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Design Module: A Modularity Vision Beyond Code

- Not only program code but also a design model is a module -
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 We provide a novel idea that treats a design model as
a first-class sofftware module.

« A system cannot be compiled without design modules.

« A developer has to create and modify hot only
program modules but also design modules.
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Motivation



MDD is fine, but ...

Subject
+ addObserver() - observers ‘:{(i;‘l:‘::fg‘rc::’}
+ removeObserveri)
+ notify() 0.
+ setStatel) + updatei)
+ getState() 45‘
n i
i
Notify subject's :
state change to ,
observers i
[}
i
1
ConcreteSubj treteObserver

Code

public class S Generaﬁon bservers =

priv

addObserver void
removeObserver(Obs public void
noftify(){ Iterator i = observers.iterator();
while(i.hasNext() { Observers o =
(Observer)i.next();

o.update( this ); oo}

public void setState(String s){ state =s; }
public String getState() {refturn state; } }

Programming

Our Opinion



Programming should not disappear!

Programming has not yet Abstraction
disappeared from most -,
software development
projects.

Both design activities and
programming have their
own roles.

Design Programming

The key point is Abstraction!



Abstraction, abstraction, ...

Why is It That some software engineers and
computer scientists are able to produce clear,
elegant designs and programs, while others
cannote

s it possible to improve these skills through
education and fraining?

Critical to these guestions is the nofion of
abstraction.

Kramer, J., Is Abstraction the Key to Computinge
Communications of the ACM, Vol. 50, Issue 4, pp.36-42, 2007.



What is the purpose of design modeling?

Full code generation

Detailed Design

public class Subject{  private Vector observers
=new Vector();

Sabjec | private String state = *"; publi; voiq
p—— addObserver(Observero){ ...}  public vp|d ‘
T addObserverl) - obsenvers | ™ o hserver removeObserver(Observero){ ...}  public void
+ notify( 0. [+ spaate noftify () Iterator i = observers.iterator();
N Zi‘f;‘t:‘t‘;g A while (i.hasNext() ){ Observers o =
. ' (Observer)i.next();
Notify subject's O~UdeTe( this ); }
f}‘;;:r;:argge o public void setState(String s){ state =s; }
public String getState() {return state; } }
ConcreteSubject ConcreteObserver

Abstract Design ,
Skeleton generation

or Hand coding




Abstraction and Modularity

Abstraction is affected by a language
mechanism, especially modularity.

Although a program is composed of program

modules, design models are not regarded as
software modules.




Not only program code but also a

design model is a module
Abstract Design Code

Subject public class Subject{  private Vector observers = |
- e | terf | n —
: ?f = — public class Subject{  private Vector observers = |
+ no Subject new P
+sef [ beongee | <<interface>> ;:1ec p| Public class Subject{  private Vector observers =
i Subject add new Vector();
+ o} y "N e private String state = *; public void
L gef | + addobservero -observers | < cenver W 4l addObserver(Observero){ ...}  public void
+ removeObserver() (e noti P A A
+ notify() 0. [ 1 updates ol whil removeQObserver(Observero){ ...}  public void
| A | (o] notify(X lterator i = observers.iterator();
Cor N ! o.uf while(i.hasNext() ){ Observers o =
Notify subject ' Observer)i.next();
stgilzvcf‘ll;njgeecié : p g U dClTe () fhls )() } }
Corl observers l o) Up ’ : 4 .
| public void setState (String s){ state =s; }
5 public String getState() {return state; } }
ConcreteSubject ConcreteObserver

) {__ —l
Role
Implementation

Role
Abstraction

Compile



QOur Approach

A UML design model such as a class diagram
and a sequence diagram is regarded as a
design module.

But, How ?

Ubayashi, N., Nomurq, J., and Tamai, T., Archface: A Contract Place
Where Architectural Design and Code Meet Together, ICSE 2010.



Design Module:
New Modularity Vision




Archtace-Centric Modularity

Vodule
for
Abstractiq

Design Module
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Archface =

Design + Program Interface
Abstract Design

A set of ‘ Archface
(Exposure of archpoints)

Contract between
design and code

design ____l
points A
(@oicconsmeet ovoe A set of
. private String state = 6 progrq m
Abstraction level can 0 points
be defined by Code

selecting archpoints!



Archpoints, Program points, ...

Diagram Archpoint Program point (Java) Pointcut

Class diagram class class definition class

(UML) method method definition method
field variable definition field

Sequence diagram
(UML)

message send
message receive
(control flow)

method call
method execution
(control flow)

call¥*
execution®
(cflow)* **

Constraint Target Predicate
Structure inheritance class inherit
association class assoc
membership class, method, field memberof
Behavior sequence message send/receive sequence
call, execution
iteration sequence iteration
branch sequence alt

+) Aspect] pointcut, *+) Used with call or execution pointcut

AOP based archpoint selection!



Abstraction =

Bisimulation in terms of archpoints

setState setState update getState
send recelve send recelve

o archpoints
Design (:::

Execution order of

archpoints is preserved
even if program points are added

Code O
setState setState vector size update getState
call execution call call execution
(send)] ([receive) [ send) [receive)

Abstraction level can be defined by selecting archpoints!



