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Executive Summary

This document contains the specification of the Visual Service Composition Language (VSCL) which
is a graphical composition language. The intended use of the language is for defining service
compositions containing heterogeneous (Web, Grip, P2P etc.) services. The language will be
supported by the SODIUM Visual Editor.

The pilot requirement specifications (deliverable D5) and especially the requirement specification for
the SODIUM platform (deliverable D3) have served as input to this specification. In addition, state-of-
the-art analysis and literature search have been done for the three service domains (web, grid and
P2P services) in order to determine the contents of VSCL.

The VSCL for a composite service is input to the SODIUM transformation engine. This engine
translates VSCL to USQL for service discovery and querying for existing services in registries. The
engine will also translate VSCL to USCL when existing services are identified. USCL is the lexical
counterpart of VSCL which can belis executed by the SODIUM execution engine.

Compositions are modelled as processes, whose structure defines the data and control flow
dependencies between the service invocations. The language also includes a simple model of the
interface of the component services, which — in case of Web services — can be automatically
abstracted from a WSDL document.
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1. Introduction

As the number of available web services is steadily increasing, there is a growing interest for reusing
basic web services in new, composite web services. There is a need for methods and techniques for
federating basic web services into composite web services in a more adaptable manner than
traditional programming. A service composition consists of a set of services and their descriptions and
rules and requirements for their interaction with respect to data and control flow, quality of service,
infout parameters correspondence and mapping. Service Compositions may be defined in a lexical or
graphical notation. Graphical is often easier for humans, while machines prefer textual. The textual
descriptions may be used as scripts for process execution engines.

There are several proposed languages that can be used to model or specify different aspects of web
service compositions. These are some of the most promising approaches:

UML 2.0 activity diagrams. A graphical language which can be used to model control flow and
data flow. No specialized support for service composition. Can be used quite freely and
models may in general be produced with unclear semantics and the user may define models
which are imprecise, such as with missing types for a data object. It has been shown that
UML activity diagrams can be used to model web service compositions [1, 2], but it requires
some guidelines and UML extensions to be used appropriately.

UML 2.0 sequence diagrams [1, 2]. A graphical language which can be used to model control
flow and data flow. It is unlikely that these alone can be used to fully model the aspects
needed in a service composition. This is mainly due to the limited possibilities of parallel
control flow and the focus of message view, where we in our service composition will focus
more on a service view.

UML 2.0 communication diagrams [1, 2]. A graphical language that focus on roles and how
they interact. A link is established between the interacting roles, and all the messages they
exchange are attached to that link. The messages are numbered in order to see the
sequence of interaction which also gives an implicit time sequence. We claim that this
diagram is not suitable for defining complex compositions since only sequential message flow
is possible to describe (e.g. no parallel split or choice, no loops). The focus of this diagram is
different from our service composition focus.

WS-BPEL / BPEL4WS [3] . An XML notation that is the leading specification for executable
web service compositions. It has been criticized for the lack of semantics [4] associated with
the constructions, that there are unnecessary many syntactic ways to achieve the same
semantic constructions (REF: SODIUM D6-USCL).

BPMN [5]. A graphical notation that has been shown to be at least as good as UML 2.0
activity diagrams for modeling control flow patterns [6]. It has some appealing graphical
notations that make it intuitive to understand. It is unsuited to be used for defining service
composition in the current version due to lack of precise data object and data flow modeling.

BPDM [7]. A graphical notation which is a profile of UML 2.0 component and activity
diagrams. It is an interesting candidate which it remains to investigate fully. Although BPDM
has been defined as a UML 2.0 profile, they also promote a specialized notation that goes
beyond UML. It remains to investigate if there are existing tools for the specialized notation.

UML for EDOC [8]. A graphical UML 1.5 notation. It is a profile that targets service-oriented
modeling. It needs to be upgraded to UML 2.0 level.

UML for EAI [9]. To be investigated.

JOpera Visual Composition Language JVCL [10]. A graphical notation delivered by the
SODIUM partner, ETH. It is suitable for doing service composition modeling. A limitation is
that it is tied to one execution platform.
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o OWL-S [11] and WSMO [12]. These are the two leading semantic web languages. Both are
textual, OWL-S uses UML, and WSMO using a logical language. They are introduced to
cover the description of semantics of Web services. In addition they also describe (at least
OWL-S) the composition itself and thus has a great overlap with BPEL4WS.

e GSFL [13]. An XML notation for defining Grid service compositions. To be investigated.

There are some limitations with the existing proposals that we want to address with the introduction of
yet another composition language — The Visual Service Composition Language (VSCL). First of all,
many of the proposals use low-level textual notations in XML to represent the composition. A higher
level graphical language has the promise to improve the development and maintenance of service
compositions. There is not yet any de-facto standard, although BPEL4WS is close to becoming one.
BPEL4WS is also likely to be modified and updated radically in the near future. Thus we need a
composition language that is independent of a chosen execution language and that can be
transformed into several languages depending on the user preference. This will make the language
more stable for the users, and still adaptable to the ever-changing execution environments. Another
limitation of the existing proposals is that they focus on a single service type, typically Web, Grid or
P2P services. There is a need for a language which can be applied to any service type as well as
combinations such as a composition combining several service types. The graphical languages
mentioned above are more general purpose and they lack a specialized apparatus suitable for
modeling executable service compositions. The goal is that VSCL can become a leading graphical
service composition language with defined transformations from and to the most promising textual
notations for service-oriented architectures such as BPEL4WS, WSCL, OWL-S, WSMO, SODIUM
USQL and SODIUM USCL.

The goal is to implement the VSCL language in a new tool, but it is uncertain how far we get in the
SODIUM project. So until we have such a solution in place, we have decided to use UML 2.0 as a tool
where we can model service compositions with similar semantics as those described by VSCL. This
means that we will define how to use UML for this purpose and which new UML extensions we
propose to use for missing VSCL support constructions. While this pragmatic strategy means that the
work on defining the SODIUM pilot specifications can be started immediately, it also means that the
proposed optimal solutions of VSCL requires the development of a new tool. All the major limitations
of UML will be noted down and possibly be reported back to the Object Management Group as
suggestions for UML profiles and/or future improved UML versions.

This report is structured as follows; Section 2 presents some background information on model-driven
development, service-oriented architecture what we mean by service composition modeling; Section 3
presents the requirements to VSCL; Section 4 presents typical use case scenarios of the VSCL
language; Section 5 presents the key elements of VSCL and its draft technical solutions; Section 6
summarizes the VSCL language with the overall conceptual metamodel; and Section 7 covers the
conclusions and future work

FP6-004559 p.10 of 56
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2. Background

2.1 Model driven development
Model-Driven Development (MDA) is defined by OMG. [14] gives the following overview of MDA:

The Model-Driven Architecture starts with the well-known and long established idea of separating the
specification of the operation of a system from the details of the way that system uses the capabilities
of its platform.

MDA provides an approach for, and enables tools to be provided for:
e specifying a system independently of the platform that supports it
e specifying platforms,
e choosing a particular platform for the system, and
e transforming the system specification into one for a particular platform.

The three primary goals of MDA are portability, interoperability and reusability through architectural
separation of concerns.

The different kinds of models are the computation independent model (CIM), the Platform
Independent Model (PIM), the Platform Specific Model (PSM), and the Platform Model. Model
transformation is the process of converting one model to another model of the same system.

2.2 Service Oriented Architecture

According to W3C [15], a Service Oriented Architecture (SOA) specifies a set of components whose
interfaces can be described, published, discovered and invoked over a network. SOA vies to promote
software development in a way that leverages the construction of dynamic systems which can easily
adapt to volatile environments and be maintained. The decoupling of system constituent parts
enables the re-configuration of system components according to the end-user's needs and the
system’s environment. Furthermore, the use of widely accepted standards and protocols that are
based on XML and operate above internet standards (HTTP, SMTP, etc) enhances interoperability
[16].

Any service-oriented environment is expected to support several basic activities [TP 2002]:
e Service creation
e Service description
e Service publishing to Intranet or Internet repositories for potential users to locate
e Service discovery by potential users
e Service invocation, binding

A service is unpublished when it is no longer available or needed, or in case it has to be updated to
satisfy new requirements.
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Figure 1 Service oriented architecture

In a Service Oriented Architecture (SOA), there are three main groups of participants/roles which are
depicted in Figure 1:

e the Service Providers, a service owner that offers services to Service Consumers by
publishing them with a Service Broker. The Service Provider offers two interfaces: one for
reading service descriptions and one for service binding;

e the Service Consumers, a service client that needs to discover which available services may
perform a certain task, select one or more services, connect to the Service Provider and
execute the service(s);

e the Service Brokers, is mediating between Service Providers and Service Consumers, and
offers the possibility for Service Providers to publicize their available services, and offer the
possibility for Service Consumers to discover available services and gives them binding
information. The Service Broker offers two interfaces: one for service discovery and one for
service registration

Which interfaces are used by which components are depicted by the interface — socket relationship.
For Web Services, the instantiated SOA called Web Service Architecture will consist of:

e UDDI as service broker offering to publish and discovery possibilities.

e WSDL for service descriptions

¢ XML for messaging between the client and the service.

2.3 Services

The three different types of services addressed in SODIUM are: Web Services, Grid Services and
Peer-to-Peer Services. These are presented in more detail in deliverable D4: “Generic Service Model
Specification”.

2.4 Service composition

This section describes different composition abstraction levels and defines service composition
modelling within this context. Figure 2 shows different abstract levels for modelling, describing and
executing compositions. The most abstract level is the business process modelling where the high
level processes involved are modelled without details about concrete services or data flow. The
business process model contains processes that can be decomposed as compositions themselves
and where some processes may be manual and others automatic. The service composition is the
detailing of processes that can be automated and where the service tasks are detailed with respect to
data flow and where each individual task can be performed by a single service. The process
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execution is handled by an execution engine that takes care of control flow, data flow and data
transformations. Service description describes the service composition as a whole. The service
implementation is the realisation of the service composition behaviour on a concrete platform with one
or more concrete protocol bindings.

