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PROCESS DOMAINS

o

Software Process

o

Business Process

o

CSCW Process

o

Orchestration Process

o

Most model interpretors

ce.. And many ot her s.
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WHAT IS A PROCESS ?

« A sequence of steps performed for a given purpose »
[IEEE]

« A systematic approach to the creation of a product
or the accomplishment of some task » [Osterwell]

o Far to be sufficient to build a Process support
System.

- It depends on the purpose / task.
. Process is «only » an aspect of the given purpose/task
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WORKFLOWS / PROCESS SUPPORT SYSTEMS

Two approaches

o (eneric solutions
Fit all (in theory)
- Too many concepts
. Too complex
- Convenient for nobody
o Specialized Solutions
Fit only a specific market / customer

Few high level concepts
Difficult to extend / adapt.
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THE PROBLEM OF PSS (ICSP 5 1998)

o

Too wide scope (horizontally)
. Software, Business, Organization, Cooperative work, ...

Too wide scope (vertically)
From Capture to efficient execution.
- => No way for a single formalism / system to cope with
all requirements
Many PSS are existing and used in industry

- SCM, WorkFlow , Project mngt, Communication mngt,
Groupware, Planners

- They must be kept in place and used.

Tools are appearing, needs are evolving,
technology changes °

(@)

(@]

(@]
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NO HOPE TO BUILD A REAL PSS
WITHOUT |NTEROPERABILITY (ICSP 5 1998)

o A PSS must be seen as a federation of PSS
components

o COTS PSS are:
> Big,
o Autonomous,
- Heterogeneous,

> They have:
A local process model,
A process engine,
A local persistent state.

> How to make a federation (consistent, open,
flexible...) out of such components.
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ORCHESTRATION - CURRENT PROBLEMS

o

Low level Formalism .

o

Too strongly coupled with applications

o

Supports a single kind of technology (WS).

o

Selection and binding confused with the process.

o

No non-functional support.

o

Limited (or non existing) extension capabilities .
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FOCAS

Objective

A model driven framework for process support

o A simple kernel
A basic process system
A functional extention mechanism
A non-functional extention mechanism

> An extensible and adaptable Framework
differents application domains
differents envi r onment s, é
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PROPOSITION 0 FOCAS

o FOCAS un framework for the development of
process based applications:

Non-functional extension

Non-functional extension

Non-functional extension
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PROPOSITION 0 FOCAS K ERNEL

o FOCAS kernel : a service orchestration system

- Abstract orchestration specification
Separation of concerns: control, data, services
Heterogeneous Service Composition
Dynamic service binding and selection
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FOCAS KERNEL O ABSTRACT DESCRIPTION

o Three point of view
Control : task ordering and data flow
Data: Entities of concern
Services : actions executed on entities

Y

Y

Y

Invo2 S2
y S
Invol J Invo4 Invo5 S1 n

X
2

Invo3 S3

Each view point is formalised in a specific executable domain @
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FOCAS K ERNEL 0 DOMAIN STRUCTURE

Metamodel: A formalisme in which

Domain
are expressed models.

Metamodel

Conform to
| Models conform to the metamodel and
Model executed by the interpreter.
Executes
) Domain An mterpr_eter whlch operationnalizes
Interpretor the domain semantics.
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CONTROL DOMAIN (BASIC PROCESS DOMAIN )

Minimal set of process concepts
(Activity, Port, Product, ProductType, Dataflow)
- Acquisition Elend begin § Storage Eﬁ
default default
T med_calcul -
s Analysis end
Control Model e B
MeasLre defaut IE‘
meg_calcul
begin Processing o
= -
default
Control Manages control flow and data flow.
Interpreter Manages the entity life cycle. @
Maintains the process state.
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DATA DOMAIN

Data Types
(DataType, SimpleType, ComplexType, Attributes, etc)

Temperature Average
+value: Double +value: Double
Data Model +unit: String +number: Integer
+hour: Hour
[ Data ] Data Creation, deletion, modification, storage
Interprc and versioning. @
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SERVICES DOMAIN

_ Service Description
(Services, Interface, Operation, Properties)

public interface StoreDB {
public  boolean saveData(Average average);

}

Service
Models

Properties StoreDB

Protocol = DPWS

Servieh SAM (Service Abstract Machine)
Interpréteur Description, Discovery, Communication
Service technology Heterogeneity
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DOMAIN COMPOSITION

Control meta-link Data
Metamodel A Metamodel
Conform to Conform to ' Conform to
link
Control Model < > Data Model
A A
. Executes Executes
Control { svnchroni . Data
Interpreter YR CnTon S Interpreter
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DOMAIN COMPOSITION : A NEW DOMAIN

