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Service-oriented computing

Service-Oriented Computing (SOC)

= the compute paradigm behind service-oriented systems, i.e. for
organizing and utilizing distributed capabilities that may be under the
control of different ownership domains

Service-Oriented Architecture (SOA)

= an architectural style to realize SOC

= promise to organize and understand organizations, communities and
systems maximizing agility, scalability and interoperability

= very often built by IT industry in an ad-hoc and undisciplined way
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Setting the scene
Service-oriented systems

Service

= autonomous, platform-independent computational entity that can be
described, published, categorised, discovered

= services can be dynamically assembled for developing

massively distributed, interoperable, evolvable systems and
applications
like gas, power, telephone, etc.

Service-Oriented Systems (SOS)
= use loosely coupled services
= massively distributed, interoperable, evolvable applications

= consist of providing, consuming and publishing services, i.e.
establishing a community or marketplace

like applications spread over the web, e.g. online banking, hotel
reservation, flight booking, etc.
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Software engineering for SOS
(Service engineering)

Challenges for service engineering
= specification and querying services
= correctness and consistency

= automated composition of services (orchestration) guaranteeing
availability and reliability

= compensation of long running transactions

= evaluating and implementing sustained performance, security and
safety, adaptive behaviour, ...

= deployment and re-engineering

M. Wirsing




Stakeholders/Parties in SOAs

Service providers
= offer services that correspond to ‘market’ demands
Service consumers/requesters
= are applications, not people
= are decoupled from the providers
= binding to services at run time, not design time
Service brokers
= manage registries service
: : broker/discovery
= binds consumer and provider
= offered as middleware in SOAs

SOA triangle publish

service service

provider 7 . > consumel
bind
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SENSORIA approach

Rigorous comprehensive approach to engineering service-
oriented systems

Integration of

= foundational theories, techniques, and methods
= pragmatic software engineering

- 4
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E‘ ; Model-driven
E :E; Development
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. more details

Modelling front-end

Service-oriented applications are designed using high-level visual
formalisms such as the industry standard UML or domain-specific

modelling languages.
Hidden formal analysis of services

Back-end mathematical model analysis is used to reveal performance
bottlenecks, or interactions leading to errors or violation of service

contracts.

Automated model transformations

Formal representations are generated by automated model
transformations from engineering models.

Service deployment

As a result, service models of proven quality serve as the basis for
deployment transformations to generate configurations for standards-
compliant platforms.

M. Wirsing
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Model of the SENSORIA model-driven

development approach
Legacy
Formal S
ystems
Methods
Feedback Transformation Reengineering
. Cod
Requirements Modelling oae Runtime
Generation
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SENSORIA results

Languages
Techniques
Methods

Tools

to support this development process and the analysis of service-
oriented systems

M. Wirsing
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Result topics

3 research themes
= |anguage primitives for global service-oriented computing
= qualitative and quantitative analysis methods for
= sound engineering methods and deployment techniques

complemented by

= case studies

= dissemination

= demonstration and training
= exploitation

a few words on the most important results

M. Wirsing
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Language primitives

SRML

= declarative high-level language for service-oriented systems

= |ayer static and dynamic service composition

= reasoning about system properties in temporal logic using
UCTL/UMC, SRMC/PEPA [ Gammortgase P

intLE

= well-defined mathem. ) 3 LE: Lender

semantics, editor

£ RE bty

/ RE: Registry/

UML family of profiles for SOC
= orchestration of services
= service-level agreements
= non-functional properties of services

= implementation of service modes and service deployment
M. Wirsing 15




Language primitives (cont.)

Process calculi for services

= core calculi needed
to describe, discover and compose systems

to prove that their behaviour is consistent with the expectation of the
designer

* type inference for session-types, structured patterns of
communication

= extension of local policies mechanisms in order to manage resources

JOLIE

= Process calculus based programming language for designing,
developing and deploying services and orchestrations

M. Wirsing 16




Language primitives (cont. 2)

Composition of services

= full integration of SLA primitives with transaction primitives
= assessment of theories and techniques for choreography

conformance

= formal comparison of
long running transactions and

compensations.

= ADR formalizations of
SRML, UML4SOA E;z:innable " -
software modes % :

« fragment »
ExampleChain

«service» | « delegate s | Spam:

input [ eaea=ses { ] Filter [

—

= |

Virus:

] Filter [

H

Malware:

] Fitter [

5 ]

S |

M. Wirsing

« delegate » | «service»

| {1 output

17



Qualitative analysis methods

Adaptive and Dynamic Service Compositions

= LTSA WS-Engineer+ Modes tool provides mechanical support for the
analysis of Service Mode models

= to ensure safety and correctness of adaptive and dynamic service
composition specifications

BPEL Analysis and Back-Annotation.

= end-to-end method which facilitates analysis of several liveness and
safety properties of BPEL orchestrations

CMC/UMC and Venus

= two prototypical modelcheckers for analysing qualitative properties
= UMC based on UML statecharts

User interaction ’

= CMC based on COWS; S
hi f
= \/enus System Graphical User Interface
SoclL
formulae
UML4SOA CMC _
UML4SOA > to COWS ﬁ model Verification
tratislster COWS term hackar results
M. Wirsing
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In service

Quantitative analysis methods

Model checking stochastic calculi for services

= model checking MarCaspis vs. SoSL formulae
= model checking sCOWS with sCOWS-LTS and sCOWS-AMC

SRMC - SENSORIA Reference Markovian Calculus
= stochastic process calculus which captures inherent uncertainty in SOSs

= allows the model to express both kinds of uncertainty and to evaluate this
to give performance predictions which are valid whichever configuration
of service providers is selected
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Sound engineering methods

Engineering
= Eclipse-based SENSORIA development environment (SDE)

= model-driven transformations for deployment, supporting WS-Security &
WS-Reliable Messaging

= WS-Engineer & natural language-based analysis tool VENUS
= Performance modelling with SRMC
= pattern-based approach

Concurrent Contracts || Trusted Subsystem || Extract Service Model

|
\ modeled with }
modeled with * reuse existing code

\>{ Service Modeling ]</

|
enable analysfim %r?ent using

Extract Formal Model Generate Implementation
use for should precede

\> Analyse with Formal Methods ._/

M. Wirsing 20




Reengineering and deployment techniques

Deployment techniques

= end-to-end support for dynamic service composition from modelling to

runtime
= deployment and brokering with Dino
Re-engineering

= prototype for re-engineering legacy applications to SOA

Metamodel < _ Target

T<<ir151antia1es>‘:‘; T~a Consiramts

I ~ - -

: T el - :<<Cﬁnf0rms-10>>
1. Code Annotation ! R
2. Reverse Engineering Source Target
3. Redesign Graph Model Graph Model
4. Forward Engineering

1 Annotated Annotated

Source Code ‘ Source Code Target Code

M. Wirsing
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... concrete results

Service ontology

Modelling languages
= UML4SOA, SRML, StPowla

Process calculi
= COWS, SCC, SOCK, Stock, ...

Languages for programming service-oriented systems
= Jolie

Transformation tools supporting MDE process
= SRML Use Case Wizard
UseCases2SRML
= MDD4SOA
UML2BPEL/WSDL, UML2Jolie, UML2Java
BPEL/WSDL transformers (ActiveBPEL, Tomcat)
= VIATRA
SOA2WSDL, UML2AXxis

M. Wirsing
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.. concrete results (cont.)

Languages, tools and techniques for qualitative and guantitative
analysis
= SRMC/PEPA, WS-Engineer, Venus/CMC/UMC, Lysa, StockKlaim,
MoSL

Service broker

= Dino
Re-engineering tool
= CareStudio

CASE tool
= SRML modelling environment

Tool suite
= SENSORIA Development Environment (SDE)

M. Wirsing
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Example: From use cases to SRML

Manager
Mortgage Finder
/ GETLOAN
-
.- "
L
-—‘-'I:— - Geiloan Bank
Jll ]
Custamer I~ ’%
UpdateRegistry

Certificati
iy

CR:
Cuslomer

M. Wirsing 24




Example: Quantitative analysis with UML
Accident scenario of automotive case study

[driver contacted ||

call == max_calls]
. 7| Process Accident Data 5‘| Contact Driver ] 7/\ :{ Classify Severity j

[

[not critical]

[no answer && calls < max_calls]

[critical]

1 [ Dispatch Ambulance ]
i - 0.E
19 -
18 - e
07 -
Pr 16 — o4
13
04 -
73 C 0.z
12
01 - |
“ ©
1]
s
Fjﬁ':“
a 11
0.0 ST 6 e

0.3 -8

01 e ;

—_ A LT o
Mainr_walt_answer 1 LT g
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Example: Qualitative analysis approach

Safety: Design vs. Implementation

roadassistance_dient_receive_proceds

WS-BPEL

rnadassls‘tanca_ﬂ 5 _invoke_gpsrequdstiocation

roadassistance_gps_receive_gpsrequestlocation

rosdassistance_uddilocal_invoke_findboalzervices

roadassistance_ddiocal_receive_findlocalservices

roadassistance_Hank_invoke_requesttardcharge

roadassiztance_Hank_receive_requesfcardcharge

—

rozdassisg sozdaszisy

;s ;s nddil
invaks reoE{ve inva
procsss arequastlocion gparsquestlocion  findloc
SIS, client gps uddilocal
ru:uadassistann:e_\:lient_receive;uru:u:ess
raadassistance_'gps_invn:-ke_qpsrequ stlocation
+]
l:1 roadassistance_dps_receive_gpsreguestlocation

26
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Example: SDE user interface

Graphical orchestration of tools

= Sensoria - SRMC/UML Bridge - Eclipse SDK

.

