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1 Introduction

In a Service Oriented Architecture (SOA) business functionality is exposed as (web) services.
These services can be orchestrated into a single business process. This allows businesses
to rapidly create new processes and adapt existing ones. The Business Process Ezrecution
Language (BPEL) is the de-facto standard for modeling such orchestrations in the web services
world.

Processes usually exchange information with other processes at business partners to achieve
their goal. Choreographies are used to describe the interactions among them from a global
perspective. Today, choreographies are mainly used during design time or to check conformance
afterwards using audit logs, but not during execution.

An Enterprise Service Bus (ESB) is middleware to connect services—or, in a choreography
context, participants. Current ESB implementations do not offer choreography-specific features.
For instance, they do not check if the messages they route conform to a choreography
description.

The target of the work at hand is to develop an infrastructure for conformance-checking of
choreographies based on an ESB. Such a “Choreography-aware” Service Bus is sketched in
Figure 1.1. BPEL&° is a choreography-related extension to BPEL introduced in this work.

The remainder of this work is structured as follows: Chapter 2 introduces the foundations that
are required to understand the following chapters. This includes a presentation of existing
choreography languages, our running example and related web service standards. Also the
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Figure 1.1: A Choreography-aware Service Bus



1 Introduction

terminology used in this work and the traditional Enterprise Service Bus (ESB) are introduced.
In Chapter 3 we give an overview on related work. The concept of a Choreography-aware
Service Bus (CSB) is presented in Chapter 4 along with the related challenges. We show
exception scenarios and how a CSB can handle them. BPEL#° is introduced as a choreography
language that can be used as the input format for a CSB in Chapter 5. Based on the concept
of a CSB and BPEL2° we implemented CASmiz, a prototype of a CSB that is described in
Chapter 6. Finally, we give a summary and an outlook in Chapter 7.



2 Foundations

This chapter presents the terms and concepts that are required to understand the remainder
of this work. This involves an introduction to choreographies and their modeling languages
(Section 2.1). Furthermore, the running example that is used throughout this work is introduced
(Section 2.1.4). Then a short introduction to BPEL (Section 2.2) and other required Web
Service standards (Section 2.3) is given. Finally, the concept of an ESB is discussed in
Section 2.4.

2.1 Choreographies

In the following we define the terms that are used throughout this work. For the most part we
follow the terminology that is defined in [Wes07].

A business process “consists of a set of activities that are performed in coordination in an
organizational and technical environment. These activities jointly realize a business goal. Each
business process is enacted by a single organization, but it may interact with business processes
performed by other organizations.” [Wes07] When the activities of a business process are
realized using (web) services, the model of the business process is also called an orchestration.
Instances of orchestrations are usually executed and controlled by a process engine.

The interactions among a set of business processes can be specified in a choreography. Each
process plays a specific role in the choreography. In contrast to orchestrations, there usually is
no central engine that executes a choreography. Choreographies rather act as a specification
and “are often the starting point for implementing new orchestrations or for adapting existing
ones” [DKBO8].

In this work, we use the terms choreography or choreography description to refer to the model
level and the term conversation to refer to the instance level. Analogously, a participant is an
instance—or implementation—of a role.

The following life cycle for choreographies is described in [DKBO0S8|: First a choreography is
created in the design and verification phase. Then, in the distribution phase the observable
behavior models for the individual business processes are derived from the choreography.
They also serve as the foundation for orchestrations that are used by the participants. In
the monitoring phase the choreographies are used to monitor the interaction among the
related orchestrations. Finally, the evaluation phase is used to analyze completed or running
conversations. Information such as the fact that some constraints are frequently not met or
some options are never chosen can be used to optimize the choreography.
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A (a) > B (b) C (c) > D (d)

Message1 Message2

Y

Figure 2.1: Locally unenforceable Choreography

2.1.1 Choreography Languages’

Choreography languages can be categorized using two criteria: On the one hand languages
are either implementation-specific or implementation-independent. On the other hand these
languages can also be distinguished with respect to their supported modeling style.

Implementation-independent languages are mainly used to describe and communicate about
processes from a business perspective. Decisions on how to optimize processes regarding
performance, quality or distribution of responsibilities are made based on the models. Defining
concrete message formats or communication protocols is in the scope of implementation-specific
languages. These target those users that are involved in the actual execution of business
processes in the I'T departments.

Basically, there exist two modeling approaches for choreography languages: interaction models
and interconnected interface behavior models. In interaction models, the basic building block
is an interaction—a message exchange between two participants. The control flow is modeled
by specifying dependencies between these interactions. Thus, interaction models provide a
truly global view on a choreography. In contrast, for interconnected interface behavior models,
the control flow is defined per role. The individual interface behavior models are then stitched
together using message links.

In the case of interaction models, there can be dependencies that are not locally enforceable
[ZDH'06, DBKLO0S]. This means that it is not possible to create local behavior models that
collectively enforce all constraints modeled in the interaction model. An example is given in
Figure 2.1. First a message is sent from participant A to participant B. The second interaction
between participant C and participant D may only occur after the first message is sent. This
constraint can only be enforced globally. A choreography-aware Service Bus as introduced
in Chapter 4 can handle such issues. Normally this model must be transformed into another
model that is locally enforceable, for example by adding synchronization messages.

Problems that can occur with interconnected behavior models are related to the notion of
compatibility [DW09, Dec09]. One typical situation is a deadlock. Imagine a participant that
is waiting for a message from another participant and the message is never sent.

Figure 2.2 shows a categorization of the choreography languages that are presented in the
following.

'This section is mainly based on [DKBO08], other references are explicitly stated.
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Figure 2.2: Categorization of Choreography Languages [DKBOS§]

The Business Process Modeling Notation (BPMN) [BPMO06] is a graphical modeling language
and the de-facto standard for process modeling on the implementation-independent level.
BPMN uses the concept of “pools” to assign activities to an organizational unit and explicitly
distinguishes between control and message flow. Thus, the interface behavioral models can be
realized by using one pool for each participant and connect its activities through the control
flow. The message flow is used to connect the pools. As every participant is represented by a
pool it is problematic to model choreographies where more than one participant for a role is
involved. With iBPMN [DBO8] there also exists an extension to BPMN that allows interaction
modeling—and also multiple participants per role. The pools in iBPMN are empty and the
control flow is modeled for interactions between participants.

BPMN Version 2.0, which is currently in the final stages of becoming an official standard
[Sil09], introduces two new diagram types: choreography diagrams and collaboration diagrams.
The former allows modeling the control flow between distinct interactions whereas the latter
provides an overview on complex scenarios with several participants[All09].

Another possibility to model choreographies on the implementation-independent level are
Message Sequence Charts (MSCs) [IT00]. As they do not support conditional branching, parallel
branching and iterations, they are more suited for modeling simple interaction sequences than
for complex choreographies.

The Business Process Schema Specification (BPSS) [CCK™01] is an XML-based choreography-
language that supports modeling implementation-independent interaction models. The main
drawback of BPSS is that it only supports choreographies between two participants.

Let’s Dance is a graphical modeling language for interaction modeling. We use Let’s Dance
to illustrate most of the examples in this work and introduce the language in detail in
Section 2.1.3.

Most languages on the implementation-specific level are related to web service technologies.
One of them is the Web Services Flow Language (WSFL) [Ley01]. A choreography description
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in WSFL consists of various local views, so-called flow models, and a global model. Each flow
model requires and provides operations. These operations are stitched together in the global
model.

BPEL4Chor is another implementation-specific language following the interconnected behavior
models approach. It is based on BPEL and its concepts are described in Section 2.2.2.

The Web Services Choreography Description Language (WS-CDL) is the only common
implementation-specific interaction modeling language for web service choreographies. De-
pendencies between interactions are defined through a set of control flow constructs that
can hardly be mapped to those of BPEL. This is one of the points that WS-CDL has been
criticized for in literature [DOZ06, BDOO05].

In Chapter 5 of this work we propose a new interaction modeling language based on BPEL.

Most of the languages presented in this section have been evaluated against their suitability to
model choreographies in [DKLWO0S].

2.1.2 Service Interaction Patterns

The service interaction patterns [BDH05b, BDHO05a] are a collection of patterns that cover
common scenarios with multilateral, competing, atomic and causally related interactions.
They are also a good instrument to benchmark choreography languages. The patterns and an
evaluation of BPEL&°M against them are presented in Section 5.6.2.

Due to time-constraints, BPEL&' is not evaluated against other patterns such as process
instantiation patterns [DMO08] or correlation patterns [BDDWO07]. An overview on these
patterns is also given in [KMWLO0S].

2.1.3 Let’s Dance

Let’s Dance is a visual choreography language that is implementation-independent and supports
interaction models. The language has been introduced in [ZBDH06] and a formal definition
can be found in [DZDO06].

The elementary building block in Let’s Dance is an interaction or message exchange. An
interaction is represented by a rectangle that is formed by two non-regular pentagons. These
pentagons stand for the communication actions send (exterior apex) and receive.

The role of the participant is written in the middle of each communication action. The
participant (or actor) itself is denoted in brackets.

The message type is written underneath the two communication actions.

Thus, the interaction in the top of Figure 2.3a can be read as follows: Participant “al”, which
plays the role “A”, sends a message of type “message M1” to participant “b1”, which plays
role “B”.

10
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if condition x fulfilled (b1) Aal) > B (b1)
A (a1) > B (b1) A (al) > B (b1)
Message M1
Message M1 Message M1
; -1
! A 4
A 4 | repeat unfil x messages sent
B (b1) > C(c1) Y (b1)
B (b1) > C (c1) B (b1) > C (c1)
Message M2
Message M2 Message M2
(a) precedes (b) weak precedes (¢) inhibits

Figure 2.3: Let’s Dance Relationship Types

Interactions can be connected by three different relationship types:

precedes: The target interaction of the directed edge can only occur after the source interaction
has occurred (Figure 2.3a).

weak-precedes: The target interaction of the dashed directed edge can only occur after the
source interaction either has occurred or has been inhibited (Figure 2.3b).

inhibits: The target interaction of the crossed directed edge can no longer occur after the
source interaction has completed (Figure 2.3c). A special case is the two-way inhibit,
depicted by an undirected crossed edge. This is an abbreviation for using two inhibits
relations and means that exactly one of the interactions can occur.

Interactions can be grouped into a composite interaction by surrounding them with a rectangle
(see Figure 2.3a). The sub-interactions within a composite interaction may, but do not have to,
be related. If there is no relationship between them, they can occur in any order or in parallel.
Composite interactions can be connected to other interactions using any of the relationship

types.

Repetition of interactions can be modeled using one of these three constructs: until, while and
for each. The latter can be sequential or concurrent and can either iterate over variables or
actor references.

The condition under which an interaction may be executed can be defined using a guard. An
example is shown in the top-right of Figure 2.3. The actor denoted in brackets evaluates the
expression.

Finally, Let’s dance provides a timer construct to model time constraints on interactions.
Timers can be connected to interactions using any relationship type and they “occur” when
the time elapses.

11



2 Foundations

2.1.4 Running Example: A Travel Agency

The choreography that is used as the running example in this work is presented in Figure 2.4. It
is used to illustrate, for instance, our exception scenarios (Section 4.4) and BPEL#'d examples
(Chapter 5). Furthermore, the test setup for our implementation (Chapter 6) is based on it.

A traveler wants to book a flight. This involves the traveler, the travel agency and an unknown
number of airlines. First, the traveler sends his order to the agency. The order contains a
destination and a maximum price for the flight. A price request is then sent to each airline
by the agency. When the agency has received all offers, they select the airline with the best
offer (sa). If the price is within the accepted range, the agency books the flight and sends
a confirmation to the customer. The ticket order can no longer be sent after a given time,
because the airlines do not wait forever. The traveler finally receives either a confirmation and
an e-ticket or a rejection message.

Assume an error occurs at the agency and the process stops after it has received the travel
order. Then neither a confirmation nor a rejection is sent to the traveler. This means the
traveler’s process will wait forever because it is not notified of the error. A solution to this
problem is an ESB that is aware of this conversation. Once the ESB has detected that the
process at the travel agency has stopped, the ESB can for example send a fault message to the
traveler.

Other scenarios that can be handled by a choreography-aware ESB include violations of
the behavior that is described by the choreography. The agency could for example send a
confirmation to the traveler before they have received the confirmation from the airline. Or
they could send both, a rejection to the user and an order to the agency.

More scenarios and how they can be handled by a choreography-aware ESB are discussed in
Section 4.4.

2.2 BPEL?

In this section we introduce the concepts of the Business Process Execution Language (BPEL)
Version 2.0 [AAAT07]. A basic understanding of the language is needed for the introduction
of BPEL#° in Chapter 5.

Activities are the main building block in BPEL. There are structured and basic activities.

Basic activities include the communication activities <receive>, <reply> and <invoke> or
the <assign> activity that copies data from one location to another—for instance from an
XPath expression into a variable.

<if>, <while>, <repeatUntil> and <forEach> are structured activities whose semantic is
equal to the corresponding constructs of programming languages like Java. Branches of
<forEach> activities can also be executed in parallel. A <sequence> activity is an aggregation

2This section is mainly based on [AAAT07, WCL'06], other references are explicitly stated.

12
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for each Airline (ca)
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Figure 2.4: The Running Example: Travel Agency Choreography

of other activities that are executed in the specified order. Activities that are nested in a
<flow> activity are executed in parallel. Conditional control links can be used to partially
order them. To ensure a proper execution of the process, possible dead paths are eliminated

using Dead Path Elimination (DPE) [LR00, CKLWO03].

2.2.1 Extending and Restricting BPEL

BPEL’s XML schema allows namespace-qualified attributes on any BPEL element and also
elements from other namespaces within BPEL elements. Extensions are declared using a
namespace and a definition of whether they are optional or mandatory. If a BPEL processor

13
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Figure 2.5: BPEL4Chor Artifacts [DKLWO0S]

does not understand one of the mandatory extensions it must reject the process definition.
New activities can be used within an <extension> activity.

Language extensibility is discussed in Sections 5.3, 10.9 and 14 of the BPEL specification
[AAATOT].

BPEL also provides the possibility to restrict the constructs that can be used in an abstract
process description by the means of Abstract Process Profiles. In an Abstract Process Profile,
one can define which syntactic elements are allowed and which can be omitted. Every Abstract
Profile is based on the Common Base which allows all of BPEL’s syntactic elements and
thus the expressive power is not limited compared to an executable process. It also allows
activities, expressions, from-specs and all attributes to be omitted. Thereby the strict coupling
of BPEL and Web Services Description Language (WSDL) [CCMWO01] can be bypassed
when omitting partner link references from communication activities as done for BPEL4Chor
participant behavior descriptions (see below). Another approach to achieve this decoupling is to
prohibit the use of the standard communication activities and replace them with “WSDL-less’
alternatives as proposed in [NLKLO7].

)

Abstract processes are discussed in Section 13 of the BPEL specification [AAAT07].