Business Process Modelling

Service composition

Process execution

Service description

Service implementation

Figure 2 Composition abstraction levels

Figure 3 shows more details about the service composition layer which is the focus of the VSCL
specification. We distinguish between the abstract composition and the concrete composition. In the
abstract composition no choices about concrete services are taken. But the tasks are precisely
defined with the requested inputs and outputs, with a possible future extension to VSCL being the
possibly to specify effects of each desired task. The inputs and outputs may use semantic descriptors
such as references to well-known ontologies. Furthermore there may be QoS requirements defined. It
must be possible to automatically generate a USQL document for querying existing service registries
about concrete candidate services. These candidate services can then be used to define a concrete
composition with one chosen or a set of alternative services for each task in the abstract composition.
The concrete composition must be expressive enough so that complete USCL documents can be
generated. The USCL document can then be sent to an execution engine such as SODIUM Execution
Engine for process execution. An extended BPEL document [3] could also be generated as an
alternative to USCL. It is expected that extensions of BPEL are needed in order to meet the
requirements of SODIUM such as invocation of other services than web services (P2P, Grid,...). It is
outside the scope of SODIUM to implement a BPEL execution engine that handles the SODIUM-
specific extensions.
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Figure 3 Abstract versus concrete service composition
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3. VSCL requirements and design criteria

This first section of this chapter gives an overview of requirements for the Visual Composition
Language for heterogeneous service composition. The requirements are divided in two groups: the
first group consisting of the requirements that shall be supported by the language, and the other
group consisting of requirements that may be supported by the language.

The second of this chapter gives an overview of success criteria for the Visual Service Composition
Language.
3.1 Requirements

This chapter gives an overview of the identified requirements and input from related work. Each of the
requirements that will be included in/supported by VSCL is marked. In addition there is a comment
which states why/why not the requirements will be supported.

The SODIUM ambition is to define a visual composition language that shall at least support:

e composition of heterogeneous services (web, grid and P2P services) and hide platform
distinctive characteristics;

e modelling of abstract compositions where the actual services are not yet chosen;
¢ modelling of concrete compositions where the actual services are chosen;
¢ the needs of the pilot applications (SODIUM deliverables D3 and D5);

e Dbasic control flow (Sequence, Parallel split/and-split, Synchronization/and-join, Exclusive
choice/or-split, Simple merge/or-join);

e data flow and definition of data transformations;
e be expressive enough to be transformed into executable specifications in USCL,;
¢ definition of the information needed to generate queries according to the USQL language

o definition of composition interface (service operation) and generation of web service
description for it;

o definition of Quality of Service (QoS) requirements (a selected set of QoS attributes) for the
individual services;

e semantic annotation of service operation, input/output parameters for the individual abstract
tasks;

e discriminator pattern for the selected service to perform a specific task;
e generation of service queries' that are used for dynamic service discovery at execution time.
The visual composition language may also support:

e the possibility of defining Quality of Service (QoS) requirements for the composition as a
whole;

e the possibility of adding Quality of Service (QoS) offered values to the selected services in a
concrete service description;

e semantic definitions integrated in the composition such that inputs and outputs can be
precisely defined, and that the USQL descriptions can be fully generated, and that information
equivalent to OWL-S can be captured.

e control flow loops and for each;

' USQL statement included in the generated USCL document.
FP6-004559 p.15 of 56
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conversation pattern[17]

The visual composition language will not cover:

service interface modeling and service dependency modeling
sequencing of operations in the service interface model (e.g. Login() before Order() );
modeling of fault and compensation-handling;

modeling security requirements for given services, like e.g. message encryption strategy and
permissions;

various kinds of patterns:
o Advanced branching and synchronization patterns (sources [18-20] )
o Structural patterns (sources [18-20],( [21]))
o Patterns involving Multiple Instances (sources [18-20] )
o Cancellation patterns (sources [18-20] )
o Inter-workflow synchronisation (source [18])
o State-based patterns (sources [18-20],([21]))
o Temporal relations (sources [18] ).

At the moment, the ambition level might seem high. If or when the “may also support” requirements
will be considered frequently during the rest of the project.

3.2 Success criteria

We have made some choices for the VSCL language which is based upon the goal to satisfy a
number of success criteria listed here:

Expressiveness. The language shall be expressive enough to meet the requirements listed in
the previous section.

Ease-of-use. VSCL models shall be easy to understand for experienced modelers. This
means that it shall be easy to define the service compositions, easy to understand the
compositions, it should be intuitive to interpret the semantics of the notations.

Executable. It must be possible to define a model with enough details so that a complete
executable document (USCL, BPEL++) may be generated from it.

Independence of executable language. The VSCL language shall be independent of a
particular execution language. The motivation is that we do not want to be tied to one
language, especially when there are many competing execution language proposals.

Task modeling support. It must be possible to specify tasks for which there are not yet
defined or discovered concrete services that can solve the task. The task description
capabilities must be precise enough to capture semantics and QoS descriptions covered by
the USQL language and optionally those covered by OWL-S and WSMO. It must also be able
to connect tasks with concrete services such that one can regularly search for competing
services solving the same task.

Information hiding and views. In order to not overload the user with information it must be
possible to present the VSCL models with different views depending on the working mode and
current concern area.
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4. Service composition scenarios

This chapter presents some user scenarios that exemplify how a Service composer (hereafter called
user) goes about creating composed services. The Visual Editor is used for service composition. The
user also gets access to the USQL Engine front-end for service discovery. The ServiceValidator is
responsible for inspecting and quality assurance of the created compositions.

The person actor and roles are presented in Figure 4.

ud VSCL Editor Actors /

- ~

, ~
Serv i;,e’Com positionDe\VQIoper

N
/, N\
ya AN
e \\
e
& N0
ServiceComposer ServiceValidator

Figure 4 Person actor and roles

A number of aspects are covered by a service composition language. The service composition is a
specification that consists of one or more services with a defined relationship. The relationship states
which services communicate, how they communicates (order/flow of control — a number of
possibilities) and what they communicate (flow of data/messages). This is defined as a graph with
nodes and edges. In addition to the who, how and what, the composition covers the transformation of
service output to service input, requirements on the communication (QoS and security) and what
happens in case of failure. To further complicate it all, not all services in the composition are decided
at specification time, but some might be selected at execution time!

A number of services may also be services that are not published in a global service registry like e.g.
a UDDI-registry. These services may also be included in a composition.

The new service composition may be stored in a Repository (like the SODIUM Repository) and may
be reused in other compositions.

Example: Creating a Service Composition
Service composition of pre-known services (see Figure 5, activity 2.1.2.2)

In the example scenario, the user has knowledge about which services he/she wants to include in a
specific service composition, e.g. previous used services or services regulated by an already
established agreement with a service provider. All the services in the composition are selected at
specification time.

Service composition of not pre-known services ( Figure 5, activity 2.1.2.1)

In the example scenario, the user has little or no knowledge about which services he/she wants to
include in a specific service composition. He/she has little knowledge about available services, but
has good knowledge of which tasks that might be performed by a service, e.g. previous used services
or services regulated by an already established agreement with a service provider. The services in
the composition are selected at specification time after service discovery by use of the SODIUM
USQL Engine.
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\b Get known service
«Tool step» ] «Tool step»
22 lEntergSenvlice 2.1.2.2 - Enter Service
Query Data URL
Query Data
[N
Configure Service:
Parameters can be of
2.1.2.3 - Service different types:
discovery 1. Static - like a user
name/pwd
2. Variable - result from
\l/ other Web Service

3. Variable - input paramter|

List of service from application

candidates

Other types of configuration
will also take place here.

f o Tool step»

«Tool step» \ Service binding «

2.1.2.4 - Select candidaty 2.1.2.5 - Configure
service

Service
Composition
Element

Service Black
List

«Tool step»
2.1.2.6 - Include element
in composition

Composition

Data =

®
Figure 5 Composition scenario example

A third possibility (not included in Figure 5), is that the user does not select all the services at
specification time, but that only an abstract specification of the service is defined. In this case, some
of the services in the composition are selected at specification time after service discovery by use of
the SODIUM USQL Engine, the rest is selected at execution time based on the abstract service
specification.
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5. The VSCL behavioural modelling

This chapter presents the concepts included in the SODIUM Visual Composition Language for
behavioural modelling, and discussion and modelling examples of the different concepts in VSCL.
Behavioural modelling concerns the modelling of what is to be done, by whom in which order. The
purpose is to present what the VSCL contains in order to cover the requirements presented in chapter
3 to support a user creating heterogeneous service compositions. The models do not contain all
details.

The concepts in the metamodel will be implemented and offered by the Visual Editor. How the
metamodel will be implemented is presented in SODIUM project deliverable D9.

The VSCL metamodel is modelled in UML 2.0 [22-24]. The constraints are either described in natural
language or using Object Constraint Language (OCL) [25, 26].

Please note that the model examples presented in this chapter serves as input to the Visual Editor
specified in D9 and to be implemented in D12, which is one possible implementation of VSCL
metamodel that will be based on UML2.

self.nodes->includes(self.initial )} TransformationNode

«Invariant»
{self.nodes->includes(self.final) AND
+edges| Edges::Flow

!

/
Composition EventNode
- \+nodes
0.1 s
Node

+subComposition 2.x

name: string

sinitial - description: string [0..1] Q\ ObjectNote

InitialNode
+finalx \A
1..|  FinalNode ControlNode 0..1 TaskNode
_|> executionOrder: OrderType
discriminator: boolean = false
JoinNode SplitNode

Figure 6 Composition (metamodel)

A service Composition consists of Nodes and Flows/edges. The Nodes are TaskNodes,
ControlNodes, ObjectNodes, EventNodes or TransformationNodes, whereas the different kinds of
Flow? are used to specify flow of control and data between nodes..

