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Figure 2. The two-part Rainbow Framework. 
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α = {〈 ⇑ ( ); ∅; ⇑ ( ) 〉, 〈 ⇑ ( , );⇓ ( ); ⇑ ( ) 〉, 〈 ⇑ ( ); ∅; ⇑ ( ) 〉}

α = {〈 ⇓ ( );⇓ ( ); ∅ 〉}



Γ ⊲ Γ

I⇑ ← Γ

O⇓ ← Γ

S ← Γ

exec paths ← ∅ ⊲

port I⇑ ∪O⇓ ∪ S ⊲

S ← S ∪ (port)

contracts ← ∅ ⊲

path exec paths ⊲

contracts ← contracts ∪ (⊗path)

contracts ⊲

ics ← ∅ ⊲ Γ

α contracts ⊲

A,R,E ← α ⊲ α = 〈A;R; E 〉
A′ ← {{ (p) |p ∈ Ai} |Ai ∈ A}
A′ ← {Ai|Ai ∈ A′ ∧ |Ai| > 0} ⊲

R′ ← { (p) |p ∈ R}
E′ ← { (p) |p ∈ E}
ics ← 〈A′;R′; E′ 〉

⊗ics

p, U = ∅ ⊲ p U

U ← U ∪ {p} ⊲ p

α ← ⊗ p

A,R,E ← α ⊲ α = 〈A;R; E 〉
V ← (

⋃

A ∪R ∪ E) \ U ⊲

C ← {α}
v V

conn (v)
C ← C ∪

⋃

(q, U)

C

p ⊲ p

← p ⊥ p



⊗α = 〈 ⇑ ( , , , );⇓ ( ); ⇑ ( , , ) 〉

⊗α = 〈 ⇑ ( , , , );⇓ ( ); ⇑ ( , , ) 〉

⊗α = 〈 ⇓ ( );⇓ ( ); ∅ 〉

α α

αΓ = 〈 ⇑ ( , );⇓ ( ); ⇑ ( ) 〉 ‖ 〈 ⇓ ( );⇓ ( ); ∅ 〉

out  requests

out  size
in  contentTree

 ApacheWebServer

QOSControl

in  requests

in  size

out  contentTree

UtilizationMonitor

out  utilization

in  requests

in  size



+newInstance(feature : ...

AdaptiveElementType

AdaptiveElementInstance

Port

+merge(other : InteractionContract) : InteractionContract

+merge(others : List<InteractionContract>) : InteractionContract

InteractionContract

PortDisjunction

1..*contracts

0..*

associatedContracts

0..*

requirements

0..*reqEmissions 0..* optEmissions

1..*

activations

1..*

ports
1..*

1 ports

parent

<<creates>>

Γ

Γ

utilController

: UtilizationController

scheduler

: PeriodTrigger

loadMonitor

: LoadMonitor

out  utilization

in  input

out  output

in  utilization

R =⇓ ( )

〈 ⇓ ( ); ; 〉

E =⇑ ( ?)

〈 ⇑ ( ); ; 〉

A = self



Γ (p)

p α A

p

Γ α

Γ

− α α = 〈A;R; E 〉

−

∀ini ∈ R ∧ ¬ (ini) , ∀outj ∈ (ini) :

∃α′ ∈ (outj) α′ = 〈 ⇓ (outj); ; 〉

−

A =⇓ (out)

∀ini ∈ (out) ∧ ¬ (ini) :

∃α′ ∈ (ini) α′ = 〈 ;R′; 〉 ∧ ini ∈ R

−

∀outi ∈ E ∧ ¬ (outi) , ∀inj ∈ (outi) :

∃α′ ∈ (inj)

α′ = 〈A′; ; 〉 ∧A′ =⇑ ( ) ∧ inj ∈
⋃

A

−

A =⇑ ( )

∀ini ∈
⋃

A ∧ ¬ (ini) , ∀outj ∈ (ini) :

