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cycles in a particular pipe-filter style, or define a compositional pattern 
such as the starfish arrangement of a blackboard system or a compiler’s 
pipelined decomposition. 

• Properties are attributes of the component and connector types, and 
provide analytic, behavioral, or semantic information. For example, load 
and service time properties might be characteristic of servers in a 
performance-specific client-server style, while transfer-rate might be a 
property in a pipe-filter style. 

• Analyses can be performed on systems built in an appropriate 
architectural style. Examples include performance analysis using 
queuing theory in a client-server system, and schedulability analysis for 
a real-time-oriented style. 

To support the needs of run-time system self-adaptation, we augment the notion of 
style with the notions of operators (to change an architecture) and adaptation 
strategies (to package changes for specific purpose). In previous work, we have 
extensively described the significant leverage that architectural style affords us [3]. 
That is, style provides opportunity for specific analysis of system behavior and 
properties. For self-adaptation, each style may uniquely guide the choice of metrics, 
help identify strategic points for system observation, and suggest possible adaptations. 

5 The Rainbow Framework 

In this section, we briefly introduce the Rainbow framework, which has already been 
reported in prior work [3,13]. In this paper, we focus on the separation between the 
general parts of Rainbow that can be applied to a wide variety of systems, and the 
tailorable parts that need to be written to apply Rainbow to specific systems and 
concerns. 
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Figure 2. The two-part Rainbow Framework. 



nomic requirements in a separate location. Figure 1 shows
a high-level static view of the StarMX architecture. In gen-
eral, it consists of two main elements: the execution engine
and a set of services, which will be explained in the follow-
ing sections.
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Figure 1. High Level Static Architecture

3.1. Enabling Technologies

StarMX incorporates the JMX technology and policy en-
gines to enable self-managing capabilities. While JMX is
part of the Java Development Kit (JDK), it is commonly
used in Java EE environments due to the complexity of dis-
tributed enterprise applications. StarMX activates differ-
ent JMX features for the purpose of self-management and
hides the technical details related to this technology. The
benefits of using JMX include: a) different resources can
be managed through JMX instrumentation interfaces called
MBeans or MXBeans, b) the autonomic managers can re-
motely manage their underlying resources, c) monitors can
be set up to capture and report particular situations, and d)
the notification mechanism enables the activation of auto-
nomic managers under certain circumstances. In StarMX,
all these facilities are provided to the autonomic system de-
veloper through simple configuration. The facilities are then
utilized by the execution engine.

Using policies to declare the required adaptation behav-
ior is a common technique in autonomic systems. As dis-
cussed in Section 2, there are several research projects that
define new policy languages or integrate with external pol-
icy engines. One of the emerging standards in this con-
text is the CIM-Simplified Policy Language (CIM-SPL) [5],
which is a policy language for managing computing re-
sources using CIM constructs. It allows the expression of
condition-action rules for managing policies and provides a
large number of operations for conditions and actions. The
Apache Imperius project [2] has recently provided an im-
plementation of this language with an object-oriented style
for defining SPL policies. However, to support policy-based
approaches in StarMX, the execution engine is equipped

with the capability to collaborate with different policy en-
gines in an abstract manner.

3.2. Execution Engine

The Execution Engine module automates the self-managing
operations. It executes the management logic defined by the
application developer to adapt the system with its current
situation using services provided in the service layer. In
other words, it enables the autonomic managers to perform
their jobs.

The two key components of the execution engine are
Process and Execution Chain. Figure 2 displays the archi-
tecture of this part of the framework and its interaction with
the managed system. Processes are considered the building
blocks of an autonomic manager. Each process may repre-
sent a single function or a group of consecutive functions
of an autonomic manager (MAPE loop entities). The pro-
cesses are chained together to form execution chains. The
connection of processes in an execution chain is based on
the Chain-of-Responsibility design pattern [6]. The exe-
cution chains act as autonomic managers, and each one is
associated with an activation mechanism. When activated,
the processes in the chain are executed sequentially.

Execution Chain (Autonomic Manager)

Process Process Process

Anchor Objects (Sensors, Effectors, Helper objects...)

Managed System

Anchor
Object

Anchor
Object

Anchor
Object

. . .

Activation
Mechanism

. . .

Resource Resource Resource. . .

Figure 2. Execution Chain Architecture

As shown in Figure 2, each process needs a collection of
objects, called Anchor Objects, to perform its task. These
can either be manageability endpoints (sensors and effec-
tors) of the underlying managed resource, or helper ob-
jects that provide some services. The required set of anchor
objects for each process and their lookup information are
defined in the framework configuration file. At execution
time, the anchor objects are prepared and injected into the
process by the execution engine. To support standard forms
of access to the anchor objects, StarMX offers the following
techniques:

60
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Figure 1: Architecture of a web server monitor.

Solid arrows represent data flow. Dashed arrows

represent pull requests. For simplicity, the diagram

does not show the types of the values calculated by

the components and the types of the parameters re-

quired by pull requests.

source line of the AccessLogReader sensor. When a new
line is added to the log, AccessLogParser parses the line to
create a higher-level structure including the IP address of
the person accessing the web server, and the requested page.
This information is passed to AccessingProfile, which ex-
tracts the IP address from the structure, and then asks the
IP2Profile context operator to compute a profile. This pro-
file is obtained by querying the NSLookup and the LDAPServer
sensors. Pull requests on IP2Profile and NSLookup are pa-
rameterized by an IP address. Pull requests on LDAPServer
are parameterized by a host name.
Context operators for intrusion detection. The Intrusion-
Detector context operator uses the context calculated by
AccessingProfile, including the information about the most
recent access to the web server and the client profile associ-
ated with this access. IntrusionDetector only propagates
accesses that are suspected to represent intruders.
Control operators and actuators. The monitoring tasks are
implemented by the IntrusionInformer and ProfileLogger
control operators, which respectively invoke the Mailer and
Logger actuators using the send and log actions. To no-
tify the administrator of an intrusion, IntrusionInformer
only needs to be informed by the IntrusionDetector con-
text operator of any new intrusion. To update the pro-
file log, ProfileLogger only needs to be informed by the
AccessingProfile context operator of which profile is ac-
cessing the server.

In this example, we can observe that the architecture de-
scription in Figure 1 is underspecified. While it may be intu-
itively obvious that the IP2Profile context operator reacts
only to parent pull requests, as LDAPServer and NSLookup
never push data by themselves, this information is not explicit
in the architecture description. This underspecification may
lead to di�erent interpretations of the architecture descrip-
tion and incompatible implementations. To address these
issues, we enrich the architecture description by annotating
each context operator with an interaction contract.

2.3 Interaction Contracts
The goal of an interaction contract is to describe the

interactions that are allowed by the context operators of
an SCC application. In a reactive system, the most basic
information is what makes a context operator react, i.e., a

Context operator Associated interaction contract

AccessLogParser È« (line); ÿ; « self Í
AccessingProfile È« (AccessLogParser); » (IP2Profile); « self Í
IP2Profile È» self ; » (ip2host, host2profile); ÿÍ
IntrusionDetector È« (AccessingProfile); ÿ; « self ?Í

Table 1: Interaction contracts associated to the

context operators of the web server architecture.

Line, ip2host and host2profile abbreviate AccessLog-

Reader.line, NSLookup.ip2host and LDAPServer.host2-

profile, respectively.

data pull request from one of its parents or a data push from
its children. In this reaction, a context operator may need
to pull data from its child context operators or child sensor
sources. Finally, a reaction may or may not lead to the push
of a new value. We group the information about these three
kinds of interactions into a basic interaction contract.

Definition 1. A basic interaction contract ÈA; U ; EÍ is a
tuple where A, U and E are named respectively the activation
condition, the data requirements list and the emission. These
elements are defined as follows:

• A = « (A1, . . . , An) | » self , where n > 0, Ai is the
name of a child of the current context operator (a sensor
source or a context operator) or a disjunction of such
names, and self indicates the context operator itself.
« (A1, . . . , An) corresponds to the push of values from
all the children A1, . . . , An. If any Ai is a disjunction
of names, then the information associated with any of
these names can be used. » self corresponds to a pull
request from a parent of the context operator. A pull
request always returns a value to the calling parent.

• U = » (B1, . . . , Bn) where n Ø 0 and Bi is the name of
a child of the current context operator (a sensor source
or a context operator). This information is accessed by
a pull request, and the developer may choose to access
it or not.

• E = « self | « self ? | ÿ indicates respectively whether
the context operator always, sometimes, or never pushes
a new value to all its parents. When A = » self , a value
is always returned to the requesting parent, regardless
of E.

An interaction contract defines how a context operator in-
teracts with its parents and children, and in this sense is
related to interaction descriptions such as automata-based
models [4, 11], as analyzed in Section 6.

Table 1 specifies the interaction contracts for the web
server monitoring architecture. For example, the interac-
tion contract of the IntrusionDetector indicates, via the
notation « self ?, that when IntrusionDetector receives a
new profile from AccessingProfile, it might or might not
push a profile. In practice, IntrusionDetector only pushes
a profile when the profile is suspected to correspond to an
intrusion. In contrast, the emission of the interaction con-
tract associated with IP2Profile is ÿ. When this component
receives a pull request, it returns the data to the parent that
sent the request, but it does not inform the other parents, if
any, by publishing the data.
Synchronization. A sequence « (A1, . . . , An) in the activation
condition of an interaction contract indicates the synchro-
nization of multiple information sources. Suppose that the
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scheduler
: PeriodTrigger

in  input out  output

setPeriod

provided in  setPeriod

... ...

provided effectorpromotion

provided in setPeriod

control
: QOSControl

System-
Load PeriodController QOSControl

setPeriod setPeriod
PeriodicTrigger QOSControl



QOSControl

ApacheQOSDeployer

co
nt

ro
l 

la
ye

r

newSysProc
: NewSystemProcessNotifier

deployer
: CompositeDeployer

controlDeployer
: ControlDeployer

out  process

in  process

out  composite

in  composite

sy
st

em
 

la
ye

r

apacheFilter
: ApacheProcessFilter

in  process

out  process

deployer QOSControl



http://en.wikipedia.org/wiki/Remote_
procedure_call

http://www.joelonsoftware.com/articles/
LeakyAbstractions.html

http://akka.io

http://en.wikipedia.org/wiki/Remote_procedure_call
http://en.wikipedia.org/wiki/Remote_procedure_call
http://www.joelonsoftware.com/articles/LeakyAbstractions.html
http://www.joelonsoftware.com/articles/LeakyAbstractions.html
http://akka.io