% Note that “Edges::” in the model refers to the UML package where Flow is defined.
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5.1 Graph nodes

5.1.1 Tasks and concrete services

A composition consists of tasks that are to be performed in a specific order. The ordering is defined
by the use of Flows and ControlNodes. A Task may be simple or composite. If composite, there exists
a sub-composition for the Task. This gives a hierarchical composition similar to SubActivity in UML2.

Usually the composition developer model works in a top-down manner, meaning that the developer
starts out by modelling a set of tasks (TaskNode) without deciding which service operations to
actually execute them. The user then defines a task with a certain name, input and output parameters
the ingoing and outgoing flows, and possibly also giving QoS requirements and associating various
parts of the task definition to ontology concepts. This may be considered as being the abstract part of
a Task. The user has of course the possibility of working “bottom up”. This is done when the
developer has decided which service operation(s) to use in the composition. The composition will then
still contain a Task with the selected service(s) that shall execute the Task.

So, if we go back to the top-down approach where the developer now has defined an abstract Task,
the abstract task is used as input to a query engine used for discovery of suitable service candidates.
When/if a service query is executed, the result populates the list of candidateServiceOperations.

A heterogeneous composition may consist of tasks executed by different kinds of services. The types
defined here are: P2P, Web or Grid services. One or more services may be selected to
realize/execute a specific task. When more than one service operation(s) are selected, the developer
may state how the execution is to be done. There are three different possibilities. Either the services
may be executed in parallel, sequential or in a random order, where the last two are (associated with
a response time limit. The services in the selectedServiceOperations list are considered “equal’ with
respect to the service they provide, but other aspects like e.g. QoS characteristics may vary between
them.

. «Codelist»
Composition < TaskNode OrderType
0.1 +subC O.i:1 executionOrder: OrderType
subt.omposition discriminator: boolean = false - sequential: int =1
- random: int=2
’ - parallel: int=0
0.1 0..1

+selectedServiceOperations
o+ +candida\teServiceOperations

ServiceOperation

name: String
provider: String

IR

WebServiceOperation GridServiceOperation P2PServiceOperation

Figure 7 Relationship between tasks and services (metamodel)

For each task we precisely define its inputs and outputs by linking them to semantically defined
ontology concepts and QoS requirements for each of the tasks. The information in the task model is
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then used to search for existing services, see Figure 8. The discovered candidate services are then
used to realize the different tasks of the task model and we ideally end up with a fully defined
concrete service model with one (or possibly more) identified service for each task.

Each task is
realized by one or
more existing
services satisfying

Tasks to be

solved w/ QoS the QoS and
1 semantics
and Semantics .
requirements

—

——
Task Model | ) \ | ) oncrete Service

Model

Search

Figure 8 From task model to concrete service model

Figure 9 shows an extract of a task model. The input and output parameters of each task are defined
and linked to an ontology concept. The tasks may additionally register preconditions and desired
effects, but this possibility will not yet be included in VSCL. This is done to narrow the search to return
only the most relevant services. There could also be registered QoS requirements that apply to the
service composition as a whole, but this is outside the scope of SODIUM even though it is more likely
that the user cares about the overall QoS than the individual QoS offerings for each task. It requires
more computation by the search engine as it needs to consider how individual QoS offerings influence
the composition as a whole.

ad Activity Diagram
QoS

requirements
for the whole <<Q°_S Activitylnitial
compostion Requirements>>

L
«Task»
Input %r}u‘_ocaﬁon )
parameter

semantically
defined

«Task»
W .
Output Get Wind
parameter .
semantically
defined

Figure 9 Task modelling

Optional:
We may also specify
preconditions and effect of the
tasks

Each task can be realized by many existing services (Figure 10). If lucky, we find services that are
perfect matches, meaning that the input and output parameters of the service are identical to the ones
specified for the task. If they are not identical, transformations are defined between them. Note that
when preconditions and effects are not included in the search, a manual inspection is needed to
make sure that the service delivers what the service requester needs. The following example
supporting this claim:
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Let’s say we have two services that both take a power plant name as input and deliver a coordinate
location as output. The first service delivers the location of the plant itself, while the other service
delivers the nearest airport location. Even though their defined input and output are syntactically
identical, they do not deliver the same service.

In many cases we may find published services that are quite close to the requested ones. In such
cases, simple data transformations may be enough to solve the difference; in other cases it may be
wise to introduce new intermediate tasks. The metamodel supports treating services with only data
transformations needed as candidates for realizing a task. An example is shown in Figure 10. Each
concrete service shall have a descriptor of the service type (indicated by stereotype) and complete
reference to an operation that can be fully executed. The service may optionally have semantic
references for the data types used and QoS offered described depending on what kind of information
we can retrieve for the service.

—taskinput

| I
/ «Task» \

Get Plant Location

""""" <<Transformation>>|ﬁ

«WebService»
E-blanaGetPlantLocation

""""" <<transformation>>

O

/

-

1
L [taskOutput

Figure 10 Concrete service with data transformations on input and output

The composition modelling and the searching for realizing services is an iterative process. This is
further described in SODIUM Methodology, deliverable D19. The composition model needs to be
adjusted according to the found services. There is also a need to repeat the searching for services
regularly to ensure that the best services are found and used. Since the tasks are the basis for the
searching, we need to keep the tasks in our model even if there are identified concrete services for
the tasks. This will make the entire composition graph structure very complex which requires different
views of the model. A task view is needed so that the composition modeller can focus on the tasks
only. A concrete service view is needed to show the (possibly) executable composition with all the
chosen services. If there are no found services for a task, then the task itself and an indication of
missing services should be shown.

There may also be a large number of candidate services for each task which requires a scalable
solution. Figure 11 shows a sketch of how this may be achieved. The modeller may click on a task in
the task view requesting to see its corresponding candidate services. Each candidate service may be
presented in a separate browser showing the status of each service. Those that have a status as
chosen may also be given with more details as shown at the right part of the figure. This browsing
functionality will require proper communication between the visual editor and the Unified Service
Query Engine so that the list of candidate services is up-to-date.
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Candidate services
[ad Activity Diagram / Service name | Provider Status sy o
i GetWind e-blana Chosen  |— ( M — '
\a GetWind Locus Chosen ] t
GetWeather ETH Candidate
GetWind IONIC Candidate
GetWindEstimate | FishyCompany | Banned
Get"d GetWind Foolish Co. Banned
GetWeather Unreliable.com Banned

Figure 11 Scalability with a large number of candidate services

It is important that the modeller does not get mixed up with a task and the corresponding concrete
services. In UML, e.g. stereotypes may be used to distinguish them (Task, WebService, P2PService
and GridService). Another important requirement of the visual editor is flexibility. Therefore we must
not be too restrictive for the modelling of tasks and concrete services. In some cases the modeller
may know before searching one ore more of the services to use in the composition. In such cases it
must be possible for the user to register the concrete service directly. The user may then choose to let
the visual editor automatically define a corresponding task for the concrete service, or the user may
choose to specify that this concrete service shall not be associated with a task. In the latter case no
searches will be done for competing services, since only tasks are used as a basis to search for
services. When the user defines a concrete service without a corresponding task, this should be
explicitly registered and possibly viewed in the model by some kind of text or symbol showing that the
service is fixed. Such fixed concrete services should probably appear in the task view model so that
this model appears complete without missing “holes” for which it would be tempting to introduce new
tasks.

5.1.1.1 Web Services

To represent a web service operation, activities are stereotyped WebService. A web service activity
has a set of tagged values. The provider of the web service is defined by the tagged value provider.
The URL to the WSDL file is registered in the tagged value wsdl. The exact service operation to
invoke is given by the three tagged values service, portType and operation.

-

~

«WebServiceOperation»
getRate

{wsdl = http://www.xmethods.net/sd/2001/CurrencyExchangeService.wsdl,
service =CurrencyExchangeService,

porttype = CurrencyExchangePortType,

operation = getRate,

provider=ETHz

}
- /

Figure 12 Web Service Operation

5.1.1.2 P2P

To represent a p2p service operation, activities are stereotyped P2PServiceOperation, Figure 13.
The five tagged values type, PSDL, Operation, service and Pipe are sufficient to identify the p2p
service operation to call.
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~

«P2PSeniceOperation»
shareExamResults

{type ="JXTA",

PSDL = http:\\www.DoctorsSpecialistsConnected.com/Pathology/PathologyDoctorsShareDiagnosis.psdl,
Operation = shareExamResults,

Service =PathologyDoctorsShareDiagnosis,

Pipe = urn:jxta:uuid-
9CCCDF5AD8154D3D87A391210404E59BE4B888209A2241A4A162A10916074A9504

\J )

Figure 13 P2P Service Operation

5.1.1.3 Grid

To represent a grid service operation, activities are stereotyped GridServiceOperation Figure 14.The
six tagged values gwsdl, servicelLocation, service, operation, portType and resourcelnstance are
sufficient to identify the grid service operation to call. GWSDL is an extension to WSDL defined as
part of the Open Grid Services Infrastructure (OGSI). It is believed that GWSDL will be replaced by
WSDL 2.0. GWSDL as well as OGSI are deprecated.

4 «GridServiceOperation» N
Subtract
{gwsdl = http://n.ethz.ch.student/heinist/MathService/Math.gwsdl,
serviceLocation = http://ikplab11.inf.ethz.ch:8080/ogsa/services/MathService,
service =MathService,
operation = subtract,
porttype = MathPortType,
resourcelnstance=somelnstance
Y
o %

Figure 14 Grid Service Operation

5.1.2 Composite tasks

In some cases it is convenient to detail a specific task node into a sub composition (analogous to
subactivity in UML 2.0.

Composition +subComposition e
< - executionOrder: OrderType
0.1 0.1 - discriminator: boolean = false

Figure 15 SubTasks (metamodel)

In this case the task will have a Composition associated with it through the subComposition
aggregation. This aggregation relationship is shown in Figure 15.