File Edit Mavigate Search Project Bun  Window Help

v i v %0 (O ow o v

B & [(g)E" Bk

e Navigator} =
oo e

£ Sensoria Browser &2

2 Analysis

- Model Checker

= LTSA

f- Web Services

=5, WS-Engineer

- Modeller

- MSC

= LTSAMSC

'% Sensoria Reference Markovian Calculus (SREM
= UML

=5, Argo UML Modeller
5 LTSA UML XMI

- Sensoria

‘% Sensoria Core Service
‘% Sensoria Ul Service

- Transformation

<5, Huge Model Transformator
=5, SOAZWSDL

< SRMC/UML Bridge

‘% Viatra

= Utility

=L wUtil

T "

M $ defoultd.go_diagram 3 = 5[ # Sensoria Blackboard 33 ~_ = O
SRMC/UML Bridge e=aa
s -

Inf urnd file
o
Basic infermation about this tool | 551 checkUML )
Id: uk.ac.ed.inf.srmcuml_bridge
Mame: SRMC/UML Bridge
Description: This tool transforms UML models to SRMC
Functions
Available functions
* Model loadModel(String argd
Loads a UML model from the file in the given location. interaction
* Interaction[] exdractInteractions{iModel argli ) ealeulateThreughput
Extracts SRMC-related interactions from the UML Model.
* Interacticn extractFirstinteraction(Model argQ
Helper function that extracts the first SRMC-related interaction from
* ModelMode transform(Interaction arg0 throughput
Transforms the system as specified in the given UML interaction into
* void reflect(String argQ. Interaction argl. Map arg2 ghputResults
Annotates the UML model containing the given interaction with the t
disk.
Tool Info]

£ Sensoria Shell &2 @ = =0

Welcome to the Sensoria Scripting Shell -
Please type help() for mere information, |
Sensoria>

Defines data flow :
———

M. Wirsing

between tool functions

See later
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l Examples: Security protocol

1. SA-TEK-Challenge (WK)(vid)(

BS — MS: BS_Random, KeySeqNo, AKID, [KeyLifel'ime|, H - C/MAC | (vna) (id,na, {{id, na] ) ic[at al dest {b1}]).

2. SA-TEK-Request _ . (na, id; anb, 28, tmac).

MS — BS: MS_Random, BS Random, KeySeqNo,AKID, SecurityCapabilities, decrypt zmac as {{na. id, mb, 2], ,; i [at o2 orig b2} ]in
SecNegParam, PKMConfSettings, H — C/MAC (T (na b, i, T, {na, b, id. T, i lat a3 dest (B3} )0

3. SA-TEK-Response J o J s

BS — MS: MS_Random, BS Random, KeySeqNo, AKID, [SA - TEKUpdate],

|
FrameNo, [SADescriptors|, SecNegParam,H - C/MAC ' {id; yna, ymac). . . .
detyt e 3 {1, g}l org (1) i

(vnb) (v S) {yna,id, nb, S, {{yna,id nb. S}, hi[at b2 dest {a2}]).

T === | i - --T-=== =1 F===== _l j=======5
| Protocol | ! Extended , ; LySa . | Attacker !
: Narration | : Protocol | TN : * + e~ ;
b ! : Narration , LySa-tool

- ! No ? Yes !

Verifying and simplifying the PKMv2 Protocol
of the credit request scenario
[Yuksel, Nielson et al. 07]

M. Wirsing 28




Example: Quantitative analysis with BPMN

Credit request scenario of the finance case study

- -- CREDIT PORTAL --
E50) =*p _T1E5.0?7<>.p E5T7 .0!<>
O’F }_P } = T70= *[K][I] [p T7 done#] (p E5T7.0?<>.p T2T
= apply for authentication
= credit 0 g_
_g I [s] EIJ ["_\, I
: |2 o8
i i % OrT'
| 5 061 ——130
= o 05 e 60
o 04 -~ 4150
| 0,31 —+— 300
_ - 0,24 ——— 600
: 300
arrcr T
g P =? [true U[T,T] terminate ]
= Which is the probability that
the system terminates at time T?
. M. Wirsing 29



Example: Reengineering

Client

Server

ul|

M. Wirsing

BN =

Source Code

®..

i,
.
""""

Code Annotation
Reverse Engineering
Redesign

Forward Eaginnering

[

>

A . - h‘
:ﬂﬂlnstantlates:—-} S~

Metamodel! fe.

Source
Graph Model

L

Target
Constraints

A

1 .
~. 1<<conforms-to:

‘."-I

] ©

Annotated
Source Code

Target
Graph Model

& |4

\4

Annotated
Target Code

rrrrrrr
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Case studies

Finance

Automotive
Telecommunications
eUniversity

Robot bowling
= |CT 2008
= FET 2009

Modelling case studies
= SRML, UML4SOA, COWS, SOCK, (Mar)CaSPiS, A4, CC

Analysing case studies
= CMC/UMC, Venus, LySA, WS-Engineer , ChorSLMC
= SoSL, SRMC/PEPA, A¢d4, sSCOWS-Its

Model-driven development of case studies
= SDE, MDD4SOA, service pattern, modes/Dino

M. Wirsing
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Further results: Spin-off companies

= 2009
= monoidal soft constraint solver for optimization problems
= Steingaden, Germany

AGILOGIK otgb\O(a"(

Ii
ltaliana Software Italianasoftware
= 2007

= design and implementation of SOAs with Jolie
= Imola, Italy

OptXware O I:’Tx
= 2005 WARE

= model transformations with VIATRAZ2
= Budapest, Hungary

M. Wirsing 32



SENSORIA website

www.sensoria-ist.eu

Software Engineering for Service-Oriented Overlay Computers | searcn V|

SOFTWARE ENGINEERING FOR SERYICE-ORIENTED OYERLAY COMPUTERS search...

Mewsflash

Symposium TGC 2010
Munich, 24-26 Feb.

Final project review - Ser\ M}ﬁ?ﬂﬁ;ﬂ @fﬁjﬂﬁﬂiw @L J_|n_,m:ﬁ

Munich, 23-24 Feb.

Main Menu Home b Software

Software 3 '

Results A i 18ty

within the course of the Sensoria project, a wariety of tools have been Tnfo -.J',ﬂ%focm}
Work Packages developed which aid developers in creating and analysing serwice-oriented
software, Qur tools are based on formal methods and range from modelling
over analysis and transformation to deployment and runtime tools,

Deliverables

Publications
Transfarmation Analysis
Translating S0A artefacts Werilying correciness of S0& models/code:
Ceveloprnent £.9. UML bo BPEL, VIATRA 2 £.g., PEPA Tool, WS5-Engineer

Environrment

Integrated Tools ) D nt and Runti
e Madelling and Languages. eployme a'_1 HnHme
Deploymient and Execution of S04 systems

Additional Toals .
Modelling S04 anl ations .., dynamic matching of services
Infarmation for .., a UML Profilz for S04
o
Developers

k
b

Case Studies

Teaching Material

Summer Schools IE pownload
o . brochure on

Exhubitions To enable easy access to these tools, we have created the Sensoria SENSORIA

Spin-off Companies Cevelopment Environment (SDE) - a tool integration platform based on Eclipse, results
which enables users to discover, use, and automate the tools developed within
Sensoria,

. [*] pownload
M. ersmg In this section of the Sensoria web site, we provide a description of the SDE SEMSORIA White 33

along with download information. and a descriotion of the individual ftools Paner




SENSORIA in numbers

Publications
= book chapters
= articles in journal
= papers in conferences and workshop

Presentations and tutorials
PhD Thesis on SENSORIA results

= finished

= 0ongoing
Courses on project results
Organization of conf. and workshops
Summer schools
Fairs and exhibitions

Software
= SDE
* integrated tools
= additional tools

M. Wirsing
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16
139
402

192

29
24

108
126

w

19
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2. MDD4SOA -
Model-Driven Development of Service-Oriented
Systems

LMU

Martin Wirsing —
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Aim of Chapter 2.

to provide you with an overview to a model-driven development
approach for service-oriented systems that we developed in the
SENSORIA project

= methodological aspects of the engineering process

= a modelling language

= a model-driven development environment

M. Wirsing

36



Plan of Chapter 2.

Models and model-driven development

Modelling
Business models
Design models
Metamodel and model transformations
Technical specification
Model-driven development @ work
Tool support by SDE
Pattern language
Case study

M. Wirsing

37



Models in SENSORIA

A model is used to describe or specify SOSs for some certain
purpose. A model is often presented as a combination of drawings
and text. [according definition of MDA Guide, 2003]

Characteristics models should fulfil [Selic,IEEE,2003]

M. Wirsing

abstract
understandable
accurate
predictive
inexpensive «compensation»
creditChargeService
« serviceActivity » — « serviceActivity »
Payment Cancellation
<<send&receive>> |"¢ vserbata ‘ ‘ «send» snd | creditChargeDate
chargeCreditCard r:l, Crrc(ci:::r;;g;lt;u cancelCreditCharge "« creditthargeservice

\
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Use of models in SENSORIA

To specify SOSs
= structure, behaviour, ...
= separate concepts at different conceptual levels
= communicate with stakeholders
To understand the SOS
= if existing (legacy applications)
To validate SOSs
= detect errors and omissions in design ASAP
= prototype the system (execution of the model)
= formal analysis of system properties

To drive implementation RN ’

N\
= code skeleton and templates ,
. . Graphical User Interface
= complete programs (if possible)
SoclL
formulae*
UML4SOA cMC —
UMLASOA > 10 COWS g  model >Ver|f|cat|on
translator | COWStErm checker results

M. Wirsing 39




Excursion:
Model-driven development

, The Architecture of Choice for a
Changing World“ [OMG, 2001]

Model Driven Architecture®

= Specify a system independently of
its platform

= Specify and choose a platform for
the system

= Transform the system
specifications into a platform
dependent system

Ilﬁlﬁl



Excursion: MDA Approach

Choose a domain-specific
language for each layer

Use meta-models to describe
languages

Use model transformations to
convert models

= Model-to-model transformations

= Transformations may be
between different languages. In
particular, between different
languages defined by MOF

= Model-to-text transformations

= Special kind of model to model
transformations

optional, can be repeated



SENSORIA Model-driven development

Formal
Methods

Feedback

Requirements

M. Wirsing

Transformation

Modelling

Legacy
Systems

Reengineering

Code
Generation

Runtime

42



SENSORIA Model-driven development

Details

Feedback

Prepare formal

Hidden Formal
Methods

Verifyin ess
of S()é models )

SN

Legacy Systems

Reengineering

Adapting legacy
code to SOA design

‘ principles

Transformation

Translating to formal
languages for analysis

Runtime

Runtime support
for SOA, e.g. service

discover

S TOT™NQpProving
the models

Code Generation

/\
X Modelling

Requirements# Creating
applications, e.g. UML Executable Code, e.g.
Profiles for SOA BPL, Java, ...

