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Domain Specific Languages

- As opposed to General Purpose Languages
- "Intentional Programming"

- A DSL requires.
- an abstract data representation
- editing tools
- generation tools

- Not something new:
- many examplesin the Unix world
- recently promoted by well known SW editors
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from DSL to DSM

Domain Specific Models

- DSL usually deals with programming activities
- Need to takes into accounts Model Driven Engineering

- DSL + MDE = DSM: Domain Specific Models
(sometimes called DSVIL: Domain Soecific Modelling Language)

"Intentional Modeling"

- An abstract modeling data definition (Syntax + semantics)
- Editors and concrete data representations (text + graphics)
- Model processing (transformation and production rules)

[[lustration: _ :
- the Architecture Analysis and Design Language
- ref. SAE standard AS-5506 (Nov. 2004)
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Abstract definition

Definition of the syntax:
- BNF

- XML DTD or Schema

- UML metamodel

Definition of the semantics:.
- Satic constraints: Legality rules
- Temporal semantics. Sate-Transition models

Category Type Implementation
Features: ;
e  server subprogram .Subco(r;;pt)gnents.
o port b
Subprogram calls: yes

. port group . LS

thread e  provides data access : Elgrxlsgctg%ns. Y8
o requires data access 1 Modeé'y 5
. flow specifications: yes i Pro erﬁgS' es
o properties: yes P Y
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Specific issue for Real-Time modeling languages:
- Actual temporal semanticsis platform dependent !'!'!
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Concrete representations

AADL (core of the standard): _.graphical notation (annex A):

sharf] >

process I npl enent ati on ProdCons. def aul t
subconponent s slaat -y
t heProd: thread Prod.|npl; P N I ;
t heCons: thread Cons. | npl; 5 5
connecti ons
Event Connecti onl: event port start -> theProd.start;
Dat aConnecti onl: data port theProd.val -> tiheCons. val;
end ProdCons. defaul t;

AAXL (annex C):

<process!| npl nane="ProdCons. default" conpType="//processType[ @anme=Pr odCons] ">
<connecti ons>
<event Connecti on nane="Event Connectionl" ... />
<dat aConnecti on nane="Dat aConnectionl" ... />
</ connecti ons>
<subconponent s>
<t hreadSubconponent nanme="t heProd" classifier="//threadl npl [ @anme=Prod. | npl]"/>
<t hreadSubconponent nanme="t heCons" cl assifier="//threadl npl [ @anme=Cons. | npl]"/>
</ subconponent s>
</ processl npl >

UML profile (annex B):

Note: The modeling processisnot formalized !
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e AADL: a DSM ?

- The core standard and its annexes defines:
- the abstract data model
- the concrete textual and graphical representations
- code generation rules

- Domain specific features:
- "software and hardware architecture of performance-critical real-time systems"
- AADL components:. appropriate building blocks for architecture
- AADL categories. enable "intentional modeling"
- AADL annexes and property sets: for yet more domain specific models

- Going further:
- taking into accounts the actual RT semantics of the platform (RT patterns)
- taking into accounts the development life-cycle (modeling process)
- impact of the toolset (tool architecture)
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the Real-Time domain

- Examples of Real-Time model patternsin AADL
- Trade off: flexibility vs. predictability
- Depends on platform specific scheduling executive:

- Case studly:
1. acquire raw data
2. process raw data
3. display processed data

- case 1: cyclic scheduling

- case 2: preemptive scheduling with clock synchronous dataflows
- case 3: preemptive scheduling with client synchronous dataflows
- case 4: preemptive scheduling with asynchronous dataflows

- case 5. preemptive scheduling with client-server communication
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cyclic scheduling

THREAD | MPLEMENTATI ON appl i cati on_t hread. ot hers
SUBCOVPONENTS
shared_data : DATA shared dat a;
PROPERTI ES
Conput e_Entrypoi nt => "explicit_schedul er";
END appl i cation_t hread. ot hers;
epplication.thread DATA shar ed_dat a
R FEATURES
read : SUBPROGRAM r ead;
wite : SUBPROGRAM write;
END shared _dat a;

shared _data
e
print
>
SUBPROGRAM acqui re
FEATURES
: shared_data : REQUI RES DATA ACCESS shared_dat a;
SUBPROGRAM | MPLEMENTATI ON expl i cit _schedul er. ot her s END acquire;
CALLS
acqui{re . SUBPROGRAM acquire: . SUBPROGRAM | MPLEMENTATI ON acqui r e. ot hers
conput e : SUBPROGRAM conput e; CALL_S { i
print : SUBPROGRAM pri nt: wite : SUBPROGRAM shared data.wite;
}; } :
END explicit_schedul er. ot hers; PROPERTI ES

