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BPEL - Business Process Execution anua'g'

» Emerging Web Service standard
» Specifies behavioral aspects of a service
» Partnerlinks and activities to model the service interaction

<?xml version="1.0" encoding="utf-8" 2> <partnerLink name="AmericanAirlines"
<process name="Travel" partnerLinkType:”aIn:fIightLT"
xmlns="http://schemas.xmlsoap.org/ws/2003/03/ myRole="airlineCustomer"
business-process/" partnerRole="airlineService"/>
<partnerLink name="DeltaAirlines"
<partnerLinks> partnerLinkType="aln:flightLT"
<partnerLink name="client" myRole="airlineCustomer"”
partnerLinkType:"tertrave||_T" partnerRoIe:”airIineService"/>
myRole="travelService"/> ... </partnerLinks>
<partnerLink name="employeeTravelStatus" <!-- Variables are declared here-->
partnerLinkType="emp:employeeLT" <sequence>
partnerRole="employeeTravelStatusService"/> <receive partnerLink="client"
portType="trv:TravelApprovalPT"
operation="TravelApproval"
variable="TravelRequest"
createlnstance="yes" />

K
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Why BPEL?

Service-Oriented Architecture
Positions the CJIB for the
Future

v' Real world examples.
» European Council for Nuclear

Capgemini's Integrated Architecture Framework used

Research

» CJIB under Dutch Ministry of
Justice

e S
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What a BPEL Engine Brings to — i

CERN's SOA Initiative

by Loraine Lavwson, T Business Edge
Jan 23, 2008 12:00:00 Akt

Loraine Lawson spoke with CERM's Derek Mathieson about what moving the world's
largest padicle physics lah to an S0A taught the organization about BPEL engines and
BF N

Lawson: The Active Endpaints PR person called this the mother of all S04 and BPM
success stories, which cracked me up. Canyou talk about how S0A and BPM work

toerettrer-forgon?

Mathieson: The BPEL engine, which is the core of all of this technology, basically
allows us to define what the processes are here, The BPEL engine will autormate the
business process definitions, which come fram the process owners through the
different services within the organization

Mewesletters Welcome, ©

Topic: Business Proces

Improving effectiveness
integration with technolo

Blog: What to Do Ywhen
Article: Serious Games
‘White Paper: Improving
Management

Related Topics

Data Integrstion
S0

to deploy Oracle E-Business Suite accelerated by

BPEL Procoss Managor

The Situation

The Centraal Justitiee] [ncassa
Berreans {C[1B) = s mdepender
impementanon swharity operaing
urder the Duich Mmisery of Jusice
respansible for admmmsterng,
celleang and coordinuting fimes
mnd smoxioms Jevied by the Tutch
Judicil system. In an. envimmment
of chemgmg lawes and ibe RS
everexpandnig range of
respamsibilicies, the C1E needs a
relable eifikien and, mos
imporantly, floable IT sysiem chat
can. effectrely manags the execution
cof fmes and samcrions.

The Solutien

The CJ1B has to bamdle 3 complex
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methods. 1t thereforr chose to adopt
a srvice-oriemied spchibecrure
(504} based on the Omcle E-
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EFEL

Proosss Mamager, also v Omacle, is
pari of this solution . This
architecture allews the reuss of
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exzcuitons of different fmes and
sanciioms by ibe CIB. Designing
and changing processs will be
dramutically sumplifed snd reguine
I sz programmimg

The Resutt
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Intsgraied Ardmieciure Framework
{1aF. afier completmg the
mplemennation, ibe CIUE will
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¥XSIZE. The Business solution for EMCS (Excise Movement
Control System)

- As a national Customs [/ Tax authority preparing to  adopt
measures to respond to European Union regulations to replace

paper-based Excise Movernent Controls, Yivansa understands yvour

..*S_Iz_E‘ challenges and has a computerised solution to satisfy  vour
business requirements.,

