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Figure 2. The two-part Rainbow Framework. 
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Ouopai)Harah Oqllknp

\\Kja pd]p skqh` lnaoajp pda necdp ]^opn]_pekjo pk pda `arahklano(
sde_d skqh` ]hhks pdai pk lnkpkpula ]qpkjkie_ ]llhe_]pekjo n]le`hu* Kja pd]p skqh` ^a }ate^ha
ajkqcd pk _kla sepd pda `eranoepu ]j` pda dapankcajaepu kb _qnnajp lh]pbknio* Kja pd]p skqh`
^a a{e_eajp ej panio kb lanbkni]j_a( ^a_]qoa ukq oeilhu _]jjkp lnapaj` i]ejp]ejejc ]ju oknp kb
mq]hepu kb oanre_a eb pda oanre_a ukq lnklkoa eo kb lkkn mq]hepu necdp bnki pda ^acejjejc* =j` kja
pd]p skqh` gaal oeilha ]llhe_]pekjo a]ou pk eilhaiajp* Ep eo kqn ^aheab pd]p oq_d ] ^]oeo skqh` ]hhks



naoa]n_dano sepd `e{anajp ikper]pekjo ]j` atlaneaj_ao pk lqp pdaen e`a]o ej ln]_pe_a( bnaa bnki pda
l]ejbqh `ap]eho kb hks)harah ouopai eilhaiajp]pekj*##





_b*

e*a*



ap ]h*

− Cajan]hepu* `ki]ej)]cjkope_ pa_djkhkcu)]cjkope_

− Reoe^ehepu*

− Pkkhejc*

− Naikpa `eopne^qpekj*

hecdpsaecdp



Ik`ah)@neraj Ajcejaanejc

lnk^hai ol]_a okhqpekj ol]_a

Cajan]h Lqnlkoa Lnkcn]iiejc H]jcq]ca
e*a*

`ki]ej \\]j ]na] kb ejpanaop pk ] l]npe_qh]n `arahkliajp a{knp*##



@ki]ej)Ola_e|_ Ik`ahejc

e*a*

@ki]ej)
Ola_e|_ Ik`ahejc H]jcq]cao

`ki]ej)ola_e|_ _k`a cajan]pkn
`ki]ej

bn]iaskng

Ik`ah)@neraj Okbps]na
@arahkliajp

ik`ah pn]jobkni]pekj

Qje|a` Ik`ahejc H]jcq]ca

OuoIH

Qje|a` ro* `ki]ej)ola_e|_6 odkqh` sa d]ra basan kn ikna ik`ahejc h]jcq]cao;



]^opn]_pekj ^]nneano

_b* _b*

_b*

_b*

ik`ah)
]s]na ik`ah)ecjkn]jp



e*a*

a*c*

Naikpa Lnk_a`qna ?]hho

_b*



]_pkno

] i]eh^kt

\\od]na jkpdejc##

Pdna]` o]bapu*

n]_a _kj`epekj
`a]`hk_g

op]nr]pekj
herahk_go

O_]h]^ehepu*

@eopne^qpekj*

@uj]ie_ J]pqna*



Lnkcn]iiejc oqllknp*

_b*

ap ]h*

M

a*c*
�IXOOBFRQWHQW �GHJUDGHGBFRQWHQW a*c*

SKRWR�MSJ �IXOOBFRQWHQW�SKRWR�MSJ �GHJUDGHGBFRQWHQW�SKRWR�MSJ

Utilization

Controller

Load 

Monitor

Content 

Adaptor

Apache 

Web 

Server

Requests

Responses
Modified

Requests

Observed Utilization

Target

Utilization

KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�$FWRUBPRGHO�$FWRUBOLEUDULHVBDQGBIUDPHZRUNV
KWWS���ZZZ�PDWKZRUNV�FRP�SURGXFWV�VLPXOLQN�
KWWS���ZZZ�QL�FRP�ODEYLHZ
KWWS���ZZZ�V\QRSV\V�FRP�6\VWHPV�%ORFN'HVLJQ�3DJHV�GHIDXOW�DVS[

http://en.wikipedia.org/wiki/Actor_model#Actor_libraries_and_frameworks
http://www.mathworks.com/products/simulink/
http://www.ni.com/labview
http://www.synopsys.com/Systems/BlockDesign/Pages/default.aspx


Hk]` Ikjepkn
U

R W

U Qpehev]pekj ?kjpnkhhan lnklknpekj]h ejpacn]h
U∗

U G

?kjpajp =`]lpkn

G = M

G = 0

...

serve from
tree #2

serve from
tree #1

Rejection 
Level

Minimum Content Full Content

U = aR+ bW = a
r

t
+ b

w

t

a b r

w t

0.1

Rmax,Wmax

U = 100 a, b

100 = aRmax + bWmax

G

G = G+ kE = G+ k(U∗ − U)

G < 0 G = 0 G > M G = M

(U > U∗) G

k

] lnekne



Baa`^]_g ?kjpnkh @a|jepekj H]jcq]ca

=`]l)
pera Ahaiajpo

input × state → output

] oajokn ] lnk_aookn ] _kjpnkhhan ]
a{a_pkn

KWWS���KWWSG�DSDFKH�RUJ�

http://httpd.apache.org/


_b*

− ouopai h]uan e*a*

− _kjpnkh h]uan

a*c* NLOO
a*c* 0HPRU\0;%HDQ

_b*

lqod lqhh

− Pda `a_eoekj)i]gejc l]np

Qpehev]pekj ?kjpnkhhan

KWWS���GRFV�RUDFOH�FRP�MDYDVH�������GRFV�DSL�MDYD�ODQJ�PDQDJHPHQW�0HPRU\0;%HDQ�KWPO

http://docs.oracle.com/javase/1.5.0/docs/api/java/lang/management/MemoryMXBean.html


ApacheQOS

utilController

: UtilizationController

in  input

requestCounter

: Accumulator

responseSizeCounter

: Accumulator

scheduler

: PeriodTrigger

loadMonitor

: LoadMonitor

in  input

out  sum out  sum

in  requests in  size

out  utilization

in  input

out  output

in  utilization

out  contentTree

out  requests

out  size

s
y
s
te

m
 

la
y
e

r

c
o

n
tr

o
l 

la
y
e

r

active processor

pull connection

input port

port name

port type

composite name

initialPeriod=10s

property

extra infromation

The emphasized 
text like this is a 
documentation.

output port

adaptor

: ContentAdaptor

o
u

t 
 s

iz
e

in  contentTree

out  size

o
u

t 
 r

e
q

u
e

s
ts

out  requests in
  c

o
n

te
n

tT
re

e

port promotion

in  contentTree

ApacheWebServer

server

: ApacheWebServer

push connection

element name

element type

accessLog

: FileTailer

accessLogParser

: AccessLogParser

in  lines

out  lines

file=/var/log/apache2/access.log

active sensor

processor

controller

effector composite

U

G

8WLOL]DWLRQ&RQWUROOHU
XWLOL]DWLRQ U FRQWHQW7UHH G

G

− Pda ikjepknejc l]np
U

)LOH7DLOHU

KWWS���KWWSG�DSDFKH�RUJ�GRFV�����PRG�PRGBORJBFRQILJ�KWPO�ORJIRUPDW

http://httpd.apache.org/docs/2.0/mod/mod_log_config.html#logformat


$FFHVV/RJ3DUVHU
rj

wi UHTXHVWV VL]H
UHTXHVW&RXQWHU

UHVSRQVH6L]H&RXQWHU
LQSXW e*a*

∑

j rj
∑

i wi

U

R W e*a*
t

U 3HULRGLF�
7ULJJHU t LQLWLDO3HULRG

/RDG0RQLWRU
∑

j rj
∑

i wi

R W

U

8WLOL]DWLRQ&RQWUROOHU

− Pda na_kj|cqn]pekj l]np &RQWHQW$GDSWRU
G FRQWHQW7UHH

?kiikj C]pas]u Ejpanb]_a

a*c*

/RDG0RQLWRU

3HULRGLF7ULJJHU

WDLO �I KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�7DLOB�8QL[��)LOHB
PRQLWRULQJ

http://en.wikipedia.org/wiki/Tail_(Unix)#File_monitoring
http://en.wikipedia.org/wiki/Tail_(Unix)#File_monitoring


)LOH7DLOHU

$SDFKH426 $SDFKH:HE6HUYHU

_b*



a*c*
a*c*

a*c*
&ODVV�LV$VVLJQDEOH)URP

a*c*
LQW LQW��

DataType

-mapping : Map[String,String]

ConcreteDataType

DataTypedElement

PortProperty

-name : string

NamedElement

ControlSystem

-value : string

DataValue

0..1 defaultValue

1dataType

1..*

dataTypes

W\SHV

_b*



e*a*

3HULRGLF7ULJJHU

a*c*

a*c* 3HULRG�
LF7ULJJHU

NamedElement

DataTypeParameter DataTypeArgument

DataType DataTypedElement

1

dataType

1

parameter



W\SHV LQVWDQFHV
e*a*

e*a*

W\SHV

-active : boolean = false

-role : AdaptiveElementRole

+newInstance(feature : ReferencedFeature) : AdaptiveElementReference

AdaptiveElementType

NamedElement

-portType : PortType

-portMode : PortMode

-multiport : boolean = false

-provided : boolean = false

Port

-required : boolean = true

-defaultValue : DataValue

Property

ControlSystem

DataType

DataTypedElement

DataTypeParameter

0..*

1properties

parent

1..*

1

ports

parent

1..*types

1 dataType

0..*

typeParameters

j]ia
nkha l]ooera ]_pera lknpo

lnklanpeao `]p] pula l]n]iapano

− Oajokno
a*c*

− A{a_pkno
a*c*

− Lnk_aookno
a*c*

_b*



− ?kjpnkhhano

_kilkoepa

lknp pula lknp ik`a
lqod lqhh ]cjkope_

_b*
`]p] pula

lnkre`a`
_b* iqhpelknp

j]ia `]p] pula `ab]qhp r]hqa
namqena` klpekj]h

_b*

_b*

a*c*

VHOISRUW

3HULRGLF7ULJJHU

VHOISRUW� 6HOI3RUW>/RQJ@

WULJJHU� &DQFHOODEOH B



LQLW ^
WULJJHU FRQWH[W�VFKHGXOHU VFKHGXOH �GHOD\ � VHFRQGV� SHULRG � VHFRQGV� ^

VHOISRUW SXW 6\VWHP�FXUUHQW7LPH0LOOLV
`

`

DFWLYDWH ^

ORJJHU GHEXJ V�$FWLYDWHG DW� ^VHOISRUW�JHW`�
`

GHVWRU\ ^
WULJJHU�FDQFHO

`

3HULRGLF7ULJJHU
LQSXW RXWSXW VHOISRUW LQLWDO3HULRG

name = PeriodicTrigger

active = true

role = PROCESSOR

PeriodicTrigger :

AdaptiveElementType
name = input

portType = INPUT

portMode = PULL

input : Port

name = output

portType = OUTPUT

portMode = PUSH

output : Port

name = selfPort

portType = SELF

portMode = PUSH

selfPort : Port

name = initialPeriod

defaultValue = 5 seconds

initialPeriod : Property

system: ControlSystem

name = T

T : DataTypeParameter

name = long

mapping = JVM -> java.lang.Long

long : ConcreteDataType

ports

ports

ports

properties
types

typeParameters

dataType

dataType

dataTypes

dataType

: PeriodTrigger

in  input

out  output

initialPeriod=10s

3HULRGLF7ULJJHU

W\SHV

_b*



$SDFKH:HE6HUYHU
$SDFKH426

8WLOL]DWLRQ0RQLWRU
426&RQWURO $SDFKH:HE6HUYHU

$SDFKH:HE6HUYHU
a*c* /LJKWWSG:HE6HUYHU

U

UtilizationMonitor

in  input

requestsCounter

: Accumulator

responseSizeCounter

: Aggregate

loadMonitor

: LoadMonitor

in  input

out  sum

out  sum

in
  
re

q
u

e
s
ts

in
  
s
iz

e

out  utilization

in  requests

in  size o
u
t 

 u
ti
liz

a
ti
o

n

8WLOL]DWLRQ0RQLWRU

QOSControl

utilController

: UtilizationController

utilization

: UtilizationMonitor

out  contentTree

scheduler

: PeriodTrigger

out  utilization

in  input out  output

in  utilization

out  contentTreein  requests in  size

in  requests in  size

426&RQWURO

ApacheQOS

control

: QOSControl

in  contentTree

apache

: ApacheWebServer

in  requests

in  size

out  requests

out  size

out  contentTree

c
o

n
tr

o
l 

la
y
e

r

s
y
s
te

m
 

la
y
e

r

$SDFKH426

KWWS���ZZZ�OLJKWWSG�QHW�

http://www.lighttpd.net/


CompositeType

+newInstance(feature : R...

AdaptiveElementType

Feature

NamedElement

ContainedFeature

-property : Property

PropertyValue

-promotion : boolean = false

L ink

PortReference

Port

DataTypeArgument

0..*propertyValues

1 feature

1..*

1links

parent

1

type

1..*

1 features

parent

0..* typeArguments1 target

1 port

1..*

1ports

parent

1source

_kilkoepa

W\SH

lnkikpekj _kjja_pekj
lnkikpekj

_kjja_pekj

lnkikpekj

_b*



3HULRGLF7ULJJHU 8WLOL]DWLRQ&RQWUROOHU
426&RQWURO

name = QOSControl

role = COMPOSITE

QOSControl :

CompositeType

name = scheduler

scheduler :

ContainedFeature

name = PeriodicTrigger

active = true

role = PROCESSOR

PeriodicTrigger :

AdaptiveElementType
: Link

name = output

portType = OUTPUT

portMode = PUSH

output : Port

name = UtilController

role = CONTROLLER

Util izationControl ler :

AdaptiveElementType

name = utilController

uti lControl ler :

ContainedFeature

name = utilization

portType = INPUT

portMode = PUSH

uti l ization : Port

: PortReference : PortReference

name = T

T : DataTypeParameter

: DataTypeArgument

double: ConcreteDataType dataType

dataType

dataType

parameter

typeArguments

typeParameters

port

feature

target

port

feature

source

ports

type

features

ports

links

type

features

426&RQWURO

i]ej _kilkoepao
$SDFKH426

$SDFKH:HE6HUYHU

]`]lpera
_kjpnkh ik`ah lna`e_pera _kjpnkh

c]ej o_da`qhejc

l]n]iapano opnq_pqna

l]n]iapne_ ]`]lp]pekj opnq_pqn]h ]`]lp]pekj



_b*

lnkre`a` oajokno lnkre`a` a{a_pkno

ApacheQOS

c
o

n
tr

o
l 

la
y
e

r

sysLoad

: SystemLoad

m
e

ta
-c

o
n

tr
o

l 

la
y
e

r

periodController

: PeriodController

out  output

in  load out  period

s
y
s
te

m
 

la
y
e

r

sysLoadTrigger

: PeriodTrigger

in  input

out  output

in  contentTree

apache

: ApacheWebServer

in  requests

in  size

out  requests

out  size

out  contentTree

QOSControl

scheduler

: PeriodTrigger

in  input out  output

setPeriod

provided in  setPeriod

... ...

provided effectorpromotion

provided in setPeriod

control

: QOSControl

6\VWHP�
/RDG 3HULRG&RQWUROOHU 426&RQWURO

VHW3HULRG VHW3HULRG
3HULRGLF7ULJJHU 426&RQWURO

lnkre`a`

e*a*



a*c*

426&RQWURO

ApacheQOSDeployer

c
o

n
tr

o
l 

la
y
e

r

newSysProc

: NewSystemProcessNotifier
deployer

: CompositeDeployer

controlDeployer

: ControlDeployer

out  process

in  process

out  composite

in  composite

s
y
s
te

m
 

la
y
e

r

apacheFilter

: ApacheProcessFilter

in  process

out  process

GHSOR\HU 426&RQWURO
a*c*

Naikpa Lnk_a`qna ?]hh



ha]gu ]^opn]_pekj ap ]h*

hk_]pekj
pn]jol]naj_u

\\hkce_]h##

]p)ikop)kj_a e*a*

_b*

n]_a
_kj`epekjo

KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�5HPRWHB
SURFHGXUHBFDOO

KWWS���ZZZ�MRHORQVRIWZDUH�FRP�DUWLFOHV�
/HDN\$EVWUDFWLRQV�KWPO

KWWS���DNND�LR

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


a*c*
iaoo]ca kn`anejc lan oaj`an̞na_aeran l]en

Feature
CompositeType

ContainedFeature

-endpoint : URI

ReferencedFeature
1

composite

1
feature

1..*

1

features

parent

5HIHUHQFHG)HDWXUH

aj`lkejp

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

$SDFKH:HE6HUYHU

KWWS���GRF�DNND�LR�GRFV�DNND�������VFDOD�UHPRWLQJ�KWPO

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


_b*

LQVWDQFHV

$GDSWLYH(OHPHQW7\SH

3HULRGLF7ULJJHU 426&RQWURO
&RPSRVLWH7\SH $GDSWLYH(OHPHQW,Q�

VWDQFH
QHZ,QVWDQFH $GDSWLYH(OHPHQW7\SH

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

3HULRGLF7ULJJHU
I- I, W\SHV LQVWDQFHV

I- $GDSWLYH(OHPHQW7\SH
$GDSWLYH(OHPHQW,QVWDQFH

I, I-
3HULRGLF7ULJJHU

$GDSWLYH(OHPHQW7\SH



426&RQWURO
VFKHGXOHU QHZ,QVWDQFH 426&RQWURO

$GDSWLYH(OHPHQW,QVWDQFH 3HULRGLF7ULJJHU
VFKHGXOHU

W\SHV LQVWDQFHV

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>>

&RPSRVLWH7\SH
− &RQWDLQHG)HDWXUH $GDSWLYH(OHPHQW,QVWDQFH &RPSRVLWH,QVWDQFH

− 5HIHUHQFHG)HDWXUH $GDSWLYH(OHPHQW5HIHUHQFH
− 3RUW 3RUW,QVWDQFH

3URPRWLRQ
− 3URSHUW\ 3URSHUW\,QVWDQFH



− 'DWD7\SH3DUDPHWHU 'DWD7\SH$UJXPHQW &RQFUHWH'DWD7\SH

]jjkp]pekjo

ModelElement

-name : string

Annotat ion

-name : string

-value : string

AnnotationNameValuePair

0..*

1annotations

parent

0..* arguments

0RGHO(OHPHQW $QQRWD�
WLRQ

Baa`^]_g
?kjpnkh @a|jepekj H]jcq]ca





Ik`ah kb ?ki)
lqp]pekj



lqod)lqhh lqod
a*c* lqhh a*c*

?kilkjajp Ejpan]_pekjo

e*a*



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>>

$GDSWLYH(OHPHQW'LUHFWRU
$FWRU $GDSWLYH�

(OHPHQW'HOHJDWH

$GDSWLYH(OHPHQW'HOHJDWH

_b* 'L�
UHFWRU&RQWH[W



LQLW

3HULRGLF7ULJJHU

3HULRGLF7ULJJHU'HOHJDWH� FW[� 'LUHFWRU&RQWH[W�
$GDSWLYH(OHPHQW'HOHJDWH ^

VHOISRUW� 6HOI3RUW>/RQJ@ 'HIDXOW6HOI3RUW�FW[�
LQSXW� ,Q3XOO3RUW>7@ 'HIDXOW,Q3XOO3RUW�FW[� �LQSXW��
RXWSXW� 2XW3XVK3RUW>7@ 'HIDXOW2XW3XVK3RUW�FW[� �RXWSXW��

