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Abstract

The purpose of this document is to investigate the requirements
for a more expressive choreography interface language. The rea-
soning task we will focus on will be semantic web service com-
patibility. We will also pay particular attention on the service
interaction patterns which constitute the basic construct that a
language needs to express in web service interfaces.

Copyright c© 2005 DERI R© , All Rights Reserved. DERI liability, trade-
mark, document use, and software licensing rules apply.
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1 Introduction

As described in [Lausen and Keller, 2006], software components provide
specific and well-defined services to their clients. In order to achieve the required
service(s) from the software component, the client must perform two basic steps:

1. Discover the service

2. Interact with the service

Step (1) involves the process of automatically locating the required service
that fulfills a user goal [Keller et al., 2004]. As a starting point, the client creates
a goal description which defines what is desired to be achieved. Non-Functional
properties may also be defined and would serve as a preliminary filtering mech-
anism to find the appropriate service(s). The goal is then compared against the
capability descriptions of the software components and an appropriate (possi-
bly empty) set of services is returned. Step (2) is the process of exchanging a
series of messages in a defined order which results in the consumption of the
service (assuming an error-free interaction). The component itself, may need
to communicate with other software components during this process in order to
obtain some functionality which it cannot provide on its own. Thus, it becomes
the client of another software component. In order for the client to correctly go
through these steps, three elements have to be defined in the description of the
software component:

1. The Non-Functional Properties1

2. The functional description

3. The behavioral description

The de-facto standard for describing software components is WSDL 2[Chinnici
et al., 2004]. This language has enabled service providers to expose their ser-
vices over the Internet, making them available to the everyday Internet users.
However, WSDL does not provide enough information that allows to ease the
steps outlined above. It is simply a description of the data types and the op-
erations (together with their inputs and outputs) of the Web Service. WSMO
[Roman et al., 2005] allows to specify the functional descriptions in the capa-
bility (accompanied by Non-Functional Properties). These functional descrip-
tions are further discussed in [Lausen and Keller, 2006] and the Non-Functional
Properties are discussed in [Toma, 2006]. The behavioral aspects (in terms of
choreography and orchestration) are defined in the interface descriptions of the
semantic web service. This deliverable will however focus on the choreography
aspect of WSMO Web Services. As a preliminary, we will first give a description
of what we understand by choreography and orchestration in Section 1.1 and
describe the motivation behind this document in Section 1.2.

1Non-functional properties are usually optional when describing goals
2Web Service Description Language
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1.1 Terminology

The terms choreography and orchestration are most of the time confused or
used interchangeably. We will first give the definitions that W3C provides in
[Haas and Brown, 2004] and eventually define what these terms stand for within
the context of this document. The W3C definitions follow:

• Choreography

1. A choreography defines the sequence and conditions under which mul-
tiple cooperating independent agents exchange messages in order to
perform a task to achieve a goal state.

2. Web Services Choreography concerns the interactions of services with
their users. Any user of a Web service, automated or otherwise, is
a client of that service. These users may, in turn, be other Web
Services, applications or human beings. Transactions among Web
Services and their clients must clearly be well defined at the time
of their execution, and may consist of multiple separate interactions
whose composition constitutes a complete transaction. This compo-
sition, its message protocols, interfaces, sequencing, and associated
logic, is considered to be a choreography.

• Orchestration

The sequence and conditions in which one Web service invokes other Web
services in order to realize some useful function. I.e., an orchestration is
the pattern of interactions that a Web service agent must follow in order
to achieve its goal.

These definitions seem to be overlapping each other. A choreography in this
case is defined as both the cooperation of multiple agents (thus providing a
global perspective of the interaction) and the interactions of the Web service
with its clients (which may be human or automated). The orchestration defin-
ition is somehow similar since it defines the pattern of interactions with other
Web services that some particular Web service must follow to accomplish its
goal. For the purpose of this document, we will adopt the following informal
definitions:

Definition 1.1 (Choreography Interface). A Web Service Choreography Inter-
face is concerned with the interactions of a Web Service with its clients. The
clients may, in turn, be other Web Services, applications or human beings.