M. Wirsing 43




Modelling languages

Obijective is to have a domain specific graphical representation
and clear semantics for service-oriented concepts

= Option 1: Definition of a proprietary language, like SENSORIA
Reference Modelling Language (SRML)
high cost: requires the definition of all required domain specific concepts
and proprietary tools
= Option 2: Use of a standard, like Unified Modeling Language
(UML™), Business Process Modeling Notation (BPMN™)

diagrams are more difficult to read and/or not integrated into UML

= Option 3: Define a UML2 profile
using the extension mechanism that allows to customize the UML for
specific domains and platforms

defining stereotypes, stereotype attributes (tagged values) and
constraints to restrict and extend the scope of UML

UML CASE tools can be used
M. Wirsing
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Option 1:
SENSORIA Reference Modelling Language (SRML)

Modelling language with a formal semantics

Offers descriptions of business logic based on conversational
Interactions

Inspired by SCA (standards proposed by IBM, BEA, Oracle, SAP,
Siebel,...)

Proprietary language needs proprietary CASE tool

GetMortgage INTERACTIONS

r&ks getProposal

. idData:usrdata,

income: moneyvalue,

preferences:prefdata

propesal :mortgagepreposal,

cost:moneyvalue

RE: Registr
y Ny

WWWw.Ssensoria-ist.eu
M. Wirsing Teaching material, tutorial, June 2009 45



http://www.sensoria-ist.eu/
http://www.sensoria-ist.eu/
http://www.sensoria-ist.eu/

Option 3: UML2 profile

Main Aim: to have a powerful yet readable graphical modelling
language for SOAs — based on UML

= “minimalist” extension
use UML constructs wherever possible
use other extensions if available
only add new model elements where needed

= reducing efforts of building SOA models

covering domain specific aspects, such as
= service contracts
= |ong running transactions and compensation

» |oose coupling of services
& UML4SOA

Secondary Aim: to employ transformers from such models to
common implementation languages (BPEL, Java...)

< MDD4SOA

M. Wirsing 46



UML extensions for SOA modelling

SoaML profile (OMG open source specification)
= Service-oriented architecture Modeling Language S'O AMI.
= for structural aspects of services

UMLA4SOA profile (developed within the scope of the project)
= for behavioural aspects, e.g. orchestration

for non-functional aspects

for reconfiguration

for policies

for requirements

MARTE profile (OMG standardization process beta2 version)
= for performance analysis UMLED)

M~RTE

M. Wirsing 47



UMLA4SO0A, SoaML, MARTE

Defined as UML profiles
provide a set of elements for modelling SOAs
use UML extension mechanisms (stereotypes)
no changes to UML (exception SoaML propose one change)
Use of the profiles
= to build models at different levels of abstraction
= in combination with UML model elements

= |S not a prescriptive approach

M. Wirsing
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Se
SoaML SOAML

Answer to Request of Proposal of the OMG
= for a UML Profile and Metamodel for Services (UPMS), Sept. 2006

Submission and supporters
= SINTEF, Norway (co-ordination), European Software Institute (ESI)

= Capgemini, Fujitsu, Hewlett-Packard, IBM, Telelogic AB, Thales
Group, France Telecom R&D, etc

= University of Insbruck, University of Augsburg, University of Athens
= SHAPE project (FP7) is the main contributor

Meetings SoaML and UML4SOA groups
= EDOC 2008, Munich, Sept. 2008
SoaML standardized, version 1.0, March 2012

M. Wirsing
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UVLED
MARTE profile M-RTE

Defined for modelling of real-time and embedded systems

Concerns also model-based analysis, i.e. provides facilities to
annotate models with information required to perform specific
model analysis

Focuses on performance and schedulability analysis

M. Wirsing 50




SOA models in the MDA context

Business Model

Platform

Independent

Model (PIM) Services
Components, Interfaces, Messages, Data

Platform

Specific Technical Services

Model (PSM) WSDL, BPEL, XML Schema, Java, Jolie

M. Wirsing

Source: Data Access Technologies, Inc

uolewoINy % JUswauyay
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SOA

modelling by example

Finance Case Study:

M. Wirsing

Stakeholders (parties) of the service-based scenario are customers,
clerks and supervisors.

Login is required, if a customer wants to request a credit by using the
credit portal.

The credit request process requires from the customer credit data,
security data and balance data

Based on the uploaded information the system calculates a rating that
IS used for an automatic decision, a clerk or supervisor decision.

In case of a positive decision the process informs the customer and
walits for his decision.

Once the credit offer is accepted, the process stores the credit offer in
an agreement system and the process is finalised.

In case of a negative decision the customer is informed about this
decision and the process ends, too.

52



Constructing the business model

Specify the needed service capabilities

= identify the needed services and

= organize them into catalogues

|dentify the parties involved

= dentify the provider and consumers of services

Model the service contracts

= gspecify the agreement between providers and consumers of a service
Build service architecture

= describe how participants work together for a purpose by providing
and using services expressed as service contracts

M. Wirsing 53



Specifying service capabilities

SoaML

Capabilities are used

to identify needed services
to organize them into catalogues or network of capabilities

prior to allocating those services to particular service providers

and requesters
A capability is the
==Capability== Specifip ability to provide
CustomerRating a service. It is modelled
as UML class.

+processRatingCalculation()

~ ~

s ses== - <se== . SSUses=
7 , ~
7 .
L& W N\
==Capability=:= ==Capability== ==Capabilty==
AnalyseSecurities AnalyseBalance CalculateRating
+calculateSecurityRating() +calculateBalanceRating() +performRatingCalculation()
|
SoaML Specification for the UML Profile and (ks
ificati i -
Metamodel for Services (UPMS), OMG 2008 RatingCalculator

M. Wirsing
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|ldentifying parties involved in SOAs

SoaML

Provider and consumers of services are represented as

participants

" |n the business domain: person, organization or system

* |n the systems domain: system, application or component

Participant can play the role of
= providers in some interactions

= consumers in others

==Participant==
CreditRequest

==Participant==
CustomerManagement

M. Wirsing

==Participant==
Portal

==Participant=>
Rating

A participant represents some
party that provides and/or
consumes services. It is modelled
as UML class.
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Modelling service contracts

SoaML
A service contract is the specification
of the agreement between providers A dependency represents the
and consumers of a service. It is binding of the service contract to
modelled as a UML collaboration. the provider or the consumer of the
service.
consumer . provider
<<Participant>> . > <<ServiceContract>> o <<Participant>>
:Portal :Approval :CreditRequest

A participant can play different roles.

A service contract specifies the service without regards for realization or
implementation.

A UML2 collaboration defines a set of cooperating entities to be played by
instances (its roles), as well as a set of connectors that define
communication paths between the participating instances.
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Representing service architecture -
Oa

A service architecture describes
how participants work together for a

purpose by proving and using [
services expressed as service

g ==ServicesArchitecture== = .
contracts. It is modelled as a UML CreditRequestArchitecture e
. ~
collaboration. ~
- = e et ~
o 4 ‘ <<Pz?r't)|z|:3taa|;n>> L =l ” «=ServiceContract=>  ~ i &
p [ i T — > ~ z=ServiceContracts=  ~ \ . :SecurityDataProvision / — \
/ L { : Request / Y —— € —| ssParticipant> \
y \ N —— - = — Yy : SecurityAnalysis \
/ = \\i_ =or il | - o e N \
/ ~ z<ServiceContracts= ~ ~ - ~  z=ServiceCortract=> ~ N S \
; | /7 . HEC
/ < fP_p_mv:l - / P < ‘.Bilartel)ata‘l‘-'_rovff;lgr‘l Z % \
/ % o ‘ - ez ™ SN N \
| S \ < - = . ~  ==ServiceContract=> — ~ |
 =<Participant=> <=Participant== | ~.__:SecurityEvaluation __/ \
S i R _ = : CreditRequest : BalanceAnalysis e ——
~ ==ServiceContract>> ~ <& — — — ) | /
{ : Authorization / 2 = ~
o L / N e e / [
K / N ~ ==ServiceContract==> /
\ N _  :BalanceEvaluation / y: /
\ ‘ : i - - T —— /
\ <<Participant=> it S ~ z<ServiceCortract=> 4
% : CustomerManagement - ==ServiceContract=> = ~ \ : RatingEvaluation /<_ \ / 4
( : Agreement / N—— == S AN /
\ N ™ -~ ==Participant== /
N\ T : Rating /
\ /
N / - = — - y it
Y < <<Participart== - <=ServiceContract=> ~
~ : CreditManagement \ ~ :EatingCaIculati:n/ /
D | > s
\ -
=~ ==Participant=>=
~ .
~_ : RatingCalculator Provider of an orchestrated
~
S
S