2.2.2 BPEL4Chor

BPEL4Chor is an implementation-specific choreography language that supports the intercon-
nected interface behavior models approach and is based on BPEL.

Figure 2.5 shows the three BPEL4Chor artifacts: Participant behavior descriptions, the
participant topology and the participant groundings. The participant behavior descriptions
define the observable control flow at a specific participant. BPEL4Chor provides a special
abstract profile for BPEL to model these definitions. The participant topology defines the

14
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structural aspects of a choreography by describing the involved participants and the messages
flowing between them. Participant groundings bring in the technical configuration such as
WSDL port types.

Further details on the latter two artifacts are presented in Chapter 5 as they are reused for
BPEL#°ld,

2.3 WS-Addressing and WS-MetadataExchange 3

This section describes those parts of Web Services Metadata Exchange (WS-MEX) and
Web Services Addressing (WS-Addressing) that are relevant for this work. For a detailed
introduction please refer to [Pap08, WCL'06] or the mentioned specification documents.

2.3.1 WS-Addressing

In a transport-protocol-neutral web service world it is not trivial to ensure that messages
are correctly delivered to the appropriate destination. WS-Addressing [BCC104] defines two
concepts to achieve this goal: endpoint references and message information headers. Endpoint
references provide a way to encode the addressing information needed to reach an endpoint.
We focus on message information headers which allow messages to be directed to endpoints.
They also include information necessary for a bidirectional and asynchronous interaction.

Only two of the message headers are mandatory: the To-header that contains the URI of the
target endpoint and the Action-header to identify the purpose of the message sent (such as
the related operation). The other headers are (all optional): ReplyTo, FaultTo, Source contain
the sender’s endpoint or an endpoint where a reply or fault should be sent to; Messageld and
RelatesTo can be used to define relationships between messages. For instance to indicate that
one message is the response to another.

The headers containing an endpoint reference require special handling of a CSB as discussed
in Section 4.2.3.

2.3.2 WS-MetadataExchange

WS-MEX [BBBT06] basically defines a simple WSDL interface that allows metadata to be
queried directly from an endpoint. This metadata describes what other endpoints need to know
to interact with it. The interface describes two request-response operations: GetMetaData()—
which is the only operation that has to be provided by a WS-MEX-compliant endpoint—and

Get().

A dialect is a specific XML language which is usually identified by the URI of the target
namespace of the corresponding XML Schema Definition. In Section 4.3.2 we introduce a new

3This section is mainly based on [Pap08, WCL+06], other references are explicitly stated.

15
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dialect that is used by the CSB to gather metadata from participants and also show a sample
response to a GetMetadata()-request.

A GetMetadata()-request can either be generic, dialect-specific or identifier-specific. For a
generic request all relevant metadata is returned. For instance, the WSDL dialect provides
the WSDL description of the endpoint. Identifiers allow the requester further constrain the
request to ask for specific descriptions. They are not used in this work.

The response to a GetMetadata()-request either contains all the metadata embedded or a
reference to another endpoint or URL. This is useful for large amounts of data and involves
the Get()-operation. This topic is not further discussed as it is not relevant for this work.

2.4 Enterprise Service Bus

There is no consensus on a general definition for the term Enterprise Service Bus (ESB).
For this work we use one from [Cha04]: “An ESB is a standards-based integration platform
that combines message oriented middleware, web services, data transformation and intelligent
routing to reliably connect and coordinate the interaction of significant numbers of diverse
applications across extended enterprises with transactional integrity.” Where an extended
enterprise “represents an organization and its business partners, which are separated by both
business boundaries and physical boundaries”.

To give a better understanding, we list a summary of the main characteristics of an ESB
according to [Cha04] below:

C1. Pervasiveness: An ESB can be adapted to suit the needs of general-purpose integration
projects across a variety of integration situations. It is capable of building out integration
projects that can span an entire organization and its business partners.

C2. Highly distributed, event-driven SOA: Loosely coupled integration components can be de-
ployed on the bus across widely distributed geographic deployment topologies, yet are
accessible as shared services from anywhere on the bus.

C3. Selective deployment of integration components: Adapters, distributed data transforma-
tion services, and content-based routing services can be selectively deployed when and
where they are needed, and can be independently scaled.

C4. Security and reliability: All components that communicate through the bus can take ad-
vantage of reliable messaging, transactional integrity, and secure authenticated communi-
cations.

C5. Orchestration and process flow: An ESB allows data to flow across any applications and
services that are plugged into the bus, whether local or remote.

C6. Autonomous yet federated managed environment: An ESB supports local autonomy at a
departmental and business unit level and is still able to integrate in a larger managed
integration environment.

16



2.4 Enterprise Service Bus

C7. Incremental adoption: An ESB can be used for small projects: Each individual project
can build into a much larger integration network, which can be remotely managed from
anywhere on the bus.

C8. XML Support: An ESB can take advantage of XML as its “native” datatype.

C9. Real-time insight: An ESB provides the underpinnings to enable real-time insight into live
business data.

In Chapter 4 we show how an ESB can be extended to support choreography-related features
such as conformance checking and enforcement. A prototypical implementation of this concept,
based on an open source ESB, is presented in Chapter 6. An evaluation of existing open-source
ESBs can be found in [RD08, BHR].

[Ley05] sketches the vision of a “ubiquitous service bus”, emphasizing virtualization as the
main feature of a service bus. Choreography descriptions could also be used for an enhanced
service selection but this is out of the scope of our work.

17






3 Related Work

This chapter gives an overview on related work in the area of choreography languages and the
validation of choreographies.

3.1 Choreography Languages

We already introduced work related to choreography languages in Section 2.1.1.

An approach to replace WS-CDL with WSFL and BPEL 1.0 is presented in [Kip06]. There,
choreographies are modeled in a style similar to interconnected interface behavior models—with

all roles in one process model. BPEL#Y (Chapter 5) provides a true interaction model and is
based on BPEL 2.0.

3.2 Validation of Choreographies

Choreographies can either be validated statically, through simulation or during run-time.

There are several techniques to analyze choreographies in the design and verification phase
(see Section 2.1). They primarily address compatibility and conformance checking. [LKLRO7]
presents approaches using Petri nets exemplarily for BPEL4Chor choreographies.

3.2.1 Simulating (WS-CDL) Choreographies

Although the standard states that “WS-CDL is not an ‘executable business process description
language’ or an implementation language” [KBR105], there is some work dealing with the
execution or simulation of WS-CDL choreographies.

[Fre06] introduces a prototypical implementation that allows “debugging and simulating”
existing WS-CDL documents. As there are no implementations of participants involved and
thus no messages exchanged, this is far from really “executing” or monitoring a choreography.

In contrast, the implementation presented in [KWHO7] supports handling message exchanges. It
also supports fault handling and a coordination mechanism to propagate exceptions. However,
the input format is not plain WS-CDL but WS-CDL+, an extension they have built to
overcome some of the limitations they see in WS-CDL. The new features include a timer, an
implicit finalization mechanism and enhanced debugging and exception options.
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Both solutions can be used to test WS-CDL choreographies during the design and verification
phase of the choreography lifecycle.

3.2.2 Run-time Validation

There is few work that targets validation of choreographies during the execution.

[ACG™06] introduces a language based on computational logic to formally describe choreogra-
phies. Such descriptions are utilized by a tool that is based on a inference engine to validate
choreographies during run-time. A similar approach based on the event calculus [KS86] is
introduced in [CMMT09].

A way to validate choreographies that can be formalized in Linear Temporal Logic (LTL) is
presented in [HV09]. Notations that are translatable to LTL include Let’s Dance and Message
Sequence Charts (MSCs). The work defines a mapping of LTL to XQuery expressions. These
expressions are used by a central XQuery processor that validates the message sequences
against them.

The work presented so far is focused on the formalisms to describe choreographies and the
proposed implementations are not suited for use in a web service environment. The following
approaches also address implementation challenges such as correlation.

[RRO9] proposes a “reliable monitoring framework” to validate choreographies that are modeled
in WS-CDL. This means that a copy of each message that is routed through an ESB (WSO2
ESB!) is forwarded to a central logging service. The data that is collected by this service
can then be used to monitor and validate the running conversations. In order to correlate
the messages to conversations, the participants have to provide an “instance identifier” in
every message header. In contrast, our approach is to keep the validation transparent for the
participants (see Section 4.2.2).

The work presented in [KMMO8] is also based on an ESB implementation (Mule ESB?). They
use a variant of MSCs to model choreographies. The models are used to generate one runtime
monitor implementation for each role. These are then attached to each participant using
aspect-oriented technologies. The monitors are based on a state machine and can reject
messages that do not fit to the current state.

An ESB that “natively supports complex Message Exchange Patterns (MEPs)” has been
proposed in [Tos08]. Such an ESB can check if exchanged messages fit to a specified MEP
during run-time. When breaking choreographies down to MEPs this solution could also be
used to verify them.

In contrast to the work at hand, the presented solutions only concentrate on the detection of
faulty behavior in a conversation. Our approach also proposes concepts to actively deal with
the faults when they occur and also to enforce a choreography under certain circumstances
(see Section 4.5).

"http://wso2.org/projects/esb/java
*http://www.mulesource.org
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So far we have introduced the foundations in the domain of choreographies as well as the concept
of a (traditional) Enterprise Service Bus (ESB). In this chapter we propose a concept to add
choreography-related functionality to an ESB: the Choreography-aware Service Bus (CSB).

First, we introduce the basic idea (Section 4.1) and discuss challenges that arise from such a
concept (Section 4.2). Then the Choreography-aware Participant (CAP) is presented as an
additional component of this concept (Section 4.3). Finally, we discuss exception scenarios
(Section 4.4) and how they can be handled by a CSB (Section 4.5).

CASmix, a prototypical implementation of a CSB, is presented in Chapter 6.

4.1 The ldea

The fundamentals of the idea of a Choreography-aware Service Bus (CSB) presented in this
work are based on [KLNO0S].

A traditional ESB as introduced in Section 2.4 is not choreography-aware. That means it does
not know if and how the messages it routes are part of a conversation. Thus it is not possible
to check if a message conforms to a choreography during run-time. There exist approaches
to check conformance afterwards using audit logs [SMO05]. Such a solution is not feasible for
long-running conversations. If an early message exchange is faulty, it should be detected
directly and not when the conversation has ended—possibly after years.

In contrast, a Choreography-aware Service Bus (CSB) checks every message it routes against
a given choreography description as depicted in Figure 1.1 on page 5. The message is only
routed to the receiver if it conforms to the choreography. Thereby the faulty message does
not trigger further processing which would have to be reverted. Think of an e-ticket that is
sent to the traveler although the travel agency has not confirmed the order (see our running
example in Section 2.1.4). Detection of a faulty message can either lead to enforcement of a
choreography or to exception handling (see Section 4.5).

Another scenario is the following: The traveler sends its order to the agency. The agency
receives the message and both processes continue. Then the agency’s process is terminated for
some reason. Later, the traveler waits for a message—either a rejection or a confirmation. This
message will never be sent as the agency is no longer “alive”. If there is no timeout defined,
the traveler will probably wait forever. A CSB can detect such a situation and inform the
traveler about the exception.
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We discuss these scenarios and how a CSB can handle them in detail in Section 4.4 and
Section 4.5.

In addition to conformance checking, such a CSB provides choreography-specific functionality
related to virtualization. For instance, participants could be discovered and bound based on
their role in a choreography. This thesis focuses on conformance checking.

We argue that the choreography-awareness of the bus should be transparent for the participant.
This means that it can send a request without additional choreography-related information to
the bus.

4.2 Challenges

This section provides an overview on challenges that have to be considered when the presented
concept is realized. A CSB must identify messages that are actually related to a choreography.
It then must correlate the message to a specific conversation. Finally, it has to be made sure
that all interactions of a conversation are routed through the CSB.

4.2.1 ldentifying Conversation-related Messages

As we assume that messages not related to any conversation can be sent via the CSB, there
has to be a mechanism to identify the messages that are conversation-related. The CSB has
to achieve this identification based on the information contained in the message—within the
header or the payload. For the sake of generality, we do not regard implementation-specific
properties that might be provided by the underlying messaging infrastructure. This information
can be used for an optimized approach.

Ideally, there would be a special token in the message that refers to the choreography description
and probably also the role of the sender and receiver. The requirement to keep the choreography-
awareness transparent to the participant inhibits this solution. Therefore we have to work
with the information that is already available. Because an ESB is usually based on messaging
middleware we can only be sure about the availability of two information bits: the endpoint of
the recipient and the message type. The sender is usually not available. Headers like ReplyTo
from WS-Addressing do not necessarily point to the original sender.

For our approach we presume that the CSB has access to the following information: a list of
all choreographies that an endpoint can take part in; a list of all roles an endpoint can play in
a specific choreography; a list of all message types (or operations) that are used for a specific
role.

Together with the data from the message, the CSB can identify a conversation-related message
via the following rule: the message can only be part of a conversation if the message type is
used for at least one role that can be played by the receiver.

The CSB still needs to check if the message can be related to a specific conversation to definitely
decide if it is conversation-related. This check is required because the message type might also
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be used outside of a choreography context. How a message can be related to a conversation is
described in the following.

CASmix handles this problem as presented in Section 6.2.1.

4.2.2 Correlation

When a message has been identified to be part of some conversation, it also must be related to
the correct conversation.

Choreographies are usually instantiated more than once in their lifetime. It is also quite
possible that multiple conversations are active at the same time. So it must be possible to
correlate a single interaction to its appropriate conversation. Consider the transmission of the
price in the travel agency example.

Similarly, the participants have to correlate a message to the correct process instance. There
the standard mechanism to achieve this correlation is to apply a correlation token—such
as an order number—to the messages. This token can also change during the interactions
among processes. For example, the travel agency sends a message to the airline with an order
number. This order number is added to the airline’s response so that it can be routed to the
correct instance at the agency. Additionally, the airline adds a ticket number to the response.
From then on, the two processes can communicate using only the ticket number as correlation
token.

The correlation tokens that are used by the participants can—in general—also be used by the
CSB to relate a message to a conversation. This becomes clear when the CSB is regarded as a
process that is placed between the communicating participants and receives and forwards all
messages.

An exception to this rule occurs when stateless participants are part of a choreography. Consider
a notification that is sent to a participant that is not involved in the conversation afterwards.
Then the CSB needs a correlation token although it is not needed by the participants. The
message could be routed correctly but the CSB could not relate it to a conversation.

BPEL#9’s correlation support is presented in Section 5.4.4.

4.2.3 Direct Interactions Between Participants

In order to completely monitor a conversation, it must be made sure that all related messages are
routed through the CSB. Therefore the CSB must prevent the participants from communicating
directly. For two-way message exchanges the sender probably adds a return address, referring
to its endpoint, to its request. The ReplyTo header of a WS-Addressing header can be used
for example. Depending on the implementation, there can also be other, application-specific
headers that lead to a situation where the CSB is by-passed.