Conput e_Execution_Tinme => 5 nms .. 10 ns;
Source_Text => "acquire.c"
END acqui re. ot hers;
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preemptive scheduling
with clock synchronous dataflow communications

THREAD acquire

RT_opplication? FEATURES
raw data : OUT DATA PORT T_Fl ow,
soor. acquire PROPERTI ES
raw_data | b Di spat ch_Protocol => Peri odi c;

Period => 100 ns;
Conput e_Execution_Tine => 5 ns .. 10 ns;

Sour ce_Text => "acquire.c"

¥ Tow_data 3 END acquire;

___________________

PROCESS | MPLEMENTATI ON RT_appl i cati on2. ot hers
SUBCOVPONENTS

acquire : THREAD acquire;

conpute : THREAD conput e;

print : THREAD print;
CONNECTI ONS

DATA PORT acquire.raw data -> conpute.raw dat a;

DATA PORT conput e. processed data -> print.processed_dat a;
END RT appli cation2. ot hers;

/

THREAD conput e
FEATURES
raw data : | N DATA PORT T_Fl ow;

processed data : OUT DATA PORT T_Fl ow;

PROPERTI ES
Di spatch_Protocol => Peri odi c;
Period => 1000 ns;

Conput e_Execution_Tine => 200 ns ..

Source_Text => "conpute.c"
END conput e;

500 ns;
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preemptive scheduling

with client synchronous dataflow communications

___________________

FI CESsed oard

THREAD acquire

FEATURES
raw _data :

PROPERTI ES
Di spat ch_Pr ot ocol
Period => 100 ns;

OUT DATA PORT T_FI ow;

=> Peri odi c;

Conput e_Execution _Tine => 5 ns .. 10 ns;
Sour ce_Text => "acquire.c"
END acqui re;

I
THREAD comput e

FEATURES
raw data : | N EVENT DATA PORT T_Fl ow,
OO0 Py processed_data : OUT EVENT DATA PORT T_Fl ow,
PROPERTI ES

Di spat ch_Pr ot ocol
Peri od => 1000 ms;

=> Spor adi c;

Conput e_Execution_Tine => 200 ns ..

Source_Text =>
END comput e;

"conpute. c"

PROCESS | MPLEMENTATI ON RT_appl i cati on2. ot hers
SUBCOVPONENTS
acquire : THREAD acqui re;
conmput e : THREAD conput e;
print : THREAD print;
CONNECTI ONS
EVENT DATA PORT acquire.raw data
EVENT DATA PORT conput e. processed_dat a
END RT appl i cati on2. ot hers;

-> comput e. raw_dat a;
-> print.processed_dat a;
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preemptive scheduling
with asynchronous dataflow communications

*

THREAD acquire

FEATURES
shared data : REQUI RES DATA ACCESS shared_dat a;
END acqui re;
) DATA shar ed_dat a
THREAD | MPLEMENTATI ON acqui re. ot hers E FEATURES
CA'—'—_S { ) peattans read : SUBPROGRAM r ead;
} wite : SUBPROGRAM shared_data.wite; wite : SUBPROGRAM write:
, END shar ed_dat a;
PROPERTI ES : =
Di spat ch_Protocol => Peri odic; P'CRUJE%"'"F
Peri od => 100 ns; ' Lshﬂrad_licﬂu
Conput e_Execution _Tine => 5 ns .. 10 ms; L 4 wread 3
Sour ce_Text => "acquire.c"
END acquire. ot hers; 00 P
Jooom Pt ..
PROCESS | MPLEMENTATI ON RT_appl i cati on3. ot hers : ;
SUBCOMPONENTS ; -—
acquire : THREAD acquire. ot hers; R E e J

comput e : THREAD conput e. ot hers;
print : THREAD print. ot hers;
shared _data : DATA shared_dat a;
CONNECTI ONS
DATA ACCESS shared_data -> acquire. shared_dat a;
DATA ACCESS shared_data -> conput e. shared_dat a;
DATA ACCESS shared_data -> print.shared_dat a;
END RT appli cation3. ot hers;
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preemptive scheduling
with client-server communications

THREAD | MPLEMENTATI ON acqui re. ot hers
CALLS {
conpute : SUBPROGRAM wi t h_al gorit ni;
s
PROPERTI ES
Di spatch_Protocol => Peri odi c;
Period => 100 nmrs;

THREAD dat a_server
FEATURES
read : SERVER SUBPROGRAM r ead;
wite : SERVER SUBPROGRAM writ e;
PROPERTI ES
Di spat ch_Prot ocol => Aperi odi c;

Conput e_Execution_Time => 5 ms .. 10 pp; relesiond END dat a_ser ver;
Source_Text => "acquire.c"
END acqui re. ot hers; e L. .
A — ' gdote server
 reod
write

PROCESS | MPLEMENTATI ON RT_appl i cati on4. ot hers
SUBCOVPONENTS

acqui re : THREAD acquire;

conmput e : THREAD conput e;

print : THREAD print;

data_server : THREAD data_server;
END RT appl i cati on4. ot hers;

..................