∃α′ ∈ (outj)

α′ = 〈 ; ; E′ 〉 ∧ (outj ∈ E′ ∨ outj? ∈ E′)

− α α = α1 ‖ · · · ‖ αn αi

Γ

α = 〈A;R; E 〉? Γ

∃p ∈ P (p) *= ∅ P

P =











⋃

A ∪R ∪ E A =⇑ (. . . )

R ∪ E A self

{out} ∪R ∪ E A =⇓ (out)

Γ

Γ



A

〈 ⇑ ( , , ); ∅; ⇑ ( ) 〉 ‖ 〈 ⇑ ( ); ∅; ⇑ ( ) 〉

〈A;B;C〉 〈A′;B′;C ′〉

A
⋃

A ∩
⋃

A′ *= ∅

α1 ‖ · · · ‖ αn

αi

Γ

Γ

A = {I,O,α, self}

α = 〈A1;R1; E1 〉 ‖ · · · ‖ 〈An;Rn; En 〉 n ≥ 1 A

I⇓ =
n
⋃

i=1

Ri ∧ O⇑ =
n
⋃

i=1

Ei ∧ I⇑ ∪O⇓ =

{

⋃n

i=1 Ai\ {self} self *= ⊥
⋃n

i=1 Ai



α = 〈A;R; E ∪ E? 〉

A×R×E? → E E E?

A R

E?

E

(p) = (p) → ()

(p) = () → (p)

(self) self

〈 ⇑ (in1);⇓ (in2); ⇑ (out1, out2, out3?) 〉

(in1)× (in2)× (out3) → (out1)× (out2)

〈 self ;⇓ ( ); ⇑ ( ?) 〉

(self)× (input)× (output) → ⊥

[[α]] α

(p) → () ⇒ [ ( )]

() → (p) ⇒ [ ( )]

〈 ⇑ (in1);⇓ (in2); ⇑

(out1, out2, out3?) 〉



R1, R2 S1, . . . , S3

(in1) , (in2) (out1) , . . . , (out3)

〈 self ;⇓ ( ); ⇑ ( ?) 〉

T



Actor

AdaptiveElementDirector AdaptiveElementDelegate <<generated>>

AdaptiveElementActs

+get(timeout : Duration) : T

+get() : T

<<Interface>>

Pull

+put(data : T)

<<Interface>>

Push

<<Interface>>

DirectorContext

T T

1 context

1

delegate

1

_acts

1context

< < u s e > >< < u s e > >



[[〈 ⇑ (I1, . . . , In);⇓ (in1, . . . , inm); ⇑ (out1, . . . , outr, outr+1?, . . . , outs?) 〉]] =
n
∏

i=1

⋃

{ (p) |p ∈ Ii}×
m
∏

j=1

(inj)×
s
∏

l=r+1

(outl?) →

r
∏

k=1

(outk)

[[〈 self ;⇓ (in1, ..., inm); ⇑ (out1, . . . , outr, outr+1?, . . . , outs?) 〉]] =

(self)×
m
∏

j=1

(inj)×
s
∏

l=r+1

(outl?) →

r
∏

k=1

(outk)

[[〈 ⇓ (out);⇓ (in1, ..., inm); ⇑ (out1, . . . , outr, outr+1?, . . . , outs?) 〉]] =

(out)×
m
∏

j=1

(inj)×
s
∏

l=r+1

(outl?) →

r
∏

k=1

(outk)

[[α1 ‖ · · · ‖ αn]] = [[α1]]× · · ·× [[αn]]

[[α?]] = [[α]]



〈 self ; ∅; ⇑ ( ) 〉

〈 ⇑ ( ); ∅; ⇑ ( , ) 〉

〈 ⇑ ( ); ∅; ∅ 〉

〈 ⇓ ( );⇓ ( , ); ∅ 〉

〈 self ;⇓ ( ); ⇑ ( ?) 〉

〈 ⇑ ( ); ∅; ∅ 〉

〈 ⇑ ( ); ∅; ⇑ ( ) 〉

〈 ⇑ ( ); ∅; ∅ 〉

〈 ⇑ ( ); ∅; ⇑ ( ) 〉

〈 ⇑ ( ); ∅; ∅ 〉?

