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he orchestration service layer provides a powerful means by which contempo-

rary service-oriented solutions can realize some key benefits. The most
significant contribution this sub-layer brings to SOA is an abstraction of logic
and responsibility that alleviates underlying services from a number of design
constraints.

For example, by abstracting business process logic:

¥ Application and business services can be freely designed to be process-agnostic and
reusable.

¥ The process service assumes a greater degree of statefulness, thus further freeing
other services from having to manage state.

¥ Thebusiness processlogicis centralized in one location, as opposed to being dis-
tributed across and embedded within multiple services.

In thischapter wetacklethe design of an orchestration layer by using the WS-BPEL lan-
guage to create a business process definition.

How case studies are used: Our focusin this chapter isthe TLSenvironment. We
provide case study examples throughout the step-by-step process description
during which TLSbuilds a WS-BPEL process definition for the Timesheet Sub-
mission Process. Thisisthe same process for which service candidates were mod-
eled in Chapter 12 and for which the Employee Service interface was designed in
Chapter 15.

16.1 WS-BPEL language basics

Before we can design an orchestration layer, we need to acquire a good understanding
of how the operational characteristics of the process can be formally expressed. This
book usesthe WS-BPEL language to demonstrate how process logic can be described as
part of a concrete definition (Figure 16.1) that can be implemented and executed via a
compliant orchestration engine.
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WS-BPEL process definition

<process>
<partnerLinks>

</partnerLinks>
<variables>

</variables>
<faultHandlers>

</faultHandlers>

<sequence>
<receive ...>
<invoke ...>
<reply ...>

</sequence>

</process>

Figure 16.1

A common WS-BPEL process definition
structure.

Although you likely will be using a process modeling tool and will therefore not be
required to author your process definition from scratch, a knowledge of WS-BPEL ele-
ments still is useful and often required. WS-BPEL modeling tools frequently make ref-
erenceto these elements and constructs, and you may be required to dig into the source
code they produce to make further refinements.

NOTE

If you are already comfortable with the WS-BPEL language, feel free to skip
ahead to the Service-oriented business process design (a step-by-step
process) section.

16.1.1 A brief history of BPELAWS and WS-BPEL

Before we get into the details of the WS-BPEL language, let® briefly discuss how this
specification came to be. The Business Process Execution Language for Web Services
(BPEL4AWS) was first conceived in July, 2002, with the release of the BPELAWS 1.0
specification, a joint effort by IBM, Microsoft, and BEA. This document proposed an
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orchestration language inspired by previous variations, such as IBM@ Web Services
Flow Language (WSFL) and Microsoft@ XLAN G specification.

Joined by other contributors from SAP and Sebel Systems, version 1.1 of the BPELAWS
specification was released less than a year later, in May of 2003. This version received
more attention and vendor support, leading to a number of commercially available
BPEL4WS-compliant orchestration engines. Just prior to this release, the BPELAWS
specification was submitted to an OASIStechnical committee so that the specification
could be developed into an official, open standard.

The technical committeeisin the process of finalizing the release of the next version of
BPEL4WS. It has been announced that the language itself has been renamed to the Web
Services Business Process Execution Language, or WS-BPEL (and assigned the 2.0 ver-
sion number). The changes planned for WS-BPEL have been made publicly available on
the OASISWeb site at www. oasi s- open. or g.

Notes have been added to the element descriptionsin this section where appropriate to
indicate changes in syntax between BPEL4WSand WS-BPEL. For simplicity® sake, we
refer to the Business Process Execution Language as WS-BPEL in this book.

16.1.2 Prerequisites

It@time now to learn about the WS-BPEL language. If you haven®already done so, it is
recommended that you read Chapter 6 prior to proceeding with this section. Concepts
relating to orchestration, coordination, atomic transactions, and business activities are
covered in Chapter 6, and aretherefore not repeated here. This chapter also assumesyou
have read through the WSDL tutorial provided in Chapter 13.

16.1.3 The process element

Let@begin with the root element of a WS-BPEL process definition. It is assigned aname
value using the name attribute and is used to establish the process definition-related
namespaces.

<process nane="Ti mesheet Subm ssi onProcess”
t ar get Nanespace="http://ww. xm tc.com t| s/ process/"
xm ns=
"http://schemas. xnm soap. or g/ ws/ 2003/ 03/
busi ness- process/"
xm ns: bpl ="http://ww. xmtc.comtls/process/"
xm ns: enmp="http://ww. xmtc.comtls/enpl oyee/"
xmns:inv="http://ww. xmtc.comtls/invoicel"
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xmns:tst="http://ww. xmtc.comtls/tinmesheet/"
xm ns:not="http://ww. xm tc.comtls/notification/">
<part ner Li nks>

</ part nerLi nks>
<vari abl es>

</vari abl es>
<sequence>

</ sequence>
</ process>
Example 16.1 A skeleton pr ocess definition.

The pr ocess construct contains a series of common child elements explained in the fol-
lowing sections.

16.1.4 The part ner Li nks and part ner Li nk elements

A par t ner Li nk element establishesthe port type of the service (partner) that will be par-
ticipating during the execution of the business process. Partner services can act as a
client to the process, responsible for invoking the process service. Alternatively, partner
services can be invoked by the process service itself.

The contentsof apar t ner Li nk element represent the communication exchange betw een
two partnersN the process service being one partner and another service being the other.
Depending on the nature of the communication, the role of the process service will vary.
For instance, a process service that isinvoked by an external service may act in therole
of OTimesheetSubmissionProcess.OHowever, when this same process service invokes a
different service to have an invoice verified, it acts within a different role, perhaps
AnvoiceClient.OThepart ner Li nk element therefore containsthe myRol e and par t ner -
Rol e attributes that establish the service provider role of the process service and the
partner service respectively.

Put simply, the nyRol e attribute is used when the process service isinvoked by a part-
ner client service, because in this situation the process service acts as the service
provider. The par t ner Rol e attribute identifiesthe partner service that the process serv-
icewill beinvoking (making the partner service the service provider).
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Note that both nyRol e and part ner Rol e attributes can be used by the same part ner -
Li nk element when it is expected that the process service will act as both service
requestor and service provider with the same partner service. For example, during asyn-
chronous communication between the process and partner services, the nyRol e setting
indicates the process service@role during the callback of the partner service.

<part nerLi nks>
<partnerLink name="client"
partner Li nkType="tns: Ti mesheet Subni ssi onType"
nmyRol e="Ti nesheet Submi ssi onSer vi ceProvi der"/ >
<partnerLink name="I|nvoi ce"
partnerLi nkType="i nv: I nvoi ceType"
part ner Rol e="1 nvoi ceServi ceProvi der"/>
<partnerLi nk name="Ti mesheet"
partner Li nkType="t st: Ti nesheet Type"
part ner Rol e="Ti nesheet Servi ceProvi der"/ >
<part nerLi nk name="Enpl oyee"
part ner Li nkType="enp: Enpl oyeeType"
part ner Rol e=" Enpl oyeeSer vi ceProvi der"/ >
<partnerLink nanme="Notification"
partnerLi nkType="not: NotificationType"
partner Rol e="Noti fi cationServiceProvider"/>
</ part ner Li nks>

Example 16.2 The part ner Li nks construct containing one par t ner Li nk element in which
the process service is invoked by an external client partner and four par t ner -
Li nk elements that identify partner services invoked by the process service.

You@ notice that in Example 16.2, each of the part ner Li nk elements also contains a
part ner Li nkType attribute. Thisrefersto the par t ner Li nkType construct, as explained
next.