DFWLYDWH ^
ORJJHU GHEXJ V�$FWLYDWHG DW� ^VHOISRUW�JHW`�

2SWLRQ�LQSXW�JHW� ^
6RPH�GDWD� RXWSXW SXW GDWD
1RQH ORJ LQIR �1R GDWD DYDLODEOH RQ WKH LQSXW SRUW�

`
`

`

$GDSWLYH(OHPHQW'HOH�
JDWH 'LUHFWRU&RQWH[W



_b*

lqod lqhh ]cjkope_

3HULRGLF7ULJJHU

SXW 2XW3XVK3RUW
SXW 'LUHFWRU&RQWH[W

,Q3XVK3RUW

a*c*
LV(PSW\



iqhpelknp

0

0th

$OO
JHW:LGWK

_b* SRUW:LGWK

e*a*

$FFXPXODWRU

3HULRGLF7ULJJHU

|na ]j` bkncap

A B

RXW$ LQ%
DFFHVV/RJ DFFHVV/RJ3DUVHU

d VHOISRUW



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

VHOISRUW SUH$FWLYDWLRQ

DFWLYDWH
RXW$

RXW$
SXW 0 SXW

d

3XVK
B

A B

LQ%
B B d

LQ%



oaj`
]j` na_aera |na ]j` bkncap

\\ehhqoekj##

bqpqna

WLPHRXW JHW ,Q3XOO3RUW

DFFHVV/RJ



=j ]`]lpera ahaiajp A _]j ^a ]_per]pa` ^u ae)
pdan ] lqod namqaop kran ]ju kb epo lqod ejlqp lknpo( kn ] lqhh namqaop kran ]ju kb epo lqhh kqplqp
lknpo*

oahblknp

_b*
0RYLQJ$YHUDJH

utilController

: UtilizationController

adaptor

: ContentAdaptor

scheduler

: PeriodTrigger

out  utilization

in  input out  output

in  utilization

in  contentTree

out  contentTree
utilizationAvg

: MovingAverage

in  input out  output

contentTreeAvg

: MovingAverage

in  input

out  output

utilization

: UtilizationMonitor

pull connection

push connection

0RYLQJ$YHUDJH



pn]jobkniano

]cjkope_

_b*

LQSXW
VXP

$FFXPXODWRU

LQSXW RXWSXW

UHVHW VXP

KWWS���SWROHP\�HHFV�EHUNHOH\�HGX�SWROHP\,,�SW,,����
SW,,�GRF�FRGH'RF�SWROHP\�DFWRU�OLE�$FFXPXODWRU�KWPO

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
*
*

$FFXPXODWRU VXP RXWSXW

UHVHW
0

LQSXW� ,Q3XVK3RUW>/RQJ@
RXWSXW� 2XW3XVK3RUW>/RQJ@
UHVHW� ,Q3XVK3RUW>$Q\@
VXP� 2XW3XOO3RUW>/RQJ@

YDOXH �/

DFWLYDWH�� ^
��LQSXW�LV(PSW\� ^

YDOXH � LQSXW�JHW
RXWSXW VHQG YDOXH

` ��UHVHW�LV(PSW\� ^

UHVHW�JHW
YDOXH �

` ��VXP�LV(PSW\� ^

VXP VHQG YDOXH
` ^

,OOHJDO6WDWH([FHSWLRQ��,QYDOLG H[HFXWLRQ��
`

`

$FFXPXODWRU



UHVHW

ap ]h*
_b*

ejpan]_pekj
_kjpn]_po

e*a*

− ?kilkjajpo sepd iqhpelha kqplqp lknpo*

− Iqhpelknpo*

− ?kilkoepao*

− Klpekj]h ejpan]_pekj _kjpn]_po*

a*c*
$FFXPXODWRU

− Ejpan]_pekj _kjpn]_p _kilhapekj rane|_]pekj*

_b* _b* _b*

_b*

_b*
$FFXPXODWRU

YDOXH �/

RQ,QSXW�LQSXW� /RQJ�� /RQJ ^
YDOXH � LQSXW
YDOXH

`



RQ5HVHW�UHVHW� $Q\� ^
YDOXH �

`

RQ6XP��� /RQJ YDOXH

DFWLYDWH

_b* lnao_nelpera
naopne_pera

DFWLYDWH

_b* _b* _b*

e var S

vars

∃e ∈ S e = PRQRVSDFHG

*= ∅
⋃

M

x ∈
⋃

M ⇐⇒ ∃A ∈ M x ∈ A

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

( ; 1) ( , 1) ( , 1) ⊥ \\]^oajp##
YRLG

,QW
/RQJ 'RXEOH

_b*



_b*

=j ]`]lpera ahaiajp eo ] pqlha

A = (I,O,α, self)

sdana I eo ] oap kb ejlqp lknpo( O eo ] oap kb kqplqp lknpo( α eo ]j ejpan]_pekj _kjpn]_p ]j` self eo
] lknp nalnaoajpejc ]j ]_pera ]`]lpera ahaiajp oahb lknp kn ⊥ ej pda _]oa A eo l]ooera* =j ]`]lpera
ahaiajp iqop ]hs]uo `a|ja ]p ha]op kja ejlqp kn kqplqp lknp( |I ∪O| ≥ 1*

$FFXPXODWRU

({UHVHW, LQSXW} , {VXP, RXWSXW} , ,⊥)

= lknp eo ] pqlha

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

sdana type = { , , } eo pda pula kb pda lknp( mode = {⇑,⇓,1} ej`e_]pao pda ik`a kb pda
lknp pk ^a naola_perahu lqod( lqhh kn ]cjkope_( multi = { , } ej`e_]pao sdapdan pda lknp
eo ] iqhpe lknp kn ] oejcha lknp( prov = { , } `eopejcqeodao ^apsaaj ] nacqh]n lknp ]j` ]
lnkre`a` lknp( t eo pda `]p] pula kb r]hqao ]__alpa` ^u pda lknp ]j` _kjjo eo ] oap kb _kjja_pa` lknpo*

$FFXPXODWRU
UHVHW = ( ,⇑, , , $Q\, ) LQSXW = ( ,⇑, , , /RQJ, )

VXP = ( ,⇓, , , /RQJ, ) RXWSXW = ( ,⇑, , , /RQJ, )

W\SHRI (p) p t

W\SHRI (p) =

{

t p

p t

t1 t2 t1 ≤ t2 t1 t2 t2

t1 t = t1 ∪ t2 t t ≤ t1 ∧ t ≤ t2

t1 t2

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

conns p ∅

p

⇑ lqod ik`a ⇓ lqhh ik`a
1 ]cjkope_ ik`a

O

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

$FFXPXODWRU



p I O

$FFXPXODWRU I⇑ = {UHVHW, LQSXW} I⇓ = ∅ O⇑ = {RXWSXW}
O⇓ = {VXP}

= _kilkoepa Γ eo ]j ]`]lpera ahaiajp (I,O,α,⊥) pd]p ]``epekj]hhu
`a|jao psk oapo A,P ( sdana A eo ] jkj)ailpu oap kb ]`]lpera ahaiajpo _kjp]eja` ej Γ ]j` P eo ]
oap kb lknp lnkikpekjo*

Γ LV SURPRWHG (p)
p

^]oe_ ejpan]_pekj
_kjpn]_p

$>]oe_ Epan]pekj ?kjpn]_p% Hap A ^a ]j ]`]lpera ahaiajp (I,O,α, self)( ] ^]oe_ ep)
an]pekj _kjpn]_p α ]ook_e]pa` sepd ]j ]`]lpera ahaiajp A eo ] pqlha

α = 〈A;R; E 〉

sdana A( R( E nalnaoajpo naola_perahu pda ]_per]pekj _kj`epekj( pda `]p] namqenaiajpo ]j` pda `]p]
aieooekjo pd]p ]na `a|ja` ]o bkhhkso6

− =_per]pekj _kj`epekj
A =⇑ (I1, . . . , In) | self |⇓ (out)

nalnaoajpo sdaj ]j ]`]lpera ahaiajp eo ata_qpa`6

⇑ (I1, . . . , In) sdana Ii eo aepdan ] qjep oap _kjp]ejejc ] oejcha lqod ejlqp lknp in ∈ I⇑ kn
] `eofqj_pekj kb oq_d lknpo in1 ∨ . . . ∨ inn, ini ∈ I⇑( _knnaolkj`ejc pk `]p] na_aera` kj
pdaoa oapo kb lknpo Ii* Sdaj Ii eo ] `eofqj_pekj kb lknpo pdaj ]ju lknp na_aerejc `]p] _]j
^a qoa`*
oahb _knnaolkj`o pk ]j ]_per]pekj _]qoa` ^u pda oahb lknp ]j` ep eo kjhu ]llhe_]^ha eb A eo
]_pera* Ej oq_d ] _]oa ep iqop `a_h]na ]j ejpan]_pekj _kjpn]_p pd]p d]o oahb ej pda ]_per]pekj
_kj`epekj*
⇓ (out) sdana out ∈ O⇓ _knnaolkj`o pk ] lqhh namqaop kj ] lqhh kqplqp lknp out* = lqhh
namqaopo ]hs]uo napqnjo `]p] pk pda _]hhejc ]`]lpera ahaiajp*

− @]p] namqenaiajpo
R =⇓ (in1, . . . , inn)

sdana ini ∈ I⇓ ]j` 1 < n ≤ |I⇓| nalnaoajp lknpo pd]p i]u ^a lqhha` `qnejc pda ata_qpekj*



− @]p] aieooekjo
E =⇑ (out1, . . . , outn, outn+1?, . . . , outn+m?)

sdana outi ∈ O⇑ ]j` 0 < n + m ≤ |O⇑| ej`e_]pao pk sd]p kqplqp lknpo pda naoqhp kb pda
]`]lpera ahaiajp ata_qpekj sehh ^a aieppa`* Pda ? i]ngo ]j klpekj]h `]p] aieooekj* Sdaj
A =⇓ (out), out ∈ O⇓( pdaj ] r]hqa eo ]hs]uo aieppa` pk pda _knnaolkj`ejc lqhh kqplqp lknp
out( ]josanejc pda lqhh namqaop*

_b* $FFXPXODWRU

 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

$FFXPXODWRU _b*

Psk kn ikna ^]oe_ ejpan]_pekj _kjpn]_po α1, . . . ,αn _]j
^a _ki^eja` pkcapdan qoejc pda ‖ klan]pkn oq_d ]o α1 ‖ · · · ‖ αn sdana n ≥ 2* =``epekj]hhu( ]



^]oe_ ejpan]_pekj _kjpn]_p _]j ^a i]nga` sepd ? ej`e_]pejc ]j klpekj]h ejpan]_pekj( ^qp pdana d]ra
pk ^a ]hs]uo ]p ha]op kja _kilqhoknu _kjpn]_p*

$FFXPXODWRU

$FFXPXODWRU

in  input

out  sum

$FFXPXODWRU

*
in  input

out  sumin  reset

out  output

*

α = {αi, . . . ,αn}

αi n ≥ 1 _b*
‖

_b*

Ianca _]j ^a qoa` ^kpd ]o ] ^ej]nu ]j`
] qj]nu klan]pkn* Ej pda ^ej]nu bkni( ] ianca kb psk ^]oe_ ejpan]_pekj _kjpn]_po α = α1⊗α2 sdana
α1 = 〈A1;R1; E1 〉 ]j` α2 = 〈A2;R2; E2 〉 eo ]j ejpan]_pekj _kjpn]_p α = 〈A1 ∪ A2;R1 ∪

R2; E1 ∪ E2 〉* Pda qj]nu bkni kb pda ianca klan]pekj eo

⊗α =

{

α1 ⊗ · · ·⊗ αn eb α = α1 ‖ · · · ‖ αn

α eb α eo ] ^]oe_ ejpan]_pekj _kjpn]_p

A =⇑ (I1, . . . , In)

∀Ii ∈

A, ∃in ∈ Ii in

...

...

...

...

in in1

out outin in2

in in3

A

_b*

〈 ⇑ (LQ�, LQ�, LQ�); ∅; ⇑ (RXW) 〉



A

RQ,Q�B,Q�B,Q��LQ�� 7� LQ�� 7� LQ�� 7�� 7

〈 ⇑ (LQ�); ∅; ⇑ (RXW) 〉 ‖ 〈 ⇑ (LQ�); ∅; ⇑ (RXW) 〉 ‖ 〈 ⇑ (LQ�); ∅; ⇑ (RXW) 〉

A

RQ,Q��LQ� 7�� 7
RQ,Q��LQ� 7�� 7
RQ,Q��LQ� 7�� 7

A

A

⇑ (LQ� ∨ LQ�, LQ�) A

LQ� LQ�
LQ� LQ�

LQ� LQ� LQ� LQ�
LQ� LQ�

〈 ⇑ (LQ�); ; 〉 ‖ 〈 ⇑ (LQ�); ; 〉 ‖ 〈 ⇑ (LQ�); ; 〉

A

〈 ⇑ (LQ� ∨ LQ� ∨ LQ�); ; 〉 A LQ�, . . . , LQ�

_b*

RQ,Q����LQ� 7�� 7

_b*



HapA ^a ] jkj)_kilkoepa ]`]lpera ahaiajp (I,O,α, self)(
] `ab]qhp ejpan]_pekj _kjpn]_p α eo ] oap kb ^]oe_ ejpan]_pekj _kjpn]_po6

{

〈 ⇑ (ini);R; E 〉 | ini ∈ I⇑
}

∪
{

〈 ⇓ (outi);R; E 〉 | outi ∈ O⇓
}

∪
{

〈 self ;R; E 〉 eb self *= ⊥

∅ kpdanseoa

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

Hap A
^a ]j ]`]lpera ahaiajp (I,O,α,⊥) sepd kja kn ikna ]cjkope_ lknpo* Epo ejpan]_pekj _kjpn]_p iqop
^a

̩ Bkn pda lqod ik`a
α = 〈 ⇑ (ini, . . . , inn);⇓ (I); E 〉 sdana ini ∈1 I, n = |1 I| ]j` 1 O ⊆ E ∧ ∀outj ∈

O⇑ : (outj ∈ E ∨ outj? ∈ E)*

̩ Bkn pda lqhh ik`a
α = 〈 ⇓ (outi);⇓ (I); E 〉 ‖ · · · ‖ 〈 ⇓ (outn);⇓ (I); E 〉 sdana ini ∈1 I, n = |1 I| ]j`
1 O ⊆ E ∧ ∀outj ∈ O⇑ : (outj ∈ E ∨ outj? ∈ E)*

t

α

ps E

α

VFDOD�FROOHFWLRQ�LPPXWDEOH�6HT>7@



pe 〈 ⇑ (pe); ∅; ⇑ (ps1, . . . , psn, psn+1?, . . . , psm?) 〉

psi pe

3HULRGLF7ULJJHU VHW�
3HULRG 〈 self ;⇓ (LQSXW); ⇑ (RXWSXW?) 〉 ‖ 〈 ⇑ (VHW3HULRG); ∅; ∅ 〉

SHULRG

〈 ⇑ (VHW3HULRG); ∅; ⇑ (SHULRG?) 〉

in  inA

in  inB

out  outA

out  outB

in  in1

in  in2

in  inC1

out  out1
in  inC2

in  inC3 in  inC4

out  out2

in  in3 in  in4

out  outC1

out  outC2

αA = 〈 ⇑ (LQ$); ∅; ⇑ (RXW$) 〉
αB = 〈 ⇑ (LQ%); ∅; ⇑ (RXW%) 〉
αC = 〈 ⇑ (LQ&�, LQ&�);⇓ (LQ&�); ⇑ (RXW&�) 〉 ‖ 〈 ⇓ (RXW&�);⇓ (LQ&�); ∅ 〉

RXW�
〈 ⇓ (RXW�); ; 〉 LQ�, LQ�

〈 ⇑ (LQ�, LQ�); ; 〉



〈 ⇑ (LQ�); ; 〉 ‖ 〈 ⇑ (LQ�); ; 〉

LQ�, LQ� RXW�

_b*

LQ� LQ� RXW�
LQ� A LQ$

αA

αA

LQ$ RXW$ αA

RXW$
LQ&� C

〈 ⇑ (LQ&�, LQ&�);⇓ (LQ&�); ⇑ (RXW&�) 〉 LQ&�

{〈 ⇑ (LQ$); ∅; ⇑ (RXW$) 〉, 〈 ⇑ (LQ&�, LQ&�);⇓ (LQ&�); ⇑ (RXW&�) 〉}

{LQ&�, LQ&�, RXW&�} LQ&� RXW&�
LQ&�

B RXW% αB

inB LQ�

αLQ� = {〈 ⇑ (LQ$); ∅; ⇑ (RXW$) 〉, 〈 ⇑ (LQ&�, LQ&�);⇓ (LQ&�); ⇑ (RXW&�) 〉, 〈 ⇑ (LQ%); ∅; ⇑ (RXW%) 〉}

LQ�

αLQ� = {〈 ⇑ (LQ%); ∅; ⇑ (RXW%) 〉, 〈 ⇑ (LQ&�, LQ&�);⇓ (LQ&�); ⇑ (RXW&�) 〉, 〈 ⇑ (LQ$); ∅; ⇑ (RXW$) 〉}

RXW�
αRXW� = {〈 ⇓ (RXW&�);⇓ (LQ&�); ∅ 〉}



FRPSRVLWHBLQWHUDFWLRQBFRQWUDFW Γ ⊲ Γ

I⇑ ← Γ

O⇓ ← Γ

S ← Γ

exec paths ← ∅ ⊲

port I⇑ ∪O⇓ ∪ S ⊲

S ← S ∪ H[HF SDWK (port)

contracts ← ∅ ⊲

path exec paths ⊲

contracts ← contracts ∪ (⊗path)

contracts ⊲

ics ← ∅ ⊲ Γ

α contracts ⊲

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

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

⊗ics

H[HFBSDWK 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 SRUW FRQQV (v)
C ← C ∪

⋃

H[HF SDWK (q, U)

C

SURPRWHGBSRUW p ⊲ p

← p ⊥ p

e*a*

_b*



⊗αLQ� = 〈 ⇑ (LQ$, LQ&�, LQ&�, LQ%);⇓ (LQ&�); ⇑ (RXW$, RXW&�, RXW%) 〉
⊗αLQ� = 〈 ⇑ (LQ%, LQ&�, LQ&�, LQ$);⇓ (LQ&�); ⇑ (RXW%, RXW&�, RXW$) 〉
⊗αRXW� = 〈 ⇓ (RXW&�);⇓ (LQ&�); ∅ 〉

αLQ� αLQ�

_b*

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

_b*

out  requests

out  size
in  contentTree

 ApacheWebServer

QOSControl

in  requests

in  size

out  contentTree

UtilizationMonitor

out  utilization

in  requests

in  size

$GDSWLYH(OHPHQW7\SH
$GDSWLYH(OHPHQW,QVWDQFH ,QWHUDFWLRQ&RQWUDFW



,QWHUDFWLRQ&RQWUDFW

+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

VFKHGXOHU LQSXW
R =⇓ (LQSXW) ORDG�

0RQLWRU 〈 ⇓ (XWLOL]DWLRQ); ; 〉

XWLOL]DWLRQ 3HULRGLF7ULJJHU LQSXW
RXWSXW VFKHGXOHU E =⇑ (RXWSXW?)

FRQWUROOHU
〈 ⇑ (XWLOL]DWLRQ); ; 〉 VFKHGXOHU

A = self _kjpn]_p _kjoeopaj_u
_kilkoepa _kjoeopaj_u



Γ SRUW FRQWUDFWV (p)
p α A

p

Ceraj ] _kilkoepa Γ ]j ejpan]_pekj _kjpn]_p α ]ook_e)
]pa` sepd ]j ]`]lpera ahaiajp `a|ja` ejΓ eo _kjoeopajp eb kja kb pda bkhhksejc _kj`epekjo eo o]peo|a`6

− eb α eo ] ^]oe_ ejpan]_pekj _kjpn]_p α = 〈A;R; E 〉 pdaj6

− lqhh ejlqpo _kjoeopaj_u
∀ini ∈ R ∧ ¬LV[SURPRWHG (ini) , ∀outj ∈ SRUW[FRQQV (ini) :

∃α′ ∈ SRUW[FRQWUDFWV (outj) oq_d pd]p α′ = 〈 ⇓ (outj); ; 〉

− lqhh kqplqpo _kjoeopaj_u
eb A =⇓ (out) pdaj
∀ini ∈ SRUW[FRQQV (out) ∧ ¬LV[SURPRWHG (ini) :

∃α′ ∈ SRUW[FRQWUDFWV (ini) oq_d pd]p α′ = 〈 ;R′; 〉 ∧ ini ∈ R

− lqod kqplqpo _kjoeopaj_u
∀outi ∈ E ∧ ¬LV[SURPRWHG (outi) , ∀inj ∈ SRUW[FRQQV (outi) :
∃α′ ∈ SRUW[FRQWUDFWV (inj) oq_d pd]p
α′ = 〈A′; ; 〉 ∧A′ =⇑ ( ) ∧ inj ∈

⋃

A

− lqod ejlqpo _kjoeopaj_u
eb A =⇑ ( ) pdaj
∀ini ∈

⋃

A ∧ ¬LV[SURPRWHG (ini) , ∀outj ∈ SRUW[FRQQV (ini) :

∃α′ ∈ SRUW[FRQWUDFWV (outj) oq_d pd]p
α′ = 〈 ; ; E′ 〉 ∧ (outj ∈ E′ ∨ outj? ∈ E′)

− eb α eo ] _kilkoepa ejpan]_pekj _kjpn]_p α = α1 ‖ · · · ‖ αn pdaj a]_d αi eo _kjoe`ana` ej`ere`q)
]hhu*

Sepdej ] ceraj _kilkoepa Γ ]j
klpekj]h ejpan]_pekj _kjpn]_p α = 〈A;R; E 〉? ]ook_e]pa` sepd okia ]`]lpera ahaiajp `a|ja` ej Γ

eo _kjoe`ana` _kjja_pa` eb ∃p ∈ P oq_d pd]p SRUW[FRQQV (p) *= ∅ sdana P eo ] oap kb lknpo `a|ja`
]o6

P =











⋃

A ∪R ∪ E eb A =⇑ (. . . )

R ∪ E eb A eo self
{out} ∪R ∪ E eb A =⇓ (out)

= _kilkoepa Γ eo _kjoeopajp eb ]hh _kilqhoknu ]j` ]hh
_kjja_pa` klpekj]h ejpan]_pekj _kjpn]_po ]ook_e]pa` sepd ]hh ]`]lpera ahaiajpo `a|ja` ej Γ ]na _kj)
oeopajp*



`apaniejeope_

A

〈 ⇑ (LQ�, LQ�, LQ�); ∅; ⇑ (RXW) 〉 ‖ 〈 ⇑ (LQ�); ∅; ⇑ (RXW) 〉

Psk ^]oe_ ejpan]_pekj _kjpn]_po 〈A;B;C〉 ]j` 〈A′;B′;C ′〉

]ook_e]pa` sepd A ejpanbana sepd a]_d kpdan eb
⋃

A ∩
⋃

A′ *= ∅

= _kjpn]_p _kilkoepekj α1 ‖ · · · ‖ αn eo `apaniejeope_
eb a]_d ^]oe_ ejpan]_pekj _kjpn]_p αi `kao jkp ejpanbana sepd ]ju kb pda kpdano*

= _kilkoepa Γ eo `apaniejeope_ eb ]hh ejpan]_pekj _kj)
pn]_po kb ]hh ]`]lpera ahaiajpo `a|ja` ej Γ ]na `apaniejeope_*

Ceraj ]j ]`]lpera ahaiajp A = {I,O,α, self} ]j
ejpan]_pekj _kjpn]_p α = 〈A1;R1; E1 〉 ‖ · · · ‖ 〈An;Rn; En 〉 sdana n ≥ 1 ]ook_e]pa` sepd A eo
_kilhapa eb6

I⇓ =
n
⋃

i=1

Ri ∧ O⇑ =
n
⋃

i=1

Ei ∧ I⇑ ∪O⇓ =

{

⋃n

i=1 Ai\ {self} eb self *= ⊥
⋃n

i=1 Ai kpdanseoa

_b*



]`]lpera ahaiajp ]_p DFWLYDWH

α = 〈A;R; E ∪ E? 〉

A×R×E? → E E E?