〈 ⇓ ( ); ∅; ∅ 〉

〈 ⇑ ( ); ∅; ⇑ ( ) 〉
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http://www.eclipse.org


Modeling Support

xFCDL 

file

xFCDL 

model

FCDL 

model

JVM 

model

xFCDL compiler

Text-to-Model

transformation

xFCDL to JVM 

transformation

Model-to-Model

transformation

xFCDL to FCDL 

transformation

Xtext

uses

Artifact
Actress 

component

External library 

or tool

Model-to-Model

transformation

http://www.eclipse.org/Xtext/
http://eclipse.org/modeling/
http://www.metacase.com/mwb/
http://www.jetbrains.com/mps/


http://www.eclipse.org/gef/
http://www.eclipse.org/gef/
http://www.eclipse.org/Xtext/
http://www.emftext.org/index.php/EMFText


QOSControl

utilController

: UtilizationController

in  contentTree
in  input in  utilization

out  contentTree

: PeriodTrigger

out  output

initialPeriod=10s

period setPeriod

provided out period provided in setPeriod

...











= 〈 self ;⇓ ( ); ⇑ ( ?) 〉

= 〈 ⇑ ( ); ∅; ⇑ ( ?) 〉

name (A,R,E)[?]

name

A,R,E

http://www.eclipse.org/Xtext/documentation.html#xbaseLanguageRef_Introduction


G

E = U∗ − U

G = G+ kE

U∗ U

http://la4j.org/
http://commons.apache.org/proper/commons-math/
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−

−

−

−

−



−

−
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active processor PeriodicTrigger<T> { 
  push in port output: T
  pull in port input: T
  port selfport: long
  
  provided sensor period: Duration 
  provided effector setPeriod: Duration

  property initialPeriod: Duration

  act activate(selfport; input; output?)
  act onSetPeriod(setPeriod; ; period?)

  implementation xbase {
    var currentPeriod = initialPeriod
    var task: Cancellable
   
    def init {
      // ...
    }
    def destroy {
      // ...
    }
   
    act activate {
      // ...     
    }
    act onSetPeriod {
      // ...
    }

    def reschedule {
      // ...
    }
  }
}

AdaptiveElementDelegate

-output : InPushPort<T>

-input : InPullPort<T>

-selfport : SelfPort<Long>

-period : OutPushPort<Duration>

-setPeriod : InPushPort<Duration>

-initialPeriod : Duration

+PeriodicTrigger(context : DirectorContext, initialPeriod : Duration)

+init()

+preActivate()

+activate()

+destroy()

PeriodicTrigger
T

-initialPeriod : Duration

-currentPeriod : Duration

-task : Cancellable

-selfport : Push<Long>

+PeriodicTriggerActs(context : DirectorContext, initialPeriod : Duration)

+init()

+destroy()

+activate(selfport : long, input : Pull<T>, output : Push<T>)

+onSetPeriod(setPeriod : Duration, period : Push<Duration>)

+reschedule()

PeriodicTriggerActs
T

_act_act



Modeling Support

FCDL 

model

JVM 

model

Code Generation Support

Java

sources
Code generator

Model-to-Text

transformation

Akka

framework

uses

ACTRESS 

Framework

uses

Artifact
Actress 

component

External library 

or tool

http://akka.io
https://github.com/Neverlord/libcppa


ACTRESS Runtime

accessLogParser accessLog adaptor

apache control

requestCounter

responseSizeCounter

loadMonitor

utilization

scheduler utilController

ApacheQOS

actor

actor with 

event listener

composite

actor

containment

message

passing

−

−

−

−







ActorSystem
(akka.actor)