A CSB must be aware of all these headers and manipulate them before routing the message to
the receiver. The endpoint reference to the original sender can be exchanged with a reference
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(a) Conversation without Header Manipulation (b) Conversation with Header Manipulation

Figure 4.1: CSB: Preventing Direct Interactions

to an endpoint provided the bus. That endpoint forwards messages to the original sender as
depicted in Figure 4.1.

Section 6.2 describes how this is implemented in CASmix.

4.3 The Choreography-aware Participant

Although we argue that a CSB should be transparent for the participants, there are scenarios
where participants with knowledge about the choreography-awareness of the bus allow enhanced
solutions. We refer to such participants as Choreography-aware Participants (CAPs). They
can, for example, push status information on conversations they take part to the CSB. Further
use cases are discussed in Section 4.5.

A CAP provides an interface that the CSB can use to request or send information on choreo-
graphy descriptions and ongoing conversations. The CSB provides a similar interface, so
that the CAP can also actively start an information exchange. This section introduces these
interfaces after a discussion on the need of a conversation identifier for information exchanges
between the two parties.

In this work, we assume that not necessarily all participants of a conversation are choreography-
aware. In cases where implementations for participants already exist, it might just not be
feasible to adapt them. Thus there have to be alternatives for standard participants in every
scenario.

How a CAP can be realized using BPEL events is presented in Section 6.3.

4.3.1 The Need for a Conversation Identifier

When a CAP and the CSB exchange information on conversations, they need a way to
specify the respective conversation. In Section 4.2.2 we discuss correlation as a mechanism
to correlate a (regular) message to a specific conversation. In theory, both parties can use
this information also in the context of information exchanges. In practice, this can become
complicated. Consider the participant’s implementation is based on a process engine. Then the
CAP-functionality would normally be implemented separately, so that the process engine does
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not have to be adapted. In this case the correlation information of a local process is probably
not fully available to the CAP-implementation. Furthermore, the CAP must also be able to
identify a local process after this has already been completed—faultily or successfully.

There might also be cases where the correlation is modeled in a way that allows to route every
message to the correct process instance but the information cannot be used to specify the
conversation at any point in time [KE09]. These scenarios have not been further investigated
in this work.

To overcome these difficulties, we propose to use a special identifier that uniquely specifies a
conversation: the Conversation identifier (CID). In contrast to the work presented in Chapter 3
we do not require this identifier to be attached to all message exchanges but only to those
related to information exchanges between CAP and CSB.

Detailed information on the usage is presented in the description of the interfaces. First, we
discuss how the identifier is distributed to the participants.

A CAP has to know the identifier as soon as it takes part in the conversation. This can
either be by sending or by receiving a message. In the latter case the receiver can read the
CID from a special field in the header of the message. For simplification, the CSB can add
this field to every message of a conversation—instead of evaluating the need individually for
each interaction. We propose a header with the name ConversationID in the namespace
http://www.bpeljchor.org/BPELgold/csbheader.

When the CAP enters the conversation by sending a message there are different solutions
depending on the Message Exchange Pattern (MEP). In the case of a request-response
interaction, the sender can read the CID from the response as described above. For a one-way
interaction the CSB has to transmit the CID separately. Therefore the CAP must provide
a message identifier in a special header field of the request. We introduce MessagelD in
the above-mentioned namespace. Alternatively, existing message identifiers, such as those of
WS-Addressing, could be reused. The CSB sends the CID together with the message identifier
to the CAP using the setConversationld operation of the interface described below. The CAP
can use this information to map the the CID to its internal process identifier.

4.3.2 Interfaces for CAP and CSB

In the following we introduce the operations that must provided by a CAP and those provided
by the CSB. They cover the exchange of metadata as well as information on conversation
status.

WSDL definitions of the presented interfaces are available with the source code of our imple-
mentation.
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Listing 4.1 Example Response from CAP to a WS-MEX GetMetadata Request

<?7xml version="1.0" encoding="UTF-8"7>

<env:envelope xmlns:env="..." xmlns:wsx="...">
<env:header> ... </env:header>
<env:body>

<wsx:MetadataSection Dialect="http://www.bpeldchor.org/BPELgold/mex/ChorList">
<gldmex:choreographyList xmlns:tt="http://example.org/travel/topology"
xmlns:travel="http://example.org/travel/" xmlns:ot="http://example.org/order/topology"
xmlns:order="http://example.org/order">
<gldmex:choreography name="travel:travelScenario"
myRole="tt:traveler" myEndpoint="http://cap.example.org/travelerport"
myInfoEndpoint="http://cap.example.org/choraware" />
<gldmex:choreography name="order:orderScenario"
myRole="ot:seller" myEndpoint="http://cap.example.org/sellerport"
myInfoEndpoint="http://cap.example.org/choraware" />
<gldmex:choreography name="order:orderScenario"
myRole="ot:buyer" myEndpoint="http://cap.example.org/buyerport"
myInfoEndpoint="http://cap.example.org/choraware" />
</gldmex:choreographyList>
</wsx:MetadataSection>
</env:body>
</env:envelope>

Provision of MetaData

We assume that the CSB knows the endpoints of all CAPs. We leave it open to the imple-
mentation how this is achieved. For example an interface of a registry can be used or the
information is deployed to the bus via configuration files. The solution for CASmix is presented
in Section 6.2.4.

The CSB also needs detailed information on the choreographies a CAP takes part and which
roles it can play. Therefore, every CAP must provide an implementation of Web Services
Metadata Exchange (WS-MEX) (see Section 2.3) at its endpoint. We define a new WS-MEX
dialect (with the URL http://www.bpeljchor.orq/BPELgold/mex/ChorList) for the retrieval of
a choreography list. The related XML schema definition is listed in Appendix A.

An example response to a GetMetadata request is shown in Listing 4.1. A choreography
list contains several choreography elements that provides the following information: a name
that refers to a choreography description; myRole that refers to a role in this choreography;
myFEndpoint refers to the endpoint where the operations for this role a provided; myInfoEndpoint
is the endpoint of the implementation of the interface for the exchange of conversation status
(see next).

Exchange of Conversation Status

The interface that can be used by the CSB to request and send status information consists of
three operations: setConversationld, getStatus and notify.
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Status

Description

ConversationStatusUnknown
ConversationStatusRunning
ConversationStatusFinished
ConversationStatusFaulted
InteractionStatusUnknown
InteractionStatusInitiated
InteractionStatusFinished
InteractionStatusFaulted
InteractionStatusWaiting

InteractionStatusSkipped

No information is available for the given CID

The conversation’s process is currently active

The conversation has completed without an exception
The conversation has completed with an exception
No information is available for the given IID

The interaction was initiated but not yet finished
The interaction has completed without an exception
The interaction has completed with a fault

The process is waiting to receive the interaction

The interaction was skipped

Table 4.1: Status Types for the Information Exchange between CAP and CSB

Event Description

ConversationFaulted The conversation has completed with a fault

ConversationChorViolation A message violated the choreography description
InteractionFaulted The interaction has completed with a fault

InteractionWontInitiate The interaction will not be initiated by the sender

Table 4.2: Event Types for the Information Exchange between CAP and CSB

The operations that are introduced in the following all require a CID to relate the call
to a conversation. The CID is send to the CAP (see Section 4.3.1) through setConversa-
tionld(messagelD, CID). This operation has two parameters: a message identifier and a CID.
The message identifier must relate to a message that was sent by the CAP in the context of
the conversation that is defined by the CID. After the operation has successfully completed,
the CAP must be able to relate the given CID to its process instance when one of the other
operations is called.

Status information on a given conversation or interaction can be requested via the getSta-
tus(CID, 1ID?) operation (optional parameters are indicated via “?”). This is a request-response
operation which returns one of the values depicted in Table 4.1. The optional parameter IID
can be used to refer to an interaction within the choreography description that is related to
the given CID.

The operation notify(CID, I1ID?, event, participantsList) can be called by the CSB to notify
the CAP about an event (see Table 4.2). The IID is again optional. The participantsList is a
list of all participants that take part in the conversation together with the role they play.
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The operations presented so far are all part of the CAP’s interface. The CSB’s interface is
similar except for the parameters:

The operations a CSB must provide are notify(CID, IID?, event, participant) and getStatus(CID,
IID?). The semantic is the same as for the CAP. Instead of a participants list the CAP must
provide a reference to itself when calling notify.

The set of status and event types is meant to be extensible. The event types only cover a
subset of the status types because not all of them are useful for notification purposes. The
exchange of every status change would be an overhead that is not acceptable in most cases.
An initiated interaction was handed over to the bus by the sender but is not yet delivered to
the receiver. For instance, this can happen when the message is blocked for enforcement. A
finished interaction from the CSB’s view has also been forwarded to the receiver—from the
view of the sender it has only been initiated.

4.4 Exception Scenarios

A variety of problems can occur when participants communicate during a conversation. For
example a message can be sent too late or not at all. The root cause can either be technical,
such as a failure in the underlying infrastructure, or it can be on the application level, such as
an incorrect modeled process that is executed by a participant. There exists a lot of work in
the area of classification and terminology of exceptional behavior. A comprehensive overview
on this topic with focus on choreographies is given in [Bis09].

In this work we only consider the symptoms of an exception—regardless of the cause. We
focus on those scenarios that are relevant and detectable from the view of the CSB. Therefore
we have identified scenarios that can be grouped into two categories: interactions that are not
initiated at all and interactions that are unexpected. The initiation of an interaction refers to
the point in time when a message is handed over from the sender to the CSB.

We assume that no messages can be lost within the bus and the communication between a
participant and the CSB is reliable. Also, messages are handled in the order they were handed
over—they cannot overtake each other inside the bus.

In the remainder of this section we discuss concrete scenarios and how they can be detected
by the CSB. The possibilities to handle them are presented in Section 4.5.

4.4.1 Category 1: Missing Interactions
Exception Class 1: An interaction (without explicit timeout) is not initiated
When there is no timeout modeled, the receiver has to wait until an interaction finally occurs.

Thus it will wait forever if the message is not sent. For example, this can happen when the
sender’s process is terminated as discussed in Section 4.1.
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There are several solutions to detect such a situation: CAPs pushing status information to the
CSB, the CSB pulling information from the CAPs and finally default timeouts.

If the CAP detects that an interaction will not occur it can notify the CSB. The sender can
raise this event for example when its related process faults. Alternatively the CSB can—either
periodically or on demand—pull the status for the conversation from the CAP. Relevant
operations for these status exchanges were introduced in Section 4.3.

The pulling solution requires that the sender has already taken part in the conversation.
Otherwise the CSB usually only knows the role but not the endpoint of the sender. One
exception would be the case that there is only one participant that can play the role. If an
endpoint reference has been included in one of the already exchanged messages the CSB can
possibly also relate it to the sender. The sender, for its part, does not know the conversation
identifier before it has taken part.

A solution that works in all cases, even if the sender is not choreography aware, is to configure
default timeout values. This information is additional to timers that can be explicitly modeled
in a choreography. The settings can either be configured per choreography (provided at
deployment-time) or for all choreographies on the bus in general. When the threshold is hit,
the bus can assume that the interaction will no longer occur and initiate the appropriate fault
handling. Feasible values can be determined by log-file analysis for example.

The last solution does not guarantee that the interaction will not occur later on. This can
lead to a problem similar to 2.2.c exceptions.

4.4.2 Category 2: Unexpected Interactions

An unexpected interaction is an interaction that is not allowed—or expected—at the current
state of the conversation when it occurs. This includes interactions that occur too early or too
late and also dupes. The different causes of this exception and how they can be detected are
discussed in the following.

Please note that we only consider interactions that can actually be related to an active or
finished conversation. Other messages are already filtered out before (see Section 4.2.1).

Exception Class 2.1: Early Interactions

Interactions can occur too early with respect to the order in the control flow or with respect
to time constraints:
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Exception Subclass 2.1.a: Early Interactions - Control Flow This sub-class covers interactions
that are initiated too early with respect to their order in the control flow. That means at
least one other interaction should have occurred before. Imagine the agency in our running
example sends the order confirmation to the traveler before the agency has received the ticket
confirmation from the airline. It is also very likely that such a situation occurs for locally
unenforceable choreographies.

When the CSB receives such a message, it must check if a state of the conversation can be
reached where this message is allowed.

Exception Subclass 2.1.b: Early Interactions - Time An interaction that is initiated too early
with respect to time differs from a 2.1.a exception because there is no other interaction that
should have occurred before, only a time constraint (such as a <wait> in BPEL). Thus it is
easier to detect such an exception because it cannot be on a branch of the control flow that
will not be reached.

Imagine an investment scenario where the customer receives an offer but must not accept it
before the expiration of a time limit of 24 hours due to legal reasons.

(An interaction that occurs too early with respect to time and order in the control flow is
categorized as a 2.1.a exception.)

Exception Class 2.2: Late Interactions

Late interactions can also be divided into sub-classes:

Exception Subclass 2.2.a: Late Interactions - Control Flow An interaction can be late with
respect to the control flow for two reasons. Either the interaction is optional or another branch
had been taken. Imagine the agency sends a ticket order to the airline after it already has
send a rejection to the traveler.

A CSB must be able to tell if the interaction related the received message was skipped. As one
message type can be used in several interactions of a choreography the related interaction can
possibly not be identified. In this case the CSB must also make sure no message of the same
type is expected later in the control flow (to distinguish this from an early interaction).

Exception Subclass 2.2.b: Late Interactions - Time An interaction that is late with respect to
time occurs when there is a timeout modeled (such as <onAlarm> in BPEL). In our running
example this can occur when the agency sends the ticket order to the airline after the timeout.
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Exception Subclass 2.2.c: Late Interactions - Finished Conversation This exception refers to
interactions that occur although their related conversation is no longer running. Either the
conversation has been aborted or the message is also late in the sense of 2.2.a or 2.2.b. The
CSB can detect these cases by checking the status of the conversation that is defined by the
related correlation tokens.

Exception Class 2.3: Dupes

Messages with exactly the same content usually only occur in exception scenarios. Consider
the airline sending two e-tickets to the customer. To distinguish this exception from a late
interaction (class 2.2) the CSB needs access to a history of the messages it routes. These can
either be logged with the original context or alternatively a hashsum can be used.

4.5 Exception Handling Strategies

In the following we discuss how the exceptions that are described in the previous section can
be handled.

The main rule is to not route faulty messages to the receiver. The message either has to be
hold back for an enforcement of the choreography (see below) or discarded which means it is
put on a dead letter channel [HWO03].

A fault should usually lead to the termination of a conversation unless it can be enforced or
fault handling is modeled in the choreography descriptions as it is possible with BPELg&°,
If a conversation is terminated this has to be propagated to all participants as discussed in
Section 4.5.2.

Enforcement is only an option if it does not interfere with legal requirements such as the time
constraint of the investment scenario discussed for 2.1.b exceptions.