Control Data Metamodel

Metamodel

Conform to

link
Control Model < > Data Model

Executes

Control [ Synchronisation co. Data Interpreter
Interpreter

smmmeoe>
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SERVICES ORCHESTRATION IN FOCAS

Average
ALY +value: Double
+value: Double +number: Integer
- Acouisition Eend +hour: Hour i rerlin Storage |E|f
clefault defaut
IT‘ / meg_calcul i
P i Analysis Elend
I MmesELre g ] "] ? Store
. defallt Flle
Get meg_calcul
+ Humidity i bedin Processing o
Oy
Do default
Average
[ Orchestration Interpreteur
| I I
1 I I
Abstract v v
Flexible _
Heterogeneous UPnP )
Dynamic
DPWS WS Java
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FOCAS KERNEL - CONTRIBUTION

o Low level Formalism
Abstract Orchestration Description

)
. J

o Strona Coupling with applications
Flexible specification

)
. J

o Single technology support
Service Technology Heterogeneity (SAM)

o Binding and selection confused with the business
Separation of concern
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PROPOSITION O FUNCTIONAL EXTENSIONS

Workflow
:I\V Burotic
FOCAS Kernel
Process
Extensions rlvgn |
Collaboration Applications
Objective
Extend our framework in order to support the creation a

and execution of « any » process driven applications
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FUNCTIONAL EXTENSIONS EXAMPLE
ADDING HUMAN ACTIVITIES

o In workflow applications tasks can be performed by
Humans.

o In orchestration tasks are automatic (service
execution)

Extension Objective . support Humans when
performing process tasks
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FUNCTIONAL EXTENTION

Control meta-link Resources
Metamodel A Metamodel
Conform to . Conform to ' Conform to
link
Control Model < > Resources Model
7 A
. Executes 'Executes
Control { svnchroni . Resources
Interpreter YR CnTon S Interpreter
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EXAMPLE : ADDING HUMAN ACTIVITIES

Process Domain (orchestration) Resources Domain

[
S
Port
E 0..* Activity Human
© +name: String +exit Role 0.* 0.% :
= ; . -name: String - - +name: String
N +isAutomatic: Boolean (—I—) TGS +email: String
= 0..* I +birthdate: Integer
..
+entry I
!
__________________ L | L] | | | | | | | | | | | | |
I lacky : Human
I Director : Raole name = Estublier
—> .
name = Director »
I Bhilippe - Human
- ok
hegin Review E I name = Lalanda
{u]
< !
U Qs -
§ hedin Edit 4 I
—— = ldrissa : Human
mioc I
Student : Role .
| > name = Dieng
name = Student
dloc, commerts I Issac Human
I name = Garcia
|
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FUNCTIONAL EXTENSIONS O SUMMARY

o The langage (metamodel) is extended while reusing as

IS all tools.
[
\

Reuse languages and editors

Compromize between generic and specific

[
L
> A model can be specified reusing the existing models.

Separation of concerns ]

o The composite interpretor is built composing the
existing interpretors .

- Interpretors reuse.

[ Building modular interpretors b
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N ON-FUNCTIONNAL EXTENSIONS

y ™~
Others
| |
Distribution
L NSANN/ICA N eReAQilirAalinn |
Transactions
| |
Security
N 4

Objective :
Find a way to add non-functional properties.
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N ON-FUNCTIONAL EXTENSIONS

Process meta-link Non-functional
Metamodel 0 Metamodel
Conform to Conform to ' Conform to
Process - link _

Annotations
Model
‘ Generator
Execute

ik AEEEERE

Process [ Weaving € N on-functional
Interpretor J Library a
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Metamodel

Model

EXAMPLE O SECURE ORCHESTRATION
l

Orchestration Domain 1 Security Aspect
. ! —
bort +0..-t contains’ Activity : Authentication
exi .
+name: String -name: String < I e S
+isAutomatic: Boolean 0. *
- — !
+entry |
Integrit
Product € 1 Jy
0..*
port -name: String I
<€ ] Confidentiality
!
___________________ ﬂ L] | | | | | | | | | | | | |
!
I ] i ]
Acguisition end begin Storage <€ Authentlcatlon
[F] |
default default
meg_calcul I
bagin Analysis snd |
p = BRI | :Confidentiality
me3_calcul <
hegin Frocessing o I
o
default
! :
I ‘Integrity
|
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DISTRIBUTED ORCHESTRATION