Definition 1.2 (Orchestration). An orchestration is the sequence and condi-
tions in which one Web service invokes other Web services in order to realize
some useful function. I.e., an orchestration is the pattern of interactions that a
Web service agent must follow in order to achieve its goal.

We will use the terms choreography interface and choreography interchange-
ably, each time referring to the first mentioned. We refer to the term orchestra-
tion as the one defined in [Haas and Brown, 2004].
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1.2 Motivation

The integration of business applications is gathering more and more impor-
tance as organizations identify the need to communicate with each another.
Technologies such as WSDL and XML Schema are a first step towards in-
tegration. However, WSDL simply describes an interface and not a process.
Languages such as WS-CDL [Kavantzas et al., 2004] and WSBPEL [Andrews
et al., 2003] have been developed specifically for this purpose. With WSDL
and XML Schema as the underlying technology, they have drastically improved
interpretability between business processes. Yet, the integration between such
processes is still hard and very resource consuming. Consider two processes
which are to communicate with one another. In most cases, the processes do
not match for various reasons:

• Both processes may at some point be sending messages to each other
resulting in a process mismatch. As described in [Bussler, 2003] this and
other different types of mismatches are very likely to arise.

• The data exchanged might be based on different XML Schemas bringing
about the problem that a process cannot understand the other’s data and
vice-versa.

• A particular construct that has the same name in both languages may
behave differently (thus having different semantics)

WSMO proposes to address these problems in various ways. Web Service
descriptions distinguish between choreography and orchestration; the former
dealing with external interactions of the service. Choreography descriptions use
ontologies as the underlying data model and are inspired on the ASM method-
ology [Scicluna and Roman, 2006]. Finally, process mismatches are handled by
process mediators and ontological ones by data mediators.

Since the ASM methodology is Turing-Complete, the WSMO choreography
model ensures that any kind of interaction can be modelled. Furthermore, this
approach ensures minimal ontological commitment which is a major principle
in ontology modelling. One of the disadvantages of such a model is that it
is very low level. It requires the modeler to be very knowledgable with the
methodology and also makes descriptions hard to read. Furthermore, simple
interactions like inputs and outputs are implicit in order to allow extensibility
to other communication paradigms such as Semantically-Enabled Tuple Spaces
[Fensel, 2004]. It is thus desirable to have a language that is easier to use on
top of the current model. We here investigate the use of Dynamic Logic [Harel
et al., 2000] as a possible methodology for approaching this problem. As we
shall discuss, it would be also beneficial to have such a formalism extended to
support the requirements for the language.

The main problem addressed in this deliverable is that of semantic web
service compatibility. We will extract the requirements of our desirable language
by considering work done related to this area [Mar, 2003] and also by considering
the features of the service interaction patterns [Barros et al., 2005]. We consider
such patterns as a must-have feature since they comprise a set of all possible
interactions between web service applications.
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The rest of the document is structured as follows: Section 2 describes the
main problem we are addressing; Section 3 gives an overview of the Service In-
teraction Patterns together with a motivation of why such patterns are useful;
Section 4 provides an overview of Dynamic Logic together with a motivation of
why considering such a formalism; Section 5 defines a list of requirements ex-
tracted from the problem of web service compatibility and interaction patterns;
Section 6 describes the extensions required to the chosen formalism; Section 7
describes some related work in this context and Sections 8 and 9 conclude with
some future work and final remarks respectively.
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2 Web Service Compatibility

Web Service compatibility is concerned with checking whether two Web ser-
vices can communicate with one another successfully. Consider the scenario in
which an automated client is attempting to buy items from an online supplier
such as Amazon. The client might send a request to add an item to a cart
without expecting anything back. However, the new cart object is returned to
the client once such an operation is completed. This would clearly result in a
mismatch. These types of mismatches are also discussed in [Bussler, 2003]. Fur-
thermore, it might also be the case that the client is using a different datamodel
other than the XML Schema provided by the Amazon Web Service. In such
case, interoperability is not possible.