5.1.3 Control nodes

Control nodes are composition nodes that represent specific crossings for control flow.
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Node

name: string
description: string [0..1]

InitialNode

FinalNode ControlNode TaskNode

FlowFinalNode

executionOrder: OrderType
discriminator: boolean = false

L
oy

R

JoinNode SplitNode
MergeNode XORJoinNode ForkNode XORNode

Figure 16 Control nodes (metamodel)
A number of control nodes are defined:
e InitialNode — which is the start node of a composition;

e FinalNode — a composition may have one or more end nodes; FlowFinalNode may be used
for indicating the end of a specific flow (this will not be supported as due to lack of
requirements)..

o SplitNode — which is either an exclusive OR (XOR) or a Fork node;
e JoinNode— which is either a Merge or a Join node.
Examples on use of the latter two are given in section 5.2.2.

5.1.4 Object nodes

An ObjectNode has one or more associated DataObjects, see Figure 17. The list of data objects is
ordered. These data objects are used for data transfer between the tasks. A data object has a specific
ObjectType (optional). Future extensions will consider different kinds of data objects such as
transient, persistent within a composition, and persistent outside a composition.

Node

name: string <17

description: string [0..1]

ObjectNode +objects DataObject
1..* {ordered}

Zﬁ +instance | 0..*
+hasType | 0..1

Parameter

ObjectType

name: String
type: Type

Figure 17 ObjectNode (metamodel)
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A specialization of ObjectNode is Parameter which is presented in section 5.2.1.

5.1.5 Event nodes

EventNodes are nodes that take no input, but that overrides the current flow by giving control to a
specific TaskNode based on specific criteria. For CancelEvents, this is e.g. the user giving a cancel
execution signal to a specific task, whereas the TimeEvents occur at a specific point in time and may
be used to start of a given task or composition at a given time, see Figure 18.

TimeEvent

Node /
EventNode

name: string
description: string [0..1] <} Q\ CancelEvent

Figure 18 Events (metamodel)

See section also 5.2.3.

Events are on the “may be supported” list so whether or not it will actually be implemented will be
decided is the autumn of 2005 and will in that case be further explored in the next version of D9.

5.1.6 Transformation node

Transformation nodes are used for defining data transformations as expressions in QVT [27]. The
transformation node is used for one-to-many, many-to-one and many-to-many data transformations.

Parameter Node
. St +parameter Pin +transformation Nodes overview::
- hame: sting N <> TransformationNode
- type: Type 1 0..1 1> 0..1
0.* | | 0..1 0..1
+inputParameters +outputParameters
OutputPin InputPin
+transformation | 1
+/output \0”1 +/input/ 0.* Transformation
- transformation: expression
0.1 0..1
TaskNode
> N
P
0..1

Figure 19 Transformation node (metamodel)
For one-to-one transformations another strategy is chosen. See section 5.7.

5.2 Flow in the service composition

A Flow indicates a directed flow of either flow of control (ControlFlow or EventFlow) or flow of data
objects (ObjectFlow). A Flow has one source node and one target node. Further details may be
found in the subsequent sections.
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+source  +incoming

Nodes overview::Node
1 1 Flow ObjectFlow
name: string ) <
description: string [0..1] | Ttarget  +outgoing

1 1 e

ControlFlow

name: string [0..1]
guard: string [0..1]

Figure 20 Flows (metamodel)

5.2.1 Object flow

As previously mentioned, the ObjectFlow represents the flow of data objects between a source node
and a target node, these nodes being either two ObjectNodes, or an ObjectNode and a
TransformationNode. The invariant is presented in Figure 21.

Parameter
- +parameter .
- name: String P Pin
- type: Type 1 0..1
0| 0.1
+inputParameters +outputParameters
OutputPin InputPin
+/output \0..1 +/input/ 0.*
0..1\ %1
TaskNode
5 10
—@
0.1

Figure 21 Object Flow constraint (metamodel)

Merges of output of several tasks to one input of a successor are done by defining a transformation,
see section 5.7

Examples of different alternatives are presented below.

Data objects are used to represent the data content that is created in the composition and that may
be passed along to different activities. Data objects may also represent the input and output
parameters of the whole composition. There is a typical case in which one action results in an output
object that is passed as input to the following action. In UML 1.5 one must model both the control flow
and the object flow as two separate flows as in Figure 22. This case can be greatly simplified within
UML 2.0.

object
T
\ I \ |
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Figure 22 Object and control flow in UML 1.5

The control and object flow can be combined as shown in Figure 23. In UML 2.0 there is no
difference between object and control flow. Both are modeled with an edge representing the flow.

Figure 23 Object flow with implicit control flow in UML 2.0

There is a pin-notation Figure 24 in UML 2.0 that further may simplify the case above.

b :Integer
a :lnteger

Figure 24 Pin notation for simplified object flow

Note that all the three figures above have equivalent semantics with different notation. One must be
careful with using data objects in the composition in order to enable unambiguous interpretation when
transformed into executable code. The main data object rules:

e A data object is produced once

e A data object is never updated. It will only be read by other services. An update must then be
handled by some service reading the data object and producing a new data object
representing the update.

e A data object may be read by many services.

Creation of
data object -

OK
g
ad DataObjects /
Second read
Activity1 —
obreet Multiple
ek reads are OK
i

Activity3

e Activity8

Figure 25 Updates of regular data objects are illegal

An exception to the main rule is allowed to handle list objects. The purpose of list objects is to ease
the production of list structures in a composition without having to introduce many additional services.
In order to avoid problems and ambiguity, the list object can only be used in a restricted manner. The
list object is an ordered sequence of items, in which the items may also be lists themselves, if
necessary. The list object may also handle collections of unordered items. In such a case, the
consumers of the list structure will just ignore the order. A list object is created once by some service
with a specialized create object flow, and the list will then be empty by convention. A list object may
then be updated by specialized add object flows one or many times. We have introduced further
restrictions because of the reading problem (Figure 26). Activity7 in the diagram wants to read the list
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data object. But when can we pass the list data object to the requesting activity? Objects that are
never updated can be passed along to all requesters once it is produced, but list objects may be
updated any time.

24 DataObjocts / J A ty
new, emp
( Activity4 ) list is created
| by activity 4
«create»\
-~ «Liso The list object
ctivity5 Object2 —

«add»
/r \ A new data object
«add is inserted at the

ObjectNode? 1 _end of the list

Activity6

- The list object is
retrieved by
activity 7

Figure 26 List objects: The reading problem

The restriction that solves the reading problem is to allow updates to a list object only inside a sub
composition, and reading of the list object only outside the sub composition such as shown in Figure

Before sub

composition
e Sub Composition b

Activitylnithq|
Update list1
«create» item1 Update list2
catidy item2 ®
FlowFinal
4/~ «add» SO

\ «List» /

theList

After sub
composition

Figure 27 List objects: Updates inside sub composition, reading outside sub composition
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5.2.2 Control flow

As previously mentioned, the ControlFlow represents the flow of control between TaskNodes directly
or indirectly through ControlNodes (split or merge nodes).

«Invariant» B
{(self.target->oclIsKindOf(ControlNode) OR self.target->oclIsKindOf(T askNode) )
AND
ControlFlow (self.source->oclIsKindOf(ControlNode) OR self.source->oclIsKindOf(TaskNode) )

name: string [0..1]  p------- AND

guard: string [0..1] (NOT self.source->oclIsTypeOf(FinalNode) )
AND
(NOT self.target->oclIsTypeOf(InitiaINode) )
/* TBD: Add more details on allowed combinations of source and target*/}

Figure 28 ControlFlow constraint (metamodel)

The rest of this section presents examples on how different kinds of control flow are modelled.
Sequence

) .

Figure 29 Sequence (metamodel)

Figure 29 depicts flow of control (not data ) between the two actions A and B. The arrow indicates the
direction of the flow. This means that B executes its task when A has executed its task and passed on
the control to B.

Exclusive OR

A decision node (diamond shape) is used to express that one of more possible paths/flows of control
may be chosen among several choices, also known as a Choice.

Excluding guards are defined for each branch and the flow of control follows the path with a guard is
frue, also known as an XOR-split. Only one guard is true at the time. In Figure 30, the control from A
will flow to either B or C, depending on the guard conditions specified on each branch following the
decisionNode. It is good practice (www.modelingstyle.info/activityDiagram.html) to make the choices
both exclusive and form a complete-set such that one and only one branch are followed after the
decisionNode.

Figure 30 Exclusive OR (Choice, XOR-Split)
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Merge

A merge is used to combine two or more flows into one flow. Its named merge since it will wait for the
first token from its incoming flows and then continue to the outgoing flow. In Figure 31 the Merge will
wait for a token from either action C or from action B, before the flow is continued with passing a
token to the FlowFinal.

B

FlowFinal

Figure 31 Merge (Or-Join)

Fork

A Fork is used to branch the flow from one incoming to many outgoing, concurrent flows. This is also
called a And-split/Parallel split/Fork.

4 B ™\
A - /
4 c N\
_ J

Figure 32 Fork (and split)

In Figure 32, the flow from A is split into two concurrent flows, which immediately will pass a token to
the activities B and C.

Merge

A Merge is used to combine two or more flows into one flow, also known as Synchronization since the
merge will wait for all incoming flows, before it passes a token to the outgoing flow. Also known as
And-Join.

B

c FlowFinal

Figure 33 Merge
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In Figure 33, the merge will wait for tokens from both action B and action C, before it passes a single
token to the FlowFinal.

5.2.3 Event flow
EventFlow represents the flow of control from an EventNode to a TaskNode.

EventFlow «Invariant»
--------- {self.source->oclIsKindOf(EventNode) AND
self.target->oclIsTypeOf(TaskNode)}

Figure 34 EventFlow constraint (metamodel)

Based on the platform user requirements (See SODIUM deliverables D3 and D5), the following two
kinds of events might be interesting: CancelEvent and TimeEvent. In addition, a business process
event (interrupt) was identified in D5- Part I, which occurs when the hospital personnel/doctor needs
video clips from the accident location. Events are on the “may be supported” list so whether or not it
will actually be implemented will be decided is the autumn of 2005 and will in that case be further
explored in the next version of D9.

