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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration

From RPC to SOA..

Midgleware evolution
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration

Problem Statement: Spontaneous Service Integration
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Motivations Pen eting SOA
Problem Statement: Spontaneous Service Integration

Service Integration

@ Service transformation

@ Service composition

@ Service adaptation
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration

Service Integration

Service transformation is the process or result of changing from
one appearance, state, or phase to another

@ Computation \dj Data _J Access
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration

Service Integration

Service composition is the process of binding two or more entities
into a new one

E

@ Computation @ Data 5 Access [)
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration

Service Integration

Service adaptation is the process of making adjustments to suit
the environment and to adjust to different conditions
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Motivations Perv Meeting SOA
Problem Statement: Spontaneous Service Integration

Goal-Oriented versus...

Goal-Oriented Integration: decided by applications and/or users

FOTOSZs Sk

The middleware is reactive to the application and/or users needs
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Motivations Pervasive Meeting SOA
Problem Statement: Spontaneous Service Integration

..Spontaneous

Spontaneous Integration: decided by the middleware for the
applications and/or users

<

Transparent for applications and users, the middleware is proactive
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Nowadays service integration Middleware

State of the Art Missing Points

State of the Art
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Nowadays service integration Middleware
State of the Art Missing Points

Service Integration Middleware

@ Service Transformation Middleware are MDA based approach:
MIDAS[2006], Perv-ML[2004]

@ Service Composition Middleware are goal-oriented based:
Perse[2007], SeGSeC[2005], Broker[2005]

@ Service Adaptation Middleware are based on the
disappearance of services: MADAM[2006], Carisma[2003],

Socam[2004]
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Nowadays service integration Middleware
State of the Art Missing Points

Classification & lIssues

Transformation  Composition Adaptation
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Nowadays service integration Middleware
State of the Art Missing Points

Classification & lIssues
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Threefold Contribution

Threefold Thesis Contribution

@ Unified vision for the service integration. Proposing a
middleware model that provides the necessary modules for
service transformation, composition and adaptation: The SIM
Middleware Model

@ Functional & Non Functional Service Integration Relations

@ Spontaneous Service Integration for Pervasive Environments

Noha Ibrahim Spontaneous Service Integration in Pervasive Environments 15 / 39



Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

Service interface
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Formal Definitions
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Functional & Non Functional

Service Model

Operation signatures

Service interface <inputs, output, name>
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Formal Definitions
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Service Composition

Functional & Non Functional

Service Model

Operation signatures

Service interface <inputs, output, name>

Service implementation
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

Operation signatures

Service interface <inputs, output, name>

Operation
implementations

Service implementation
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

Operation signatures

Service interface L<inputs, output, name>

Operation
implementations

Functional property Service implementation
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

Operation signatures

Service interface <inputs, output, name>

Operation
implementations

Functional property Service implementation

Non functional
properties
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

Operation signatures

<i$lt$, outp#t, nari

Functional prOPerty* Service implementation )
Semantic

Non functional
prope rties* conce pt

Service interface

Operation
implementations
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

App| icatio n V|eW Operation signatures

Service interface

_l_ <i{;3uts, owt, naae:

Operation
implementations

Functional prope* Service implementation

Non functiogal
properties
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

Operation signatures

Service interface = .
<inputs, output, namg>

Operations
implementations

Functional propeﬁ‘/\\/ Service implementation

Non functioral M |d d IeWa re VIeW

properties

)
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

An atomic printing service example

-

‘ java.lang.Boolean print(f java.io.File)

Printing \1 <java.io.File, java.lang.Boolean, print>

Boolean print(f File) document state printer

{implementation}

(@i atomic

(nbPage, 60,>)
(price, 10, <)

(access, wifi )
concept  Semantic concept
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Model

An integrated printing service example
J java.lang.Boolean print(f java.io.File)

Printing /\" <java.io.File, java.lang.Boolean, print>

S

Boolean print(f File) document state printer

{implementation}

integrated . atomic

(print, )zip, )

(nbPage, 60,>)
(price, 50, <)

(access, wifi )

eencept  Semantic concept
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Relation

@ Service Equivalence Relation: Two services are equivalent and
can substitute one another

@ Service Composition Relation: Two services are composable
and offer new functionalities resulting from the composition

Services equivalence Services composition
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Equivalence
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Equivalence

Service interface J Operation signatures Service interface [, Operation signatures
~ <inputs, output, name> <inputs, output, name>

Operation implementations Operation implementations
Functional propert * Service implementation Functional propert * Service implementation
Non functional properties /, _ Non functional propemeg/\ _

