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(wvests  Motivation
* Problem
— Separation (and composition) of Concerns in MDSD
— Different languages require transformations
* Risk of mixing generated and manually modelled parts high
« Application model becomes inconsistent
— Required composition systems are missing in languages
« S0C can not be performed
» Generic solution to define new composition systems may help
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(wvests  Motivation
* Problem
— Separation (and composition) of Concerns in MDSD
— Different languages require transformations
* Risk of mixing generated and manually modelled parts high
« Application model becomes inconsistent
— Required composition systems are missing in languages
« S0C can not be performed
» Generic solution to define new composition systems may help

* (One) Solution:

Metamodel-based Universal
Invasive Software Composition (ISC)

Jendrik Johannes: Controlling Model-Driven Software Development through Composition Systems



Gt Invasive Software Composition (ISC)

DRESDEN

e History
— BETA’s fragment system

Abstraction mechanisms in the BETA programming language (Madsen et al, 83)

— Invasive Software Composition
Book: Invasive Software Composition (ABmann, 2001)

« Extends idea, shows applicability for Java

— Universal Invasive Software Composition
PhD: A Lightweight Framework for Universal Fragment Composition (Henriksson, 08)

« Generalizes approach based on Context-Free Grammars
* Introduces generative framework as tool support

— Metamodel-based Universal Invasive Software Composition
On language-independent model modularisation (Johannes et al, 09) + ongoing work

« Extends approach for Metamodels

* Interpretative framework (Reuseware) as extension to
Eclipse (meta)modelling environments

Jendrik Johannes: Controlling Model-Driven Software Development through Composition Systems 4



Gt Invasive Software Composition (ISC)

DRESDEN

« Invasive Composition Systems

— Composition Technique (composition engine)
» Generic, based on graph rewriting
« Merging fragments

— Component Model (what are the interfaces of components?)
» (Generic core
« Specification of complex component types (e.g., aspects)
 For arbitrary languages (based on metamodel)

— Composition Language (def. composition of component instances)
« Generic language
 Arbitrary languages can be interpreted as composition language
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Customer Security

getName() sm

MQ)

<.
~ao
~s
~

S~
~S
~
~s
~s
~
S
~
~,

~
S
s
~

return name sm.check(READ)

public class Customer {
HOOK : ; public class Security {
String name; SecurityManager sm =
public String getName () { new SecurityManager() ;
HOOK : ; public void M() {
return name; } } sm.check (READ) ; } }
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public class Customer {
HOOK : ; public class Security {
String name; SecurityManager sm =
public String getName () { new SecurityManager();
HOOK : ; public void M() {
return name; } } sm.check (READ) ; } }
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SecurityFI1 = instantiate (Security.java);
link (CustomerFI1l, SecurityFIl);
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public class Security {
SecurityManager sm =
new SecurityManager() ;
public void M() {
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SecurityFIl =

link (CustomerFI1,

instatiate (Customer. java) ;
instantiate (Security.java);
SecurityFIl);
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SecurityFI1l

link (CustomerFIl, SecurityFIl);

instatiate (Customer. java):;
instantiate (Security. java) ;
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public class Customer {
HOOK : ; public class Security {
String name; SecurityManager sm =
public String getName () { new SecurityManager() ;
HOOK : ; public void M() {
return name; } } sm.check (READ) ; } }
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COMPOSE
A Instance-of myCL::Instantiate

compose myCL::Link

CustomerFIl = instatiate(Customer.java);
SecurityFI1 = instantiate (Security.java);
link (CustomerFI1l, SecurityFIl);
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public class Customer {
HOOK : ;
String name;
public String getName () {

HOOK : ;
return name; } }
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return name
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public class Security {
SecurityManager sm =
new SecurityManager() ;
public void M() {
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sm.check(READ)
<<PROTOTYPE>>

public class Security {
SecurityManager sm =
ew SecurityManager () ;
public void M{() {
v check (READ) ; } }

CustomerFI1 T

COMPOSE

=

A
hook J ..JumpLabeI :
protoype jaya::Field I

I

.} SecurityFI1

Instance-of myCL::Instantiate
compose myCL::Link

CustomerFI1l
SecurityFIl =
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instantiate (Security.java);
SecurityFIl);
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public class Customer {
HOOK : ;
String name;
public String getName () {
HOOK : ;
return name; } }

return name

INVASIVE

ISC — an Example
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<<PROTOTYPE>>

sm.check(READ)

public class Security {
SecurityManager sm =
new SecurityManager() ;
public void M() {
sm.check (READ) ; } }