4.5.1 Enforcement

Enforcement of choreography constraints is applicable to cases where an interaction occurs too
early (exception class 2.2). The CSB can keep the message in a queue and wait to deliver it to
the receiver until the conversation is in a state that allows the interaction.

It is not feasible to allow enforcement for every interaction without any restrictions. Therefore
we propose enforcement related configuration parameters that can be defined either per
choreography or for the CSB in general. There should be a step and a time limit. The former
means that a message should not be hold back longer than x steps in the control flow. Another
option is to allow enforcement only for those constraints that are locally unenforceable.

Every act of enforcement must be protocoled somewhere, for example in log files. The gathered
information can then be used to detect participants that regularly violate the choreography.
Permanent enforcement is only acceptable for locally unenforceable choreographies.
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4.5.2 Fault Propagation

When a fault occurs, enforcement is not applicable and no explicit exception handling is
modeled, the CSB has to inform all participants. They can then trigger their individual error
handling.

Propagating a fault to CAPs is achieved using the respective operation introduced in Sec-
tion 4.3.2. For “regular” participants we have to distinguish: fault messages can be send;
erroneous messages can be send and future interactions can be blocked.

In case the participant is expecting a message and the respective operation supports fault
messages, one of them can be send by the bus. If no fault message is expected, the bus can
send a message of the expected type and fill all parameters with erroneous values (such as
empty strings or 0) which will lead to a fault in the participants process. We assume that a
participant can handle the message even if its local process is not yet ready to receive it.

Participants that are only involved by sending messages cannot be informed until they initiate
the next interaction. This is then rejected by the CSB.

4.6 Summary

In this chapter we motivated the need for a Choreography-aware Service Bus (CSB). We
presented possible fault scenarios and how a CSB can handle them. Challenges such as
correlation were discussed and the Choreography-aware Participant (CAP) was introduced as
an optional enhancement of the concept.

The following assumptions were made:
1. The choreography-related functionality of the bus is transparent for the participant.
2. The communication between the CSB and the participants must be reliable.
3. Messages cannot overtake each other within the CSB.
4. There can be non-choreography related messages on the bus.

To make the CSB a visible part of a choreography we need a choreography language that
allows modeling of CSB actions. Such a language is introduced in the next chapter.

A prototypical implementation of a CSB is presented in Chapter 6.
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The previous chapters presented relevant terms and concepts in the field of choreography
languages as well as examples of existing languages. We also motivated the need for a
Choreography-aware Service Bus. This chapter introduces an implementation-specific language
that can be used as the input format for a Choreographie-aware Service Bus: BPELg0d
“gold” as in global definition. The language is an extension to BPEL that allows modeling
choreographies using the interaction modeling style.

First, the requirements for the language are specified (Section 5.1), then the developed solution
is presented (Sections 5.2 to 5.5) and finally BPEL&°! is evaluated against the requirements
(Section 5.6).

5.1 Requirements

This section presents the basic ideas and requirements that influenced the decisions made
during the design of BPELE!d. They are also used to evaluate the result as presented in
Section 5.6.

As choreographies described with BPEL&° should be used by the Choreography-aware Service
Bus, the language must be machine-readable with a clear semantic.

The service interaction patterns (introduced in Section 2.1.2) are a good benchmark for
choreography languages. The language should support easy modeling of the patterns. Some
refined requirements that can be extracted from the patterns are presented later in this
section.

Let’s Dance (see Section 2.1.3) supports all of the patterns and is used to check the control
flow abilities of BPEL&°. Thus, one of the goals for the work at hand is to provide a mapping
from Let’s Dance to BPEL#&,

[DKLWO08|] defines ten requirements that a choreography language should fulfill. Those were
extracted from the results of an analysis of the service interaction patterns. The following list
provides a summary of the requirements:

R1. Multi-lateral interactions. Choreographies typically consist of interactions among more than
two participants.

R2. Participant topology. The choreography must specify the roles that are involved and how
participants are interlinked. The service topology provides an essential structural view
on the choreography from a global perspective.
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R3. Participant sets. A choreography language must support a (potentially unknown) number
of participants of the same role (e.g. the airlines in the travel agency example).

R4. Selection of participants and reference passing. Selection of participants can be done at
design-, deployment- or at runtime. In any case participants must probably be made
aware of the selection (e.g. passing the “successful bidder” to the seller in an auction).

R5. Message formats. The definition of message formats has to be supported natively so that
it can be made sure the participants can process the messages they receive.

R6. Interchangeability of technical configurations. To enhance the reusability of choreogra-
phies, the technical configuration, such as the port types or operations used, should be
easily exchangeable.

R7. Time constraints. Time is an important aspect of choreographies. It must be possible to
define in which time period certain messages are allowed.

R8. Exception handling. Exceptions can occur because of technical or any other reason. There
should be a way to model the handling of these situation, like cancellation messages or
the termination of a conversation.

R9. Correlation. As it is likely that a participant is involved in more than one conversation
at a time, a correlation mechanism must be provided to distinguish between different
conversations.

R10. Integration with service orchestration languages. Choreography languages must allow an
integration with orchestration languages such as BPEL. This means it should be pos-
sible to easily generate process definitions out of choreographies and also to extract
choreographies from existing interacting processes.

The assessment of current choreography languages in [DKLWO08] has shown that none of
them—besides BPEL4Chor— covers all of the ten requirements. WS-CDL for example does
not support defining an unknown number of participants of the same role (R3). It also does
not support (R6) due to its tight coupling to WSDL.

5.2 Overview

Every BPEL# choreography consists of the following artifacts that are explained in the
following sections:

o A participant topology describing the involved participants and the messages flowing
between them.

e A process interaction description based on a new abstract process profile for BPEL.

e A grounding as the process interaction description is decoupled from the technical
configuration (such as WSDL port types).
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Figure 5.1: BPEL&°d Artifacts

The relationship between the three artifacts is also depicted in Figure 5.1. The participants
and message links defined in the participant topology are referenced by the process interaction
description. The grounding adds information about the technical configuration.

The standard methodology to create a BPELM choreography is to first create the participant
topology. Then the process interaction description is modeled using the message links defined
in the topology. Finally, technical details are added through the grounding.

The partition of a choreography description into these artifacts is inspired by BPEL4Chor
which is introduced in Section 2.2.2. The decision to reuse artifacts of BPEL4Chor was made
to not reinvent the wheel and also to support a possible future integrated approach using
BPEL4Chor and BPEL2°. The more concepts both languages share, the easier it is to
develop tools that allow conversion between the two formats. When modeling top-down, one
possible use case for this approach is to first model the choreography using BPEL2 and
then automatically generate participant behavior descriptions for BPEL4Chor. From there
executable BPEL files can be generated. This process is discussed in Section 5.6.3.

5.3 Participant Topology

The participant topology provides a view on the participants of the choreography and how
they are connected. The constructs are the same as for BPEL4Chor. We also have adopted
the XML schema definition (see [B4C]) without any changes. Setting optional attributes that
don’t give an extra value for BPEL&° (like sendActivity) can be helpful when generating
BPELA4Chor models from BPEL&°!.

Listing 5.1 shows the participant topology for the travel agency scenario (introduced in
Section 2.1.4).
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Each topology description defines participant types, participants and message links. A par-
ticipant type consists of a unique name, a reference to its process interaction description
and an optional reference to the language of the behavior description. Here, the URL
http://www.bpeldchor.org/BPELgold/ must be used for BPEL&° participant topologies as
the default are BPEL4Chor participant behavior descriptions.

Participants are instances of participant types and can be described using either the participant
(also referred to as participant reference) or the participant set construct. When using a
participant set the actual number of instances is not defined during design-time. Participant
references can be contained within a participant set to define special instances like the selected
airline in the example topology (Listing 5.1, Line 15).

In the example, there is a participant type for the traveler, the agency and the airline. Given
the participants definition, there is at most one traveler and at most one agency taking part
in any conversation, but there can be an arbitrary number of airline instances. The traveler
selects the agency when starting a message exchange whereas the airlines are selected by the
agency.

The attribute forEach (Listing 5.1, Line 13) on the set of airlines references the <forEach> of
the process interaction description that should iterate over this set. The forEach attribute
(Listing 5.1, Line 14) on the contained participant “currentAirline” defines that the current
value of the iterator should be stored in this reference.

The “paths” for a potential interaction between participants are described using message links.
The sender and receiver of a message link refer to participants which must be listed in the
topology. When using senders instead of sender a list of possible senders can be defined. This
is useful to support interactions that can be initiated by different participant types. Examples
are given in the models for the service interaction patterns (Section 5.6.2). Defining a name
for message links is mandatory in BPEL&®' participant topologies because they are used to
relate it to an interaction (see next section).

The attribute participantRefs is used to support reference passing. For example on the
message link agencyTicketOrderAirline (Listing 5.1, Line 25), a reference to the traveler is
passed from the agency to the airline. Another attribute that is related to reference passing is
bindSenderTo. This forces the sender to add a reference to itself to the message and may be
used to indicate that the sender is stored in a different participant reference.

5.4 Process Interaction Description

The Process Interaction Description (PID) is the main part of a BPEL&°Y choreography. It
is based on abstract BPEL processes and two extension activities which are described in the
following. BPEL’s extension mechanisms are described in Section 2.2.1.

The namespace for the BPEL&? extension is http://www.bpel4chor.org/BPELgold/ and the
prefix gld is used throughout this document. The extension must be declared as mandatory
(mustUnderstand="true").
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5.4 Process Interaction Description

Listing 5.1 Example Participant Topology

<topology name="booking_participanttopology" ... >
<participantTypes>
<participantType name="Traveler"
participantBehaviorDescription="chor:booking_choreography"
processLanguage="http://www.bpeldchor.org/BPELgold/" />

<participantType name="Agency" ... />
<participantType name="Airline" ... />
</participantTypes>
<participants>

<participant name="traveler" type="Traveler" selects="agency" />
<participant name="agency" type="Agency" selects="airlines" />
<participantSet name="airlines" type="Airline"
forEach="chor:fe_RequestPrice">
<participant name="currentAirline" forEach="chor:fe_RequestPrice" />
<participant name="selectedAirline" />
</participantSet>
</participants>
<messagelLinks>
<messagelink name="travelerTripOrderAgency" sender="traveler"
receiver="agency" messageName="tripOrder" />
<messageLink name="agencyPriceRequestAirline" sender="agency"
receiver="currentAirline"
messageName="priceRequest" />
<messagelLink name="airlinePriceAgency" sender="currentAirline"
receiver="agency" messageName="price" />
<messagelink name="agencyTicketOrderAirline" sender="agency"
receiver="selectedAirline" messageName="ticketOrder"
participantRefs="traveler" />
<messageLink name="airlineConfirmationAgency" sender="selectedAirline"
receiver="agency" messageName="confirmation" />
<messagelink name="agencyConfirmationTraveler" sender="agency"
receiver="traveler" messageName="confirmation" />
<messagelink name="airlineEticketTraveler" sender="selectedAirline"
receiver="traveler" messageName="eTicket" />
[...]
</messageLinks>
</topology>

We use the notion of the “global observer” to refer to the process—or “participant”—that is
modeled by a PID.

5.4.1 The Interaction Activity

The <interaction> activity (see Listing 5.2) is the main building block of a BPELg°M
choreography. It represents a message exchange between two participants.

The standard attributes (name, suppressJoinFailure) and elements (targets, sources) are
those of BPEL.
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Listing 5.2 Syntax specification of the BPEL# <interaction> element

<gld:interaction wsu:id="xs:1d"? variable="BPELVariableName"? messageExchange="NCName"?
partnerLink="NCName"? portType="(QName"? operation="NCName"? createInstance="yes|no"?
standard-attributes>
standard-elements
<correlations>?
<correlation set="NCName" gld:senderInitiate="yes|join|no"?
gld:receiverInitiate="yes|join|no"? />+
</correlations>
</gld:interaction>

The attribute wsu:id is used to reference a message link in the related participant topology.
A message link must be defined for every interaction that is used in the PID. (The namespace
wsu (http://schemas.xmlsoap.org/ws/2003/06/utility/) contains definitions for utility data
structures.) wsu:id defaults to the name, so at least one of them must be specified.

In the examples in this work we use the following naming convention for the id: senderMes-
sagenameReceiver. This helps to understand the PID without having the participant topology
at hand.

The optional attribute variable refers to a BPEL variable that contains the message data
after the interaction is completed. Defining the message variable is also a way to specify the
message format for the interactions. The format can also be implicitly be specified via the
grounding (see Section 5.5).

The messageExchange attribute can be used to pair two interactions for a two-way operation.
This is analogues to receive-reply pairs in BPEL, but always required for these cases because
it is the only way to define this relationship between two interactions as no operation and
partner link is specified.

partnerLink, portType and operation are analogue to BPEL but should not be filled when
modeling the PID. They are set when it is transformed to an executable process using the
data from the grounding (Section 5.5).

The createlInstance also has the same semantic as in BPEL: when set to “yes”, the occurrence
of the interaction causes the creation of a new process instance if it does not already exist.
The default is “no” to overwrite the BPEL behavior that all <extensionActivity> activities
can cause an instantiation.

The correlations element is discussed in Section 5.4.4.
5.4.2 The onlinteraction Activity
The onInteraction element (see Listing 5.3) is a replacement for BPEL’s onMessage and

onEvent that can be used within pick and eventHandlers. The occurrence of the specified
interaction triggers the execution of the associated child activity.
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Listing 5.3 Syntax specification of the BPEL#!d <onInteraction> element

<gld:onInteraction wsu:id="xs:1d" variable="BPELVariableName"? messageExchange="NCName"?
partnerLink="NCName"? portType="QName"? operation="NCName"?>
<correlations>?
<correlation set="NCName" gld:senderInitiate="yes|join|no"?
gld:receiverInitiate="yes|join|no"? />+
</correlations>
activity
</gld:onInteraction>

5.4.3 Abstract Process Profiles for BPEL%°"9

We propose two new Abstract Process Profiles for BPEL that allow modeling interaction
models: the Abstract Process Profile for Basic Interaction Models and the Abstract Process
Profile for Extended Interaction Models. The basic profile provides a true global view on only
the interactions between participants and the extended profile also allows additional activities
that are executed by the global observer.

Abstract Process Profile for Basic Interaction Models

This profile is to be used when plain interaction models should be described. It is based on
the Abstract Process Common Base. None of the standard communication activities may be
used in this profile. Thus only the interaction between participants can be modeled and the
modeled process remains a passive observer.

Subset of the Processes Allowed in the Common Base The following restrictions to the Ab-
stract Process Common Base apply:

e Expressions: The use of opaque expressions is not allowed.

e Activities: The use of opaque activities is not allowed. None of the standard commu-
nication activities may be used. The <interaction> activity is allowed to be used
instead. The <onInteraction> element may be used as a replacement for <onEvent>
and <onMessage>.

The attribute gld:participant can be added to <if>, <while>, <repeatUntil> and
<foreach>-activities to indicate the participant that evaluates the condition. If the PID
is to be used during execution, the <condition> of these activities may only be based on
information that is visible to the global observer such as the content of previously exchanged
messages.