AdaptiveElementDirector
(actress)

PeriodicTrigger
(demo.webserver)

PeriodicTriggerAct
(demo.webserver)

CONN("intput",utilizationRef,"utilization")

CONN("output",utilControllerRef,"utilization")

KILL()

PUSH("selfport",d)

destroy()

activate()
activate(d, inputPull, outputPush)

delegate _acts

preActivate()

enqueue("selfport",d)

PUSH("setPeriod",d)

activate()
setPeriod(d, periodPush)

preActivate()

enqueue("setPeriod",d)

1

2

3

4

5

6

UntypedActor
(akka.actor)

destroy()

init()
INIT()

init() attaching event 
listener to a timer

<<references>>

−

−



−

−

start

end

Started

Running Terminating

Initializing

INIT()

KILL()

http://doc.akka.io/docs/akka/2.2.0/general/actor-systems.html
http://edition.cnn.com/2010/TECH/social.media/09/24/facebook.outage/index.html


Modeling Support

FCDL 

model

Artifact
Actress 

component

External library 

or tool

Verification Support

Promela model 

generator

FCDL model 

checker

SPIN

model checker

uses

Model-to-Model

transformation

Promela 

model

Model consistency 

checking

http://www.eclipse.org/modeling/emf/?project=validation


! ( activate → (♦ activate))

activate activate

(!)

(♦)

〈 ⇑ ( ); ∅; ⇑ ( , ) 〉





FCDL 

model
Code generation

Source 

code

Design Reification

Execution and 

Deployment

developer

creates modifies

generates

uses

uses

uses

Testing

Test

codecreates

uses

Promela

model

creates

Verification

...

−

−

−
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http://epispin.ewi.tudelft.nl/
http://matrix.uni-mb.si/en/science/tools/eclipse-plug-in-for-spin/
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http://jcp.org/en/jsr/detail?id=45
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http://xtend-lang.org


#

#O

#T

#

#H

#T

#H

# #I #C

# #I #C

http://www.eclipse.org/modeling/mdt/?project=ocl
http://projects.eclipse.org/projects/modeling.mmt.qvt-oml
http://www.eclipse.org/acceleo/
http://xtext.org


http://www.openarchitectureware.org/
http://www.eclipse.org/xtend/documentation.html#templates
http://blog.efftinge.de/2010/12/xtend-2-successor-to-xpand.html
http://blog.efftinge.de/2010/12/xtend-2-successor-to-xpand.html
http://www.eclipse.org/Xtext/documentation.html#validation
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https://bugs.eclipse.org/bugs/show_bug.cgi?id=397429
http://bit.ly/1bKxCu8
http://bit.ly/1bKxvi0
https://bugs.eclipse.org/bugs/show_bug.cgi?id=402388
https://bugs.eclipse.org/bugs/show_bug.cgi?id=376399


http://ant.apache.org/
http://www.eclipse.org/forums/index.php/t/458134/
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http://en.wikipedia.org/wiki/List_of_JVM_languages
http://groovy.codehaus.org/
http://cylon-lang.org
http://groovy.codehaus.org/Type+checking+extensions
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0..1

1..1

http://www.scala-lang.org/api/current/index.html#scala.Option
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http://fikovnik.github.io/Sigma/model-navigation-and-modification.html
http://fikovnik.github.io/Sigma/model-navigation-and-modification.html
http://www.slideshare.net/meysholdt/codegeneration-goodies
http://wiki.eclipse.org/Modeling_Workflow_Engine_(MWE)
http://wiki.eclipse.org/Modeling_Workflow_Engine_(MWE)




R =⇓ (in1, . . . , inn) ini ∈ I⇓

∃in ∈ R p *∈ I⇓
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Name 1 1 n n