Figure 2 shows a simple (but successful) possible interaction path with the
Amazon web service (depicted using a standard UML Activity Diagram Nota-
tion). Note that Amazon does not really expose its process description but just
its WSDL file. However, this fictitious description adheres to the guidelines of
Amazon’s service usage1.

The bold-faced activities represent internal actions and are thus not exposed
by a choreography interface (they are shown here for clarity purposes). The
dotted arrows depict the XML Schema object exchanged between the client and
the provider. The provider’s process can get more complex. For example, the
first receive operation can also lead to either an ItemLookup or SimilarySearch
operation depending on the contents of the received message (Racing Incoming
Messages in Section 3). The client may also loop through the search operations
as many times as needed.

Before continuing with describing the interaction patterns, it is worth men-
tioning some related work done on this problem. In [Mar, 2003], a Workflow-
Net approach is used to address the problem of web service compatibility. A
Workflow-Net is essentially an extended Petri-Net. These extensions define ex-
tra types of places α and ω which explicitly denote the start and end of the
process respectively. Except for α, a place with no incoming edge but with one
outgoing edge, denotes an input place. Similarly and except for ω, a place with
an incoming edge but no outgoing edges denotes an output place. The same work
introduces the notions of syntactic and semantic compatibility. Syntactic com-
patibility between two processes implies that the inputs and outputs (including
their types) match. Semantic compatibility implies that for two syntactically
compatible processes A and B, the composed system A⊗B is usable, implying
it is also weak sound (please refer to Section 7) This piece of work is further
described in Section 7.

We will be considering a more logic-oriented approach by using dynamic
logic. Such an approach fits more naturally in the context of semantic web
services. Furthermore, we will always assume that the underlying datamodel is
based on ontologies.

1http://www.amazon.com/webservices
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Figure 2.1: Simple interaction with the Amazon Process

3 Service Interaction Patterns

This section provides an overview of the service interaction patterns as de-
fined in [Barros et al., 2005]. These patterns capture every possible type of
interaction between business processes and we thus consider them as an ini-
tial set of requirements that a choreography interface language must be able to
express. These patterns are classified in four main categories, namely:

1. Single-Transmission Bilateral

2. Single-Transmission Multilateral

3. Multi-Transmission

4. Routing Patterns

Sections 3.1, 3.2, 3.3 and 3.4 describe respectively the enumerated categories
together with the patterns they are comprised of.
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3.1 Single-Transmission Bilateral

This category consists of the most basic patterns and covers one-way and
round-trip bilateral interactions. The following are the patterns that belong to
this category.

Send A party sends a message to another party.

Receive A party receives a message from another party.

Send-Receive A party sends a message to another and waits for another mes-
sage to be sent back. Similarly, a Receive-Send involves receiving a mes-
sage and sending another afterwards.

3.2 Single-Transmission Multilateral

This group deals again with single-Transmission interactions but between
multiple parties (that is, not bilateral). The interactions may occur in different
interaction threads which are dedicated to the different parties. The following
are the patterns belonging to this category:

Racing Incoming Messages A party expects to receive a message amongst
a set of incoming ones. These incoming messages may be structurally
different and of diverse types. Processing of the message depends on its
type and on the party it comes from.

One-to-Many Send A party sends messages to many others where each mes-
sage is of the same type but the contents can be different.

One-from-Many Receive A party receives a number of related messages
from different parties. The messages should be received in a timely manner
such that they can be correlated as a single logical request.

One-to-Many Send-Receive A party sends messages to several others and
expects a reply. The replies may not arrive in a timely manner or not at
all.

3.3 Multi-Transmission

This group of messages deals with multiple transmissions which are sent
from one single logical entity (that is, there is one single thread dealing with all
the other parties). The following are the patterns belonging to this category:

Multi-Responses A party sends a message to another from which it receives
a number of responses. The number of responses received may depend on
the contents of the responses or on some temporal condition.

