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We overview the key features of BPEL
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Business process
execution language

Also known as:
Web Services Business Process Execution Language
(WS-BPEL)
Business Process Execution Language for Web Services
(BPEL4WS)

it is a standard executable language for orchestrating the
use of Web Service within business processes

it deals with import / export information, remote invocation,
correlation, fault handling, compensation

5
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Web services

Web services fix a standard for interoperability
between heterogeneous, loosely coupled, remote
software applications
(separately developed, running on different platforms)
over (not only) the HT TP protocol

Informally:
web services are for software
what web sites are for human
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WS basics

Services must be made available on the web
(need a server)

Services must be advertised over the web
(need some repositories)

Service repositories must be queried
(need service description)

Services must be invoked
(need standard communication format)



WSFL, BPEL, ...

UDDI

WSDL

SOAP

HTTP, HTTPS, SMTP
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XMLification

Service composition

Service discovery

Service publication

Service description

Transport

Network

XML based messaging

Network

Techndlogy Stack

Discovery
Description

Packaging

Common Choices
UDDI
WSDL
SOAP

HTTP (Web)

TCP/IP (Internet)
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Birth of BPEL

IBM was pushing for a standard called WSFL
Microsoft was pushing for a technology called XLANG
Intalio was pushing for BPML
IBM and Microsoft merged their efforts and pushed together

for BPEL (a hybrid WSFL+XLANG)
and BPEL was soon widely adopted
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Life of BPEL

BPEL4WS 1.0 (2002) by BEA, IBM, Microsoft
SAP + Siebel joined the effort
BPEL 1.1 (2003)
submitted to OASIS

Adobe + HP + NEC + Oracle + Sun + many more joined
WS-BPEL 2.0 (2005)
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The problem with BPEL

BPEL is not a graphical language
BPEL is an XML dialect

Machines like XML
Humans being should not like XML



A typical BPEL tutorial

Turn to page 4 of any BPEL tutorial
(the first couple of pages are just a verbal introduction)
and you find the first small example...

... of about two pages of formatted XML code

(with all actual namespaces
to avoid any misunderstanding)
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<process name="purchaseOrderProcess" targetNamespace="http://example.com/ws-bp/

purchase" xmlns="http://docs.oasis-open.org/wsbpel/2.0/process/executable"
xmlns:ns="http://manufacturing.org/wsdl/purchase">

<documentation xml:lang="EN">
A simple example of a WS-BPEL process for handling a purchase order.
</documentation>

<partnerLinks>
<partnerLink name="purchasing" partnerLinkType="1ns:purchasingLT"
myRole="purchaseService" />
<partnerLink name="invoicing" partnerLinkType="1ns:invoicingLT"
myRole="invoiceRequester" partnerRole="invoiceService" />
<partnerLink name="shipping" partnerLinkType="1ns:shippingLT"
myRole="shippingRequester" partnerRole="shippingService" />
<partnerLink name="scheduling" partnerLinkType="T1ns:schedulingLT"
partnerRole="schedulingService" />
</partnerLinks>

<variables>
<variable name="P0" messageType="1ns:POMessage" />
<variable name="Invoice" messageType="Tlns:InvMessage" />
<variable name="shippingRequest"
messageType="T1ns:shippingRequestMessage" />
<variable name="shippingInfo" messageType="1ns:shippingInfoMessage" />
<variable name="shippingSchedule" messageType="1ns:scheduleMessage" />
</variables>

<faultHandlers>
<catch faultName="1ns:cannotCompleteOrder" faultVariable="POFault"
faultMessageType="1ns:orderFaultType">
<reply partnerLink="purchasing" portType="1ns:purchaseOrderPT"
operation="sendPurchaseOrder" variable="POFault"
faultName="cannotCompleteOrder" />
</catch>
</faultHandlers>

<sequence>
<receive partnerLink="purchasing" portType="1ns:purchaseOrderPT"
operation="sendPurchaseOrder" variable="P0" createlnstance="yes">
<documentation>Receive Purchase Order</documentation>
</receive>

<flow>
<documentation>
A parallel flow to handle shipping, invoicing and scheduling
</documentation>
<links>
<link name="ship-to-invoice" />
<1link name="ship-to-scheduling" />
</1links>
<sequence>
<assign>
<copy>
<from>$P0.customerInfo</from>
<to>$shippingRequest.customerInfo</to>
</copy>
</assign>
<invoke partnerLink="shipping" portType="1ns:shippingPT"