A decentralized architecture
Efficiency issues
Robustness issues
Scalability issues

o =

=

E d beg F

default defauft

default default

FOCAS ( Niud FOCAS ( Niud FOCAS ( Ni

o QObjectives:
Efficiency (communication, load balancing, ..)
Flexibility (distribution decision at model level)
Evolution (react to network topologie changes)
Adaptability (to differents customer configurations) @
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DISTRIBUTED ORCHESTRATION

: : I T
Orchestration Domain : Distribution Aspect
I
g |
0..*
@) Port W’ ACthIty I Node Network
E +name: Strlng -name: Strlng < | +name: St”ng
9 +isAutomatic: Boolean| O..* I 1.x
&) <3
S +entry I
___________________ J _— _— _— —_— _— _— _— _— _— _—— L] L] L] _——

|

I EdgeServer:Node
|
Acguisition end begin = (OECE & I

o8 . e & DBServer:Node
-8 me3_calcul - I
S bagin Analysis Ele”d I

measre e [P € — i ApplicationServer:Node
bagin Processing | , |
o -
detaut <« ApplicationServer:Node

I
I
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DISTRIBUTED ORCHESTRATION

o A distribution annotation on an orchestration
model.

X heqin begin A end hedin B end hedin C end end
p—- P F——] r—of
N1 [ XY¥.Z7| N1 t | N2 [
B bhegin B enil
—P F—a
begin X end
' . t
begr’l B2 Enregin B3 end
E_ N3 | y E_ N3
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FROM ORCHESTRATION TO CHOREOGRAPHY

o Transform the central process : one sub -process per

nOde l begin X end‘
begin A end hegin B end < “|
- i
N1 | ;
B | |
begin begin B1 end  end | .
: A , :
1 . |
o G ' ! i
; X B 1 e
R | [ B3 |i N G
N3 >b89|n begin . end begin Elend em" | N2
. ﬁgin end<
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ABSTRACT CHOREOGRAPHY

Routing Table Node N1
X/B.end ->X_C/C.begin
X/B.begin->X_B/B2.begin

Routing Table Node N2
X_B/B3.end -> X/B.end

- X
begin end
’ { -
begin A end hegin B end ‘ I
= i
! |
B l :
begin begin EB1 end enid ; .
p—= CHEE B :
A | :
_ ! :
; _ , \I{ X ......... C l
v X B | |begin © E.Ig
begin begin B2 end begin B3 lend end ]
’ [ ‘

Routing Table Node N3
X_C/C.end -> X.end

Deployment Plan
PUT X_C in N3
PUT X_B in N2
PUT X inN1..
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DISTRIBUTED ORCHESTRATION EXAMPLE
Acquisition end begin Storage IEIf
1 EdgeServer B DBServer
' meg_calcul
) Analvsi end
T hegin 5 nalysis o :
messUre AppServer [»]
- meg_calcul
l begin Frocessing -
AppS 2
Transformateur [ APPeTver

Acguisition

default

[¥]

EdgeServer

Analysis

defaul

it

AppServer

But :

Frocessing

defaul

It

Specific model transformation Algorithm

Specific communication components
Process Day. Paris May 23 2010
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DISTRIBUTION ANNOTATION : FOCAS/ECLIPSE

Ij AL L
P Scyvnchrone port @

E Input
E Dukput

—— (Others kg s

E] _omment .ﬂ .—I ;Id

[ ] ActivityROOT 53 |

»
m\wnhlems Product bypes | Console |~ O3

: ActivityROOT B
Basic Full Marme: ¥
iarounding Type: iZomposike
Choreography Node: M1 -

Abstrack Securiky

_oncrete Security
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CONCLUSION : ORCHESTRATION V.S. CHOREOGRAPHY

o Qrchestration. good for design:
Easy to understand and communicate
Business model, error recovery, dynamic selection etc.

o Choreography. good for execution:
Efficient, Scalable, Adaptable to various contexts
Fully dynamic

o Annotations can bring the best of both camps:
Designing an orchestration (a centralized process),
Executing a choreography,

Without any change in the model, @
Wit hout any change I n proce’ss

A few new meta data (mOdel%ocess Day. Paris May 23 2010




NON-FUNCTIONNEL EXTENSIONS - SUMMARY

o Abstract Specification of non -functional properties

[ Abstract model annotation ]

o Separation Business / non -functional

[ Separation of concern ]

o Automatic generation of non -functional code

o A distributed architecture for « any » process tool

[ Adaptation to the implementation technology ]