Contingent Requests A party sends a request to another. If it does not
receive a response in a timely manner, it sends again the request to another
party and so forth.
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3.4 Routing Patterns

This group of patterns deals with routed interactions. For example, the
requester may not necessarily be the receiver of the response. The following are
the patterns which pertain to this category:

Request with Referral A party sends a request and instructs the target party
to send the responses to some others. The choice of the ”extra” parties
involved depends on some conditions.

Relayed Request A party sends a request to another which acts as a delegate
and passes over the request to other parties. These parties continue the
interaction with the actual originator of the request and thus the delegate
party acts as an ”observer” for the remaining interaction process.

These patterns have been formalized using Petri-Nets and π-Calculus in
[Decker and Phulmann, 2006]. In both cases, some of the patterns where quite
complex to represent or to write. We will also attempt to express these patterns
using dynamic logic and point out the necessary extensions required in order to
simplify such formal descriptions.
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4 Dynamic Logic

Dynamic Logic is an extension of Modal Logic [Blackburn et al., 2002].
Modal logic features two modal operators ¤ and ♦. The operations ¤p asserts
that p is necessarily the case whereas ♦p denotes that p is possibly the case.
This association is extended in dynamic logic by associating to every action a the
modal operators [a] and <a>. The statement [a]p implies that after performing
action a, it is necessarily the case that p holds. Similarly, <a>p implies that
after performing action a, it is possible that p holds (or that a might bring about
p). In a similar way as for the relationship between universal and existential
quantifiers, these operators are related by [a]p ≡ ¬<a>¬p and <a>p ≡ ¬[a]¬p.

Dynamic logic allows to build more complex actions using operators. Given
two actions a and b, the following combinations are possible:

Choice Written as a∪ b or a + b or a|b. This notation denotes that either a or
b is performed.

Sequence Written as a; b. Implies that a is first performed, followed by b.

Iteration Written as a∗. Implies that a is performed 0 or more times in a
sequence.

Block Written as 0 or BLOCK. This action does nothing and does not termi-
nate.

Skip Written as the constant action 1, SKIP or NOP . It is also defined as 0∗

and does nothing but terminates.

The theory behind this type of logic defines further axioms (and derivations
thereof) [Harel et al., 2000]:

1. [0]p defines the empty promise that when 0 (or BLOCK) terminates p
will hold even if the latter is the proposition false.

2. [1]p ≡ p defines that [1] (or NOP or SKIP ) transforms p into itself acting
as the identify function on propositions.

3. [a ∪ b]p ≡ [a]p ∧ [b]p defines that if either a or b must bring about p, then
a must bring about p and also b must bring about p.

4. [a; b]p ≡ [a][b]p defines that if p is brought about after performing a and b
in sequence, then a must bring about the situation in which b must bring
about p.

5. [a∗]p ≡ p∧ [a][a∗]p results after applying 2, 3 and 4 to the Kleene Algebra
a∗ = 1 ∪ a; a∗.

6. p ∧ [a∗](p −→ [a]p) −→ [a∗]p asserts that if p holds now, and no matter
how often we perform a it remains the case that the truth of p after that
performance entails its truth after one more performance of a, then p must
remain true no matter how often we perform a.
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Dynamic Logic has not yet been applied in the Web services scenario. In
the next sections, we shall setup a set of requirements and propose extensions
(where necessary) to model such requirements with this logic. Nevertheless, this
logic already provides a basis for expressing dynamics in a logical way and we
thus envision it will be suitable for semantic web applications.
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5 Requirements

This section discusses the requirements needed from a language in order
to enable web service compatibility checking (Section 5.1) and expressing the
service interaction patterns in a clear and easy way (Section 5.2).

5.1 Compatibility Checking Requirements

The problem described in Section 2 depicts a set of requirements on the
underlying formalism in order to enable (at least partially) solve such a problem.
What follows is a description of these requirements.