16.1.5 The partnerLi nkType element

For each partner serviceinvolved in a process, par t ner Li nkType elementsidentify the
WSDL port Type elementsreferenced by the part ner Li nk elements within the process
definition. Therefore, these constructstypically are embedded directly within the WSDL
documents of every partner service (including the process service).

The part ner Li nkType construct contains one role element for each role the service can
play, as defined by the par t ner Li nk myRol e and part ner Rol e attributes. Asaresult, a
par t ner Li nkType will have either one or two child role elements.
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<defini ti ons name="Enpl oyee"
t ar get Nanespace="http://ww. xm tc. conft| s/ enpl oyee/ wsdl /"
xm ns="http://schenmas. xm soap. org/ wsdl / "
xm ns: pl nk=
"http://schemas. xm soap. or g/ ws/ 2003/ 05/ partner-1ink/"

<pl nk: par t ner Li nkType nanme="Enpl oyeeServi ceType" xm ns=
"http://schemas. xm soap. or g/ ws/ 2003/ 05/ partner-1ink/">
<pl nk: rol e nane="Enpl oyeeSer vi ceProvi der" >
<port Type nane="enp: Enpl oyeel nterface"/>
</ pl nk:rol e>
</ pl nk: par t nerLi nkType>

</ definitions>
Example 16.3 AWSDL defi ni ti ons construct containing a par t ner Li nkType construct.

Note that multiple part ner Li nk elements can reference the same par t ner Li nkType.
Thisis useful for when a process service has the same relationship with multiple part-
ner services. All of the partner services can therefore use the same process service por t -
Type elements.

NOTE

In version 2.0 of the WS-BPEL specification, it is being proposed that the port -
Type element be changed so that it exists as an attribute of the r ol e element.

16.1.6 Thevari abl es element

WS-BPEL process services commonly use the vari abl es construct to store state infor-
mation related to the immediate workflow logic. Entire messages and data sets format-
ted as XSD schema types can be placed into a variable and retrieved later during the
course of the process. Thetype of datathat can be assigned to avari abl e element needs
to be predefined using one of the following three attributes: messageType, el enent , or
type.

The nessageType attribute allows for the variable to contain an entire WSDL-defined
message, whereas the el ement attribute simply refers to an XSD element construct.
Thet ype attribute can be used to just represent an XSD si npl eType, such as string or
integer.
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<vari abl es>

<vari abl e nane="C i ent Submi ssi on"
messageType="bpl : recei veSubmni t Message"/ >

<vari abl e name="Enpl oyeeHour sRequest "
nmessageType="enp: get Weekl yHour sRequest Message"/ >

<vari abl e name="Enpl oyeeHour sResponse"
messageType="enp: get Weekl yHour sResponseMessage”/ >

<vari abl e name="Enpl oyeeHi st or yRequest "
messageType="enp: updat eHi st or yRequest Message"/ >

<vari abl e name="Enpl oyeeHi st or yResponse”
messageType="enp: updat eH st or yResponseMessage"/ >

</vari abl es>

Example 16.4 The vari abl es construct hosting only some of the child var i abl e elements
used later by the Timesheet Submission Process.

Typically, a variable with the messageType attribute is defined for each input and out-
put message processed by the process definition. The value of this attribute is the mes-
sage name from the partner process definition.

16.1.7 The get Vari abl eProperty and get Vari abl eDat a functions

WS-BPEL providesbuilt-in functionsthat allow information stored in or associated with
variables to be processed during the execution of a business process.

getVariableProperty(variable name, property name)
This function allows global property values to be retrieved from variables. It simply
acceptsthe variable and property names asinput and returnsthe requested value.

getVariableData(variable name part name, location path)

Because variables commonly are used to manage state information, this function is
required to provide other parts of the process logic access to this data. The get Vari -
abl eDat a function has a mandatory variable name parameter and two optional argu-
ments that can be used to specify a part of the variable data.

In our examples we use the get Vari abl eDat a function a number of times to retrieve
message data from variables.
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get Vari abl eData (' nvoi ceHour sResponse'
' ResponsePar aneter')

getVariabl eData ('input','payload',
"/tns: Ti resheet Type/ Hours/...")

Example 16.5 Two get Vari abl eDat a functions being used to retrieve specific pieces of
data from different variables.

16.1.8 The sequence element

Thesequence construct allowsyou to organize a series of activities so that they are exe-
cuted in apredefined, sequential order. WS-BPEL provides numerous activities that can
be used to express the workflow logic within the process definition. The remaining ele-
ment descriptionsin this section explain the fundamental set of activitiesused as part of
our upcoming case study examples.

<sequence>
<recei ve>
</receive>
<assi gn>
</ assi gn>
<i nvoke>
</ i nvoke>
<reply>
</reply>

</ sequence>

Example 16.6 A skeleton sequence construct containing only some of the many activity
elements provided by WS-BPEL.

Note that sequence elements can be nested, allowing you to define sequences within
sequences.
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16.1.9 Thei nvoke element

This element identifies the operation of a partner service that the process definition
intends to invoke during the course of its execution. The i nvoke element is equipped
with five common attributes, which further specify the details of the invocation
(Table 16.1).

Table 16.1 i nvoke element attributes

Attribute Description

par t ner Li nk This element names the partner service viaits correspon-
ding par t ner Li nk.

port Type The element used to identify the port Type element of the
partner service.

oper ation The partner service operation to which the process service
will need to send itsrequest.

i nput Vari abl e The input message that will be used to communicate with
the partner service operation. Notethat it isreferred to asa
variable because it isreferencing a WS-BPEL vari abl e ele-
ment with amessageType attribute.

out put Vari abl e This element isused when communication is based on the
request-response MEP. Thereturn valueis stored in a sepa-
ratevari abl e element.

<i nvoke name="Val i dat eWeekl yHour s"
part ner Li nk="Enpl oyee"
por t Type="enp: Enpl oyeel nterface"”
oper ati on="Get Weekl yHoursLi m t"
i nput Vari abl e=" Enpl oyeeHour sRequest"
out put Vari abl e=" Enpl oyeeHour sResponse"/ >

Example 16.7 The i nvoke element identifying the target partner service details.
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16.1.10 Therecei ve element

The r ecei ve element allows us to establish the information a process service expects
upon receiving arequest from an external client partner service. In this case, the process
serviceisviewed as a service provider waiting to be invoked.

Ther ecei ve element contains a set of attributes, each of which isassigned avaluerelat-
ing to the expected incoming communication (Table 16.2).

Table 16.2 recei ve element attributes

Attribute Description

par t ner Li nk The client partner service identified in the corresponding
part ner Li nk construct.

port Type The process service por t Type that will be waiting to receive
the request message from the partner service.

oper ation The process service operation that will be receiving the
request.
vari abl e The process definition var i abl e construct in which the

incoming request message will be stored.

creat el nstance When this attribute is set to Qyes,Othe receipt of this partic-
ular request may be responsible for creating a new instance
of the process.

Note that this element also can be used to receive callback messages during an asyn-
chronous message exchange.

<recei ve nanme="recei vel nput"
partnerLi nk="client"
port Type="t ns: Ti mesheet Subm ssi onl nterface”
operation="Subm t"
vari abl e="d i ent Subni ssi on"
createl nstance="yes"/ >

Example 16.8 The r ecei ve element used in the Timesheet Submission Process definition to
indicate the client partner service responsible for launching the process with the
submission of a timesheet document.
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16.1.11 Therepl y element

Where there® a receive element, there® a reply element when a synchronous
exchange is being mapped out. The repl y element is responsible for establishing the
details of returning aresponse message to the requesting client partner service. Because
this element is associated with the same part ner Li nk element as its corresponding
recei ve element, it repeats a number of the same attributes (Table 16.3).

