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Abstract

In this thesis we describe a workflow system which is built on top of an
existing peer-to-peer architecture. The goal of this system is to implement
a framework which provides the basic infrastructure for flow-controlled
and distributed human workflow [1], supported with the service oriented
workflow language BPEL. The domain of the system primarily targets the
execution of formally defined business processes. In order to have parts
of the process distributed to different peers, a coordinator is responsible
for choosing them and assigning the work. The election of the peers is
performed using certain quality criteria which have to be provided by the
participants of the workflow system.

A main focus in the choice of the used infrastructure as well as in the
modeling of the communication structure was to comply with the increas-
ing diversity of network clients, which range from mobile devices to per-
sonal computers. The information exchange between connected peers has
to serve the requirements of both permanent network connectivity and lim-
ited availability. This is achieved by a ”loosely coupled” approach: The
clients gather information in connected state and maintain a local knowl-
edge database which provides necessary information if the peer is discon-
nected from the network.
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Zusammenfassung

In der hier vorgestellten Diplomarbeit wird ein auf eine vorhandene
Peer-to-Peer-Architektur aufbauendes Workflow-System beschrieben. Ziel
dieses Systems ist es, ein Framework zu implementieren, welches eine
Basis fiir ablaufgesteuerten "human workflow” liefert. Das Aufgabenge-
biet dieser Anwendungen erstreckt sich vorrangig auf das Abhandeln klar
definierter Geschéftsprozesse, welche in der Sprache BPEL beschrieben
sind. Dabei wird von einem Koordinator versucht, die Ausfithrung einzel-
ner Prozessteile zwischen verschiedenen Peers aufzuteilen. Die Auswahl
dieser erfolgt unter Zuhilfenahme von Qualitdtskriterien, welche von den
einzelnen Peers zur Verfiigung gestellt werden.

Ein Hauptaugenmerk bei der Wahl der verwendeten Infrastruktur und
bei der Modellierung der Kommunikationsstruktur war es, der immer
stirker werdenden Prdsenz mobiler Endgerdte ebenso Rechnung zu tra-
gen wie gewohnlichen PC’s. Dabei wurde versucht, beim Datenaus-
tausch zwischen den vernetzten Peers eine verniinftige Balance zwischen
limitierter Verbindungsverfiigbarkeit und permanenter Netzanbindung zu
finden. Der Ansatz "loosely coupled” wird dadurch erreicht, dass mit-
tels lokalen Wissensdatenbanken auf den Endgeraten auch im Offlinebe-
trieb der zuletzt aktuelle Status des Netzwerks verfiigbar ist und beim
Wiederverbinden die nétigen Daten synchronisiert werden.
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Chapter 1

Introduction

1.1 Organization of this thesis

Chapter 1 introduces an example which demonstrates a typical applica-
tion we aim to solve and gives a problem definition.

Chapter 2 provides a technological overview of peer-to-peer middle-
wares. We also present a suitable language for process definitions and a
slim XML database.

In Chapter 3 the detailed ideas of our approach are presented. First we
describe the software architecture and the main components. Later the con-
cepts of process management are discussed.

Chapter 4 shows which user interactions can be applied to the system.
The use cases demonstrate the actions the users of the workflow system
can take and the influence of the different roles the peers can play.

Chapter 5 focuses on some implementation details. First we give a de-
scription of the classes and the database storage. Then we describe the
message and document exchange between peers.

Chapter 6 validates the prerequisites against the results which have been
achieved.

In Chapter 7 we outline some future extensions and enhancements of the
current implementation in respect of practical issues.
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1.2 TIllustrative Example

In this section I will introduce a workflow example which is used to illus-
trate my work in several parts of this thesis. It shows what kind of problem
we address and which we want to solve in this approach. The example is
taken from the WSFL specification [2].

Traveler Agent Airline

Receive Order Receive Ticket

Plan Trip / l / B
l Select Legs ‘l
i / Besarve Seats

Submit Order wl'
Order Tickets
Charge Credit
Card
Receive i
Itinerary Receive o | Confirm Flights

Confirmation l
\ Generate lssue eTicket
Receive Itinerary

eTicket \ + /
\ Issue Itinerary /

Figure 1.1: Airline reservation

A traveler plans a trip by specifying the various stages of his overall jour-
ney. For each of the stages, the traveler specifies the location that he wants
to visit as well as the date when he wants to begin and the date when he
wants to end the particular stay. When the traveler is finished with this, he
sends this information as well as the information about the credit card to be
charged for the ordered tickets to the travel agent. Next, the traveler will
await the submission of the electronic tickets as well as the final itinerary
for the trip.