Process Day. Paris May 23 2010




PLAN

P Introduction

p FOCAS
P FOCAS Kernel
P Functional extensions
P Non-Functional extensions

o Validation and Evaluation
o Demonstration

Process Day. Paris May 23 2010




VALIDATION ET EVALUATION

> Project ITEA o S4ALL
- Validation of the approach

> Project ITEA SODA

- Validation of the security non -functional extentions
Usability Evaluation for the environment

o Distributed Process support
- Validation distribution as a NF aspect
Evaluation : Efficiency of distributed process execution
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THE SODA V ALIDATION

o Use case : surveillance system

. The system observes a plant physical conditions and
takes decisions

> Objective 1 : validation of how to add a NF aspect

Extend the service orchestration framework to
Introduce security

o Objective 2 : validate the usability of the
generative approach

Expérience of adding the security in our use case.
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EVALUATION CADSE-FoOcCAS

o Experience: adding security
3 scenarios for adding security
8 developpeurs performed the scenarion twice

2 security technology experts make the same without
CADSE-FOCAS

13:20 05:21 23:00
2 07:49 05:33 24:00
3 03:22 02:10 15:00
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DISTRIBUTED ORCHESTRATION

A

defaul

default

Obijective: Reduce the communication time

end begin

default

B

FOCAS oONode 1

EXPERIENCE

[

default

end

begin

default

D

FOCAS oNode 2

S2

S3

Means: Move process fragments where is performed the computing

| Node1 | Node2 | Tol | % __

Process Day. Paris May 23 2010

Cas O
Cas1l

Cas 2
Cas 3
Cas 4

349,20
262,27
216,53
161,93
130,20

0,00
50,07
66,93
91,47

120,33

349,20
318,55
286,87
256,46
256,03

S4




DISTRIBUTED ORCHESTRATION EXPERIENCE

begin Al end begin A2 end begin A3 end

B1 end  hegin B2 end begin B3 end

defauit default cefault defauit

FOCAS 0ONode 3

begin C1 end  hegin c2 end begin c3 end
—p F——f F———] [

default default default

FOCAS oNode 1

Objective: Reduce the execution time for parallel executions
Means: Execute each branch in a different node

| Nodel | Node 2| Node3| Total | % _

550,81 0,00 0,00 550,81

420,73 193,88 0,00 420,73
Process Day. Paris May 23 2010
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CONCLUSIONS

o

o

o

o

o

An MDA approach for process based applications :
. Separation of concerns
Reuse
High level formalisms

A kernel process/orchestration domain
Heterogeneous service/component technologies
Dynamic selection and binding

Mechanism for Functional extentions
Mechanism for Non -Functional extentions
An implementation and validation : FOCAS

Process Day. Paris May 23 2010




PLAN

P Introduction

p FOCAS
P FOCAS Kernel
P Functional extensions
P Non-Functional extensions

o Validation and Evaluation
o Demonstration

Process Day. Paris May 23 2010




DEMONSTRATION

CADSE-FOCAS

CADSE (Computer Aided Domain Specific
Engineering environment )

FOCAS (Framework for Orchestration, Composition
and Aggregation of Services)
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DOMAIN : SECURED SERVICE

ORCHESTRATION
Secure FOCAS

uman
le 0..* B8.* | 4name: String
e | i i
Temperature

L Service 1| Description | 1 ce
e ‘:il S
Product meta- - T
model Abstract service meta-model
Security meta-mode Concrete service meta-modd|




Secure FOCAS |

begin Temperature end begin

defautt

Activity model

Float

Float[10
Product model

e

Security model

Analyse

default

Resource mode

D O
@ G

Abstract Service
Model

I
QO H)o
® o

WS UPnP DPWS
Concrete Service Model

DAl
N
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ACTIVITY META -MODEL

- m | rlinkedTo
[ [ I
Dataflow I
I =L o I
I__Ul____l I Port | r—————_l
hasaubhckiviti
I p transfer I I i I hasDutputsI assubackivi |esl
L 1
I Lot 1 I cnntal‘us o..* 1 hasDeskiop 1 ACEILY. I
| |+name | | | +name
| s, el !
I 0,.* I I IhasEntries I I
I I'IEIST':."I:IE I I e i ———
1 | :
I ProductType I -
I +name I
| |
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AN APPLICATION : AN ALARM SYSTEM

Authentication

Float

Acquisition \ Storage it

/L emperature Authentication average

Iemperature

il
|

Processing

average

Confidentiality

Float[10] Float
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Alarm system

° zquisition

“Authentication  [EEVSETS

o

(S

val
——average
Confidentiality ﬂ

Processing i )

i R
Activity model Resource mode
Temperaturg @ @

Humidity

Product model

Confidentiality '