Table 16.3 repl y element attributes

Attribute Description
par t ner Li nk The same par t ner Li nk element established in ther ecei ve
element.
port Type The same port Type element displayed in ther ecei ve
element.
operation The same oper at i on element from ther ecei ve element.
vari abl e The process service vari abl e element that holds the mes-

sagethat isreturned to the partner service.

messageExchange It isbeing proposed that this optional attribute be added
by the WS-BPEL 2.0 specification. It allowsfor therepl y
element to be explicitly associated with a message activity
capable of receiving amessage (such astherecei ve
element).

<reply partnerlLink="client"
port Type="tns: Ti mesheet Subm ssi onl nterface"”
oper ati on="Submi t"
vari abl e="Ti mesheet Subm ssi onResponse"/ >

Example 16.9 A potential companion r epl y element to the previously displayed r ecei ve
element.
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16.1.12 The swi t ch, case, and ot her wi se elements

Thesethree structured activity elementsallow usto add conditional logicto our process
definition, similar to the familiar select case/ case else constructs used in traditional
programming languages. The swi t ch element establishes the scope of the conditional
logic, wherein multiple case constructs can be nested to check for various conditions
using acondi t i on attribute. When a condi ti on attribute resolves to Qrue,Othe activi-
ties defined within the corresponding case construct are executed.

The ot her wi se element can be added as a catch all at the end of the swi t ch construct.
Should all preceding case conditionsfail, the activities within the ot her wi se construct
are executed.

<swi t ch>
<case condition=
"get Vari abl eDat a(' Enpl oyeeResponseMessage’' ,
' ResponsePar aneter' ) =0">

</ case>
<ot herwi se>

</ ot her wi se>
</swi tch>

Example 16.10 A skeleton case element wherein the condi t i on attribute uses the get -
Var i abl eDat a function to compare the content of the EmployeeRe-
sponseMessage variable to a zero value.

NOTE

It has been proposed that the swi t ch, case, and ot her wi se elements be
replaced with i f, el sei f, and el se elements in WS-BPEL 2.0.

16.1.13 The assi gn, copy, from andt o elements

Thisset of elementssimply givesusthe ability to copy valuesbetween processvariables,
which allows us to pass around data throughout a process as information is received
and modified during the process execution.
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<assi gn>
<copy>
<from vari abl e="Ti nesheet Subm ssi onFai | edMessage"/ >
<to vari abl e="Enpl oyeeNot i fi cati onMessage"/ >
</ copy>
<copy>
<from vari abl e="Ti nesheet Subm ssi onFai | edMessage"/ >
<to vari abl e="Manager Noti fi cati onMessage"/ >
</ copy>
</ assi gn>

Example 16.11 Within this assi gn construct, the contents of the Ti mesheet Submi ssi on-
Fai | edMessage variable are copied to two different message variables.

Note that the copy construct can process a variety of data transfer functions (for exam-
ple, only a part of a message can be extracted and copied into a variable). f romand t o
elements also can contain optional part and query attributes that allow for specific
parts or values of the variable to be referenced.

16.1.14 f aul t Handl er s, cat ch, and cat chAl | elements

This construct can contain multiple cat ch elements, each of which provides activities
that perform exception handling for a specifictype of error condition. Faults can be gen-
erated by the receipt of a WSDL-defined fault message, or they can be explicitly trig-
gered through the use of the t hr ow element. The f aul t Handl er s construct can consist
of (or end with) acat chAl | element to house default error handling activities.

<faul t Handl er s>
<cat ch faul t Name=" Sonet hi ngBadHappened"
faul tVari abl e="Ti nesheet Faul t ">
</ cat ch>
<cat chAl | >
</ catchAl | >
</ faul t Handl er s>

Example 16.12 The f aul t Handl er s construct hosting cat ch and cat chAl | child
constructs.
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16.1.15 Other WS-BPEL elements

The following table provides brief descriptions of other relevant parts of the WS-BPEL
language.

Table 16.4 Quick reference table providing short descriptions for additional WS-BPEL
elements (listed in alphabetical order).

Element Description

conpensat i onHandl er A WS-BPEL process definition can define a compensa-
tion process that kicksin a series of activitieswhen
certain conditions occur to justify a compensation.
These activities are kept in the conpensat i onHandl er
construct. (For more information about compensa-
tions, see the Business activities section in Chapter 6.)

correl ati onSets WS-BPEL uses this element to implement correlation,
primarily to associate messages with process
instances. A message can belong to multiplecorrel a-
ti onSet s. Further, message properties can be defined
within WSDL documents.

enpty Thissimple element allowsyou to state that no activ-
ity should occur for a particular condition.

event Handl ers The event Handl er s element enables a process to
respond to events during the execution of process
logic. This construct can contain onMessage and
onAl ar mchild elementsthat trigger process activity
upon the arrival of specific types of messages (after a
predefined period of time, or at a specific date and
time, respectively).

exit Seethet er nmi nat e element description that follows.

flow A fl owconstruct allows you to define a series of activ-
itiesthat can occur concurrently and are required to
complete after all have finished executing. Dependen-
cies between activitieswithin af | owconstruct are
defined using the child I i nk element.

pi ck Similar to the event Handl er s element, this construct
also can contain child onMessage and onAl ar mele-
ments but isused moreto respond to external events
for which process execution is suspended.
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Table 16.4 Quick reference table providing short descriptions for additional WS-BPEL
elements (listed in alphabetical order) (Continued).

Element Description

scope Portions of logic within a process definition can be
sub-divided into scopes using this construct. This
allowsyou to definevari abl es, f aul t Handl er s,
correl ati onSet s, conpensat i onHandl er, and
event Handl er s elements|ocal to the scope.

termnate This element effectively destroys the processinstance.
The WS-BPEL 2.0 specification proposes that this ele-
ment be renamed exi t .

t hr ow WS-BPEL supports humerous fault conditions. Using
thet hr owelement allows you to explicitly trigger a
fault state in response to a specific condition.

wai t Thewai t element can be set to introduce an inten-
tional delay within the process. Its value can be a set
timeor apredefined date.

whi | e This useful element allowsyou to definealoop. As
with the case element, it containsacondi ti on attrib-
utethat, aslong asit continues resolving to Qrue,0
will continue to execute the activities within thewhi | e
construct.

SUMMARY OF KEY POINTS
¥ A WS-BPEL process definition is represented at runtime by the process service.

¥ Services that participate in WS-BPEL defined processes are considered partner
services and are established as part of the process definition.

¥ Numerous activity elements are provided by WS-BPEL to implement various types
of process logic.
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16.2 WS-Coordination overview

NOTE

Only element descriptions are provided in this section. Concepts relating to these
elements are covered in Chapter 6. If you are not interested in learning about
WS-Coordination syntax at this point, then feel free to skip ahead to the
Service-oriented business process design process description. This section
is not a prerequisite to continue with the remainder of the book.

Provided in this section isa brief look at WS-Coordination, which can be used to realize
some of theunderlying mechanicsfor WS-BPEL orchestrations. Specifically, we describe
some of the elements from the WS-Coordination specification and look at how they are
used to implement the supplementary specifications that provide coordination proto-
cols (WS-BusinessA ctivity and WS-AtomicTransaction).

Note that a syntactical knowledge of these languages is generally not necessary to cre-
ate WS-BPEL process definitions. We discuss these languages at this stage only to pro-
vide an insight as to how WS-Coordination can be positioned within a WSBPEL
orchestration model, and to get aglimpse at some of the syntax behind the specifications
wefirst introduced only on a conceptual level in Chapter 6.