24/7 resource coverage calculations .
Abort

alculation
request

AbortCalculations j

Calculate resource

: coverages

; ; ®
Recalculate : J End

15
Figure 35 Time event and interrupt (example)

minutes TMCi:nformation

The two events in Figure 35 are Recalculate which occurs every 15 minutes (time glass shape) and
the Abort calculation request. Please note that this might as well also be implemented as part of the
user application.

5.3 Loop

This section presents the different kinds of loops that might be supported by the Visual Editor and
VSCL2USCL translator. This further elaborated on and decided later on in the project. The next two
subsections describe two kinds of loop-mechanisms defined in UML 2.0 that are used as input to this.

5.3.1 Loop Node

In UML 2.0 LoopNodes [22] have direct support for iterations as repeat-until, for-each etc. Currently
example figures and notation information for the LoopNode is missing in the UML 2.0-draft. It is not
stated what exact graphical notation to use other than that a LoopNode is a special kind of Activity. A
LoopNode consists of setup, test and body sections. The setup section is executed once on entry to
the loop, while the test and body sections are executed repeatedly for each loop. It has a boolean
variable isTestedFirst that separates do-while/repeat-until from while-do. The three sections (setup,
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test and body) all contain a set of nodes and edges. Until the notation and tool support for LoopNodes
have been released this report suggests the notations below.

«LoopNode»
CheckPositions  «precondition» x>=10
«postcondition» x<10

Figure 36 Loop example: Loop node (stereotyped UML subactivity)

Note: Loop nodes are on the “may be supported” list. Whether or not it will actually be implemented
will be decided is the autumn of 2005 and will in that case be further explored in the next version of
D9.

5.3.2 For each

The following example is based on a corresponding example in the requirements specification for the
Crisis pilot D5 Part I.
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start
<<Transformation>> GetRelevantResources
oldResourcePositions=oldPositions.resourcePositions
oldPositions :Collection<ResourcePosition>

dResourcePositions :Collection<ResourcePosition>

PositionResources \
«Global»
currentElem :
ResourcePosition startltgration
E‘:heckResourcePositioa
Global to one iteration
within the action
[dateOK?] [outdated?]
«Pre-defined» GetNewPositi
GetCurrentElem ctewFosition
new Position :Position
EdeateResourcePositioa
Global
¢ ? updatedResourcePosition:
currentElem : ResourcePosition
ResourcePosition -
«add» «add»

updatedPositions :Collection<ResourcePosition>

«datastore»
Coverage Calculate
dataset coverages

NB! This object must be persistent outside of this
composition since it isinput to a new execution.

end

Figure 37 Loop example: For each (UML expansion region)

The data objects used in this model are presented in the figure below.

Note! Expansion region is on the “may be supported” list. Whether or not it will actually be
implemented support for it will be decided is the autumn of 2005 and will in that case be further
explored in the next version of D9.
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Collection<T> +t «Template»
T
<
0.* 0.~
Position
ResourcePosition .
: *position | . foat
resourc.e.ld: String . ‘70 ] 01" Y: float
lastVerified: DateAndTime - -z float

coordinateReferenceSystem: string

Figure 38 Loop- For each example (data model)

5.4 Discriminator

When working with services there is a great risk that a service is not responding. The server may
have trouble, there may be too many simultaneous requests or the internet connection may be lost.
Furthermore there may be a choice based on differences with respect to performance, quality of
service and pricing. Due to this fact it is wise to have alternative services in the workflow model that
perform the same task and we have a workflow model that is adaptable.

«MultiServiceCalls»
Get Nearest Airport

«WebService» «WebService»
IONIC e-blana

Figure 39 Alternatives as sub-actions

In this solution the task is modeled as an action of its own with a specified input data object and
specified output data object. The rest of the workflow only relates to this information. The action is
stereotyped as <<MultiServiceCalls>> to indicate that its task may be fulfilled by a set of alternative
services. The alternative services are placed inside the MultiServiceCalls element as sub-actions
Figure 39. The sub-actions may need data mappings to handle conversions between the input and
output of the <<MultiServiceProviders>> element and the input and output of each sub-action. This is
all modeled inside the <<MultiServiceCalls>> element. The sub-actions use the name of the provider
as the name, since they all share the same logical name of the <<MultiServiceCalls>> element.

«Codelist»
TaskNode OrderType
executionOrder: OrderType - sequential: int=1
discriminator: boolean = false - random: int=2
parallel: int=0

+selectedServiceOperations
+candidateServiceOperations
0.* 0.* |

ServiceOperatiorJ

name: String
provider: String

Figure 40 Discriminator (metamodel)
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Figure 40 shows a relevant abstract from the metamodel which relates to the proposed language
concepts for solving the discriminator pattern. A TaskNode may have a set of selected services that
may execute the task. In addition it has two attributes: executionOrder and discriminator. The first is
used for specifying in which order to execute the selected services (parallel, sequential or random).
The order choice for sequential is handled by the visual editor. The discriminator is used to specify
whether the execution should proceed to the next task when just one token is received (discriminator
= true) or if all tokens should be received before proceeding (discriminator = false).

5.5 Conversations

The Conversations pattern is a communication form where there is interaction between a service
requestor and a service provider where several messages are being sent back and forth. This is
opposed to a single service call where the service requester simply invokes a service providers
service operation once and continues the flow towards other services. A conversation model is
needed for scenarios which involves negotiation processes between requester and provider.

-—
- -
L — -:\-:r-rrl.l-lrll.l'.J.-;H'll,,_

:
| o e e A
T-lbi-lr'.lii:-lq

Figure 41 Service composition and conversation (taken from [28])

Figure 41 shows how Petrone [28] presents the relationship between service composition and
conversation. A service composition involves the control flow between different tasks to be
accomplished. Each of these tasks is realized by calls to a service. It may be a single call, but it may
also be a conversation.

5.5.1 Example

A customer wants to buy some kind of goods. In order to get the best deal, the customer wants to
request multiple suppliers for their offerings. By comparing the price offers, delivery method, product
quality etc. the customer finally chooses to buy the goods from a chosen supplier.

The main actors in this scenario can be viewed as components: Customer, CompositeService,
SuplierRegistry and Suppliers. The main component is the CompositeService which handles all the
communication with the other actors. It can be viewed as a broker service that acts on behalf of the
Customer by searching the SupplierRegistry for appropriate Suppliers, gathers price offers from the
invidual suppliers and notifies the suppliers of acceptance or rejection of the offer.

The example has been modelled without following any specific standard notation, but has combined
notations from UML 2.0 Components diagram and Activity diagram (Figure 41). The notation is not
part of the VSCL language yet, but illustrates the needs that will be addressed with a specific solution
in VSCL later. Here is a chronological list of messages involved in the conversation:

e The Customer sends a Request For Proposal (RFP) to the CompositeService.

e The CompositeService sends a query to a supplier-registry (e.g. yellow pages) getting all
appropriate suppliers in return.

e The CompositeService sends the RFP to all suppliers.
e The suppliers send their proposals to the service, asynchronously using a callback interface.
e The list of all proposals is sent to the customer.
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¢ The customer decides which proposal to accept, and sends this information to the service.

e The service notifies all suppliers if their proposal was accepted (a) or not (b).

e The customer is given the details of the supplier behind the winning proposal.

«Component»
Customer

\

Initial RFP

/

ProposalList

J

Proposal Choice

Winner Details

1. Receive
Initial RFP

«Component»
:CompositeService

2. Get
SupplierList

3. Send RFPs

4. Recive Proposals

5. Send
Proposal
List

6. Receive
Propsal
Choice

7.a Send

Accept

o SupplierList RFP RFP Proposal Proposal Rejection Accept
Category
\«IComponeZ «Component»
Supplier 1
Supplier Registry
«Component»
Supplier n

Figure 42 Conversation example (business process model)

Figure 43 shows the components involved in the interaction with their required interfaces and how

they match with provided interfaces of other components.
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RFP Decision

Customer

o

élj C|)RFP Service

SupplierByCategory

Supplier Registry

CompositeService @
RFP @
4
Deliver Proposal
RFP
8\
. Q Q
Supplier 1

Delivgr Proposal
Supplier n EI

Figure 43 Conversation example (Component diagram)

5.6 Quality of Service (QoS)

Nodes overview::
Composition

+subComposition

+gosRequirements|0..1

QoS-

Requirements

o —

0..1

Node

Nodes overview::TaskNode

+candidateServiceOperations

«Invariant»

{/* One or no instance of each subtype */}[ﬁ

’
G
’

QoSCharacteristic

0 1+qosRequirements

QoSlInterestWeight]

weight: int

0..1
+qosRequiredCharacteristics 0.*
QoSDimension

+qosCharacteristics

+qoslnterestCharacteristics
1

0..1 1.*

+sele edServiceOperati{ns
0.*

+qosli+qosinterests /0..1

0.*

Nodes overview::
ServiceOperation

type: ServiceType
serviceBinding: string

QoSinterests

0..*

Figure 44 Quality Of Service

5.6.1 QoS Characteristics

The QoS concepts to be used needs to be precisely defined and used by all the parties involved. The
OMG profile uses QoS characteristics to define collections of QoS concepts with precise semantic
meaning. Each QoS characteristic contains a set of QoS dimensions with a name, its allowed value
domain, if higher or lower values are considered better and its relationship to other QoS

0..