Security model

@ O

Abstract Service
Model

|
QO H)O
o ©

WS UPnP DPWS
Concrete Service Model

I
o
Q
D
n
n
S
=<
T
Q
=.
2}
5
<
N
w
N
o
[y
o




Alarm system

° zquisition

|

L L L}
o
avera
Confidentiality

Authentication

Storage~

Processing
ﬂe ClaNO

i R
Activity model Resource mode
Temperaturg @ @

Humidity

@ O

Product model

~Authentication

~Confidentiality

Security model

Abstract Service
Model

|
QO H)O
¥ O )

WS UPnP DPWS
Concrete Service Model

9
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5
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inLinkedTo
Dataflow
0.1 Pork
kransf hasSubactivities
o eliola! il hasOukputs
- d M ivi
sl 1 contains 0% 1 hasDesktop 1 ActvEY
+name +name
1 1
Bz hasEntries
hasTwpe 1
1
ProductType
+name ..
Activity meta-mode
Product meta-model
i 1 tathintes
_ElmpIETva ComplexType ot | L*
| Attribute
Hiame: Siring
+multiplicity: int
+skey: boolean
‘ +shared: boolean
DataModel o.* DataType 1 L..* | +mandatory: boolean
+name: String [rdatype +read-only: boolean

1_jHype

I
o
O
D
n
"
S
=<
Y
Q
=.
%)
QZJ
<
N
w
N
o
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Alarm system

Processing i )

° zquisition

Authentication average

ANd

val
e e o average
Confidentiality ﬂ

L Nk
RY
o
o
D
)]
wn
ﬂ% :
- <
2
Activity model Resource mode 2
(7]
=
& S
O X
Temperature @ @ 0
Humidity B

Abstract Service

Product model Model

|
@OH O
o® 0 H

Security model WS UPnP DPWS
Concrete Service Model




Activity meta-model

hassubactivities

’—I

Activity | |

WAV,

=

+name

Security meta-model

0..* | Authentication
I
D..*
Signature
isUncorrupked
0.1 isSignedBy +sign()
isConfidential [ Inteqgrity s o
Request Integrity Response Integrity
7
Confidentiality isEncryptedy EHCHypEion
0.1 0..* +crypk)
Reqgye st Confidentiality | | Response Confidentiality
I Audit isEnsuredBy Logging
—— o oz

isEnsuredBy 0.1 | Hdigest

Username

+loagin
+password

providesSignature

X.509 Certificate

+user
+password
+keystareFilename
+keystorePath
+keystorePassword

providesEncryption

isLoggedl

File

0.1 +filenanne

Database

N +jdb.CDr'i"."Er
isLoggedIn +login

0..1 | tRrassword
+serverHostname
+pork
+databaseMames
+table




Alarm system

° zquisition

average

Processing
averaﬂe endiNo

e
i |

o

Resource mode

Activity model

aurlet

I
o
Q
D
n
n
S
=<
T
Q
=.
2}
5
<
N
w
N
o
[y
o

Temperaturg @ C:>
Humidity
Abstract Service
Product model Model

|
@OH O
o® 0 H

Security model WS UPnP DPWS
Concrete Service Model




Activity meta-model

Dataflow

transfer
D. .*

Product

1

conkains

+name

hasType
1

ProductType

+narne

inLinkedTo
Port
hassubdctivities
s hasOutputs
1
O 1 hasDesktop 1 ActivEy
+name

hasEntries

Abstract Service meta-model11

Services:Servi
MVICES=2ETVIC® | 11 | ServiceszDescription
+name
1
1
Services:mOperation
+name ServicessInterface
L.*1 | -package: String
-name: 5tring




o &
H OO

Abs ract Service Model

SAM

o
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WS UPnP DPWS

Concrete Service Model




Resource mode

Activity model

Temperature C:>
Humidity @
Abstract Service
Product model Model

9
@]
(@}
)
[9)]
(7]
5
<
T
Q
=.
(7))
5
<
N
w
N
o
=
o

|
o) u@ BT
&)@ QD

Security model WS UPnP DPWS
Concrete Service Model




SECURED USE CASE

Acquisition

S EE e

:D 2 (Ul

i/ emperature

Authentication

Confidentiality

65
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SUMMARY

Manually defined: 5 models + 150 LOC
Executed: 4 interpretors + SAM + Libraries + 1900 LOC

Dynamic

Selection
1539 & 85%

Generated LOC _

e

TOTAL 2015
- Few technical expertise needed @
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FOCAS AND SECURE FOCAS

o ramework for
rchestration,

T Ee .2 ;
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