Feature
CompositeType

ContainedFeature

-endpoint : URI
ReferencedFeature1

composite

1
feature

1..*

1
features

parent

ReferencedFeature

remote-main remote-apache

network

ApacheQOS

in  contentTree

in  requests

in  size

out  requests

out  size

out  contentTree

Apache.apache
endpoint=
  akka.tcp://actress@remote-apache/user/Apache/apache

referenced feature

Apache

in  contentTree

in  requests

in  size

out  requests

out  size

out  contentTree

ApacheQOS.control

endpoint=akka.tcp://actress@remote-main/user/ApacheQOS/control

apache: ApacheWebServer

control
: QOSControl

composite feature

ApacheWebServer

http://doc.akka.io/docs/akka/2.2.0/scala/remoting.html

http://doc.akka.io/docs/akka/2.2.0/scala/remoting.html


instances

AdaptiveElementType

PeriodicTrigger QOSControl
CompositeType AdaptiveElementIn-

stance
newInstance AdaptiveElementType

AdaptiveElementType

name = scheduler

scheduler :
ContainedFeature

name = PeriodicTrigger
active = true
role = PROCESSOR

PeriodicTrigger :
AdaptiveElementType

name = QOSControl
role = COMPOSITE

QOSControl :
CompositeType

CompositeType Feature AdaptiveElementInstance

scheduler :
AdaptiveElementInstance

1..*

1 features

parent 1

type
1 feature

<<instanceOf>><<instanceOf>><<instanceOf>><<instanceOf>>

feature

<<conformsTo>>

<<conformsTo>>

features type

PeriodicTrigger
types instances
AdaptiveElementType

AdaptiveElementInstance

PeriodicTrigger
AdaptiveElementType



QOSControl
scheduler newInstance QOSControl

AdaptiveElementInstance PeriodicTrigger
scheduler

types instances

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

<<creates>>

1..*

1 ports

parent

1..*

1

ports

parent

0..*connections

0..*

1 properties

parent

0..*

1 properties

parent

1type

1target

1

port

1

property 1dataType

1..*

1

instances

parent

0..*

1

promotions

parent

0..1 value

1..*

1

features

parent

1 feature

1source<<creates>>

<<creates>>

CompositeType
− ContainedFeature AdaptiveElementInstance CompositeInstance

− ReferencedFeature AdaptiveElementReference
− Port PortInstance

Promotion
− Property PropertyInstance



− DataTypeParameter DataTypeArgument ConcreteDataType

ModelElement
-name : string

Annotat ion

-name : string
-value : string

AnnotationNameValuePair

0..*

1annotations

parent

0..* arguments

ModelElement Annota-
tion









Actor

#receive(msg : Message)
AdaptiveElementDirector

+init()
+preActivate() : boolean
+activate()
+destroy()

AdaptiveElementDelegate

+getWidth() : int
+getName() : string

<<Interface>>
Port

+get(conn : int) : T
+get() : T
+getAll() : List<T>
+isEmpty() : boolean
+isEmpty(conn : int) : boolean
+isEmptyAll() : List<boolean>

<<Interface>>
InPushPort

+put(data : T)
+put(conn : int, data : T)
+putAll(data : T)

<<Interface>>
OutPushPort

+get(conn : int, timeout : Duration) : T
+get(timeout : Duration) : T
+get(conn : int) : T
+get() : T
+getAll(timeout : Duration) : List<T>
+getAll() : List<T>

<<Interface>>
InPullPort

+isEmpty() : boolean
+isEmpty(conn : int) : boolean
+isEmptyAll() : List<boolean>
+put(data : T)
+put(conn : int, data : T)
+putAll(data : T)

<<Interface>>
OutPullPort

<<Interface>>
SelfPort

+put(portName : string, conn : int, data : T)
+get(portName : string, conn : int, timeout : Duration) : T
+portWidth(portName : string) : int
+registerPort(port : Port)

<<Interface>>
DirectorContext

T

T

T TT

1context

1

delegate

<<declares>>

AdaptiveElementDirector
Actor Adaptive-

ElementDelegate

AdaptiveElementDelegate

Di-
rectorContext



init()

destroy() init

preActivate()

activate()

PeriodicTrigger

class PeriodicTriggerDelegate(val ctx: DirectorContext)
extends AdaptiveElementDelegate {

// using context to create ports
val selfport: SelfPort[Long] = new DefaultSelfPort(ctx)
val input: InPullPort[T] = new DefaultInPullPort(ctx, "input")
val output: OutPushPort[T] = new DefaultOutPushPort(ctx, "output")

/** Adaptive element activation */
def activate {
logger debug s"Activated at: {selfport.get}"

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

}
}

}

AdaptiveElementDele-
gate DirectorContext



PeriodicTrigger

put OutPushPort
put DirectorContext

InPushPort

isEmpty



0

0th

All
getWidth

portWidth

Accumulator

PeriodicTrigger

A B
outA inB

accessLog accessLogParser

d selfport



inB: InPushPortoutA: OutPushPort

Delegate

7. put(d)

in  inBout  outA
Actor Framework 

Dispatcher

12. enqueue(d)

Director

message queues

DelegateDirector

8. put(outA, 0, d)

9. send message Push(B, inB, d)

10. dispatch message and execute actor

13. preActivate()

14. activate()

11. decode message

15. get()

1. dispatch message and execute actor

4. preActivate()

5. activate()

2. decode message

selfport: SelfPort

6. get()

3. enqueue(d)

d

selfport preActivation

activate
outA

outA
put 0 put

d

Push
B

A B
inB

B B d

inB



timeout get InPullPort

accessLog



A

MovingAverage

utilController
: UtilizationController

adaptor
: ContentAdaptor

scheduler
: PeriodTrigger

out  utilization

in  input out  output
in  utilization

in  contentTree

out  contentTreeutilizationAvg
: MovingAverage

in  input out  output

contentTreeAvg
: MovingAverage

in  input

out  output

utilization
: UtilizationMonitor

pull connection

push connection

MovingAverage



input
sum

Accumulator

input output

reset sum

http://ptolemy.eecs.berkeley.edu/ptolemyII/ptII8.1/
ptII/doc/codeDoc/ptolemy/actor/lib/Accumulator.html

http://ptolemy.eecs.berkeley.edu/ptolemyII/ptII8.1/ptII/doc/codeDoc/ptolemy/actor/lib/Accumulator.html
http://ptolemy.eecs.berkeley.edu/ptolemyII/ptII8.1/ptII/doc/codeDoc/ptolemy/actor/lib/Accumulator.html


in  input

: Accumulator

out  sumin  reset

out  output
**

Accumulator sum output

reset
0

val input: InPushPort[Long]
val output: OutPushPort[Long]
val reset: InPushPort[Any]
val sum: OutPullPort[Long]

var value = 0L

def activate() {
if (!input.isEmpty) {
// activated by a push on input
value += input.get
output send value

} else if (!reset.isEmpty) {
// activated by a push on reset
reset.get
value = 0

} else if (!sum.isEmpty) {
// activated by a pull on sum
sum send value

} else {
throw new IllegalStateException("Invalid execution")

}
}

Accumulator



reset

−

−

−

−

Accumulator
−

Accumulator

var value = 0L

def onInput(input: Long): Long = {
value += input
value

}



def onReset(reset: Any) {
value = 0

}

def onSum(): Long = value

activate

activate

e var S

vars

∃e ∈ S e = monospaced

̸= ∅
⋃
M

x ∈
⋃
M ⇐⇒ ∃A ∈ M x ∈ A

T = ({ , } , {1, 2})
( ; 1) ( , 1) ( , 1) ⊥

void

Int
Long Double



A = (I,O,α, self)

I O α self

⊥ A
|I ∪O| ≥ 1

Accumulator

({reset, input} , {sum, output} , ,⊥)

p = (type,mode,multi, prov, t, conns)

type = { , , } mode = {⇑,⇓,⇕}
multi = { , }

prov = { , }
t

Accumulator
reset = ( ,⇑, , , Any, ) input = ( ,⇑, , , Long, )

sum = ( ,⇓, , , Long, ) output = ( ,⇑, , , Long, )

typeof (p) p t

typeof (p) =

{
t p

p t

t1 t2 t1 ≤ t2 t1 t2 t2

t1 t = t1 ∪ t2 t t ≤ t1 ∧ t ≤ t2

t1 t2

port conns (p) p = (type,mode,multi, prov, t, conns)

conns p ∅
p

⇑ ⇓
⇕

O

O⇑ = {p|p ∈ O ∧ ispush (p)} ispush (p)

Accumulator



p I O

Accumulator I⇑ = {reset, input} I⇓ = ∅ O⇑ = {output}
O⇓ = {sum}

Γ (I,O,α,⊥)
A,P A Γ P

Γ is promoted (p)
p

A (I,O,α, self)

α A

α = ⟨A;R; E ⟩

A R E

−
A =⇑ (I1, . . . , In) | self |⇓ (out)

⇑ (I1, . . . , In) Ii in ∈ I⇑

in1 ∨ . . . ∨ inn, ini ∈ I⇑

Ii Ii

A

⇓ (out) out ∈ O⇓ out

−
R =⇓ (in1, . . . , inn)

ini ∈ I⇓ 1 < n ≤ |I⇓|



−
E =⇑ (out1, . . . , outn, outn+1?, . . . , outn+m?)

outi ∈ O⇑ 0 < n + m ≤ |O⇑|
?

A =⇓ (out), out ∈ O⇓

out

Accumulator

 FileTailer

AccessLogParser
in  lines

out  size

out  requests

out  lines

in  contentTree

ContentAdaptor

LoadMonitor
in  requests

in  size
out  utilization

in  input

out  output
PeriodicTrigger

UtilizationController
in  utilization

out  contentTree

Accumulator

α1, . . . ,αn

∥ α1 ∥ · · · ∥ αn n ≥ 2



?

Accumulator

Accumulator

in  input

out  sum

Accumulator

*
in  input

out  sumin  reset

out  output

*

α = {αi, . . . ,αn}
αi n ≥ 1

∥

α = α1⊗α2

α1 = ⟨A1;R1; E1 ⟩ α2 = ⟨A2;R2; E2 ⟩ α = ⟨A1 ∪ A2;R1 ∪
R2; E1 ∪ E2 ⟩

⊗α =

{
α1 ⊗ · · ·⊗ αn α = α1 ∥ · · · ∥ αn

α α

A =⇑ (I1, . . . , In)

∀Ii ∈
A, ∃in ∈ Ii in

...

...

...