A R

E?

E

_b*

SXVK W\SHRI (p) = W\SHRI (p) → ()

SXOO W\SHRI (p) = () → W\SHRI (p)

W\SHRI (self) self

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

W\SHRI (in1)× SXOO W\SHRI (in2)× SXVK W\SHRI (out3) → W\SHRI (out1)× W\SHRI (out2)

3HULRGLF7ULJJHU 〈 self ;⇓ (LQSXW); ⇑ (RXWSXW?) 〉

W\SHRI (self)× SXOO W\SHRI (input)× SXVK W\SHRI (output) → ⊥

[[α]] α

W\SHRI (p) → () ⇒ 3XVK[W\SHRI (S)]
() → W\SHRI (p) ⇒ 3XOO[W\SHRI (S)]

3XVK 3XOO _b*
2XW3XVK3RUW ,Q3XOO3RUW _b*

_b*

〈 ⇑ (in1);⇓ (in2); ⇑

(out1, out2, out3?) 〉



DFWLYDWH�LQ�� 5�� LQ�� 3XOO>5�@� RXW�� 3XVK>6�@�� �6�� 6��

R1, R2 S1, . . . , S3

W\SHRI (in1) , W\SHRI (in2) W\SHRI (out1) , . . . , W\SHRI (out3)
3HULRGLF7ULJJHU 〈 self ;⇓ (LQSXW); ⇑ (RXWSXW?) 〉

DFWLYDWH�VHOISRUW� /RQJ� LQSXW� 3XOO>7@� RXWSXW� 3XVK>7@�� 8QLW

VHOISRUW
_b* LQSXW

LQSXW RXWSXW
RXWSXW

T

3HULRGLF7ULJJHU e*a*
_b*

$FFXPXODWRU
_b*

DFWLYDWH�� ^
��LQSXW�LV(PSW\� ^

YDOXH � LQSXW�JHW
RXWSXW VHQG YDOXH

` ��UHVHW�LV(PSW\� ^

UHVHW�JHW
YDOXH �

` ��VXP�LV(PSW\� ^

VXP VHQG YDOXH
` ^

,OOHJDO6WDWH([FHSWLRQ��
,QYDOLG H[HFXWLRQ��

`
`

RQ,QSXW�LQSXW� /RQJ�� /RQJ ^
YDOXH � LQSXW
YDOXH

`

RQ5HVHW�UHVHW� $Q\� ^
YDOXH �

`

RQ6XP��� /RQJ YDOXH



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 > >

_b*

3XVK 3XOO



@ajkp]pekj kb ] lqod ]_per]pekj*

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

i=1

⋃

{W\SHRI (p) |p ∈ Ii}×
m
∏

j=1

SXOO W\SHRI (inj)×
s
∏

l=r+1

SXVK W\SHRI (outl?) →

r
∏

k=1

W\SHRI (outk)

@ajkp]pekj kb ] oahb ]_per]pekj*

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

W\SHRI (self)×
m
∏

j=1

SXOO W\SHRI (inj)×
s
∏

l=r+1

SXVK W\SHRI (outl?) →

r
∏

k=1

W\SHRI (outk)

@ajkp]pekj kb ] lqhh ]_per]pekj*

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

W\SHRI (out)×
m
∏

j=1

SXOO W\SHRI (inj)×
s
∏

l=r+1

SXVK W\SHRI (outl?) →

r
∏

k=1

W\SHRI (outk)

@ajkp]pekj kb ]j ejpan]_pekj _kjpn]_p _kilkoepekj*

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

@ajkp]pekj kb ]j klpekj]h ejpan]_pekj _kjpn]_p*

[[α?]] = [[α]]



)LOH7DLOHU 〈 self ; ∅; ⇑ (OLQHV) 〉

GHI DFWLYDWH�VHOISRUW� 6WULQJ�� 6WULQJ

$FFHVV/RJ3DUVHU 〈 ⇑ (OLQHV); ∅; ⇑ (UHTXHVWV, VL]H) 〉

GHI DFWLYDWH�OLQHV� 6WULQJ�� �,QW� /RQJ�

&RQWHQW$GDSWRU 〈 ⇑ (LQSXW); ∅; ∅ 〉

GHI DFWLYDWH�LQSXW� 'RXEOH�� 8QLW

/RDG0RQLWRU 〈 ⇓ (XWLOL]DWLRQ);⇓ (UHTXHVWV, VL]H); ∅ 〉

GHI DFWLYDWH�UHTXHVWV� 3XOO>,QW@�
VL]H� 3XOO>/RQJ@�� 'RXEOH

3HULRGLF7ULJJHU 〈 self ;⇓ (LQSXW); ⇑ (RXWSXW?) 〉

GHI DFWLYDWH�VHOISRUW� /RQJ�
LQSXW� 3XOO>7@� RXWSXW� 3XVK>7@�� 8QLW

〈 ⇑ (VHW3HULRG); ∅; ∅ 〉

GHI RQ6HW3HULRG�LQSXW� /RQJ�� 8QLW

8WLOL]DWLRQ&RQWUROOHU 〈 ⇑ (XWLOL]DWLRQ); ∅; ⇑ (FRQWHQW7UHH) 〉

GHI DFWLYDWH�XWLOL]DWLRQ� 'RXEOH�� 'RXEOH

$FFXPXODWRU 〈 ⇑ (LQSXW); ∅; ∅ 〉

GHI RQ,QSXW�LQSXW� 7�� 8QLW

$FFXPXODWRU 〈 ⇑ (LQSXW); ∅; ⇑ (RXWSXW) 〉

GHI RQ,QSXW�LQSXW� 7�� 7

GHI RQ,QSXW�LQSXW� 6HT>7@�� 7

〈 ⇑ (UHVHW); ∅; ∅ 〉?

GHI RQ5HVHW�UHVHW� $Q\�� 8QLW

〈 ⇓ (VXP); ∅; ∅ 〉

GHI RQ6XP��� 7

0RYLQJ$YHUDJH 〈 ⇑ (LQSXW); ∅; ⇑ (RXWSXW) 〉

GHI DFWLYDWH�LQSXW� 7�� 7



e*a*

_b*

FCDL Model of Computation

Actor Model

Interaction Contracts
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=?PNAOO
ik`ahejc ajrenkjiajp



e*a*

_b*

Ejpacn]pa` @arahkliajp Ajrenkjiajp

KWWS���ZZZ�HFOLSVH�RUJ

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

Atpaj`a` Baa`^]_g ?kjpnkh @a|jepekj H]jcq]ca

_b*

KWWS���ZZZ�HFOLSVH�RUJ�;WH[W�
KWWS���HFOLSVH�RUJ�PRGHOLQJ�
KWWS���ZZZ�PHWDFDVH�FRP�PZE�
KWWS���ZZZ�MHWEUDLQV�FRP�PSV�

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


_b*

e*a*

a*c*

Patp)pk)Ik`ah Pn]jobkni]pekj

Atpaj`a`

KWWS���ZZZ�
HFOLSVH�RUJ�JHI�

KWWS���ZZZ�HFOLSVH�RUJ�;WH[W�
KWWS���ZZZ�HPIWH[W�RUJ�LQGH[�SKS�(0)7H[W

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


>]_gqo)J]qn Bkni

e*a*
a*c*

a*c*

426&RQWURO

QOSControl

utilController

: UtilizationController

in  contentTree
in  input in  utilization

out  contentTree

: PeriodTrigger

out  output

initialPeriod=10s

period setPeriod

provided out period provided in setPeriod

...

426&RQWURO



GHPR�ZHEVHUYHU

IFGO�PDWK�

IFGO�V\V�1HZ6\VWHP3URFHVV1RWLILHU

GHPR�ZHEVHUYHU IFGO�PDWK
1HZ6\VWHP3URFHVV1RWLILHU

MDYD�ODQJ�


a*c* LQW MDYD�ODQJ�,QWHJHU

] lnekne

_b*

3H�



ULRGLF7ULJJHU

GHPR�ZHEVHUYHU

3HULRGLF7ULJJHU�7! ^
RXWSXW� 7
LQSXW� 7

VHOISRUW�

SHULRG� 'XUDWLRQ
VHW3HULRG� 'XUDWLRQ

LQLWLDO3HULRG� 'XUDWLRQ ���VHFRQGV

`

3HULRGLF7ULJJHU
7 7

lkhuiknlde_ ]`]lpera ahaiajp

VHOISRUW
VHOISRUW

YRLG
SHULRG VHW�

3HULRG 'XUDWLRQ IFGO�ODQJ
LQLWLDO3H�

ULRG

8WLOL]DWLRQ&RQWUROOHU

8WLOL]DWLRQ&RQWUROOHU ^
XWLOL]DWLRQ�
FRQWHQW7UHH�

N�
WDUJHW8WLOL]DWLRQ�
0�

`

VHOISRUW VHOI VHOI



426&RQWURO

426&RQWURO ^

FRQWHQW7UHH�

SHULRG� 'XUDWLRQ
VHW3HULRG� 'XUDWLRQ

N�
WDUJHW8WLOL]DWLRQ�
0�

VFKHGXOHU 3HULRGLF7ULJJHU�'RXEOH! ^

LQLWLDO3HULRG ���VHFRQGV
`

XWLO&RQWUROOHU 8WLOL]DWLRQ&RQWUROOHU ^

N �N
WDUJHW8WLOL]DWLRQ �WDUJHW8WLOL]DWLRQ
0 �0

`

VFKHGXOHU�RXWSXW XWLO&RQWUROOHU�XWLOL]DWLRQ

VFKHGXOHU�SHULRG
VFKHGXOHU�VHW3HULRG
XWLO&RQWUROOHU�FRQWHQW7UHH

`

3HULRGLF7ULJJHU VFKHGXOHU
3HULRGLF7ULJJHU 7

426&RQWURO�7! ^

VFKHGXOHU 3HULRGLF7ULJJHU�7! ^ `



`

XWLO�
&RQWUROOHU 8WLOL]DWLRQ&RQWUROOHU

VFKHGXOHU XWLO&RQ�
WUROOHU

_b*

$SDFKH ^
DSDFKH $SDFKH:HE6HUYHU ^

`
FRQWURO $SDFKH426�FRQWURO # �DNND���UHPRWH�PDLQ�XVHU�$SDFKH426�FRQWURO�

`

$SDFKH426 ^
FRQWURO 426&RQWURO ^

`
DSDFKH $SDFKH�DSDFKH # �DNND���UHPRWH�DSDFKH�XVHU�$SDFKH�DSDFKH�

`

_b*

_b*

3HULRGLF7ULJJHU�7! ^
RXWSXW� 7
LQSXW� 7

VHOISRUW�

SHULRG� 'XUDWLRQ
VHW3HULRG� 'XUDWLRQ

DFWLYDWH�VHOISRUW� LQSXW� RXWSXW"�
RQ6HW3HULRG�VHW3HULRG� � SHULRG"�

`



DFWLYDWH = 〈 self ;⇓ (LQSXW); ⇑ (RXWSXW?) 〉
RQ6HW3HULRG = 〈 ⇑ (VHW3HULRG); ∅; ⇑ (SHULRG?) 〉

name (A,R,E)[?]

name

A,R,E

"
"

Y
LQSXW� Y ��� Y LQSXWQ

$SDFKH426
#0DLQ

#0DLQ�QDPH �DFWUHVV��
$SDFKH426 ^ `

e*a*

_b*

KWWS���ZZZ�HFOLSVH�RUJ�;WH[W�GRFXPHQWDWLRQ�KWPO�[EDVH/DQJXDJH5HIB,QWURGXFWLRQ

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


8WLOL]DWLRQ&RQWUROOHU
G

E = U∗ − U

G = G+ kE

U∗ U _b*

8WLOL]DWLRQ&RQWUROOHU ^

^
* 0

DFWLYDWH ^

( WDUJHW8WLOL]DWLRQ � XWLOL]DWLRQ

* * � N 
 (

�* � �� * �
�* ! 0� * 0

*
`

`

3H�
ULRGLF7ULJJHU

^

FXUUHQW3HULRG LQLWLDO3HULRG
WDVN� &DQFHOODEOH

LQLW ^

KWWS���OD�M�RUJ�
KWWS���FRPPRQV�DSDFKH�RUJ�SURSHU�FRPPRQV�PDWK�

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


UHVFKHGXOH
`

GHVWUR\ ^

WDVN�FDQFHO
`

DFWLYDWH ^
ORJ�LQIR��$FWLYDWH DW ��VHOISRUW�JHW�

GDWD LQSXW�JHW

�GDWD � � RXWSXW�SXW�GDWD�
ORJ�LQIR��1R GDWD DYDLODEOH RQ WKH LQSXW SRUW��

`

RQ6HW3HULRG ^

�VHW3HULRG � FXUUHQW3HULRG� ^

FXUUHQW3HULRG VHW3HULRG
UHVFKHGXOH��
SHULRG�SXW�FXUUHQW3HULRG�

`
`

UHVFKHGXOH ^

�WDVN � 		 �WDVN�LV&DQFHOOHG� WDVN�FDQFHO

WDVN FRQWH[W�VFKHGXOHU�VFKHGXOH���VHFRQGV� FXUUHQW3HULRG� >_

VHOISRUW�SXW�6\VWHP��FXUUHQW7LPH0LOOLV�
@

`
`

`

3HULRGLF7ULJJHU

−

−

−

−



_b*

3HULRGLF7ULJJHU

decdan)kn`an ]`]lpera ahaiajpo
_b*

$SDFKH�
3URFHVV)LOWHU

a*c*

$SDFKH3URFHVV)LOWHU /LJKWWSG3URFHVV)LOWHU
$SDFKH3URFHVV)LOWHU hecdppl`

dppl`
e*a*

pnqa b]hoa

3URFHVV)LOWHU ^

ILOWHU� �3URF,QIR� !

`

$SDFKH426'HSOR\HU ^

DSDFKH)LOWHU 3URFHVV)LOWHU ^

ILOWHU >SURF _ SURF�QDPH �KWWSG�@
`

`

/LJKWWSG426'HSOR\HU ^

OLJKWWSG)LOWHU 3URFHVV)LOWHU ^

ILOWHU >SURF _ SURF�QDPH �OLJKWWSG�@
`

`



,WHP)LOWHU�7! ^

ILOWHU� �7� !

`

$SDFKH426'HSOR\HU ^

DSDFKH)LOWHU ,WHP)LOWHU�3URF,QIR! ^

ILOWHU >SURF _ SURF�QDPH �KWWSG�@
`

`

e*a*

a*c*

_b*

$GDSWLYH(OHPHQW'HOHJDWH _b*

−

−

−

−

−



−

− VHOISRUW
−

3H�
ULRGLF7ULJJHU

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

-YP�
7\SH5HIHUHQFH

-YP7\SH5HIHUHQFH
_b*

-YP7\SH5HIHUHQFH &RQFUHWH'DWD7\SH



_b*
-YP7\SH5HIHUHQFH

j]ia &RQFUHWH'DWD7\SH
-YP7\SH5HIHUHQFH

-YP7\SH3DUDPHWHU

Modeling Support

FCDL 

model

JVM 

model

Code Generation Support

Java

sources
Code generator

Model-to-Text

transformation

Akka

framework

uses

ACTRESS 

Framework

uses

Artifact
Actress 

component

External library 

or tool

_b*

e*a*

KWWS���DNND�LR
KWWSV���JLWKXE�FRP�1HYHUORUG�OLEFSSD

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


_b*

ACTRESS Runtime

accessLogParser accessLog adaptor

apache control

requestCounter

responseSizeCounter

loadMonitor

utilization

scheduler utilController

ApacheQOS

actor

actor with 

event listener

composite

actor

containment

message

passing

− ]`]lpera ahaiajp `ahac]pa

− ogahapkj
]`]lpera ahaiajp ]_p

− _kilkoepa `ahac]pa

− _kilkoepa h]qj_dan

VUF�JHQ VUF



e*a* LQLW GHVWUR\ SUH$FWLYDWH DFWLYDWH

3HULRGLF7ULJJHU

LQLW GHVWUR\
SUH$FWLYDWH

DFWLYDWH

LQLW GHVWUR\

3HULRGLF7ULJJHU

$FW&XVWRP

e*a*

_b*



8WLOL]DWLRQ0RQLWRU

PDLQ

$SDFKH426

_b*
_b*

_b*

3HULRGLF7ULJJHU
_b*

&211 ,1,7
&211 ,1,7

3HULRGLF7ULJJHU 426&RQWURO _b*
386+

.,//

e*a*



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>>

LQLW

LQLW

_b*

− Op]npa`*
,1,7

− Ejepe]hevejc*



− Nqjjejc*

.,// paniej]pejc ld]oa

− Paniej]pejc* .,//

start

end

Started

Running Terminating

Initializing

INIT()

KILL()

GHVWUR\

e*a*

KWWS���GRF�DNND�LR�GRFV�DNND�������JHQHUDO�DFWRU�V\VWHPV�KWPO

KWWS���HGLWLRQ�FQQ�FRP������7(&+�VRFLDO�PHGLD�������IDFHERRN�RXWDJH�LQGH[�KWPO

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

K^fa_p ?kjopn]ejp H]jcq]ca
Aloehkj R]he`]pekj H]jcq]ca

_b*

_b*

a*c*

/RDG0RQLWRU VL]H UHTXHVWV
$FFXPXODWRU

#2&/�LQY'LIIHUHQW6RXUFH �
VHOI�SRUWV
�!VHOHFW�S _ S�QDPH 
VL]H
 __ S�QDPH 
UHTXHVWV
� �� VHOHFW SRUWV
�!FROOHFW�S _ S�FRQQHFWLRQV� �� VHOHFW WKHLU FRQQHFWV
�!FROOHFW�S _ S�SDUHQW� �� VHOHFW RZQLQJ LQVWDQFHV
�!DV6HW���!VL]H�� � �� WKHUH PXVW EH WZR GLIIHUHQW RQHV

��
/RDG0RQLWRU ^

KWWS���ZZZ�HFOLSVH�RUJ�PRGHOLQJ�HPI�"SURMHFW YDOLGDWLRQ
VHOI $GDSWLYH(OHPHQW,QVWDQFH $GDSWLYH(OH�

PHQW7\SH $GDSWLYH(OHPHQW,QVWDQFH

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


e*a*

XWLO&RQWUROOHU

! ( DFFHVV/RJ3DUVHUactivate → (♦ XWLO&RQWUROOHUactivate))

DFFHVV/RJ3DUVHUactivate XWLO&RQWUROOHUactivate
DFFHVV/RJ3DUVHU XWLO&RQWUROOHU

DFWLYDWH ]hs]uo (!)

DFFHVV/RJ3DUVHU DFWLYDWH XWLO&RQWUROOHU
DFWLYDWH arajpq]hhu (♦)

DFFHVV/RJ3DUVHU $FFHVV/RJ3DUVHU
〈 ⇑ (OLQHV); ∅; ⇑ (UHTXHVWV, VL]H) 〉

�� DFW DFWLYDWH�OLQHV� � VL]H� UHTXHVWV�
DFFHVV/RJ3DUVHUBDFWLYDWH �DFFHVV/RJ3DUVHU#DFWBDFWLYDWH�

�� SRUWV
DFFHVV/RJ3DUVHUBSRUWBOLQHV  >�@ ^ `�
DFFHVV/RJ3DUVHUBSRUWBVL]H  >�@ ^ `�
DFFHVV/RJ3DUVHUBSRUWBUHTXHVWV  >�@ ^ `�

DFFHVV/RJ3DUVHU�� ^
�� ZKLFK LQWHUDFWLRQ KDV EHHQ H[HFXWHG

DFW  ��

�� LQILQLWH SURFHVV
�

�� IRU DFWLYDWLRQ
�

�� DFW DFWLYDWH�OLQHV� � VL]H� UHTXHVWV�
�� DFFHVV/RJ3DUVHUBSRUWBOLQHV " 386+ �! DFW  ��
�



�� HOHPHQW DFWLYDWLRQV
H[HFXWLQJ�

�� DFW DFWLYDWH�OLQHV� � VL]H� UHTXHVWV�
�� DFW   � �!