When we explained WS-Coordination earlier, we described the overall coordination
mechanism that consists of the activation service, the registration service, a coordinator,
and participantsthat implement specific protocols. It islikely that these underlying con-
text management services will be automatically governed by the orchestration engine
platform for which you are creating a WS-BPEL process definition.

In terms of the WS-Coordination language and its two protocol documents, what may
be of interest to you is the actual Coor di nati onCont ext header that is inserted into
SOAP messages. You may encounter this header if you are monitoring messages or if
you need to perform custom development associated with the coordination context.

Also while this section briefly discusses the WS-Coordination specification within the
context of the orchestration service layer, it isimportant to note that this specification is
astandalone SOA extension in itsown right. Itsuseisin no way dependent on WS-BPEL
or an orchestration service layer.
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16.2.1 The Coor di nati onCont ext element

This parent construct contains a series of child elements that each house a specific part
of the context information being relayed by the header.

<Envel ope

xm ns="http://schemas. xm soap. or g/ soap/ envel ope/"
xm ns: wsc=

"http://schemas. xm soap. or g/ ws/ 2002/ 08/ wscoor "
xm ns: wsu=

"http://schenmas. xm soap. or g/ ws/ 2002/ 07/ utility">
<Header >

<wsc: Coor di nat i onCont ext >

<wsu: l dentifier>

</wsu:ldentifier>
<wsu: Expi res>

</ wsu: Expi res>

<wsc: Coor di nati onType>

</ wsc: Coordi nati onType>
<wsc: Regi strationService>

</wsc: Regi strati onServi ce>
</ wsc: Coor di nati onCont ext >
</ Header >
<Body>

</ Body>
</ Envel ope>

Example 16.13 A skeleton Coor di nat i onCont ext construct.

The activation service returnsthis Coor di nat i onCont ext header upon the creation of a
new activity. As described later, it iswithin the Coor di nat i onType child construct that
the activity protocol (WS-BusinessActivity, WS-AtomicTransaction) is carried. Vendor-
specific implementations of WS-Coordination can insert additional elements within
the Coordi nati onCont ext construct that represent values related to the execution
environment.
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16.2.2 Theldentifier and Expi r es elements

These two elements originate from a utility schema used to provide reusable elements.
WS-Coordination usesthe | denti fi er element to associate aunique ID value with the
current activity. The Expi r es element sets an expiry date that establishes the extent of
the activity@ possible lifespan.

<Envel ope

xm ns: wsu=
"http://schenmas. xm soap. or g/ ws/ 2002/ 07/ utility">

<wsu: I dentifier>
http://wwv xm tc. conids/process/ 33342
</wsu:ldentifier>
<wsu: Expi res>
2008-07-30T24: 00: 00. 000
</ wsu: Expi res>

</ Envel ope>

Example 16.14 |dentifier and Expi r es elements containing values relating to
the header.

16.2.3 The Coor di nati onType element

This element is described shortly in the WS-BusinessActivity and WS-AtomicTransaction
coordination types section.

16.2.4 The Regi strati onServi ce element

The Regi strati onServi ce construct simply hoststhe endpoint address of the registra-
tion service. It uses the Addr ess element also provided by the utility schema.

<wsc: Regi strati onServi ce>
<wsu: Addr ess>
http://ww. xm tc. conf bpel /reg
</ wsu: Addr ess>
</wsc: Regi strationServi ce>

Example 16.15 The Regi strati onServi ce element containing a URL pointing to the loca-
tion of the registration service.
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16.2.5 Designating the WS-BusinessActivity coordination type

The specific protocol(s) that establishestherulesand constraints of the activity areiden-
tified within the Coor di nati onType element. The URI values that are placed here are
predefined within the WS-BusinessActivity and WS-AtomicTransaction specifications.

Thisfirst example shows the Coor di nati onType element containing the WS-Business-
Activity coordination typeidentifier. Thiswould indicate that the activity for which the
header is carrying context information is a potentially long-running activity.

<wsc: Coordi nati onType>
http://schemas. xm soap. or g/ ws/ 2004/ 01/ wsba
</wsc: Coordi nati onType>

Example 16.16 The Coor di nati onType element representing the WS-BusinessActivity
protocol.

16.2.6 Designating the WS-AtomicTransaction coordination type

In the next example, the Coor di nati onType element is assigned the WS- AtomicTrans-
action coordination type identifier, which communicates the fact that the header @ con-
text information is part of a short running transaction.

<wsc: Coordi nati onType>
http://schenmas. xn soap. or g/ ws/ 2003/ 09/ wsat
</ wsc: Coor di nati onType>

Example 16.17 The Coor di nat i onType element representing the WS-AtomicTransaction
protocol.

SUMMARY OF KEY POINTS

¥ WS-Coordination provides a sophisticated context management system that may be
leveraged by WS-BPEL.

¥ WS-BusinessActivity and WS-AtomicTransaction define specific protocols for use
with WS-Coordination.
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16.3 Service-oriented business process design (a step-by-step process)

Designing the process of a service-oriented solution really just comes down to properly
interpreting the business process requirementsyou have collected and then implement-
ing them accurately. The trick, though, is to also account for all possible variations of
process activity. This means understanding not just what can go wrong, but how the
process will respond to unexpected or abnormal conditions.

Historically, business processes were designed by analysts using modeling tools that
produced diagrams handed over to architects and developers for implementation. The
workflow diagram and its accompanying documentation were the sole means of com-
municating how thislogic should berealized within an automated solution. While dili-
gent analysis and documentation, coupled with open minded and business-aware
technical expertise, can lead to a successful collaboration of business and technical team
members, this approach does leave significant room for error.

This gap is being addressed by operational business modeling languages, such as WS-
BPEL. Modeling toolsexist, allowing technical analystsand architectsto graphically cre-
ate business process diagrams that represent their workflow logic requirements, all the
while auto-generating WS-BPEL syntax in the background.

These tools typically require that the user possess significant knowledge of the WS
BPEL language. However, more sophisticated tools, geared directly at business analysts,
already are emerging, removing the prerequisite of having to understand WS-BPEL to
create WS-BPEL process definitions.

Theresult isadiagram on the front-end that expresses the analystsCvision of the process
and a computer executable process definition on the back-end that can be handed over
to architects and developers for immediate (and not-open-to-interpretation) implemen-
tation (Figure 16.2).

When operational, the WS-BPEL process is appropriately represented and expressed
through a process service within the service interface layer. This process service effec-
tively establishes the orchestration service sub-layer, responsible for governing and
composing business and application layers.
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WS-BPEL expresses process logic
in a concrete, operational definition

a WS-BPEL
process service
representing the

orchestration

layer

both can be
modeled by the
same person
using one tool

x

Figure 16.2
A concrete definition of a process service designed using a process modeling tool.

16.3.1 Process description

The following step-by-step design process (Figure 16.3) provides some high-level guid-
ance for how to approach the creation of a WS-BPEL process definition. The steps are
similar to those used by the Task-centric business servicedesign process described in Chap-
ter 15, except for one important detail.

When we designed atask-centric service, we simply produced a service interface capa-
ble of handling anticipated message exchanges. The details of the workflow logic were
deferred to the design and development of the underlying application logic. When
designing a WS-BPEL process, thisworkflow logic is abstracted into a separate process
definition. Therefore, the design of workflow details is addressed at this stage, along
with the definition of the process service interface.
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administration business refine process
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Figure 16.3

A high-level process for designing business processes.