...

in in1

out outin in2

in in3

A

⟨ ⇑ (in1, in2, in3); ∅; ⇑ (out) ⟩



A

def onIn1_In2_In3(in1: T, in2: T, in3: T): T

⟨ ⇑ (in1); ∅; ⇑ (out) ⟩ ∥ ⟨ ⇑ (in2); ∅; ⇑ (out) ⟩ ∥ ⟨ ⇑ (in3); ∅; ⇑ (out) ⟩

A

def onIn1(in: T): T
def onIn2(in: T): T
def onIn3(in: T): T

A

A
⇑ (in1 ∨ in2, in3) A

in1 in3
in2 in3

in1 in2 in2 in3
in1 in3

⟨ ⇑ (in1); ; ⟩ ∥ ⟨ ⇑ (in2); ; ⟩ ∥ ⟨ ⇑ (in3); ; ⟩
A

⟨ ⇑ (in1 ∨ in2 ∨ in3); ; ⟩ A in1, . . . , in3

def onIn123(in: T): T



A (I,O,α, self)

α

{
⟨ ⇑ (ini);R; E ⟩ | ini ∈ I⇑

}
∪

{
⟨ ⇓ (outi);R; E ⟩ | outi ∈ O⇓}∪

{
⟨ self ;R; E ⟩ self ̸= ⊥
∅

R =⇓ (I⇓) E =⇑ (out1?, . . . , outn?), outi ∈ O⇑, n = |O⇑|

A
(I,O,α,⊥)

α = ⟨ ⇑ (ini, . . . , inn);⇓ (I); E ⟩ ini ∈⇕ I, n = |⇕ I| ⇕ O ⊆ E ∧ ∀outj ∈
O⇑ : (outj ∈ E ∨ outj? ∈ E)

α = ⟨ ⇓ (outi);⇓ (I); E ⟩ ∥ · · · ∥ ⟨ ⇓ (outn);⇓ (I); E ⟩ ini ∈⇕ I, n = |⇕ I|
⇕ O ⊆ E ∧ ∀outj ∈ O⇑ : (outj ∈ E ∨ outj? ∈ E)

t

α

ps E

α

scala.collection.immutable.Seq[T]



pe ⟨ ⇑ (pe); ∅; ⇑ (ps1, . . . , psn, psn+1?, . . . , psm?) ⟩
psi pe

PeriodicTrigger set-
Period ⟨ self ;⇓ (input); ⇑ (output?) ⟩ ∥ ⟨ ⇑ (setPeriod); ∅; ∅ ⟩

period

⟨ ⇑ (setPeriod); ∅; ⇑ (period?) ⟩

in  inA

in  inB

out  outA

out  outB

in  in1

in  in2

in  inC1
out  out1in  inC2

in  inC3 in  inC4

out  out2

in  in3 in  in4

out  outC1

out  outC2

αA = ⟨ ⇑ (inA); ∅; ⇑ (outA) ⟩
αB = ⟨ ⇑ (inB); ∅; ⇑ (outB) ⟩
αC = ⟨ ⇑ (inC1, inC2);⇓ (inC3); ⇑ (outC1) ⟩ ∥ ⟨ ⇓ (outC2);⇓ (inC4); ∅ ⟩

out2
⟨ ⇓ (out1); ; ⟩ in1, in2

⟨ ⇑ (in1, in2); ; ⟩



⟨ ⇑ (in1); ; ⟩ ∥ ⟨ ⇑ (in2); ; ⟩

in3, in4 out1

in1 in2 out2
in1 A inA

αA

αA

inA outA αA

outA
inC1 C

⟨ ⇑ (inC1, inC2);⇓ (inC3); ⇑ (outC1) ⟩ inC1

{⟨ ⇑ (inA); ∅; ⇑ (outA) ⟩, ⟨ ⇑ (inC1, inC2);⇓ (inC3); ⇑ (outC1) ⟩}

{inC2, inC3, outC1} inC3 outC1
inC2

B outB αB

inB in1

αin1 = {⟨ ⇑ (inA); ∅; ⇑ (outA) ⟩, ⟨ ⇑ (inC1, inC2);⇓ (inC3); ⇑ (outC1) ⟩, ⟨ ⇑ (inB); ∅; ⇑ (outB) ⟩}

in2

αin2 = {⟨ ⇑ (inB); ∅; ⇑ (outB) ⟩, ⟨ ⇑ (inC1, inC2);⇓ (inC3); ⇑ (outC1) ⟩, ⟨ ⇑ (inA); ∅; ⇑ (outA) ⟩}

out2
αout2 = {⟨ ⇓ (outC2);⇓ (inC4); ∅ ⟩}



composite_interaction_contract Γ ◃ Γ
I⇑ ← Γ
O⇓ ← Γ
S ← Γ
exec paths← ∅ ◃

port I⇑ ∪O⇓ ∪ S ◃
S ← S ∪ exec path (port)

contracts← ∅ ◃
path exec paths ◃

contracts← contracts ∪ (⊗path)

contracts ◃
ics← ∅ ◃ Γ

α contracts ◃
A,R,E ← α ◃ α = ⟨A;R; E ⟩
A′ ← {{promoted port (p) |p ∈ Ai} |Ai ∈ A}
A′ ← {Ai|Ai ∈ A′ ∧ |Ai| > 0} ◃
R′ ← {promoted port (p) |p ∈ R}
E′ ← {promoted port (p) |p ∈ E}
ics← ⟨A′;R′; E′ ⟩

⊗ics

exec_path 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 port conns (v)
C ← C ∪

⋃
exec path (q, U)

C

promoted_port p ◃ p
← p ⊥ p



⊗αin1 = ⟨ ⇑ (inA, inC1, inC2, inB);⇓ (inC3); ⇑ (outA, outC1, outB) ⟩
⊗αin2 = ⟨ ⇑ (inB, inC1, inC2, inA);⇓ (inC3); ⇑ (outB, outC1, outA) ⟩
⊗αout2 = ⟨ ⇓ (outC2);⇓ (inC4); ∅ ⟩

αin1 αin2

αΓ = ⟨ ⇑ (in1, in2);⇓ (in3); ⇑ (out1) ⟩ ∥ ⟨ ⇓ (out2);⇓ (in4); ∅ ⟩

out  requests

out  size
in  contentTree

 ApacheWebServer

QOSControl

in  requests

in  size

out  contentTree

UtilizationMonitor

out  utilization

in  requests

in  size

AdaptiveElementType
AdaptiveElementInstance InteractionContract



InteractionContract

+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

scheduler input
R =⇓ (input) load-

Monitor ⟨ ⇓ (utilization); ; ⟩
utilization PeriodicTrigger input

output scheduler E =⇑ (output?)
controller

⟨ ⇑ (utilization); ; ⟩ scheduler

A = self



Γ port contracts (p)
p α A

p

Γ α

Γ

− α α = ⟨A;R; E ⟩

−
∀ini ∈ R ∧ ¬is promoted (ini) , ∀outj ∈ port conns (ini) :

∃α′ ∈ port contracts (outj) α′ = ⟨ ⇓ (outj); ; ⟩
−

A =⇓ (out)

∀ini ∈ port conns (out) ∧ ¬is promoted (ini) :

∃α′ ∈ port contracts (ini) α′ = ⟨ ;R′; ⟩ ∧ ini ∈ R

−
∀outi ∈ E ∧ ¬is promoted (outi) , ∀inj ∈ port conns (outi) :
∃α′ ∈ port contracts (inj)

α′ = ⟨A′; ; ⟩ ∧A′ =⇑ ( ) ∧ inj ∈
⋃
A

−
A =⇑ ( )

∀ini ∈
⋃
A ∧ ¬is promoted (ini) , ∀outj ∈ port conns (ini) :

∃α′ ∈ port contracts (outj)
α′ = ⟨ ; ; E′ ⟩ ∧ (outj ∈ E′ ∨ outj? ∈ E′)

− α α = α1 ∥ · · · ∥ αn αi

Γ

α = ⟨A;R; E ⟩? Γ

∃p ∈ P port conns (p) ̸= ∅ P

P =

⎧
⎪⎨

⎪⎩

⋃
A ∪R ∪ E A =⇑ (. . . )

R ∪ E A self

{out} ∪R ∪ E A =⇓ (out)

Γ

Γ



A

⟨ ⇑ (in1, in2, in3); ∅; ⇑ (out) ⟩ ∥ ⟨ ⇑ (in1); ∅; ⇑ (out) ⟩

⟨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



activate

α = ⟨A;R; E ∪ E? ⟩
A×R×E?→ E E E?

A R

E?

E

push typeof (p) = typeof (p)→ ()

pull typeof (p) = ()→ typeof (p)

typeof (self) self

⟨ ⇑ (in1);⇓ (in2); ⇑ (out1, out2, out3?) ⟩

typeof (in1)× pull typeof (in2)× push typeof (out3)→ typeof (out1)× typeof (out2)

PeriodicTrigger ⟨ self ;⇓ (input); ⇑ (output?) ⟩

typeof (self)× pull typeof (input)× push typeof (output)→ ⊥

[[α]] α

typeof (p)→ () ⇒ Push[typeof (p)]
()→ typeof (p) ⇒ Pull[typeof (p)]

Push Pull
OutPushPort InPullPort

⟨ ⇑ (in1);⇓ (in2); ⇑
(out1, out2, out3?) ⟩



def activate(in1: R1, in2: Pull[R2], out3: Push[S3]): (S1, S2)

R1, R2 S1, . . . , S3

typeof (in1) , typeof (in2) typeof (out1) , . . . , typeof (out3)
PeriodicTrigger ⟨ self ;⇓ (input); ⇑ (output?) ⟩

def activate(selfport: Long, input: Pull[T], output: Push[T]): Unit

selfport
input

input output
output

T

PeriodicTrigger

Accumulator

def activate() {
if (!input.isEmpty) {
// activated by a push on input
value += input.get
output send value

} else if (!reset.isEmpty) {
// activated by a push on reset
reset.get
value = 0

} else if (!sum.isEmpty) {
// activated by a pull on sum
sum send value

} else {
throw new IllegalStateException("

Invalid execution")
}

}

def onInput(input: Long): Long = {
value += input
value

}

def onReset(reset: Any) {
value = 0

}

def onSum(): Long = value



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 > >

Push Pull



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

i=1

⋃
{typeof (p) |p ∈ Ii}×

m∏

j=1

pull typeof (inj)×
s∏

l=r+1

push typeof (outl?)→

r∏

k=1

typeof (outk)

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

typeof (self)×
m∏

j=1

pull typeof (inj)×
s∏

l=r+1

push typeof (outl?)→

r∏

k=1

typeof (outk)

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

typeof (out)×
m∏

j=1

pull typeof (inj)×
s∏

l=r+1

push typeof (outl?)→

r∏

k=1

typeof (outk)

[[α1 ∥ · · · ∥ αn]] = [[α1]]× · · ·× [[αn]]

[[α?]] = [[α]]



FileTailer ⟨ self ; ∅; ⇑ (lines) ⟩

def activate(selfport: String): String

AccessLogParser ⟨ ⇑ (lines); ∅; ⇑ (requests, size) ⟩

def activate(lines: String): (Int, Long)

ContentAdaptor ⟨ ⇑ (input); ∅; ∅ ⟩

def activate(input: Double): Unit

LoadMonitor ⟨ ⇓ (utilization);⇓ (requests, size); ∅ ⟩

def activate(requests: Pull[Int],
size: Pull[Long]): Double

PeriodicTrigger ⟨ self ;⇓ (input); ⇑ (output?) ⟩

def activate(selfport: Long,
input: Pull[T], output: Push[T]): Unit

⟨ ⇑ (setPeriod); ∅; ∅ ⟩

def onSetPeriod(input: Long): Unit

UtilizationController ⟨ ⇑ (utilization); ∅; ⇑ (contentTree) ⟩

def activate(utilization: Double): Double

Accumulator ⟨ ⇑ (input); ∅; ∅ ⟩

def onInput(input: T): Unit

Accumulator ⟨ ⇑ (input); ∅; ⇑ (output) ⟩

def onInput(input: T): T

def onInput(input: Seq[T]): T

⟨ ⇑ (reset); ∅; ∅ ⟩?

def onReset(reset: Any): Unit

⟨ ⇓ (sum); ∅; ∅ ⟩

def onSum(): T

MovingAverage ⟨ ⇑ (input); ∅; ⇑ (output) ⟩

def activate(input: T): T



FCDL Model of Computation

Actor Model

Interaction Contracts
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http://www.eclipse.org

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


http://www.
eclipse.org/gef/

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

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


QOSControl

QOSControl

utilController
: UtilizationController

in  contentTreein  input in  utilization

out  contentTree

: PeriodTrigger

out  output

initialPeriod=10s

period setPeriod

provided out period provided in setPeriod

...