'with alg\c}r‘rsml 0 St
wr'H\ _algeritm, !

__________________
an_screenl
on_screens
\
h
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* Summary

on real-time patterns
e Case 1 (subprograms)
— Fully predictable but:
— Lack of flexibility at design time (very restrictive)
— Lack of flexibility at run time

o Case 2 (periodic threads)
— Fully predictable and:
— Moreflexible at design time (no explicit scheduler to build) but:
— Lack of flexibility at run time

o Case 3 (sporadic threads)
— More flexible at design time (no explicit scheduler to
— Moreflexible at run time but:
— Implicit execution model of AADL probably needs to be enriched

» Case4 (shared data) ﬁargets of the AA Di
& Caseb5 (client-server) = — ————_ behavior annex

— Moreflexible at design time (no explicit scheduler to build) and:
— Moreflexible at run time (no fixed communication rates) but:
— More details must be given to insure predictability through RT analysis

fully supported by the
core of the AADL

actionsin progress |
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Modeling Process

The modeling language must be adjusted for each activity
of the life-cycle. example:

- System engineering: hardware components + systems

- software engineering: software components

Support the right paradlgms at each level
- the tool implementor's concern:
Instantiate the meta-model
- the user's concern:
build a model instance
create and connect components
use expressive notations

Strong impact on tool architecture!



S Sl Tool architectures
for component based modeling
caption
representation
/ / Vertical architecture mode
| ex: Eclipse based tools profile
/ / (1 plugin per language) meta-model

=

Mixed architecture

|
ex: UML tools / / é
(common core meta-model | / /

and representation)

(common model
and several projections) Stood

/ / Horizontal architecture
ex: DSM tools —_— EXample:
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unifying models
in Stood

O
W

S

Common "component-based" meta-model

use i ncl ude
- i npl enented_b
+ parent | iy -
proj ect + sefver + \
clieng + parfent + ¢hild
1..*|+ proje¢t. + project “conponent children |1 4
*
+ actif: Bool ean Lo, * Teature
+ vn i + provided: Bool gan
0..1 T+ oo * generic: Boolean > p
node L physicdl | + instance of: Boolegnl  1..
i on: — + :
+ al | ocati on: Texlt* T Togic ods: Text

Ql

obcs

mode
profile

caption
representation

meta-model

+ mapping rules

AADL UML 2.0 HOOD
component component (parent) module
subcomponent part (child) module

provided interface provided interface
features
required interface required interface
: . delegate (provided) implemented_by
containment connection :
delegate (required) use (uncle)
components connection assembly use (sibling)
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W Technologie supporting process activities
in Stood
)
) Q
@é\ @Q}\ o caption
. Q
‘QQ) O}Q éQ\ :
@(‘\0} Q,Q)Q S representation
< > model
9"9’& ,&\& - & orofile
A\ﬁv VQV meta-model
Y \"ad
v

Common "component-based" meta-model

AADL System Engineering:
- system Instance

- hierarchy of subcomponents (systems and hardware comp.)

AADL Software Engineering:
- process instance

- hierarchy of subcomponents (threads; data; subprograms)

AADL Data Modeling:
- package
- set of data components
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e in Stood

other
Compo-

Generation :

Predicates IS
Irepository
~

Stood
Plugins

Stood 4 >/

Compo-
nents E
repository d
/ Reverse

Predicates
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in Stood

Advantages of LMP technology:

- pure declarative language 1pro| 0Q):
= high level of traceability between the formal rules
and their implementation
- strong model isolation:
— no way to alter the model while processing it
- homogeneous syntax:
= canreplace ATL + OCL
- modular structure:
—> one set of rules per user function
. target source code generation
. source code reverse engineering
. design rules verification
. model s transformations
. document generation
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Conclusion

- The AADL is at the same time:
- aDomain Specific Modeling Language (DSM),
- aXML meta model
- aUML profile
- Each approach offers specific benefits:
- DSM best matches user's concerns for modelling activities
- meta-model Is the strongest framework for verification tools
- UML profile can provide a bridge with the OMG world
- The choice has an impact on tool architecture:
- custom tools for the DSM (Stood, Cheddar, ...)
- Eclipse platforms for the meta-model (Osate, Topcased)
- UML toolsfor the profile
- However, they all support the same AADL semantics
so that models interchange is not an issue.

enough time for a quick demo ?