In every executable completion, partnerLink, portType and operation attributes must be
added to <interaction> activities using the grounding information. Further additions are
not allowed.

39



5 BPEL%¢

The URL for this profile is:
http://www.bpeldchor.org/BPELgold /AbstractProfileForBasicInteractionModels

Abstract Process Profile for Extended Interaction Models

Similar to the basic profile, the Abstract Process Profile for Extended Interaction Models allows
modeling the interactions between participants. Furthermore, it allows the observing process
to actively participate by receiving and sending messages. This can be useful when explicitly
modeling for a Choreography-aware Service Bus (see Chapter 4). For example, messages sent
from the global observer to a participant in case of faults could be modeled. Another use case
is described in the mapping of Let’s Dance’s inhibits relationship to BPEL&° in Section 5.6.

This profile is based on the Abstract Process Profile for Basic Interaction Models and removes
some of the restrictions: Standard communications activities may be used to model interactions
between the global observer and other participants. The use of opaque activities is allowed
but requires the attribute gld:participant to be set. They can be used to model internal
behavior of participants (see Section 5.4.6).

The use of the attributes partnerLink, portType, and operation on communication activities
is not allowed. Communication activities and onMessage branches require the new attribute
wsu:id so that they can be referenced in the participant topology. wsu:id defaults to the
name attribute.

The global observer must also be defined in the participant topology as a participant of the
participant type GOLDobserver, which also must be added. This participant must not be
used in message links that are used by <interaction> activities, only in those for standard
communication activities.

In every executable completion, partnerLink, portType and operation attributes must be
added to communication activities using the grounding information. It is also allowed to add
new activities for the global observer. Opaque activities must be removed and must not be
replaced by other activities.

The URL for this profile is:
http://www.bpeldchor.org/BPELgold /AbstractProfileForExtendedInteractionModels

5.4.4 Correlation

Correlation is required to relate a message to a specific conversation. The need for correlation
in choreography descriptions is discussed in Section 4.2.2.

BPEL uses correlation sets to relate messages to a specific process instance. A correlation set
is a set of properties that must be part of every message that is sent in the set’s context. These
properties can then be used to correlate a message to a specific process instance. Correlation
sets can be declared on process or scope level. Once a correlation set has been initiated, its
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values may no longer be changed. This concept is reused in BPEL&° to correlate messages to
conversations.

A <correlationSet> is used to declare correlation sets and a <correlation> to assign it to a
communication activity. When used for <interaction> activities and <onInteraction> activ-
ities, senderInitiate and receiverInitiate replace the initiate attribute, see Listing 5.2
and Listing 5.3.

The semantic of the values is analogue to that in BPEL: If the value of the senderInitiate
attribute is set to “yes”, the correlation set must be initiated at the senders side and may
not have been initiated before. The value “join” means it must be initiated if it has not been
initiated before. And when the value is set to “no”, the set must not be initiated. The same
applies to the receiver’s side for receiverInitiate.

As soon as a correlation set has been initialized, the values of the properties must be the
same for all interactions that carry this set. From the global observer’s point of view only
the first initialization is important. The differentiation between sender and receiver is needed
when generating participant behavior descriptions. How this information is used in our
implementation is described in Section 6.2.

In BPEL, the properties of a correlation set refer to properties in WSDL definitions via their
QName. In order to allow untyped properties, in BPEL# the properties are interpreted as
names without reference and the typing is done in the grounding (see Section 5.5—analogue
to BPEL4Chor).

5.4.5 Exception Handling

In order to model the behavior in exceptional situations, special constructs are needed. For
BPEL#Y we can reuse those that are already provided by BPEL. This means that all
constructs that are related to fault, compensation and termination handling can be used in
BPEL# without restrictions.

We define two new standard faults that can be caused by <interaction> and <onInteration>:
gld:interactionCompletionFault and gld:interactionInitiationFault. The former is raised when
the message is sent by the sender and cannot be delivered or is not accepted by the receiver.
The later occurs when an active interaction is not even initiated by the sender. How this
situation is detected depends on the implementation. See Section 6.2 on how this is handled
in our implementation.

When using the profile for basic interaction models, a (fault) handler can only be used to
model the interactions that the global observer monitors. It cannot take actively part in the
process. The use cases for extended interaction models are more comprehensive. In principle,
they are those discussed in Section 4.5. For example, the global observer can send messages to
inform participants about the error.
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Listing 5.4 BPEL#'d: Syntax for Grounding Files

<grounding topology="QName">
<messagelLinks>
<messagelLink name="NCName" portType="QName" operation="NCName" />*
</messageLinks>
<participantRefs>
<participantRef name="NCName" WSDLproperty="QName" />*
</participantRefs>
<properties>
<property name="NCName" WSDLproperty="QName" />*
</properties>
</grounding>

5.4.6 Modeling Internal Behavior

Internal behavior relates to activities of participants that are not observable from the outside,
that means they are not communication activities. Although choreography languages in general
target the observable behavior of participants, in some cases it might be helpful to model local
activities. The WS-CDL specification [KBR05] gives an example, where the fact, that the
inventory level affects the decision of a “Buyer” should not be observable by other participants
but should be specified in the choreography.

The question if a choreography language should offer constructs to model those internal
activities remains open and depends on the use case [KL09]. The evaluation of prominent
choreography languages in [KL09] shows that modeling internal behavior is more common
with interconnected models. This seems reasonable, as modeling local behavior from a global
view requires a change of perspective from the modeler when switching between interactions
and internal actions.

BPELg°! supports modeling internal behavior through the use of opaque activities when using
the Abstract Process Profile for Extended Interaction Models. The attribute gld:participant
must be specified and refer to a participant in the participant topology. This information is
meant for documentation purposes and not used during execution of a process interaction
description.

5.5 Grounding

The artifacts presented so far—participant topology and PID—are free of technical configuration
details. This means that no port types, operations and XML Schema types for messages have
to be defined. A grounding is used to bring in this information. Again, we adopt the syntax
(Listing 5.4) and XSD ([B4C]) from BPEL4Chor.

In the grounding every message link of a topology must be mapped to a WSDL operation.
Participant references are mapped to service references via WSDL properties. The same applies
to the untyped properties of correlation sets (see Section 5.4.4).
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Figure 5.2: Let’s Dance Mapping: Forbidden Models

5.6 Evaluation

This section evaluates the solution presented in the previous sections against the requirements
listed in Section 5.1.

5.6.1 Mapping Let’s Dance to BPEL9"
First we discuss how the Let’s Dance constructs can be represented using BPEL#°4, These
constructs are described in Section 2.1.3.

Let’s Dance as introduced in [ZBDHO06] allows modeling incorrect choreographies [ZDH'06].
For example, there could be cyclic precedence dependencies. For the mapping to BPEL#°l
we assume choreographies are “well-formed” by adding some constraints from [ZDH™'06].
Examples that violate the constraints are given in Figure 5.2.

e Every interaction can only be part of one composite interaction. (Figure 5.2a)

e No relation that starts inside a repeated (composite) interaction crosses the boundary of
this interaction. (Figure 5.2b)

e There are no precedence dependencies between interactions and their sub-interactions.
(Figure 5.2c)

e There are no cyclic precedence dependencies. (Figure 5.2d)
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Listing 5.5 Mapping Let’s Dance to BPEL2: precedes

<flow>
<links>
<link name="precedesLink" />
</links>
<extensionActivity>
<gld:interaction name="travelerTripOrderAgency">
<sources>
<source linkName="precedesLink" />
</sources>
</gld:interaction>
</extensionActivity>
<extensionActivity>
<gld:interaction name="agencyETicketTraveler">
<targets>
<target linkName="precedesLink" />
</targets>
</gld:interaction>
</extensionActivity>
</flow>

Let’s Dance interactions are basically equivalent to BPEL&° <interaction> activities and
thus can be directly mapped. To model composite interactions in BPEL# <flow> activities
can be used in general.

An <if> activity can be used to model a Let’s Dance guard. Repeat, While and Foreach are
analog to <repeatUntil>, <while> and <foreach>.

BPEL’s counterpart to the timer construct is an <onAlarm> event handler.

Mapping Let’s Dance’s relationship types requires a detailed investigation and is discussed in
the following.

precedes

The precedes relationship can be mapped to BPEL&' using a <flow> activity with a link
from the source to the target activity. In the example in Listing 5.5, the agency may not send
an eTicket to the traveler before the traveler has placed his order.

weak precedes

To map a weak precedes relationship, a BPEL link in conjunction with Dead Path Elimination
(DPE) (see Section 2.2) can be used. As the joinCondition of the target interaction cannot be
evaluated before the status of all incoming links is set, it will not be executed before the source
interaction has either been finished or skipped. In the latter case, DPE will set the status
of the outgoing link to false. Therefore the joinCondition of the target activity should be
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Listing 5.6 Mapping Let’s Dance to BPEL2: yeak precedes

<flow suppressJoinFailure="yes">
<links>
<link name="weakPrecedesLink" />
</links>
<if>

<condition>[...]</condition>
<extensionActivity>
<gld:interaction name="travelerTripOrderAgency">
<sources>
<source linkName="weakPrecedesLink" />
</sources>
</gld:interaction>
</extensionActivity>
</if>
<extensionActivity>
<gld:interaction name="agencyETicketTraveler">
<targets>
<joinCondition>true()</joinCondition>
<target linkName="weakPrecedesLink" />
</targets>
</gld:interaction>
</extensionActivity>
</flow>

evaluated independently of the (weak precedes) link status. The example given in Listing 5.6,
suggests that the agency could send an eTicket even if the traveler had not sent an order.

inhibits

Assume interaction X inhibits interaction Y. The occurrence of X does not only prevent Y
from starting, it also forced Y to stop its execution if it had already been started. The latter
can be ignored in cases where there is also a precedence relationship between X and Y. This
precedence could also be transitive or implicit, for example via their parent interactions.

Thus, we propose mappings for different cases:

1. Y is never ready to start before X has been finished, that means X precedes Y. (Y
preceding X would obviously make the inhibit relationship superfluous.)

2. X and Y are ready to start at the same time.

3. X and Y can be ready to start at the same time, but X might also complete before Y is
ready to start.

Examples for these cases are depicted in Figure 5.3.

For the first case, cancellation of activities has not be considered. To prevent Y from being
started if X was executed, we can use a link from X to Y. The join condition must be defined
so that it evaluates to false if X was executed.
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Figure 5.3: Let’s Dance Mapping: Different Cases for Inhibits

Listing 5.7 sketches the first idea that came up to support cancellation of activities as required
for the second case. A <while> activity that is active parallel to Y throws a fault as soon as
the value of a special variable is “true”. That fault is then silently caught by a fault handler
that is attached to the scope that encloses Y. Incoming and outgoing links of X and Y must
be moved to the enclosing <sequence> activities. The problem with this solution is that most
BPEL engines would not be able to efficiently handle the while loop (“busy waiting”).

Another idea was to attach an event handler to Y’s scope that throws a fault as soon as X occurs
(using onlnteraction). This fault could then be silently caught. Assuming the <interaction>
activity and the <onInteraction> branch should be mapped to existing BPEL activities, this
would involve identical <receive> activities for both. Thus, this approach leads to a situation
that is similar to the BPEL standard fault conflictingReceive, which is thrown “when more
than one inbound message activity is enabled simultaneously for the same partner link, port
type, operation and correlation set(s)” [AAAT07].

The final solution that can be universally applied for the second case requires the use of the
Abstract Process Profile for Extended Interaction Models and is presented in Listing 5.8. After
X has occurred, the process sends an “inhibit message” to itself. This message then triggers
a fault in the onEvent branch of an event handler that is attached to a scope containing Y.
The fault is caught and ignored in the fault handler. A possible fault that occurs when the
“inhibit message” is sent after Y has completed should also be caught, but is omitted from
the example. Incoming and outgoing links of X must be moved to the enclosing <sequence>
activity. Message links from GOLDobserver to GOLDobserver for the <invoke> activity and
<receive> activity must be defined in the participant topology.

This approach is also the base for the solution for the third case. There we also have to make
sure that Y does not get ready to start if X has already finished before Y is activated and
its event handlers are installed. Therefore we declare a Boolean variable z that is visible to
both activities and initialized to “true”. We protect Y with an <if> activity that evaluates the
value of z. If X is executed, z will be set to “false” afterwards. All incoming and outgoing links
must be moved from Y to the enclosing <if> activity and from X to the enclosing <sequence>
activity. An example is given in Listing 5.9.
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Listing 5.7 Mapping Let’s Dance to BPEL2: inhibits - busy waiting
<flow>
<sequence>
<extensionActivity>
<gld:interaction name="X" />
</extensionActivity>

<assign>
<copy><from>true()</from><to variable="inhibit" /></copy>
</assign>
</sequence>
<scope>
<faultHandlers>
<catch faultName="inhibited"><empty /></catch>
</faultHandlers>
<flow>
<sequence>
<extensionActivity>
<gld:interaction name="Y" />
</extensionActivity>
<assign>
<copy><from>false()</from><to variable="while" /></copy>
</assign>
</sequence>
<while>
<condition>$while = true()</condition>
<if>
<condition>$inhibit = true()</condition>
<throw faultName="inhibited" />
</if>
</while>
</flow>
</scope>
</flow>

two-way inhibit

In general, a two-way inhibit relationship can be modeled using the proposed mapping for
inhibit relationships for both directions like in the example in Listing 5.10. For simple cases,
when the two-way inhibit does not cross any composite interaction boundaries, an additional
solution is the usage of a <pick> activity. In the example in Listing 5.11, either the traveler
sends its order to the agency or the agency informs the traveler of a price change.

5.6.2 Service Interaction Patterns with BPEL9°!

This section describes how the service interaction patterns can be modeled using BPEL#&,
The patterns are documented in detail in [BDHO5b].

