DSLs, Modeland Architecture

Markus Voelter

www.voelter.de
voelter@acm.org



AWhat is Architecture?
AWhat is Architecting?
ADomain Specific Languages
AExamples
AWhat did we do?
AWhy Textual?
ADSL Tools
AValidation
AGenerating Code
AAnalysis Tools
AStandards and UML
ADocumentation
ASummary




tecture?

Whatis Arch




X UKS &audNJzOU dzNB
the system, which comprise
software elements, the

externally visible properties of
those elements, and the
relationships between them.

Wikipedia
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which, If made incorrectly, may
cause your project to be

cancelled.

EoinWoods
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design and construction”.

HayesRoth
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AA collection of software and system
components, connections, and constraints.

AA collection of system stakeholders' need
statements.

AA rationale which demonstrates that the
components, connections, and constraints
define a system that, if implemented, would
satisfy the collection of system stakeholders
need statements.

Barry Boehm
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consistent throughout a
software system

My Own



Procedures, Classes,
Components, Services
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Encapsulate

Private Members
Frameworks
Facade Pattern
&r :‘r Components
& Layers/Rings/Levels
« Packed Data Wrapper



Contracts

Interfaces
Pre/Post Conditions
Protocol State Machines
Message Exchange Patterns
Published APIs



Decoupling

Message Queues
DeferredConsistency
Compensatingl X




Handle
Crosscuts

Aspect Orientation
Interceptors
Application Servers
Exception Handling



|Ssolate

Purefunctional vs. Impure
SafetyCritical Parts
OSProcesse
RealTimeKernel




Decentrallzatlon

The Internet " L
.

SerwceOrlented Architecture



Orthogonality

Closures Program As Data,
Macros HigherOrder
Functions



~ —— Procedures/Methods
-7 State Machines, Componen



Protocols

Transctions
Locking Synchronization
ResourceAccess
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Make Explicit

Dependencie:

SOA, Messagin

Monads

PLE Variabilitie
PersistencelLoadingData



Architecting?

Whatis




verify
communicate
Implement
check



describe

unambiguously
formally




Modeling




Technology-
Independent
Architecture

\ pnowdes QoS

for
l
: makes nice \\
» : s
9 ] \\\
E s e
(]
>
Programming maps Technology
Model Mapping
[ -
]
A A
\ 1
~ 1
\\ :
\\verifies : verifies
A Y
\\\ 1
formalizes \\ Vertical
ertica
by ! Mock Platform
improves Prototype ;
~f A iemesesessee -
‘\I
L\
\\\
\\L . N
N
\~~
N
x DSL-based automates
! Y -
\ Programming
seakeg Model
Architecture \
A Y
Metamodel \ Glue Code
r\ Generation
Y
X
)
1
) Model-Based
L Architecture

E—

Validation




Specificlanguages

Domain




A DSL Is focussed processable
languagefor describing a specific
concernwhen building a system in a
specificdomain. Theabstractionsand
notations used arenatural/suitablefor
the stakeholderswho specify that
particular concern.




Examplel.
Distributed System




Alrport
Management

System






component DelayCalculator {}
component InfoScreen  {}

component AircraftModule {}



component
provides
requires
component
provides
component
provides
requires

}

Interface
Interface
Interface

DelayCalculator {
|IDelayCalculator
lInfoScreen

InfoScreen {
lInfoScreen

AircraftModule {
|AircraftModule
|DelayCalculator

|DelayCalculator {}
lInfoScreen {}
|AircraftModule {}



component InfoScreen  {
provides  lInfoScreen

Instance screenl: InfoScreen
Instance screen2: InfoScreen
e



component DelayCalculator {

provides  default: |IDelayCalculator
requires  screens|0..n]: liInfoScreen
}
component InfoScreen  {
orovides  default: lInfoScreen
}
component AircraftModule {
orovides  default: |AircraftModule
requires  calculator[1]: |IDelayCalculator

}



component
provides
provides

requires

}

component
requires

}

component
provides

}

component
requires

}

DelayCalculator {
aircraft: |AircraftStatus
managementConsole :
IManagementConsole
screens|0..n]: lInfoScreen