QOSControl



package demo.webserver

import fcdl.math.*
import fcdl.sys.NewSystemProcessNotifier

demo.webserver fcdl.math
NewSystemProcessNotifier

java.lang.*

int java.lang.Integer

Pe-



riodicTrigger

package demo.webserver

active processor PeriodicTrigger<T> {
push in port output: T
pull in port input: T
self port selfport: long

provided sensor period: Duration
provided effector setPeriod: Duration

property initialPeriod: Duration = 10.seconds

// ...
}

PeriodicTrigger
T T

extends

selfport
selfport

void
period set-

Period Duration fcdl.lang
initialPe-

riod

UtilizationController

controller UtilizationController {
in push port utilization: double
out push port contentTree: double

property k: double
property targetUtilization: double // U^*
property M: int

//...
}

sensor effector

selfport self self



QOSControl

composite QOSControl {
// composite ports
out push port contentTree: double

// composite provided ports
provided sensor period: Duration
provided effector setPeriod: Duration

// composite properties
property k: double
property targetUtilization: double
property M: int
// ...

feature scheduler = new PeriodicTrigger<Double> {
// redefines the default value of initialPeriod
initialPeriod = 30.seconds

}

feature utilController = new UtilizationController {
// references the composite properties
k = this.k
targetUtilization = this.targetUtilization
M = this.M

}
// ...

// create a communication channel
connect scheduler.output to utilController.utilization
// ...

// port promotions
promote scheduler.period
promote scheduler.setPeriod
promote utilController.contentTree
// ...

}

PeriodicTrigger scheduler
PeriodicTrigger T

composite QOSControl<T> {
// ...
feature scheduler = new PeriodicTrigger<T> { /* ... */ }



// ...
}

util-
Controller UtilizationController

this
scheduler utilCon-

troller

new

ref

// deployed at host remote-apache
composite Apache {
feature apache = new ApacheWebServer {
// ...

}
feature control = ref ApacheQOS.control @ "akka://remote-main/user/ApacheQOS/control"

}

// deployed at host remote-main
composite ApacheQOS {
feature control = new QOSControl {
// ...

}
feature apache = ref Apache.apache @ "akka://remote-apache/user/Apache/apache"
// ...

}

act

active processor PeriodicTrigger<T> {
push in port output: T
pull in port input: T
self port selfport: long

provided sensor period: Duration
provided effector setPeriod: Duration
// ...

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

}



activate = ⟨ self ;⇓ (input); ⇑ (output?) ⟩
onSetPeriod = ⟨ ⇑ (setPeriod); ∅; ⇑ (period?) ⟩

name (A,R,E)[?]

act name

A,R,E

?
?

v
input1 v ... v inputn

ApacheQOS
@Main

@Main(name="actress")
composite ApacheQOS { /* ... */ }

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

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


UtilizationController
G

E = U∗ − U

G = G+ kE

U∗ U

controller UtilizationController {
// ...

// beginning of Xbase implementation
implementation xbase {
var G = M

// implementation of the
// act activate(utilization;;contentTree)
// interaction contract
act activate {

// computes the error
val E = targetUtilization - utilization

// computes new extend of adaptation
G = G + k * E

// correct bounds
if (G < 0) G = 0
if (G > M) G = M

// returns the result
G

}
}

Pe-
riodicTrigger

implementation xbase {

// variable definitions
var currentPeriod = initialPeriod // reference a property
var task: Cancellable

// life-cycle callbacks
def init {

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

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


// start the timer task
reschedule

}

def destroy {
// cancel the timer task
task.cancel

}

// interaction contract activation method implementations
act activate {

log.info("Activate at "+selfport.get)

// get data from the input port
val data = input.get
// check for nulls and eventually output
if (data != null) output.put(data)
else log.info("No data available on the input port")

}

act onSetPeriod {
// checks if the setPeriod - a value pushed through the provided
// sensor is different than the current one
if (setPeriod != currentPeriod) {

// if so - update, reschedule and notify through provided sensor
currentPeriod = setPeriod
reschedule()
period.put(currentPeriod)

}
}

// auxiliary methods
def reschedule {

// cancel if it has been already scheduled
if (task != null && !task.isCancelled) task.cancel

// scheduler is one of the service provided by the domain framework
// we schedule a closure with 2 seconds delay and currentPeriod as period
task = context.scheduler.schedule(2.seconds, currentPeriod) [|

// closures are are denoted by square brackets
// once executed it pushes current time to the selfport
// selfport is the only port, that is available in this scope
selfport.put(System::currentTimeMillis)

]
}

}
}

PeriodicTrigger

implementation xbase

−
−
−
−



PeriodicTrigger

Apache-
ProcessFilter

ApacheProcessFilter LighttpdProcessFilter
ApacheProcessFilter

processor ProcessFilter {
// ...
// one parameter predicate
// it takes a ProcInfo as a parameter and returns a boolean
property filter: (ProcInfo)=>boolean
// ...

}

composite ApacheQOSDeployer {
// ...
feature apacheFilter = new ProcessFilter {
// define the filter predicate for Apache
filter = [proc | proc.name == "httpd"]

}
}

composite LighttpdQOSDeployer {
// ...
feature lighttpdFilter = new ProcessFilter {
// define the filter predicate for Lighttpd
filter = [proc | proc.name == "lighttpd"]

}
}



processor ItemFilter<T> {
// ...
// one parameter polymorphic predicate
property filter: (T)=>boolean
// ...

}

composite ApacheQOSDeployer {
// ...
feature apacheFilter = new ItemFilter<ProcInfo> {
// define the filter predicate for Apache
filter = [proc | proc.name == "httpd"]

}
}

AdaptiveElementDelegate

−
−
−

−
−



−
− selfport
−

Pe-
riodicTrigger

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

Jvm-
TypeReference

JvmTypeReference

JvmTypeReference ConcreteDataType



JvmTypeReference
ConcreteDataType

JvmTypeReference
JvmTypeParameter

Modeling Support

FCDL 
model

JVM 
model

Code Generation Support

Java
sourcesCode 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

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

−

−

−

−

src-gen src



init destroy preActivate activate

PeriodicTrigger

init destroy
preActivate

activate

init destroy

PeriodicTrigger

ActCustom



UtilizationMonitor

main

ApacheQOS

PeriodicTrigger

CONN INIT
CONN INIT

PeriodicTrigger QOSControl
PUSH

KILL



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>>

init

init

−
INIT

−



−

KILL

− KILL

start

end

Started

Running Terminating

Initializing

INIT()

KILL()

destroy

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

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

LoadMonitor size requests
Accumulator

@OCL(invDifferentSource="
self.ports
->select(p | p.name = 'size' || p.name = 'requests') // select ports
->collect(p | p.connections) // select their connects
->collect(p | p.parent) // select owning instances
->asSet()->size() == 2 // there must be two different ones

")
processor LoadMonitor {

http://www.eclipse.org/modeling/emf/?project=validation
self AdaptiveElementInstance AdaptiveEle-

mentType AdaptiveElementInstance

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


utilController

! ( accessLogParseractivate → (♦ utilControlleractivate))

accessLogParseractivate utilControlleractivate
accessLogParser utilController

activate (!)

accessLogParser activate utilController
activate (♦)

accessLogParser AccessLogParser
⟨ ⇑ (lines); ∅; ⇑ (requests, size) ⟩
// act activate(lines; ; size, requests)
#define accessLogParser_activate (accessLogParser@act_activate)

// ports
chan accessLogParser_port_lines = [1] of { mtype };
chan accessLogParser_port_size = [1] of { mtype };
chan accessLogParser_port_requests = [1] of { mtype };

active proctype accessLogParser() {
// which interaction has been executed
byte act = 0;

// infinite process
:

// for activation
:

if
// act activate(lines; ; size, requests)

:: accessLogParser_port_lines ? PUSH -> act = 1;
fi;



// element activations
executing:
if

// act activate(lines; ; size, requests)
:: act == 1 ->

act_activate:
accessLogParser_port_size ! PUSH;
accessLogParser_port_requests ! PUSH;

fi;

act = 0;
goto ;

}

accessLogParser



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

...

−

−

−

−

http://epispin.ewi.tudelft.nl/
http://matrix.uni-mb.si/en/science/tools/eclipse-plug-in-for-spin/

http://epispin.ewi.tudelft.nl/
http://matrix.uni-mb.si/en/science/tools/eclipse-plug-in-for-spin/


−

−

http://jcp.org/en/jsr/detail?id=45

http://jcp.org/en/jsr/detail?id=45














−

−

−

−

http://xtend-lang.org

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.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://www.eclipse.org/Xtext/documentation.html#validation

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


−

−



−

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

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


-> . oclAsSet()
collect()

undefined

oclContainer()
container() eContainer()

replaceFirst() replace()

http://ant.apache.org/

http://www.eclipse.org/forums/index.php/t/458134/

http://ant.apache.org/
http://www.eclipse.org/forums/index.php/t/458134/


-- OCL
context ModelElement
def: hasAnnotation(name : String) : Boolean =
self.annotations->exists(st|st.name = name)

-- QVTo
query ModelElement::hasAnnotation(name: String) : Boolean {
return self.annotations->exists(st|st.name = name)

}

-- Acceleo
[query hasAnnotation(elem : Element, name : String) : Boolean =
elem.annotations->exists(st|st.name = name) /]

-- ATL
helper context ModelElement def: hasAnnotation(name: String):
Boolean = self.annotations->exists(st|st.name = name);



1

2

1 2



−

−



−

select() collect()

−

−

−

−

−



−

−

−

http://en.wikipedia.org/wiki/List_of_JVM_languages
http://groovy.codehaus.org/
http://cylon-lang.org
http://groovy.codehaus.org/Type+checking+extensions

http://en.wikipedia.org/wiki/List_of_JVM_languages
http://groovy.codehaus.org/
http://cylon-lang.org
http://groovy.codehaus.org/Type+checking+extensions


−
Boolean implies

// 'a' represents the instance being extended by this class
implicit class ExtendedBoolean(a: Boolean) {
// 'b' is call-by-name parameter
def implies(b: => Boolean) = !a || b

}

implies

val a = true
val b = false
val c = a implies b // false

−
b

implies a

−
Ex-

tendedBoolean

trait MyExtensions {
// ...
implicit class ExtendedBoolean(a: Boolean) { /* ... */ }
// ...

}

class MyClass extends MyExtensions {
// ...
val c = a implies b

}







Main

system.types
->select(e | e.annotations->exists(a | a.name = 'Main'))
->collect(e | e.name)

system.getTypes EList EMap

trait TypesPackageScalaSupport extends EMFScalaSupport {
implicit class ControlSystemScalaSupport(that: ControlSystem) {
// for each property generate Scala getter
def types = that.getTypes
def dataTypes = that.getDataTypes
// ...