~ 24
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

vice Equivalence

Interface Equivalence Relation

Service interface | Operation signatures Service interface [ Operation signatures
<inputs, output, name> <inputs, output, name>
Operation implementations Operation implementations
A . . .
Functional propert 73 Service implementation Functional propert i\z Service implementation
Non functional properties Non functional propertiei/\_,
A A
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

vice Equivalence

Service interface [ Operation signatures Service interface [ Operation signatures
<inputs, output, name> <inputs, output, name>
Implementation Equivalence Relation

Operation implementations Operation implementations

Functionalpropert* Service implementation Funct\ona\propert* Service implementation

Non functional propeme%/«7 Non functional pmpertie%/\7
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Syntactic Equivalence
(Operation signatures

Service interface <L <inputs, output, name>

Operation implementations

P * Service implementation

Nomfunctional properties Semantic
}Ti concept
Syntactic
Equivalence
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Syntactic Equivalence Example

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

<(java.awt.image.Bufferedimage, java.lang.String), java.lang.Boolean, size>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Syntactic Equivalence Example

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

Type equivalence

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

<(java.awt.image.Bufferedimage, java.lang.String), java.lang.Boolean, size>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Syntactic Equivalence Example

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

Type equivalence

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

SubType relation Type equivalence

<(java.awt.image.Bufferedimage, java.lang.String), java.lang.Boolean, size>

55 INSR

Noha Ibrahim Spontaneous Service Integration in Pervasive Environments 21 /39



Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Syntactic Equivalence Example

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

Operation Syntactic Equivalence

<(java.awt.Image, java.lang.String), java.lang.Boolean, size>

" Operation Syntactic almost Equivalence

<(java.awt.image.Bufferedimage, java.lang.String), java.lang.Boolean, size>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Semantic Equivalence

Operation signatures
Service interface <inputs, output, name>

Operation implementations

TS [EER * Service implementation

Norfunctional properties Semantic
{k concept
Semantic
Equivalence
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Semantic Equivalence Example (Paolucci[2002])

(o | (e J o) [ ] (]
[
Fail
{ Nn221 J [ n222 J [ n223 J‘SUbsume

Noha Ibrahim Spontaneous Service Integration in Pervasive Environments 21 /39



Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Semantic Equivalence Example

<(n11, n112), n, n22>
<(n11, n112), n, n22>
<(n1, n112), n, n2>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Semantic Equivalence Example

<(n11, n112), n, n22>
Exact 8 3 g §
Matching - = - -
<(n11, n112), n, n22>
<(n1, n112), n, n2>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Semantic Equivalence Example

<(n11, n112), n, n22>

Exact S E ;% E
Matching . - . -
<(n11, n112), n, n22>

Plugin 5 3 8 £
Matching & i@ o z
<(n1, n112), n, n2>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Interface Semantic Equivalence Example

<(n11, n112), n, n22>
Exact £ Operation ¢ Semantic  £Equivalenceg
Matching

<(n11, n112), n, n22>
Plugl 5 - - i =
ugin [BOperation Semantic almost'Equivalence &
Matchlng o Exact Exact o
<(n1, n112), n, n2>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

@ Several operations may be Plugln semantic matching

@ Semantic distance between concepts to evaluate semantic
distance between operations

[ n ] Exact, D=0
i ‘ p—— Plugln, D=0.2
n1 l nz2
L n Il n12 Il n1s | l n21 1( n22 ‘
Fail, D=1

‘ n221 | ‘ n222 l ‘ n223
Subsume, D=0.8

Predefined values of semantic distance D
Without considering concept levels
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Interface Equivalence

Three operations plugln semantic matching

<(n11, n11), n, n22>

© = © B

= * @ . = . @ * ©

D=0.05 1/4*0 b 1/4*0.2 g 1/4*0 5 1/4*0 X
o

<(n11, n112), n, n22>

D=0.1 r% g 1/4*0 g =

' 114702 [2 0 i 114702 |3

o

<(n1, n112), n, n2>
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Implementation Equivalence

Implementation Equivalence
Operation signatures

Service interface <inputs, output, name>

Operation implementations

s O LJE Service implementation

Noryfunctional properties Semantic
;TK concept
Semantic
Equivalence

55 INSR

Noha Ibrahim Spontaneous Service Integration in Pervasive Environments 22 /39



Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

QoS Equivalence Degree

QoS Equivalence Degree

Operation signatures
Service interface <L<inputs, output, name>

Operation implementations

Functonalpovery S gorvice implementation _
Nozfunctional properties Semantic

concept
QoS compatibility
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

QoS Equivalence Degree

e Two operations can be equivalent (interface and
implementation) with different non-functional properties.