Manager {

backend[1]: IManagementConsole

InfoScreen {
default: lInfoScreen

AircraftModule {

calculator[1]: |AircraftStatus



component DelayCalculator {

requires  screens|0..n]: lInfoScreen
é
component InfoScreen  {
porovides  default: lInfoScreen
nstance  dc: DelayCalculator
nstance  screenl: InfoScreen
nstance  screen2: InfoScreen

connect dc.screens
(o (screenl.default, screen2.default)



namespace com.mycompany.production {
instance  dc: DelayCalculator

Il InfoScreen Instances are created and

// started in other configurations

dynamic connect dc.screens every 60 query {
type = lInfoScreen
status = active



Interface |AircraftStatus {

oneway message reportPosition
(aircraft: ID, pos: Position )

request -reply message reportProblem
request  (aircraft: ID, problem: Problem,
comment: String)
reply  (repairProcedure . ID)

}

{



struct  Flightinfo {
from: Airport
to: Airport
scheduled: Time
expected: Time
é

}

replicated singleton flights {
flights: Flightinfo ]

}

component DelayCalculator {
publishes  flights

}

component InfoScreen  {
consumes flights

}



Interface |AircraftStatus {

oneway message registerAircraft (aircraft: ID!)
oneway message unregisterAircraft (aircraft: ID!)
oneway message reportPosition (aircraft: ID!,

pos: Position! )
request -reply message reportProblem {
request  (aircraft: ID!, problem: Problem!,
comment: String!)
reply  (repairProcedure . 1ID)
}
protocol Initial = new {
state new {
registerAircraft => registered
}
state  registered {
unregisterAircraft => new
reportPosition
reportProblem

}



Example2:
OSGibasedSystem




Slliise L e weslde seEnasdes | import "clazspath:/twoworlds.conpdal™
public: grcenario Simple : the.moon.scenarios, the.world.scenarios

- actor IRP ==> { Armstrong |
immutabhle type FroblemBeport {

problem: string
severity: int .
severity = 12
emergency: bhool
emergency = true
problem = "there's cheese™

rar fm = ProblemBeport {

interface Radio {
report | a: ProblemBeport | : void
home.report (msg#im) -» { Houston |
rar ires = press.broadcoast| < #msg.problem > § —» {
interface Press { return "thanks"
broadoast | a: string ) : string ¥ 647x551
log.info "they replied ™
log.info Sres
private: agsert eguals recurnvValuelsThanks : §rez == "thanksa"

rvar fresi = prezs.broadeasti < #mag.problem > | - |
component Houston { return "again®
provides uplink: Radio H

reguires pres=: Fress log.info "and then they replied "
log.info fresz
assert egquals returnValuelslgain : $resz Tagain'™

component PrintingPress {
provides source: Press

import "classpath:/twoworlds.compdsl™
import "classpath:/twoworlds.scenario”

subsystem the.moon.scenarios

uses the.world.scenarics
system Sun3ystem scenario Simple |
private: node moon |

subsystem tChe.mooh.scenarios
component Arwstrong

task =savHello scheduled onceUponStartup
regquires home: Radio [0..1]

'

node earth |
subsystem the.world.scenarios




Example3:
Embedded Protocol Handler




processing DigitalIn "BEI™ moduletype 0x05 hal =

datatypes |
SinglePointIndicationWithoutTime:
SinglePointIndicationWithTime:
DoublePointIndicationWithoutTime;
DoublePointIndicationWithTime;
Bit3tringTypelISEBitWithoutTime;
Bit3tringTypeISEitWithTime;

parametertypes |
DataType defaunlt |
subattr db0 # intendedDataType == pdt

r

DebounceFilterTime default |
attr filterTimeInMs O=x02
subattr dbl # 3P == 0x00:
subattr dbl # IN == 0x00:

Yo
MaximumOscillatingFregquenoy:

function READDATA ) Processhatar
function WRITEDATA (input ProceszsDhata) »

struct FrocessData |
int8 channel:
int8 fixData[4]:

gtruct Memwory {
intd state;
ProcessDhata data:r

in=s=tance memory Memwory !

DigitalInHAL

SinglePointIndicationWithTime;