martedi 10 dicembre 13

49
50
51
52
53
54

55
56
57
58
59
60
61
62

63
64
65
66
67

68
69
70
71
72
73
74
75

76
77
78

79
80
81
82
83

84
85
86
87
88
89
90
91
92
93

9
95
96

operation="requestShipping" inputVariable="shippingRequest"
outputVariable="shippingInfo">
<documentation>Decide On Shipper</documentation>
<sources>
<source linkName="ship-to-invoice" />
</sources>
</invoke>
<receive partnerLink="shipping" portType="1lns:shippingCallbackPT"
operation="sendSchedule" variable="shippingSchedule">
<documentation>Arrange Logistics</documentation>
<sources>
<source linkName="ship-to-scheduling" />
</sources>
</receive>
</sequence>
<sequence>
<invoke partnerLink="invoicing" portType="T1ns:computePricePT"
operation="initiatePriceCalculation" inputVariable="P0">
<documentation>
Initial Price Calculation
</documentation>
</invoke>
<invoke partnerLink="invoicing" portType="T1ns:computePricePT"
operation="sendShippingPrice" inputVariable="shippingInfo">

<documentation>
Complete Price Calculation
</documentation>
<targets>
<target linkName="ship-to-invoice" />
</targets>
</invoke>

<receive partnerLink="invoicing" portType="Tlns:invoiceCallbackPT"
operation="sendInvoice" variable="Invoice" />
</sequence>
<sequence>
<invoke partnerLink="scheduling" portType="1ns:schedulingPT"
operation="requestProductionScheduling" inputVariable="P0">
<documentation>
Initiate Production Scheduling
</documentation>
</invoke>
<invoke partnerLink="scheduling" portType="1ns:schedulingPT"
operation="sendShippingSchedule" inputVariable="shippingSchedule">

<documentation>
Complete Production Scheduling
</documentation>
<targets>
<target linkName="ship-to-scheduling" />
</targets>
</invoke>
</sequence>

</flow>
<reply partnerLink="purchasing" portType="1ns:purchaseOrderPT"
operation="sendPurchaseOrder" variable="Invoice">
<documentation>Invoice Processing</documentation>
</reply>
</sequence>
</process>



A syntax called
semantics

Learning BPEL by looking at XML documents
is like
learning Petri nets by looking at PNML documents
or similar to

learning Java by looking at the bytecode
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p2
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t4

pé

<?xml version
<net_type:

1.0" encoding="UTF-8"?><pnml

<place id="p6">
<name>
<text>p6</text>
<graphics>
<offset x="43
</graphics>
</name>
<graphics>
<position
<dimension x
</graphics>
</place>
<place id="p5">
<name>
<text>p5</text>
<graphics>
<offset x="300"
</graphics>
</name>
<graphics>
<position
<dimension x=
</graphics>
</place>
<place id="pa">
<name>
<text>pd</text>
<graphics>
<offset x="180"
</graphics>
</name>
<graphics>
<position x="180
<dimension x="40
</graphics>
</place>
<place id
<name>
<text>p3</text>
<graphics>
<offset x="300"
</graphics>
</name>
<graphics>
<position x="300" y="180"/>
<dimension x="40" y="4@"/>
</graphics>
</place>
<place id="p2">
<name>
<text>p2</text>
<graphics>
<offset x="180" y="220"/>
</graphics>
</name>
<graphics>
<position x="180" y="180"/>
<dimension x="40" y="40"/>
</graphics>
</place>
<place id="p1">
<name>
<text>pl</text>
<graphics>
<offset x="40" y="270"/>
</graphics>
</name>
<graphics>
<position x="48" y="230"/>
<dimension x="40" y="40"/>
</graphics>
<initialMarking>
<text>1</text>
</initialMarking>
</place>

300
0

p3>

<dimension x="40" y="40"/>
</graphics>
<toolspecific tool="WoPeD" version="1.0">
<time>0</time>
<timeUnit>1</timeUnit>
<orientation>1</orientation>
</toolspecific>
</transition>
<arc id="a9" source="t1" target="p4">
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version=
<probability>1.8</probability>

1.0">

\displayProbabllltan»falsef/dlsplayProhahlhtyOn»

<displayProbabilityPosition x="500.0" y=
</toolspecific>
</arc>
<arc id="al7" source=
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.0">
<probability>1.0</probability>

p3" target="t4">

<displayProbabilityOn-false</displayProbability0n>

<displayProbabilityPosition
</toolspecific>
</arc>
<arc id="al4" source=
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.8">
<probability>1.0</probability>

="500.0" y=

p5" target="t4">

/dxsplayProbabxlxtyOH\false\/dlsplayProbabllltyOw
~"0.0"/

<displayProbabilityPosition
</toolspecific>

<arc id="a21" source="p3" target="t5">
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.0">
<probability>1.0</probability>

<msp1aypronan111tyon>false</dlsplayprobamucyw

<displayProbabilityPosition x="500.0"
</toolspecific>
</arc>
<arc id="a13" source
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.0"
<probabi lity>1.8</probability>