.. Npopi
® Q0Spegree(0pi, opj) = 'k:pl"l wi * deg(npkopi, npkop;)

Non functional Non functional

Properties: properties: _
deg( Quantitative Qn . Quantitative Qn ) = Z-score and standard deviation . QoS degree
deg(  Qualitative QI ., Qualitative QI ) = Semantic distance

@ For three equivalent operations opi, opj, opk
QOSDegree(opi> Opj) 7é QOSDegree(Opi7 Opk) 7é QOSDegree(opja Opk)
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Composition
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Composition Relation

Service interface J Operation signatures Service interface [, Operation signatures
. <inputs, output, name> <inputs, output, name>

Operation implementations Operation implementations
Functional propert * Service implementation Functional propert * Service implementation
Non functional properties /, _ Non functional propemeg/\ _
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Composition Relation

Service interface [ Operation signatures Service interface ( Operation signatures
_/ <inputs, output, name> _J <inputs, output, name>
Operation implementations Operation implementations
Functional propert * Service implementation Functional propert * Service implementation
Non functional properties Non functional propertiesg\_’
I~ I
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Functional & Non Functional

Formal Definitions
ice Equiva e
Service Composition

Service Composition Relation

type
semantic

in: (Input
name} 1 P.)

1
|
1 Opi
name !

type -~ »
semantic | 1Nk (Input)
—
name
semantic

Noha Ibrahim

name~iN1 (Input)
semantic » M)» type .
| semantic
out (Output) { type |
—_—
1 .
semantic | Opj
|
name W !
type 7 >
semantic jll’]\ (Input)
name
semantic

[
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Composition Relation

name "IN (opj)

semantic .

name "INt OpD_ out (opi) type

type f |
semantic | ; - semantic

| Opi r

e . Cpt out (opj) ) type

ame (cencept) opi L semantic
semantic J in« (opi) ewon

name |
type } - "
semantic ini (opj)

name new op
semantic new op
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Formal Definitions
Service Equivalence
Service Composition

Functional & Non Functional

Service Composition Relation

name ~in (opj)

type
name | TP, out ©p) _ | semantic
type B —
semantic ( : . type
1 concept
name ! 2l Cpt out (opj) [ type
type L—» (Concept) concept 1 semantic
semantic | in. (opi) new op =
name
type » -
semantic | NI (opj)
- ~

name new op
semantic new op
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. . Formal Definitions
Functional & Non Functional -
Service Equiva

Service Composition

Service Composition Relation

lin‘ (opi)
—.  Ini (opi) out (opi) {NP -
I .
Non-functional QoS | 1 equivalent
properties of In (opi) [~ 1 Opi
I
y —_—
~ in« (opi)
I
I
Non-functional QoS [ !
properties of In (opj)
ini (opj)
A
~

Non-functional QoS
properties of Cpt (opi and opj)

Non-functional QoS
properties of Out (opj)
—_—
Opj
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

JINSR
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

Application Layer
=E == —+ =E

[ <o <& [

Middleware Layer —— interface

(] implementation
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

How: Application Transparent Service Composition

Application Layer Application Layer
e T T T - T T \
(] o <o (] \j C ). C ;] S
Middleware Layer —

MO OO
Middleware Layer

interface

" implementation
Spontaneous composition
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

How: combination of service equivalence and service composition

relations
Interface
Equivalence
—_— Already
- existing
Syntactic service
Or
Semantic
Service composition
Service equivalence 25 INSR
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

When: Appearance of a new service

Application Layer

Functional Property Functional Property Functional Property Functional Property

Middleware Layer

INSR
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

Application Layer New Service Interface
Functional Property ~ Functional Property Functional Property Functional Property
Middleware Layer
55 INSR
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

Application Layer Existing Service Interface
Different funcLionaI property
Functional Property Functional Property Functional Property Functional Property
Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

Searching for composable
service that are equivalent
to a service of the environment

o

Functional Property Functional Property Functional Property Functional Property

Application Layer

Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

Application Layer

—

Functional Property Functional Property Functional Property Functional Property

Verifying that the new
resulting service

is new in the environment
(New Property)

Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Composition

Application Layer

Functional Property

Functional Property Functional Property Functional Property itzarEied)
atomic atomic atomic - h
Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

NSR

Noha Ibrahim Spontaneous Service Integration in Pervasive Environments 28 / 39



Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

Application Layer

Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

Service disappears: Search for equivalent or almost equivalent
services that best fit the non functional properties of the
disappearing service

Application Layer Application Layer

O N0 e <,

Middleware Layer Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

Equivalent or almost equivalent service appears: Possible
substitution if the new service fits best the non functional
properties of the applications

Application Layer Application Layer
o> - OO0 Oro OO
Middleware Layer Middleware Layer
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

Considering a set of services equivalent or almost equivalent to the
service to substitute