_— service




SOA models in the MDA context

SoaML

Business Model

e —

Platform Q
Independent
Model (PIM) Services

Componentes, Interfaces, Messages, Data
Platform
Specific Technical Services
Model (PSM) WSDL, BPEL, XML Schema, Java, Jolie

M. Wirsing

Source: Data Access Technologies, Inc

uolewoINy % JUswauyay
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Constructing the design model

Refine the specifications of participants with ports

= for provided and consumed services

Model the service interfaces

= Classify ports into service points (for providing services) and request

points (for consuming services)

= Define the service interfaces
structurally by inheritance from UML Interfaces
behaviorally by protocol state machines

Specify the orchestration of the services

= |.e. combine existing services to build the required new services

= by UML4SOA activity diagrams

Including partner services, message passing among requester and
provider, and long-running transactions

Define the quality of service (service level agreements)
» by specifying the required non-functional properties

M. Wirsing
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Refining specification of participants
with ports SoaML

Add ports for provided and consumed services
A port has as type a service interface or an interface

==Participant== ==RequestPoint=>=
==ServicePoint=» STeiicquest- ) Portal
- CreditRequest | T
[] rr=RequestPoint==
==RequestPoint== ~: Balance&nalysis
. CreditManagement [__'
. B L}‘:Re\. #Point=>=
==RequestPoint=> : Secu malysis
. CustomerManagement'—
Iﬁ_] r-]«RequestPcn.
T :Rating A full specification of a

participant includes ports
for every service contract
in which the participant
participates within the
service architecture. Two
types of ports: service
point and request point

M. Wirsing 00




Modelling service interfaces
SoaML

A service interface allows
for connection between the
service consumer and
provider. It is modelled as

A service point is a port for
providing a service.

==RequestPoint=>= UML class
: RatingCalculator RatingProvider :
B -
= )
==Paricipant== o
Rating T S—— =<lype=> _|z<Servicelnterface==
T ==ServicePoint== Ratling
= — . Rating
L lll |
. SecurityAnalysis  : Balance&nalysis 1
z=zRequestPoint=>  =<RequestPoint=> \ g
RatingProvider

+calculateRating( customerData | CustomerData ) : RatingData

Arequest point is a port for
requesting (consuming) a service

A UML interface is used to
represent the required and

) ) rovided interfaces of the ports.
A service interface P P

= “provides” provider interfaces (represented as realisation)

= “requires” consumer interfaces (represented as a «use» dependency)
M. Wirsing 61



Interface behaviour

UML
UML4SOA CreditManagementProvider C
" proposes pro tocol state +intCreditData( creditData : CreditData ) : boolean
. +prepareOffer( ratingData : RatingData ) : AgreementData
machines +prepareDecline( ratingData : RatingData ) : AgreementData
+removeDatal creditData : CreditData ) : boolean

Remark

SoaML proposes activity

diagrams or sequence diagrams ==statemachines=»=

CreditManagementProviderStateMachine

«send»
initCreditData( creditData : CreditData ) : boolean f
«send»
prepareDecline( ratingData : RatingData ) : AgreementData f

| Datalnitialized

«send»
prepareOffer( ratingData : RatingData ) : AgreementD3ata J

’ OfferPrepared ’ ‘ DeclinePrepared '

. J

«send» «optional»
removeData( creditData : CreditData ) : boolean f

\

| RemovedData |




!

Orchestration of —

: Initialize
th
!
. -:-:data:-.:- -
Service orchestrati B
the process of - -----<qadmms — - -
combining existing Main |
services to forma | | ccovents, (R
service to be used ? updateDesired] | ‘ '
any other service. I :
<<service Activity>> I
o . ] : Creation r|1 I
Key distinguishing B FEeavicaATinily>>
l i : MainFault
COnCeptS exception

<<serviceActivity>>
: HandleBalance&SecurityData

= partner services l

|
|
|
|
|
|
|
l :
| |
| |
= message passing | L |
™ =<serviceActivity>> [
among requester | : RatingCalculation |
| |
| |
| |
| |
| |
| |
|
|
|
|
|

. th
provider l
. Iong-runnlng <<senviceActivity=>
transactions : Decision
. th =<<serviceActivity>>
= Compensatlon l . : Finalize
|
L '
i ' 4
M. Wirsing 0% : ©




Message passing

UML4SOA

Synchronous and asynchronous service invocation

!

LfECeyeEE

createNewCreditRequest
(creditData : CreditData )

l

<<gendérecaives>
initCreditData
(CreditManagementProvider::)

|

“<replyr=

createNewCreditRequest
(creditData : CreditData )

!
0%

M. Wirsing

Service interaction send
sends a message. Does

not block.
Service interaction receive

blocks until message is
received.

Service interactions
send&receive, receive&send
denotes a sequential order of
these actions.

Reply is used for the
reception of a message
decoupled of the
sending process
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Detailing service invocation
Partner services and data handling

<<SErVICEACtIDY = >
Initialization

<Lracaives =

createNewCreditRequest
(creditData : CreditData )

nt portalService

CreditData
Zagendidreceives =

(CreditManagementProvider::)

|

=<reply==

createNewCreditRequest mt portalService
(creditData : CreditData )

snd creditData ; CreditData

rephtalue

5% CreditRequest.creditData | DataTypes:;

UML4SOA

Pins containing interaction information
Ink: partner
snd, rcv: data to be send or received

Use of
variable after
declaration

Implicit declaration of
variable in a snd pin.
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Data handling
SoaML/UML4SOA

Declaration of structured types
= extends metaclass data type and class

==heszageTypes==
UserData

-id :int

-name ;. =tring

-passwword | String

Use in behavioural diagrams

A message type is
used to specify
information exchanged
between service
consumers and
providers (message
passing).

= support for typed, scoped variables in the orchestration

= data handling support

==data==

customerData.loginHame
= userData.name

M. Wirsing

A data action can be
used to explicitly declare
the type of a variable or
for manipulation of data
(copy, calculation, etc).
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Long running transactions

UML4SOA

Require compensation mechanisms, e.g. compensation handlers

(CreditManagementProvider::)

w=5EMVICEACtVIDY=> |
Initialization | lr' - - - - - ti{S_EPECE_ACEVit‘;}; —————— ‘\l
| [ CompensateCreditManagementinitialization |
I .
_S<compensations= .J ? |
I -
| | !
I zzgendéreceive=> e ‘Seni |
" e I | removeData creditanagementService |
receive . ] and i : i
i I CreditManagementProvider:: creditData - CreditData
createNewCreditRe quest ntportalSenice | I - ) [
e =1lilata | e CreditRequest. creditData : DataTvpes:i l Jf |
CrediiData | ) |
| |\ —
: I
<<gendéreceivesrr |
initCreditData wy CreditanagermentService
I
|

snd CreditData © CreditData

|

<<reply s

createNewCreditRe quest Mt portalService
(creditData : CreditData )
rephivalue

M. Wirsing

A compensation Handler
is added using a
compensation activity
edge.

The service activity modelling the
compensation handler will be
triggered by a compensate or

compensateAll.



Compensation

fﬂl:til!il]r MainFault{ exception ] [ @MainFaurt ]J

M. Wirsing

?

==compenzatedll==

cleanUpData
==send==
abortProcess Ink| portalService

[(PoralPravider::)

UML4SOA

A compensateAll triggers
all active compensation
handlers in the reverse

order.
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SOA model elements and diagram types

Business model Design model

Structural capabilities service point
aspects participants request point
service contract service interface
service architecture message type
participant architecture
Behavioural | scope send, receive, send&receive
aspects reply, raise
Ink, snd, rcv
compensate, compensateAll
compensation, exception, event
data
Diagram class diagram class diagram
type composite structure diagram | composite structure diagram
activity diagram activity diagram
sequence diagram
state machine

M. Wirsing

+ use of plain UML, e.g. SOA's protocols

69



Quality of services

Defined by non-functional properties (NFP)

Example:

M. Wirsing

The Portal and the CreditRequest should communicate via a secure
and reliable connection

All requests sent to the CreditRequest should be acknowledged

As the credit request handles confidential data, all requests should be
encrypted in order to protect the privacy of the customers

Messages sent by the CreditRequest must be clearly accountable, i.e.
non-repudiation of messages must be guaranteed
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Modelling approach for NFP of services

Template for a service
level agreement

==nfContract==
CreationValidationCo

/ =z=nfCharacteristic==

=<<nfCharacteristic=> ReliableMessagingCharacteristics

PerformanceCharacteristics / \

(SLA)

==nfDimension=:= Di 3
< <nfDimension> > <<nfDimension> > MsgSemantics A L
Throughput ResponseTime Timing
- ; +needsAck : Boolean okt
+guaranteedThroughput : Integer | |+averageRespTime : Integer +itterDuplicates : Boolean Imeout - Integer .
+maxTroughput : Integer +maxRespTime : Integer +maxhlumberofRetrans : Integer | [*TEIraNsmissioninterval : Integer
=z=nfCharacteristic==
SecurityCharacteristics
==nfDimension==
Encryption ==nfDimension=>=
+encryptalgorthm : String DigitmSignature ==nfDimension== ==nfDimension==
+encriptBody : Boolean +signBody : Boolean Authentication Timestamp
+encryptSignature | Boolean | |+signHeader : Boolean - -
+encryptHeader : Boolean +sign&lgortihm : String | [*authToken : String | |+useTimestamp : Boolean
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Modelling a concrete configuration

==Servicelnterface==
: CreditRequest

==Participant== ==Participant==
: Portal : CreditRequest
=zzrequester=» o33 :
provider==
Concrete SLA
==nfContract==
: CreationValidationContract ==agreed=»
==nfCharacteristic== ==nfCharacteristic==

: ReliableMessagingCharacteristics

: SecurityCharacteristics

==nfDimension==
: MsgSemantics

filterDuplicates = true

needsAck = true

maxhNumberofRetrans = 3

==nfDimension==
: Authentication

==nfDimension==
:Enc ion

==nfDimension==
: DigitalSignature

authToken ="username"

M. Wirsing

encriptBody = true
encryptAlgorthm = "default’
encryptHeader = false
encryptSignhature = false

signAlgortihm = "default'
signBody = true
sighHeader = false
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Coming back to MDE

MDE approaches
= are based on the constructions of models
= propose transformation of models

= implement model transformations based on the metamodel of the
modelling language

MDE approaches require languages for
= specification of models
UML, BPMN, ...

