return null;
case d22_977:
calcValue } return getclockTime();
return null;
}
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Code generator example [3/3]

B Generating watch applications

' ,EditHours l
/ ,HO\
*—» Shorw Mode Set
\ h
imvaFile ﬂ Edibintes | o
N
T
A i clockCffset
_Java Gener at or out put }—
‘ ¢ public Object perform(int methodld) {
switch (methodlId) {
splayData _Decompositions _Actions _DisplayFns case a22 2926:
getclockOffset().roll(METime.HOUR_OF_DAY, true,
v v v v
case aZZ_1405!
'yDataContent lcon Roll Alarm Set getclockOffset().roll(METime.MINUTE, true,
| displayTime());
return null;
case d22_977:
calcValue } return getclockTime();
return null;
}
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Code generator example [3/3]

B Generating watch applications

EditHours
— W o —

Edithinutes
——

M

_JavaFile tl

A T clockOffset

Gener at or out put }—

_Java

v v

_Actions _DisplayFns

S—

public Object perform(int methodld) {

switch (methodld) {

case a22_2926:

getclockOffset().roll(METime.HOUR_OF_DAY, true,
displayTime());

return null;

se a22_1405:

tclockOffset().rol(METime.MINUTE, true,

splayTime());

splayData _Decompositions

T S

_Alarm _Set

iyDataContent _lcon _Raoll

case d22_977:

‘—rcmrrgemooerime();

_calcValue }

return null;

}
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Code generator example [3/3]

B Generating watch applications

EditHours l
HO!

Shiow
o—P

_JavaFile :I \

h 4
Edithinutes
——

M

T
i clockOffset
_Java Cener at or out put
‘ ¢ ¢ ic Object perform(int methodld) {
splayData _Decompositions _Actions _DisplayFns

‘ ¢ | ¢ ¢ splay';rime());

yDataContent lcon ~Rell ~Alarm Set getclocRffset().roll(METime.MINUTE, true,

N\ cased22 o7
calcValue } return getclockTime(); 1
N return null;
}
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All together: watch DSM environment

PRODUCT IDEA

[
s

PRODUCT
M ODEL

DSM
TOOL

77 Ml clockTime @—TD clockOffset
HO
I ,EclitHDurs '
/ Ho,
o I Show tode @ Set ?
‘H““\M h 4
i I%clitr\ﬂinutes '
(Ml\
T
EL,—MID clockOffset
Cener at ed code
getclockOffset().roll(METime.MINUTE, true, displayT ime());
+
Framework prinitive
public void roll(int field, boolean up, METime display Time)

{
}

© 2003 MetaCase
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oJ

—  Exercise:
extending generators

B What if we would need heartbeat functionality
- have external HW
- HW abstraction layer with following services
e start, stop

e read
e set monitoring interval

© 2003 MetaCase
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Outline

Concluding remarks

- Summary
- Q&A

© 2003 MetaCase
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Summary

Productivity can be improved by raising the abstraction
beyond coding

Generators can be applied effectively if both
metamodel and generators can be customized

Generator doesn’t need to “do” everything
- No single place to put automation rules
- Use metamodel, apply platforms
DSM has big organizational impact
- Experts make the DSM environment
— Other developers do model-driven development
A variety of tools available
Building DSM is great fun for experts
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Thank you!

Question and comments?

MetaCase

Juha-Pekka Tolvanen, jpt@metacase.com
Ylistbnmaentie 31
FIN - 40500 Jyvaskyla, Finland
Phone +358 14 4451 400, Fax +358 14 4451 405
www.metacase.com
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DSM related events

Workshop on Domain-Specific Modeling (OOPSLA 2003)

IEEE Symposium on Visual Languages and Formal
Methods (VLFM '03)

B Engineering Methods to Support Information Systems
Evolution’ (EMSISE'03)

B 2nd Workshop on Domain-Specific Visual Languages,
OOPSLA'02

B International Workshop on Graph Transformation and
Visual Modeling Techniques (GT-VMT '02)

B IEEE Symposia on Human Centric Computing Languages
and Environments (HCC'02)

B Workshop on Domain Specific Visual Languages,
OOPSLA'01

B IEEE Symposium on Human-Centric Computing
Languages and Environments, HCC '01

B International Workshop on Model Engineering, ECOOP'00
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