1

+qosOfferedt)..1

QoSOffered
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characteristics. The direction of a characteristic is defined as either increasing or decreasing, where
increasing means that higher values are preferred. All the QoS concepts to be used elsewhere shall
be defined as a QoS characteristic either within the model itself or as in imported model. The
modelling of QoS characteristics should be placed in a separate package or a separate model in
order to simplify reuse.

|
QoS Characteristics

<<QoSCharacteristic>>
Price

<<QoSDimension>>monthlySubscription : real{direction=decreasing, unit=Euro}
<<QoSDimension>>perCall : real{unit=Euro, direction=decreasing}

<<QoSCharacteristic>>
ExecutionTime

<<QoSDimension>>worstCase : real{direction=decreasing, unit=seconds}

<<QoSCharacteristic>>
UserRating

<<QoSDimension>>rating : positivelnteger{unit=1..10, direction=increasing}

<<QoSCharacteristic>>
EncryptionLevel

<<QoSDimension>>level : enum {1,2,3,4}{direction=increasing}

Figure 45 Modelling QoS characteristics

Note that VSCL by adopting the OMG profile only provides a generic means to define QoS ontologies.
VSCL does not suggest any specific QoS dimensions as part of the language, but is capable of
defining any needed QoS dimension. Figure 44 shows an example of five QoS dimensions which then
serves as an example of how the VSCL language can be used to define a QoS ontology, and not as a
fixed set to be supported by the SODIUM platform. The USQL language has a fixed set of QoS
dimensions which should be modelled in VSCL when using the SODIUM framework. A price is either
given as monthly subscription or per call and the currency is Euro. Execution time is measured in
seconds and only with respect to worst case. A user rating specifies the user satisfaction on a scale
from 1 to 10 where higher values are preferred. The encryption level ranges from 1 to 4 where higher
values are preferred. These levels should be further detailed in order to be precisely defined.

5.6.2 QoS Requirements

After the QoS characteristics are defined, they can be used to model the QoS requirements. A QoS
requirement identifies restrictions on a service with respect to the value domain of specific QoS
characteristics. These requirements need to be fulfilled in order to achieve a successful binding to a
service. The requirements may apply to a single service within the composition or the service
composition as a whole. Note that the SODIUM platform does not suppport the handling of QoS
requirements concerning the composition as a whole, since USQL QoS requirements can only be
associated with single services. We also propose to extend the OMG profile with QoS interests, which
is the set of QoS characteristics that are desirable to be optimized. The QoS interests follow the same
principles as the other parts of the OMG profile such as the requirements modelling. It could be
chosen that all the QoS characteristics referred to by the requirements are implicitly part of the
Interest set. In many cases it may not be desirable since any characteristic that one tries to optimize
may worsen the optimization of other characteristics as optimization deals with trade-offs. We suggest
explicitty modelling all characteristics within the interests set. The result may then be that
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characteristics specified only in the requirements set and not in the interests set will not be optimized
any further beyond fulfilling the requirements upper and lower bounds. Furthermore we propose that
the different characteristics in the interests set are weighted to indicate the relative importance of the
interest. The SODIUM platform will not fully support this, since the USQL can only sort the result
based on a single QoS dimension.

Figure 46 shows the workflow of the gas dispersion case extended with QoS requirements. The QoS
requirements in the example (top left note) apply to the composition as a whole, since they are not
attached to any the individual services (This is just a notational convention). The requirements state
that the required price per invocation must be at most 50 Euros and the execution time must never
exceed 20 seconds. In addition we specify QoS interests (lower left note) indicating which QoS
characteristics we want optimized. Each of these interests has assigned a weight between 0 and 1,
where 1 indicates highest importance. The QoS characteristics used are already defined by a
separate UML package as shown in Figure 45.

AN

<<QoS-Requirements>>
{context Price:
perCall <= 50} ;
{context ExecutionTime: ( Seliilant LocatlorD
worstCase <= 20}

y
N ( Get Nearest AirporD

<<QoS-Interests>>
{context ExecutionTime: y
worstCase->weight = 0.8 } i
{context UserRating: Get Wind
rating->weight = 0.5 }
{context EncryptionLevel:
level->weight = 0.2 }

A A
( Calculate Gas Dispersion Plume) ( Create Background Map)

( Create Gas Dispersion Map)

Figure 46 Modelling QoS requirements

5.6.3 QoS Offered

The composition model can show the selected services for each task including the individual offered
QoS values of each service and the aggregated offered QoS for the composition as a whole. Figure
47 shows such a model for the gas dispersion case with imaginary offered QoS values. To simplify
the figure we have not shown these WSDL details, only the name of the provider of the service. In
UML we propose to specify the offered QoS values in a note attached to each task. The UML has
also an unattached offered QoS note that by our convention indicates that it applies to the
composition as a whole. The way of specifying the offered QoS value in the note follows the current
draft OMG profile for QoS, while attaching them to the tasks and the activity model as a whole is a
new way of applying the OMG profile. The current version of the OMG profile mentions only QoS
offered for software components, classes or interfaces. The offered QoS values indicate the promised
QoS for the individual services and the new Web service composition.
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AN AN
<<QoSOffered>> Aggregated <<QoSOffered>>
{context Price: QoS {context Price: perCall =0 }
perCall = 12} {context ExecutionTime:
{context ExecutionTime: worstCase = 0.2 }
worstCase = 16 } {context UserRating: rating = 6 }
{context UserRating: {context EncryptionLevel: level = 2 }
rating = 4.7 }
{context EncryptionLevel - AN
level = 1} Get P_Iant Location <<QoSOffered>>
{provider=e-blana} {context Price: perCall = 1}
{context ExecutionTime:
N F— worstCase = 1.8 }
4 : text UserRating: rating = 5
FCZQn?eS)(?gﬁE:%q» Get Nearest Airport %ggztgﬁt Er?(e::ypati:)nngLer\?ellr??evel }= 3}
perCall = 6.} {provider=e-blana} N
{context ExecutionTime: <<QoSOffered>>
worstCase=5} ~ | | {context Price: perCall = 0 }
{C?QE%XQt l;Jsée{Ratlng. i {context ExecutionTime:
- . Get Wind worstCase =5}
{chJnte)I(t_E:cryptlonLevel {provider=CapeScienceD {context UserRating: rating = 2 }
evel =4} {context EncryptionLevel: level = 1}

Calculate Gas Dispersion Plume Create Background Map
{provider=IONIC} {provider=IONIC}

n

AN I
<<QoSOffered>>

{context Price: Create Gas Dispersion Map <<QoSOffe_reg>> _
perCall =0} {provider=IONIC} {context Price: perCall = 5}
{context ExecutionTime: {context ExecutionTime:

= : worstCase = 8 }
Akl S S— i é) {context UserRating: rating = 6 }

{cc;gzﬁ’]xé L=JsSe{Rat|ng: {context EncryptionLevel: level = 4 }

{context EncryptionLevel
level =1}

Figure 47 Composition model with actual QoS values

5.7 Transformation

When doing service composition, we are trying to assemble already existing services with fixed inputs
and outputs. The output of one service does typically not exactly match the input of the next service.
Therefore we need data transformations.

Node

Nodes overview:: 0.1 +transformation

TransformationNode [@ ] - transformation: expression

Transformation

Figure 48 Data transformation (metamodel)

TransformationNodes are used for both simple one-to-one transformations and For more complex
transformations (1:N, N:1 and N:M), see Figure 48. Whether the TransformationNode should be
associated with the flows or pins will be elaborated further.

5.7.1 Discussion

There are different kinds of transformations. On one axis we may sort the transformations as
belonging to exactly one of these categories:
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e one-to-one,

e one-to-many,

e many-to-many, or
e many-to-one.

The cardinality refers to the number of data objects involved as source or target in the transformation.
In a many-to-one transformation, the information from many source data objects is used to produce
the content of a single target data object.

On another orthogonal axis we may sort the transformations as belonging to one or more of these
categories:

e simple copying,

e renaming,

e assigning fixed values

e calculations and semantic mappings

Simple copying involves copying complete parts (not parts of a string, but part x1 of object x) of a
source data object into parts of a target data object. Renaming means to use the same data object,
but with a different name. Fixed values are hard-coded values to be inserted into parts of the target
data object. Calculations and semantic mappings may involve conversions such as converting real
values representing the speed, from km/h to m/s, translating a string value from lower case to upper
case letters, adding together all the integer values contained in three different source data objects etc.

The left part of Figure 49 shows an example of an extract of a UML activity diagram that is about to
be defined where a data transformation is needed compose two web services. The first web service,
Get Ambulance Position, returns the position of an ambulance. After a call to the first web service, we
want to call the next web service, Display Position On Map, which takes a position as input. At the
logical level this seems rather easy as one would simply pass the output from the first web service on
to the next web service. This is also how it typically works when all services are made from scratch
within the same enterprise. But with existing services, outputs and inputs generally don’t match. The
middle part of Figure 49 shows the data types of the data objects shown in a UML class diagram.
The right part of the figure shows a concrete example with actual data object instances represented
as XML objects. Some kind of data transformation is obviously needed as these two data objects are
different in shape although the content is the same. Only the bottom XML shape is accepted as input
by the second web service.