As discussed, the approach used in [Mar, 2003] is that of using Workflow-
Nets. This formalism itself extends Petri-nets such as it defines two distinct
places α and ω denoting the start and end state respectively. This denotes
our first requirement on the language, in that it must clearly specify the start
and end states of the process. This ensures that the process can be tested for
example for termination.

The same work extends Workflow-Nets to distinguish between places. More
specifically, two other types of places are introduced which are used for inputs
and outputs. Such an approach ensures that the external communication is
made explicit which is an important feature to determine whether two processes
can communicate. It is important to note that a place-holder for a parameter
is not enough; the direction of the parameter must be specified (distinguishing
an input from an output and vice-versa).

Additionally, the types of the inputs and outputs are also made explicit.
Given that a process matches the inputs and outputs, this does not imply that
their types do. Since we will be dealing with semantic descriptions, the inputs
and outputs are ontological concepts. If a parameter cannot be subsumed by
another, then data mediation should take place.

Finally, the ordering of the interactions is very important. Checking for
compatibility involves also determining which message is received before what.
As a consequence, the process description must be stateful.

5.2 Service Interaction Patterns Requirements

This section discusses the requirements and desired features required from a
formal language in order to express them in an easy and (where possible) direct
way. We shall go through each of the categories of patterns in order as described
below.
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5.2.1 Single-Transmission Bilateral

Send Requires an explicit action indicating the sending of a message.

Receive Requires an explicit action indicating the receiving of a message.

Send-Receive Requires an explicit action indicating first the sending then the
receiving of a message. As described, this is a sequential combination of the Send
and Receive patterns. Furthermore, a Receive-Send variant is also possible to
construct.

5.2.2 Single-Transmission Multilateral

Racing Incoming Messages Requires to express a condition which will deter-
mine which message has to be processed.

One-to-Many Send Since the messages being sent all have the same type, with
respect to compatibility checking, it is irrelevant whether one or many messages
are sent or whether they are sent to different parties. This is determined in the
grounding of the semantic description rather than in the latter itself. Therefore,
the requirement is the same as for the Send pattern.

One-from-Many Receive Requires to express the receiving of a message and
also a timeout condition. Consequently, this would also require signalling a fault
if the timeout expires. The correlation of the messages and the identification of
the parties from which they are received is left up to the process mediation and
data grounding.

One-to-Many Send-Receive Requires to express the sending and receiving
of messages. Furthermore, it requires to express a timout condition on the
incoming messages.

5.2.3 Multi-Transmission

Multi-Responses Requires to express the sending of a single message and wait-
ing to receive multiple messages. Furthermore, it requires to express a timeout
condition and conditions related to the message-contents which determine when
to stop receiving the messages.

Contingent Requests Requires to express faults in such a way that if an in-
teraction fails with a party, then another interaction with a different party is
attempted. Consequently, it also requires to express the sending and receiving
of messages.

Atomic Multicast Notification Requires the support of transactions by send-
ing notifications when a particular one is complete.
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5.2.4 Routing Patterns

Request with Referral Requires to express the sending of a request. However,
the recipients of the follow-up responses are determined by the grounding and
not expressed within the semantic description itself.

Relayed Request Similarly, this pattern only requires to express the sending
and receiving of the messages. The parties to which the request is relayed is
determined by the grounding.

Dynamic Routing Again, the routing mechanism is expressed in the ground-
ing. Thus, this pattern requires only to express normal interactions such as
sending and receiving.

Note that this category of patterns is very low level in contrast to semantic
web service descriptions. However, each pattern in this category still requires
to express sending, receiving, timeouts and faults.

5.3 Summary

The following summary lists the requirements extracted from the above sec-
tions. They will be used as the basis for the features of a more expressive
choreography interface language.

Requirement 1 Explicit start and end states.

Requirement 2 Expressing the sending and receiving of messages.

Requirement 3 Expressing the types of the messages that are exchanged.

Requirement 4 Ordering of interactions (also called flow of control)

Requirement 5 Expressing conditions related to the message contents.