DFWBDFWLYDWH�
DFFHVV/RJ3DUVHUBSRUWBVL]H � 386+�
DFFHVV/RJ3DUVHUBSRUWBUHTXHVWV � 386+�

�

DFW  ��
�

`

DFFHVV/RJ3DUVHU

_b* _b*

ap ]h*



_b*

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

...

− @aoecj*
_b*

− Rane|_]pekj*

− ?k`a Cajan]pekj*
_b*

− Nae|_]pekj*

KWWS���HSLVSLQ�HZL�WXGHOIW�QO�
KWWS���PDWUL[�XQL�PE�VL�HQ�VFLHQFH�WRROV�HFOLSVH�SOXJ�LQ�IRU�VSLQ�

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


a*c*

− Ata_qpekj ]j` @alhkuiajp*

− Paopejc*

KWWS���MFS�RUJ�HQ�MVU�GHWDLO"LG ��

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










_b* _b*
_b*

a*c*

atpanj]h



\\pda da]np ]j` okqh kb ik`ah)`neraj okbps]na `arahkliajp##



`a_h]n]pera eilan]pera kl)
an]pekj]h du^ne`

a*c*

patp)
atlhe_ep

a*c*

_k`a)atlhe_ep

−

−

−

−

KWWS���[WHQG�ODQJ�RUJ

http://xtend-lang.org


#

#O

#T

#

#H

#T

#H

# #I #C

# #I #C

Eilan]peraK?H

KWWS���ZZZ�HFOLSVH�RUJ�PRGHOLQJ�PGW�"SURMHFW RFO
KWWS���SURMHFWV�HFOLSVH�RUJ�SURMHFWV�PRGHOLQJ�PPW�TYW�RPO
KWWS���ZZZ�HFOLSVH�RUJ�DFFHOHR�
KWWS���[WH[W�RUJ

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


Aloehkj R]he`]pekj H]jcq]ca
Aloehkj Pn]jobkni]pekj H]jcq]ca

Aloehkj Cajan]pekj H]jcq]ca

Aloehkj K^fa_p H]jcq]ca

=ph]o Ik`ah I]j]caiajp =n_depa_pqna
=ph]o Pn]jobkni]pekj H]jcq]ca

Klaj=n_depa_pqnaS]na

KWWS���ZZZ�RSHQDUFKLWHFWXUHZDUH�RUJ�
KWWS���ZZZ�HFOLSVH�RUJ�[WHQG�GRFXPHQWDWLRQ�KWPO�WHPSODWHV

KWWS���EORJ�HIIWLQJH�
GH���������[WHQG���VXFFHVVRU�WR�[SDQG�KWPO

KWWS���ZZZ�HFOLSVH�RUJ�;WH[W�GRFXPHQWDWLRQ�KWPO�YDOLGDWLRQ

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


− Ik`ah J]rec]pekj*
j]rec]pekj ik`e|_]pekj

Pda K^fa_p ?kj)
opn]ejp H]jcq]ca \\Oa_kj`( ep eo _kil]_p( uap lksanbqh* Ukq
_]j snepa odknp ]j` pk)pda)lkejp atlnaooekjo pd]p `k ] hkp##

ap ]h*
ap ]h*

a*c*

− Ejr]ne]jpo ?]lpqnejc ?kjopnq_po*
ap ]h*



oqllknp bkn qoan baa`^]_g
oqllknp bkn `e{anajp haraho kb oaranepu

oqllknp bkn _kjopn]ejp `alaj`aj_u
}ate^ha _kjpatp `a|jepekj

oqllknp bkn ej_kjoeopaj_u nal]en

\\mqe_g |tao##
oqllknp bkn ejr]ne]jp naqoa

− Oal]n]pekj kb ?kj_anjo

a*c*

e*a*

a*c* KWWSV���EXJV�HFOLSVH�RUJ�EXJV�VKRZBEXJ�FJL"LG ������
KWWS���ELW�O\��E.[&X� KWWS���ELW�O\��E.[YL�

KWWSV���EXJV�HFOLSVH�RUJ�EXJV�VKRZBEXJ�FJL"LG ������
KWWSV���EXJV�HFOLSVH�RUJ�EXJV�VKRZBEXJ�FJL"LG ������

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


e*a*

a*c*

�! � RFO$V6HW��
FROOHFW��

XQGHILQHG

RFO&RQWDLQHU��
FRQWDLQHU�� H&RQWDLQHU��

a*c*
UHSODFH)LUVW�� UHSODFH��

ap ]h*

KWWS���DQW�DSDFKH�RUJ�

KWWS���ZZZ�HFOLSVH�RUJ�IRUXPV�LQGH[�SKS�W��������

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


_b*

0RGHO(OHPHQW
� KDV$QQRWDWLRQ�QDPH � � �  

�DQQRWDWLRQV�! �VW_VW�QDPH  QDPH�

0RGHO(OHPHQW��KDV$QQRWDWLRQ�QDPH� � � ^
�DQQRWDWLRQV�! �VW_VW�QDPH  QDPH�

`

> KDV$QQRWDWLRQ�HOHP � (OHPHQW� QDPH � � �  
HOHP�DQQRWDWLRQV�! �VW_VW�QDPH  QDPH� �@

0RGHO(OHPHQW � KDV$QQRWDWLRQ�QDPH� ��
 �DQQRWDWLRQV�! �VW_VW�QDPH  QDPH��



1

2

1 2

a*c*



e*a*

hkkg)]j`)baah

− @aoecja` ]o ] He^n]nu*

− D]rejc ] _kiikj ejbn]opnq_pqna*

@ki]ej)Ola_e|_ Ai^a``a` H]jcq]ca



− Oeieh]n pk ateopejc @OHo*

VHOHFW�� FROOHFW��

− ?kilapepera Lanbkni]j_a

− Decdhu qo]^ha pkkh oqllknp*
e*a*

a*c*

− @OH oqllknp*
}ate^ha

atpajoe^ha
hkkg)]j`)baah

− Op]pe_ pula o]bapu sepd pula ejbanaj_a*

− Bqj_pekj]h paj`aj_eao*



− Nqjpeia _kil]pe^ehepu

− ?kilapepera lanbkni]j_a

_b*

−

KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�/LVWBRIB-90BODQJXDJHV
KWWS���JURRY\�FRGHKDXV�RUJ�
KWWS���F\ORQ�ODQJ�RUJ
KWWS���JURRY\�FRGHKDXV�RUJ�7\SH�FKHFNLQJ�H[WHQVLRQV

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


−

%RROHDQ LPSOLHV

([WHQGHG%RROHDQ�D� %RROHDQ� ^

LPSOLHV�E� %RROHDQ� �D __ E
`

LPSOLHV
hkkg)]j`)baah

D
E
F D LPSOLHV E

− _]hh)^u)j]ia e*a*
a*c* E

LPSOLHV D

− ietej)_h]oo _kilkoepekj
([�

WHQGHG%RROHDQ

0\([WHQVLRQV ^

([WHQGHG%RROHDQ�D� %RROHDQ� ^ `

`

0\&ODVV 0\([WHQVLRQV ^

F D LPSOLHV E
`





e*a*
e*a*



0DLQ

V\VWHP�W\SHV
�!VHOHFW�H _ H�DQQRWDWLRQV�!H[LVWV�D _ D�QDPH  
0DLQ
��
�!FROOHFW�H _ H�QDPH�

\\cap jkeoa## a*c* V\VWHP�JHW7\SHV (/LVW (0DS

_b*

7\SHV3DFNDJH6FDOD6XSSRUW (0)6FDOD6XSSRUW ^
&RQWURO6\VWHP6FDOD6XSSRUW�WKDW� &RQWURO6\VWHP� ^

W\SHV WKDW�JHW7\SHV
GDWD7\SHV WKDW�JHW'DWD7\SHV

`
`

a*c* V\V�
WHP�W\SHV (0)6FDOD6XSSRUW

e*a* (/LVW %XIIHU (0DS
0DS

LPSOLHV _b*

V\VWHP�W\SHV
�ILOWHU�H H�DQQRWDWLRQV H[LVWV �D D�QDPH �0DLQ���
�PDS�H H�QDPH�

V\VWHP &RQWURO6\VWHP _b*



V\VWHP�W\SHV FROOHFW ^
F� &RPSRVLWH7\SH F�DQQRWDWLRQV�!H[LVWV�B�QDPH �0DLQ�� F�OLQNV

`

FROOHFW FDVH LI
 !

V\VWHP�W\SHV
�!VHOHFW�H _ H�RFO,V.LQG2I�&RPSRVLWH7\SH��
�!FROOHFW�H _ H�RFO$V7\SH�&RPSRVLWH7\SH��
�!VHOHFW�H _ H�DQQRWDWLRQV�!H[LVWV�D _ D�QDPH  
0DLQ
��
�!FROOHFW�H _ H�OLQNV�

V\VWHP�W\SHV PDS �B�SRUWV� FROOHFW ^
S 3RUW�B� ,1387� 386+� S
S 3RUW�B� 287387� 38//� S

`

V\VWHP�W\SHV PDS �B�SRUWV�

3RUW�B� ,1387� 386+�

S 3RUW�����

XQDSSO\

7\SHV3DFNDJH6FDOD6XSSRUW (0)6FDOD6XSSRUW ^
3RUW6FDOD6XSSRUW�WKDW� 3RUW� ^

3RUW ^

XQDSSO\�WKDW� 3RUW�� 6RPH>�6WULQJ� 3RUW7\SH� 3RUW0RGH�@
6RPH��WKDW�JHW1DPH� WKDW�JHW3RUW7\SH� WKDW�JHW3RUW0RGH��

_b*

a*c* QDPH�WR8SSHU&DVH



0..1

1..1

1DPHG(OHPHQW 0RGHO(OHPHQW ^

6WULQJ JHW1DPH���

`

2SWLRQ

1DPHG(OHPHQW6FDOD6XSSRUW�WKDW� 1DPHG(OHPHQW� ^
QDPH� 2SWLRQ>6WULQJ@ 2SWLRQ�WKDW�JHW1DPH�

`

2SWLRQ

VHOI�QDPH PDS �B�WR8SSHU&DVH� JHW2U(OVH �12 1$0(�

HOHP  $GDSWLYH(OHPHQW7\SH�
HOHP�QDPH  �0\&RPSRVLWH��
HOHP�DFWLYH  �

D3RUW  3RUW�
D3RUW�QDPH  �D3RUW��
D3RUW�SRUW7\SH  3RUW7\SH�,1387�
D3RUW�SRUW0RGH  3RUW0RGH�386+�
HOHP�SRUWV�DGG�D3RUW��

HOHP $GDSWLYH(OHPHQW7\SH�QDPH �0\(OHPHQW��
HOHP�DFWLYH
HOHP�SRUWV � 3RUW�SRUW7\SH ,1387� SRUW0RGH 386+� QDPH �D3RUW��

KWWS���ZZZ�VFDOD�ODQJ�RUJ�DSL�FXUUHQW�LQGH[�KWPO�VFDOD�2SWLRQ
B

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


$GDSWLYH(OHPHQW7\SH�����
DSSO\ $GDSWLYH(OHPHQW7\SH e*a* $GDSWLYH(OHPHQW7\SH�DSSO\�����

−

− hkop
−

− a*c*

− #JHQHUDWHG
−

e*a* VUF�JHQ

$GDSWLYH(OHPHQW'HFO

− VUF�JHQ�����$GDSWLYH(OHPHQW'HFO�MDYD
− VUF�JHQ�����LPSO�$GDSWLYH(OHPHQW'HFO,PSO�MDYD

VUF�����$GDSWLYH(OHPHQW'HFO,PSO'HOHJDWH�VFDOD

$GDSWLYH(OHPHQW'HFO FUHDWH$GDSWLYH(OHPHQW'HFO��
^
$GDSWLYH(OHPHQW'HFO,PSO'HOHJDWH DGDSWLYH(OHPHQW'HFO  

$GDSWLYH(OHPHQW'HFO,PSO'HOHJDWH���

KWWS���ILNRYQLN�JLWKXE�LR�6LJPD�
PRGHO�QDYLJDWLRQ�DQG�PRGLILFDWLRQ�KWPO

KWWS���ZZZ�VOLGHVKDUH�QHW�PH\VKROGW�FRGHJHQHUDWLRQ�JRRGLHV
KWWS���ZLNL�HFOLSVH�RUJ�0RGHOLQJB:RUNIORZB(QJLQHB

�0:(�

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)


DGDSWLYH(OHPHQW'HFO�
`

$GDSWLYH(OHPHQW'HFO,PSO'HOHJDWH $GDSWLYH(OHPHQW'HFO,PSO

$GDSWLYH(OHPHQW'HFO,PSO'HOHJDWH $GDSWLYH(OHPHQW'HFO,PSO ^

SURSHUWLHV WKDW�GHFODUDWLRQV FROOHFW ^
[� 3URSHUW\'HFO [

`

`

_b*

_b*

9DOLGDWLRQ&RQWH[W

,QWHUDFWLRQ&RQWUDFW9DOLGDWLRQ&RQWH[W 9DOLGDWLRQ&RQWH[W
,QY0HWKRGV 7\SHV3DFNDJH6FDOD6XSSRUW ^

6HOI ,QWHUDFWLRQ&RQWUDFW
`

,QY0HWKRGV

7\SHV3DFNDJH6FDOD6XSSRUW
_b*



e*a*

LQY'DWD5HTXLUHPHQWV+DYH2QO\3XOO,QSXW3RUWV VHOI�UHTXLUHPHQWV IRUDOO ^ S
S�SRUW7\SH ,1387 		 S�SRUW0RGH 38//

`

@]p]NamqenaiajpoD]raKjhuLqhhEjlqpLknpo

LQY
9DOLGDWLRQ5HVXOW _b* ,Q�

Y0HWKRGV
VHOI

9DOLGDWLRQ5HVXOW

3DVVHG &DQFHOHG
:DUQLQJ

(UURU

LQY'DWD5HTXLUHPHQWV+DYH2QO\3XOO,QSXW3RUWV ^
UHV VHOI�UHTXLUHPHQWV IRUDOO ^ S

S�SRUW7\SH ,1387 		 S�SRUW0RGH 38//
`

�UHV� 3DVVHG
(UURU��'DWD UHTXLUHPHQWV FDQ RQO\ GHILQH SXOO LQSXWV SRUWV��

`

Pda #@]p]NamqenaiajpoD]raKj)
huLqhhEjlqpLknpo# _kjopn]ejp eo rekh]pa` kj #Ejpan]_pekj?kjpn]_p$***%#

e*a*

R =⇓ (in1, . . . , inn) ini ∈ I⇓

e*a*
∃in ∈ R p *∈ I⇓ _b*

LQY'DWD5HTXLUHPHQWV+DYH2QO\3XOO,QSXW3RUWV ^
VHOI�UHTXLUHPHQWV ILQG ^ S S�SRUW7\SH � ,1387 __ S�SRUW0RGH � 38// ` ^

1RQH 3DVVHG
6RPH�S�

(UURU�V�3RUW 
�^S�QDPH`
 LV QRW DQ SXOO LQSXW SRUW���



�TXLFN)L[�V�5HPRYH 
�^S�QDPH`
 IURP LQWHUDFWLRQ FRQWUDFW GDWD UHTXLUHPHQWV�� ^
VHOI�UHTXLUHPHQWV � S

`

`
`

LQY'DWD5HTXLUHPHQWV+DYH8QLTXH3RUWV ^
VHOI�UHTXLUHPHQWV�GLVWLQFW�VL]H VHOI�UHTXLUHPHQWV�VL]H

`



e*a*

LQY'DWD5HTXLUHPHQWV+DYH8QLTXH3RUWV JXDUGHG%\ ^
VHOI VDWLVILHV LQY'DWD5HTXLUHPHQWV+DYH2QO\3XOO,QSXW3RUWV

` FKHFN ^
VHOI�UHTXLUHPHQWV�GLVWLQFW�VL]H VHOI�UHTXLUHPHQWV�VL]H

`

&DQFHOHG

#,JQRUH

,QWHUDFWLRQ&RQWUDFW9DOLGDWLRQ&RQWH[W 9DOLGDWLRQ&RQWH[W
,QY0HWKRGV 7\SHV3DFNDJH6FDOD6XSSRUW ^

6HOI ,QWHUDFWLRQ&RQWUDFW

JXDUG ��VHOI�DQQRWDWLRQV H[LVWV �B�QDPH �,JQRUHG���

`

1DPHG(OHPHQW

9DOLGDWLRQ&RQWH[W

1DPH9DOLGDWLRQ&RQWH[W 9DOLGDWLRQ&RQWH[W ,QY0HWKRGV ^

6HOI ^ JHW1DPH��� 6WULQJ `

LQY1RQ(PSW\1DPH VHOI�JHW1DPH�QRQ(PSW\
`

,QWHUDFWLRQ&RQWUDFW9DOLGDWLRQ&RQWH[W 9DOLGDWLRQ&RQWH[W
,QY0HWKRGV 7\SHV3DFNDJH6FDOD6XSSRUW 1DPH9DOLGDWLRQ&RQWH[W ^

`



,QWHUDFWLRQ&RQWUDFW9DOLGD�
WLRQ&RQWH[W

9DOLGDWLRQ&RQWH[W
&RQVWUDLQW

,QY0HWKRGV

,QY%XLOGHU

,QWHUDFWLRQ&RQWUDFW9DOLGDWLRQ&RQWH[W 9DOLGDWLRQ&RQWH[W ,QY%XLOGHU
7\SHV3DFNDJH6FDOD6XSSRUW ^

FRQVWUDLQW��'DWD5HTXLUHPHQWV+DYH2QO\3XOO,QSXW3RUWV��
�FKHFN ^

UHV VHOI�UHTXLUHPHQWV IRUDOO ^ S
S�SRUW7\SH ,1387 		 S�SRUW0RGH 38//

`

�UHV� 3DVVHG
(UURU��'DWD UHTXLUHPHQWV FDQ RQO\ GHILQH SXOO LQSXWV SRUWV��

`

FRQVWUDLQW��'DWD5HTXLUHPHQWV+DYH8QLTXH3RUWV��
�JXDUGHG%\ ^ VHOI VDWLVILHV �'DWD5HTXLUHPHQWV+DYH2QO\3XOO,QSXW3RUWV� `
�FKHFN ^
VHOI�UHTXLUHPHQWV�GLVWLQFW�VL]H VHOI�UHTXLUHPHQWV�VL]H

`
`

YDOLGDWH



_b*

OD]\ DEVWUDFW
#/D]\ #$EVWUDFW

;)&'/�)&'/ 0�0 5XOH0HWKRGV
;IFGO3DFNDJH6FDOD6XSSRUW 7\SHV3DFNDJH6FDOD6XSSRUW ^

WDUJHW0HWD0RGHOV 6HT�7\SHV3DFNDJH�H,167$1&(�

UXOH$GDSWLYH(OHPHQW�VRXUFH� $GDSWLYH(OHPHQW'HFO� WDUJHW� $GDSWLYH(OHPHQW7\SH�
JXDUGHG%\ ^

VRXUFH�UROH � &20326,7(
` WUDQVIRUP ^

WDUJHW�QDPH VRXUFH�QDPH
WDUJHW�DFWLYH VRXUFH�DFWLYH

`
`



0�0

5XOH0HWKRGV
UXOH$GDSWLYH(OHPHQW

UXOH$GDSWLYH(OHPHQW

− Nacqh]n nqha

UXOHName�VRXUFH� 6� WDUJHW1� 71� ���� WDUJHWn� 7n�� 8QLW

UXOHName�VRXUFH� 6� WDUJHW1� 71� ���� WDUJHWn� 7n�� 2SWLRQ>8QLW@

6 71

UXOH$GDSWLYH(OHPHQW

− Atlhe_ep p]ncap nqha

UXOHName�VRXUFH� 6�� 7

UXOHName�VRXUFH� 6�� 2SWLRQ>7@

6�7

UXOH$GDSWLYH(OHPHQW

UXOH$GDSWLYH(OHPHQW�VRXUFH� $GDSWLYH(OHPHQW'HFO� JXDUGHG%\ ^
VRXUFH�UROH � &20326,7(

` WUDQVIRUP ^
WDUJHW $GDSWLYH(OHPHQW7\SH�QDPH VRXUFH�QDPH� DFWLYH VRXUFH�DFWLYH�

WDUJHW
`

− L]npe]h nqha

UXOHName  SDUWLDO>6�7@� 3DUWLDO)XQFWLRQ>6�7@



UXOH$GDSWLYH(OHPHQW SDUWLDO>$GDSWLYH(OHPHQW'HFO� $GDSWLYH(OHPHQW7\SH@ ^
VRXUFH VRXUFH�UROH � &20326,7(
WDUJHW $GDSWLYH(OHPHQW7\SH�QDPH VRXUFH�QDPH� DFWLYH VRXUFH�DFWLYH�
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Central schedd

network

LocalControl control layer

loadController: LoadController

system layer
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: FileWriter
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ProcessCounter

out  output

processes

: PS
processFilter

: ItemFilter

counter: Size

predicate=...