3" target="p5">

<displayProbabilityOn>false</displayProbabilityOn>

<displayProbabilityPosition x="500.8" y=
</toolspecific>
</arc>
<arc id="a1@" source
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.0">
<probability>1.8</probability>

pa" target="t3">

<displayProbabi lityOn>false</displayProbabilityon>
0'/>

<displayProbabilityPosition x="500.0" y=
</toolspecific>
</arc>
<arc id="a24" source="t5" target="p2">
<inscription>
<text>1</text>

"http://www.informatik.hu-berlin.de/top/pntd/ptNetb"

id=

“noID">

<transition id="t3">
<name:
<text>t3</text>
<graphics>
<offset x="240"
</graphics>
</name>
<graphics>
<position x="240"
<dimension x="40"
</graphics>
<toolspecific tool="WoPeD" version="1.0">
<time>0</time>
<timeUnit>1</timeUnit>
<orientation-1</orientation>
</toolspecific>
</transition>
<transition id="t2">
<name>
<text>t2</text>
<graphics>
<offset x="240"
</graphics>
</name>
<graphics>
<position x="240"
<dimension x="40"
</graphics>
<toolspecific tool="WoPeD" version="1.0">
<time>0</time>
<timeUnit>1</timeUnit>
<orientation-1</orientation>
</toolspecific>
</transition>
<transition id="t1">
<name>
<text>tl</text>
<graphics>
<offset x="120"
</graphics>
</nam
<graphics>
<position x="120"
<dimension x="40"
</graphics>
<toolspecific tool="WoPeD" version="1.0">
<time>@</time>
<timeUnit>1</timeUnit>
<orientation>1</orientation>
</toolspecific>
</transition>
<transition id="t4">
<name>
<text>t4</text>
<graphics>
<offset x="360" y="270"/>
</graphics>
</name>
<graphics>
<position x="360" y="230"/>
<dimension x="40" y="40"/>
</graphics>
<toolspecific tool="WoPeD" version="1.0">
<time>0</time>
<timeUnit>1</timeUnit>
<orientation-1</orientation>
</toolspecific>
</transition>
<transition id="t5">
<name>
<text>t5</text>
<graphics>
<offset x="240" y="150"/>
</graphics>
</name>
<graphics>
<position x="240" y="110"/>

="320"/>

220"/>

270" />

</inscription>

<graphics/>

<toolspecific tool="WoPeD" version="1.0">
<probability>1.8</probability>

<displayProbabilityOn>false</displayProbabilityOn>
<displayProbabilityPosition x="500.0" y="0.

</toolspecific>
</arc>
<arc id="al" source="pl" target="t1">
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version=
<probability>1.8</probability>

1.0">

<d1§p1ayProbab111ty0n\false\/d)splayPrcbathtyOm
y="

<displayProbabilityPosition x="500.0"
</toolspecific>

</arc>

<arc id="a2" source="t1" target="p2">
<inscription>

</inscription>

<graphics/>

<toolspecific tool="WoPeD" version="1.0">
<probability>1.8</probability>

<displayProbabilityOn>false</displayProbabilityOn>
0.0"/>

<displayProbabilityPosition
</toolspecifics
</arc>
<arc id="as" source="p2" target="t2">
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.8">
<probability>1.0</probability>

="500.0" y=

0"/>

<d15playProbab111ty0n/false//dlsplayPrcbablhtyOm

<displayProbabilityPosition
</toolspecific>
</arc>
<arc id="a6" source="t2" target="p3">
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.0">
<probability>1.8</probability>

<displayProbability0n- false«/displayProbabilityon-

<displayProbabilityPosition x="500.0"
</toolspecific>
</arc>
<arc id="al8" source="t4" targe
<inscription>
<text>1</text>
</inscription>
<graphics/>
<toolspecific tool="WoPeD" version="1.0">
<probability>1.0</probability>

p6">

isplayProbabilityOn>false</displayProbabilityon>

<displayProbabilityPosition x="500.0" y="0.0"/>

</toolspecific>
</arc>
<toolspecific tool="WoPeD" version="1.0">
<bounds>
<position x="11" y="33"/>
<dimension x="755" y="490"/>
</bounds>
<treeWidth>2</treeWidth>
<verticallayout>false</verticallLayout>
<resources/>
<simulations/>
<partnerLinks/>
<variables/>
</toolspecific>

</net>
</pnml>



A matter of abstraction

XML http://www.w3.org/XML/
SOAP http://www.w3.org/TR/soap/
WSDL http:// www.w3.org/TR/wsdI20/
UDDI http://www.uddi.org/

A technology should not become "THE model”
(though it can serve as a source of inspiration)

this way of thinking can have a bad impact
In the near future (in training technical personnel)

Check-In Date (optional): <operation name = "CheckAuvailability">
02/04/2011 < input message = "CheckinDate"/>
Check-Out Date: < input message = "CheckOutDate"/>
02/06/2011 ) < input message = "NRooms"/>

Rooms: <output message = "Result"/>

Lo </operation>
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The source of the
problem

BPEL is designed to work with WSDL documents
of the services required by the process

A process can itself be exposed as a service
which needs its own WSDL document

For us:

we can forget that WSDL documents are written in XML
we regard them as abstract interface descriptions
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BPEL guidelines



Structured control vs
free flow

BPEL4WS should provide
both hierarchical and graph-like control regimes,
and allow their usage to be blended
as seamlessly as possible.