Given the mapping from Let’s Dance to BPEL2° and the fact that Let’s Dance supports all
of the patterns [ZBDHO06], we could actually state that BPEL&° is also capable to express
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Listing 5.8 Mapping Let’s Dance to BPEL&°: inhibits - Case 2

<flow>
<sequence>
<extensionActivity>
<gld:interaction name="X" />
</extensionActivity>
<invoke name="sendInhibit" />
</sequence>
<scope>
<faultHandlers>
<catch faultName="inhibited"><empty /></catch>
</faultHandlers>
<eventHandlers>
<onEvent wsu:id="receiveInhibit">
<scope><throw faultName="inhibited" /></scope>
</onEvent>
</eventHandlers>
<extensionActivity>
<gld:interaction name="Y" />
</extensionActivity>
</scope>
</flow>

Listing 5.9 Mapping Let’s Dance to BPEL&°: inhibits - Case 3

<flow>
<sequence>
<extensionActivity>
<gld:interaction name="X" />
</extensionActivity>

<assign>
<copy><from>false()</from><to variable="z" /></copy>
</assign>
<invoke name="sendInhibit" />
</sequence>
<sequence>

<extensionActivity>
<gld:interaction name="Z" />
</extensionActivity>
<scope>
<faultHandlers>
<catch faultName="inhibited"><empty /></catch>
</faultHandlers>
<eventHandlers>
<onEvent wsu:id="receiveInhibit">
<scope><throw faultName="inhibited" /></scope>
</onEvent>
</eventHandlers>
<if><condition>$z</condition><extensionActivity>
<gld:interaction name="Y" />
</extensionActivity></if>
</scope>
</sequence>
</flow>
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Listing 5.10 Mapping Let’s Dance to BPEL#°: two-way-inhibit

<flow>
<sequence>
<extensionActivity>
<gld:interaction name="0" />
</extensionActivity>
<scope>
<faultHandlers>
<catch faultName="inhibited"><empty /></catch>
</faultHandlers>
<eventHandlers>
<onEvent wsu:id="receiveInhibitX">
<scope><throw faultName="inhibited" /></scope>
</onEvent>
</eventHandlers>
<sequence>
<extensionActivity>
<gld:interaction name="X" />
</extensionActivity>
<invoke name="sendInhibitY" />
</sequence>
</scope>
</sequence>
<sequence>
<extensionActivity>
<gld:interaction name="P" />
</extensionActivity>
<scope>
<faultHandlers>
<catch faultName="inhibited"><empty /></catch>
</faultHandlers>
<eventHandlers>
<onEvent wsu:id="receiveInhibitY">
<scope><throw faultName="inhibited" /></scope>
</onEvent>
</eventHandlers>
<sequence>
<extensionActivity>
<gld:interaction name="Y" />
</extensionActivity>
<invoke name="sendInhibitX" />
</sequence>
</scope>
</sequence>
</flow>
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Listing 5.11 Mapping Let’s Dance to BPEL#°: two-way inhibit using a Pick Activity

<flow>
<pick>
<gld:onInteraction name="travelerTripOrderAgency">
<gld:Interaction name="agencylItineraryTraveler" />
</gld:onInteraction>
<gld:onInteraction name="agencyTripPriceChangeTraveler">
<gld:Interaction name="travelerCancelTripAgency" />
</gld:onInteraction>
</pick>
</flow>

all of the patterns. But, as Let’s Dance is an implementation-independent and BPEL#d an
implementation-specific language problems can arise when dealing with implementation-specific
details of the patterns. For example, this is the case with the atomic multicast notification
pattern (see below).

Single-transmission Bilateral Interaction Patterns

Send and receive are supported by using the <interaction> activity (or alternatively
<onInteraction>). Actually the <interaction> activity comprises a send and receive at
the same time - but for different participants. Send/receive can be modeled using two
<interaction> activities. One for a message exchange from participant X to participant Y
and one for Y to X. Of course, there must be corresponding message links in the participant
topology (which holds true for all interactions mentioned in this evaluation).

Single-transmission Multilateral Interaction Patterns

Racing incoming messages: One participant expects to receive one specific message among a set
of messages which might have different types and can be sent by different roles. BPEL#&! sup-
ports this pattern through a <pick> activity containing arbitrary <onInteraction> elements.
A participant topology for this pattern is listed in Listing 5.12 and the PID in Listing 5.13.
As the order of the <onInteraction> elements within the pick does not imply any ranking it
is not possible to model a ranking amongst them.

One-to-many send: One participant sends an arbitrary number of messages of the same type
to several receivers. This can be modeled using a participant set together with a <forEach>
activity that contains the interaction. See Listing 5.14 for an example participant topology
and Listing 5.15 for the PID.

One-from-many receive: One participant receives a number of logically related messages that
arise from autonomous events occurring at different participants. The arrival of messages
needs to be timely so that they can be correlated as a single logical request. The solution for
this pattern is shown in Listing 5.16 and Listing 5.17. As the participant reference y is limited
to the <scope> within the <while>, it is bound to the actual sender in each iteration.
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Listing 5.12 Racing Incoming Messages: Topology

<participants>
<participant name="x" type="receiver" />
<participantSet name="senders" type="sender">
<participant name="y" />
</participantSet>
<participantSet name="otherSenders" type=otSender">
<participant name="z" />
</participantSet>
</participants>
<messageLinks>
<messagelLink name="sendersMsgTypeAX" senders="senders" receiver="x" bindSenderTo="y"
messageName="msgTypeA" />
<messageLink name="sendersMsgTypeBX" senders="senders" receiver="x" bindSenderTo="y"
messageName="msgTypeB" />
<messagelink name="othersendersMsgTypeBX" senders="otherSenders" receiver="x"
bindSenderTo="z" messageName="msgTypeB" />
</messageLinks>

Listing 5.13 Racing Incoming Messages: Process Interaction Description

<pick>
<gld:onInteraction name="sendersMsgTypeAX">activity</gld:onInteraction>
<gld:onInteraction name="sendersMsgTypeBX">activity</gld:onInteraction>
<gld:onInteraction name="othersendersMsgTypeBX">activity</gld:onInteraction>
</pick>

Listing 5.14 One-to-many Send: Topology

<participants>

<participant name="x" type="sender" selects="receivers" />

<participantSet name="receivers" type="receiver" forEach="ns:fe">

<participant name="y" forEach="ns:fe" />

</participantSet>
</participants>
<messageLinks>

<messagelLink name="xMsgTypeY" sender="x" receiver="y" messageName="msgType" />
</messageLinks>

Listing 5.15 One-to-many Send: Process Interaction Description

<forEach name="fe" parallel="yes">
<scope><gld:interaction name="xMsgTypeY" /></scope>
</forEach>
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Listing 5.16 One-from-many Receive: Topology

<participants>
<participant name="x" type="receiver" />
<participantSet name="senders" type="sender">
<participant name="y" scope="ns:scp" />
</participantSet>
</participants>
<messageLinks>
<messagelink name="sendersMsgTypeX" senders="senders" receiver="x" bindSenderTo="y"
messageName="msgType" />
</messageLinks>

Listing 5.17 One-from-many Receive: Process Interaction Description

<while><condition>[...]</condition>
<scope name="scp"><gld:interaction name="sendersMsgTypeX" /></scope>
</while>

One-to-many send/receive: One participant sends a request to several other participants.
Responses are expected within a given timeframe but do not need to be sent. This pattern is
quite similar to the One-to-many send pattern and can also be modeled using a participant
set and a <forEach> activity containing both interactions. The gathering of prices from the
airlines in our running example is an application of this pattern (see Appendix B). The timing
constraint can be handled using an <onAlarm> event.

Multi-transmission Interaction Patterns

Multi-responses: Participant X sends a request to participant Y. Subsequently, X receives
an arbitrary number of responses from Y. X does no longer expect any responses after one
or more of the following events: (i) X sends a notification to stop; (ii) a relative or absolute
deadline has been reached; (iii) X has waited for a defined time interval without receiving a
response; (iv) Y sends a message indicating it will no longer send responses. The core of this
pattern can be modeled using a <pick> activity within a <while> activity. The stop condition
can be handled as follows: (i) using an interaction from X to Y; (ii) an onAlarm handler on a
scope that is enclosing the <while> activity; (iii) an onAlarm handler on the <pick> activity;
(iv) an onlnteraction on the <pick> activity with a pre-agreed message type. An example for
(iv) is given in Listing 5.18 and Listing 5.19.

Contingent requests: Participant X sends a request to participant Y. If X does not receive a
response within a given timeframe it sends the request to another participant Z and so on.
Late responses can either be accepted or discarded. The example for this pattern is listed
in Listing 5.20 and Listing 5.21. The second <pick> activity is used to allow late receives.
Depending on the concrete scenario, the solution must be adapted to allow more than one late
response per iteration.
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Listing 5.18 Multi-responses: Topology

<participants>
<participant name="x" type="initiator" />
<participant name="y" type="responder" />
</participants>
<messageLinks>
<messagelLink name="xInitiateY" sender="x" receiver="y" messageName="initiate" />
<messagelLink name="yResponselX" sender="y" receiver="x" messageName="responsel" />
<messagelLink name="yResponse2X" sender="y" receiver="x" messageName="response2" />
<messagelLink name="yStopX" sender="y" receiver="x" messageName="stop" />
</messagelLinks>

Listing 5.19 Multi-responses: Process Interaction Description

<sequence>
<gld:interaction name="xInitiateY" />
<scope>
<eventHandlers><gld:onInteraction
name="yStopX">$while=false</gld:onInteraction></eventHandlers>
<while><condition>$while</condition>
<pick>
<gld:onInteraction name="yResponselX"><empty
/></gld:onInteraction>
<gld:onInteraction name="yResponse2X"><empty
/></gld:onInteraction>
</pick>
</while>
</scope>
</sequence>

Listing 5.20 Contingent Requests: Topology

<participants>
<participant name="x" type="requestor" />
<participantSet name="responders" type="responder" forEach="ns:fe" >
<participant name="currentResponder" forEach="ns:fe" />
</participantSet>
<participant name="y" type="Responder" />
</participants>
<messageLinks>
<messagelink name="xRequestY" sender="x" receiver="currentResponder"
messageName="request" />
<messagelLink name="yResponseX" sender="y" receiver="x" messageName="response" />
<messagelink name="respondersResponseX" sender="responders" receiver="x"
messageName="response" />
</messageLinks>
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Listing 5.21 Contingent Requests: Process Interaction Description

<forEach name="fe'"><scope><sequence>
<gld:interaction name="xRequestY" />

<flow>
<pick>
<gld:onInteraction name="yResponseX" /><empty /></gld:onInteraction>
<onAlarm><for>1m</for><empty /></onAlarm>
</pick>
<pick>
<gld:onInteraction name="respondersResponseX" /><empty
/></gld:onInteraction>
<onAlarm><for>1m</for><empty /></onAlarm>
</pick>
</flow>

</sequence></scope></forEach>

Listing 5.22 Request with Referral: Topology

<participants>

<participant name="x" type="X" selects="y p"/>

<participant name="y" type="Y" />

<participantSet name="p" type="P" forEach="ns:fe">

<participant name="pi" forEach="ns:fe" />

</participantSet>
</participants>
<messageLinks>

<messagelink name="xMsgTypelY" sender="x" receiver="y" messageName="msgTypel"

participantRefs="p" />

<messageLink name="yMsgType2pi" sender="y" receiver="pi" messageName="msgType2" />

</messageLinks>

Atomic multicast notification: One participant sends notifications to several other participants
such that a certain number of parties are required to accept the notification within a certain
timeframe. It must be made sure that all parties receive the notification if one of them receives
it. This pattern cannot be fully supported as BPEL does not provide support for transactional
atomicity. Please refer to [BDHO5b] for further details.

Routing Patterns

Request with referral: Participant X sends a request to participant Y indicating that any
follow-up response should be sent to a number of other participants (P1, P2, .., Pn). Reference
passing is supported in BPEL#°! using the participantRefs attribute of a message link in a
participant topology (see Listing 5.22). A PID for this pattern is shown in Listing 5.23.

Relayed request: Participant X sends a request to participant Y. Y delegates the request to
other participants (P1, ..., Pn). These participants then continue interactions with participant
X while Y receives a “view” of the interactions. This “view” can include all messages or only
a subset of them. The reference can be passed as proposed above. The “view” can be sent
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Listing 5.23 Request with Referral: Process Interaction Description

<sequence>

<gld:interaction name="xMsgTypelY" />
<forEach name="fe" parallel="yes"><scope>
<gld:interaction name="yMsgType2pi" />

</scope></forEach>
</sequence>

Listing 5.24 Relayed Request: Topology

<participants>
<participant name="x" type="X"

<participant name="y" type="Y"
<participant name="p" type="P"
</participantSet>
</participants>
<messageLinks>

<messageLink name="xMsgTypelY"
<messageLink name="yMsgType2P"
participantRef="x" />
<messagelLink name="pMsgType3X"
<messageLink name="pMsgType3Y"
</messageLinks>

/>
/>
/>

sender="x" receiver="y"

sender="y" receiver="p"

sender="p" receiver="x"

sender="p" receiver="y

messageName="msgTypel"
messageName="msgType2"

messageName="msgType3"
messageName="msgType3"

/>

/>
/>

using two <interaction> activities with X and Y as recipients within a <flow> activity. See
Listing 5.24 and Listing 5.25 for an example.

Dynamic routing: A request is required to be routed to several participants based on a routing
condition. The routing order is flexible and can be subject to dynamic conditions based on data
contained in the original request or obtained in one of the “intermediate steps”. The dynamic
Part of this pattern cannot completely be realized with BPEL&°, It is possible to model
possible routes with all their alternatives, but this is not as “dynamic” as the pattern requires
it to be. An approach to specify SOAP message routing via BPEL processes is presented in

[Juc06, SKL09].

Listing 5.25 Relayed Request: Process Interaction Description

<sequence>

<gld:interaction name="xMsgTypelY" />
<gld:interaction name="yMsgType2P" />

<flow>

<gld:interaction name="pMsgType3X" />
<gld:interaction name="pMsgType3Y" />

</flow>
</sequence>
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Service Interaction Pattern as) aa] aa) = = =)
1. Send + + + + + +
2. Receive + + + + + -+
3. Send/receive + + + T + +
4. Racing incoming messages + + + + T +
5. One-to-many send + + +/- +/- +/- +
6. One-from-many receive + + + -t + +
7. One-to-many send/receive + + +/- +/- + +
8. Multi-responses + T T + + T
9. Contingent requests + + +/- +/- +/- +
10. Atomic multicast notification - - = - - +
11. Request with referral + + + + + +
12. Relayed request + + + L + +
13. Dynamic routing - - - - - +

Table 5.1: Service Interaction Patterns: Support in Languages

Overview

Table 5.1 provides an overview on which patterns are supported by BPEL# and other
choreography languages. BPEL is included although it is actually not a choreography language
to show where BPEL2° adds functionality. Direct support is depicted by “+”, partial support
by “+4/-” and “-” means that the pattern is not supported. The data for BPEL4Chor, BPEL
and WS-CDL is taken from the evaluation in [DKLWO08]. The former two lack direct support
for patterns 5 and 7 because unknown number of participants can not be modeled. BPEL&0!d
only lacks support for patterns 9 and 13, which are supported by none of the languages, besides
Let’s Dance. The evaluation of iBPMN is presented in [DBOS].
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5.6.3 Support of Choreography Language Requirements

This section evaluates if and how BPEL#°! supports the general requirements for a choreography
language that are listed in Section 5.1. (Ri) is used to refer to Requirement i.

It is obvious that BPEL#° supports modeling interactions among more than two participants
(R1).

Participant topologies (R2) are one of the artifacts of BPEL&°!. They also allow the definition
of participant sets (R3) and participant selection / reference passing (R4).

Message formats can either be specified in the process interaction description using BPEL
variables or in the grounding. The concept of groundings enables support for interchangeability
of technical configurations (R6).