Welcome to the company leading e-Customs innovation in Europe.

v" Real world examples...
» European Commission
» EMCS

vivansa

Simply because you need results
LTS Services ' Markets
Solutions XSIZE Architecture
For Mational Adrministrations g . : ; :
L& CMos The #SIZE architecture is designed in conformity
Lvp MECS with Business Process Management (BPM) and
L¥R . CH Service  Oriented  Architecture (S0A)  best
WSIZE practices, prowiding Mational  Adrinistrations

with the necessary agility and maturity to
the IT alignment to their

Business Process Management Suite {(BPMS) for creating sophisticated business
processes (including long running, asvnchronous processes), The modelling is achieved
using BPMM as the standard graphical notation, and XPDL as the ¥ML-based process BPM solution
definition language or BPEL as the serialized =ML prograrmming language for the
specification of executable business processes (applied primarily to the orchestration of ||cuses on delivering  IT

weh services), Thaose languages improve comrmunication and portability of process
models.

They tacilitate designing, detining, implementing, and deploying composite applications
and services from a number of distributed and autonormous software components,

nated implementations of
rocesses, When combined
rocess-oriented  view  of
es has several advantages:

offering a flexible way to achieve the required business collaborations.

es5 15 broken into steps that can be implemented using reusable
sult, BPFM provides an effective business-driven approach to identifving

"\/ BPEL has some Unique features <hould deliver.

A ensures that processes can be implemented quickly by using services

ER L
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Event Handler

Two Constructs
1. OnEvent — message event
2. OnAlarm — alarm event

{T} Scops

(* RecsiveCustomerRequestforLoan Amt [

r-f— | |

f"s_ InvokelosnAssessor

F
gl

=0 Assgnv¥estoAcocept —

t"5 InvokeloanApprover

= AoceptMessageToCustomer

K
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Fault Handler

= Reverse work — Undo a partial/unsuccessful work of a
scope that a fault has occurred in.

= Not same as compensation handler.

= Eg. Internal process error, platform specific fault, a web
service operation cannot complete successfully, a throw

activity

f ?

ReplywithapprovalFaulk
‘ o

FeplywithfssessmentFaulk

v

Process Activities | Fault Handlers | Event Handlers | Source

AAAAAAAAAAAAAAAAAA
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Compensation Handler

» Execution serves to reverse some ® sone
previously executed application ' -
logic - | . | |
. . OScopeA ‘ %CompensateScopeA I
le. When the scope is completed | " __

!
| : | y
‘ (5 ChargeFee l ‘ (5 RefundFee ‘

» No automatic restoration of data
during compensation

» Up to the application to define its '
own compensation behavior l

O ScopeB
|
|‘j

» Eg. Cancelling reservation, putting | ,_ |
an Order On hOId, remOVing a [ (5 Receiveltem I (-5 CancelReservation l
charge on a credit card. : -

K
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Putting them together

1) Event handler receives a
cancellation message and
throws a fault to the Fault
Handler

2) Fault Handler executes a
compensate for the
previously completed
(linked) scope

3) Compensation Handler for
the completed scope rolls
back the work of
InvokeOrderinventory

= ( ] . r—— -
’ ' - !l -5 . iR, il
= L% ¥
PR\ A :

Scopelne
@ 0

/,.
f (5 Invoke

U FaultHan... 15 Ewvent .

Scopelned
yi o

Sequence

C’ ReceivePO

|

(.3 IrvokeOrderlnventary

1) Compensation

~ o Zeguence

(‘3 CancelOrderlmventory

|

d FeplyCancelOrder

AAAAAAAAAAAAAAAAAA
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Does it really compensate
the charge on a credit card?

Does the Svice Work?