in  input

out output

in  input

out outputout output

3URFHVV&RXQWHU

Pda lkooe^ehepu pk atpaj` pda bn]iaskng pk ]`` jas ba]pqnao kn pk ejpacn]pa ep sepd
kpdan bn]iaskngo

Pda ]ikqjp kb _kilqpejc naokqn_ao ]j` _k`a namqena` ^u ] lnkcn]i pk lanbkni ]
bqj_pekj

KWWS���OHWLWFUDVK�FRP�SRVW����������������PLOOLRQ�PHVVDJHV�SHU�VHFRQG�RQ�D�VLQJOH�PDFKLQH

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

Actor Model

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

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

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

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

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

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

xFCDL

(Xbase)

(custom implementation in Scala)

(Scala)

(Scala)

]ceha `arahkliajp lnk_aoo



hecdpsaecdp

a*c*

_b*

_b*
KWWS���ZZZ�\RXUFDVW�IU�
KWWS���YHORFLW\�DSDFKH�RUJ�

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


pula)
ebo LQVWDQFHRI RFO,V.LQG2I

a*c*

ik`qh]nepu
naqoa

atpajoekj
e*a*

_b*

WHVW��$GDSWLYH(OHPHQW'HFO WR $GDSWLYH(OHPHQW7\SH UXOH�� ^

VRXUFH $GDSWLYH(OHPHQW'HFO�QDPH �DQ(OHP�� DFWLYH �
VRXFH�SRUWV � 3RUW'HFO�QDPH �D3RUW�� SRUW7\SH ,1387� SRUW0RGH 386+�

WDUJHW $GDSWLYH(OHPHQW7\SH��

DV,QVWDQFH2I
KWWS���ZZZ�VFDODWHVW�RUJ�

http://www.scalatest.org/


22�'%���UXOH$GDSWLYH(OHPHQW�VRXUFH�WDUJHW�

WDUJHW�QDPH VKRXOG EH ��DQ(OHP��
WDUJHW�SRUWV VKRXOG KDYH VL]H �
LQVLGH �WDUJHW�SRUWV���� ^ %XIIHU�3RUW�QDPH� SRUW7\SH� SRUW0RGH��
QDPH VKRXOG EH ��D3RUW��
SRUW7\SH VKRXOG EH �,1387�
SRUW0RGH VKRXOG EH �386+�

`
`

KWWS���VFDOD�LGH�RUJ�

http://scala-ide.org/


e*a*

KWWSV���JLWKXE�FRP�ILNRYQLN�6LJPD�WUHH�GHYHORS�H[DPSOHV�IU�XQLFH�L�V�VLJPD�
H[DPSOHV�SHUIRUPDQFH

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


_b*

`aal

_b*

hecdpsaecdp



a*c*

a*c*

ap ]h*

e*a* \\pda p]ncap ]q`eaj_a gjkso pda dkop
h]jcq]ca kn( ]p ha]op( eo jkp nahq_p]jp pk ha]nj ep*## ap ]h*

a*c*

ap ]h*

_b*







e*a*



ap ]h*



a*c*

ap ]h*



Vjj*_ki

oahb)&
ap ]h* ap ]h*

VSHHG  WLPH � GLVWDQFH ap
]h* i^a``n

ap ]h*

a*c*

KWWS���ZZZ�JUDSKYL]�RUJ�
KWWS���ZZZ�HFOLSVH�RUJ�JHI�]HVW�

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


e*a*

a*c*

oahb



ap ]h*
ap ]h* ap ]h*

_b*



e*a*

ap ]h*

a*c*

Hecdpsaecdp Ik`qh]n Op]cejc
e*a*

KWWS���ZZZ�DQWOU�RUJ�

http://www.antlr.org/


LQY/HVV7KDQ�3RUWV VHOI�W\SHV IRUDOO ^ [ [�SRUWV�VL]H � � `
LQY$W/HDVW�3RUWV VHOI�W\SHV H[LVWV ^ [ [�SRUWV�VL]H ! � `

∀(x)(Port(x)∧ (ports(x) < 3))

∃(x)(Port(x)∧ (ports(x) >= 3))

a*c*

UXOH$GDSWLYH(OHPHQW�VRXUFH� $GDSWLYH(OHPHQW'HFO� WDUJHW� $GDSWLYH(OHPHQW7\SH�
UXOH3URSHUW\�VRXUFH� 3URSHUW\'HFO� WDUJHW� 3URSHUW\�

LW VRXUFH�H$OO&RQWHQWV
�LW�KDV1H[W� ^
[ LW�QH[W

�[�LV,QVWDQFH2I>$GDSWLYH(OHPHQW'HFO@� ^
UXOH$GDSWLYH(OHPHQW�[�DV,QVWDQFH2I>$GDSWLYH(OHPHQW'HFO@�
FUHDWH>$GDSWLYH(OHPHQW7\SH@�

�[�LV,QVWDQFH2I>3URSHUW\'HFO@�
UXOH$GDSWLYH(OHPHQW�[�DV,QVWDQFH2I>3URSHUW\'HFO@� FUHDWH>3URSHUW\@�

ORJJHU ZDUQ �V�1R UXOH WR WUDQVIURP �^[`���
`

KWWS���\LFHV�FVO�VUL�FRP�

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


_b*

��ZDLWLQJ�� LQGHQW ^
��LI�

�LF HOHP�FRQWUDFWV� ^
LQGHQW ^ �V��� �^LF`� `
�����
LQGHQW ^ JHQ$FWLYDWLRQ&RQGLWLRQ�LF� `

`
��IL��

`

VE DSSHQG �ZDLWLQJ�?Q�
VE DSSHQG �LI?Q�

�LF HOHP�FRQWUDFWV� ^
VE DSSHQG �?W�� �^LF`?Q�
VE DSSHQG ���?Q�
^

`
VE DSSHQG �?Q�

`
VE DSSHQG �IL�?Q�

a*c*

=^opn]_p Oujp]t Pnaao









−
Lnk_aa`ejc kb pda .j` skngodkl

kj Cne`o iaapo ]qpkjkie_ _kilqpejc $CI=? #-,%

−
Lnk_aa`ejc kb pda

4pd EAAA+=?I Ejpanj]pekj]h ?kjbanaj_a kj =qpkjkie_ ?kilqpejc $E?=?#--%

−
Lnk_aa`ejco kb pda ./n`

Ejpanj]pekj]h ?kjbanaj_a kj Okbps]na Ajcejaanejc ]j` Gjksha`ca Ajcejaanejc $OAGA#--%

−
Lnk_aa`ejco kb pda .,-. Ejpan)

j]pekj]h Skngodkl kj K?H ]j` Patpq]h Ik`ahhejc $K?H#-.%

−
Lnk_aa`ejco kb pda

Lnk_aa`ejco kb pda 3pd Ejpanj]pekj]h Skngodkl kj ik`aho<nqj*peia $INP#-.%

− ACE Pa_dje_]h Bknqi

− Fkqnjaƌao j]pekj]hao `q Cnkqlaiajp @a Na_dan_da ?JNO `q Caƌjea `a h] Lnkcn]ii]pekj ap `q
Hkce_eah $C@N)CLH#-.%

− A_heloa?kj Aqnkla .,-. Ik`ahejc Ouilkoeqi

KWWS���ZZZ�VOLGHVKDUH�QHW�NULNDYD�HQULFKLQJ�HPI�PRGHOV�ZLWK�VFDOD

− 0pd ]jjq]h O_]h] Skngodkl .,-/

KWWS���ZZZ�VOLGHVKDUH�QHW�NULNDYD�HQULFKLQJ�HPI�PRGHOV�ZLWK�VFDOD

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



ModelElement

-name : string

NamedElement

-name : string

Annotat ion

-name : string

-value : string

AnnotationNameValuePairControlSystem

-active : boolean = false

-role : AdaptiveElementRole

+newInstance(feature : ContainedFeature) : AdaptiveElementInstance

+newInstance(feature : ReferencedFeature) : AdaptiveElementReference

AdaptiveElementType

+merge(other : InteractionContract) : InteractionContract

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

InteractionContract

PortDisjunction

-mapping : Map[String,String]

ConcreteDataType

-required : boolean = true

-defaultValue : DataValue

Property

DataTypeParameter

-portType : PortType

-portMode : PortMode

-multiport : boolean = false

-provided : boolean = false

Port

+newInstance() : CompositeInstance

CompositeType

Feature

ContainedFeature

DataTypeArgument

-endpoint : URI

ReferencedFeature

-property : Property

PropertyValue

PortReference

-promotion : boolean = false

L ink

DataType

DataTypedElement

1..*

1

features

parent

1

type

0..*

optEmissions

0..* typeArguments

1

port

0..*

propertyValues

1..*

1

links

parent

1..*ports

1

feature

1

target

1composite

1..*

1

ports

parent

1

source

0..*

reqEmissions

1..*types

1..*

activations

0..*

typeParameters

0..*

requirements

1feature

0..*

1

annotations

parent

0..*

1

properties

parent

1..*

dataTypes

1 dataType

0..* associatedContracts

0..*

arguments

1

parameter



AdaptiveElementInstance

CompositeInstance

-portMode : PortMode

PortInstance

DataTypeInstancePropertyInstance

LinkInstance

+newInstance(feature : ContainedFeature) : AdaptiveElementInstance

+newInstance(feature : ReferencedFeature) : AdaptiveElementReference

AdaptiveElementType

+newInstance() : CompositeInstance

CompositeType

-endpoint : URL

AdaptiveElementReferenceFeature

Port

ConcreteDataType

Property

PropertyValue

+merge(other : InteractionContract) : InteractionContract

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

InteractionContract

<<creates>>

0..*

1 properties

parent

1source

0..* reqEmissions

1

property 1dataType

1..*

1

instances

parent

1type

0..* requirements

1target

0..*

1
properties

parent

1..*

1 ports

parent

0..* associatedContracts

0..*

1

promotions

parent

0..*optEmissions

1..*

1

features

parent

1

port

0..* connections

1..*

1

ports

parent

1..*

contracts

1 feature 0..1 value

<<creates>>

<<creates>>



JHW&RQWUDFWV��� (/LVW>,QWHUDFWLRQ&RQWUDFW@ ^

H[HF3DWK�SRUW,QVW� 3RUW,QVWDQFH�� %XIIHU>,QWHUDFWLRQ&RQWUDFW@ ^
H[HF3DWK��YLVLWHG� %XIIHU>3RUW,QVWDQFH@��SRUW,QVW� 3RUW,QVWDQFH��

%XIIHU>,QWHUDFWLRQ&RQWUDFW@ ^

YLVLWHG � SRUW,QVW

HOHP SRUW,QVW�SDUHQW

LF SRUW,QVW�FRQWUDFWV�WR/LVW ^
[ �� [V ]�ݹ �� [V��B PHUJH B�
1LO ݹ

V\V�HUURU�V�1R LQWHUDFWLRQ FRQWUFDW DVVRFLDWHG ZLWK SRUW �SRUW,QVW��
`

WR9LVLW �LF�UHTXLUHPHQWV �� LF�HPLVVLRQV ��
LF�DFWLYDWLRQ�PDS�B�SRUWV��IODWWHQ�

WR9LVLW,QVW WR9LVLW PDS ^ S �S�HOHP�JHW3RUWݹ `

WR9LVLW1HZ WR9LVLW,QVW �� YLVLWHG

QH[W WR9LVLW1HZ PDS ^ S ݹ
SDWKV S�FRQQHFWLRQV PDS H[HF3DWK��YLVLWHG�

SDWKV�IODWWHQ
`
LF �� QH[W�IODWWHQ

`

H[HF3DWK��%XIIHU����SRUW,QVW�
`

SURPRWH�LF� ,QWHUDFWLRQ&RQWUDFW� ^
SURPRWLRQ� 3DUWLDO)XQFWLRQ>3RUW� 3RUW@ ^

S �SURPRWLRQV�H[LVWV�B�VRXUFH�SRUW S� ݹ
�SURPRWLRQV�ILQG�B�VRXUFH�SRUW S��PDS�B�WDUJHW�SRUW��JHW

`

$ LF�DFWLYDWLRQ�PDS ^ GLVM ݹ
SRUWV GLVM�SRUWV�FROOHFW�SURPRWLRQ�

3RUW'LVMXQFWLRQ�SRUWV� B
�
`�ILOWHU�B�SRUWV�QRQ(PSW\�

5 LF�UHTXLUHPHQWV FROOHFW SURPRWLRQ
(UHT LF�UHT(PLVVLRQV FROOHFW SURPRWLRQ
(RSW LF�RSW(PLVVLRQV FROOHFW SURPRWLRQ

,QWHUDFWLRQ&RQWUDFW�DFWLYDWLRQ $� UHTXLUHPHQWV 5�
UHT(PLVVLRQV (UHT� RSW(PLVVLRQV (RSW�

`

VWDUW1RGHV �SURPRWLRQV PDS �B�VRXUFH� FROOHFW ^
S 3RUW,QVWDQFH�,1387� 386+� Sݹ
S 3RUW,QVWDQFH�287387� 38//� Sݹ
S 3RUW,QVWDQFH�6(/)� 386+� Sݹ

`

H[HF3DWKV VWDUW1RGHV PDS H[HF3DWK



PHUJHG H[HF3DWKV PDS ^
B ^

%XIIHU�[� [V B
� ]�ݹ �� [V��B PHUJH B�
`

`

SURPRWHG PHUJHG�GLVWLQFW PDS SURPRWH

SDWKV SURPRWHG�FROOHFW ^
LF LF�DFWLYDWLRQ�H[LVWV�B�SRUWV�QRQ(PSW\� LFݹ

`
SDWKV

`





-name : string

-importSection : XImportSection

Module

-name : string

-role : AdaptiveElementRole

-active : boolean

-dataTypeParameters : JvmTypeParameter

AdaptiveElementDecl

Declaration

Implementat ionDefn

-name : string

-portType : PortType

-portMode : PortMode

-dataType : JvmTypeReference

PortDecl

-name : string

-elementType : JvmTypeReference

FeatureDecl

-dataTypeArguments : JvmTypeReference

ContainedFeatureDecl

-property : JvmIdentifiableElement

-value : XExpression

PropertyDefn

-endpoint : string

ReferenceFeatureeDecl

-name : string

-optional : boolean

-dataType : JvmTypeReference

-defaultValue : XExpression

PropertyDecl

-multiport : boolean

RegularPortDecl

-providedType : ProvidedPortType

ProvidedPortDecl

LinkEndpointDefn

ConnectionDecl

-promotedName : string

PromotionDecl

PortDisjunctionDefn

-optional : boolean

PortEmissionDefn

-name : string

-optional : boolean

InteractionContractDecl

XbaseImplementationDefn

XbaseImplementationPart

-body : XExpression

XbaseInteractionContractDefn

-returnType : JvmTypeReference

-name : string

-parameters : JvmFormalParameter

-body : XExpression

XbaseOperationDefn

-type : JvmTypeReference

-name : string

-right : XExpression

-writeable : boolean

XbaseVariableDefn

-name : string

Annotat ion

(types)

1..*activation

0..1selfport

0..*

requirements

1target

0..*emissions

0..*declarations 1feature

1source

0..*

1

properties

parent

1

port

1..*

1

parts

parent

1 feature

0..*elements

1 source

0..* annotations

0..1

implementation

1..*ports

1

contract

1

composite

1

port



IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�[IFGO�;)&'/ RUJ�HFOLSVH�[WH[W�[EDVH�;EDVH

�KWWS���ZZZ�HFOLSVH�RUJ�[WH[W�[EDVH�;EDVH� [EDVH
�KWWS���DFWUHVV�L�V�XQLFH�IU�PRGHOLQJ�[IFGO�����
�KWWS���ZZZ�HFOLSVH�RUJ�[WH[W�FRPPRQ�-DYD907\SHV� W\SHV
�KWWS���DFWUHVV�L�V�XQLFH�IU�PRGHOLQJ�IFGO�����IFGO�W\SHV� IFGO

0RGXOH�
�
SDFNDJH
 QDPH 4XDOLILHG1DPH�"
LPSRUW6HFWLRQ ;,PSRUW6HFWLRQ"
�HOHPHQWV� $GDSWLYH(OHPHQW'HFO�
�

$GDSWLYH(OHPHQW'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�

�DFWLYH" 
DFWLYH
�" UROH $GDSWLYH(OHPHQW5ROH QDPH 9DOLG,'
�
�
 GDWD7\SH3DUDPHWHUV� -YP7\SH3DUDPHWHU �
�
 GDWD7\SH3DUDPHWHUV� -YP7\SH3DUDPHWHU�
 
!
�"

^

�GHFODUDWLRQV� 'HFODUDWLRQ�

�LPSOHPHQWDWLRQ ,PSOHPHQWDWLRQ'HIQ�"

`
�

$QQRWDWLRQ IFGO��$QQRWDWLRQ�

#
 QDPH 9DOLG,' � !
�
 DUJXPHQWV� $QQRWDWLRQ$UJXPHQW �
�
 DUJXPHQWV� $QQRWDWLRQ$UJXPHQW�



�
�"
�

$QQRWDWLRQ$UJXPHQW IFGO��$QQRWDWLRQ1DPH9DOXH3DLU�
QDPH 9DOLG,' 
 
 YDOXH 675,1*

�

'HFODUDWLRQ�
)HDWXUH'HFO
_ 3URSHUW\'HFO
_ 3RUW'HFO
_ 3URPRWLRQ'HFO
_ &RQQHFWLRQ'HFO
_ ,QWHUDFWLRQ&RQWUDFW'HFO�

)HDWXUH'HFO�
�&RQWDLQHG)HDWXUH'HFO _ 5HIHUHQFHG)HDWXUH'HFO��

&RQWDLQHG)HDWXUH'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�


IHDWXUH
 QDPH 9DOLG,' 
 
 
QHZ
 HOHPHQW7\SH -YP7\SH5HIHUHQFH �
^
 �SURSHUWLHV� 

3URSHUW\'HIQ�
 
`
�"�

5HIHUHQFHG)HDWXUH'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�


IHDWXUH
 QDPH 9DOLG,' 
 
 
UHI
 FRPSRVLWH >$GDSWLYH(OHPHQW'HFO@ 
�
 IHDWXUH >)HDWXUH'HFO@


#
 HQGSRLQW 675,1*�

3URSHUW\'HIQ�
SURSHUW\ >W\SHV��-YP,GHQWLILDEOH(OHPHQW_9DOLG,'@ 
 
 YDOXH ;([SUHVVLRQ�

3URSHUW\'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�

�RSWLRQDO" 
RSWLRQDO
�" 
SURSHUW\
 QDPH 9DOLG,' 
�
 GDWD7\SH -YP7\SH5HIHUHQFH �
 


GHIDXOW9DOXH ;([SUHVVLRQ�"�

3RUW'HFO�

KWWS���ZZZ�HFOLSVH�RUJ�;WH[W�GRFXPHQWDWLRQ�KWPO�JUDPPDU/DQJXDJH

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


5HJXODU3RUW'HFO
_ 3URYLGHG3RUW'HFO�

5HJXODU3RUW'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�

��SRUW0RGH 3RUW0RGH�" 	 �SRUW7\SH 3RUW7\SH�"�
�PXOWLSRUW" 
PXOWLSRUW
 _ 
SRUW
�
QDPH 9DOLG,' 
�

GDWD7\SH -YP7\SH5HIHUHQFH�

3URYLGHG3RUW'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�


SURYLGHG
 SURYLGHG7\SH 3URYLGHG3RUW7\SH QDPH 9DOLG,' 
�
 GDWD7\SH -YP7\SH5HIHUHQFH�

&RQQHFWLRQ'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�


FRQQHFW
 VRXUFH /LQN(QGSRLQW'HIQ 
WR
 WDUJHW /LQN(QGSRLQW'HIQ�

3URPRWLRQ'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�


SURPRWH
 VRXUFH /LQN(QGSRLQW'HIQ �
 
 SURPRWHG1DPH 9DOLG,'�"�

,QWHUDFWLRQ&RQWUDFW'HFO�
�DQQRWDWLRQV� $QQRWDWLRQ�


DFW
 QDPH 9DOLG,' 
�

DFWLYDWLRQ� 3RUW'LVMXQFWLRQ'HIQ �
�
 DFWLYDWLRQ� 3RUW'LVMXQFWLRQ'HIQ�
 
�

�UHTXLUHPHQWV� >3RUW'HFO@ �
�
 UHTXLUHPHQWV� >3RUW'HFO@�
�" 
�

�HPLVVLRQV� 3RUW(PLVVLRQ'HIQ �
�
 HPLVVLRQV� 3RUW(PLVVLRQ'HIQ�
�" 
�
 �RSWLRQDO" 
"
�"�

/LQN(QGSRLQW'HIQ�
IHDWXUH >)HDWXUH'HFO_9DOLG,'@ �
�
� SRUW >3RUW'HFO_9DOLG,'@�

3RUW'LVMXQFWLRQ'HIQ�
SRUWV� >3RUW'HFO@ �
Y
 SRUWV� >3RUW'HFO@�
�

3RUW(PLVVLRQ'HIQ�
SRUW >3RUW'HFO@ �RSWLRQDO" 
"
�"�

,PSOHPHQWDWLRQ'HIQ�

LPSOHPHQWDWLRQ
 ;EDVH,PSOHPHQWDWLRQ'HIQ�

;EDVH,PSOHPHQWDWLRQ'HIQ�
^;EDVH,PSOHPHQWDWLRQ'HIQ` 
[EDVH
 
^

�SDUWV� ;EDVH,PSOHPHQWDWLRQ3DUW�


`
�

;EDVH,PSOHPHQWDWLRQ3DUW�
;EDVH9DULDEOH'HIQ
_ ;EDVH,QWHUDFWLRQ&RQWUDFW'HIQ
_ ;EDVH2SHUDWLRQ'HIQ�

;EDVH,QWHUDFWLRQ&RQWUDFW'HIQ�

DFW
 FRQWUDFW >,QWHUDFWLRQ&RQWUDFW'HFO_9DOLG,'@ ERG\ ;%ORFN([SUHVVLRQ�

;EDVH2SHUDWLRQ'HIQ�

GHI
 QDPH 9DOLG,' �
�
 SDUDPHWHUV� )XOO-YP)RUPDO3DUDPHWHU �
�
 SDUDPHWHUV� 

)XOO-YP)RUPDO3DUDPHWHU�
 
�
�"
�
�
 UHWXUQ7\SH -YP7\SH5HIHUHQFH�" ERG\ ;%ORFN([SUHVVLRQ�

;EDVH9DULDEOH'HIQ�
�ZULWHDEOH" 
YDU
 _ 
YDO
� � ! �QDPH 9DOLG,' 
�
 W\SH -YP7\SH5HIHUHQFH� _ QDPH 9DOLG,'�
�
 
 ULJKW ;([SUHVVLRQ�"�

;9DULDEOH'HFODUDWLRQ [EDVH��;([SUHVVLRQ�
^[EDVH��;9DULDEOH'HFODUDWLRQ` �ZULWHDEOH" 
YDU
 _ 
YDO
� � ! �QDPH 9DOLG,' 
�
 W\SH 