21
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About data handling

BPEL4WS provides limited data manipulation functions
that are sufficient for the simple manipulation of data
that is needed to define
process relevant data and control flow.

22
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Correlation

BPEL4WS should support an
identification mechanism for process instances
that allows the definition of instance identifiers

at the application message level.

Instance identifiers should be partner defined
and may change over time.

23



Abstract vs executable

BPEL4WS should define a set of Web service orchestration
concepts that are meant to be used in common by both
the external (abstract) and
internal (executable) views of a business process.

Such a business process defines the behavior of a single
autonomous entity, typically operating in interaction with
other similar peer entities.

It is recognized that each usage view will require a few
specialized extensions, but these extensions are to be kept
to a minimum and tested against requirements

24
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Transactions

BPEL4WS should define a long-running transaction model
that is based on practically proven techniques
like compensation actions and scoping
to support failure recovery for parts of
long-running business processes.

25
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WSDL preliminaries

26



Service

A service can be thought of as a container
for a set of (logically related) operations
that are made available via web-based protocols

Roughly: a remote object

27
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PortType / Interface

The <portType> element,
renamed to <interface> in WSDL 2.0,

defines a web service,
the operations that can be performed,
and the messages that are used to perform the operation.

Roughly: the type of a remote object

l.e., a remote (abstract) class

28
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Operation

Each operation can be thought of as
a method or function call in some programming language.

Four kinds of operations
(one-way, request-response, notification, solicit-response)
Three kinds of parameters/arguments
(input, output, fault)
(not all combinations allowed)

Roughly: a remote (abstract) method

29
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Port / Endpoint

The <port> element,
renamed to <endpoint> in WSDL 2.0,
declares the address of a web service.

It typically involves a name, a binding and a URL

30
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Binding

The binding specifies the interface as well as
the SOAP binding style (message format)
and SOAP transport protocol.

31
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WSDL (from wikipedia)

WSDL 1.1 WSDL 2.0
‘deﬁnitions description
| types
_A types
message y
A | g
th ©
portType interface g 3
operation operation
Input | input =
output J— output —
B T ............................................................................ e ? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
~ |binding ' |binding g g'
. T | . T S G
service ~ |service -
port | endpoint O™
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33
34

<?xml version="1.0" encoding="UTF-8"7>
<wsdl:definitions name="PurchaseExample"
targetNamespace="http://www.fluidimagination.com/
sams/PurchaseExample.wsdl"
xmlns:tns="http://www.fluidimagination.com/sams/
PurchaseExample.wsdl"
xmlns:soap="http://www.schemas.xmlsoap.org/wsd1l/
soap/"
xmlns:wsdl="http://schemas.xmlsoap.org/wsd1/">

<wsdl:types>
<xsd:schema
targetNamespace="http://
www . fluidimagination.com/sams/productType.wsdl"
xmlns:xsd="http://www.w3.0rg/2001/
XMLSchema" >
<xsd:complexType name="scannerType'">
<xsd:all>
<xsd:element name="upc"
type="upcType"/>
<xsd:element name="isbn"
type="1isbnType"/>
</xsd:all>
</xsd:complexType>
<xsd:simpleType name="upcType">
<xsd:restriction base="xsd:string">
<xsd:pattern value="[0-9]{12}"/>
</xsd:restriction>
</xsd:simpleType>
<xsd:simpleType name="isbnType">
<xsd:restriction base="xsd:string">
<xsd:pattern value="([0-9]- ){10}"/>
</xsd:restriction>
</xsd:simpleType>
</xsd:schema>
</wsdl:types>

<wsdl:message name="purchaseMessage">
<wsdl:part name="productCode"
element="tns:scannerType"/>
</wsdl:message>
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35
36
37
38
39
40
41

42
43

44
45
46
47
48
49
50
51

52
53

54
55
56
57
58
59
60

<wsdl:portType name="purchaseType">
<wsdl:operation name="purchaseOperation">
<wsdl:input name="tns:purchaseMessage"/>
</wsdl:operation>
</wsdl:portType>

<wsd1l:binding name="purchaseBinding"
type="tns:purchaseType">
<soap:binding style="document"
transport="http://schemas.xmlsoap.org/soap/
http"/>
<wsdl:operation name="tns:purchaseOperation">
<wsd1l:input>
<soap:body use="literal"/>
</wsd1l:1input>
</wsd1l:operation>
</wsdl:binding>

<wsd1l:binding name="purchaseBindingSMTP"
type="tns:purchaseType">
<soap:binding style="document"
transport="http://schemas.xmlsoap.org/soap/
smtp"/>
<wsdl:operation name="tns:purchaseOperation">
<wsd1l:input>
<soap:body use="literal"/>
</wsdl:input>
</wsd1l:operation>
</wsd1l:binding>
</wsdl:definitions>



BPEL ingredients

(material partly "stolen” from Antonio Brogi's slides
on Software Services, thanks!)