K
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We can do ... Software Testing

Black box, White box testing
Unit testing

Incremental Integration testing
Integration testing

Functional testing

System testing

End-to-end testing

Sanity testing

Regression testing,
Acceptance testing

Load testing
Stress teSting XO your testing support team
Performance testing
Usability testing
Security testing
Compatibility testing, etc. [

AALBORG UNIVERSITET

software festing on damand

http://www.xbosoft.com/images/index/index800_07.jpg
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We can do ... Analysis

< based on:
s Automata
s Petri nets
*» Abstract State

Machines it
“*Process Algebra = 3.4

** etc. = H :

| |Prec|(Proc)

v Automata/Model Checking - Palee
Model Checking has made some progress i x

Model Checking tools are reaching maturity
Tools: SPIN, NuSMV, UppAal, CWB

AAAAAAAAAAAAAAAAAA
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Related Work |

* Intermediate Representation: automata with XPath
guards (called GFSA) as an intermediate representation

for web services.

o A translator from BPEL4WS to GFSA is developed,
 Model checker SPIN used as the back-end of WSAT to
check LTL properties.

Web

Services

BPEL

(Bottom-ug)

Conversation

Protocol
(top-dows)

Front End Analysis
Intermediare | Verification
EPEL Representation s GEFSA to Promela |, | Languages
to s Guarded —. Sffﬂﬂiruﬂﬁi_za!:ility e (omehroncs \
GFSA automata A |
\ skip . GF5A to Promela » Promela
* | (bowunded gueus) /
| GFsA |, Guarded Realizability GESA to Promela
| parser automaton Analysis : 5
| fail
*

WSAT: A Tool for Formal Analysis of Web Services:
Computer Aided Verification, 16th International Conference,
CAV 2004, Boston, MA, USA, July 13-17, 2004

Xiang Fu, Tevfik Bultan, and Jianwen Su

AALBORG UNIVERSITET
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Related Work Il

BPEL Construct Example and FSP Representation
<sequence> ACT1 =
<receive operation="1" partner> | (receive pl p2 opl -> END).

</receives ACTZ = e 1urerm CEE

NEleE Lon Cherl Wl wrdad e

<receive operation="2" partner> | (receive pl p2 op2 -> END).

</recsive> SEQUENCE = ACT1;ACTZ;END.
</sequence>
<switch name = "MPS"> SWITCH =

<case condition= "condl" = if condl-true

“true”> <receive.> then ACT1;END o T e T s

<otherwise> <:'3[:1Y...> else if cond?-true jsiﬁorl e i i s ol it et e ot

</switch> then ACTZ;END r— e T T e et g el

e - [ T Y S % e
o @ @ @ @ o ® O B &
i) l_._:.—nu-_,l. il .J_.M..:_-.LL-..r.u
elze END. i

<while WHILE = . e g

Crase| Mphaist | ansirs

: . 4 Frsmen
Machine and LTS Draw View

Animator Visw \ 2 Y o "_:|

wivcks_pywsll rmmap_mrybe

e ey Shimsing. e b oy

condition = “condl” = “trus”: If condition-true then ACTI1;WHILE St O] . et et mied
<sequence> <rscelive.. else END. i ! iaovrsion s ([l ot
</while> s s izl

[ T
<pick name ="pickl”> PICK]l = ( | Sk e s S i i ciiaec toumid iniu
<onMessage> eventl -> ACT1; END | i g |
<invoke operation="1" > eventZ -> ACT2; END). —_—
<onklarm> contrnnr ranmes
<invoke operation="2"> g, [ PO e
buar-w g wmrwriealink =y
{l.s"' 4] i-:f {} I L \ | = sfparcasras "IIWH

<flow name="flowl”> | |[FLOWL = [x[re] L [= ]~ = P T pem i .
SO— R L 7 7 A : MSC Edifor s s rrasis uea ‘
<recelve operation="1">.. (ACT1 || ACTZ2). ympil=r and ] S