The examples used to demonstrate each step are intentionally simple so that the basic
WS-BPEL element descriptions we just covered in the previous section can be easily
understood. When designing more complex workflow logic, amore detailed and elabo-
rate design processisrequired.

Business process design is the last step in our overall service-oriented design process.
This means that, for the most part, the application and business services required to
carry out the process logic will have already been modeled and designed as we begin.
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The original workflow logic for the TLS Timesheet Submission Process (Figure
16.4) that was created during the modeling exercise in Chapter 12 isrevisited as
TLSanalysts and architects embark on designing a corresponding WS-BPEL
process definition.

Receive
Timesheet

t

Compare
to Billed Hours

hour:
match?
no

i

yes

Confirm
Authorization

no

yes

Confirm
Hours Limit

no

o

Update
e Worker Profile

v

Send
Message
to Manager

v

Send
Message
to Worker

v
( Stop )

Figure 16.4

The original TLS Timesheet Submission Process.
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As part of completing the previous service design processes, TLSnow hasthe

589

inventory of service designs displayed in Figure 16.5. In our previous case study

examples, we only stepped through the creation of the Employee Service. The
other service designs are provided here to help demonstrate the WS-BPEL
partner linkswe define later on.

Employee Timesheet

O GetWeeklyHoursLimit
O UpdateHistory

O GetAuthorizedHours

Invoice Notification

O GetBilledHours O SendMessage

Figure 16.5
Service designs created so far.

TLSalso digs out the original composition diagram (Figure 16.6) that shows how

these four services form a hierarchical composition, spearheaded by the
Timesheet Submission Process Service TLSplansto build.

Finally, TLSarchitectsrevive the original service candidate created for the
Timesheet Submission Process Service (Figure 16.7).

With all of thisinformation in hand, TLS proceeds with the business process
design.
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Timesheet
Submission
Process
Service

orchestration service layer

business service layer

Invoice
Service

Timesheet
Service

Employee
Service

business service layer
___________________________________________________________ | ———

application service layer

Notification

Service

Figure 16.6
The original service composition defined during the service modeling stage.

Timesheet
Submission
Process Service

compare recorded hours
with billed hours

confirm authorization

compare weekly hours
limit with hours recorded

Figure 16.7
The Timesheet Submission Process Service
candidate.
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Step 1: Map out interaction scenarios
By using thefollowing information gathered so far, we can define the message exchange
requirements of our process service;

¥ Available workflow logic produced during the service modeling processin
Chapter 12.

¥ The process service candidate created in Chapter 12.

¥ Theexisting service designs created in Chapter 15.

Thisinformation now isused to form the basis of an analysis during which all possible
interaction scenarios between process and partner services are mapped out. The result
is a series of processing requirements that will form the basis of the process service
design we proceed to in Step 2.

TLSmaps out a series of different service interaction scenarios using activity dia-
grams. Following are examples of two scenarios.

Figure 16.8 illustrates the interaction between services required to successfully
complete the Timesheet Submission Process with a valid timesheet submission.
Notethat in this scenario, the Notification Serviceis not used.

Figure 16.9 demonstrates a scenario in which the timesheet document is rejected
by the Timesheet Service. This occurs because the timesheet failed to receive
proper authorization.

Theresult of mapping out interaction scenarios establishes that the process serv-
ice has one potential client partner service and four potential partner services
from which it may need to invoke up to five operations (Figure 16.10).
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Figure 16.8

A successful completion of the Timesheet Submission

Process.
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Figure 16.9

A failure condition caused by an authorization rejection.
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Timesheet
Submission
Process

Submit

Invoice.GetBilledHours o

>
Timesheet.GetAuthorizedHours
Employee.GetWeeklyHoursLimit :
Employee.UpdateHistory :
Notification.SendMessage :

>

Figure 16.10

The incoming and outgoing request messages expected to be processed by
the Timesheet Submission Process Service.

Step 2: Design the process serviceinterface

Now that we understand the message exchange requirements, we can proceed to define
a service definition for the process service. When working with process modeling tools,
the process service WSDL definition will typically be auto-generated for you. However,
you also should be able to edit the source markup code or even import your own WSDL
definition.

Either way, it isbest to review the WSDL definition being used and reviseit as necessary.
Here are some suggestions:

¥ Document theinput and output values required for the processing of each opera-
tion, and populate thet ypes section with XSD schematypesrequired to process the
operations. Move the XSD schema information to a separatefile, if required.

¥ Build the WSDL definition by creating the port Type (or i nter f ace) area, inserting
theidentified oper at i on constructs. Then add the necessary message constructs
containing the part elementsthat reference the appropriate schematypes. Add
naming conventionsthat arein alignment with those used by your other WSDL
definitions.

¥ Add metainformation viathe document at i on element.

¥ Apply additional design standards within the confines of the modeling tool.

Thereislessopportunity toincorporatethe other stepsfrom the service design processes
described in Chapter 15. For example, applying the service-orientation principle of
statelessnessisdifficult, given that process services maintain state so that other services
don®have to.
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It looks like the Timesheet Submission Process Service interface will be pretty
straightforward. It only requires one operation used by a client to initiate the
processinstance (Figure 16.11).

Timesheet
Submission
Process

O Submit

Figure 16.11

Timesheet Submission Process
Service design.

Following isthe corresponding WSDL definition:

<defini ti ons name="Ti mesheet Subm ssi on"
t ar get Nanespace="http://ww. xm tc. com' t| s/ process/ wsdl /"
xm ns="http://schemas. xm soap. or g/ wsdl / "
xm ns:ts="http://ww.xmtc.comtls/timesheet/schena/"
xm ns: tsd=
"http://ww. xm tc.comtls/tinesheetservicel/schema/"
xm ns: soap="http://schemas. xn soap. or g/ wsdl / soap/ "
xm ns:tns="http://ww. xm tc.conmtls/tinmesheet/wsdl/"
xm ns: pl nk=
"http://schemas. xm soap. or g/ ws/ 2003/ 05/ partner-1ink/">
<t ypes>
<xsd: schema xm ns: xsd="htt p://ww. W3. or g/ 2001/ XM_Schema"
t ar get Namespace=
"http://ww. xm tc.comtls/
ti mesheet submi ssi onservi ce/ schema/ " >
<xsd: i nport nanmespace=
"http://ww. xmtc.comtls/tinmesheet/schema/"
schemalLocat i on="Ti mesheet . xsd"/ >
<xsd: el enent name="Submit">
<xsd: conpl exType>
<xsd: sequence>
<xsd: el ement nane="Cont ext| D"
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type="xsd:integer"/>
<xsd: el ement name="Ti nesheet Docunent "
type="ts: Ti nesheet Type"/ >
</ xsd: sequence>
</ xsd: conpl exType>
</ xsd: el ement >
</ xsd: schenma>
</types>
<nessage name="recei veSubm t Message" >
<part nanme="Payl oad" el enent="tsd: Ti nesheet Type"/>
</ message>
<port Type nane="Ti mesheet Subm ssi onl nterface">
<docunent ati on>
Initiates the Ti mesheet Submi ssion Process.
</ docunent ati on>
<operation nane="Subnit">
<i nput nessage="tns:recei veSubm t Message"/ >
</ operati on>
</ port Type>
<pl nk: part ner Li nkType nane="Ti mesheet Submi ssi onType" >
<pl nk: rol e nane="Ti mesheet Subm ssi onServi ce" >
<pl nk: port Type
name="t ns: Ti mesheet Submi ssi onl nterface"/>
</ pl nk: rol e>
</ pl nk: par t ner Li nkType>
</ definitions>

Example 16.18 The abstract service definition for the Timesheet Submission
Process Service.