<

1

= description of metamodels = 2
UML, MOF, OCL, ... § %

= definition of model transformations
Java, graph transformations, ATL, QVT...

<
o
Q.
@
—
=
Q
>
n
—n
o
=
3
2
o
>
(2}
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Metamodels

A metamodel of a domain is a description of the concepts of this
domain and their relationships

= Metamodels formalize the syntax of (Software Engineering) models

= Metamodels are the equivalent of (context free) grammars of
programming languages

= Example UML: a three layer structure
= (M3) Meta-metamodel: Meta-Object Facility (MOF)

= formalizes the syntax of UML (similar to BNF for PL) N
= is some kind of “top level ontology” M, @

= (M2) Metamodel
= Defines structure and constraints for a family of* @

models.

= (M1) Model M.

= Each of the models is defined in the language of its
unigue meta-model.

13.02.

Martin Wirsing: From Program Transformations to Model Transformations 2009




Language definition mechanisms

Options for defining a new modelling languages
= New MOF-based modelling language
= UML extension (profile)

C__1
M3 <<metamode|>>A
MOF
ki N ™~
7 N
__________ I L
4 - coonl %
<<instanceOf== ~ <<|nst|ance0f>> ~ =<instanceOf==
/ \
1] P — = ]
. <=metamodel== <<metamode|=> <=<metamodel==
2 A WRIAmpaeeE A A i
CWM New UML e — — :
Language é
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UML Profile

Extension of the UML for domain specific model element
= providing a different notation
= enriching model elements with additional semantics (e.g. request
point)
= representation of domain specific patterns (e.g. compensation)

= annotations (marks) facilitating model transformations in a model-
driven approach (e.g. Ink)

Use of extension mechanisms of the UML
= stereotypes
= tagged values
= constraints

Risks
= too many stereotypes
= selection of inadequate UML metaclass
= decorative and redefined stereotypes (=)
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Creating a UML profile

Specification of a metamodel for the specific domain
1. identification of the domain specific concepts and their relationships

2. construction of a model capturing concepts and relationships
(metamodel)

3. UML elements for this concepts? (minimalist extension)

Specification of the profile
1. creation of stereotypes for identified elements

2. Iidentification of appropriate UML metaclasses

3. stereotypes and metamodel elements related by an “extension”
(multiple metaclasses)

4. define semantics of new elements
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UML4SOA metamodel: Orchestration

Conservative extension of the UML

ActivityFdge Efement Action
——
i) L‘l t“_\.
ServiceFEfonront -
CompensateAllAction
N p
CompensationEdge compensationHandler
.1
ServiceActivityNode
compensatedElement 1 F———
1
compensationTarget
EventEdge a.* eventHandler _
CompensatefAction
F—— P
evertBazeElement
1
I
M. Wirsing 2



UML4SOA metamodel: Orchestration (cont.)

Conservative extension of the UML

ServicelteractionAction

partrer

LinkPin

Pin
{
z‘}. iy
InputPin OutputPin
T iy
SendPin ReceivePin
o= 0. o=

ServiceRephrAction

ServiceSendAction

ServiceReceiveAction

I

|

ServiceSend&ReceiveAction

M. Wirsing
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SoaML metamodel

wenumeration::

Port PortDirection
+ connectionRequired @ Baolean = frue incorming
+ direction ; PortDirectior = incoming outgoing

I

ParticipantArchitecture

ServiceInterface

E ;; ServicePoint
RequestPoint 0.1

/makes 4 Participant /offers "

‘T III..1 + foffers

Agent CollaborationUse Collaboration

w + isStrict : Boolean + isStrict : Eoolean

MessageType
+ encoding @ String ‘T\

+ freeds

Servicesarchitecture ServiceContract

ServiceChannel

o4




Profile metamodel mapping (excerpt)

= - RequestPoInt

(From Soall: :Services)

= | ServicePoint

fFrom Soall: :Services)

= ServicesArchitecture
(From Soall 1 Sarvices)

| servicechannel

(From SoalL: :Services)

@ ServiceContract
(from SoaML::Services)

=] serviceInterface
(From 30akL: :Services)

M. Wirsing

acioraoiypos
RequestPoint
(From Soahl)

c«otpraoty pes
ServicePoint
(from SoaML)

asrErenfynEs
E2| BervicesArchitecture

(From Soakl)

wsterenty e
ServiceChannel
(from SoalL]

s TErentypes
2| CorviceContract

(From Soalil)

setareotypes:
ServiceInterface
[From SaoaML)
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Extension model (excerpt)

==metaclazs== ==metaclass== ==metaclass==
Activity StructuredActivityllode ActivityEdga
==zterectypes=:= ==zterectype== ==zterectype==
serviceActivity event compensation

==metaclazz== ==metaclazs== ==tnetaclass== ==metaclazs==
CallOperationAction Transition AcceptCallAction RephlyAction
F 5 T F 3
==zterectype== ==zterdotypes== ==zterectype==
send receive rephy

==zterectype==
send&receive

UML extension

M. Wirsing




SOA models in the MDA context

Business Model

Platform

Independent

Model (PIM) Services
Componentes, Interfaces, Messages, Data

Platform C

Specific Technical Services

Model (PSM) WSDL, BPEL, XML Schema, Java, Jolie

M. Wirsing

Source: Data Access Technologies, Inc

uolewoINy % JUswauyay
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~

Programming language Jolie Jolie

Service-oriented paradigm
= in Jolie everything is a service
= used to create new services and compose existing ones
= mechanisms for managing data, communication and service
composition services
Suitable for programming distributed applications
= no distinction between local and remote services

= endpoint locations and communication protocols can be changed
dynamically thus allowing to build a dynamic system, fully
reconfigurable at runtime
main {

getinfo(request)(response) { _
getTemperature@Forecast(request.city)(response.temperature)

|
getData@Traffic(request.city)(response.traffic)

service concurrently
retrieves information
b from a forecast

printin@Console("Request served!")() service and a traffic
) service:



MDD4SO0A

MDD4SOA
Transformation mechanisms from models to executable

M. Wirsing

orchestration of services
source: UML4SOA models
target platforms: BPEL/WSDL, Java, Jolie
fully automatic generation of code
implemented in Java

mdd4SOA

Mayer et al, EDOC 2008
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Model-Driven Development@Work

Formal
Methods

Feedback

Requirements

M. Wirsing

Transformation

Modelling

Legacy
Systems

Reengineering

Code
Generation

Runtime
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MDD4SOA@work

Demonstration’s aim
= to show how model-driven development of SOSs can work

Consists of
1. building an orchestration model with UML4SOA

2. defining a tool chain of transformations in SDE
= Analysis / model2model, model2code, deployment

3. execution of the tool chain

= input: UML4SOA model

= output: application
4. running the deployed application
5. changing the model

6. goto3
Transform Generate Depl t
model application o g

Change -

model

Build
orchestration
model

Run
application
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SENSORIA Development Environment
(SDE)

Tools as services

= Formal Analysis

= Transformation/Feedback
= Modelling

= Code Generation

= Runtime

M. Wirsing

Tool
Categories

89



SENSORIA Development Environment

(SDE)

Tools as services

M. Wirsing

Formal Analysis
WS-Engineer
LTSA
PEPA
SRMC
CMC
UMC
LySA

Transformation/Feedback
Modelling

Code Generation
Runtime

Tools
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SENSORIA Development Environment
(SDE)

Tools as services

# Sensoria Browser 1 € @ =0

Formal Analysis

* WS-Engineer
* LTSA

* PEPA

* SRMC

* CMC

* UMC

* LySA

Transformation/Feedback
Modelling
Code Generation

Runtime

M. Wirsing
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SENSORIA Development Environment

(SDE)

Tools as services

& Sensoria Browser 3 F & T 0

Formal Analysis

* WS-Engineer
* L TSA

* PEPA

* SRMC

* CMC

* UMC

* LySA

Transformation/Feedback
Modelling
Code Generation

Runtime

M. Wirsing

A UML2BPEL/WSDL Converter &7

UML to BPEL/WSDL Converter
convertToBPELWSDL()

Tool Info

4 WS5-Engineer Interactions Check :

WS-Engineer Interactions Check

convertToFSP()
checkFSPForSafety()

Tool Info

m
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SENSORIA Development Environment

(SDE)

Tools as services

& Sensoria Browser &4 & =

Formal Analysis

* WS-Engineer
* LTSA

* PEPA

* SRMC

* CMC

* UMC

* LySA

Transformation/Feedback
Modelling
Code Generation

Runtime

M. Wirsing

% GraphicalOrchestration.god 2

-

g2} Orchestration

l

[ convertToBPELWSDL()

~—

l

[ convertToFSP()

l

[ checkFSPForSafety()

= 8
*14
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SENSORIA Development Environment
(SDE)

Integration into Eclipse

r

& Sensoria Development Environment - Eclipse l = | [=] |_i:h]-\
# Sensoria Browser i3 @ & =08 & GraphicalOrchestration.god 57 =0
*H
Formal Anah/SiS ([ oot Orchestration ﬁq‘
* WS-Engineer
* LTSA
* PEPA convertToBPELWSDL()
* SRMC
« CMC l
* UMC
* LySA convertToFSP(}
Transformation/Feedback l
Modelling [ checkFSPForSafety() J
Code Generation
Runtime