When the agent receives the traveler’s trip order, he will determine the
legs for each of the stages, which includes an initial seat reservation. To
actually make the corresponding ticket orders the agent submits these legs
together with the information about the credit card to be charged to the
airline company. Then, the agent waits for the confirmation of the flights,
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which especially includes the actual seats reserved for each of the partici-
pants. This information is completed into an itinerary, which is then sent
to the traveler.

When the airline receives the ticket order submitted by the agent, the
requested seats will be checked and if available assigned to the traveler.
After that, the credit card will be charged, and the updated leg information
is sent back to the agent as confirmation of the flights. After that, the airline
sends the electronic tickets to the traveler. Information about the recipient
of the tickets has been specified by the traveler when instantiating the trip
order process and this information is passed to the agent as well as to the
airline.



Chapter 1. Introduction 4

1.3 Problem Definition

If we take a look at the workflow problem introduced in the last section,
we can see, that several persons are required to carry out this type of flight
reservation. We have three participants in this business process which play
different roles: A customer who wants to book a flight, an agent who pro-
cesses the inquiry and an airline who does the effective booking and seat
reservation. These parties work autonomously and only exchange data be-
tween them on demand.

Using a peer-to-peer network as basis of the communication between the
participants, we face several problems, which have to be solved in order to
guarantee a decent execution of a business process. The following issues
have to be considered:

e Within a peer-to-peer network we have an undefined number of
peers which are potential partners in the execution of a business pro-
cess. Peers can join and leave the network at any time without giving
notice to other peers.

e A business process has to be described in a formal language which
can be interpreted by every peer. It is also necessary to provide this
description to the network, so that every peer which is interested in
this workflow has access to the details.

e For a peer to being able to participate in a workflow process, we need
to know about its capabilities. It includes a description of the tasks
the peer is able to execute in connection with some quality of service
attributes like cost or estimated execution time. This information has
to be provided to the other peers and serves as a basis for a qualitative
election process.

e Within the network we will allow to manage various distinct pro-
cesses. In order to separate them from each other, it has to be possible
to create a community where a specific process is treated and any
communication concerning it, takes place. Peers can join and leave
communities to shield themselves from unsolicited network traffic.

e To execute a workflow process, one peer may need to act as a coor-
dinator peer. It creates a new instance of the process and has to pro-
vide any initial data if applicable. It carries out the peer election for
the specific tasks and assigns the peers. Furthermore the coordinator
tracks the progress of the overall workflow at any stage and retrieves
the output data.
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e As all peers work autonomously, they will only be provided with the
minimum amount of information necessary. Hence, they have a local
view of the problem and don’t know about the global scope of the
workflow.

e We want to take into account the participation of mobile clients as
peers in terms of availability and network load. Such clients will not
be permanently connected to the network and will have limited band-
width compared with other peers.



Chapter 2

Used Technology

21

Peer to Peer

The first peer-to-peer (P2P) technologies emerged more than a decade ago
to facilitate communication and resource utilization within the enterprise.
Today, P2P describes the general model of using direct communication be-
tween all devices on the network. P2P brings connectivity to the edge of
the network, enabling any connected device on the network to communi-
cate and collaborate. With P2P, applications can be more collaborative and
communication-focused, and information can be more timely and accurate.

While P2P is not a specific architecture or technology, it does enable a
number of innovative applications, including:

Sharing files of all types
New forms of content distribution and delivery
Instant messaging and pervasive devices communicating

Collaborative work and play such as Web-based meetings and inter-
active gaming

Distributed search and indexing to enable deep searches of Internet
content that quickly yield up-to-the-minute results

Sharing CPU and storage resources to better utilize capital invest-
ments
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2.1.1 PeerWare

The advantages of a peer-to-peer architecture go well beyond the realm
of Internet file sharing, becoming crucial in supporting business processes
and especially collaborative work involving mobile users. Targeting on this
issue, PeerWare [3, 4] was designed as a core communication middleware
for TeamWork applications.

Collaborative work is intrinsically peer-to-peer in nature. Members of a
team typically interact directly with each other, with each member being
responsible for a given set of documents and carrying with them the subset
relevant for discussion. On the other hand, most of the currently available
tools supporting collaboration exploit a rigid client-server architecture.
This results in an “architectural mismatch” between the external view pro-
vided by the application and its internal software architecture. The effect of
this mismatch is a lack of flexibility in carrying out the interactions, which
must all be funneled through the server. This limitation is even more evi-
dent when mobility becomes part of the picture. People need to communi-
cate and collaborate even while in movement, and independently of their
location. However, in similar situations, server access is often prevented by
technical or administrative barriers.

A peer-to-peer approach holds significant advantages over traditional
client-server architectures. When a peer-to-peer architecture is adopted,
data and services are no longer gathered in a single point of accumula-
tion. Instead, they are spread across all the nodes of the distributed system.
Users may directly host the resources they want to share with others, with
no need to publish them on a particular server.