Requirement 6 Expressing timeout conditions.

Requirement 7 Detection and handling of faults.

Requirement 8 Transaction support.

These requirements shall serve the basis onto which the formal language is
built.
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6 Extending Dynamic Logic

In this section we shall discuss in more detail the proposed extensions or
usage of Dynamic Logic in order to meet the requirements identified in Section
5. This section will be refined with future versions of this document.
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7 Related Work

As stated, one interesting piece of work related to this context is that in
[Mar, 2003]. The notions of syntactic and semantic compatibility are intro-
duced. Two business processes may be syntactically compatible but this does
not imply that they are semantically compatible. Workflow Nets 1 [van der
Aalst, 1998] are used as the underlying formalism for compatibility analysis
and which abstract away the technical details of the underlying language used
(in this case BPEL4WS). Within the workflow net, a transition represents a
so called active element (such as an activity) and a place represents a passive
element (such as a message channel). It is particularly interesting to notice the
use of workflow modules in this approach. In principle, there is a distinction
between three types of places: Input, Output and Internal. Two types of flow
relations are defined: internal flow (involving only internal places) and commu-
nication flow (involving input and output places). Furthermore, there cannot be
a transition which is connected to both an input and and output place. Figure
7.1 shows a variation of one of the examples found at [Mar, 2003]. The scenario
involves both client and provider modules which are both syntactically and se-
mantically compatible. Notice that for choreography interfaces, it would be
sufficient to describe only the transitions involving the input and output places
(that is, the communication flow). This is however different for orchestration,
whereby both the internal and external communication flows must be specified.

The approach taken here is that of generating a complete workflow by merg-
ing both the client and provider modules. The result of this merging (or compo-
sition) would lead to a module with an empty interface, that is, the generated
module will have no input and output places. However, other properties must
be proven before such a step can be obtained. These properties are syntactical
compatibility and usability. By definition [Mar, 2003], two workflow modules A
and B are syntactically compatible, iff the internal processes of both modules
are disjoint (i.e., they are not merged), and each common place is an output
place of one module and an input place of the other. Notice that there might
places which are not common amongst the modules2. Furthermore, if M and
U are two syntactically compatible modules, then U is called the environment
of M , iff each output place of U is an input place of M and vice-versa. As
regards usability, an environment U utilizes the module M iff the composed
system Π = M ⊕ U is weakly sound. Weak Soundness is defined as follows:

1. Given a workflow net, for each reachable marking starting at [α], the final
marking [ω] is reachable, and,

2. for each reachable marking m such that m ≥ [ω], holds m = [ω].

Finally, the module M is called usable, iff there exists one environment U ,
such that U utilizes M . For two syntactically compatible modules A and B,
they are also semantically compatible iff the composed system A⊕B is usable.

1A workflow net is a Petri Net that has two distinguished places α and ω which denote
the beginning and ending of a workflow respectively

2These are sometimes called dangling places
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Figure 7.1: An example of two compatible workflow modules

8 Future Work

Our future work will consist of the following steps. We will first go into more
detail in the requirements identified in Section 5. In particular we will further
elaborate on control flow and transaction requirements. In case of the former, we
will identify which control flow constructs are especially useful in choreography
interface descriptions by also considering the work done in workflow patterns
[van der Aalst et al., 2003]. In case of transactions, we shall give a better look at
the work related to WS-Transactions [Cabrera et al., 2005] in order to come up
with a set of requirements to (at least) support simple transactions. Rollback
of transactions will also be considered. Once a complete set of requirements is
achieved, we shall start defining extension for the logic chosen. Examples as
well as formal definitions will be given.
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9 Conclusion

This document presented a set of requirements for choreography interface
languages based on two aspects, namely, from that of compatibility checking
and service interaction patterns. We envision to use such requirements as the
basis for developing a more expressive and easy to use language for describing
choreography interfaces. We shall look also at some other related work done in
this context but using Computational Tree Logic and Concurrent Transaction
Logic.
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