M. Wirsing 94




SENSORIA Development Environment
(SDE)

Eclipse-based integration platform for developing SOA-based

software T

integrated tools ‘ SDE Core ‘

Distinctive features of the SDE Core
uses a SOA approach itself
tools are orchestrated by the specification of a tool chain

tool-as-service concept: Orchestrations of tools are now usable as
tools themselves

enables SOA developers to use tools without the need to understand
the underlying formal languages

Tool chain in SDE
defined as a SDE script
drawn with the graphical orchestration tool

executable in the Eclipse environment
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SDE (Sensoria/Service Development Environment)
(contact Philip Mayer)

=
Ei

Sensoria - SRMC/UML Bridge - Eclipse SDK

2 Analysis

- Model Checker
< LTSA

f- Web Services
<, WS-Engineer
- Modeller

1 MSC

< LTSA MSC

T- UML

<, Argo UML Modeller
i, LTSA UML XMI

- Sensoria

<, Sensoria Core Service
< Sensoria Ul Service

- Transformation

<, Huge Model Transformator
<, SOAZWSDL

<, SRMC/UML Bridge

<, Viatra

1 Utility

= Uil

le Edit Mavigate Search Project Run
milhe L~ ¥ 9

!l | & Sensoria Browser E3 5. Navigator

= B & SRMC/UML Bridge i3

ag, Sensoria Reference Markovian Calculus (SREM

L

Window Help

CE] et m & (T ¢ B B

<:> default3.go_diagram 3 = B || # Sensoria Blackboard &2
SRMC/UML Bridge

+ -

Inf urnd file

nfo

Basic infermation about this tool ' | 551 checklML )
Id: uk.ac.ed.inf.srmcuml_bridge

Mame: SRMC/UML Bridge i) loadModel umliMedel [ @) extractinteraction

Description: This tool transforms UML models to SRMC

Functions interaction
Available functions

* Model loadMeodel(String argd

Loads a UML model from the file in the given location.
Interaction[] extractinteractions(Model argd)

Extracts SRMC-related interactions from the UML Model.

Interaction extractFirstinteraction(Model arg0
Helper function that extracts the first SRMC-related interaction from 1
* ModelMode transform(Interaction arg0)

Transforms the system as specified in the given UML interaction inte
* void reflect{String argl. Interaction argl, Map arg?

Annotates the UML model containing the given interaction with the t
disk.

interaction

i® calculateThroughput

interaction

[ throughputResults

Tool Info

£ Sensoria Shell &2

Welcome to the Sensoria Scripting Shell

Please type help() for mere information,
Sensoria>

M. Wirsing
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http://svn.pst.ifi.lmu.de/trac/sde

SDE

M. Wirsing

See short film
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Selection of tools, techniques, methods, languages,

SENSORIA approach, in particular the integrated tools in SDE
encompasses

= the whole development process of service-oriented software

= from systems in high-level languages to deployment and re-
engineering

Difficulty to identify the “best” techniques and tools (SDE plug-ins)
= for solving a particular problem arising in the development process
To ameliorate this problem we defined a catalogue of patterns

= serves as an index to our results

= jllustrates, in a concise manner, the advantages and disadvantages of
the individual techniques
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Example: Service modelling pattern
(simplified description)

Context
= you are designing a SOA-based system

= the system is intended to offer services to multiple platforms and
makes use of existing services on multiple hosts

Problem

= when designing SOA systems, it is easy to get lost in the detail of
technical specifications and implementations

= need of effective task identification, separation, and communication
Forces

= amount of specifications and platforms in the SOA domain makes it
difficult to get a general idea of the solution space

= having a global architectural view eases the task of understanding the

SOA environment

M. Wirsing
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Example: Service modelling pattern (cont.)
(simplified description)

Solution
= use a specialised (graphical) modelling language to model the system

= employ these models as far as possible for generating the system
implementation

Consequences

= Pros: better idea of how the individual artifacts fit together and better
communication between developers and customers

= Cons: Often fully automated generation of code is not feasible

Tools

= UML CASE tools (Rational Software Modeler, MagicDraw, ...)
profiles SoaML, UML4SOA

= SENSORIA Development Environment (SDE)
model transformations MDD4SOA
Related patterns
= Extract formal models

= Generate implementation
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Pattern catalogue

Relationships between patterns

Concurrent Contracts

Trusted Subsystem

Extract Service Model

\

modeled with

i
modeled with

/

reuse existing code

\'b[ Service Modeling

l
enable analysfigmj

v

<«

Extract Formal Model

use for

|
mnt using

Generate Implementation

)

should precede

\ Analyse with Formal Methods .-/

M. Wirsing
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Case Study
Automotive scenario

Scenario On Road Assistance

= Driver is on the road with his car

= Diagnostic system reports a low oil level; the car is being no
longer driveable

= Driver contacts the on road assistance system
= Car position is located

= System finds appropriate services in the area (garage and rental
car)

= Based on the drivers preferences the best services are selected
= Driver is required to deposit a security payment by credit card

On Road Assistance as orchestration of services

= services: car position, finding garage and car rental station,
selection of best service, charge credit card

Application: visualisation of invoked services
= Each service has associated a user interface (web page)
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SOA Development Process (recap)

Construct and validate business model (requirements)
Build design model

Analyse properties and refine design model

Generate SOA realization

Legacy
Formal S
ystems
Methods
Feedback Transformation Reengineering
. Cod
Requirements Modelling oee Runtime
Generation
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1. Design model (static structure)
On Road Assistance scenario

ClientRequester {:} ===ervicelnterface== CreditChargeProvider
+atartassistant() k= — — Clientinterface +chargeCredil userData ; UserData ) CreditChargeDats
+cancelCreditChargel creditChargelata | CrediChargelata
™ R
I
=Aype== ==ServicePaint== ==UEgge==
clieri
[ ] I
==Participant== ) |
) OnRoadAssistant ﬁqﬁd?t':::uhﬁtpmsmb% ==5ervicelnterfaces=
==ReguestPoint == DrB_ Narge EEIDE,. CreditChargelnterface
==Servicelrterfaces== zelectRentalCarsService ==types=
SelectBestinterface =atypess
=<types=
= - — = — = =
==RequestPairt== ==typess ==zervicelnter faces=
selectGarageservice — = = = Locationinterface
| =RequestPoirt==
| . lncationService ;
T ;
| d ==RequestPaint=> [fincRentalCarStationsService |
| findGaragesService | quRequestPuint:: | sausage==
| ==iypess | |~=c=:t§,-'pe:~:~ |
SelectBestAssistantProvider C - LocationProvider
==servicelrterfaces==

+zelectBestGaragel garagelist | Garagelizt ) . Garage
+zelectBestRentCar Station) rentalCarList | RentalCarStationList ) : RertalCarStation

Findinterface +getPosition] uzerData ; UszerData ) - Location

. S=lEages==
L
FindAssistanceProvider i

+findRentalCarStations( carLocation ; Location 1 . RentalCarStationList
+HfindGarages carLocation : Location 1 Garagelist
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1. Design model (orchestration)
On Road Assistance scenario

<<receie>>» <<gerviceActivity>>
startAssistant() |ink|;jient :NoAssistance |‘|1

Ink| creditChargeService

r <<serviceActivity>> ]
| Main |
| I
| I
- - = /= = . T T\
| r <<gerviceActivity>> |
| | I <<gompensation>> |
: I
| userData snd] <<5end&rece|w_e>> Ink cireditChargeService |
chargeCredit |
| creditChargebData ;I  —m == = —_— — — = = = -
\ | <<gerviceActivity>> Il
| - — _ _— — = = v cancelation
| userData [sme <<Sendéreceve>> | <<send>> sn| creditChargeData |
_ getPosition ) ) cancelCreditCharge
|  carLocation ik locationService | | |
| I
I
I

f et mwm i U A e .\ I



1. Design model (orchestration, continued)
On Road Assistance scenarlo

| r <<serviceA ctivity>> M
|| findAssistance I
|| H
‘ ‘ I
I
, , I
I carL ocation|snd| <<send&receive>> findGarages Service <<sendéreceive>> sndcarLocation |
| | ] findGarages ] . ] findRentalCarStations ] |
garagelist [rv indRentalCar Stations Service [Ink fevrentalCarList I |
I
I I
] H
| [garagelist.size == 0 or rentalCarList.size = 0] N
I
I
I [else]
|| <<raiseException>> [ |
: cancel noAssistance |
I
! & 1
| H
] H
I
I
|| garageList [md <<gend&receive>> Ik selectGarageService <<gend&receive>> lsng FENtalCarList I
o selectBestGarage selectBestRentCarStation el rentalCarStati rI |
I | garage selectRentalCarService rentait-arstatio
|| H
H Q .
| H
I Y o e e - - . ... - I |
| I
| |
—
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2. Selecting the ,Best” Service

The SelectGarageService computes a list of best offers according to
user constraints and preferences, e.g.