Note the bolded pl nk: par nt er Li nkType construct at the end of thisWSDL defi-
nition. Thisisadded to every partner service.

Step 3: Formalize partner service conversations
We now begin our WS-BPEL process definition by establishing details about the services
with which our process service will be interacting.

The following steps are suggested:

1. Definethe partner servicesthat will be participating in the process and assign each
theroleit will be playing within a given message exchange.

2. Add parterlLinkType constructsto the end of the WSDL definitions of each part-
ner service.
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3. Create part ner Li nk elements for each partner service within the process
definition.

4. Definevari abl e elementsto represent incoming and outgoing messages
exchanged with partner services.

Thisinformation essentially documents the possible conversation flows that can occur
within the course of the process execution. Depending on the process modeling tool
used, completing these steps may simply requireinteraction with the user-interface pro-
vided by the modeling tool.

Now that the Timesheet Submission Process Service has an interface, TLS can
begin to work on the corresponding process definition. It begins by looking at the
information it gathered in Step 1. Asyou may recall, TLSdetermined the process
service as having one potential client partner service and four potential partner
services from which it may need to invoke up to five operations.

Roles are assigned to each of these services, labeled according to how they relate
to the process service. These roles are then formally defined by appending exist-
ing service WSDL definitionswith apart ner Li nkType construct.

Example 16.19 shows how the Employee Service definition (as designed in Chap-
ter 15) isamended to incorporate the WS-BPEL par t ner Li nkType construct and
its corresponding namespace.

<definitions
nane="Enpl oyee"
t ar get Nanespace="http://ww. xm tc. com' t| s/ enpl oyee/ wsdl /"
xm ns="http://schemas. xm soap. or g/ wsdl / "
xm ns: act =
"http://ww. xm tc.com tls/enpl oyee/ schenma/ accounti ng/"
xm ns: hr="http://ww. xm tc.comtls/enpl oyee/ schema/ hr/"
xm ns: soap="http://schemas. xm soap. or g/ wsdl / soap/ "
xm ns:tns="http://ww. xmtc.comtls/enpl oyee/ wsdl /"
xm ns: pl nk=
"http://schenmas. xm soap. or g/ ws/ 2003/ 05/ part ner-1i nk/">

<pl nk: par t ner Li nkType nane="Enpl oyeeType" >
<pl nk: rol e nane="Enpl oyeeServi ce">
<pl nk: port Type nane="t ns: Enpl oyeel nt er f ace"/ >
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</ pl nk: rol e>
</ pl nk: par t ner Li nkType>
</definitions>

Example 16.19 The revised Employee service defi ni ti ons construct.

Thisisformalized within the process definition through the creation of part ner -
Li nk elementsthat reside within the par t ner Li nks construct. TLSanalysts and
architects work with a process modeling tool to drag and drop par t ner Li nk
objects, resulting in the following code being generated.

<part ner Li nks>
<partnerLink name="client"
part ner Li nkType="bpl : Ti mesheet Subm ssi onPr ocessType"
nyRol e="Ti mesheet Subm ssi onPr ocessSer vi ceProvi der"/ >
<part ner Li nk nane="| nvoi ce"
partnerLi nkType="i nv: | nvoi ceType"
part ner Rol e="I| nvoi ceServi ceProvi der"/ >
<part nerLi nk name="Ti mesheet "
part ner Li nkType="t st : Ti nesheet Type"
part ner Rol e="Ti mesheet Ser vi cePr ovi der "/ >
<part ner Li nk nanme="Enpl oyee"
part ner Li nkType="enp: Enpl oyeeType"
part ner Rol e=" Enpl oyeeSer vi cePr ovi der"/ >
<partnerLi nk nane="Notification"
partnerLi nkType="not: Notifi cati onType"
part ner Rol e="Noti fi cati onServi ceProvider"/>
</ part ner Li nks>

Example 16.20 The part ner Li nks construct containing par t ner Li nk elements for
each of the process partner services.

Next the input and output messages of each partner service are assigned to indi-
vidual vari abl e elements, as part of thevari abl es construct. A vari abl e ele-
ment also is added to represent the Timesheet Submission Process Service Submit
operation that is called by the HR client application to kick off the process.
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<vari abl es>
<vari abl e nane="0C i ent Submi ssi on"
messageType="bpl : recei veSubni t Message"/ >
<vari abl e name="Enpl oyeeHour sRequest "
nmessageType="enp: get Weekl yHour sRequest Message"/ >
<vari abl e nanme="Enpl oyeeHour sResponse"
messageType="enp: get Weekl yHour sResponseMessage"”/ >
<vari abl e name="Enpl oyeeHi st or yRequest "
nmessageType="enp: updat eH st or yRequest Message"/ >
<vari abl e name="Enpl oyeeHi st or yResponse”
nessageType="enp: updat eH st or yResponseMessage"/ >
<vari abl e name="I nvoi ceHour sRequest "
messageType="i nv: get Bi | | edHour sRequest Message"/ >
<vari abl e name="1I nvoi ceHour sResponse"
messageType="i nv: get Bi | | edHour sResponseMessage”/ >
<vari abl e name="Ti mesheet Aut hori zati onRequest"
messageType="t st: get Aut hori zedHour sRequest Message"/ >
<vari abl e name="Ti mesheet Aut hori zat i onResponse"
nmessageType="t st : get Aut hori zedHour sResponseMessage"/ >
<vari abl e nane="Noti fi cati onRequest"
messageType="not : sendMessage"/ >
</vari abl es>

Example 16.21 The vari abl es construct containing individual var i abl e elements
representing input and output messages from all partner services and
for the process service itself.

If you check back to the Employee Service definition TLSdesigned in Chapter 15,
you@ notice that the nane values of the message elements correspond to the val-

ues assigned to the messageType attributesin the previously displayed vari abl e
elements.

Step 4: Defineprocess logic

Finally, everything is in place for us to complete the process definition. This step is a
processin itself, asit requiresthat all existing workflow intelligence be transposed and
implemented viaa WS-BPEL process definition.
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The TLSteam now creates a process definition that expresses the original work-
flow logic and processing requirements, while accounting for the two service
interaction scenarios identified earlier. The remainder of this example explores
the details of this process definition.

A visual representation of the process logic about to be defined in WS-BPEL syn-
tax isdisplayed in Figure 16.12. (N ote that this diagram illustrates the process
flow that correspondsto the success condition expressed by the first of the two
activity diagrams created during Step 1.)

NOTE

The complete process definition is several pages long and therefore is not dis-
played here. Instead, we highlight relevant parts of the process, such as activities
and fault handling. The entire process definition is available for download at

WWW. servi ceori ent ed. ws.

Established first isar ecei ve element that offers the Submit operation of the
Timesheet Submission Process Service to an external HR client as the means by
which the processisinstantiated.

<recei ve xm ns=
"http://schemas. xm soap. or g/ ws/ 2003/ 03/ busi ness- process/"
name="r ecei vel nput "
partnerLi nk="client"
port Type="t ns: Ti mesheet Subm ssi onl nt er f ace"
oper ati on="Submi t "
vari abl e="d i ent Submi ssi on"
creat el nstance="yes"/>

Example 16.22 Ther ecei ve element providing an entry point by which the process
can be initiated.