% COMPOSITION @

public class Customer {
SecurityManager sm =
new SecurityManager;
String name;

sm.check (READ) ;
return name;

public String getName () {
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return name

sm.check(READ)
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@i Applying ISC in an MDSD process
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ucC
UseCase Document (UC)
INV OpenOffice
N\
DF DM
\ UseCase with Invariants (INV)
Data Flow (DF) Data Model (DM)
Graphical DSL UML Class

Composition Language \/

Implementation (IMP)

Component Language Java

Based on: Roussey, B., Wu, J.: Transforming use case models to class models and ocl-specifications. (2007)
Full example available at: www.reuseware.org/index.php/MDSD
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ucC

INV

DF DM
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UseCase Document (Level 1)

NN I BookTicket.odt -Il)pen{}fﬁce.urg Writer

2-B0= [ & e A @EH-wHZ2EE TQ

[#s |Standard j ﬂ F K U [=E\= == iZ T &£ <5
|-I L 1 L I|- E L I L 3 L I|- |-‘ql L I L J.S L

pescription:
This use case describes how customers can
book tickets online for a selected performance.

Actor(s):
Customer, | Clerk | Bank

Basic Flow

Instance-of odftext::SpanType if $styleName = 'Actor'$

I}W

seCase. Main

Actar.Clerk
la Bank

Actor.Customer Actor.Bank

lm Customer l" Clerk

15



s UseCase w/ Invariants (Level 2)

DRESDEN
ucC
Fm———————— IEW
|NV seCase.Main
/\ Actor.Customer Actor.Clerk Actor.Bank
lm Customer l" Clerk lm Bank
DF DM

\ IMP

?
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s UseCase w/ Invariants (Level 2)
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ucC
—————————— ]
r l,BmETIcEet
|
INV I
|
é{///h\\\$ I Actor.Customer Actor.Bank
| Fcustumer lﬁ lﬁ
DF DM
|
|
: I
|
IMP : I
|
: v
' B = e’
|& ICustomerActor.ucinv &3 B
:invuriunts. for CustomerActor : n
B actor Customer : [Account (A}, Address] --» [Shipment (M}, Seat (NJ] . =
I
|

V4

rﬁ annkTicketUseCaSE.ucinv &4

invariants for BookTicketUseCase :
counter Hall : [set of Seat ] --» [set of Seat excluding Seat (N} ] .
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s UseCase w/ Invariants (Level 2)
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ucC
=0

= BookTicket.uciny &5

anuriunts for BookTicket :
: [ set of Seat ] --> [ set of Seat excluding Seat (N ] .

INV counter Hall :
actor Customer : [ Account (accl) , Address (addl) ] --= [ Shipment (M) , Seat (N} ] .
[ set of Shipment ] --= [ set of Shipment excluding Shipment (M} , Address Caddl} 7 .

actor Clerk :
/\ actor Bank : [ set of Account ] --» [ set of Account including Account (acel) ] .

DF | | DM R -

IMP

Instance-of ucinv::Value {

- — - — name = $’self.name’$
}

Account Bank2Account Banl4

LN -

Association. Target feu® *«*| Class.

Account_acc

Custome

.
lass.Connection*s* *«*| Association. Source

State. Take

Agent.EP

State.Give
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(s DataFlow & DataModel (Level 3)

Bank
UC Account Bank2Account Banl4
Account_acc " "
Custome Association. Target feu® *«*| Class.
State.Take TN -
lass.Connection*s* *«*| Association. Source
I NV State,Give Agent.EP I I
/\ ; ' I
| I I
DF DM I I I
I I I
I v v
IMP ; x . =
I s Class.umldi &3 8
v fde.tudresden.ticket_shop/store/de/tudresden/ticket_s
[ CiveAndTake.valueflow_diagram &2 =8 [:3 Select package Class ) m
4 #PLACEHCLDER# -« Palette b L+ Marquee
- - K& eD- JNote NAME HOOK
4 VALUE_HOOK < TakeState = ObjEClS 40 =" Dbjects
% Agent = Connections
4 CiveState -
= Comment 2 - |

= Connections
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iveE®  Refinement of DF (Level 3)
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UC Bank
Account_acc
Custome
State.Take
I NV State,Give Agent.EP
/\ :
|
DF DM l
|
|
IMP ;
|
v
[ CiveAndTake.valueflow_diagram &2 =8
.¢ Palette [
& #PLACEHOLDER# =
&eo-
<4 VALUE_HOOK 4> TakeState (= Objects 0
< Agent
< CiveState
= Connections
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s Refinement of DF (Level 3)