-YP7\SH5HIHUHQFH� _ QDPH 9DOLG,'�
�
 
 ULJKW ;([SUHVVLRQ�"�



-YP)RUPDO3DUDPHWHU W\SHV��-YP)RUPDO3DUDPHWHU�
QDPH 9DOLG,'  ! �
�
 SDUDPHWHU7\SH -YP7\SH5HIHUHQFH�"�

)XOO-YP)RUPDO3DUDPHWHU W\SHV��-YP)RUPDO3DUDPHWHU�
QDPH 9DOLG,' 
�
 SDUDPHWHU7\SH -YP7\SH5HIHUHQFH�

$GDSWLYH(OHPHQW5ROH�
6(1625 
VHQVRU

_ 352&(6625 
SURFHVVRU

_ &21752//(5 
FRQWUROOHU

_ ())(&725 
HIIHFWRU

_ &20326,7( 
FRPSRVLWH
�

3RUW0RGH IFGO��3RUW0RGH�
38// 
SXOO

_ 386+ 
SXVK
�

3RUW7\SH IFGO��3RUW7\SH�
,1387 
LQ

_ 287387 
RXW
�

3URYLGHG3RUW7\SH�
6(1625 
VHQVRU

_ ())(&725 
HIIHFWRU
�

− 0RGXOH &RQWURO6\VWHP

− $GDSWLYH(OHPHQW _kilkoepa &RPSRVLWH7\SH
$GDSWLYH(OHPHQW7\SH

− -YP7\SH3DUDPHWHU 'DWD7\SH3DUDPHWHU

− -YP7\SH5HIHUHQFH 'DWD7\SH -YP7\SH5HIHUHQFH
'DWD7\SH$UJXPHQW

− &RQWDLQHG)HDWXUH'HFO &RQWDLQHG)HDWXUH

− 5HIHUHQFHG)HDWXUH'HFO 5HIHUHQFHG)HDWXUH

− 3URSHUW\'HFO 3URSHUW\

3URSHUW\

− 5HJXODU3RUW'HFO 3RUW

− 3URYLGHG3RUW'HFO 3RUW lnkre`a`



− /LQN(QGSRLQW'HIQ 3RUW5HIHUHQFH

− &RQQHFWLRQ'HFO /LQN

− 3URPRWLRQ'HFO /LQN lnkikpekj

− 3URSHUW\'HIQ 3URSHUW\9DOXH 3URSHUW\'HFO

− 3RUW'LVMXQFWLRQ'HIQ 3RUW'LVMXQFWLRQ

− ,QWHUDFWLRQ&RQWUDFW'HFO ,QWHUDFWLRQ&RQWUDFW namAieooekjo klpA)
ieooekjo klpekj]h 3RUW(PLVVLRQ'HIQ

,QWHUDFWLRQ&RQWUDFW'HFO





GHPR�ZHEVHUYHU

)LOH7DLOHU ^
OLQHV� 6WULQJ

VHOISRUW� 6WULQJ

ILOH� 6WULQJ

DFWLYDWH�VHOISRUW��OLQHV�
`

$FFHVV/RJ3DUVHU ^
OLQHV� 6WULQJ
VL]H�
UHTXHVWV�

DFWLYDWH�OLQHV��UHTXHVWV�VL]H�
`

&RQWHQW$GDSWRU ^
FRQWHQW7UHH�

DFWLYDWH�FRQWHQW7UHH���
`

8WLOL]DWLRQ&RQWUROOHU ^
XWLOL]DWLRQ�
FRQWHQW7UHH�

N�
WDUJHW8WLOL]DWLRQ�
0�

DFWLYDWH�XWLOL]DWLRQ��FRQWHQW7UHH�

^
* 0

DFWLYDWH ^
( WDUJHW8WLOL]DWLRQ � XWLOL]DWLRQ

* * � N 
 (
�* � �� * �
�* ! 0� * 0

*
`

`
`

$FFXPXODWRU ^
LQSXW�
VXP�

RQ,QSXW�LQSXW���
RQ6XP�VXP���

^
YDOXH� /RQJ �/



RQ,QSXW ^
YDOXH YDOXH � LQSXW

`

RQ6XP ^
YDOXH

`
`

`

/RDG0RQLWRU ^
UHTXHVWV�
VL]H�
XWLOL]DWLRQ�

D� 'RXEOH
E� 'RXEOH

DFWLYDWH�XWLOL]DWLRQ�UHTXHVWV�VL]H��

^
ODVW7LPH 6\VWHP��FXUUHQW7LPH0LOOLV

DFWLYDWH ^
HODSVHG 6\VWHP��FXUUHQW7LPH0LOOLV � ODVW7LPH
5 UHTXHVWV�JHW�JHW � HODSVHG
: VL]H�JHW�JHW � HODSVHG

D
5 � E
:
`

`
`

3HULRGLF7ULJJHU�7! ^
RXWSXW� 7
LQSXW� 7

VHOISRUW�

SHULRG� 'XUDWLRQ
VHW3HULRG� 'XUDWLRQ

LQLWLDO3HULRG� 'XUDWLRQ

DFWLYDWH�VHOISRUW� LQSXW� RXWSXW"�
RQ6HW3HULRG�VHW3HULRG��SHULRG"�

^

FXUUHQW3HULRG LQLWLDO3HULRG
WDVN� &DQFHOODEOH

LQLW ^
UHVFKHGXOH

`

GHVWUR\ ^
WDVN�FDQFHO

`

DFWLYDWH ^
ORJ�LQIR��$FWLYDWH DW ��VHOISRUW�JHW�

GDWD � LQSXW�JHW ^
GDWD�SUHVHQW � RXWSXW�SXW�GDWD�JHW�

� ORJ�LQIR��1R GDWD DYDLODEOH RQ WKH LQSXW SRUW��
`

`

RQ6HW3HULRG ^
�VHW3HULRG � FXUUHQW3HULRG� ^

FXUUHQW3HULRG VHW3HULRG



UHVFKHGXOH��
SHULRG�SXW�FXUUHQW3HULRG�

`
`

UHVFKHGXOH ^
WDVN FRQWH[W�VFKHGXOHU�VFKHGXOH���VHFRQGV� FXUUHQW3HULRG� >_

VHOISRUW�SXW�6\VWHP��FXUUHQW7LPH0LOOLV�
@

`
`

`

$SDFKH:HE6HUYHU ^
DFFHVV/RJ)LOH� 6WULQJ

DFFHVV/RJ )LOH7DLOHU ^
ILOH DFFHVV/RJ)LOH

`
DFFHVV/RJ3DUVHU $FFHVV/RJ3DUVHU
DGDSWRU &RQWHQW$GDSWRU

DFFHVV/RJ�OLQHV DFFHVV/RJ3DUVHU�OLQHV

DFFHVV/RJ3DUVHU�VL]H
DFFHVV/RJ3DUVHU�UHTXHVWV
DGDSWRU�FRQWHQW7UHH

`

8WLOL]DWLRQ0RQLWRU ^
D�
E�

UHTXHVWV&RXQWHU $FFXPXODWRU
UHVSRQVH6L]H&RXQWHU $FFXPXODWRU
ORDG0RQLWRU /RDG0RQLWRU ^

D �D
E �E

`

UHTXHVWV&RXQWHU�VXP ORDG0RQLWRU�UHTXHVWV
UHVSRQVH6L]H&RXQWHU�VXP ORDG0RQLWRU�VL]H

UHTXHVWV&RXQWHU�LQSXW DV UHTXHVWV
UHVSRQVH6L]H&RXQWHU�LQSXW DV VL]H
ORDG0RQLWRU�XWLOL]DWLRQ

`

426&RQWURO ^

N�
WDUJHW8WLOL]DWLRQ�
0�
D�
E�

XWLOL]DWLRQ 8WLOL]DWLRQ0RQLWRU ^
D �D
E �E

`

VFKHGXOHU 3HULRGLF7ULJJHU�'RXEOH! ^
LQLWLDO3HULRG ���VHFRQGV

`

XWLO&RQWUROOHU 8WLOL]DWLRQ&RQWUROOHU ^
N �N
WDUJHW8WLOL]DWLRQ �WDUJHW8WLOL]DWLRQ
0 �0

`



XWLOL]DWLRQ�XWLOL]DWLRQ VFKHGXOHU�LQSXW
VFKHGXOHU�RXWSXW XWLO&RQWUROOHU�XWLOL]DWLRQ

XWLOL]DWLRQ�UHTXHVWV
XWLOL]DWLRQ�VL]H
XWLO&RQWUROOHU�FRQWHQW7UHH

`

#0DLQ
$SDFKH426 ^
N�
WDUJHW8WLOL]DWLRQ�
0�
D�
E�
DFFHVV/RJ)LOH� 6WULQJ

DSDFKH $SDFKH:HE6HUYHU ^
DFFHVV/RJ)LOH �DFFHVV/RJ)LOH

`

FRQWURO 426&RQWURO ^
N �N
WDUJHW8WLOL]DWLRQ �WDUJHW8WLOL]DWLRQ
0 �0
D �D
E �E

`

DSDFKH�UHTXHVWV FRQWURO�UHTXHVWV
DSDFKH�VL]H FRQWURO�VL]H
FRQWURO�FRQWHQW7UHH DSDFKH�FRQWHQW7UHH

`

GHPR�ZHEVHUYHU�

IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�$GDSWLYH(OHPHQW'HOHJDWH�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�'HIDXOW,Q3XOO3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�'HIDXOW,Q3XVK3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�'HIDXOW2XW3XVK3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�'HIDXOW6HOI3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�'LUHFWRU&RQWH[W�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�'XUDWLRQ�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�,Q3XOO3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�,Q3XVK3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�2XW3XVK3RUW�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�3XOO:UDSSHU�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�3XVK:UDSSHU�
IU�XQLFH�L�V�DFWUHVV�PRGHOLQJ�IFGO�MDSL�6HOI3RUW�

#6XSSUHVV:DUQLQJV��DOO��
3HULRGLF7ULJJHU�7! $GDSWLYH(OHPHQW'HOHJDWH ^

3HULRGLF7ULJJHU$FW�7! BDFW�

'XUDWLRQ LQLWLDO3HULRG�

2XW3XVK3RUW�7! RXWSXW�

,Q3XOO3RUW�7! LQSXW�

6HOI3RUW�/RQJ! VHOISRUW�



3HULRGLF7ULJJHU

2XW3XVK3RUW�'XUDWLRQ! SHULRG�

,Q3XVK3RUW�'XUDWLRQ! VHW3HULRG�

3HULRGLF7ULJJHU� 'LUHFWRU&RQWH[W FRQWH[W�
'XUDWLRQ LQLWLDO3HULRG� ^

�FRQWH[W��

�LQLWLDO3HULRG  LQLWLDO3HULRG�
�BDFW  3HULRGLF7ULJJHU$FW�7!�FRQWH[W� LQLWLDO3HULRG��
�RXWSXW  'HIDXOW2XW3XVK3RUW�FRQWH[W��
�LQSXW  'HIDXOW,Q3XOO3RUW�FRQWH[W��
�VHOISRUW  'HIDXOW6HOI3RUW�FRQWH[W��
�SHULRG  'HIDXOW2XW3XVK3RUW�FRQWH[W��
�VHW3HULRG  'HIDXOW,Q3XVK3RUW�FRQWH[W��

`

#2YHUULGH
LQLW�� ^

BDFW�LQLW���
`

#2YHUULGH
GHVWUR\�� ^

BDFW�GHVWUR\���
`

#2YHUULGH
SUH$FWLYDWH�� ^

�VHW3HULRG�QRQ(PSW\��� ^

�
`

��VHOISRUW�DW/HDVW2QH1RQ(PSW\��� ^

�
`

�
`

#2YHUULGH
DFWLYDWH�� ^

�VHW3HULRG�LV(PSW\��� ^

'XUDWLRQ VHW3HULRG9DOXH  VHW3HULRG�JHW���
3XVK:UDSSHU�'XUDWLRQ! SHULRG3XVK  3XVK:UDSSHU�'XUDWLRQ!�SHULRG��
BDFW�VHW3HULRG�VHW3HULRG9DOXH� SHULRG3XVK��

` �VHOISRUW�LV(PSW\��� ^

/RQJ VHOISRUW9DOXH  VHOISRUW�JHW���
3XOO:UDSSHU�7! LQSXW3XOO  3XOO:UDSSHU�7!�LQSXW��
3XVK:UDSSHU�7! RXWSXW3XVK  3XVK:UDSSHU�7!�RXWSXW��
BDFW�DFWLYDWH�VHOISRUW9DOXH� LQSXW3XOO� RXWSXW3XVK��

` ^
,OOHJDO6WDWH([FHSWLRQ��,QYDOLG H[HFXWLRQ���

`
`

#2YHUULGH
6WULQJ WR6WULQJ�� ^
�3HULRGLF7ULJJHU��

`
`

3HULRGLF7ULJJHU



#6XSSUHVV:DUQLQJV��DOO��
3HULRGLF7ULJJHU$FW�7! $GDSWLYH(OHPHQW$FW ^

'XUDWLRQ LQLWLDO3HULRG�

'XUDWLRQ FXUUHQW3HULRG  �LQLWLDO3HULRG�

&DQFHOODEOH WDVN�

3XVK�/RQJ! VHOISRUW�

3HULRGLF7ULJJHU$FW� 'LUHFWRU&RQWH[W FRQWH[W�
'XUDWLRQ LQLWLDO3HULRG� ^

�FRQWH[W��
�LQLWLDO3HULRG  LQLWLDO3HULRG�
�VHOISRUW  3XVK6HOI3RUW�FRQWH[W��
�FXUUHQW3HULRG  �LQLWLDO3HULRG�

`

#2YHUULGH
LQLW�� ^

�UHVFKHGXOH���
`

#2YHUULGH
GHVWUR\�� ^

�WDVN�FDQFHO���
`

&DQFHOODEOH UHVFKHGXOH�� ^
'LUHFWRU&RQWH[W BFRQWH[W  �JHW&RQWH[W���
6FKHGXOHU BVFKHGXOHU  BFRQWH[W�JHW6FKHGXOHU���
'XUDWLRQ BVHFRQGV  'XUDWLRQ�VHFRQGV����

5XQQDEOH BIXQFWLRQ  5XQQDEOH�� ^
UXQ�� ^

BFXUUHQW7LPH0LOOLV  6\VWHP�FXUUHQW7LPH0LOOLV���
3HULRGLF7ULJJHU$FWV� �VHOISRUW�SXW�/RQJ

�YDOXH2I�BFXUUHQW7LPH0LOOLV���
`

`�
&DQFHOODEOH BVFKHGXOH  BVFKHGXOHU�VFKHGXOH�BVHFRQGV�

�FXUUHQW3HULRG� BIXQFWLRQ��
&DQFHOODEOH BWDVN  �WDVN  BVFKHGXOH�

BWDVN�
`

DFWLYDWH� VHOISRUW� 3XOO�7! LQSXW�
3XVK�7! RXWSXW� ^

6WULQJ BSOXV  ��$FWLYDWH DW � � /RQJ�YDOXH2I�VHOISRUW���
�ORJ�LQIR�BSOXV��

2SWLRQDO�7! BJHW  LQSXW�JHW���
2SWLRQDO�7! GDWD  BJHW�
BPDWFKHG  �

��BPDWFKHG� ^
BLV3UHVHQW  GDWD�LV3UHVHQW���

�BLV3UHVHQW� ^
BPDWFKHG  �
7 BJHWB�  GDWD�JHW���
RXWSXW�SXW�BJHWB���

`
`

`

RQ6HW3HULRG� 'XUDWLRQ VHW3HULRG�
3XVK�'XUDWLRQ! SHULRG� ^
BQRW(TXDOV  ��2EMHFWV�HTXDO�VHW3HULRG� �FXUUHQW3HULRG���

�BQRW(TXDOV� ^
�FXUUHQW3HULRG  VHW3HULRG�
�UHVFKHGXOH���

SHULRG�SXW� �FXUUHQW3HULRG��



$SDFKH426

`
`

`

3HULRGLF7ULJJHU

$SDFKH426/DXQFKHU ^

$SDFKH426 FUHDWH&RPSRVLWH'HOHJDWH�� ^
N  �'�
WDUJHW8WLOL]DWLRQ  �'�

0  ��
D  �'�
E  �'�

$SDFKH426�N� WDUJHW8WLOL]DWLRQ� 0� D� E��
`

PDLQ�6WULQJ>@ DUJV� ^
$FWUHVV6\VWHP V\VWHP  $FWUHVV6\VWHP��$SDFKH426���
V\VWHP�H[HFXWH�FUHDWH&RPSRVLWH'HOHJDWH����

`

`

$SDFKH426

8WLOL]DWLRQ0RQLWRU &RPSRVLWH$FWRU'HOHJDWH ^

D�
E�

$GDSWLYH(OHPHQW5HI UHTXHVWV&RXQWHU�
$GDSWLYH(OHPHQW5HI VL]H&RXQWHU�
$GDSWLYH(OHPHQW5HI ORDG0RQLWRU�

8WLOL]DWLRQ0RQLWRU� D� E� ^
�D  D�
�E  E�

`

$FFXPXODWRU FUHDWH5HTXHVWV&RXQWHU� 'LUHFWRU&RQWH[W FRQWH[W� ^
$FFXPXODWRU�FRQWH[W��

`

$FFXPXODWRU FUHDWH6L]H&RXQWHU� 'LUHFWRU&RQWH[W FRQWH[W� ^
$FFXPXODWRU�FRQWH[W��

`

/RDG0RQLWRU FUHDWH/RDG0RQLWRU'HOHJDWH� 'LUHFWRU&RQWH[W FRQWH[W� ^
MDYD�ODQJ�'RXEOH BD  �D�
MDYD�ODQJ�'RXEOH BE  �E�

/RDG0RQLWRU�FRQWH[W� BD� BE��
`

#2YHUULGH
VWDUW&RQWDLQHG)HDWXUHV�� ^

UHTXHVWV&RXQWHU  VWDUW$GDSWLYH(OHPHQW��UHTXHVWV&RXQWHU��
'HOHJDWH&UHDWRU�� ^

#2YHUULGH
$GDSWLYH(OHPHQW'HOHJDWH FUHDWH�



'LUHFWRU&RQWH[W GLUHFWRU� ^
FUHDWH5HTXHVWV&RXQWHU�GLUHFWRU��

`
`��

VL]H&RXQWHU  VWDUW$GDSWLYH(OHPHQW��VL]H&RXQWHU��
'HOHJDWH&UHDWRU�� ^

#2YHUULGH
$GDSWLYH(OHPHQW'HOHJDWH FUHDWH�
'LUHFWRU&RQWH[W GLUHFWRU� ^
FUHDWH6L]H&RXQWHU�GLUHFWRU��

`
`��

ORDG0RQLWRU  VWDUW$GDSWLYH(OHPHQW��ORDG0RQLWRU��
'HOHJDWH&UHDWRU�� ^

#2YHUULGH
$GDSWLYH(OHPHQW'HOHJDWH FUHDWH�
'LUHFWRU&RQWH[W GLUHFWRU� ^
FUHDWH/RDG0RQLWRU'HOHJDWH�GLUHFWRU��

`
`��

`

#2YHUULGH
ORRNXS5HIHUHQFH)HDWXUHV�� ^

`

#2YHUULGH
FRQQHFW3RUWV�� ^

FRQQHFW3RUW�ORDG0RQLWRU� �UHTXHVWV�� UHTXHVWV&RXQWHU� �VXP���
FRQQHFW3RUW�ORDG0RQLWRU� �VL]H�� VL]H&RXQWHU� �VXP���

`

#2YHUULGH
SURPRWH3RUWV�� ^

SURPRWH3RUW�UHTXHVWV&RXQWHU� �UHTXHVW�� �UHTXHVWV���
SURPRWH3RUW�VL]H&RXQWHU� �UHTXHVW�� �UHTXHVWV���
SURPRWH3RUW�ORDG0RQLWRU� �XWLOL]DWLRQ�� �XWLOL]DWLRQ���

`

#2YHUULGH
LQLWLDOL]H)HDWXUHV�� ^

LQLWDOL]H)HDWXUH�UHTXHVWV&RXQWHU��
LQLWDOL]H)HDWXUH�VL]H&RXQWHU��
LQLWDOL]H)HDWXUH�ORDG0RQLWRU��

`

#2YHUULGH
6WULQJ WR6WULQJ�� ^
�8WLOL]DWLRQ0RQLWRU��

`

`

8WLOL]DWLRQ0RQLWRU



GHPR�FV�

�XWLO�/LQNHG/LVW
GHPR�FRPPRQ�3URF,QIR
GHPR�FRPPRQ�&RQGRU,QIR
GHPR�ZHEVHUYHU�3HULRGLF7ULJJHU

&RQGRU4XHXH6WDWV ^
RXWSXW�

FRQGRU&RQILJ� 6WULQJ
TXHXH7\SH� 6WULQJ

H[HF7LPH�

DFWLYDWH�RXWSXW��H[HF7LPH�
`

&RQGRU6HUYLFH5DWH ^
RXWSXW�

FRQGRU&RQILJ� 6WULQJ

DFWLYDWH�RXWSXW���
`

6FKHGG ^
FRQGRU&RQILJ� 6WULQJ

TXHXH6L]H &RQGRU4XHXH6WDWV ^
FRQGRU&RQILJ �FRQGRU&RQILJ
TXHXH7\SH �LGOH�

`

VHUYLFH5DWH &RQGRU6HUYLFH5DWH ^
FRQGRU&RQILJ �FRQGRU&RQILJ

`

TXHXH6L]H�RXWSXW DV TXHXH6L]H
VHUYLFH5DWH�RXWSXW DV VHUYLFH5DWH
TXHXH6L]H�H[HF7LPH

`

0RYLQJ$YHUDJH ^
LQLWLDO:LQGRZ6L]H � �

LQSXW�
RXWSXW�

DFWLYDWH�LQSXW��RXWSXW�

^



YDOXHV /LQNHG/LVW�'RXEOH!��
VXP �'

DFWLYDWH ^
YDOXHV�RIIHU�LQSXW�

VXP VXP � LQSXW
�YDOXHV�VL]H LQLWLDO:LQGRZ6L]H� ^

VXP VXP � YDOXHV�SROO
`
VXP � YDOXHV�VL]H

`
`

`

3URFHVV&RXQWHU ^
RXWSXW�

SURF)LOWHU� �3URF,QIR� !