Name 1 1 n n
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−

Name

Name
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Name



→ →

http://fikovnik.github.io/Sigma/m2m-transformation.html


http://docs.scala-lang.org/overviews/macros/typemacros.html
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HTCondor Client Host

schedd

DAGMan 1

DAGMan 2

DAGMan N

User Interface
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N∗
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Schedd

provided out  execTime

execTime

queueSize

: CondorQueueStats

serviceRate

: CondorServiceRate

out output

out serviceRateout queueSize

out output

condorConfig=?condorConfig=?
queueType="idle"

http://research.cs.wisc.edu/htcondor/manual/current/condor_q.html
http://research.cs.wisc.edu/htcondor/manual/current/condor_history.html
http://pubs.opengroup.org/onlinepubs/9699919799/utilities/ps.html
http://pubs.opengroup.org/onlinepubs/9699919799/utilities/ps.html


〈 ⇓ ( );⇓ ( , , ); ∅ 〉

N µ

CondorStats

in  input

queueSizeAvg

: MovingAverage

serviceRateAvg

: MovingAverage

aggregate

: Aggregate

in  input

out output

out output

o
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t 
 c

o
n
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rS
ta

ts

initialWindowSize=5

initialWindowSize=5

out output

out serviceRate

out queueSize

p
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provided out  execTime

condorConfig=?

in serviceRate

in queueSizeschedd: Schedd

dagmanCounter

: ProcessCounter

out output

procFilter=...

in dagmanCount

d

https://htcondor-wiki.cs.wisc.edu/index.cgi/tktview?tn=2616
https://htcondor-wiki.cs.wisc.edu/index.cgi/tktview?tn=2616
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loadController

: LoadController
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trigger

: PeriodTrigger

in  input

out  condorStats

out output

initialPeriod=10s

condorConfig=?

condorStats: CondorStats

out output

in  input

dagmanDelayer

: FileWriter

in  text

file=?

Nstar=?
Nc=?
p=?
rho0=?

AdaptiveMonitor

periodController

: PeriodController

out output

inputAvg

: MovingAverage

in  inputin
  
in
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u
t

in  input

o
u
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u
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out  output

initialWindowSize=5

LocalControl
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loadController
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trigger

: PeriodTrigger

in  input

out  condorStats

out output

initialPeriod=10s

condorConfig=?
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setPeriod

monitor

: AdaptiveMonitor

in  inputout output

out output

provided out  execTime

condorStats: CondorStats

in  input

dagmanDelayer

: FileWriter

in  input
file=?

Nstar=?
Nc=?

p=?
rho0=?



AdaptiveCondorStats

trigger: PeriodTrigger

in  input

out  condorStats

out output

initialPeriod=10s

condorConfig=?

setPeriod

monitor

: AdaptiveMonitor

in  input

out output

provided out  execTime

condorStats: CondorStats

o
u

t 
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o
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o

rS
ta

ts

LocalControl
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loadController
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r
out  condorStats

out output

in  input

dagmanDelayer

: FileWriter

in  input
file=?

Nstar=?
Nc=?
p=?
rho0=?

condorStats

: AdaptiveCondorStats

condorConfig=?

N N∗

AdaptiveLoadController

loadController

: LoadController

in  input

o
u
t 

fr
e

e
M

e
m

initialPeriod=1min

in  input

out outputin  input

out  Nstar

p=?
rho0=? NstarNc

queueSizeController

: QueueSizeController

freeMemAvg

: MovingAverage
trigger

: PeriodTrigger

out  Nc

initialWindowSize=5

out output

out outputin  inputin
  
in

p
u
t

o
u
t 

o
u
tp

u
t

initialNstar=?
initialNc=?

meta-control layer

control layer

LocalControl

out  condorStats

out output

in  input

dagmanDelayer: FileWriter

in  input

file=?

p=?
rho0=?

condorStats

: AdaptiveCondorStats

mem: SystemMemStats

in freeMem

loadController

: AdaptiveLoadController

out output

c
o

n
tr

o
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la
y
e

r

s
y
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condorConfig=?