FP6-004559 p.42 of 56



SODIUM 0307F01_SODIUM-VSCL.doc

ad Activity Diagram — -
ad Activity Dlagram/ «| <GMLCollection>
«WebService» &
A GMLCollection |- point>
mbulance . .
Position <coordinates>34535, 22393</coordinates>
Y </point>
............... </GMLCollection>
ambulancePos : | .+
GMLCollection .4
, +point|1
’! H
€ GMLPoint
(E - coordinates: String
position : <Position>
Position 1«
<x>34535</x>
<y>22393</y>
" Position </Position>
«WebService» :
Display x: Integer
Position On - y: Integer
Map

Figure 49 Data transformation needed

In order to make the VSCL language executable (meaning that it can be transformed automatically
into something that can be executed), we need to represent this information inside the graphical
environment. We present some alternatives in Figure 50. The left part shows how UML 2.0 suggests
doing simple data transformations (alternative 1). Add a flow between the to-be-matched data objects.
Add a <<Transformation>> stereotyped note to this new flow. Use some kind of transformation
language inside this note. An alternative (alternative 2) is shown on the right part of the figure in which
an intermediate activity is added which is stereotyped <<Transformation>> and has also a note
attached defining the actual transformation. Théne et al. [29] have a third approach quite similar to the
right part where the transformation object is given a new symbol and where they propose to use XSLT
expressions registered within a tagged value. A final alternative (alternative 3) would be to simply
introduce a new service as an intermediate activity but without the transformation code. This would
then be a completely new service that the service composition modeller needs to ensure is
implemented.
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ad Activity Diagram /

«WebService»
Get

Ambulance
Position

ambulancePos :
GMLCollection

<<Transformation>>
Here goes the defined
transformation.

position :
Position

«WebService»
Display

Position On
Map

ad Activity Diagram /

«WebService»
Get

Ambulance
Position

«Transformation»
ConvertToPosition |~

Position

«WebService»
Display

Position On
Map

<<Transformation>>
Here goes the defined
transformation.

Figure 50 Alternatives for modelling data transformations

Advantages and disadvantages of the three main alternatives are described in the table below.

Table 1 Comparing data transformation alternatives

Alternative

Alternative 1 — transformation note
attached to data flow

Alternative 2- intermediate action
with transformation note

Alternative 3 — new service to be
implemented

Advantages

Simple layout

Proposed in UML 2.0

Handles all

the different

kinds of transformations

e A transformation may

be written in

any

chosen lanauaae with

Disadvantages

Does not handle many-to-
one transformations where
the target result depends
on input from more than
one source data object
Hard to debug and ensure
correctness of
transformation note

Clutters the diagram by
more flow and additional
activities (may be improved
slightly be using a separate
symbol as proposed by
Thone et al. [29]

Hard to debug and ensure
correctness of
transformation note

The composition cannot be
executed before the new
service is implemented
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Alternative Advantages Disadvantages
transformation
language tool support
e Handles all the
different kinds of
transformations

We finally need to discuss what kind of transformation language to use inside the transformation
stereotyped notes. XSLT or QVT [27] are probably the most promising choices. The advantage of
XSLT is that it is specifically designed to do XML-to-XML transformations, and it is most likely that the
data objects are defined as XML types by the service providers. With Web Services data objects are
always of XML type. The same applies to Grid Services, but what about P2P Services?. A
disadvantage at the model level is that the modeller needs to know details about XML in addition to
the UML model platform. QVT is specifically designed to do model-to-model transformations and will
be the natural choice if the actual data types also are modelled using UML. As many services will be
published only as XML types, we need to have a reverse-engineering tool that automatically imports
the XML types into UML types. Drawbacks with QVT are that the standard is not yet finalised, there
are no available tools and the success of QVT is uncertain. XSLT on the other hand, is an already
well-known and widely used standard. XQuery is a newer XML technology that can be an alternative
to XSLT with many of the same advantages and disadvantages. The main difference is that XQuery
has a non-XML notation that is inspired by the Structured Query Language (SQL). When using any of
the alternative transformation languages inside the UML model, it will be challenging to validate
concrete transformation definitions.

AN
B <<Transformation>>
A eSS — Assumes the existence of a thislibrary function:
<xsl:variable name="coord" select="/GMLCollection/point/coordinates'/> - indexOf [in String] : Integer {}
<Position> ) . : .
<> mapping ambulancePos2position [in GMLCollection] :
<xsl:value-of select=" substring-before($coord,",") "/> Position { ) )
<> var coord := self.point.coordinates;
<y> var commaPos := indexOf(coord);
<xsl:value-of select=" substring-after($coord,",') "/> x = coord := substring( 1, commaPos- 1); '
<ly> y := coord := substring( commaPos + 1, coord.size() );
</Position> !

Figure 51 XSLT vs. QVT

5.7.2 Suggested approach and major challenges

We suggest mixing all the three different alternatives depending on the problem at hand. We believe
that the most typical case are simple transformations only involving one-to-one transformations with
simple copying. Therefore we propose to use the alternative 1 (transformation notes attached to the
object flow) as the default transformation notation in SODIUM. Since it does not handle more complex
transformations we propose to use alternative 2 (intermediate transformation activities) in those
cases. For the most complex transformations it may also be most suited to define a completely new
service without the data transformation code defined inside the model. We recommend to use XSLT
as the transformation language in SODIUM since this requires less effort and is also supported by the
USCL language, and thus by the SODIUM platform.

In the future and outside of the SODIUM project, we plan to experiment with using QVT as the
transformation language. Hopefully some UML tools in the future will implement QVT language
support so that the transformation expressions may be validated. There are a few major challenges
that need to be investigated:

e How to validate that the QVT data transformations are valid
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¢ How to ensure that all the transformations work properly and that a correct, unique execution
result is finally implemented. How do we translate from XML types into UML and back again
from QVT expressions to XSLT when running this in practice? Can we be sure that it will
work? If we mix an XML attribute name with an XML element name things will not work.

5.8 Semantics

An ontology concept is called OntClass. The OntClass is a specialization of every type and the
OntClasses are grouped inside an Ontology package. The OntClass is equivalent to an owl:Class in
the OWL Web Ontology Language (OWL) [30]. This follows from the UML Ontology Profile (UOP)
defined by Djuric [31] who have defined a mapping between UML and OWL. We have not detailed
the OntClass any further than having a name which is unique within the Ontology package. The
Ontology package is identified by a URI. We do not intend to model the ontology concepts any further
than referring to concepts defined elsewhere. If there is a need to also see the details of an ontology
concept, then we propose to use the OWL to UML mapping defined by Dijuric. Although the complete
OWL to UML mapping is part of the VSCL language, we may choose to implement a subset of this in
VSCL editor. The subset should be large enough to support the needs of the SODIUM pilots.

DataObject ) ObjectType
+instance +hasType
0.* 0.1
Ontology OntClass
+concepts
>
0.*

Figure 52 Semantic information (metamodel)

The VSCL language shall support semantics in order to fully generate USQL documents with such
information. It may also be relevant to be able to reverse-engineer existing descriptions in the leading
semantic web specifications OWL-S and WSMO. The VSCL language will support USQL 100% and a
subset of OWL-S and WSMO. VSCL shall not be used to define new ontologies, but VSCL will be
used to define all the data types by references to existing ontology concepts. Four major semantic
properties may be associated with a service: input, output, preconditions and effects (IOPE). Logic
expressions may be used to express preconditions and effects, while input and output are typically
references to the proper ontology concepts. VSCL will support the input and output part, but
postpones the preconditions and effects. Every data object used as input and output within data
objects should be defined with a type represented by a class which is stereotyped as <<OntClass>>.
The <<OntClass>> is equivalent to an owl:Class. This follows from the UML Ontology Profile (UOP)
defined by Djuric [31] who have defined a mapping between UML and OWL. The ontology concept
will then be placed inside an <<Ontology>> stereotyped UML package showing which ontology the
ontology concept belongs to. An example is shown in the figure below. The CreateGasDispersionMap
activity has two input parameters and one output parameter. All these three parameters need to be
linked to ontology concepts. This is achieved by letting all the three parameter types be ontology
concepts themselves.
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«Ontology»
Industrial

«OntologyConcept»
Industrial::
Plantldentifier

«OntologyConcept»
Industrial::
EmissionRate

E + EmissionRate
E + Plantldentifier

(from Data Model)

CreateGasDispersionMap

plantID :Plantldentifier

imageMap :BitMap

emissionRate :EmissionRate

«Ontology»
Geographical

«OntologyConcept»

=y Geographical::
El - sitvap BitMap

(from Data Model)

Figure 53 Identifying ontology concepts for the inputs and outputs of a service

We have also manually reverse engineered the OWL-S CongoExpress example from
http://www.daml.org/services/owl-s/1.0/examples.html which shows another example of modelling
with semantic references Figure 53. There is one service which provides a single operation
expressCongoBuy (ExpressCongoBuylnput): ExpressCongoBuyOutput. Both the input and and
output data objects are defined as classes which themselves contain of attributes with attribute types
being ontology concepts.
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<<OWL-S precondition, output conditions>>
Exactly one of the two output parameters are used. The other is
ignored.

output = If <BookinStock> Then orderShipped
Else outOfStock

T
/
/
z

ExpressCongoBuyOutput «interface»
- - ExpressCongoBuy
orderShipped: OrderShippedOutput
outOfStock: BookOutOfStockOutput + expressCongoBuy() : ExpressCongoBuyOutput
«reaiize»
ExpressCongoBuylnput i
b.ookName: s.tring «BusinessService»
signininfo: SigninData ExpressCongoBuy
«Ontology» «Ontology»
Congo http://lwww.w 3.0rg/2001/XMLSchema
=] + BookOutOfStockOutput + string
E + OrderShippedOutput
E + SigninData

Figure 54 The OWL-S CongoExpress example modelled in UML

6. Static structure
This chapter presents the metamodel for static modelling in VSCL. This includes:
¢ the modelling of the web service interface for those service compositions to be
e a component diagram that presents the exposed and required interfaces of the different
services involved in the composition.
6.1 Web service interface for the composition

The resulting composition may itself be exposed as a service. SODIUM has decided that only
generation of Web Service descriptions will be supported by the prototype. For the new service its
operation needs to be defined with i.e. operation name, input and output parameters.

8 ]—C

«WebService» getMap
CreatePlumeDispersionMap

calculateDispersionPlume

—_

getWind

égeateDispersonMap

Figure 55 Service interface example
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Figure 55 shows a Web service with one provided interface and three required interfaces. The
interior of the Web Service is not exposed, but it could be a service composition. The possibility of
defining the interface of a composition will be elaborated further in deliverable D9 and will be further
investigated in deliverable D12 that both concern the SODIUM Visual Service composition Suite.