= Fast repair: Repair as soon as possible, in less than 48 hours
= Preference: Prefer fast repair to cheap repair

SENSORIA Approach:
= Soft Constraints over C-Semirings [Bistarelli, Montanari, Rossi 97]
= Policy language with preferences [W, HOIzl 06]

ldea:

Solve optimisation problems abstractly over constraint semirings

A soft constraint C is given by
= A (finite) set X of problem variables over a domain D
= A mapping of type
(X->D)->S
which assigns values in a semiring S to valuations of X




Soft Constraints and Preferences for Services

Soft constraint system for choosing the ,,best® offer
Variables  garage-cost, garage-duration, ...
Domain D= {neN:0<=10000}

Semiring FuzzyRing = <R*, max, min, 0,1>




Soft Constraints and Preferences for Services

Soft constraint system for choosing the ,,best® offer
Variables  garage-cost, garage-duration, ...
Domain D= {neN:0<=10000}

Semiring FuzzyRing = <R*, max, min, 0,1>

Constraints and preferences

= Repair as soon as possible, in less than 48 hours

fastHepair : [garage-duration | n — [48/n|]
= Private repair as cheap as possible, 1000 Euro and more almos

unacceptable
cheapHRepair : in context —work-related?
assert [garage-cost | n +— [1000/n]] end
= Preference: Prefer fast repair to cheap repair
fastRepair > cheapRepair




3. Analysis of Quantitative Properties:
Service Level Agreements

Specifying performance by
annotating UML diagrams &
translation into stochastic process

calculus PEPA Formal Analysis
[DEGAS Project 2004] Performance,

sensitivity, scalability

Extension to SRMC (SENSORIA
Reference Markovian Calculus)

[Gilmore et al. 2006] Transformation Transformation

Back annotation,
Performance, sensitivity and  |Sensitivity, usage diag. to SRMC/PEPA

scalability analysis of Service
Level Agreements /
using UML Diagram with

=  Continuous Markov chains

= Ordinary differential equations
[Gilmore, Hillston 2005]

= Parameter sweep [Gilmore et al.
2006, 2007]

rate annotations
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Example:
Performance of Road Assistance

Can we guarantee the following Service Level Agreement?

At least 30% of engine failures lead to garage and rental car being
ordered within fifteen minutes and

at least 60% of engine failures lead to garage and rental car being
ordered within thirty minutes.

Approach:
= Add rates to the time-consuming actions of the workflow
= Translate activity diagram to SRMC
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Transformation to SRMC

The Road Repair System (simplified)

OnRoadAssistant ||,

(LocationSvc || FindGrgeSvc || FindRentalCarSvc
CChargeSvc || SelectGrgeSvc || SelectRentalCarSvc)

Determining the current location of the car and findinggagarkhy
services: Passive waiting, not

determining the rate
OnRoadAssistant = (start,r0).

(chargeCredit, infty) . (getPosition, infty).
((findGarage,infty) || (findRentCarStation, infty)).

OnRoadAssistantl
LocationSvc = (getPosition, r2). LocationSvc

Selecting garage and rental car 0.9 .. 1.1; locaton info can be
transmitted in 1 min,

OnRoadAssistantl = ((selectBestGarage, | yith little variance
(selectBestRentalCar, infty)). OnRoadAssistant

SelectGrgeSvc = (selectBestGarage, r5). selectGrgeSvc

0.15 .. 1.0; processing orders may take
M. Wirsing 5 min, with high variance 12



Analysis of Service Level Agreements

Example Service Level Agreement:

At least 30% of engine failures lead to garage and rental car being ordered
within fifteen minutes and

at least 60% of engine failures lead to garage and rental car being ordered
within thirty minutes.

Analysis by varying rates r1-r5:
5*5*5*5*5 =experiments with ipc/Hydra Tool [U. Edinburgh]

probability of completion against experiment number at time 15.0 probability of completion against experiment number at time 30.0

T T T T T T 1 T T T T T T
T . - - 0.8 | +H+H+ - H ﬁ% Hﬁﬂ _
Wmm HHE W"h T MWW WWM %MWW_S%%%WM%WWW%W *f\"'H-I:H—H—
i I i TP e T e
WH%% MWW WW%M I it _ 0.6t A HHH T - _
L T i it i
e
L+ - HHHE HHE HH i 04 - |
rHH HH HH HHH HH+
. 02 .
L L L L L L 0 | | | | | |
io 200 300 400 500 600 700 0 100 200 300 400 500 600 700,

IVI. VVITsIng



Analysis of Service Level Agreements

Cumulative analysis of Service Level Agreement:

Sensitivity to Sensitivity to
variation of r2 variation of r5

40

Consequence: A faster processing time for orders (governed by rate r5) is

more important than trying to transmit location data faster (governed by rate r2).

M. Wirsing
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4. Defining tool chain in SDE

Converter UML4SOA to BPEL/WSDL

= transformation from UML2 models to an Intermediate Orchestration
Model (IOM)

= transformation from IOM to BPEL/WSDL*

Converter BPEL/WSDL to active BPEL/WSDL
= transformation of BPEL/WSDL* to code executable by ActiveBPEL
Engine 4.0 (open source)
Replacement of namespace and service location within BPE /WSDL
Create process deployment description files (catalog.xml, *.pdd)

Transformation active BPEL to interactive BPEL

= transformation for adding user interaction mechanisms

additional receive & reply for each invoke for communication between
user and BPEL process

extension of reply with a list of next actions

Deployment on a web server (Tomcat)
M. Wirsing 115




Tool chain in SDE

Graphical orchestration of tools (Eclipse plug-ins)

& Java EE - TEST_Chain_UML2Deploy,;demochain.god - Eclipse Platform - |E |ﬂl
File Edit Diagram Mavigate 3Search Project Run  Sensoria S04 Window Help
ijv | ato Jﬁvﬁv%v JManagecontainer Wt B R J;YgYJBb - J 8 J ¥ J @ Jfﬁ’. J E AR K |2 JavaEE *
|[rahoma == = [ e I (- I el I BT O Nl == | [T - & {5 SWN Reposito. ..
P B2 F SEW =0 E Tomcat v5.5 Server at localhosk ((J BPELZActiveBPELWSDL Conwverter and Deployment (!U TansferzactiveBpelPlugin.java ({5 demochain.god &2 =0
A rnodel autputDr canfi 2
== | I /1_|D 0 = 21| 2= Palette
[#-%= de.cirquent.mdd4soa.tr ||~ 7 ) m # =
[#-1=F de.cirquent. mdd4soa.kr S derno i
) Function
[#-1=F de.cirquent. mdd4soa.kr —_ )
1T imvake ’—{ rnodel: IRl Lirk:
E-17 it.unibo. cs. jolie.model , — Input Fin
K it unibo,cs.jolie mods [z loadSingleActivityFromlmMLModel
-] SensBpel
%4 SensCarkental
3 B == BPELZActiveBP.., <
I:I‘—‘_,J- = SensoriaDema 13 [htt tOOl Cha]n =
[#-1J SensotiaDemo_0811 t convertzActiveBPE. .
-5 SensoriaDemao_341 Clivity: AcCtivity execution conwvertZInteractiv. ..
IZII----"?‘J SensoriaGarage activity: Activity outputDirectory:Sting oy TaTome

'7‘J SensPosition

17 sensUmizEpel

127 SensUmizBpelTest
H-l=F Servers

convert ToBPELandyEDLPath [~ Remote Service s&...

== 5Sensoria Core Reqg. ..

|~ Sensoria Core Ser...

brelfilepath:String |~ Sensaria UL Service

outputFileDir: String

tonfigFilePath:String
inputFilePath: String

=+ oukput_Flow

loadactivityFraml, .
(&) corvert2ActiveBPELndWECL !

output_seq lnadsingleactivityF. ..
= uml_flow conwertToBPELand...
uml_seq
] converkToBPELand
-|X] Config.xml -
2] default.go string: String LL\I_D‘UtDUtF'leD"'St”rg configFilePath:String configFilePath: String
"4 demachain.god . string'Strilng .
t- 1] TrackMe ) . | @ corwert2InteractiveBPELanchisDL bpelDir:String (=) deploy ToTomcat
inputFilePath: String
t- 1] TrackMeServer

]

t- 1] umiBpel2activeBpelTran: Flepath

t-72 15R-109 Web Services

[ B Brn B

-
«| | »

ﬂl Problems (J-; Tasks (:. Properties &3 4k Servers} Eﬂ Data Source Explorer] B Snippets] El console :‘“ Call Hierarchﬂ & Searchw 'E 5 = Eﬂ




5. Executing tool chain

&= Java EE - TEST_Chain_UMLZDeploy/demochain.god - Eclips

N [=] B
File Edit Diagram Mavigate Search Project Run Sensoria S04 Window  Help
Jf‘jv |n','nJ#}&vov%vJManagecontainerE@J-fgv@vJ@b QvJL_LJ’o,J"’JJ_*gJ e A== e [ | 92 JavaEE »
|frahoma e =B 1A -®- 5= | BB a0 N B foo - = % {2 SN Reposita. .

gpr B2 r Se} =0 E Tomcat ¥5.5 Server at localhost (&' BPELZAckiveBPEL/MWSDL Converker and Deployment: (m TansferZactiveBpelPlugin. java w =0
= <)==D| = model outputDi config -

1 .2 Palette [»
de.cirquent.mdd4soa.tr | | 57 [ < m
1= de.cirquent.mdd4soa.tr ‘:}g Eem // 0 Functi
T invoke rodel:IF Invok tool funct Link
" . . mvoke a tool Tunction i
— Input Pin
o ft.unibo.cs.jofe model [ lnadSingleActivityFro P

t- 1] SensBpel

:I:p‘J SensCarRental

:I:,—‘_J; = Sensoriabema 13 [htt
t- 1] SensoriaDema_0511

£
[ This wizard page allows you ko invoke a tool Function, Please select parameter values,
£

£

£

-1 FensoriaDema_341

£

£

£

£

£

OutputDir OutpLt Pin
(= BPEL2ActiveRR.., <
demaol) m 0 d e I

convertZActiveBPE. ..
Ma description f corwert2Interactiv. .,
& sonsor . . o _ config
H-3=5 SensoriaGarage ackivity: Activity The result of the function call (of kype String - null) will be posted tg deployToTomeat
:I:pd SensPosition