type=free
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User Interface 1

User Interface 2

User Interface N

Executes

HTCondor cluster

of worker nodes

Users

Users

Users

Submit

workflows

Submit 

jobs

...
Central schedd

ρl ρc

ρ(N)

ρ(Nl)

ρl

ρ(Nc)

ρc

Nl Nc

http://research.cs.wisc.edu/htcondor/manual/v8.1/5_3Grid_Universe.html


Nnext

Nnext = k

⌈ (

ρ(Nl)

ρl
,
ρ(Nc)

ρc

)⌉

k

Central schedd

network

LocalControl control layer

loadController: LoadController

system layer

out  condorStats

out output

in  localStats

dagmanThrottle

: FileWriter

in  input

file=?

Nstar=?
Nc=?

p=?
rho0=?

k=?

condorStats

: AdaptiveCondorStats

in  remoteStats

out output

CentralStats

condorStats

: AdaptiveCondorStats

stats: Queue

size=1

out outputin  input

User Interface
i

condorConfig=?

condorConfig=?

centralStats

: CentralStats.stats

Nc µc

mc
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ProcessCounter

out  output

processes

: PS
processFilter

: ItemFilter

counter: Size

predicate=...

in  input

out output

in  input

out outputout output
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FCDL
Model of Computation

Actor Model

Interaction Contracts
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class PeriodicTriggerActor[T] extends Actor { 
  var outputPortRef: ActorRef = _
  var outputPortName: String = _
  var inputPortRef: ActorRef = _
  var inputPortName: String = _
  // this method is called very time an actor receives a message
  def receive = {
    case PushMsg("selfport", _) => {
      // send and receive message passing
      val future = inputPortRef ? PullMsg(inputPortName)
      // waiting for the call to complete
      val result = Await.result(future, 5 second).asInstanceOf[T] 
      Option(result) match {
        case None => // received null
        case Some(data) =>
          // fire and forget message passing
          outputPortRef ! PushMsg(outputPortName, data)
      }
    }
   // handle messages setting actor connection 
   // ..
   // handle messages triggering life-cycle phases (i.e. init, destroy)
   // ..
  } 
}

class PeriodicTriggerDelegate[T](ctx: DirectorContext)
  extends AdaptiveElementDelegate(ctx) {

  val input = new DefaultInPullPort[T](ctx, "input")
  val output = new DefaultOutPushPort[T](ctx, "output")

  def activate { 
    Option(input.get) match {
      case Some(data) => output.put(data) // non-null data
      case None => log info "No data available on the input port"
    }
  } 
}

class PeriodicTriggerActs[T] {
  def onSelfport(selfPort: Long, input: Pull[T], output: Push[T]) = {
    Option(input.get) match {
      case Some(data) => output.put(data) // non-null data
      case None => log info "No data available on the input port"
    }
  }
}

act activate {
  switch data : input.get {
    case data.present : output.put(data.get)
    default : log.info("No data available on the input port")
  }
}

xFCDL

(Xbase)

(custom implementation in Scala)

(Scala)

(Scala)
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∀(x)(Port(x)∧ (ports(x) < 3))

∃(x)(Port(x)∧ (ports(x) >= 3))
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Example

Port and connections syntax

Composite

p: Processor

in  input

push

connection

pull

connection

input port output port

port nameport type

element name element type

out  output

AdaptiveElements

initialPeriod=10s

property

The emphasized text like this is a documentation.
active sensor

processoractive processor

controller

effector

composite

sensor

active effector

referenced
composite

[provided] <in | out>  <name>

multiport

*

port name

port type

arrow direction indicates the port mode

dashed lines indicate promotion

solid lines indicate connections

indicates provided port



ModelElement

-name : string

NamedElement

-name : string

Annotat ion

-name : string

-value : string

AnnotationNameValuePairControlSystem

-active : boolean = false

-role : AdaptiveElementRole

+newInstance(feature : ContainedFeature) : AdaptiveElementInstance

+newInstance(feature : ReferencedFeature) : AdaptiveElementReference

AdaptiveElementType

+merge(other : InteractionContract) : InteractionContract

+merge(others : List<InteractionContract>) : InteractionContract

InteractionContract

PortDisjunction

-mapping : Map[String,String]