}
}

sys-
tem.types EMFScalaSupport

EList Buffer EMap
Map

implies

system.types
.filter(e => e.annotations exists (a => a.name == "Main"))
.map(e => e.name)

system ControlSystem



system.types collect {
case c: CompositeType if c.annotations->exists(_.name == "Main") => c.links

}

collect case if
=>

system.types
->select(e | e.oclIsKindOf(CompositeType)) -- only Composites
->collect(e | e.oclAsType(CompositeType)) -- type to CompositeTypes
->select(e | e.annotations->exists(a | a.name = 'Main')) -- only 'Main'
->collect(e | e.links) -- select links

system.types map (_.ports) collect {
case p @ Port(_, INPUT, PUSH) => p
case p @ Port(_, OUTPUT, PULL) => p

}

system.types map (_.ports)

Port(_, INPUT, PUSH)

p@Port(...)

unapply

trait TypesPackageScalaSupport extends EMFScalaSupport {
implicit class PortScalaSupport(that: Port) {
object Port {
// extractor method decomposing object properties
def unapply(that: Port): Some[(String, PortType, PortMode)] =
Some((that.getName, that.getPortType, that.getPortMode))

// ...

name.toUpperCase



0..1

1..1

public interface NamedElement extends ModelElement {
// ...
String getName();
// ...

}

Option

implicit class NamedElementScalaSupport(that: NamedElement) {
def name: Option[String] = Option(that.getName)
// ...

}

Option

self.name map (_.toUpperCase) getOrElse "NO NAME"

var elem = new AdaptiveElementType;
elem.name = "MyComposite";
elem.active = false;

var aPort = new Port;
aPort.name = "aPort";
aPort.portType = PortType#INPUT;
aPort.portMode = PortMode#PUSH;
elem.ports.add(aPort);

val elem = AdaptiveElementType(name = "MyElement")
elem.active = false
elem.ports += Port(portType = INPUT, portMode = PUSH, name = "aPort")

http://www.scala-lang.org/api/current/index.html#scala.Option
_

http://www.scala-lang.org/api/current/index.html#scala.Option


AdaptiveElementType(...)
apply AdaptiveElementType AdaptiveElementType.apply(...)

−
−
−
−

− @generated
−

src-gen

AdaptiveElementDecl

− src-gen/.../AdaptiveElementDecl.java
− src-gen/.../impl/AdaptiveElementDeclImpl.java

src/.../AdaptiveElementDeclImplDelegate.scala

public AdaptiveElementDecl createAdaptiveElementDecl()
{
AdaptiveElementDeclImplDelegate adaptiveElementDecl =
new AdaptiveElementDeclImplDelegate();

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://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)


return adaptiveElementDecl;
}

AdaptiveElementDeclImplDelegate AdaptiveElementDeclImpl

class AdaptiveElementDeclImplDelegate extends AdaptiveElementDeclImpl {
// implementation of derrived reference
override def properties = that.declarations collect {
case x: PropertyDecl => x

}
// ...

}

ValidationContext

class InteractionContractValidationContext extends ValidationContext
with InvMethods with TypesPackageScalaSupport {

type Self = InteractionContract // define context type
}

InvMethods

TypesPackageScalaSupport



def invDataRequirementsHaveOnlyPullInputPorts = self.requirements forall { p =>
p.portType == INPUT && p.portMode == PULL

}

inv
ValidationResult In-

vMethods
self

ValidationResult

Passed Canceled
Warning

Error

def invDataRequirementsHaveOnlyPullInputPorts = {
val res = self.requirements forall { p =>
p.portType == INPUT && p.portMode == PULL

}

if (res) Passed
else Error("Data requirements can only define pull inputs ports")

}

R =⇓ (in1, . . . , inn) ini ∈ I⇓

∃in ∈ R p ̸∈ I⇓

def invDataRequirementsHaveOnlyPullInputPorts = {
self.requirements find { p => p.portType != INPUT || p.portMode != PULL } match {
case None => Passed
case Some(p) =>
Error(s"Port '${p.name}' is not an pull input port.")



.quickFix(s"Remove '${p.name}' from interaction contract data requirements") {
self.requirements -= p

}
// ...

}
}

def invDataRequirementsHaveUniquePorts = {
self.requirements.distinct.size == self.requirements.size

}



def invDataRequirementsHaveUniquePorts = guardedBy {
self satisfies invDataRequirementsHaveOnlyPullInputPorts

} check {
self.requirements.distinct.size == self.requirements.size

}

Canceled

@Ignore

class InteractionContractValidationContext extends ValidationContext
with InvMethods with TypesPackageScalaSupport {

type Self = InteractionContract // define context type

// validation context guard
override def guard = !(self.annotations exists (_.name == "Ignored"))

// ...
}

NamedElement

ValidationContext

trait NameValidationContext extends ValidationContext with InvMethods {
// context is defined using Scala structural type
type Self <: { def getName(): String }

// shared invariant
def invNonEmptyName = self.getName.nonEmpty

}

class InteractionContractValidationContext extends ValidationContext
with InvMethods with TypesPackageScalaSupport with NameValidationContext {
// ...

}



InteractionContractValida-
tionContext

ValidationContext
Constraint

InvMethods

InvBuilder

class InteractionContractValidationContext extends ValidationContext with InvBuilder
with TypesPackageScalaSupport {

constraint("DataRequirementsHaveOnlyPullInputPorts")
.check {
val res = self.requirements forall { p =>
p.portType == INPUT && p.portMode == PULL

}

if (res) Passed
else Error("Data requirements can only define pull inputs ports")

}

constraint("DataRequirementsHaveUniquePorts")
.guardedBy { self satisfies "DataRequirementsHaveOnlyPullInputPorts" }
.check {
self.requirements.distinct.size == self.requirements.size

}
}

validate



lazy abstract
@Lazy @Abstract

class XFCDL2FCDL extends M2M with RuleMethods
with XfcdlPackageScalaSupport with TypesPackageScalaSupport {

// register target models
val targetMetaModels = Seq(TypesPackage.eINSTANCE)

// transformation rule
def ruleAdaptiveElement(source: AdaptiveElementDecl, target: AdaptiveElementType) =
guardedBy {
// guard block
source.role != COMPOSITE

} transform {
// transformation body
target.name = source.name
target.active = source.active

// ...
}

}



M2M

RuleMethods
ruleAdaptiveElement

ruleAdaptiveElement

−

def ruleName(source: S, target1: T1, ..., targetn: Tn): Unit

def ruleName(source: S, target1: T1, ..., targetn: Tn): Option[Unit]

S T1

ruleAdaptiveElement

−

def ruleName(source: S): T

def ruleName(source: S): Option[T]

S,T

ruleAdaptiveElement

// transformation rule
def ruleAdaptiveElement(source: AdaptiveElementDecl) = guardedBy {
source.role != COMPOSITE

} transform {
val target = AdaptiveElementType(name = source.name, active = source.active)
// ...
target

}

−

def ruleName = partial[S,T]: PartialFunction[S,T]



def ruleAdaptiveElement = partial[AdaptiveElementDecl, AdaptiveElementType] {
case source if source.role != COMPOSITE =>
val target = AdaptiveElementType(name = source.name, active = source.active)
// ...
target

}

~
EObject EObject

def ruleAdaptiveElement(source: AdaptiveElementDecl, target: AdaptiveElementType) {
// ...
// properties
target.properties ++= ~source.properties
// ports
target.ports ++= ~source.ports
// ...

}

PropertyDecl → Property PortDecl → Port

rule

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

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


implicit val _ruleProperty = rule(ruleProperty)

EObject

@Abstract
def ruleAbstractAdaptiveElement(
source: AdaptiveElementDecl, target: AdaptiveElementType) {
// transformation of common attributes and references

}

def ruleAdaptiveElement(source: AdaptiveElementDecl, target: AdaptiveElementType) =
guardedBy {
source.role != COMPOSITE

} transform {
// delegate
ruleAbstractAdaptiveElement(source, target)

}

def ruleComposite(source: AdaptiveElementDecl, target: CompositeType) =
guardedBy {
source.role == COMPOSITE

} transform {
// delegate
ruleAbstractAdaptiveElement(source, target)
// features
target.features ++= ~source.features
// ...

}

@Abstract

apply

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

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


class FCDL2PML extends M2T
with TypesPackageScalaSupport with InstancesPackageScalaSupport {

type M2TSource = CompositeInstance

// the template entry point - main template
def execute {
// ...
genCompositeProcess(source)

}

def genCompositeProcess(elem: CompositeInstance)
def genProcess(elem: AdaptiveElementInstance)
// ...

}

M2T

execute

genProcess

def genProcess(elem: AdaptiveElementInstance) {
!s"active proctype ${elem.name}()" curlyIndent {
!s"""
// interaction flag (can be 0-${elem.contracts.size})
byte act = 0;



// response bit set
byte resp = 0;
"""

!"end: // infinite process"
!"waiting:" indent {
!"if"
for (ic <- elem.contracts) {
indent { !s"// ${ic}" }
!"::"
indent { genActivationCondition(ic) }

}
!"fi;"

}
// ...

}
}

!
s

curlyIndent

pml_label("waiting") {
pml_if {
for (ic <- elem.contracts) {
indent { !s"// ${ic}" }
pml_seq {
genActivationCondition(ic)



}
}

}
}

pml_label pml_if pml_seq

def pml_label(name: String)(block: => Any) {
!s"$name:" indent {
block

}
}
def pml_if(block: => Any) {
!"if"
block
!"fi;"

}
def pml_seq(block: => Any) {
!"::"
block

}

apply

block =>











http://research.cs.wisc.edu/htcondor/map/

http://research.cs.wisc.edu/htcondor/map/


HTCondor Client Host

schedd

DAGMan 1

DAGMan 2

DAGMan N

User Interface

Submit
workflows
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Executes

HTCondor cluster
of worker nodes

Users

Spaw
ns

Subm
it jobs
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N condor_q CondorServiceRate

µ ProcessCounter
m ps

Schedd
condorConfig

Schedd

provided out  execTime

execTime

queueSize
: CondorQueueStats

serviceRate
: CondorServiceRate

out output

out serviceRateout queueSize

out output

condorConfig=?condorConfig=?
queueType="idle"

Schedd

Aggregate

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

execTime

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


⟨ ⇓ (output);⇓ (queueSize, serviceRate, dagmanCount); ∅ ⟩
CondorStats

Aggregate ProcessCounter
MovingAverage N µ

CondorStats

in  input

queueSizeAvg
: MovingAverage

serviceRateAvg
: MovingAverage

aggregate
: Aggregate

in  input

out output

out output

ou
t  

co
nd

or
St

at
s

initialWindowSize=5

initialWindowSize=5

out output

out serviceRate

out queueSize

pr
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id
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  e
xe
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e

provided out  execTime

condorConfig=?

in serviceRate

in queueSizeschedd: Schedd

dagmanCounter
: ProcessCounter

out output

procFilter=...

in dagmanCount

CondorStats

d

FileWriter

LoadController
PeriodicTrigger

Condor-
QueueStats condor_q

CondorQueueStats

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

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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trigger
: PeriodTrigger

in  input

out  condorStats

out output

initialPeriod=10s

condorConfig=?
condorStats: CondorStats

out output
in  input

dagmanDelayer
: FileWriter

in  text

file=?
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out output

inputAvg
: MovingAverage

in  inputin
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: AdaptiveMonitor

in  inputout output
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provided out  execTime

condorStats: CondorStats

in  input
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: FileWriter

in  input
file=?
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rho0=?