<receive operation="2"».. 9 et Etitor
</flow>

deEchanar hawes*aradi &

aEnd vaziabies "pezan
irocrive wns sk le=pe
< uzrhanges

AKCIARUE T TR YT

H. Foster, S. Uchitel, J. Magee, and J. Kramer, "Tool Support for Model-
Based Engineering of Web Service Compositions " presented at 3rd IEEE P
International Conference on Web Services (ICWS2005), Orlando, FL, 2005 AALEORG UNIVERSITET
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Related Work Il

Sequence Diagrams

RT-UML

EMI ~
#SLT, ,_,-"’;:5 {\x “«,\xSLT
I,""'_/J! -~ \\. h'\_,'
; MELT ‘}:-
Choreography Layer N Orchestration Layer
TIMED N
WS-CDL |- ™"/ AUTOMATA | - =" WS-BPEL
AML ~" & Time Restrictions T XML

“~.__ & Model Checking Engine

Using RT-UML for modelling web services
Maria-Emilia Cambronero, Juan José Pardo, Gregorio D  iaz, Valentin Valero, SAC 2007:643-648

K
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Related Work IV

« Exhaustive simulation
based on a formalisation
of BPEL semantics using
the Algebra of Timed
Processes (ATP).

 Models analysed by model
checking value-based
temporal logic properties
using the CADP toolbox.

B4% Fukes moenshribandle: serpeetepkbed d | docms= |

WL B s = koL oL b s M Va5 A R i | T |
EPEL I s M e L ST A T T TL AL AT 28 b HAmac.

e

||||||||||||||

gyl

TgetDestinatis

Formal Modeling and Discrete-Time Analysis of BPEL Web Services.
Radu Mateescu and Sylvain Rampacek.
International Journal of Simulation and Process Modelling 2008 - Vol. 4, No.3/4 pp. 183 — 194A K

ALEORG UNIVERSITET
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Approach

Many theoretical results, tools proposals
- semantic definition/mapping to target language/ applicability.
- Mostly fragments of BPEL without the intricate features

Our approach: - make a formal model of a service
« WS-BPEL
Analysis of behaviour
e Orchestration
« Choreography

« UppAal
25, 15, 23, 12
BPEL — '5 |, g.... ) ppEL __  SppEL
|
| 9, 10, 11, 20] i 2 3 ?
| §
e it » Sy UppAal - > STa
7 given
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WS-BPEL

Previous Efforts l
_V
»» Derive semantic models in the Automata == | M
Consistency

form of (timed) automata

. CalculateTa NTurblnes
. Fa Fa

AvallableT

mly

noavaliabie!

¢ Several specifications — different TKWM O

aspects. —
‘ " I 1 CaloulataT A 1"]&1\}1&![}5“]1(‘“15 OrdarTurnOn
“ Simulation relation B PN -
T mpossble il O ncavallabla
e B. “l;:'_m:luctj vhyh‘?r;m_m!
y=—0 Calri:_u‘\lmel
Q . increase_demand
=50
Consistency Checking of Web Service Contracts (;2\ ______y=0
International Journal On Advancesin Systems and Measurements, mpossible 7
Issn 1942-261x vol. 1, no. 1, year 2008, SerformslT  yi=0
http://www.iariajournals.org/systems_and measurements/" C. DemandMS
Analyzing Web Service Contracts: an aspect oriented approach. Cambronero, M.-Emilia ; Okika, Joseph
C. ; Ravn, Anders Peter. Proceedings of the Intermal Conference on Mobile Ubiquitous Computing,
Systems, Services and Technologies : UBICOMM20BEE Computer Society, 2007. 149-154 = UNWERg«;ET
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Previous Efforts ... .,

s Specification of the CoCoME case e
Study disableExpress
e temporal logics, operational,
deontic specification

% Comparison between contract enableBxpres
specifications

conditionMet  enableExpress

e .

finishSale

« card pay, express mode, sales e "
process
% Discussion on how easy it is to = BCERC
analyze the specifications Fl 1 v v VoY
F2| - | - | - |V
F3| - | v | (V)| V