Time constraints (R7) can be modeled using the constructs provided by BPEL. The correlation
mechanism of BPEL is reused to support requirement (R9). The same applies to exception
handling (R8).

The integration with an orchestration language (R10) can be realized as depicted in Figure 5.4.
(A dashed line indicates that manual refinement is required. The other steps can be performed
automatically.) First the choreography is modeled using BPEL#?', Creating a grounding is
optional in this step and depends on whether the BPEL&°'d model is used during execution.
A process interaction description can be transformed into BPEL4Chor participant behavior
descriptions by replacing <interactions> activities with <invoke> or <reply> activities for
the sender and <receive> activities for the receiver. <onInteraction> activities can be
replaced by <onMessage / onEvent> activities. If optional attributes, such as sendActivity,
are omitted in the BPEL&° participant topology this information has to be added for the
BPEL4Chor participant topology. The steps from BPEL4Chor to executable BPEL processes
have been described in [Rei07].

5.7 Summary

In this chapter we introduced BPEL#° as an interaction modeling-based choreography
language. This introduction included the list of requirements, a presentation of the language’s
constructs and also the evaluation against the requirements.

It has been shown that BPEL# supports all the requirements for this work and can also be
used to model most of the service interaction patterns.

BPEL#° is used as the input format for our implementation of a Choreography-aware Service
Bus as presented in Chapter 6.

A full example with the participant topology, process interaction description and grounding
for the travel agency example is listed in Appendix B.
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Figure 5.4: From BPEL&°Y to Executable BPEL Processes
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6 CASmix: A Choreography-aware Service Bus

So far we introduced the concept of a Choreography-aware Service Bus (CSB) and BPEL&°! as
a choreography language. In this chapter we present the prototypical implementation of a CSB
that was realized during this work and uses BPEL# choreography descriptions: CASmit.
The name is derived from “Choreography-Aware Servicemix”.

First, we provide an overview on CASmix’ architecture (Section 6.1). Then we present the
implementation and how the challenges discussed in Chapter 4 are realized (Section 6.2). An
implementation of a Choreography-aware Participant (CAP) using BPEL events is described
in Section 6.3.

6.1 Architecture

CASmix’ is based on an ESB and a BPEL engine. Basically, BPEL&° choreographies are
“orchestrated” by routing all messages through the BPEL engine.

Before introducing CASmix’ components and how the message routing is done in detail, we
introduce the architecture of the Apache Orchestration Director Engine (ODE) [Apae] and
ServiceMix [Apaf]. We chose ServiceMix as the base for our implementation because it is one
of the few open source ESBs that support the majority of the features introduced in Section 2.4
and also the integration of ODE.

Actually, the solution is portable with few effort to other ESBs that can be integrated with
ODE and allow interception of messages. Our adaption of ODE can be reused.

An alternative to the “orchestration”-approach is to use an automaton that tracks the state
of a conversation. This state is checked by the bus before routing the message directly to
the recipient. Due to time-constraints, we concentrated on one solution. Further research is
required to evaluate the pros and cons of both approaches.

6.1.1 ODE Architecture'
An overview on ODE’s architecture is given in Figure 6.1. The main components are the
BPEL Compiler, the BPEL Runtime and the Integration Layer.

The BPEL Compiler converts the source BPEL artifacts (BPEL process definitions, WSDL and
schema files) into a compiled representation. During compilation named references (such as

'This section is mainly based on [Apaa], other references are explicitly stated.
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Figure 6.1: ODE Architecture [Apaa]

variables) are resolved, the WSDL and type information is internalized and various constructs
such as default compensation handlers are generated. The compiled representation is the only
input required by the BPEL Runtime.

The BPEL Runtime is the core of ODE. It provides implementations of the BPEL constructs
and also handles the handling of incoming messages. This means it decides when to create a
new process instance and to which instance a message is routed.

Data Access Objects (DAQOs) are used as an abstraction layer for an underlying datastore.
This is usually a relational database but custom DAO implementations can be created. ODE
persists the following information to achieve a reliable execution in an unreliable environment:
active instances; message routing data; variable and partner link values for each instance and
the process execution state.

BPEL constructs are implemented using ODE’s Java Concurrent Objects (JACOB) framework
that “provides an application-level concurrency mechanism—without using threads—and a
transparent mechanism for interrupting execution and persisting execution state” [Apab].

An integration layer is responsible for the communication with the “outside world”. There
exist implementations for Axis2 [Apac] and Java Business Integration (JBI). We use the JBI
integration layer to deploy ODE as a Service Engine (SE) on ServiceMix. The main task of the
integration layer is to transform JBI normalized messages into ODE’s internal message format
and hand it over to the runtime. Lice-cycle management (such as starting and configuring the
runtime) is also done by the integration layer.
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Figure 6.2: ServiceMix Architecture

In this work, we use the current trunk of ODE (which will be released as Version 2.0). The
concrete revision number and a list of all applied changes (as unified diff) is available with the
source code of our implementation.

6.1.2 ServiceMix Architecture?

ServiceMix’ implementation is based on the Java Business Integration (JBI) specification
JSR 208 [JBI05]. The main concepts described by JBI are Service Engines (SEs), Binding
Components (BCs) and the Normalized Message Router (NMR) as depicted in Figure 6.2.

An SE provides functionality that can be used by other SEs (consumers) and can also consume
services provided by other components (providers). SEs that come with ServiceMix include
XLST transformation, a routing component that supports the enterprise integration patterns
[HWO03], a rules engine and others. We use ODE as an SE in this work. An SE can only be
accessed by other components within the JBI container.

BCs are components that provide connectivity to services and applications located outside.
They are used to access external services and also to expose internal JBI services. ServiceMix
provides BCs for HT'TP and JMS bindings amongst others.

2This section is mainly based on [RD08, JBIO5], other references are explicitly stated.
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All internal components (SE and BC) communicate through the NMR using normalized
messages. Therefore, one of the tasks of a BC is to transform external messages to and from
normalized messages.

A normalized message consists of three parts: the payload, message properties and message
attachments. The payload is an XML document that conforms to an abstract WSDL message
type, that means without protocol encoding or format. Message properties hold meta data
such as component-specific information. Message attachments are referenced from the payload
and can be used to store non-XML data.

To expose an external service as an external endpoint on ServiceMix two endpoints must
be configured for a BC. One external endpoint that receives the message and sends it to a
internal endpoint which forwards it to the external service (see Listing 6.1 on page 65 for an
example).

We use version 3.3.1 of ServiceMix which was the most recent stable version when the work
was started. For version 4.0 the architecture has been significantly revised. But as it still
provides a JBI container (although not fully compliant) and interfaces for message interception,
our work should be portable with few effort. We did not apply any changes to ServiceMix’
code—all extensions were realized through extension mechanisms and JBI components.

6.1.3 CASmix’ Components
Figure 6.3 gives an overview on CASmix’ architecture. In the following, the components are
introduced and the routing of messages is discussed.

Implementation details are presented in Section 6.2.

CASmix Messagelnterceptor

The Messagelnterceptor’s main task is to identify messages that are part of a conversation. It is
plugged into ServiceMix’ NMR and inspects every message that is put on the bus with regard
to the receiver and message type (see Section 4.2.1). This data is compared with information
from the ChoreographyManager. If the data does not match any choreography it is routed
directly to the receiver. Else the message is routed to the ODE#d component.

CASmix ChoreographyManager

The ChoreographyManager provides information about the currently deployed choreography
descriptions. It also provides the implementation of the CSB interface (Section 4.3.2). Therefore
it keeps track of the currently running conversations and forwards events to ODE&°!,

Additionally, the ChoreographyManager is responsible for the fault propagation to CAPs (see
Section 4.5.2).
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6.1 Architecture

Particpant A Participant B
0 Q
Binding ServiceMix Binding
Component (BC) Component (BC)
HTTP, JMS etc. HTTP, JMS etc.

Q Q

Normalized Message Router (NMR)

N S

CASmix CASmix ODE Integration Layer
Message Choreography
Interceptor Manager ¢
ODE Runtime
we  ODE®M

Figure 6.3: CASmix’ Components

ODE®°

ODE®° is the core of CASmix. It is based on ODE. Based on BPEL&®Y choreography
descriptions it “orchestrates” choreographies. Its tasks also include correlation handling and
fault detection.

6.1.4 Message Routing

Figure 6.4 shows how a message is routed in CASmix:
1. Participant A sends a message to B’s external endpoint on CASmix.

2. The BC hands the (normalized) message over to the NMR.

3. The Messagelnterceptor inspects the message. If it is choreography-related the target
endpoint is exchanged with the corresponding endpoint at ODE& (continue with 4a.)
else the message stays unchanged (continue with 4b.).
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Particpant A Participant B
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3.@ 4a. | | Sa.
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CASmix CASmix ODE IlntegrationILayer
Message Choreography | I
Interceptor Manager | |
V |

ODE Runtime

ODE?®™

Figure 6.4: CASmix’ Message Routing

4a. The message is received by ODE#?’s runtime (via the integration layer).

5a. The message (precisely: a copy of it) is put back on the NMR with the original recipient

(B’s internal endpoint on CASmix).

6a. / 4b. The message is picked up by the BC endpoint.

7a. / 5b. The message is forwarded to B.

6.2 Implementation

In this section we discuss the main challenges of the implementation. A detailed documentation
of the implementation also comes with the source code.
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6.2 Implementation

Listing 6.1 Example Endpoint Configurations

<http:consumer service="travel:AirlineService"
endpoint="AirlinePortConsumer"
targetService="travel:AirlineService"
targetEndpoint="AirlinePort"
wsdl="http://localhost:8080/travelScenarioPT.wsdl" />

<http:provider service="travel:AirlineService"
endpoint="AirlinePort"
locationURI="http://localhost:8082/ode/processes/AirlineService"
wsdl="http://localhost:8080/travelScenarioPT.wsdl" />

6.2.1 CASmix Messagelnterceptor

The CASmix Messagelnterceptor is an implementation of the ServiceMix ExchangeListener
interface (org.apache.servicemiz.jbi.event. ExchangeListener). This interface has two methods:
exchangeSent() which is called when a JBI MessageExchange is handed over to the NMR and
exchangeAccepted() which is called when the target component has accepted the message. Our
logic to reroute messages and manipulate the headers is triggered when exchangeSent() is
called.

First, the message properties are checked to decide whether the exchange must be rerouted.
If the “de.uni.stuttgart.iaas.casmix.odegold.passed” property is set, no further inspection is
required because the exchange had already been rerouted before and was handled inside
ODE#°, Else we have to decide if the exchange is related to a choreography as discussed in
Section 4.2.1. The required information on deployed choreography descriptions is provided by
the ChoreographyManager. If the exchange matches a choreography, we change the target
endpoint to the corresponding endpoint provided by ODE#. The original endpoint is stored
in a message property so that ODE®!d can retrieve it from there. The correlation to a specific
conversation is done by ODE#!,

Then we have to check if there are any headers set that can lead to a direct interaction between
participants as discussed in Section 4.2.3. If one of the headers exists, we have to replace the
endpoint it refers to by one that is exposed by CASmix. Such an endpoint can be discovered
as follows: we need to find a provider endpoint of a BC where the target is the original
endpoint; then we need a consumer endpoint that uses this provider endpoint. Example
endpoint configurations are given in Listing 6.1. Consider a WS-Addressing ReplyTo header
pointing to http://localhost:8082/ode/processes/AirlineService (Line 9). The endpoint of this
provider is AirlinePort (Line 8) which is the target endpoint of the AirlinePortConsumer
endpoint (Line 2). The latter is the endpoint we have to set in the ReplyTo header.

Application specific headers that are currently removed are the ODE callback and session
headers. This list can be expanded if required.

The implementation cannot be deployed to ServiceMix like BCs or SEs. It must be added to
ServiceMix’ classpath (for instance via a JAR file in the lib directory) and the configuration
file (conf/servicemix.xml).
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6.2.2 ODE®%°¢
In this section we show how support for BPEL&°Y’s new activities (which also envolves fault
detection) and enforcement is added to ODE. One of our main design goals is to minimize
the changes to existing code. Therefore we use extension mechanisms such as event handlers
where possible.

All messages leaving ODE#° have the “de.uni.stuttgart.iaas.casmix.odegold.passed” property
set, so that the Messagelnterceptor can identify which messages were already handled.

Supporting gld:interaction

We identified three ways to provide support for the <gld:interaction> activity
and <gld:onlInteraction> (see Section 5.4.1) in ODE: using ODE’s mechanism for
<extensionActivity>; implementing the activity directly in the runtime; transforming
<gld:interaction> into standard BPEL activities.

The first solution is not suitable because it is currently not possible to use JACOB constructs in
<extensionActivity> implementations. Thus, basic actions like receiving or sending a message
would have to be reimplemented. Also, this is no solution for the <gld:onInteraction>
construct (as it is not enclosed in an <extensionActivity> activity).

Directly adapting the runtime would be against our goal to minimize changes to ODE and
would have lead to code duplication (to reuse send and invoke for instance).

Thus, mapping <gld:interaction> and <gld:onInteraction> to standard BPEL con-
structs is the cleanest solution in our case. A simplified result of such a transformation
for <gld:interaction> is shown in Listing 6.2. For the sake of clarity details such as correla-
tion are left out.

The <onMessage> in Line 3 is used to receive the regular interaction. In this case, the message
is forwarded to the original recipient. If the ChoreographyManager sends a message to indicate
that the interaction will no longer occur, this is handled by the <onMessage> in Line 16. The
default timeout which is needed for non-choreography-aware participants is realized through
the <onAlarm> in Line 21.

Enforcement

To support enforcement of choreographies, all messages that do not have a matching active
<receive> activity when they arrive are kept in a local queue. They are removed from the
queue and the status of the JBI message exchange is set to error when the configured timeout
or the number of steps (see Section 6.2.4) is exceeded.

A limitation of this approach is, that the actual class of the unexpected message (see Sec-
tion 4.4.2) can not be identified. They are all handled equally.
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Listing 6.2 gld:interaction mapped to Standard BPEL Activities (simplified)

<pick>
<!-- regular interaction -—>
<onMessage partnerLink="inboundPL" operation="someOperation"
portType="ns:somePT" variable="someRequest">

<sequence>
<assign><!-- copy original target epr to outboundPL --></assign>
<invoke partnerLink="outboundPL" operation="someOperation"
portType="ns:somePT" variable="someRequest">

<catchAll>
<throw>gld:interactionCompletionFault</throw>
</catchAll>
<invoke>
</sequence>
</onMessage>
<!-- notification from ChoreographyManager -->

<onMessage partnerLink="chorManagerInbound" operation="interactionFailed"
portType="ns2:chorManagerPT">

<throw>gld:interactionInitiationFault</throw>

</onMessage>

<!-- default timeout -->

<onAlarm>
<throw>gld:interactionInitiationFault</throw>
<for>timeout for interactions</for>

</onAlarm>

</pick>

6.2.3 CASmix ChoreographyManager

To keep track of conversation status, the ChoreographyManager has an interface to receive
BPEL events from ODE#. These events are forwarded by an event handler in ODE#g°!, In
case of an exception the ChoreographyManager propagates this to the CAPs via the interface
described in Section 4.3.2.