Interestingly, these features are relevant not only in mobile scenarios but
also in fixed ones, where the decentralized nature of a peer-to-peer architec-
ture naturally encompasses the case of multisite or multicompany projects,
whose cooperation infrastructure must span administrative boundaries,
and is subject to security concerns.

Unfortunately, most of the peer-to-peer applications developed in recent
years started from promises that are rather different from those outlined
thus far. They target the Internet and aim at providing peer-to-peer com-
puting over millions of nodes, with file sharing as their main application
concern. The difference in perspective from the domain of collaborative
work is made evident by their search capabilities, which typically do not
guarantee to capture information about all matching files. In most cases
they do not take into consideration features like security or the ability to
support reactive interactions, which are crucial in cooperative business ap-
plications. Moreover, they bring peer-to-peer to an extreme, where the logi-
cal network of peers is totally fluid, and no peer can be assumed to be fixed
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Figure 2.1: The data structure managed by PeerWare.

and contributing to the definition of a permanent infrastructure. This rad-
ical view prevents access to resources exported by non-connected peers,
which is unacceptable in the business world, where critical data is often
required to be always available, independently of its owner.

On the basis of the above considerations, PeerWare was developed:
a peer-to-peer middleware for teamwork support specifically geared to-
wards the enterprise domain. PeerWare is both a model and an incarnation
of this model in a middleware. In developing both, the first concerns were
minimality and flexibility.

The model The PeerWare coordination model exploits the notion of a
global virtual data structure (GVDS), which is a generalization of the LIME
[5] coordination model. Coordination among units is enabled through a
data space that is transiently shared and dynamically built out of the data
spaces provided by each accessible unit. The data structure managed by
PeerWare is a hierarchy of nodes containing documents, where a document
may actually be accessible from multiple nodes, as shown in Figure 2.1.
This structure resembles a standard file system, where directories play the
role of nodes, files are the documents, and Unix-like hard links are allowed
only on documents.

When a peer is isolated, it is only given access to its own tree (stored locally)
of items (i.e., nodes and documents). However, when connectivity with
other peers is established, the peer has access to the virtual tree constructed
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by superimposing the trees contributed by all the peers in the system, as
illustrated by Figure 2.2.

Figure 2.2: Building the GVDS in PeerWare.

In search of minimality, PeerWare provides only three main operations to
operate on the GVDS:

e the execute operation allows peers to execute an arbitrary piece of
code on a selected set of items held by connected peers. The results
are collected and returned to the caller

o the subscribe operation allows peers to subscribe to events occurring
on a selected set of items, while

o the publish operation allows peers to notify the occurrence of events.

By exploiting these primitives, peers can query the GVDS and also sub-
scribe to events and receive the corresponding notifications. The hierar-
chical structure of the GVDS provides a natural scoping mechanism, thus
leading to an efficient implementation of searches.
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Backbone
peer

Non-backbone
peer

Lighweight
peer

Figure 2.3: The PeerWare runtime architecture.

The middleware Currently, the PeerWare model has been implemented
in two middleware: one, developed in Java [6], has been used as the core
of the MOTION [7, 8] platform, the other, developed in C# [9] under the
Microsoft .NET [10] infrastructure, is the core of the PeerVerSy [11] config-
uration management tool.

Both implementations are tailored to the business domain and distinguish
between a set of permanently available backbone peers, and a fringe of
mobile peers, which are allowed to connect and disconnect as required.
To optimize routing, these peers are connected to form an acyclic graph in
which the mobile peers represent the leaves, as shown in Figure 2.3.
Access control and security are critical issues in the target domain and they
are addressed by two separate modules. One provides mechanisms to es-
tablish encrypted channels among peers and to manage the security in-
formation necessary to authenticate a peer. The other embeds the actual
security policy that determines the capabilities of a given peer.

To increase flexibility, the functionalities provided by the security modules
and also by the repositories holding local documents are sharply decou-
pled from the specific implementation provided for these functionalities.
Thus, the security protocols, as well as the format of the security informa-
tion used to perform authentication, and the repository effectively used can
be changed easily, e.g., to adapt them to the common practice of a specific
business environment.
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2.1.2 MOTION

The MObile Teamwork Infrastructure for Organizations Networking (MO-
TION) project [7, 8] is a highly flexible, open and scalable Information and
Communication Technologies architecture for mobile collaboration. It is
built on top of PeerWare and provides a range of concepts which can be
used in out workflow approach: Users, Communities and Artifacts.