By tracing ther ecei ve element@ oper at i on value back to the original Timesheet
Submission Service WSDL, you can find out that the expected format of the input
datawill be a complete timesheet document, defined in a separate XSD schema
document. When adocument isreceived, it is stored in the ClientSubmission
process variable.
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Figure 16.12

A descriptive, diagrammatic view of the process definition logic.
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Asper the interaction logic defined in the initial activity diagram (Step 1), the
first activity the processis required to perform isto interact with the Invoice
Service to compare the hours submitted on the timesheet with the hours actually
billed out to the client. The Invoice Service will not perform the comparison for
the process; instead, it will simply provide the amount of hoursfor a given
invoice identified by an invoice number.

Before invoking the Invoice Service, the assi gn construct first needs to be used
to extract values from the original timesheet document, which now is stored in
the ClientSubmission variable. Specifically, the customer ID and date values
(encapsulated in the Bi | | i ngl nf o element) are required asinput for the Invoice
Service® GetBilledHours operation.

<assi gn nane="Get | nvoi cel D'>
<copy>
<from vari abl e="d i ent Subm ssi on" part="payl oad"
query="/Ti mesheet Type/Bi | | i ngl nf 0"/ >
<to vari abl e="1nvoi ceHour sRequest "
part =" Request Par aneter"/ >
</ copy>
</ assi gn>

Example 16.23 The assi gn and copy constructs hosting a f r omelement that retrieves
customer billing information from the message stored in the ClientSub-
mission variable and a t o element that is used to assign these values to
the InvoiceHoursRequest variable.

Now that the InvoiceH oursRequest variable contains the required input values
for the Invoice Service® GetBilledHours operation, thei nvoke element isadded.

<i nvoke nane="Val i dat el nvoi ceHour s"
part ner Li nk="1 nvoi ce"
oper ati on="Get Bi | | edHour s"
i nput Vari abl e="1 nvoi ceHour sRequest "
out put Vari abl e="I| nvoi ceHour sResponse"
port Type="inv: I nvoi cel nterface"/>

Example 16.24 The i nvoke element containing a series of attributes that provide all of
the information necessary for the orchestration engine to locate and
instantiate the Invoice Service.
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Upon invoking the Invoice Service, aresponse message isreceived from the Get-
BilledHours operation. As defined in thei nvoke element@ out put Vari abl e
attribute, this message is stored in the InvoiceH oursResponse variable.

If thevaluein thisvariable matches the value in the timesheet document, then
the hours have been validated. To determine this, the swi t ch construct isused. A
child case construct isadded, which contains a condi ti on attribute in which the
conditional logicis defined.

<swi tch nane="Bil | edHour shvat ch" >
<case condition=
"get Vari abl eDat a(' | nvoi ceHour sResponse'
' ResponseParaneter') !=
get Vari abl eDat a(' i nput', "' payl oad' ,
"/tns: Ti nesheet Type/ Hours/..."')">
<t hr ow nanme="Val i dati onFai | ed"
faul t Name="Val i dat el nvoi ceHour sFai | ed"/ >
</ case>
</ swi tch>

Example 16.25 The swi t ch construct hosting a case element that uses the get Varii -
abl eDat a function within its condi t i on attribute to compare hours
billed against hours recorded.

If the condition (billed hoursis not equal to invoiced hours) is not met, then the
hours recorded on the submitted timesheet document are considered valid, and
the process movesto the next step.

If the condition ismet, afault isthrown using thet hr ow element. This circum-
stance sends the overall business activity to the f aul t Handl er s construct, which
resides outside of the main process flow. Thisis the scenario portrayed in the sec-
ond of thetwo activity diagrams assembled by TLSin Step 1 and is explained
later in this example.

What TLShasjust defined is a pattern consisting of the following steps:

1. Usetheassi gn, copy, from and t o elementsto retrieve data from the
ClientSubmission variable and assign it to a variable containing an outbound
message.

2. Usethei nvoke element to interact with a partner service by sending it the
outbound message and receiving its response message.



Sample Chapter 16 from "Service-Oriented Architecture: Concepts, Technology, and Design" by Thomas Erl
For more information visit: www.soabooks.com

604 Chapter 16: Service-Oriented Design (Part IV: Business Process Design)

3. Usetheswitch and case elementsto retrieve and validate a value from the
response message.

4. Usethet hr owelement to trigger afault, if validation fails.

A good part of the remaining process logic repeats this pattern, asillustrated in
the original process overview displayed back in Figure 16.12. For brevity, this
part of the process is summarized here:

¥ Usetheassi gn construct to copy the TimesheetID value from the ClientSub-
mission variable to the TimesheetAuthorizationRequest variable that is used
viathei nvoke element asthe input message for the GetAuthorizedHours
operation of the Timesheet service. The authorization result is extracted from
the response message within the swi t ch construct, and if positive, the process
proceedsto the next step. If authorization fails, afault israised using the
t hr owelement.

¥ Usingtheassi gn element, the EmployeelD valueisretrieved from the
ClientSubmission variable and placed in the EmployeeH oursRequest variable.
Thisvariable becomes the request message used by thei nvoke element to
communicate with the Employee Service® GetWeeklyH oursLimit operation.
The response message from that operation is submitted to the condi ti on
attribute of the case element within the swi t ch construct. Theresult isa
determination asto whether the employee exceeded the allowed maximum
hours per week. If the value was exceeded, the process jumpsto thef aul t -
Handl er s construct.

That pretty much sums up the primary processing logic of the TLS Timesheet
Submission Process. Although theinitial requirements do not call for it, the
process flow could end with ar epl y element that responds to the initial client
that instantiated the process.

Now it@timeto turn our attention to the second scenario (portraying afailure
condition) mapped out in the other activity diagram from Step 1. To accommo-
date this situation, TLS architects choose to implement af aul t Handl er s con-

struct, as shown here:

<f aul t Handl er s>
<cat chAl | >
<sequence>
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</ sequence>
</cat chAl | >
</ f aul t Handl er s>

Example 16.26 The f aul t Handl er s construct used in this process.

Although individual cat ch elements could be used to trap specific faults, TLS
simply employsacat chAl | construct, as all three thrown faults require the same
exception handling logic.

Thetasks performed by the fault handler routine are:

1. Update employee profile history.
2. Send notification to manager.

3. Send notification to employee.

To implement these three tasks, the same familiar assi gn and i nvoke elements
are used. Figure 16.13 shows an overview of the fault handling process logic.

Note that the following, abbreviated markup code samplesreside within the
sequence child construct of the parent f aul t Handl er s construct established in
the previous example.

First up isthe markup code for the QJpdate employee profile historyOtask.

<assi gn name="Set Enpl oyeeMessage" >
<copy>
<from vari abl e="d i ent Subm ssion" .../>
<to vari abl e="Enpl oyeeH st oryRequest" .../>
</ copy>
<copy>
<from expression="..."/>
<to vari abl e="Enpl oyeeHi st oryRequest" .../>
</ copy>
</ assi gn>
<i nvoke name="Updat eHi st ory"
part ner Li nk="Enpl oyee"
port Type="enp: Enpl oyeel nt er f ace"
oper at i on="Updat eHi st ory"
i nput Var i abl e=" Enpl oyeeHi st or yRequest "
out put Vari abl e=" Enpl oyeeHi st or yResponse"/ >

Example 16.27 Two copy elements used to populate the EmployeeHistoryRequest
message.