Archface Guided Abstraction

Refinement

High

o
|

Rl Archface
Abstraction

Ratlo ArchMapping

Program points
Qo

public class Subject |

ublic vaid addObserver{Observer o)

8ul::iur\-crsudc""'

| @0
le ic class Observer [
, OO
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Abstraction

Low
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Moving
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ublic void addObserver{Observer o}
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Abstraction

Inspired by CEGAR!

Design and code
can co-evolve each
other by

® fluidly moving
between them
and

® seeking an
appropriate
abstraction level.



Integration of
Design and Program Modules




Design Module (UML Diagram)

ObserverPatternCD ObserverPatternSD

I Subject Subject | I Observer
2400 0 <<interface>>
+a Server Ob T T T SeTetate( i
+ removeObserver() [ == : GSE = F:I | :
° + setState() 0. [ updateo : i update aal
+ getState() | T i S [ < S .
I ' e g rO I O l l JAN getState()
T i ]
| ConcreteSubject | I ConcreteObserver | Constraint émong

Design Point ' design poihits

(message SE,'QUE,'.’TCE,')
Does a design BN Archfoce |

01: interface compenent cSubject {

module model an @10 et

C 03 execution{void addObserver{Observer o)l

04: port removeObserver):

arc hche? 05 execution(voeid removeObserver(Observer ol
C 06: port getStatel):
o7 execution(String getState())

—’C 08 port setState() ( ) <

— 09 exacution(void setState(String));
Archpoint :D !

1
12 interface component cSubjectBehavior extends cSubject {
13 port notifyObservers():

14 cflow(setState()) && calllupdatel}); O::

15:]) -

Does a prog ram Program Module (Java Class)
module implement O e e = e Voot

03: private String state

a n q rC hfq C e? 04: public void addObserver(Observer o}{

05 observers.addio)

06: ]

07: public void removeObserver{Observer o)l
08  observers.removelo);

09: | Constraint among
10: public String getState() | return stats; | program pOfﬂfS

11: public void setState(String s) |
12 state=s; (calling|sequence)
program 13 for (int i=0:i < observers sizel); i++) O -t
Point 14 ((Observeriobservers get(il) updata();
-5. ]
-B]




Type Check for a Design Model

Design Module (UML Diagram)

ObserverPatternCD ObserverPatternSD
| Subject Subject | Observer I
ddObserver() <<ierface>> Tt b
+ addObserver) | ] oObserver | "= T viaiaieiaiaiaiik Rk
+ removeObserver) [ Observer : oot I :
+ setState() 0.7 | & updateq H A update() l
_ + getState() [ Y P e d
JN getState()
X ° °
| ConcreteSubject | I ConcreteObserver | Constraint among Che‘ : k If q n qr< : h pOI ni
Design Point ' design poihts .
messeaenc) L] j§ MoOdeled as a

B Aoriece | design point.

01: interface compenent cSubject |

_’C 02 port addObserver():

03 execution(void addObserver(Observer o)),
C 04: port removeObserver():
05 executionivoid removeObserver(Observer all;
C 06 port getStatel):
o7 execution(String getState())
—’C 08 port setState(): Od—

08 executionivoid setState(Stringl),
Archpoint :1” !
12 interface component cSubjectBehavior extends cSubject |
13 port notifyObservers():

i -
14 cflow(setState()) && calllupdate(}); O""
15:]

Ubayashi, N. and Kamei, Y., Verifiable Architectural Interface for Supporting
Model-Driven Development with Adequate Abstraction Level, MIiSE 2012.
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Type Check for Program Code

Archpoint

Program
Point

lOO QO

B oeco I

01
0z
03
04
05
06
a7
08
0g

1
12
13
14

interface component cSubject {
port addObserver():
execution(void addObserver(Observer o)),
port removeObserver()
executionlvoid removeObserver(Observer o))
port getState():
execution(String getState());
port setState():
execution(void setState(String));

10:]

interface compenent cSubjectBehavior extends eSubject |
port notifyObservers():

v iy R
cflow(setState()) && calllupdate()); O )

15:]

Program Module (Java Class)

01: public class Subject [

02:
03:
04:

private Vector observers = new Vector();

private String state = "

public void addObserver(Obsearver o)
chservers.addic)

|

public void removeObserver(Observer o)
observers.remowvelol;

|

public String getState() { return state; |

public void setState(String s) |

Constraint among
program points

(calling

sequence)

state = 5,
for (int i = 0; i < observers.sizal); i++) -t}
({Observeriobssrvers getli)) update()

Check if an
archpoint is
implemented as a
program point.
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Archface-Centric IDE

Model Editor

Design Module

© O

o —18

Design Points
Selection

(Pointcut—base or
Graphic—base)

Generate

Program Editor

Update

Type Check

Type Check

Program Module

Program Points

| !

Translate
into
Aspectd
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Conclusions



We rethought both modularity and compilation
in the light of the abstraction between design
and implementation.

In our approach, not only program code but
also a design model is a module.

Archface plays an important role in our
modularity vision.
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Archface-Centric Modularity
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Inspired by CEGAR !

Integration

Does a design
madule model an
archface?

Does a program
module implement
an archface?
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Thank you for your attention.

| love modeling.
| love programming too.
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