Bank

4| *Customer.valueflow_diagram &3 = &

ucC

Account_acc

.¢ Palette [

Custome -
State. Take <> customer_flow [\‘\3 'Ci‘.'\ .::. J -
=
INV Sate.Give Agent.£P 4 Seat N = Objects
+% State.CiveNext & A
b gent
/\ P — s State.TakeNextSlot ,
| e <+ CiveState
Seat N -
DF DM | ‘ T - > 4 Account 4 Initial
: . . Model
I 4 TakeSt...
ey Addr
IMP | Instance-of valueflow::GiveState ¥ Address & Conne._.
v + GCiveTo
| |
[ CiveAndTake.valueflow_diagram &2 =8 4 Shipmenz_M NextState
.2 Palette [
<o #PLACEHOLDER# - -
Neao- .
4+ VALUE_HOOK 4 TakeState (= Objects @
< Agent
4 CiveState
= Connections
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DataFlow & DataModel (Level 3)

ucC

INV

L\

DF DM

IMP

iz MainClass.umldi &2

Jde.tudresden.ticket_shop/out/de/tudresden /ticket_shop/3,/MainClass.umldi

A —

package EmptyClass

m = Customer

L

[= RCET < CustomerShipment <4+ AccountFromCustomer
1Y +50URCE +SCURCE
[E ‘ Customer | 1| Clerk | 1 - .
A A
': | .J(nlmr: | +TARGET 1y 23
r | & Address
o RIS L = > )<

<= Bank

—
=S

J| ChangeSeatCustomerSeatProduceConsumeCall

J
StatementContainer.EP Statement.Main

ChangeSealHalrSealeduceConsumeCall

s
“* Reference.PRODUCER \

/
/

PRODUCER p
CONSUMER ¢ =

= new PRODUCERC);
new CONSUMER(Y;

VALUE v = p.produce(NAME_HOOKY;
if (v == null) {

return;
}
else {
c.consume(NAMEZ_HOOK, v);
1
}
EP :;

M

L

et
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DataFlow & DataModel (Level 3)

iz MainClass.umldi &2

ucC

Jde.tudresden.ticket_shop/out/de/tudresden /ticket_shop/3,/MainClass.umldi

package EmptyClass

INV 3
+50URCE

+SOURCE

Clerk

DF

1
/\ & Customer | 1|

[:)pvq '; ‘ T |

AT

q
m < Customer < Bank
<4+ CustomerShipment <4 AccountFromCustomer

1 ’—

N N

+TARGET £ £
& Address

Jale [ &= =) Tale

IMP

J| ChangeSeatCustomerSeatProduceConsumeCall

J| ChangeSeatH aliseatProduceConsumeCall
Statement.Main

StatementContainer.EP

Y
.

’ Reference.PRODUCER

public class ProduceSeat implements IProducer<Seat,

public Seat produce{Customer agent} {
Seat seat = agent.getSeat();
String no = "";
if (seat 1= null) {
no = seat.getID();
}
else {
seat = new Seat(};
agent.setSeat(seat);
} -
InputDialog dialog = new InputDialogCnull, *

"Customer Question", "Please enter |7
= IR

1!

=g
PRODUCER p = new PRODUCERC);
CONSUMER ¢ = new CONSUMERC);
VALUE v = p.produce(NAME_HOOKY;
if (v == null) {
return;
}
else {
c.consume(NAMEZ_HOOK, w);
1
¥ .
EP :; "
} v
& 3 IER
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Giwei  Realising more Use Cases

UCL | [UC2 « One composition can be influenced by
NI several models
AN — E.g., Data Model composition
DF1|| DM || DF » Repeated information is merged/reused
\ / — E.g, Actor participated in other Use Case —
IMP components of Data Model and

Implementation are reused

» Missing components are immediately
detected

— E.g., invariants must be defined
— E.g., new actors appear; influences Impl.
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Giwest  Conclusion & Outlook

« General Observations
— Composition Systems can be customized for an MDSD process individually
» Trade-of power of composition abstraction vs. simplicity
— Information about system architecture is made explicit
— SoC increased in several dimensions
— Reduces duplication of information
- Evaluation
— Demonstrator system shows that it is possible
— Different ideas applied to industrial case studies
« Outlook

— How to combine with other transformation approaches
(when to use what?)

— How can the specification of composition systems be simplified?
— In how far can those specifications be reused?
— Editing of composed models via round-trip mechanism
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Thank You!

Questions?

reuseware %
[ composition framework x mpper J al\/l O P P
reuseware.org emftext.org jamopp.inf.tu-dresden.de

reuseware.org/update
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