LocalControl
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CondorQueueStats
execTime condor_q



PeriodController
PeriodicTrigger condor_q

AdaptiveMonitor
LoadController FileWriter
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LocalControl

AdaptiveCondorStats
trigger: PeriodTrigger

in  input

out  condorStats

out output
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out output

in  input

dagmanDelayer
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in  input
file=?
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rho0=?

condorStats
: AdaptiveCondorStats

condorConfig=?

LocalControl
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LoadController
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type=free
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Nstar Nc N N∗

property Nstar: int
property Nc: int

provided effector Nstar: int
provided effector Nc: int

act onNstar(Nstar;;)
act onNc(Nc;;)

PeriodicTrigger

QueueSizeController
LocalControl

loadController AdaptiveLoadController
freeMem SystemMemStats

AdaptiveLoadController
LoadController

N N∗

N∗ = 1000, Nc = 1500, p = 5, ρ0 = 10

N∗

condor_q
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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
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Nl Nc

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

http://research.cs.wisc.edu/htcondor/manual/v8.1/5_3Grid_Universe.html
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http://ptolemy.eecs.berkeley.edu/ptolemyII/ptII8.0/index.htm
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MovingAverage

ProcessCounter

ProcessCounter

out  output

processes
: PS

processFilter
: ItemFilter

counter: Size

predicate=...

in  input

out output

in  input

out outputout output

ProcessCounter

http://letitcrash.com/post/20397701710/50-million-messages-per-second-on-a-single-machine

http://letitcrash.com/post/20397701710/50-million-messages-per-second-on-a-single-machine


PUSH

condor_q

speed = time / distance speed = speed1 +
speed2 speed1 speed2

http://junit.org/

http://junit.org/


PeriodicTrigger



FCDL
Model of Computation

Actor Model

Interaction Contracts

le
ve

ls
 o

f a
bs

tra
ct

io
n

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)



http://www.yourcast.fr/
http://velocity.apache.org/

http://www.yourcast.fr/
http://velocity.apache.org/


instanceof oclIsKindOf

test("AdaptiveElementDecl to AdaptiveElementType rule") {
// create the source elements
val source = AdaptiveElementDecl(name = "anElem", active = true)
souce.ports += PortDecl(name = "aPort", portType = INPUT, portMode = PUSH)
// create an empty target
val target = AdaptiveElementType()

asInstanceOf
http://www.scalatest.org/

http://www.scalatest.org/


// execute transformation
new OO2DB().ruleAdaptiveElement(source,target)

// verification
target.name should be ("anElem")
target.ports should have size 1
inside (target.ports(0)) { case Buffer(Port(name, portType, portMode)) =>
name should be ("aPort")
portType should be (INPUT)
portMode should be (PUSH)

}
}

http://scala-ide.org/

http://scala-ide.org/


https://github.com/fikovnik/Sigma/tree/develop/examples/fr.unice.i3s.sigma.
examples.performance

https://github.com/fikovnik/Sigma/tree/develop/examples/fr.unice.i3s.sigma.examples.performance
https://github.com/fikovnik/Sigma/tree/develop/examples/fr.unice.i3s.sigma.examples.performance
















speed = time / distance

http://www.graphviz.org/
http://www.eclipse.org/gef/zest/

http://www.graphviz.org/
http://www.eclipse.org/gef/zest/






http://www.antlr.org/

http://www.antlr.org/


def invLessThan3Ports = self.types forall { x => x.ports.size < 3 }
def invAtLeast3Ports = self.types exists { x => x.ports.size >= 3 }

∀(x)(Port(x)∧ (ports(x) < 3))

∃(x)(Port(x)∧ (ports(x) >= 3))

def ruleAdaptiveElement(source: AdaptiveElementDecl, target: AdaptiveElementType)
def ruleProperty(source: PropertyDecl, target: Property)
// ..

val it = source.eAllContents
while (it.hasNext) {
val x = it.next

if (x.isInstanceOf[AdaptiveElementDecl]) {
ruleAdaptiveElement(x.asInstanceOf[AdaptiveElementDecl],
create[AdaptiveElementType])

else if (x.isInstanceOf[PropertyDecl])
ruleAdaptiveElement(x.asInstanceOf[PropertyDecl], create[Property])

// ...

else
logger warn (s"No rule to transfrom ${x}.")

}

http://yices.csl.sri.com/

http://yices.csl.sri.com/


!"waiting:" indent {
!"if"
for (ic <- elem.contracts) {
indent { !s"// ${ic}" }
!"::"
indent { genActivationCondition(ic) }

}
!"fi;"

}

sb append "waiting:\n"
sb append "if\n"
for (ic <- elem.contracts) {
sb append "\t// ${ic}\n"
sb append "::\n"
{
// inlined genActivationCondition(ic)
// with all !"<str>" expressions converted to
// !"\t<str>"

}
sb append "\n"

}
sb append "fi;\n"









−

−

−

−

−

−

−

−

http://www.slideshare.net/krikava/enriching-emf-models-with-scala

−

http://www.slideshare.net/krikava/enriching-emf-models-with-scala

http://www.slideshare.net/krikava/enriching-emf-models-with-scala
http://www.slideshare.net/krikava/enriching-emf-models-with-scala




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
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override def getContracts(): EList[InteractionContract] = {

// returns an execution path start starts in the given port
def execPath(portInst: PortInstance): Buffer[InteractionContract] = {
def execPath0(visited: Buffer[PortInstance])(portInst: PortInstance):
Buffer[InteractionContract] = {

// mark the current port as visited
visited += portInst
// the adaptive element owning this port
val elem = portInst.parent
// merged interaction contract associated with this port
val ic = portInst.contracts.toList match {
case x :: xs ⇒(x /: xs)(_ merge _)
case Nil ⇒
// if the model is well-formed this will never happen
// (cf contract completeness)
sys.error(s"No interaction contrcat associated with port $portInst")

}
// ports we should visit from this adaptive element
// all the interaction contract ports
val toVisit = (ic.requirements ++ ic.emissions ++
ic.activation.map(_.ports).flatten)

// interaction contracts are defined at the type level
// we have to therefore map the Port into PortInstance
val toVisitInst = toVisit map { p ⇒elem.getPort(p) }
// skip the already visited ports
val toVisitNew = toVisitInst -- visited

// recursively continue the graph traversal
val next = toVisitNew map { p ⇒
val paths = p.connections map execPath0(visited)
paths.flatten

}
ic +: next.flatten

}

// start the recursive graph traversal at the given port
execPath0(Buffer())(portInst)

}

def promote(ic: InteractionContract) = {
def promotion: PartialFunction[Port, Port] = {
case p if this.promotions.exists(_.source.port == p) ⇒
this.promotions.find(_.source.port == p).map(_.target.port).get

}

val A = ic.activation.map { disj ⇒
val ports = disj.ports.collect(promotion)
PortDisjunction(ports: _*)

}.filter(_.ports.nonEmpty)

val R = ic.requirements collect promotion
val Ereq = ic.reqEmissions collect promotion
val Eopt = ic.optEmissions collect promotion

InteractionContract(activation = A, requirements = R,
reqEmissions = Ereq, optEmissions = Eopt)

}

val startNodes = this.promotions map (_.source) collect {
case p @ PortInstance(INPUT, PUSH) ⇒p
case p @ PortInstance(OUTPUT, PULL) ⇒p
case p @ PortInstance(SELF, PUSH) ⇒p

}

// Step 1: find execution paths
val execPaths = startNodes map execPath



// Step 2: merge
val merged = execPaths map {
_ match {
case Buffer(x, xs @ _*) ⇒(x /: xs)(_ merge _)

}
}
// Step 3: promote distinct IC
val promoted = merged.distinct map promote
// Step 4: remove empty ones
val paths = promoted.collect {
case ic if ic.activation.exists(_.ports.nonEmpty) ⇒ic

}
paths

}
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grammar fr.unice.i3s.actress.modeling.xfcdl.XFCDL with org.eclipse.xtext.xbase.Xbase

import "http://www.eclipse.org/xtext/xbase/Xbase" as xbase
import "http://actress.i3s.unice.fr/modeling/xfcdl/0.1"
import "http://www.eclipse.org/xtext/common/JavaVMTypes" as types
import "http://actress.i3s.unice.fr/modeling/fcdl/1.0/fcdl/types" as fcdl

// -----------------------------------------------------------------------------
// STRUCTURE
// -----------------------------------------------------------------------------
Module:

('package' name=QualifiedName)?
importSection=XImportSection?
(elements+=AdaptiveElementDecl)*;

AdaptiveElementDecl:
(annotations+=Annotation)*
(active?='active')? role=AdaptiveElementRole name=ValidID
('<' dataTypeParameters+=JvmTypeParameter (',' dataTypeParameters+=JvmTypeParameter)* '>')?
'{'
(declarations+=Declaration)*
(implementation=ImplementationDefn)?
'}';

Annotation returns fcdl::Annotation:
'@' name=ValidID (=>'(' arguments+=AnnotationArgument (',' arguments+=AnnotationArgument)*

')')?
;

AnnotationArgument returns fcdl::AnnotationNameValuePair:
name=ValidID '=' value=STRING

;

Declaration:
FeatureDecl
| PropertyDecl
| PortDecl
| PromotionDecl
| ConnectionDecl
| InteractionContractDecl;

FeatureDecl:
(ContainedFeatureDecl | ReferencedFeatureDecl);

ContainedFeatureDecl:
(annotations+=Annotation)*
'feature' name=ValidID '=' 'new' elementType=JvmTypeReference ('{' (properties+=

PropertyDefn)* '}')?;

ReferencedFeatureDecl:
(annotations+=Annotation)*
'feature' name=ValidID '=' 'ref' composite=[AdaptiveElementDecl] '.' feature=[FeatureDecl]

'@' endpoint=STRING;

PropertyDefn:
property=[types::JvmIdentifiableElement|ValidID] '=' value=XExpression;

PropertyDecl:
(annotations+=Annotation)*
(optional?='optional')? 'property' name=ValidID ':' dataType=JvmTypeReference ('='

defaultValue=XExpression)?;

PortDecl:

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

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


RegularPortDecl
| ProvidedPortDecl;

RegularPortDecl:
(annotations+=Annotation)*
((portMode=PortMode)? & (portType=PortType)?)
(multiport?='multiport' | 'port')
name=ValidID ':'
dataType=JvmTypeReference;

ProvidedPortDecl:
(annotations+=Annotation)*
'provided' providedType=ProvidedPortType name=ValidID ':' dataType=JvmTypeReference;

ConnectionDecl:
(annotations+=Annotation)*
'connect' source=LinkEndpointDefn 'to' target=LinkEndpointDefn;

PromotionDecl:
(annotations+=Annotation)*
'promote' source=LinkEndpointDefn ('as' promotedName=ValidID)?;

InteractionContractDecl:
(annotations+=Annotation)*
'act' name=ValidID '('
activation+=PortDisjunctionDefn (',' activation+=PortDisjunctionDefn)* ';'
(requirements+=[PortDecl] (',' requirements+=[PortDecl])*)? ';'
(emissions+=PortEmissionDefn (',' emissions+=PortEmissionDefn)*)? ')' (optional?='?')?;