——

Non Functional Property

—

Non Functional Property

—

Non Functional Property

Equivaltaft Services

——

Non Functional Property
5%INSR
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Spontaneous Composition
Spontaneous Spontaneous Adapta

Spontaneous Service Adaptation

QoSdegree computing

—

Non Functional Property

[
%
N4

Non Functional Property Non Functional Property

——

Non Functional Property
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

QoSdegree computing

——

Non Functional Property

Non Functional Property QoSdegree_2 Non Functional Property

O%%

Non Functional Property
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Spontaneous Composition
Spontaneous Spontaneous Adaptation

Spontaneous Service Adaptation

Best service corresponding to the minimal QoSdegree value

——

Non Functional Property

Non Functional Property QoSdegree_2 Non Functional Property

OOLS’%

Non Functional Property
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MyStudio
Evaluation
MySIM Prototype Implementation

Use Case Implementation
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MyStudio
Evaluation
MySIM Prototype Implementation

MyStudio

Before the spontaneous service integration

R =8 &
L_, @ Y

@ \\lebcam ® gam_lng O gack_aglng ® Storage
Service EhE EEs Service
® Printer @ Storage ® Printing
Service Service Service
Context
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MyStudio
Evaluation
MySIM Prototype Implementation

MyStudio

After the spontaneous service syntactic composition

" 8 :
R = < =

° e Naming @ Packaging o Storage service Storage ;
g\/eersiccaem Service Service extended with ° Service ® gg?\:iege
naming service
@ Printing L gtora_ge @ Evaluator
Service erviee ® Packaging service Service
o Webcam service extended with
extended with naming service
Context packaging service
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MyStudio
Evaluation
MySIM Prototype Implementation

MyStudio

After the spontaneous service semantic composition

" % :
L2 © =

® Webcam e Naming ® Packaging @ Storage service @ Storage O [Erfer
e Service Service extended with Service Semiles
® Printing ° gtora_lge patynoiseice @ Evaluator ® Storage service
Service CRES [ Service extended with
@ Webcam service  extendedwith @ Storage service  packaging and
extended with naming setxce extended with naming services
Context packaging service

packaging service
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MyStudio
Evaluation

MySIM Prototype Implementation

MyStudio

Semantic control

s: String  « File »

Jar & getNextName are Syntactic
operation compatible

«ld»

« Location »

Jar & getNextName are Semantic
jar operation incompatible

\ « State »
Boolean

o g vy
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MyStudio
Evaluation
MySIM Prototype Implementation

Evaluation

Syntactic Interface Matching

Time in millseconds Memory in Kbytes
N
320
220
187 — 16—
Use case Simulation Use case Simulation
Example over 100 services Example over 100 services
services services
'y
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MyStudio
Evaluation
MySIM Prototype Implementation

Evaluation

Semantic Interface Matching

Time in seconds Memory in ko

N

55 L 7000 |

Use case Simulation

Example over 100 services Use case Simulation
mp Example over 100 services
services Services
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MyStudio
Evaluation
MySIM Prototype Implementation

Implementation issues

@ Project: ANIS, Inria gforge

e Code: JVM, OSGi/Felix, 47 classes, 6407 lines

e Hardware: 2 laptops (Windows XP, Kubuntu 7.04), webcam
logitech

@ Technical points:

e Service generation via bundle creation (sun.tools)

e Remote call vi RMI

e OWL-S Mindswap ontology reasoner
(http://www.mindswap.org/)

[
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Conclusions & Perspectives
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Conclusions T
Contribution Summary

Conclusion

@ Unified vision for the service integration

e A generic service integration middleware: SIM
e A spontaneous instantiation of SIM: MySIM middleware

@ Functional and Non-Functional service integration relations:
the equivalence and composition relations
e Equivalence, almost equivalence and composition relations
over service interfaces and implementations
e Introducing new metrics: semantic distance, QoS degree
function
@ Spontaneous service integration for pervasive environments
e Application transparent service composition with semantic
control
e Service adaptation upon appearance and disappearance of
services based on functional and non functional properties 4iNsR
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Short Term
Perspectives Long Term

Improving MySIM middleware

Service model
e Functional property enabling to compose two operations twice
upon different inputs.
e Semantic distance and concept level considerations
Service transformation

e Automating the transformation model
e Extending the prototype to other platforms

Service composition
o Combining n services

Service adaptation
o Taking the state of a service into account

[
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Short Term
Perspectives Long Term

From Pervasive to Ambient..

Pervasive computing

Smartness
Localized Service Heterogeneous
Scalability Integration services
Smartspaces  Anticipation
N Spontaneous Multiple
Invisibility Integration providers
Variable
Connectivity
[
2:INSR
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Short Term

Perspectives

Thank You..
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