34
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BPEL ingredients

Data flow
(scoped variables)

Partner links and Message correlation

Message flow
(one-way, request-response, notify, solicit-response)

Control flow
(structured activities and synchronization links)

Handling events, faults, compensations

35
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Variable

Variables can be defined (within a local scope)

The activity <assign> can be used to copy data

(messages, part of messages, service references)
between variables

<assign>
<copy>
<from variable="PO" part="customerInfo"/>
<to variable="shippingRequest" part="customerInfo"/>
</copy>
</assign>

36
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Partner Link

A partner is a service that the process invokes,
or a client that invokes the process

A BPEL process interacts with a partner using a
<partnerLink> a (typed) connector

that the process offers to/requires from its partner
(to be declared in the BPEL document)

<partnerLinks>
<partnerLink name="shipping"
partnerLinkType="1lns:shippingLT"
myRole="shippingRequester"
partnerRole="shippingService"/>

</partnerLinks>
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Stateless services,
stateful processes

When a message for (WS-BPEL) service arrives,
it must be delivered either to a new
or to an existing instance of the process

Stateful business processes are instantiated to act
according to interaction history

Messages should not only be delivered to the correct port,
but also to the correct instance of the business process
that provides that port

38
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Message correlation

Message correlation is the way to tie together
messages coming from different communications

A correlation set is a set of properties such that
all messages having the same values of all properties
are part of the same interaction

The partner that first fixes the values of the properties
in the correlation set is the initiator of the exchange,
the other partners are called the followers

39
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Message flow

Basic activities are available
to send and receive messages to partners

Activity <invoke>: asynchronous (one-way) or
synchronous (request-response)

Activity <receive>: a request from a partner to execute
one of the (WSDL) operations implemented by the process

Activity <reply>: to return the result of a <receive>d
synchronous request-response operation

40
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Invoke

Needed information: the <partnerLink>,

the WSDL <portType> of the service to be invoked, and
the name and parameters of the <operation>

<invoke partnerLink="shipping"
portType="1lns:shippingPT"
operation="requestShipping"
inputVariable="shippingRequest"
outputVariable="shippingInfo'">

</invoke>

4]
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Receive

Needed information: the <partnerLink>,
the WSDL <portType> of the exposed service, and

a <variable> where to copy the parameters of the
<operation>

<receive partnerLink="purchasing"
portType="1lns:purchaseOrderPT"
operation="sendPurchaseOrder"
variable="PO">

</receive>

42
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Reply

A process can <reply> to a message it <receive>d

<reply partnerLink="purchasing"
portType="1ns:purchaseOrderPT"
operation="sendPurchaseOrder"
variable="Invoice" />

Asynchronous operations do not use <reply>

If a reply must sent,
<inwvoke> is used to call back a client operation

43
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Structured activities

<sequence> for specifying sequential compositions

<switch> for (local) internal choices
(ordered list of conditional <case> branches,
possibly ended by an <otherwise> branch)

<pick> for (global) external choices

(set of event handlers of the form event — activity,
<onMessage> arrival of a message or <onAlarm> timer)

only one branch
IS selected

<flow> for parallel composition

<while> for iterations (guards are XPath expressions)

45
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Link

A <1link> expresses synchronisation dependencies
among activities in a process

Each <1ink> has a name,

one source activity, one target activity, and
it may be associated with a transition condition
(a predicate to be evaluated when the source activity ends)

46
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Join condition

Any activity that is the target of one or more links
may have an explicit <joinCondition>,

(a predicate on the status values of the incoming links,
to be evaluated once all such values have been determined)

otherwise the implicit join condition is the OR

If the <joinCondition> evaluates to:

TRUE the activity can be executed,

FALSE a <joinFailure> fault may be thrown
(depending on the <suppressJoinFailure> flag

47
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Scope

A scope provides fault and compensation handling
capabillities to the activities nested within it

A <scope> activity consists of:
a primary activity,

a set of (optional) fault handlers,
a single (optional) compensation handlers,

a set of (optional) event handlers
(executed concurrently with the process,
they enable a scope to react to messages and alarm events)

48
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Formal Semantics and Analysis of Control Flow in WS-BPEL

(Revised Version)

Chun Ouyang!, Eric Verbeek?, Wil M.P. van der Aalst®!, Stephen Breutel!,
Marlon Dumas', and Arthur H.M. ter Hofstede?