LinkEndpointDefn:
feature=[FeatureDecl|ValidID] ('.') port=[PortDecl|ValidID];

PortDisjunctionDefn:
ports+=[PortDecl] ('v' ports+=[PortDecl])*;

PortEmissionDefn:
port=[PortDecl] (optional?='?')?;

ImplementationDefn:
'implementation' XbaseImplementationDefn;

// -----------------------------------------------------------------------------
// XBASE Implementation
// -----------------------------------------------------------------------------
XbaseImplementationDefn:

{XbaseImplementationDefn} 'xbase' '{'
(parts+=XbaseImplementationPart)*
'}';

XbaseImplementationPart:
XbaseVariableDefn
| XbaseInteractionContractDefn
| XbaseOperationDefn;

XbaseInteractionContractDefn:
'act' contract=[InteractionContractDecl|ValidID] body=XBlockExpression;

XbaseOperationDefn:
'def' name=ValidID ('(' parameters+=FullJvmFormalParameter (',' parameters+=

FullJvmFormalParameter)* ')')?
(':' returnType=JvmTypeReference)? body=XBlockExpression;

XbaseVariableDefn:
(writeable?='var' | 'val') (=> (name=ValidID ':' type=JvmTypeReference) | name=ValidID)
('=' right=XExpression)?;

XVariableDeclaration returns xbase::XExpression:
{xbase::XVariableDeclaration} (writeable?='var' | 'val') (=> (name=ValidID ':' type=

JvmTypeReference) | name=ValidID)
('=' right=XExpression)?;



JvmFormalParameter returns types::JvmFormalParameter:
name=ValidID => (':' parameterType=JvmTypeReference)?;

FullJvmFormalParameter returns types::JvmFormalParameter:
name=ValidID ':' parameterType=JvmTypeReference;

// -----------------------------------------------------------------------------
// ENUMS
// -----------------------------------------------------------------------------
enum AdaptiveElementRole:

SENSOR='sensor'
| PROCESSOR='processor'
| CONTROLLER='controller'
| EFFECTOR='effector'
| COMPOSITE='composite';

enum PortMode returns fcdl::PortMode:
PULL='pull'
| PUSH='push';

enum PortType returns fcdl::PortType:
INPUT='in'
| OUTPUT='out';

enum ProvidedPortType:
SENSOR='sensor'
| EFFECTOR='effector';

− Module ControlSystem

− AdaptiveElement CompositeType
AdaptiveElementType

− JvmTypeParameter DataTypeParameter

− JvmTypeReference DataType JvmTypeReference
DataTypeArgument

− ContainedFeatureDecl ContainedFeature

− ReferencedFeatureDecl ReferencedFeature

− PropertyDecl Property

Property

− RegularPortDecl Port

− ProvidedPortDecl Port



− LinkEndpointDefn PortReference

− ConnectionDecl Link

− PromotionDecl Link

− PropertyDefn PropertyValue PropertyDecl

− PortDisjunctionDefn PortDisjunction

− InteractionContractDecl InteractionContract
PortEmissionDefn

InteractionContractDecl





package demo.webserver

active sensor FileTailer {
out push port lines: String
port selfport: String

property file: String

act activate(selfport;;lines)
}

processor AccessLogParser {
in push port lines: String
out push port size: long
out push port requests: int

act activate(lines;;requests,size)
}

effector ContentAdaptor {
in push port contentTree: double

act activate(contentTree;;)
}

controller UtilizationController {
in push port utilization: double
out push port contentTree: double

property k: double
property targetUtilization: double // U^*
property M: int

act activate(utilization;;contentTree)

implementation xbase {
var G = M

act activate {
val E = targetUtilization - utilization

G = G + k * E
if (G < 0) G = 0
if (G > M) G = M

G
}

}
}

processor Accumulator {
in push port input: long
out pull port sum: long

act onInput(input;;)
act onSum(sum;;)

implementation xbase {
var value: Long = 0L



act onInput {
value = value + input

}

act onSum {
value

}
}

}

processor LoadMonitor {
in pull port requests: int
in pull port size: long
out pull port utilization: double

property a: Double
property b: Double

act activate(utilization;requests,size;)

implementation xbase {
var lastTime = System::currentTimeMillis

act activate {
val elapsed = System::currentTimeMillis - lastTime
val R = requests.get.get / elapsed
val W = size.get.get / elapsed

a*R + b*W
}

}
}

active processor PeriodicTrigger<T> {
push out 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 {
reschedule

}

def destroy {
task.cancel

}

act activate {
log.info("Activate at "+selfport.get)

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

}
}

act onSetPeriod {
if (setPeriod != currentPeriod) {
currentPeriod = setPeriod



reschedule()
period.put(currentPeriod)

}
}

def reschedule {
task = context.scheduler.schedule(2.seconds, currentPeriod) [|

selfport.put(System::currentTimeMillis)
]

}
}

}

composite ApacheWebServer {
property accessLogFile: String

feature accessLog = new FileTailer {
file = accessLogFile

}
feature accessLogParser = new AccessLogParser
feature adaptor = new ContentAdaptor

connect accessLog.lines to accessLogParser.lines

promote accessLogParser.size
promote accessLogParser.requests
promote adaptor.contentTree

}

composite UtilizationMonitor {
property a: double
property b: double

feature requestsCounter = new Accumulator
feature responseSizeCounter = new Accumulator
feature loadMonitor = new LoadMonitor {
a = this.a
b = this.b

}

connect requestsCounter.sum to loadMonitor.requests
connect responseSizeCounter.sum to loadMonitor.size

promote requestsCounter.input as requests
promote responseSizeCounter.input as size
promote loadMonitor.utilization

}

composite QOSControl {

property k: double
property targetUtilization: double
property M: int
property a: double
property b: double

feature utilization = new UtilizationMonitor {
a = this.a
b = this.b

}

feature scheduler = new PeriodicTrigger<Double> {
initialPeriod = 10.seconds

}

feature utilController = new UtilizationController {
k = this.k
targetUtilization = this.targetUtilization
M = this.M

}



connect utilization.utilization to scheduler.input
connect scheduler.output to utilController.utilization

promote utilization.requests
promote utilization.size
promote utilController.contentTree

}

@Main
composite ApacheQOS {

property k: double
property targetUtilization: double
property M: int
property a: double
property b: double
property accessLogFile: String

feature apache = new ApacheWebServer {
accessLogFile = this.accessLogFile

}

feature control = new QOSControl {
k = this.k
targetUtilization = this.targetUtilization
M = this.M
a = this.a
b = this.b

}

connect apache.requests to control.requests
connect apache.size to control.size
connect control.contentTree to apache.contentTree

}

PeriodicTrigger

package demo.webserver;

import fr.unice.i3s.actress.modeling.fcdl.japi.AdaptiveElementDelegate;
import fr.unice.i3s.actress.modeling.fcdl.japi.DefaultInPullPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.DefaultInPushPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.DefaultOutPushPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.DefaultSelfPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.DirectorContext;
import fr.unice.i3s.actress.modeling.fcdl.japi.Duration;
import fr.unice.i3s.actress.modeling.fcdl.japi.InPullPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.InPushPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.OutPushPort;
import fr.unice.i3s.actress.modeling.fcdl.japi.PullWrapper;
import fr.unice.i3s.actress.modeling.fcdl.japi.PushWrapper;
import fr.unice.i3s.actress.modeling.fcdl.japi.SelfPort;

@SuppressWarnings("all")
public class PeriodicTrigger<T> extends AdaptiveElementDelegate {
protected final PeriodicTriggerAct<T> _act;

protected final Duration initialPeriod;

protected final OutPushPort<T> output;

protected final InPullPort<T> input;

protected final SelfPort<Long> selfport;



PeriodicTrigger

protected final OutPushPort<Duration> period;

protected final InPushPort<Duration> setPeriod;

public PeriodicTrigger(final DirectorContext context,
final Duration initialPeriod) {

super(context);

this.initialPeriod = initialPeriod;
this._act = new PeriodicTriggerAct<T>(context, initialPeriod);
this.output = new DefaultOutPushPort(context);
this.input = new DefaultInPullPort(context);
this.selfport = new DefaultSelfPort(context);
this.period = new DefaultOutPushPort(context);
this.setPeriod = new DefaultInPushPort(context);

}

@Override
public void init() {
_act.init();

}

@Override
public void destroy() {
_act.destroy();

}

@Override
public boolean preActivate() {
if (setPeriod.nonEmpty()) {
// act onSetPeriod(setPeriod; ; period?)
return true;

}
if (!selfport.atLeastOneNonEmpty()) {
// act activate(selfport; input; output?)
return true;

}
return false;

}

@Override
public void activate() {
if (setPeriod.isEmpty()) {
// act onSetPeriod(setPeriod; ; period?)
Duration setPeriodValue = setPeriod.get();
PushWrapper<Duration> periodPush = new PushWrapper<Duration>(period);
_act.setPeriod(setPeriodValue, periodPush);

} else if (selfport.isEmpty()) {
// act activate(selfport; input; output?)
Long selfportValue = selfport.get();
PullWrapper<T> inputPull = new PullWrapper<T>(input);
PushWrapper<T> outputPush = new PushWrapper<T>(output);
_act.activate(selfportValue, inputPull, outputPush);

} else {
throw new IllegalStateException("Invalid execution");

}
}

@Override
public String toString() {
return "PeriodicTrigger";

}
}

PeriodicTrigger



@SuppressWarnings("all")
public class PeriodicTriggerAct<T> extends AdaptiveElementAct {
private final Duration initialPeriod;

private Duration currentPeriod = this.initialPeriod;

private Cancellable task;

private final Push<Long> selfport;

public PeriodicTriggerAct(final DirectorContext context,
final Duration initialPeriod) {

super(context);
this.initialPeriod = initialPeriod;
this.selfport = new PushSelfPort(context);
this.currentPeriod = this.initialPeriod;

}

@Override
public void init() {
this.reschedule();

}

@Override
public void destroy() {
this.task.cancel();

}

public Cancellable reschedule() {
DirectorContext _context = this.getContext();
Scheduler _scheduler = _context.getScheduler();
Duration _seconds = Duration.seconds(2);
final Runnable _function = new Runnable() {
public void run() {
long _currentTimeMillis = System.currentTimeMillis();
PeriodicTriggerActs.this.selfport.put(Long

.valueOf(_currentTimeMillis));
}

};
Cancellable _schedule = _scheduler.schedule(_seconds,

this.currentPeriod, _function);
Cancellable _task = this.task = _schedule;
return _task;

}

protected void activate(final long selfport, final Pull<T> input,
final Push<T> output) {

String _plus = ("Activate at " + Long.valueOf(selfport));
this.log.info(_plus);
Optional<T> _get = input.get();
final Optional<T> data = _get;
boolean _matched = false;
if (!_matched) {
boolean _isPresent = data.isPresent();
if (_isPresent) {
_matched = true;
T _get_1 = data.get();
output.put(_get_1);