The ChoreographyManager also provides the implementation of the CSB interface for CAPs
(see Section 4.3.2). Events are forwarded to ODE#! either by sending messages that are
received by the <onMessage> handlers discussed in Section 6.2.2 or via the ODE’s Process
Management API [Apad]. The latter can be used to terminate a conversation, the former to
indicate faults of specific interactions.

6.2.4 Deployment Artifacts

Besides the BPEL#Y artifacts, the following information is required:

e A standard ODFE deployment descriptor. The maximum timeout for interactions (see
Section 4.4.1) and enforcement settings (see Section 4.5) can be configured via the
existing property element.

o All WSDL descriptions that are referenced in the grounding.
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Figure 6.5: Pluggable Framework for BPEL Events ([Ste08])

e A list of all endpoints / participants with the roles (here a BPEL#°Y participant) they
can play and whether they are choreography-aware. This information is needed by the
ChoreographyManager to allow endpoints on the bus that implement a port type used
in a choreography but are never used in a conversation.

Detailed information on the relationship between the artifacts and how they are wrapped (into
a service assembly) for ServiceMix are given in the setup documentation that comes with the
implementation.

6.3 Implementing a CAP using BPEL Events

The CAP is introduced as an optional enhancement to the CSB in Section 4.3. We implemented
a prototype using the Pluggable Framework for BPEL Events introduced in [Ste08].

The architecture of the pluggable framework is based on [KKLO07] and depicted in 6.5. Events
in the instrumented BPEL engine (ODE) are caught and made visible to external applications
by the Generic Controller. It also can block processes and handle incoming events. The
communication with external subscribers (such as our CAP-implementation) is done via a
Custom Controller which filters the events.

Table 6.1 lists the events of [Ste08]’s event model. Events that are relevant for our CAP-
implementation are marked. Outgoing (from the view of the BPEL engine) events are used to
keep track of the status of a conversation and its interactions. To forward events sent by the
CSB we use incoming events.

6.4 Summary and Limitations

In this chapter we showed how to implement a Choreography-aware Service Bus (CSB) by
“orchestrating” choreographies in an adapted BPEL engine. An overview on the architecture
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Requirement

Blocking

Incoming

CAP-relevant

Process_ Deployed

Process_ Undeployed

Process Instantiated

Instance Running

Instance_ Suspended

Instance Terminated

Instance  Completed

Instance Faulted
Activity_Ready
Activity_Executing

Activity_ Executed

Activity_ Complete
Activity_Dead_ Path
Activity_Terminated
Activity_ Faulted

Evaluating_ Transition-Condition_ Faulted
Scope_ Compensating

Scope_ Compensated
Scope__Handling_ Event
Scope_ Event_ Handling Ended
Scope_ Handling Termination
Scope_ Complete_ With_ Fault
Scope__Handling_ Fault

Loop_ Condition_ True

Loop_ Condition False

Loop_ Iteration Complete
Link Ready

Link Evaluated
Link Set True

Link Set_False

Variable Modification
CorrelationSet  Modification
PartnerLink Modification

slake

PR A

P DA DR R K K

Compensate_ Scope
Fault_ To_ Scope

Start_ Activity
Complete_ Activity
Terminate Activity
Continue_Loop
Continue_Loop_ Execution
Finish_ Loop_ Execution
Continue

Read_ Variable

Write Variable
Suppress_ Fault

Set_ Link State
Suspend_ Instance
Resume Instance

P DA DR R R 4 R KR K

Table 6.1: BPEL Event Model [Ste08]
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of CASmix, ODE and ServiceMix was given and implementation challenges were discussed.
Furthermore, an implementation of a Choreography-aware Participant (CAP) using BPEL
events was presented.

In addition to the limitations regarding unexpected messages (see Section6.2.2), there is an
issue when one endpoint plays more than one role in a conversation and one specific operation
is used in both roles. Consider the following: participant pl sends a message m1 of type x to
role r1 played by participant p2 (interaction il) and participant pl sends a message m2 of type
X to role r2 played by participant p2 (interaction i2). If both interactions can occur at the
same time, the bus can not distinguish them. ODE&°! could provide one partnerlink /endpoint
for each role, but the Messagelnterceptor could not determine the correct one because the
role is not part of the message due to our transparency requirement. No further investigation
regarding these cases was done in this work.

Unfortunately, the configuration of endpoints in ServiceMix’ is not always as straightforward
as it could be. The documentation is outdated in many cases. Therefore we created a detailed
documentation on how we set up our testing scenario. This is an implementation of our
running example (see Section 2.1.4) using external ODEs and our implementation of a CAP
as participants.
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7 Summary and Outlook

In this work, we presented means to check and enforce choreographies during run-time.
Therefore we introduced the Choreography-aware Service Bus (CSB) and BPEL&%, an
extension to model choreographies with the Business Process Execution Language (BPEL).

In contrast to a traditional Enterprise Service Bus (ESB), a CSB checks every choreography-
related message it routes (Chapter 4). Exceptions can directly be detected and either the
corresponding exception handling is triggered or the choreography is enforced. We also showed
that a CSB can detect missing messages and how exceptions are propagated to participants.

An optional enhancement to this concept is the Choreography-aware Participant (CAP). A
CAP can exchange information on conversations with the CSB. This allows easier detection
and handling of exceptions. Nevertheless, we presented solutions for scenarios where not all of
the participants are choreography-aware.

BPELE&°M is a choreography language that supports interaction models (Chapter 5). It provides
all constructs to model choreographies for a CSB such as correlation and fault handling.

Finally, we presented our prototypical implementation of a CSB (Chapter 6). It is based on
open source implementations of an ESB and a BPEL engine. A CAP has been implemented
using BPEL events.

Outlook

During our work several interesting questions turned up—for both, the CSB and BPEL#°!,

Elaborating the integrated approach using BPEL#°d and BPEL4Chor as presented in Sec-
tion 5.6.3 and providing a tool chain is one possible task in the area of BPEL#Y, It is also
open if and how complex Message Exchange Patterns (MEPs) can be expressed in a compact
form. There, the relationship to BPEL!8" MEPs [NLLO8] and how BPELe&° choreographies
can be recursively composed need further research.

With regard to the CSB, alternative implementation strategies must be investigated and
compared to our solution. For instance, the approach using an automaton to track the
conversation status. Here, [LW09] is a good starting point for theoretical aspects on how to
transform a choreography description into a finite state automaton.
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A Dialect for the Metadata Exchange

The XML Schema Definition for the WS-MEX dialect introduced in Section 4.3.2 is listed
below.

<?zml version="1.0" encoding="UTF-8"?2>

<xs:schema targetNamespace="http://www.bpeldchor.org/BPELgold/mex/ChorList"
elementFormDefault="qualified" xmlns:xs="http://www.w3.org/2001/XMLSchema"
xmlns="http://www.bpeldchor.org/BPELgold/mex/ChorList">

<xs:element name="choreographyList" type="tChoreographyList" />
<xs:complexType name="tChoreographyList">
<xs:sequence>
<xs:element name="choreography" type="tChoreography"
minOccurs="0" maxOccurs="unbounded" />
</xs:sequence>
</xs:complexType>

<xs:complexType name="tChoreography">
<xs:attribute name="name" type="xs:(QName" />
<xs:attribute name="myRole" type="xs:(QName" />
<xs:attribute name="myEndpoint" type="xs:anyURI" />
<xs:attribute name="myInfoEndpoint" type="xs:anyURI" />
</xs:complexType>
</xs:schema>
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B BPEL9 Travel Agency Scenario

The following sections show sample BPEL&'d (Chapter 5) artifacts based on our running
example (Section 2.1.4).

B.1 Participant Topology

<?zml wversion="1.0" encoding="UTF-8"?>

<topology name="travelParticipantTopology" targetNamespace="http://example.org/travel/topology"
xmlns:chor="http://example.org/travel/"
xmlns="urn:HPI_TAAS:choreography:schemas:choreography:topology:2006/12"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemalLocation="urn:HPI_IAAS:choreography:schemas:choreography:topology:2006/12
http://www.iaas.uni-stuttgart.de/schemas/bpel4chor/topology.xsd">

<participantTypes>
<participantType name="Traveler"
participantBehaviorDescription="chor:travelScenario"
processLanguage="http://www.bpeldchor.org/BPELgold/" />
<participantType name="Agency"
participantBehaviorDescription="chor:travelScenario"
processLanguage="http://www.bpeldchor.org/BPELgold/" />
<participantType name="Airline"
participantBehaviorDescription="chor:travelScenario"
processLanguage="http://www.bpeldchor.org/BPELgold/" />
</participantTypes>

<participants>
<participant name="traveler" type="Traveler" selects="agency" />
<participant name="agency" type="Agency" selects="airlines" />
<participantSet name="airlines" type="Airline"
forEach="chor:fe_RequestPrice">
<participant name="currentAirline" forEach="chor:fe_RequestPrice" />
<participant name="selectedAirline" />
</participantSet>
</participants>

<messagelLinks>

<messagelLink name="travelerTripOrderAgency" sender="traveler"
receiver="agency" messageName="tripOrder" />

<messagelLink name="agencyPriceRequestAirline" sender="agency"
receiver="currentAirline" messageName="priceRequest" />

<messagelLink name="airlinePriceAgency" sender="currentAirline"
receiver="agency" messageName="price" />

<messagelLink name="agencyTicketOrderAirline" sender="agency"
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receiver="selectedAirline" messageName="ticketOrder" participantRefs="traveler"

<messagelLink name="airlineTicketConfirmationAgency" sender="selectedAirline"
receiver="agency" messageName="ticketConfirmation" />

<messagelLink name="agencyOrderRejectionTraveler" sender="agency"
receiver="traveler" messageName="orderRejection" />

<messagelink name="agencyConfirmationTraveler" sender="agency"
receiver="traveler" messageName="confirmation" />

<messagelLink name="airlineEticketTraveler" sender="selectedAirline"
receiver="traveler" messageName="eTicket" />

</messageLinks>
</topology>

B.2 Process Interaction Description

<?xml wversion="1.0" encoding="UTF-8"2>

<process name="travelScenario"
abstractProcessProfile=
"http://www.bpeldchor.org/BPELgold/AbstractProfileForExtendedInteractionModels"
targetNamespace="http://example.org/travel/" suppressJoinFailure="yes"
xmlns="http://docs.oasis-open.org/wsbpel/2.0/process/abstract"
xmlns:gld="http://www.bpeldchor.org/BPELgold" xmlns:tns="http://example.org/travel/"
xmlns:wsu="http://schemas.xmlsoap.org/ws/2003/06/utility/">

<extensions>
<extension namespace="http://www.bpeldchor.org/BPELgold"
mustUnderstand="yes" />
</extensions>

<messageExchanges>
<messageExchange name="priceRequest" />
</messageExchanges>

<correlationSets>

<correlationSet name="orderID" properties="tripOrderID" />
</correlationSets>
<sequence>

<!-- traveler sends order -->

<extensionActivity>
<gld:interaction name="travelerTripOrderAgency">
<correlations>
<correlation set="orderID" gld:senderInitiate="yes"
gld:receiverInitiate="yes" />
</correlations>
</gld:interaction>
</extensionActivity>

<!-- agency collects prices -->
<forEach wsu:id="fe_RequestPrice" parallel="yes">
<scope>
<sequence>

<extensionActivity>
<gld:interaction name="agencyPriceRequestAirline"
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messageExchange="priceRequest">
<correlations>
<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>
<extensionActivity>
<gld:interaction name="airlinePriceAgency"
messageExchange="priceRequest">
<correlations>
<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>

</sequence>
</scope>
</forEach>
<pick>
<gld:onInteraction name="agencyTicketOrderAirline">
<correlations>
<correlation set="orderID" />
</correlations>
<scope>
<sequence>
<!-- agency orders ticker -->

<extensionActivity>
<gld:interaction name="agencyTicketOrderAirline">
<correlations>
<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>
<!-- selecteddirline confirms -->
<extensionActivity>
<gld:interaction name="airlineTicketConfirmationAgency">
<correlations>
<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>

<!-- traveler receives confirmation and eTicket -->
<flow>
<extensionActivity>
<gld:interaction name="agencyConfirmationTraveler">
<correlations>
<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>
<extensionActivity>
<gld:interaction name="airlineEticketTraveler">
<correlations>
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<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>
</flow>
</sequence>
</scope>
</gld:onlnteraction>
<onAlarm>
<for><![CDATA[’PT30S°]]></for>
<scope>
<!-- agency sends order rejection -->
<extensionActivity>
<gld:interaction name="agencyOrderRejectionTraveler">
<correlations>
<correlation set="orderID" />
</correlations>
</gld:interaction>
</extensionActivity>
</scope>
</onAlarm>
</pick>
</sequence>

</process>

B.3 Grounding

<?zml wversion="1.0" encoding="UTF-8"?>
<grounding
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xmlns="urn:HPI_TAAS:choreography:schemas:choreography:grounding:2006/12"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xmlns:props="http://example.org/travel/properties/"
xmlns:agency="http://example.org/travel/agency/interfaces/"
xmlns:airline="http://example.org/travel/airline/interfaces/"
xmlns:traveler="http://example.org/travel/traveler/interfaces/"
xsi:schemalLocation="urn:HPI_IAAS:choreography:schemas:choreography:grounding:2006/12
http://www.iaas.uni-stuttgart.de/schemas/bpeldchor/grounding.xsd">

<messageLinks>

<messagelLink name="travelerTripOrderAgency" portType="agency:agencyPT"
operation="receiveOrder" />

<messagelink name="agencyPriceRequestAirline" portType="airline:airlinePT"
operation="requestPrice" /> </-- request-response operation! -->

<messagelLink name="airlinePriceAgency" portType="airline:airlinePT"
operation="requestPrice" /> </-- request-response operation! -->

<messagelLink name="agencyTicketOrderAirline" portType="airline:airlinePT"
operation="orderTicket" />

<messagelink name="airlineTicketConfirmationAgency"
portType="agency:agencyPT" operation="receiveOrderConfirmation" />

<messagelink name="agencyOrderRejectionTraveler" portType="traveler:travelerPT"
operation="receiveRejection" />

<messagelink name="agencyConfirmationTraveler" portType="traveler:travelerPT"
operation="receiveConfirmation" />



B.3 Grounding

<messagelLink name="airlineEticketTraveler" portType="traveler:travelerPT"
operation="receiveTicket" />
</messageLinks>

<participantRefs>

<participantRef name="traveler" WSDLproperty="props:travelerRef" />
</participantRefs>
<properties>

<property name="tripOrderID" WSDLproperty="props:tripOrderID" />

</properties>

</grounding>
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