On the specification of full contracts . Stephen Fenech, Joseph Okika, Gordon J. Pace,
Anders P. Ravn, and Gerardo Schneider. In 6th International Workshop on Formal Engineering

approaches to Software Components and Architectures (FESCA'09), ENTCS, (York, UK), w«
MarCh 2009 AALEORG UNIVERSITET
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Current effort

¢ Full behavior of BPEL

*» Timed Automata for the model with rendering to
UppAal

% Semantics based on UppAal

e Semantic preserving extraction/translation

BPEL — , SBpEL
! o3
) l BPEL —" . UppAal — 5
UppAal . Sta Ppad TA
qiven

* Semantics based on Rewriting Logic
*» Executable operational semantics

AAAAAAAAAAAAAAAAAA
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SOS for full BPEL (1)

*» Service Interaction

Activity Semantic Rules
I"E-'I:E-'i"'p"'E-' ETECEEEE P1 3, [.P1 U.]:I - [.E!' S!‘ EP" I:,-."”
(receive p, s,(p, o)) = (receive p, s, (p. o))
. . . LI )
reply (reply p, s,(p,0)) — (€3, (p. 7))
X, . )
(reply p, s.(p. o)) — (reply p, s,(p 7]}
I:‘é.ﬂi-‘ﬂke P 5 [P1 U.]:I I_F' |:E1 Sy I:.I':'1 JJ:I
ok (invoke p, s,(p, o)) = (invoke p, s,(p, o))

.. . e . P .. . Tpa . .
(invoke p1, 5,(p,0) B (e,5,(p,0"))  (invoke p1, 5,(p,)) ~22 (e, 5,(p, )

(invoke py pa, s, (p,o)) T2FL (e s, (p,0')

K
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SOS for full BPEL (Il)

*» Scope + handlers

scope 1:  (scope sp AF € € T, 5, (p, o)) — (sequence A endscope, s, (p', o))
where  p' =p+[s0 = (5,0,lapnew)] + [f = A|(f,A) € F] + [e— Al(e, A) € €]
o =0 +llonew — (& T, ')
scope 2:  (endscope s, (p, o)) = (e,5",(p',0)) where s’ = p[s|l1, o’ = p[s]z + [s — p[s]a]
scope 3:  (exit s,(p, 7)) I (e,&,(p', o)) where s’ = p[s]1, p’ = p[s]2

plfl=A

scope 4da: m (f.Ax)
(throw f, s, (p,o)) — (A’ s, (p,o)) where A" = sequence p[f] endscope

scope 4h:

= A
- P[f] [fr-’;lcatch.lli.!;'
(throw f, s,(p,o)) — (A’,s,(p.o)) where A" = sequence p[f] endscope

scope 4c:

plfl=A

( f,rethrow f)
(throw f. s.(p.a)) = (A',s,(p,o)) where A’ = sequence p[f] endscope

scope 5:  (rethrow f, s, (p.o)) I+ (sequence exit throw f,s,(p’,o))

(8
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Lessons learned so far ...

»» Better Service is still a major concern

* Analyzing service orchestration: important for SOA and Cloud
Computing

% Few semantics for orchestration analysis

* Intricate features difficult to formalize

>

Difficult to create an UppAal model directly from the standard

* But automated analysis will
% improve quality
% can reduce cost; example testing cost
[

AALBORG UNIVERSITET
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Some Issues

Suppose two concurrent isolated scopes, S1 and S2, access a common set of
variables and partner links (external to them) for read or write operations.
The semantics of isolated scopes ensure that the results would be no differ-

ent if all conflicting activities (read/write and write/write activities) on all
shared variables and partner links were conceptually reordered so that either
all such activities within S1 are completed before any in S2 or vice versa.

»» Concurrent scope with compensation
»* Non-deterministic behaviour due to cascading compensation

» Non-termination

>

Data (infiniteness) handling

L)

4

L)

>

Properties (common to every service)
3 (8
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