}
}

}

protected void onSetPeriod(final Duration setPeriod,
final Push<Duration> period) {

boolean _notEquals = (!Objects.equal(setPeriod, this.currentPeriod));
if (_notEquals) {
this.currentPeriod = setPeriod;
this.reschedule();
period.put(this.currentPeriod);



ApacheQOS

}
}

}

PeriodicTrigger

ApacheQOS

public class ApacheQOSLauncher {

public static ApacheQOS createCompositeDelegate() {
double k = 0D;
double targetUtilization = 0D;
int M = 0;
double a = 0D;
double b = 0D;

return new ApacheQOS(k, targetUtilization, M, a, b);
}

public static void main(String[] args) {
ActressSystem system = new ActressSystem("ApacheQOS");
system.execute(createCompositeDelegate());

}

}

ApacheQOS

UtilizationMonitor

public class UtilizationMonitor extends CompositeActorDelegate {

protected final double a;
protected final double b;

public AdaptiveElementRef requestsCounter;
public AdaptiveElementRef sizeCounter;
public AdaptiveElementRef loadMonitor;

public UtilizationMonitor(final double a, final double b) {
this.a = a;
this.b = b;

}

private Accumulator createRequestsCounter(final DirectorContext context) {
return new Accumulator(context);

}

private Accumulator createSizeCounter(final DirectorContext context) {
return new Accumulator(context);

}

private LoadMonitor createLoadMonitorDelegate(final DirectorContext context) {
final java.lang.Double _a = this.a;
final java.lang.Double _b = this.b;
return new LoadMonitor(context, _a, _b);

}

@Override
protected void startContainedFeatures() {
requestsCounter = startAdaptiveElement("requestsCounter",

new DelegateCreator() {
@Override
public AdaptiveElementDelegate create(



final DirectorContext director) {
return createRequestsCounter(director);

}
});

sizeCounter = startAdaptiveElement("sizeCounter",
new DelegateCreator() {
@Override
public AdaptiveElementDelegate create(

final DirectorContext director) {
return createSizeCounter(director);

}
});

loadMonitor = startAdaptiveElement("loadMonitor",
new DelegateCreator() {
@Override
public AdaptiveElementDelegate create(

final DirectorContext director) {
return createLoadMonitorDelegate(director);

}
});

}

@Override
protected void lookupReferenceFeatures() {
// this composite does not contain any feature references

}

@Override
public void connectPorts() {
connectPort(loadMonitor, "requests", requestsCounter, "sum");
connectPort(loadMonitor, "size", sizeCounter, "sum");

}

@Override
protected void promotePorts() {
promotePort(requestsCounter, "request", "requests");
promotePort(sizeCounter, "request", "requests");
promotePort(loadMonitor, "utilization", "utilization");

}

@Override
protected void initializeFeatures() {
initalizeFeature(requestsCounter);
initalizeFeature(sizeCounter);
initalizeFeature(loadMonitor);

}

@Override
public String toString() {
return "UtilizationMonitor";

}

}

UtilizationMonitor



package demo.cs1

import java.util.LinkedList
import demo.common.ProcInfo
import demo.common.CondorInfo
import demo.webserver.PeriodicTrigger

sensor CondorQueueStats {
out pull port output: int

property condorConfig: String
property queueType: String

provided sensor execTime: long

act activate(output;;execTime)
}

sensor CondorServiceRate {
out pull port output: double

property condorConfig: String

act activate(output;;)
}

composite Schedd {
property condorConfig: String

feature queueSize = new CondorQueueStats {
condorConfig = this.condorConfig
queueType = "idle"

}

feature serviceRate = new CondorServiceRate {
condorConfig = this.condorConfig

}

promote queueSize.output as queueSize
promote serviceRate.output as serviceRate
promote queueSize.execTime

}

processor MovingAverage {
property initialWindowSize : int = 5

in port input: double
out port output: double

act activate(input;;output)

implementation xbase {



val values = new LinkedList<Double>()
var sum = 0D

act activate {
values.offer(input)

sum = sum + input
if (values.size == initialWindowSize) {
sum = sum - values.poll

}
sum / values.size

}
}

}

sensor ProcessCounter {
out pull port output: int

property procFilter: (ProcInfo)=>boolean

act activate(output;;)
}

processor Aggregate {
out pull port output: CondorInfo
in pull port queueSize: int
in pull port serviceRate: double
in pull port dagmanCount: int

act activate(output; queueSize, serviceRate, dagmanCount;)

implementation xbase {
act activate {
new CondorInfo(queueSize.get.get, serviceRate.get.get, dagmanCount.get.get)

}
}

}

composite CondorStats {
property condorConfig: String

feature schedd = new Schedd {
condorConfig = this.condorConfig

}

feature queueSizeAvg = new MovingAverage
feature serviceRateAvg = new MovingAverage
feature dagmanCounter = new ProcessCounter {
procFilter = [|name == "condor_dagman"]

}
feature aggregate = new Aggregate

connect schedd.queueSize to queueSizeAvg.input
connect schedd.serviceRate to serviceRateAvg.input
connect queueSizeAvg.output to aggregate.queueSize
connect serviceRateAvg.output to aggregate.serviceRate
connect dagmanCounter.output to aggregate.dagmanCount

promote schedd.execTime
promote aggregate.output as condorStats

}

processor PeriodController {
push in port input: double
push out port output: long

act activate(input;;output)
}

composite AdaptiveMonitor {
feature inputAvg = new MovingAverage
feature periodController = new PeriodController



connect inputAvg.output to periodController.input
promote inputAvg.input
promote periodController.output

}

effector FileWriter {
pull in port input: String

property file: String

act activate(input;;)
}

composite AdaptiveCondorStats {
property condorConfig: String

feature condorStats = new CondorStats {
condorConfig = this.condorConfig

}
feature monitor = new AdaptiveMonitor
feature trigger = new PeriodicTrigger<CondorInfo>

connect condorStats.condorStats to trigger.input
connect condorStats.execTime to monitor.input
connect monitor.output to trigger.setPeriod

promote trigger.output as condorStats
}

controller LoadController {
push in port input: CondorInfo
push out port output: long

property Nstar: double
property Nc: double
property p: int
property rho0: int

act activate(input;;output)

implementation xbase {

act activate {
// getting closer to the notation

val N = input.queueSize
val sr = input.serviceRate
val m = input.dagmanCount;
val t = System::currentTimeMillis()

if (N == 0) {
// no op if queue is empty
0
} else {
val rho = switch N {
case N < Nstar: rho0 + N * (1 - rho0) / Nstar
case N > Nstar: Math::pow(N - Nc, p) / Math::pow(Nstar - Nc, p)
default: 1

}

val d = m / (rho * sr)
Math::round(d);
}
}

}
}

@Main
composite LocalControl {
property condorConfig: String
property dagmanDelayFile: String



property Nstar: double
property Nc: double
property p: int
property rho0: int

feature condorStats = new AdaptiveCondorStats {
condorConfig = this.condorConfig

}
feature loadController = new LoadController {

Nstar = this.Nstar
Nc = this.Nc
p = this.p
rho0 = this.rho0

}
feature dagmanDelayer = new FileWriter {
file = dagmanDelayFile

}

connect condorStats.condorStats to loadController.input
connect loadController.output to dagmanDelayer.input

}

AdaptiveCondorStats ⟨ self ; ∅; ⇑ (condorStats, execTime) ⟩
AdaptiveMonitor ⟨ ⇑ (input); ∅; ⇑ (output) ⟩
Aggregate ⟨ ⇓ (output);⇓ (queueSize, serviceRate, dagmanCount); ∅ ⟩
CondorQueueStats ⟨ ⇓ (output); ∅; ⇑ (execTime) ⟩
CondorServiceRate ⟨ ⇓ (output); ∅; ∅ ⟩
CondorStats ⟨ ⇓ (condorStats); ∅; ⇑ (execTime) ⟩
FileWriter ⟨ ⇑ (output); ∅; ∅ ⟩
LoadController ⟨ ⇑ (input); ∅; ⇑ (output) ⟩
MovingAverage ⟨ ⇑ (input); ∅; ⇑ (output) ⟩
PeriodController ⟨ ⇑ (input); ∅; ⇑ (output) ⟩
ProcessCounter ⟨ ⇓ (output); ∅; ∅ ⟩
Schedd ⟨ ⇓ (queueSize); ∅; ⇑ (execTime) ⟩

package demo.cs2

import demo.common.CondorInfo
import demo.cs1.AdaptiveCondorStats
import demo.cs1.FileWriter



import java.util.LinkedList

controller LoadController {
push in port localStats: CondorInfo
pull in port remoteStats: CondorInfo
push out port output: long

property Nstar: double
property Nc: double
property p: int
property rho0: int
property k: int

act activate(localStats;remoteStats;output)

implementation xbase {

var N1_c = 0
var N1_l = 0

act activate {
// getting closer to the notation
val N_c = remoteStats.get.get.queueSize
val mu_c = remoteStats.get.get.serviceRate
val N_l = localStats.queueSize
val mu_l = localStats.serviceRate

val r_c = utilizationRatio(N_c,N1_c,mu_c)
val r_l = utilizationRatio(N_l,N1_l,mu_l)

N1_c = N_c
N1_l = N_l

k * (Math::ceil(Math::min(r_l, r_c)) as int)
}

def utilizationRatio(N: int, N1: int, mu: double): double {
val dN = N - N1
val dlambda = if (dN > 0) dN + mu else 0

val rho = dlambda / mu
val rho_star = switch N {
case N == 0: rho0
case N < Nstar: rho0 + N * (1 - rho0) / Nstar
case N > Nstar: Math::pow(N - Nc, p) / Math::pow(Nstar - Nc, p)

}

rho_star / rho
}

}
}

processor Queue<T> {
push in port input: T
pull out port output: T

property size: int

act onPush(input;;)
act onPull(output;;)

implementation xbase {

val queue = new LinkedList<T>()

act onPush {
if (queue.size == size) {
queue.poll

} else {
queue.offer(input)

}



}

act onPull {
queue.poll

}
}

}

@Main
composite CentralStats {
property condorConfig: String

feature condorStats = new AdaptiveCondorStats {
condorConfig = this.condorConfig

}
feature stats = new Queue<CondorInfo> {
size = 1

}

connect condorStats.condorStats to queue.input
}

@Main
composite LocalControl {
property condorConfig: String
property dagmanDelayFile: String
property Nstar: double
property Nc: double
property p: int
property rho0: int
property k: int

feature condorStats = new AdaptiveCondorStats {
condorConfig = this.condorConfig

}
feature loadController = new LoadController {

Nstar = this.Nstar
Nc = this.Nc
p = this.p
rho0 = this.rho0
k = this.k

}
feature dagmanDelayer = new FileWriter {
file = dagmanDelayFile

}
feature centralStats = ref CentralStats.stats @ " akka.tcp://actress@paramount-22.rennes.

grid5000.fr/user/CentralStats/stats"

connect condorStats.condorStats to loadController.localStats
connect centralStats.output to loadController.remoteStats
connect loadController.output to dagmanDelayer.input

}

Queue ⟨ ⇓ (output); ∅; ∅ ⟩ ∥ ⟨ ⇑ (input); ∅; ∅ ⟩
LoadController ⟨ ⇑ (localStats);⇓ (centralStats); ⇑ (output) ⟩
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