DFWLYDWH�RXWSXW���
`

$JJUHJDWH ^
RXWSXW� &RQGRU,QIR

TXHXH6L]H�
VHUYLFH5DWH�
GDJPDQ&RXQW�

DFWLYDWH�RXWSXW� TXHXH6L]H� VHUYLFH5DWH� GDJPDQ&RXQW��

^
DFWLYDWH ^
&RQGRU,QIR�TXHXH6L]H�JHW�JHW� VHUYLFH5DWH�JHW�JHW� GDJPDQ&RXQW�JHW�JHW�

`
`

`

&RQGRU6WDWV ^
FRQGRU&RQILJ� 6WULQJ

VFKHGG 6FKHGG ^
FRQGRU&RQILJ �FRQGRU&RQILJ

`

TXHXH6L]H$YJ 0RYLQJ$YHUDJH
VHUYLFH5DWH$YJ 0RYLQJ$YHUDJH
GDJPDQ&RXQWHU 3URFHVV&RXQWHU ^

SURF)LOWHU >_QDPH �FRQGRUBGDJPDQ�@
`

DJJUHJDWH $JJUHJDWH

VFKHGG�TXHXH6L]H TXHXH6L]H$YJ�LQSXW
VFKHGG�VHUYLFH5DWH VHUYLFH5DWH$YJ�LQSXW
TXHXH6L]H$YJ�RXWSXW DJJUHJDWH�TXHXH6L]H
VHUYLFH5DWH$YJ�RXWSXW DJJUHJDWH�VHUYLFH5DWH
GDJPDQ&RXQWHU�RXWSXW DJJUHJDWH�GDJPDQ&RXQW

VFKHGG�H[HF7LPH
DJJUHJDWH�RXWSXW DV FRQGRU6WDWV

`

3HULRG&RQWUROOHU ^
LQSXW�
RXWSXW�

DFWLYDWH�LQSXW��RXWSXW�
`

$GDSWLYH0RQLWRU ^
LQSXW$YJ 0RYLQJ$YHUDJH
SHULRG&RQWUROOHU 3HULRG&RQWUROOHU



LQSXW$YJ�RXWSXW SHULRG&RQWUROOHU�LQSXW
LQSXW$YJ�LQSXW
SHULRG&RQWUROOHU�RXWSXW

`

)LOH:ULWHU ^
LQSXW� 6WULQJ

ILOH� 6WULQJ

DFWLYDWH�LQSXW���
`

$GDSWLYH&RQGRU6WDWV ^
FRQGRU&RQILJ� 6WULQJ

FRQGRU6WDWV &RQGRU6WDWV ^
FRQGRU&RQILJ �FRQGRU&RQILJ

`
PRQLWRU $GDSWLYH0RQLWRU
WULJJHU 3HULRGLF7ULJJHU�&RQGRU,QIR!

FRQGRU6WDWV�FRQGRU6WDWV WULJJHU�LQSXW
FRQGRU6WDWV�H[HF7LPH PRQLWRU�LQSXW
PRQLWRU�RXWSXW WULJJHU�VHW3HULRG

WULJJHU�RXWSXW DV FRQGRU6WDWV
`

/RDG&RQWUROOHU ^
LQSXW� &RQGRU,QIR
RXWSXW�

1VWDU�
1F�
S�
UKR��

DFWLYDWH�LQSXW��RXWSXW�

^

DFWLYDWH ^

1 LQSXW�TXHXH6L]H
VU LQSXW�VHUYLFH5DWH
P LQSXW�GDJPDQ&RXQW�
W 6\VWHP��FXUUHQW7LPH0LOOLV��

�1 �� ^

�
` ^

UKR 1 ^
1 � 1VWDU� UKR� � 1 
 �� � UKR�� � 1VWDU
1 ! 1VWDU� 0DWK��SRZ�1 � 1F� S� � 0DWK��SRZ�1VWDU � 1F� S�
� �

`

G P � �UKR 
 VU�
0DWK��URXQG�G��
`
`

`
`

#0DLQ
/RFDO&RQWURO ^
FRQGRU&RQILJ� 6WULQJ
GDJPDQ'HOD\)LOH� 6WULQJ



1VWDU�
1F�
S�
UKR��

FRQGRU6WDWV $GDSWLYH&RQGRU6WDWV ^
FRQGRU&RQILJ �FRQGRU&RQILJ

`
ORDG&RQWUROOHU /RDG&RQWUROOHU ^

1VWDU �1VWDU
1F �1F
S �S
UKR� �UKR�

`
GDJPDQ'HOD\HU )LOH:ULWHU ^

ILOH GDJPDQ'HOD\)LOH
`

FRQGRU6WDWV�FRQGRU6WDWV ORDG&RQWUROOHU�LQSXW
ORDG&RQWUROOHU�RXWSXW GDJPDQ'HOD\HU�LQSXW

`

$GDSWLYH&RQGRU6WDWV 〈 self ; ∅; ⇑ (FRQGRU6WDWV, H[HF7LPH) 〉

$GDSWLYH0RQLWRU 〈 ⇑ (LQSXW); ∅; ⇑ (RXWSXW) 〉

$JJUHJDWH 〈 ⇓ (RXWSXW);⇓ (TXHXH6L]H, VHUYLFH5DWH, GDJPDQ&RXQW); ∅ 〉

&RQGRU4XHXH6WDWV 〈 ⇓ (RXWSXW); ∅; ⇑ (H[HF7LPH) 〉

&RQGRU6HUYLFH5DWH 〈 ⇓ (RXWSXW); ∅; ∅ 〉

&RQGRU6WDWV 〈 ⇓ (FRQGRU6WDWV); ∅; ⇑ (H[HF7LPH) 〉

)LOH:ULWHU 〈 ⇑ (RXWSXW); ∅; ∅ 〉

/RDG&RQWUROOHU 〈 ⇑ (LQSXW); ∅; ⇑ (RXWSXW) 〉

0RYLQJ$YHUDJH 〈 ⇑ (LQSXW); ∅; ⇑ (RXWSXW) 〉

3HULRG&RQWUROOHU 〈 ⇑ (LQSXW); ∅; ⇑ (RXWSXW) 〉

3URFHVV&RXQWHU 〈 ⇓ (RXWSXW); ∅; ∅ 〉

6FKHGG 〈 ⇓ (TXHXH6L]H); ∅; ⇑ (H[HF7LPH) 〉

GHPR�FV�

GHPR�FRPPRQ�&RQGRU,QIR
GHPR�FV��$GDSWLYH&RQGRU6WDWV
GHPR�FV��)LOH:ULWHU



�XWLO�/LQNHG/LVW

/RDG&RQWUROOHU ^
ORFDO6WDWV� &RQGRU,QIR
UHPRWH6WDWV� &RQGRU,QIR
RXWSXW�

1VWDU�
1F�
S�
UKR��
N�

DFWLYDWH�ORFDO6WDWV�UHPRWH6WDWV�RXWSXW�

^

1�BF �
1�BO �

DFWLYDWH ^

1BF UHPRWH6WDWV�JHW�JHW�TXHXH6L]H
PXBF UHPRWH6WDWV�JHW�JHW�VHUYLFH5DWH
1BO ORFDO6WDWV�TXHXH6L]H
PXBO ORFDO6WDWV�VHUYLFH5DWH

UBF XWLOL]DWLRQ5DWLR�1BF�1�BF�PXBF�
UBO XWLOL]DWLRQ5DWLR�1BO�1�BO�PXBO�

1�BF 1BF
1�BO 1BO

N 
 �0DWK��FHLO�0DWK��PLQ�UBO� UBF�� DV �
`

XWLOL]DWLRQ5DWLR�1� � 1�� � PX� �� ^
G1 1 � 1�
GODPEGD �G1 ! �� G1 � PX �

UKR GODPEGD � PX
UKRBVWDU 1 ^

1 �� UKR�
1 � 1VWDU� UKR� � 1 
 �� � UKR�� � 1VWDU
1 ! 1VWDU� 0DWK��SRZ�1 � 1F� S� � 0DWK��SRZ�1VWDU � 1F� S�

`

UKRBVWDU � UKR
`

`
`

4XHXH�7! ^
LQSXW� 7
RXWSXW� 7

VL]H�

RQ3XVK�LQSXW���
RQ3XOO�RXWSXW���

^

TXHXH /LQNHG/LVW�7!��

RQ3XVK ^
�TXHXH�VL]H VL]H� ^

TXHXH�SROO
` ^
TXHXH�RIIHU�LQSXW�

`



`

RQ3XOO ^
TXHXH�SROO

`
`

`

#0DLQ
&HQWUDO6WDWV ^
FRQGRU&RQILJ� 6WULQJ

FRQGRU6WDWV $GDSWLYH&RQGRU6WDWV ^
FRQGRU&RQILJ �FRQGRU&RQILJ

`
VWDWV 4XHXH�&RQGRU,QIR! ^

VL]H �
`

FRQGRU6WDWV�FRQGRU6WDWV TXHXH�LQSXW
`

#0DLQ
/RFDO&RQWURO ^
FRQGRU&RQILJ� 6WULQJ
GDJPDQ'HOD\)LOH� 6WULQJ
1VWDU�
1F�
S�
UKR��
N�

FRQGRU6WDWV $GDSWLYH&RQGRU6WDWV ^
FRQGRU&RQILJ �FRQGRU&RQILJ

`
ORDG&RQWUROOHU /RDG&RQWUROOHU ^

1VWDU �1VWDU
1F �1F
S �S
UKR� �UKR�
N �N

`
GDJPDQ'HOD\HU )LOH:ULWHU ^

ILOH GDJPDQ'HOD\)LOH
`

FHQWUDO6WDWV &HQWUDO6WDWV�VWDWV # � DNND�WFS���DFWUHVV#SDUDPRXQW����UHQQHV�
JULG�����IU�XVHU�&HQWUDO6WDWV�VWDWV�

FRQGRU6WDWV�FRQGRU6WDWV ORDG&RQWUROOHU�ORFDO6WDWV
FHQWUDO6WDWV�RXWSXW ORDG&RQWUROOHU�UHPRWH6WDWV
ORDG&RQWUROOHU�RXWSXW GDJPDQ'HOD\HU�LQSXW

`

4XHXH 〈 ⇓ (RXWSXW); ∅; ∅ 〉 ‖ 〈 ⇑ (LQSXW); ∅; ∅ 〉

/RDG&RQWUROOHU 〈 ⇑ (ORFDO6WDWV);⇓ (FHQWUDO6WDWV); ⇑ (RXWSXW) 〉



Ejpanj]pekj]h Skngodkl Mq]hepu kb Oanre_a KWWS���LHHH[SORUH�LHHH�
RUJ�[SOV�DEVBDOO�MVS"DUQXPEHU ������

Lanbkni]j_a Ik`ahejc ]j` Ajcejaanejc
KWWS���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B�

EAAA Pn]jo]_pekjo kj L]n]hhah ]j` @eopne^qpa` Ouopaio
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU ������

?kjpnkh Ouopaio( EAAA

Opnq_pqna ]j` Ejpanlnap]pekj kb ?kilqpan Lnkcn]io

=`r]j_a` Ejbkni]pekj
Ouopaio Ajcejaanejc Ha_pqna Jkpao ej ?kilqpan O_eaj_a

KWWS���G[�GRL�RUJ�����������������B��

?kilqp]pekj]h O_eaj_a ̞ E??O .,,4

?kiiqje_]pekjo kb pda =?I
KWWS���GRL�DFP�RUJ��������������������

5pd Ejpanj]pekj]h ?kjbanaj_a( Ik@AHO .,,2

A?A=OOP

Okbps]na Ajcejaanejc bkn Oahb)]`]lpera Ouopaio . Ha_pqna Jkpao ej ?kilqpan
O_eaj_a KWWS���KDO�LQULD�IU�KDO���������

.,,- EAAA+EBEL Ejpanj]pekj]h Ouilkoeqi kj Ejpacn]pa` Jap)
skng I]j]caiajp Lnk_aa`ejco* Ejpacn]pa` Japskng I]j]caiajp REE* Ejpacn]pa` I]j]ca)
iajp Opn]paceao bkn pda Jas Iehhajjeqi $?]p* Jk*,-AT03,%

KWWS���VFKRODU�JRRJOH�FRP�VFKRODU"KO HQ	EWQ* 6HDUFK	T LQWLWOH�
2F?FKDU���(�?UHOD[DQR�6ڼ�/$�%DVHG�0DQDJHPHQW�RI�D�&RPSXWLQJ�8WLOLW\��KWWS�
��LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU ������

Okbps]na Ajcejaanejc bkn Paha_kiiqje_]pekj
Ouopaio ]j` Oanre_ao

http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=766497
http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=766497
http://link.springer.com/chapter/10.1007/978-0-387-79361-0_7
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=980028
http://dx.doi.org/10.1007/11767138_18
http://doi.acm.org/10.1145/83880.84528
http://hal.inria.fr/hal-00719003


Ej Lnk_* -2pd EB=? Sknh` ?kjcnaoo KWWS���FRQWURO�OWK�
VH�GRFXPHQWV������DU]���LIDF�SGI

Op]nIT 6 = Bn]iaskng bkn @arahklejc Oahb)I]j]cejc Okbps]na Ouopaio

.,,5 E?OA Skngodkl kj Okbps]na Ajcejaanejc bkn =`]lpera ]j`
Oahb)I]j]cejc Ouopaio KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���
ZUDSSHU�KWP"DUQXPEHU �������

EB=? Ouilkoeqi kj =`r]j_ao ej ?kj)
pnkh A`q_]pekj KWWS���ZZZ�TXDQVHU�FRP�HQJOLVK�GRZQORDGV�WRROER[�SDSHUV�
$VWURP0DGULG�����SGI

Baa`^]_g Ouopaio

Lnk_aa`ejco kb pda 5pd QOAJET _kjbanaj_a kj Klan]pejc ouopaio `aoecj ]j`
eilhaiajp]pekj

Oahb)op]n Lnklanpeao ej ?kilhat Ejbkni]pekj Ouopaio
Ha_pqna Jkpao ej ?kilqpan O_eaj_a

KWWS���G[�GRL�RUJ�����������������B�

=?I OEC=NP
>qhhapej KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"LG ������

Lnk_aa`ejco kb pda -/pd
ejpanj]pekj]h _kjbanaj_a kj Okbps]na ajcejaanejc ) E?OA #,4

KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

O_eaj_a kb ?kilqpan Lnkcn]iiejc
KWWS���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6����������������

Lnk_* Ejpanj]pekj]h Skngodkl
kj Cn]ld ]j` Ik`ah Pn]jobkni]pekj $Cn]IkP% KWWS���ZZZ�VFLHQFHGLUHFW�
FRP�VFLHQFH�DUWLFOH�SLL�6����������������

Ik`ah @neraj =n_depa_pqna

?kilqpan
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

=qpkjkie_ ?kilqpejc( .,,1* E?=? .,,1* Lnk_aa`ejco* Oa_kj` Ejpanj]pekj]h ?kjbanaj_a kj

Fkqnj]h kb Lduoe_o6 ?kjbanaj_a Oaneao
KWWS���VWDFNV�LRS�RUJ���������������L ��D ������"NH\ FURVVUHI�

��F�GI��E�G�G������D������D���I�KWWS���LRSVFLHQFH�LRS�RUJ�����������������������

http://control.lth.se/documents/2005/arz+05ifac.pdf
http://control.lth.se/documents/2005/arz+05ifac.pdf
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5069074
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5069074
http://www.quanser.com/english/downloads/toolbox/papers/AstromMadrid2006.pdf
http://www.quanser.com/english/downloads/toolbox/papers/AstromMadrid2006.pdf
http://dx.doi.org/10.1007/11428589_1
http://dl.acm.org/citation.cfm?id=806932
http://portal.acm.org/citation.cfm?doid=1368088.1368207
http://linkinghub.elsevier.com/retrieve/pii/S0167642312000652
http://www.sciencedirect.com/science/article/pii/S1571066106001393
http://www.sciencedirect.com/science/article/pii/S1571066106001393
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5280648


Benop Ejpanj]pekj]h ?kjbanaj_a kj
Okbps]na H]jcq]ca Ajcejaanejc

KWWS���RDL�GWLF�PLO�RDL�RDL"YHUE JHW5HFRUG	PHWDGDWD3UHIL[ 
KWPO	LGHQWLILHU $'$������

Lnk_aa`ejco kb pda aecdpd EAAA+=?I+EBEL ejpanj]pekj]h _kjbanaj_a kj D]n`s]na+)
okbps]na _k`aoecj ]j` ouopai oujpdaoeo ) ?K@AO+EOOO #-,

KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������KWWS�
��LHHH[SORUH�LHHH�RUJ�[SOV�DEVBDOO�MVS"DUQXPEHU �������

?kilqpan
KWWS���G[�GRL�RUJ���������0&�������������

.,-- Ejpanj])
pekj]h ?kjbanaj_a kj L]n]hhah =n_depa_pqnao ]j` ?kileh]pekj Pa_djemqao
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

F>koo @nkkho >qoejaoo Nqhao

\\
Okbps]na

Ajcejaanejc bkn Oahb)=`]lpera Ouopaio KWWS���ZZZ�VSULQJHUOLQN�FRP�LQGH[�
��10������8������SGI

Lnk_aa`ejco kb pda 4pd Ejpanj]pekj]h Skngodkl kj K?H ?kj_alpo ]j`
Pkkho $K?H .,,4% ]p Ik@AHO .,,4 K?H KWWS���MRXUQDO�XE�WX�EHUOLQ�GH�
LQGH[�SKS�HFHDVVW�DUWLFOH�YLHZ)LOH��������

-.pd Ejpanj]pekj]h O_dkkh kj Bkni]h Iapd)
k`o $OBI% BOI

Lnk_aa`ejco kb pda Pden` Ejpanj]pekj]h Skngodkl
kj ?kkn`ej]pekj ]j` =`]lpekj Pa_djemqao bkn Okbps]na Ajpepeao
KWWS���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6����������������

Lnk_aa`ejco kb pda 4pd =?I ejpanj]pekj]h _kjbanaj_a kj =qpkjkie_
_kilqpejc ) E?=? #-- KWWS���SRUWDO�
DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

EAAA Pn]jo]_pekjo kj Okbps]na Ajcejaanejc
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Pula Ouopaio( D]j`^kkg kb ?kilqpan O_eaj_a ]j` Ajcejaanejc