! Faculty of Information Technology, Queensland University of Technology,
GPO Box 2434, Brisbane QLD 4001, Australia
{c.ouyang,sw.breutel,m.dumas,a.terhofstede}@qut.edu.au

? Department of Technology Management, Eindhoven University of Technology,
GPO Box 513, NL-5600 MB, The Netherlands
{h.m.w.verbeek,w.m.p.v.d.aalst}@tm.tue.nl

Formal semantics of
control flow in BPEL

49
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Motivation

BPEL specification:
rigourous XML syntax
English prose semantics (of apparent clarity)

Consequences:
iInconsistencies, ambiguities, incompleteness

try to google for “"WS BPEL issues list”, e.g.

Issue 32 Link Semantics in Event Handlers (resolved)
Issue 39 Inconsistent syntax for query attribute values in spec examples (resolved)

Issue 42 Need for Formalism (resolved) YES

50
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http://www.oasis-open.org/apps/group_public/download.php/11285/wsbpel_issues34.html#Issue32
http://www.oasis-open.org/apps/group_public/download.php/11285/wsbpel_issues34.html#Issue32
http://www.oasis-open.org/apps/group_public/download.php/11285/wsbpel_issues34.html#Issue39
http://www.oasis-open.org/apps/group_public/download.php/11285/wsbpel_issues34.html#Issue39
http://www.oasis-open.org/apps/group_public/download.php/11285/wsbpel_issues34.html#Issue42
http://www.oasis-open.org/apps/group_public/download.php/11285/wsbpel_issues34.html#Issue42

Approaches

Promela (SPIN)
Process algebras
Abstract State Machines
Automata
Weakest preconditions / strongest postconditions
Axiomatic semantics

Petri nets

51

martedi 10 dicembre 13



Goal

Unveil ambiguities in BPEL specification
(reported to BPEL standardization committee)

Complete formalization of all control-flow constructs
Checking for unreachable activities
Checking for potential conflicting message receipt actions

Determining which messages can be eventually consumed

52
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Example: BPEL with
unreachable acTnvnTy

<process name="unreachableTask"
targetNamespace—"http //samples otn.com"
suppressJoinFailure="yes"
xmlns:tns="http://samples.otn.com"
xmlns:services="http://services.otn.com" g SW / A
xmlns="http://schemas.xmlsoap.org/ws/2003/03/business—process/">
¢~ <flow name="FL" suppressJoinFailure="yes"> ) cl c2
<links>
<link name="x1"/>
<link name="x2"/>
</links>
<switch name=
<case>

> )

<invoke name="A1">
(<sources> <source linkName="x1"/> </sources>)
</invoke>

</case> \.
<otherwise>
<invoke name="A2">
(<sources> <source linkName="x2"/> </sources>)
</invoke> \-

</otherwise>

\ </switch> ) J
<invoke name = "A3">

(<targets> )

Basic Activity

<joinCondition> Fl
bpws:getLinkStatus(‘x1”) and bpws:getLinkStatus(‘x2") oW

</joinCondition>

<target linkName="x1"/>

<target linkName="x2"/> ‘O/ Switch

\</targets> y, Sl

</invoke>

\ </flow> )
</process>

53 ---» Control Link
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Basic activity X
O I‘X ready

SX
X

X

54

started

completed

Q fX finished



Sequence A;B

We show the binary version,
but it can be generalized to
an arbitrary number of
activities

martedi 10 dicembre 13

<sequence
name="X">

activity A
activity B
</sequence>
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Flow A|B

We show the binary version,
but it can be generalized to
an arbitrary number of

activities
<flow
name="X">
activity A A B
activity B
</tflow> fA fB
Cx

56
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While z do A

<while name="X">

<condition>
Z
</condition> A

activity A p
</while> ®

57 Q fX
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Switch (z1)A,(z2)B

We show the binary

version, bu.t it can be _qwitch name="X">
generalized to <case> .
. condition>
an arbitrary number of Z,
activities </condition>
activity A
</case>
In blue: <case>
alternative flow <copdition> | - YRL @ (¢
. « g .. A B
to skip activities </condition>
(also needed for links) activity B
</case> Cy
. . </switch>
just decorations

Y A (Ofy

58
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Pick (e1)A,(e2)B

We show the binary
version, but it can be
generalized to

an arbitrary number of S
<pick name="X">

activities
<onMessage e,;>
In blue: activity A
. </onMessage>
alternative flow
. ey <onAlarm e,>
to skip activities ctivity B
(also needed for links) Y
</onAlarm>
</pick>

just decorations

Y A

martedi 10 dicembre 13
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SKip
path