“Kioysiy
-99ko|dwa ay} 0} abessaw -Jobeuew s,aafojdws ay) 0} abessaw ayoid s,@aho0|dwa 8y} 0} JUBSWWOD
B puas 0} 80IAI8S UOIEOYION By} 8sn B pUSS 0} 92IAI9S UOIIBOIIION 8y} 9sn e ppe 0} 921AI19S 99kojdwig ayy asn

Chapter 16: Service-Oriented Design (Part IV: Business Process Design)

Sample Chapter 16 from "Service-Oriented Architecture: Concepts, Technology, and Design" by Thomas Erl

For more information visit: www.soabooks.com

606

-ssao0ud
8y} pu3

JEppn—

-99fo|dwa ay}
0} UON}EDII}OoU |lew-a
JXaU 8y} puas uay}

‘80IAIag UOHEIIION
8y} 0} }sanbau
Jayjoue pusg

-abessaw

ysanbai ao1Aleg
UOIBOUNON 8y} 0}

J1 Adoo pue s|qeuea
Jesysawi ayy

wouy | @9hojdwa
ay} dn 3007

oyoAu|

uBissy

*(ebessaw uinjal

B Yyym spuodsal
yoiym) uonesado
KiojsiHsyepdn sy
0} abessaw jsanbal

-Jabeuew ay)
0} |lew-a Ue sanss|
Apuanbasgns yoiym

‘80IAI8S UOIJeDNIION 9YOAU| 9XOAU|
ay) 0} abessaw

jsenbal sy} puss

ay} Buipuss Aq
90IM8g 99kodwig
aU} 9X0AU|

-uonesado
KiojsiHaepdn

ay) Joj abessaw
jsanbal ao1MIeg
aafkojdw3 ay}

ojul (}x8} JuUsWod
ym Buoe)

ELINEL
UoRedloN By}

10} abessaw jsanbai
8U} Ul }1 BI0)S pue
‘a|qeleA jaaysawiy

s,20fojdwa
3y} io dl dui 18

J9aysawi} wouj a|
99ko|dwa ansLey

ssao0ud Buipuey ey

sy} 0} pea) |IIm ssao0id
ulew ay) WoJj sjusws|e
MOJU} 83U} JO Buo Auy

auy) woyy Jebeuew ubissy 1 90eid pue s|qeLen ubissy -

Figure 16.13

A visual representation of the process logic within the f aul t -

Handl er s construct.
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To perform thefirst task of updating the employee history, the fault handler rou-
tine uses an assi gn construct with two copy constructs. Thefirst retrieves the
EmployeelD value from the ClientSubmission variable, while the latter adds a
static employee profile history comment.

Thei nvoke element then launches the Employee Service (used previously for its
GetWeeklyHoursLimit operation) and submits the EmployeeHistoryRequest
message to its UpdateHistory operation to log the profile history comment.

The next block of markup code takes care of both the remaining C8end notifica-
tionOtasks.

<assi gn nanme="Get Manager | D'>

<C0py>
<from expressi on="get Vari abl eData(...)"/>
<to vari abl e="Notificati onRequest" .../>
</ copy>
</ assi gn>

<i nvoke name="SendNoti fi cation"
part ner Li nk="Notification"
port Type="not : Noti fi cati onl nt erface"
oper at i on="SendMessage"
i nput Vari abl e="Noti fi cati onRequest"/>
<assi gn name="Get Enpl oyeel D' >

<copy>
<from expressi on="get Vari abl eData(...)"/>
<to variabl e="Notificati onRequest” .../>
</ copy>
</ assi gn>

<i nvoke nanme="SendNotifi cation"
partnerLi nk="Noti ficati on"
port Type="not : Noti fi cati onl nt erface"
oper ati on="SendMessage"
i nput Vari abl e="Noti fi cati onRequest"/>
<t er mi nat e nane="EndTi mesheet Subm ssi onProcess"/ >

Example 16.28 The last activities in the process.

Thef aul t Handl er s construct containstwo more assi gn + i nvoke element
pairs. Both use the Notification Service@® SendM essage operation, but in different
ways. Thefirst assi gn construct extracts the ManagerID value from the
ClientSubmission variable, which isthen passed to the Natification Service. It is
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the sole parameter that the service subsequently usesto look up the correspon-
ding e-mail address for the notification message.

Next, the second assi gn construct retrieves the EmployeelD value from the same
ClientSubmission variable, which the Notification Service ends up using to send
amessage to the employee.

Thevery last element in the construct, t er mi nat e, halts all further processing.

Step 5: Align interaction scenarios and refine process (optional)

Thisfinal, optional step encourages you to perform two specific tasks: revisit the origi-
nal interaction scenarios created in Step 1 and review the WS-BPEL process definition to
look for optimization opportunities.

Let@® start with the first task. Bringing the interaction scenarios in alignment with the
process logic expressed in the WS-BPEL process definition provides a number of bene-
fits, including:

¥ The service interaction maps (as activity diagramsor in whatever format you cre-
ated them) are an important part of the solution documentation and will be useful
for future maintenance and knowledge transfer requirements.

¥ The serviceinteraction maps make for great test cases and can spare testers from
having to perform speculative analysis.

¥ Theimplementation of the original workflow logic as a series of WS-BPEL activities
may haveintroduced new or augmented process logic. Once compared to the exist-
ing interaction scenarios, the need for additional service interactions may arise,
leading to the discovery of new fault or exception conditions that then can be
addressed back in the WS-BPEL process definition.

Secondly, spending some extratimeto review your WS-BPEL process definition iswell
worth the effort. WS-BPEL is a multi-feature language that provides different
approaches for accomplishing and structuring the same overall activities. By refining
your process definition, you may be able to:

¥ Consolidate or restructure activities to achieve performance improvements.
¥ Streamlinethe markup code to make maintenance easier.

¥ Discover features that were previously not considered.
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CASE STUDY

TLSanalysts and architects revise their original activity diagrams so that they
accurately reflect the manner in which process logic was modeled using WS-
BPEL. However, in reviewing the interaction scenarios and their current process
model, they recognize a key refinement that could significantly optimize the
process definition they just created.

Here® arecap of the three primary tasks performed by this process:

1. Validaterecorded timesheet hours with hours billed on invoice.
2. Confirm authorization of timesheet.

3. Ensurethat hours submitted are equal to or less than the weekly hours limit.

Asshown in Figure 16.14, the process has been designed so that these three tasks
execute sequentially (one begins only after the former ends). Although this
approach isuseful when dependencies between tasks exist, it is determined that
there are no such dependencies between these three tasks.

Receive

Assign

Task 3:

Task 1: Task 2: GO
Compare Get p
Invoke ; Invoke X
billed authoriza-
hours tion ol
limit
Switch Switch

aaaSSssEEREEDREEREEEEEREEEEE——
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Figure 16.14 Sequential, synchronous execution of process activities.
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Therefore, they all can be executed at the same time, the only condition being
that the process cannot continue beyond these tasks until all have completed.
This establishes a parallel processing model.

By utilizing the WS-BPEL f | owconstruct, TLS can model the three activitiesto
execute concurrently (Figure 16.15), resulting in significant performance gains. It
isfurther determined that the same form of optimization can be applied to the
process logic within the fault handling routine, as neither of those activities have
inter-dependencies either.

Receive

Assign

Assign

Assign

Task 3:

Task 1: Task 2:
Compare Get Compare
billed authoriza- ety
hours tion folls

limit

Figure 16.15 Concurrent execution of process activities using the f | ow

construct.
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Finally, while reviewing the structure of the fault handling routine, a further
refinement is suggested. Because the last two activities invoke the same Notifica-
tion Service, they can be collapsed into awhi | e construct that loops twice
through the i nvoke element.

SUMMARY OF KEY POINTS

¥ Designing a process service requires the design of the service interface and the
design of the process definition.

¥ Process definition is typically accomplished using a graphical modeling tool, but
familiarity with WS-BPEL language basics is often still required.

¥ There are numerous ways in which WS-BPEL process definitions can be stream-
lined and optimized.
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