(@ convertToE [~ Parameters of Function call

H-120 sensUmlzBpel

[~ Remote service se. ..

t- 1] SensUml2BpelTest ELST - [ Exps - | selected value | Deseription ChLI [~ Sensoria Core Reg...
oubputDir e auang. String null absolute path of oukput ¢

H-1= Servers madel org.ecdlipse.care.resource,..  null TFile of LML file l-=» Sensotia Core Ser...
[=1-1=F TEST _Chain_UMLZDeplc i java. (St ig fi
= TEST. L pl hnalflanath: Sting config java.lang.string rull absolute path of config fi

[~ Sensoria UL Service
x|

(= UMLZBREL{WS.., <o

Select a value For parameter bvpe interface org.eclipse.core.resources. IFile

loadactivityFroml. ..
From string I From blackboard ~ From file loadSingleActivityF. ..
Select a file: converkToBPELand. ..

convertToBPELand. ..
I Browse. .. |

Parameter Type

" add as a Java file object & Load a file = |EI|5| —I LI

' add as an Eclipse IResource object (IFilsfIContainet)

Flease select an existing or new file or directary :|
© add as workspace-relative path i Flepath
P P = Servers | d ?
" add as absolute file system path = TEST_Chain_UML2Deploy b
= Add contents of file as a String = .settings Cancel
EIEb input
E|Eb urnl
122 uml_flove
LIMU_UML450A_Orchestration. profile.
=] UML_Standard_Profile, MagicDraw_Prc | _’ILI
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<| | = '
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Looking at transformation result:

BPEL models
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6. Running the deployed application

Home Page - Setting of Preferences

ance Demonstrator - Mozilla Firefox

Chronik  Lesezeichen  Extras — Hilfe

i I |http:,I,l'lu:u:alhu:ust:BD8IZI,I'SensuriaDemDI’serviceHume.jsF

o [ERE

ROQUEMNT |j Irz On Road Assistance '-.l Startseite von Maozilla ..

ply o Edit @l Remove | ] Add | Status: Using cirguent: | %, Preferences

istance D... [ | .l"' GMAP API - Google-Suche

Sensoria

On Road Assistance Demonstrator

Start Service

—Indicate car position

{ current car position
{= car address:

street:

nurmber:

zZip:

I
I
city: |
I
I

country

Warning: Breakdown!

—Find services

Search services within a radius of |10 | km

—select service criteria

[T open 24 hours
[ mearest
[T cheapest




6. Running the deployed application

Credit card charge

Sensoria

On Road Assistance

Payment Service
- K3

Flease enter your credit card information: test

Marme | |

Credit Card |Masterl:ard ;I
Walid Until | ~|

Card Murnber | |

Security Numberl |
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6. Running the deployed application

Car position

Sensoria

On Road Assistance

Car Location Next step
search rental car station nearby

search garage nearby

| karte | Satellit | Hybrid | @ ‘
S Current Location

[V
L

H e

&
i I
&‘\ @ Klav?z?ul;vws JM
< BLtagar

Bogenhausen

N m

&
¥ s
& &
: 7
o é" &
& £ Q«f
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% Morchen-Stenhausen - =
o oy M"‘”’"«m.—.ﬂ, ! e m Sasiee
1
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6. Running the deployed application

Garage and rental car services

Sensoria

On Road Assistance

Garage nearby your car
rental car station nearby your car

Next step

search best garage
search best rental car station

continue

M. Wirsing
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[ Karte | satellit [ Hybrid | @ ‘
o< 2] 3 Current Location
XY g [t e
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A g .
) N d#’ Ku:::n;u.m #d\?“f Garage Denninger get route
$ b r -
6’% e~ b Puezge Garage Neckar get route
)
( f Garage Riedenburger get route
o
\ & i{ § Garage Zaubzer get route
1 A g
=P f ?
E Dennnger * Bogenhausen .
f P4 Ariger rental car station nearby your car
-l
® 3 § Car Rental Gotthelf get route
J. C i — Car Rental Steinhauser get route
o 4
¥ ‘65 1 Car Rental Eva get route
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6. Running the deployed application

Selection best services

Sensoria

On Road Assistance

The best Garage
The best rental car station

Next step

start new service

continue

@ Current Location

? The best garage

Garage Denninger get route

? The best rental car station

Car Rental Gotthelf get route

== T
T [ Map [satellite [ Hybrid |
[€IEHE] §
V) & /@ S
T
808
& i
Stadt .
Krankenhaus Jaf
. Bogenhausen Fut
% Englschainger Sy, 3" pame
n
¢ H i
1% 5
'Mﬂl‘r&., g, §
»
B ¥ § Denanger | Bogenhausen
f !
) s &
5 & ‘5
3 § $
- $ &
] 35 d
s g Ty &
§ Eggenteidener St
¢ Morchen-Stenhausen — ™
roRo By 5 ~ m
1
&g & T enstenST 0 dats @2003 TatwwribanBrisbsiol f Lise
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7. Changing the orchestratic

/actiuity orchestration2[ @ orchestration2 U

‘ s<sendéreceive== |ng  stgr
. 5| start e startR
| ke startT:
A
<<send&receiv?=»> LW charg
chargeCredit trd cardin
jed transa
<<sencil<§=7re?n;3‘ive»p i‘j getPos
getPosition re| userld
Je  location
——————— ,.7
findGaragePL [  =<=sendareceive=» ==send&rec
gPosition ifr_u} findGarage findRentalS
garageList [r

SelectBestGaragepL ia" ==sendareceives= <<Sendér82
.. selectBestGarage selectBestRe

garageListinfo ?gJ 9

garageld bz ,

7

activity orchestration1[ [] orchestration1 u

®

<<send&receive>>
start

<<send&receive>>
getPosition

l

<<send&receive>>
findGarage

l

<<send&receive>>
selectBestGarage

<<send&receive>>
findRentalStation

<<send&receive>>

selectBestRentalCar

;
F)

rentalCarld o

<<send&receive>>
chargeCredit

startPL
startRequest
nextTask

getPositionPL
userld
location

findGaragePL

gPosition
garagelist

selectBestGaragePL

positioninfo
garageld

findRentalStationPL

carPosition
rentalCarList

selectBestRentalCarPL

carPositioninfo

chargeCreditPL
cardinfo

transactionMsg



Back to the tool chain (step 3)

rnocel outputDi config

[

rnocel: IFile

[z2] [oadSingleactivityFromlUMLMocE

tool chain
execution

activity; Activity outputDirectory: Sting

[z28| corvert ToBPEL andyWSOLPath

bpelfiepath:String outputFileDir String ZonfigFiePath:String

inputFilePath: String

[z corvert2activeBPELandh=CL

outputFilebin: String

string:String configFilePath: String configFilePath: String

[ conwert2InteractiveBPELandWECL bpelir:String [ F deploy ToTomeat
inputFilePath:String | P o |l deploy

-
—

string:String tring:String

M. Wirsing
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Looking at transformation re

BPEL models

M. Wirsing

Sequence

{5;’ skart
{Er" gekPosition

& findGarage

{9’ selectBestGarage
& Findrentalstation

& selectBestRentalCar

{? chargeCredit

@

= Sequence

& | Receive
<§' skart;
= Assign
2 | Reply

& | Receive

@ getPosition
= Assign
2 | Reply

o | Receive

& findGarage
= Assign
2| Reply

o | Receive

<§’ selectBeskGarage

= Assign

2| Reply
o | Receive
& findRentalstation
= #Assign
2| Reply
o | Receive
<§’ selectBestRentalCar
= Assign
2| Reply
& | Receive
& chargeCredit
= #Assign

| Reply

©



8. Running the deployed application again

Home Page - Setting of Preferences

ance Demonstrator - Mozilla Firefox

Chronik  Lesezeichen  Extras — Hilfe

i I |http:,I,l'lu:u:alhu:ust:BD8IZI,I'SensuriaDemDI’serviceHume.jsF

o [ERE

ROQUEMNT |j Irz On Road Assistance '-.l Startseite von Maozilla ..

ply o Edit @l Remove | ] Add | Status: Using cirguent: | %, Preferences

istance D... [ | .l"' GMAP API - Google-Suche

Sensoria

On Road Assistance Demonstrator

Start Service

—Indicate car position

{ current car position
{= car address:

street:

nurmber:

zZip:

I
I
city: |
I
I

country

Warning: Breakdown!

—Find services

Search services within a radius of |10 | km

—select service criteria

[T open 24 hours
[ mearest
[T cheapest




8. Running the deployed application again

Car position

Sensoria

On Road Assistance

Car Location

Next step

search rental car station nearby
search garage nearby

@ Current Location

5

0]
g"\%

‘b%%

[7]

| karte | Satellit | Hybrid |
14

o

Su
< J,»"‘f I

Tt & &
& Stadt
. < d’e @ Krankenhaus
% Bogenhausen

A p B
z
® | :
Oq"”‘o«/sb % g g

@ £

S
B 7 5 range Bogenha
£ Anger
4 :
& £ $
& 3
; 3
U] § &
; £ Qf
5. Eggenteidener Sif
% Murchen-Sienhausen - el
¥, /s - S+ S
Kartendaten @2009 Tele Atlas SepantabmBeitetshol ingen

continue
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Conclusions

Service Engineering Approach

M. Wirsing

modelling of SOSs

metamodels and UML profiles for SOC
transformations to analysis models
formal analysis of models

annotations of models

automatic generation of SOAs

pattern language

MDD4SOA@work
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Bottom line: Ideas to take home

Relevance of domain specific modelling language
= UML profile
= must be simple, few constructs
Automated development approach
= model-based and semantics driven
= early qualitative and quantitative analysis based on formal techniques
= model-driven (transformations)
= pattern-based
Importance of flexible tool support
= easy (graphically) integration of diverse tools
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