Basic activity + skip

tO_SkipX \’?\, O rX ready
H X
: started
' Regular
”Ski " l_—_t_—_'l
P ! X flow
: completed
: &
! \
Sklpped \\A,' . Q fX finished



Basic activity + skip

The token arrives

either here... ... Or here
fo_skip (8‘, O Iy fo_skip (?‘, @ Ix
. X . X
i X i Sx
"skip" ¥ 3 X "skip" ¥ 3 X
| Cx i Cx
' '
skipped ‘\A,’ Q fx skipped ‘\A,’ Q fx

(but not both)

61
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Sequence + skip

to_skipy 'y (X
! X
" < klp ”._—_#_-‘1 S>(
\\/ AN
\\Y 1 rX1
X

Skip S % Regular
path skippingey | % flow

I /,‘A' an
" . . Hl_t!:///
skip_fin o Cx
i O

skipped X‘/A\’ 62
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Non-sequence + skip

to_skipy 'y (X

\...

Skip | YO MO, Regular
pa‘th skippingx‘/\:',\’ /_\Xl | Xn ﬂ ow

/
/
| / -
| / Phd
| // - g - ®
| ; e e - °
1 / P °
| / _ -
/ -
"skip_fin" 12~
. Cx
:
|
Y

skipped' A 63 (O fy
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What about control
links?

Control links are a non-structural element
that introduces control dependencies

An activity can be the source of many links
(it must evaluate the corresponding “transition condition™)

An activity can be the target of many links
(it must receive their boolean evaluation and
apply the join condition)

64
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Join condition failure

If the attribute suppressJoinFailure is set to no,

a join failure needs to be thrown,
which triggers a standard fault handling procedure

If the attribute suppressJoinFailure is set to yes,

the activity will not be performed,
will end up in the “finished” state,
(the processing of any following activity will not be affected)
and the status of all outgoing links will be set to false.

This is known as dead path elimination
(the false link status is propagated transitively along the
paths formed by control links, until a join condition is
reached that evaluates to true)

65
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Basic activity with
control links

<activityX suppressJoinFailure="yes|> Ix
<sources> - pin X
<source linkname="X"""> | X jct
<transitionCondition> st Y N X
tc out : 1 ) N\
1 .. in .. N
</transitionCondition> - 1sf boolean | join condition true
</source> : net BN
- X SX
<source linkname="X°"""> . (T?%pl;lg
<transitionCondition> lst::: S I [ % X
</transitionCondition> StmA_ M~ (O& |
</source> e Join conditior) false€ [ out _
</sources> . X
<targets> tc, . ( > Ist Ut
° 1 :
<joinCondition> L sif" '©<[[ out
B, (Is]", ... lsm) suppress join failure is selected \ ﬁlsﬂ
</j 01nCond1t10n> . — —
<target linkname=" Xm " - | transition conditions
! . (true / false) :
° out §
<target linkname=" XI?n"> tcn ——O Ist g“t 5
</targets> Isf out:
</ activityX> Q no
where j=1, 2, . 66 —»Q) fX
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Skipping a basic activity

with control links

join condition true

join condition false
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(X

X

link status false

link status false




Sequence activity with control links

to_skipy 2% O
........................... ,9 )
° 6X l:,":l,, E X
S o o 1
. Al (4 Sx
. @ L G N
E ich " 1) l e '
J. X sif "skip" I -
L .
|
to_fx 6 skippingy . Il /
"sjf_fin" Mﬁ\ skip_fin" A,
.............................................. 1
skipped ' A

( a) normal behaviour
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(b) skipping behaviour



Non-sequence activity with control links

to Sklei Y ,

(O

nsjfn\

to_fx

n\

""sjf_fin

X

JCtX . "a",z' : l
. Q- =t L P !
L\\ e :
. e _Jc‘k :
NOR VS % b
JCX : S~ . [ .
) ”Sklp' LI!_T_V'_L\\
in - <
LX :: \\‘\\\\
i ______ ’\’Y;Orxl ‘\/YIOI.
sklppmgXl ] X X
r
| N N
I e - - = JA SA
:: ~ - Qfxl _ < - Qfxn
! gl
| -
vy
TT
[ |
11
r
11

\...

Y
£y
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( a) normal behaviour

N @ £

(b) skipping behaviour




The previous example

SEL

FL

cl c2
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Scope

Remind that a scope has a primary activity, and optionally:
a set of fault handlers,

a set of event handlers, and

one compensation handler.