ConcreteDataType

-required : boolean = true

-defaultValue : DataValue

Property

DataTypeParameter

-portType : PortType

-portMode : PortMode

-multiport : boolean = false

-provided : boolean = false

Port

+newInstance() : CompositeInstance

CompositeType

Feature

ContainedFeature

DataTypeArgument

-endpoint : URI

ReferencedFeature

-property : Property

PropertyValue

PortReference

-promotion : boolean = false

L ink

DataType

DataTypedElement

1..*

1

features

parent

1

type

0..*

optEmissions

0..* typeArguments

1

port

0..*

propertyValues

1..*

1

links

parent

1..*ports

1

feature

1

target

1composite

1..*

1

ports

parent

1

source

0..*

reqEmissions

1..*types

1..*

activations

0..*

typeParameters

0..*

requirements

1feature

0..*

1

annotations

parent

0..*

1

properties

parent

1..*

dataTypes

1 dataType

0..* associatedContracts

0..*

arguments

1

parameter



AdaptiveElementInstance

CompositeInstance

-portMode : PortMode

PortInstance

DataTypeInstancePropertyInstance

LinkInstance

+newInstance(feature : ContainedFeature) : AdaptiveElementInstance

+newInstance(feature : ReferencedFeature) : AdaptiveElementReference

AdaptiveElementType

+newInstance() : CompositeInstance

CompositeType

-endpoint : URL

AdaptiveElementReferenceFeature

Port

ConcreteDataType

Property

PropertyValue

+merge(other : InteractionContract) : InteractionContract

+merge(others : List<InteractionContract>) : InteractionContract

InteractionContract

<<creates>>

0..*

1 properties

parent

1source

0..* reqEmissions

1

property 1dataType

1..*

1

instances

parent

1type

0..* requirements

1target
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1
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parent
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1 ports

parent
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parent
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port

0..* connections

1..*

1

ports

parent
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contracts

1 feature 0..1 value

<<creates>>
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-name : string

-importSection : XImportSection

Module

-name : string

-role : AdaptiveElementRole

-active : boolean

-dataTypeParameters : JvmTypeParameter

AdaptiveElementDecl

Declaration

Implementat ionDefn

-name : string

-portType : PortType

-portMode : PortMode

-dataType : JvmTypeReference

PortDecl

-name : string

-elementType : JvmTypeReference

FeatureDecl

-dataTypeArguments : JvmTypeReference

ContainedFeatureDecl

-property : JvmIdentifiableElement

-value : XExpression

PropertyDefn

-endpoint : string

ReferenceFeatureeDecl

-name : string

-optional : boolean

-dataType : JvmTypeReference

-defaultValue : XExpression

PropertyDecl

-multiport : boolean

RegularPortDecl

-providedType : ProvidedPortType

ProvidedPortDecl

LinkEndpointDefn

ConnectionDecl

-promotedName : string

PromotionDecl

PortDisjunctionDefn

-optional : boolean

PortEmissionDefn

-name : string

-optional : boolean

InteractionContractDecl

XbaseImplementationDefn

XbaseImplementationPart

-body : XExpression

XbaseInteractionContractDefn

-returnType : JvmTypeReference

-name : string

-parameters : JvmFormalParameter

-body : XExpression

XbaseOperationDefn

-type : JvmTypeReference

-name : string

-right : XExpression

-writeable : boolean

XbaseVariableDefn

-name : string

Annotat ion

(types)

1..*activation

0..1selfport
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requirements

1target

0..*emissions

0..*declarations 1feature
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parent
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port
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parts
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1 source

0..* annotations
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implementation
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