=?I ?kilqp* Oqnr* KWWS���GRL�DFP�RUJ������������������

http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA519074
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA519074
http://dx.doi.org/10.1109/MC.1987.1663532
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=6113791
http://www.springerlink.com/index/32NM834361U37368.pdf
http://www.springerlink.com/index/32NM834361U37368.pdf
http://journal.ub.tu-berlin.de/index.php/eceasst/article/viewFile/175/172
http://journal.ub.tu-berlin.de/index.php/eceasst/article/viewFile/175/172
http://linkinghub.elsevier.com/retrieve/pii/S1571066107004884
http://portal.acm.org/citation.cfm?doid=1998582.1998600
http://portal.acm.org/citation.cfm?doid=1998582.1998600
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=1237173
http://doi.acm.org/10.1145/6041.6042


Lnk_aa`ejco kb pda 3pd fkejp iaapejc kb pda Aqnkla]j
okbps]na ajcejaanejc _kjbanaj_a ]j` pda =?I OECOKBP ouilkoeqi kj Pda bkqj`]pekjo kb okbps]na ajce)
jaanejc kj Aqnkla]j okbps]na ajcejaanejc _kjbanaj_a ]j` bkqj`]pekjo kb okbps]na ajcejaanejc ouilkoeqi
) A KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�
FIP"GRLG ���������������

Lnk_aa`ejc kb pda //n` ejpan)
j]pekj]h _kjbanaj_a kj Okbps]na ajcejaanejc ) E?OA #-- KWWS���SRUWDO�DFP�RUJ�
FLWDWLRQ�FIP"GRLG ���������������

Lnk_aa`ejco kb pda 3pd
Skngodkl kj Na}a_pekj( =KL ]j` Iap])@]p] bkn Okbps]na Arkhqpekj

KWWS���GRL�DFP�RUJ������������������������

Lnk_aa`ejco kb
pda =?I ejpanj]pekj]h _kjbanaj_a kj K^fa_p kneajpa` lnkcn]iiejc ouopaio h]jcq]cao ]j` ]llhe_]pekjo

KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

Lnk_aa`ejco kb pda Bkqnpd EAAA Skngodkl kj Ik^eha ?kilqpejc Ouopaio ]j` =llhe_]pekjo
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���

ZUDSSHU�KWP"DUQXPEHU �������KWWS���LHHH[SORUH�LHHH�RUJ�[SOV�DEVBDOO�MVS"DUQXPEHU 
�������

Lnk_aa`ejco kb pda psajpu)oa_kj` EAAA+=?I ejpanj]pekj]h _kjbanaj_a kj =qpki]pa` okbps]na ajcejaanejc
) =OA #,3 KWWS���SRUWDO�DFP�RUJ�
FLWDWLRQ�FIP"GRLG ���������������

Okbps]na Ajcejaanejc bkn Oahb)=`]lpera
Ouopaio Ha_pqna Jkpao ej ?kilqpan O_eaj_a

KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"LG ���������������KWWS�
��G[�GRL�RUJ��������������������������B�

N]ej^ks 6 ?kop)A{a_pera Okbps]na

.,,5 E?OA Skngodkl kj Okbps]na Ajcejaanejc bkn =`]lpera ]j` Oahb)I]j]cejc
Ouopaio KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�
KWP"DUQXPEHU �������

Lnk_aa`ejco kb pda Skngodkl Pda Ln]ci]pe_o kb K?H ]j` Kpdan Patpq]h Ola_e|_]pekj H]jcq]cao
KWWS���MRXUQDO�XE�WX�EHUOLQ�GH�LQGH[�SKS�HFHDVVW�DUWLFOH�YLHZ��������

http://portal.acm.org/citation.cfm?doid=1595696.1595718
http://portal.acm.org/citation.cfm?doid=1595696.1595718
http://portal.acm.org/citation.cfm?doid=1985793.1985852
http://portal.acm.org/citation.cfm?doid=1985793.1985852
http://doi.acm.org/10.1145/1890683.1890689
http://portal.acm.org/citation.cfm?doid=1932682.1869527
http://portal.acm.org/citation.cfm?doid=1321631.1321717
http://portal.acm.org/citation.cfm?doid=1321631.1321717
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5069082
http://ieeexplore.ieee.org/lpdocs/epic03/wrapper.htm?arnumber=5069082
http://journal.ub.tu-berlin.de/index.php/eceasst/article/view/334/319


Lnk_aa`ejc kb pda .j` skngodkl kj Cne`o iaapo ]qpkjkie_
_kilqpejc KWWS���GO�DFP�RUJ�FLWDWLRQ�
FIP"LG �������

Lnk_aa`ejco kb pda .,,3 Ejpanj]pekj]h ?kjbanaj_a kj @eopne^qpa` =llhe_]pekjo ]j` Ejpankl)
an]^ha Ouopaio KWWS���ZZZ�VSULQJHUOLQN�FRP�LQGH[�W��������Q����J��
SGI

Okbps]na( EAP

Qj_kjrajpekj]h Lnkcn]iiejc
L]n]`ecio KWWS���OLQN�VSULQJHU�FRP�FKDSWHU�����������������B��

E>I
Ouopaio Fkqnj]h KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�
KWP"DUQXPEHU �������

=jj]ho kb paha_kiiqje_]pekjo )
=jj]hao `ao pÉhÉ_kiiqje_]pekjo

ZZZ�GPWI�RUJ�VWDQGDUGV�
SXEOLVKHGGRFXPHQWV�'63�����SGI

=?I Pn]jo]_pekjo kj =qpkjkikqo ]j` =`]lpera Ouopaio KWWS���GO�DFP�RUJ�
FLWDWLRQ�FIP"LG �������

Lnk_aa`ejco kb pda -op =?I OECOKBP skngodkl kj Oahb)i]j]ca`
ouopaio ) SKOO #,0 KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ��������
�������

Baa`^]_g _kjpnkh pdaknu
KWWS���VWXII�PLW�HGX�DIV�DWKHQD�FRXUVH���������2OG)LOHV�7$BPDWHULDOV�

6SULQJ����7$�UHDGLQJ�GIW�SGI

Ai^a``a` @ki]ej)Ola_e|_ H]jcq]cao qoejc He^n]neao ]j` @uj]ie_ Iap]lnkcn]i)
iejc

Lnk_aa`ejco kb pda EAAA KWWS���LHHH[SORUH�LHHH�
RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Lnk_aa`ejco kb pda aecdpaajpd =?I OECOKBP ejpanj])
pekj]h ouilkoeqi kj Bkqj`]pekjo kb okbps]na ajcejaanejc ) BOA #-,

KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

ZZZ�VHL�FPX�HGX�OLEUDU\�DVVHWV�8/6B
%RRN������SGI

http://dl.acm.org/citation.cfm?id=1809033
http://dl.acm.org/citation.cfm?id=1809033
http://www.springerlink.com/index/t15098547n1311g5.pdf
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.,-. -.pd EAAA+=?I Ejpanj]pekj]h Oui)
lkoeqi kj ?hqopan( ?hkq` ]j` Cne` ?kilqpejc $__cne` .,-.% KWWS�
��LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

=n_depa_pqn]h opuhao ]j` pda `aoecj kb japskng)^]oa` okbps]na ]n_depa_pqnao

EAAA Okbps]na
KWWS���LHHH[SORUH�LHHH�RUJ�[SOV�DEVBDOO�MVS"DUQXPEHU �������KWWS���LHHH[SORUH�
LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

-1pd Ejpanj]pekj]h =?I OECOKBP Oui)
lkoeqi kj ?kilkjajp >]oa` Okbps]na Ajcejaanejc KWWS���KDO�LQULD�IU�
KDO���������

Ik`aho .,-. KWWS���KDO�LQULD�IU�KDO���������

@ki]ej Ola_e|_ H]jcq]cao

?kilqpan KWWS���LHHH[SORUH�LHHH�RUJ�
[SOV�DEVBDOO�MVS"DUQXPEHU �������

Bqpqna kb Okbps]na Ajcejaanejc $BKOA #,3%
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

@aoecj l]ppanjo6 ahaiajpo kb naqo]^ha k^fa_p)
kneajpa` okbps]na

E>I Ouopaio
Fkqnj]h KWWS���G[�GRL�RUJ���������VM���������

Ik`ah @neraj Ajcejaanejc H]jcq]cao ]j` Ouopaio KWWS�
��OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B��

?kilqpan
KWWS���LHHH[SORUH�LHHH�RUJ�[SOV�DEVBDOO�MVS"DUQXPEHU �������KWWS���LHHH[SORUH�
LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������KWWS���LHHH[SORUH�LHHH�RUJ�
OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Bkqj`]pekjo kb _kilkjajp)^]oa` ouo)
paio KWWS���GO�DFP�RUJ�
FLWDWLRQ�FIP"LG �������������

=npe|_e]h ejpahhecaj_a ]j` ik^eha nk^kpo KWWS�
��ZZZ�WX�FKHPQLW]�GH�HWLW�SURDXW�SDSHUGE�GRZQORDG�JDW���SGI

Lnk_aa`ejco kb pda 4pd =?I ejpanj]pekj]h _kjbanaj_a
kj =qpkjkie_ _kilqpejc ) E?=? #--
KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������
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Lnk_aa`ejc kb pda 1pd Ejpanj]pekj]h ?kjbanaj_a kj Pdaknu ]j` Ln]_)
pe_a kb Ik`ah Pn]jobkni]pekjo KWWS���ZZZ�VSULQJHUOLQN�FRP�LQGH[�
�������9���������SGI

-1pd =jjq]h EAAA Ejpanj]pekj]h ?kjbanaj_a ]j`
Skngodkl kj pda Ajcejaanejc kb ?kilqpan >]oa` Ouopaio $a_^o .,,4% KWWS�
��LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Lnk_aa`ejco kb pda 2pd ejpanj]pekj]h skngodkl kj Okbps]na ajcejaanejc ]j` ie``has]na )
OAI #,2 KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

L]ppanjo ej F]r]( rkhqia -6 ] _]p]hkc kb naqo]^ha `aoecj l]ppanjo ehhqopn]pa` sepd QIH

Pdaknape_]h ?kilqpan O_eaj_a KWWS���G[�GRL�RUJ���������M�WFV�
�����������

Lnk_aa`ejc kb pda oa_kj` ejpanj]pekj]h skngodkl kj Oahb)knc]jevejc ]n_depa_pqnao )
OK=N #-, KWWS���SRUWDO�DFP�
RUJ�FLWDWLRQ�FIP"GRLG ���������������

Lnk_aa`ejco kb pda Bebpd Ejpanj]pekj]h Skngodkl kj Baa`^]_g ?kjpnkh Eilhaiajp]pekj ]j` @aoecj ej
?kilqpejc Ouopaio ]j` Japskngo KWWS�
��GRL�DFP�RUJ������������������������

Baa`^]_g _kjpnkh kb _kilqpejc ouopaio
KWWS���RQOLQHOLEUDU\�ZLOH\�FRP�GRL������������������;�IPDWWHU�

SGI

=npe|_e]h Ejpahhecaj_a
KWWS���G[�GRL�RUJ�����������������������������

Olej Ik`ah ?da_gan

KWWS���ZZZ�UHVHDUFK�LEP�FRP�DXWRQRPLF�PDQLIHVWR�
DXWRQRPLFBFRPSXWLQJ�SGI

=?I ?kilqpejc Oqnrauo KWWS���SRUWDO�DFP�RUJ�
FLWDWLRQ�FIP"GRLG ���������������

Hkce_ ej ?kilqpan O_eaj_a6 Ik`ahhejc ]j` Na]okjejc ]^kqp Ouopaio

KWWS���SHRSOH�FV�NXOHXYHQ�EH�aGDQQ\�ZH\QV�FVGV�,%0���SGI

KWWS���VWDQGDUGV�LVR�RUJ�LWWI�3XEOLFO\$YDLODEOH6WDQGDUGV�
V������B,62B,(&B�����B�����(��]LS

http://www.springerlink.com/index/6766265V42090228.pdf
http://www.springerlink.com/index/6766265V42090228.pdf
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Fkqnj]h kb Okbps]na ]j`
Ouopaio Ik`ahejc $OkOuI%

Fkqnj]h kb k^fa_p)kneajpa` lnkcn]iiejc
KWWS���ZZZ�ODSXWDQ�RUJ�GUF�KWPO

E>I Ouopaio Fkqnj]h
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Lnk_aa`ejco kb pda 1pd ejpanj]pekj]h _kjbanaj_a kj Cajan]pera lnk)
cn]iiejc ]j` _kilkjajp ajcejaanejc ) CL?A #,2

KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"LG �������KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"
GRLG ���������������

O]pahhepa
Arajpo ]p pda Ik@AHO .,,1 ?kjbanaj_a Ha_pqna Jkpao ej ?kilqpan O_eaj_a

KWWS���G[�GRL�RUJ�����������������B��

Heja]n ?kjpnkh Ouopaio6 Oujpdaoeo kb iqhper]ne]^ha ouopaio ]j` iqhpe`eiajoekj]h
ouopaio* Rkh*.

KWWS���ERRNV�JRRJOH�IU�ERRNV"LG 1��S4J$$&$$-

Lnk_aa`ejco kb pda .,-,
Ejpanj]pekj]h ?kjbanaj_a kj Okbps]na Ajcejaanejc ]j` Gjksha`ca Ajcejaanej $OAGA#-,%

KWWS���VFKRODU�JRRJOH�FRP�VFKRODU"KO HQ	EWQ* 6HDUFK	T LQWLWOH�
'LVWULEXWHG�DQG�$GDSWLYH�([HFXWLRQ�RI�&RQGRU�'$*0DQ�:RUNIORZV��

KKLOH=
KWWS���ZZZ�VRIWPHWDZDUH�FRP�RRSVOD�����NHOO\�SGI

EAAA Okbps]na
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU 

�������

@ki]ej)Ola_e|_ Ik`ahejc6 Aj]^hejc Bqhh ?k`a Cajan]pekj
KWWS���ZZZ�GVPERRN�FRP�

?kilqpan
KWWS���LHHH[SORUH�LHHH�RUJ�[SOV�DEVBDOO�MVS"DUQXPEHU �������KWWS�

��LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Lnk_aa`ejco kb pda 4pd =?I ejpanj])
pekj]h _kjbanaj_a kj =qpkjkie_ _kilqpejc
KWWS���GRL�DFP�RUJ������������������������

=j atpajoe^ha lh]pbkni bkn ola_e|_]pekj kb ejpacn]pa` h]jcq]cao bkn ik`ah i]j]caiajp
KWWSV���ZZZ�FV�\RUN�DF�XN�IWSGLU�UHSRUWV������

<&67����<&67���������SGI

Ik`ah @neraj =n_depa_pqna ̞ Bkqj`]pekjo ]j` =llhe_]pekjo
Ha_pqna Jkpao ej ?kilqpan O_eaj_a KWWS�

��G[�GRL�RUJ�����������������B��

Ik`ah)@neraj Pkkh ]j` Lnk_aoo ̪ KWWS���FLWHVHHU[�
LVW�SVX�HGX�YLHZGRF�VXPPDU\"GRL ���������������
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Lnk_aa`ejco
kb pda .,,4 Ejpanj]pekj]h ?kjbanaj_a kj Ik`ah Pn]jobkni]pekjo

KWWS���ZZZ�VSULQJHUOLQN�FRP�LQGH[�U���X������S�����SGI

Necknkqo Iapdk`o bkn
Okbps]na ?kjopnq_pekj ]j` =j]huoeo Ha_pqna Jkpao ej ?kilqpan O_eaj_a

KWWS���G[�GRL�RUJ��������������������������B��

Ejpanj]pekj]h Fkqnj]h kj Okbps]na Pkkho bkn Pa_djkhkcu Pn]joban
KWWS���OLQN�VSULQJHU�FRP���������V����������������

Lnk_aa`ejc kb pda .,-- Ejpanj]pekj]h ?kjbanaj_a kj Okbps]na Ajcejaanejc ]j` Gjksha`ca Ajcejaanejc

Lnk_aa`ejco kb pda Lnk_aa`ejco kb pda .,-. Ejpanj]pekj]h Skngodkl kj K?H ]j` Patpq]h Ik`ahhejc

=_pao `ao mq]pneÈiao fkqnjÉao j]pekj]hao `q Cnkqlaiajp @a Na_dan_da ?JNO `q CÉjea `a
h] Lnkcn]ii]pekj ap `q Hkce_eah

Lnk_aa`ejco kb pda .,-- Ejpanj]pekj]h ?kjbanaj_a kj =qpkjkie_ ?ki)
lqpejc( odknp l]lan

Lnk_aa`ejc kb pda .,-. Ejpanj]pekj]h Skngodkl kj Ik`aho<Nqjpeia ej ]ook_e]pekj
sepd IK@AHO#-.

?hqopan
?kilqpejc KWWS���OLQN�VSULQJHU�FRP���������V����������������

Pda .-op
=?I OECLH=J _kjbanaj_a kj K^fa_p)kneajpa` lnkcn]iiejc ouopaio( h]jcq]cao( ]j` ]llhe_]pekjo

KWWS���GO�DFP�RUJ�FLWDWLRQ�
FIP"LG �������KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

Lnk_aa`ejco kb pda .,,2 _kjbanaj_a kb pda ?ajpan bkn =`r]j_a`
Opq`eao kj ?khh]^kn]pera naoa]n_d ) ?=O?KJ #,2

KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

Skngodkl kj Okbps]na Ajcejaanejc bkn Ai^a``a` Ouopaio

?kilqpan KWWS���LHHH[SORUH�
LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Lnk_aa`ejco kb pda =?I+EAAA -/pd Ejpanj]pekj]h ?kjbanaj_a kj Ik`ah @neraj Ajcejaanejc(
H]jcq]cao( ]j` Ouopaio $IK@AHO% KWWS���OLQN�VSULQJHU�FRP�FKDSWHU�
�������������������������B��

=?I Pn]jo* Ai^a`* ?kilqp* Ouop* KWWS���GRL�DFP�RUJ���������
���������������
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?kilkjajp)>]oa` Okbps]na Ajcejaanejc KWWS���OLQN�
VSULQJHU�FRP�FKDSWHU��������������������������B�

Lnk_aa`ejco kb pda -4pd =?I ejpanj]pekj]h ouilkoeqi kj Decd lanbkni]j_a
`eopne^qpa` _kilqpejc ) DL@? #,5
KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

Lnk_aa`ejco kb pda .,,1 Ejpanj]pekj]h Skngodkl kj @aoecj ]j` Arkhqpekj
kb =qpkjkie_ =llhe_]pekj Okbps]na $@A=O #,1%
KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ���������������

EAAA Pn]jo]_pekjo kj ?kjpnkh Ouopaio Pa_djkhkcu
KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

?kjpnkh >]oa` @aoecj kb ?kilqpejc Ouopaio

Lnk_aa`ejco kb pda 4pd =?I ejpanj]pekj]h _kjban)
aj_a kj =qpkjkie_ _kilqpejc ) E?=? #--

KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"LG �������KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"
GRLG ���������������

=ceha Okbps]na @arahkliajp6 Lnej_elhao( L]ppanjo( ]j` Ln]_pe_ao

Cne` ]j`
?kklan]pera ?kilqpejc)C?? .,,0 KWWS���OLQN�VSULQJHU�FRP�FKDSWHU�
�������������������������B��

?kilqpan KWWS���LHHH[SORUH�LHHH�RUJ�OSGRFV�HSLF���ZUDSSHU�KWP"
DUQXPEHU �������

=?I ?kilqp* Oqnr* KWWS���GRL�DFP�RUJ�����������������
�������

Lnk_aa`ejco kb pda =?I
OECLH=J .,-. skngodkl kj L]npe]h ar]hq]pekj ]j` lnkcn]i i]jelqh]pekj

KWWS���GRL�DFP�RUJ������������������������

?kilqpan KWWS���LHHH[SORUH�LHHH�RUJ�
OSGRFV�HSLF���ZUDSSHU�KWP"DUQXPEHU �������

Lnk_* kb -4pd Ejpanj]pekj]h ?kjbanaj_a kj =n_depa_pqna kb ?kilqpejc Ouopaio
KWWS���OLQN�VSULQJHU�FRP�FKDSWHU��������������������������B�

Okbps]na Ajcejaanejc KWWS���OLQN�VSULQJHU�FRP�FKDSWHU���������
�����������������B�
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Lnk_aa`ejco
kb pda .,4 Ejpanj]pekj]h Skngodkl kj Qhpn])H]nca)O_]ha Okbps]na)Ejpajoera Ouopaio

KWWS���SRUWDO�DFP�RUJ�FLWDWLRQ�FIP"GRLG 
���������������

Lnk_aa`ejco kb pda 4pd ejpanj]pekj]h _kjbanaj_a kj Ik`ah @neraj Ajcejaanejc H]jcq]cao
]j` Ouopaio KWWS���G[�
GRL�RUJ�����������������B��

Lnk)
_aa`ejco kb pda Skngodkl ]^kqp ?kil]nejc Ik`ahejc =llnk]_dao .,-. $skngodkl ]p IK@AHO .,-.%

KWWSV���GO�DFP�RUJ�FLWDWLRQ�FIP"LG �������

KWWS���QHZV�
QHWFUDIW�FRP�DUFKLYHV������������PDUFK������ZHE�VHUYHU�VXUYH\�KWPO
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