To deal with them, four “flags” are attached to a scope:
to continue (N0 exception, execution is in progress)

to stop (an error occurred, activities need to stop)
snapshot (successfully completed, uncompensated)
no snapshot (no compensation needed)

In the following, we just sketch the handling of faults

71
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to_fo! ) @ to_continue,

:)D t0_st0pQ

@ to_continue,

:)D tO_StOpQ i

0 Y
no_snapshotQQ) ~fy © snapshoty,

(b ) suppressing join failure

Y N
skipped Q‘\@ no_snapshotQQ) @ fo ) snapshot,,

(a) skipping behaviour 72
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Faults

BPEL defines three kinds of faults:

application faults (also service faults)
generated by invoked services

process-defined faults
generated by a <throw> activity

system faults
generated by the process engine, such as join failures

“It Is never possible to run more than one fault handler for
the same scope, under any circumstances”

73
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Some assumptions

It is not shown entirely here, but the scope is encoded In
such a way that when the token is in to_stop

(instead of to continue)

all active activities in the scope are by-passed:
they will be terminated reaching their “finished” state

We do not show the case of a fault occurred during the
faulty mode of a scope (it is handled by the parent scope)

Control links are only allowed to leave the boundary of a
fault handler: we do not show dead-path elimination for them
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By-pass a basic activity

ignore join-failure

"ignore''.
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(a) suppressJoinFailure = yes
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to_continueQ

v
(O fy

(b) suppressJoinFailure = no



A fault handler (general case)

(D%
efault IS ONly enabled gg Q
while A is running %

(qik -
<scope name="Q"> to_continue , o _to__;n_V(_)l;e_F}_I S
<faultHandlers> | | ('7 TA
<catch faultName="fault"> : ’ ’ |
. | %‘ault |
activityHF | | A
</catch> | invoked gy :
</faultHandlers> | :
activityA i : ( ) fa
</scope> : |
& | e .
to_stopQ : |

' [ N J
- Q no_snapshotQ Q fQ ~ snapshotQ
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Example: process-defined fault

(O

fault due to Q
throw activity 0
<scope name="Q">
<faultHandlers> Ia
<catch faultName="fault"> C A
activityHF << O I
y t N - throw
</catch> : to_invoke . |
</faultHandlers> i |
<activityA> : i Sthrow
. | throw |
) : : Cthrow
<throw faultName="fault"/> | invokedyy |
</activity A> | i
</scope> @ : TyE, |
| HF, |
[note] The above throw activity in A | |
is directly enclosed in scope Q. | i fi{F I
| t |
B FH{
77 @ no_snapshot,, Q fo @ snapshot,,
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<scope name="Q">
<faultHandlers>

<catch faulthame="bpws: joinFailure">

activity HFjf
</catch>
</faultHandlers>

<activityA>

<activityX suppressJoinFailure="no">
<targets>
<joinCondition>

</joinCondition>

<target linkname= ¢+« >
</targets>

</activity X>

</activity A>
</scope>

[note] X is directly enclosed in scope Q.
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Example: system fault

fault due to %
ilur i
O




Expressiveness...
not in the formal sense
(w.r.t. WF patterns)



Basic Control Flow Patterns
- Pattern 1 (Sequence)

- Pattern 2 (Parallel Split)

- Pattern 3 (Synchronization)
- Pattern 4 (Exclusive Choice)
- Pattern 5 (Simple Merge)

Advanced Branching and
Synchronization Patterns

- Pattern 6 (Multi-choice)
Pattern 7 (Synchronizing Merge)
Pattern 8 (Multi - merge)

- Pattern 9 (Discriminator)

Structural Patterns

Pattern 10 (Arbitrary Cycles)
- Pattern 11 (Implicit Termination)

Cancellation Patterns
Pattern 19 (Cancel Activity)

- Pattern 20 (Cancel Case)

State-based Patterns
- Pattern 16 (Deferred
Choice)

- Pattern 17 (Interleaved
Parallel Routing)

Pattern 18 (Milestone)
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Patterns involving Multiple Instances

- Pattern 12 (Multiple Instances Without
Synchronization)

- Pattern 13 (Multiple Instances With a Priori
Design Time Knowledge)

« Pattern 14 (Multiple Instances With a Priori
Runtime Knowledge)

- Pattern 15 (Multiple Instances Without a Priori
Runtime Knowledge)
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pattern standard
BPEL | XLANG WSFL | BPML | WSCI
Sequence + + i I 1+
Parallel Split + + 4 i 4+
Synchronization + + + 4+ +
Exclusive Choice + + + 1+ 4+
Simple Merge + + + i 4+
Multi Choice + - 4+ _ _
Synchronizing Merge + - i _ _
Multi Merge — ~ _ + /- + /-
Discriminator — — _ _ _
Arbitrary Cycles — _ _ _ _
Implicit Termination + — + T 14
MI without Synchronization + + + + 1
MI with a Priori Design Time Knowledge + — —- + +
MI with a Priori Runtime Knowledge - — — — -
MI without a Priori Runtime Knowledge - — — — —
Deferred Choice + + - i +
Interleaved Parallel Routing + /- — - - ~
Milestone — — _ _ _
Cancel Activity + + 1 4+ +
Cancel Case + + + i +
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