6.2 Component diagram presenting for the interface relationships of the composition
services

The model in Figure 56 shows an alternative view on the composition. This view focuses on which
services are selected for each of the required interfaces, but the composition flow of data and control

is not shown.
«WebService»
getMap i
/ MapProvider
«WebService» getMap
CreatePlumeDispersionMap E
C &) ) «GridService»

~ NS4 ~ . .

calculateDispersionPlume caculateDispersionPlume [CalculateDispersionPlume

getWFnd\C
geateDispersonMap getWind
«WebService»

O_ WeaterService

getWeather

Figure 56 Interface relationship example

This view is not going to be implemented in the SODIUM Visual Editor prototype, but is identified as a
useful, future extension to the tool. Other possible extensions may also be identified and investigated
further in the next project phase as part of deliverable D9.
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7. Conclusions and further work

This document has presented the concepts of the SODIUM Visual Composition Language (VSCL).
Most of the concepts will be supported by the SODIUM Visual Service Composition Suite (deliverable
D9) for heterogeneous service composition. The suite consists of three main parts: the Visual Editor
where the concepts of VSCL will be made available, the VSCL2USCL and VSCL2USQL translators,
and the Service Composition Analyzer.

The VSCL has a conceptual meta-model that is independent of UML and other existing graphical
modeling languages. The main concepts of the languages are the tasks and the flow of data and
control between tasks. A task consists of both an abstract part and a concrete part. It may be coarse-
grained which means that it can be detailed in a sub composition of tasks. The abstract part is service
independent and may be used as a starting point when querying for available and relevant
heterogeneous services. The concrete part of the task has information about which service(s) to
execute for the specific task. The strength of the task approach is that there is one composition graph,
and not two — one concrete and one abstract. After services have been selected, the abstract part
may still be used to check if new available and better suited services have emerged. To match task
output(s) to the input(s) of the successor task, the possibility for defining transformations have been
included.

VSCL also contains concepts for defining Quality of Service (QoS) requirements for the tasks® and
add Semantics to them by annotating various properties of each task (service category, and the task’
input and output parameters). These are used as criteria for service discovery, sorting and selection
and are very important mechanisms for improving the effectiveness and the precision of the service
discovery process supported by the Unified Service Query Engine prototype. This engine will support
both query for ontology concepts to be used for semantic annotation and query for heterogeneous
services in a unified way.

The heterogeneous service compositions will not be executed directly, but are first translated into the
lexical Unified Service Composition Language (USCL) and then executed by the SODIUM Execution
Engine.

The ideas of VSCL have been input to the specification of the SODIUM Visual Service Composition
Suite. The next step is to implement this suite and let it be validated and tested by the users. The
experiences gained during the implementation and the testing/validation will be valuable input to the
next version of VSCL and its supporting tools. The ideas and experiences will be documented and
published at various arenas and will also serve as input to ongoing standardization work.

® Note that tasks are independent of service type (p2p, grid or web service).
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9. Annex A — Requirements and patterns
Workflow patterns
The patterns listed in the subsequent table and requirements are further described in [18-21].

Basic control flow patterns
1 Sequence [18-21] X
2 Parallel split [18-20] X
3 Synchronization [18-20] X
4 Exclusive Choice [18-20] X
5  Simple Merge [18-20] X
Advanced branching and synchronization patterns
6 Multi-choice [18-20] X
7 Synchronizing merge [18-20] X
8 Multi-merge [18-20] X
9 Discriminator [18-20] X
10  N-out of M- Join [18]
Structural patterns
11 Arbitrary cycles [18-20]
12 Implicit termination [18-21]
Patterns involving Multiple Instances
13 Multiple Instances With a Priori Design Time Knowledge [18-20]
14 Multiple Instances With a Priori Runtime Knowledge [18-20]
15  Multiple Instances With No a Priori Runtime Knowledge [18]
Multiple Instances Without a Priori Runtime Knowledge [19, 20]
16 Multiple Instances Requiring Synchronization [18, 21]
Multiple Instances without synchronisation [19, 20]
Temporal relations
17 Interleaved sequence [18]
State-based Patterns
18 Deferred XOR-split [18]
Deferred Choice [19-21],
19 Interleaved parallel routing [18-20]
20 Milestone [18-20]
Cancellation patterns
21 Cancel activity [18-20]
22 Cancel case [18-20]
Inter-Workflow Synchronization
23 Messaging communication [18]
24 Messaging coordination [18]
25 Bulk message sending [18]
26 Bulk message receiving [18]

The following table is captured from [20].
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Table 1: Comparison of BPEL4WS, XLANG, WSFL, XPDL, and four worlflow proeducts.

E
= | «
| £
= z
= | £
on o 2
z | o AR
y : =] - - o =y -
- ﬁ |2l E|*| ¥ &
e I 7 =i I O = I
O I - B IO = -G =
Pattern 1 (Sequence) + |+l =] ==+ +1+
Pattern 2 (Parallel Split) U TR TR R I R B
Pattern 3 (Svnchronization) + |+ | ===+ +1+
Pattern 4 (Exclusive Choice) +l+l =l ==+ +14+
Pattern 5 (Simple Merge) |+l =] =l = +]+1|+
Pattern & (Multi-choice) + . sl =] - £ +
Pattern 7 (Synchronizing Merge) + | - =] - N I
Pattern 8 (Multi-merge) ) ) ) _ _ _ e
Pattern 9 (Discriminator) . . . - - - I
Pattern 10 (Arbitrary Cycles) . o
Pattern 11 (Implicit Termination) + | -l =] == +]=+
Pattern 12 (Multiple Instances Without
P + |+ + | - - -+ |+
Synchronization)
Pattern 13 (Multiple Instances With a J I U K I I I I
Priori Design Time Knowledge)
Pattern 14 (Multiple Instances With a +
Priori Runtime Enowledge)
Pattern 15 (Multiple Instances Without +
a Priort Runtime Knowledge)
Pattern 16 (Deferred Choice) + | + ) _ _ _ | e
Pattern 17 (Interleaved Parallel N I O R R
Routing)
Pattern 18 (Milestone) ) ) ) _ _ _ | e
Pattern 19 (Cancel Activity) + |+ =] - <= - N
i J LY
Pattern 20 (Cancel Case) N I I B I

Requirements from literature

A review of relevant research papers and reports are used to gather a list of identified requirements to
grid, P2P and web service composition. These requirements may be at different levels of detail and
relevant in different contexts. This list does not sort these requirements in any way or filter them so
that they necessarily are relevant for SODIUM. This filtering process is the next step in SODIUM. A
thorough reason should be given for why published requirements are not relevant for SODIUM.

For each discovered requirement we give these details:
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e Name. Short name or sentence of the requirement.
e Definition. Precise description of the requirement

e Relevance. If it is identified for grid, P2P or web services and if this is a requirement that the
authors state are beyond the requirements of any of the three paradigms. (For instance a
requirement may be identified as a grid requirement that goes beyond requirements in web
services as opposed to a grid requirement that is also relevant for web services)

e Implications. Does this have special impact on the architecture of the composition or the
execution environment?

e Literature. The list of research papers or reports that identify the requirement. It should be
clarified in this section if there are differences with respect to naming, definition or relevance to
grid, P2P or web services as stated by the authors.

Requirement : Large data amounts

Definition: The size of the data objects to be transferred from one service to another can be very
large.

Relevance: Grid. Goes beyond web services

Implications: This means that a central workflow engine should not be used for exchanging the data
as it can be a bottleneck for exchanging large amounts data. Instead only references to the data
should be used or they should be exchanged in a peer-to-peer manner between the services instead
of involving a central coordination point. [13] proposes to use asynchronous messages as
notificationSources and notificationSinks which eliminates the need to use the central coordination
point.

Literature: [13, 32, 33]

Requirement: Life cycle management

Definition: Creation and deletion of instances of services taking part in the workflow.
Relevance: Grid. Not yet for web services, but is an issue in WS-Resource Framework
Implications:

Literature: [13, 33]

Requirement: Fault tolerance

Definition: If a service is not executed within a specified time, then fault tolerance will execute. Implicit
fault tolerance guarantees a basic fault tolerance and explicit fault tolerance handles user-defined
fault management strategies.

Relevance: Grid.
Implications:
Literature: [34]

Requirement: Reliability of individual services and service compositions

Reliability of individual webservices: Traditional fault tolerance solutions are not effective. Two
strategies: to reduce MTTF (Mean Time To Fail) AND to reduce MTTR (Mean Time to Recover)

Reliability within a service composition. No standards (e.g. WSDL, SOAP, nor WSFL or XLANG) does
address reliability/failed transaction across multiple constituent services. (Q: When a service
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composition recovers, where does it start? From the beginning or where it crashed (as close to that
point in the execution as possible?)).

Definition: .

Relevance: Grid, p2p, web services.
Implications:.

Literature: [35]

Requirement: Workflow granularity

Definition: The ability to specify both an abstract and a concrete workflow. In the abstract workflow
there are no bindings to specific service implementations, which is the case for concrete workflows.

Relevance: Grid.

Implications: An abstract workflow uses logical names possibly connected to ontologies, while a
concrete workflow refers to specific network locations.

Literature: [36]

Requirement: QoS optimization criteria

Definition: The user should be able to specify the QoS optimization criteria such as minimizing
execution time and the use of expensive resources.

Relevance: Grid.
Implications:
Literature: [36]

Requirements: Parallel Loops

Definition: Parallel loops can handle the execution of a large number of independent tasks.
Relevance: Grid.

Implications:

Literature: [32]

Requirement: Discriminator control-flow pattern

Definition: A number of parallel activities are executed and the first one to return an answer is used,
the others are ignored.

Relevance: Grid and Web Services
Implications:
Literature: [2, 32]

Requirement: UDDI-enabled peer registries

Definition: Peer descriptors are published through an UDDI-enabled peer instead of publishing each
p2p service directly.

Relevance: P2P and Web Services

Implications:

Literature: [37]
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