Sharing data The notion of community is central in MOTION. The project
is actually conceived explicitly to provide support to the cooperative work
of virtual community of users. Ideally, when a member connects to the
community, he should have the whole knowledge base provided by the
community at his fingertips. For instance, a member should be allowed to
issue requests for information (e.g., the retrieval of a report matching some
keywords or an expert search) without any knowledge about their loca-
tion. In principle, the member should not even know whether the resource
is part of the connected community or not. Similar reasoning applies to the
asynchronous forms of communication discussed earlier. In this perspec-
tive, the key idea is sharing. No information is required by the initiator of
communication, as long as he has the illusion of sharing his own resources
with those made available by the community in a shared space of informa-
tion. For this purpose, some notion of resource space are defined:

e Resource Space. It is a set of documents and artifacts. It provides
a minimal set of primitives needed to store, retrieve, and query the
elements of the set. It can be as simple as an array of objects main-
tained in RAM, or as complex as an industry-strength DBMS. Each
individual owns one resource space. The owner of a resource space
has access to all of its content.

e Member Space. It is the subset of documents contained in an indi-
vidual’s resource space, and more precisely the set of documents that
pertain to a given community. An individual can be member of mul-
tiple communities, and she can choose which documents pertain to
each community. The same document may be made available to sev-
eral communities. This means that member spaces can have inter-
sections. A member space can be seen as a view on an individual’s
resource space.

e Community Space. It is the union of all the member spaces belonging
to the members of a community. Of course, only the fraction cor-
responding to the members of the connected community will be di-
rectly available.

The notion of sharing that stems from the above definition of community
space is indeed a transient one. Since the community space is built only by
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the spaces of the members of the connected community, the content of this
space will change dynamically according to connectivity. In particular, a
given resource will be available to the connected community only as long
as its owner belongs to it. Nevertheless, the ability to communicate and
share artifacts asynchronously is a key feature of the MOTION platform,
and one that requires a notion of sharing that relies on the persistence of
resources with respect to the changing community with respect to the num-
ber of connected members that compose it. For this reason, a portion of the
community space is actually made persistent: we refer to this part of the
community space as the community cabinet. Since it is part of the com-
munity space, the cabinet is available to all community members. Nev-
ertheless, the content of the cabinet is permanently available rather than
transiently built and dynamically changing, i.e., the content is available to
community members independently of whether the individual owning a
given resource in the cabinet is currently connected.

Knowledge sharing Knowledge sharing is a key requirement in MO-
TION. The system has to provide simple access and manipulation mech-
anisms for the distributed knowledge base. The knowledge base is dis-
tributed over several peers in the MOTION architecture. In MOTION a
peer is any computing device that executes the MOTION middleware. In
addition, peers can be in disconnected or in ad-hoc mode and therefore not
reachable. However, users should be shielded from the complexity of deal-
ing with the actual location of a requested artifact (location transparency).
This goal is achieved by introducing the notion of community. A commu-
nity in MOTION is a set of users, the community members. The members
are grouped through some membership relation, e.g., a common interest in
the design of the latest cellular phone.

Each user may belong to one or more community. Each user in the sys-
tem owns artifacts that are stored in the users’ resource space. If a user
wishes to share a set of artifacts with his colleagues, he makes them avail-
able to a community. The subset of artifacts from the resource space that
is made available to a given community is called the member space. The
member space contains all the artifacts a user wishes to share with a given
community. An artifact can also be made available to more than one com-
munity. For instance, this paper could be of interest for the community
Software Engineering and the community Web Systems. That is, a user can
have more than one member space that may overlap.

The set of artifacts the connected community members contribute to a
community is called the community space. The community space is there-
fore the union of the member spaces of all community members that are
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currently connected. From the user view, the access to the artifacts in the
community space is transparent regardless of the actual physical location
of the artifact. The resource and community spaces have essentially sim-
ilar basic functionalities that enable the user to query and manipulate the
content of the space and to subscribe to occurring events.

The idea of this community space is a dynamic one. Since the commu-
nity space is built only by the member spaces of the community members
that are currently connected, the content of this space will change dynami-
cally according to the users connected to the system. In particular, a given
resource will be available to the connected community only as long as its
owner is part of it. Nevertheless, the ability to communicate and share arti-
facts asynchronously is a key requirement for MOTION. This requires that
specific artifacts have to be accessible persistently to the users connected
to the system. For this, a portion of the community space is actually per-
sistent: we refer to this part of the community space as the community
cabinet. Since the community cabinet is part of the community space, the
cabinet is always available to all community members. Thus, an artifact
stored in the community cabinet is available to the community members
regardless whether the owner of the resource is currently connected.

The concept of MOTION communities and cabinets is a flexible concept
for knowledge sharing in a distributed environment.

Web architecture In this section, we provide an overview of the Web-
based MOTION peer-to-peer architecture. Figure 2.4 illustrates typical
MOTION peers and their components. It also shows the access to the MO-
TION system from devices not running a Web-server and the MOTION
middleware (Web-terminal, WAP [12] phone, PDA). Each MOTION peer
contains both, a Web-server, running a Java servlet engine and a Web-client.
The middleware provides an API to connect to the knowledge repository.
This API consists of generic functions to manage the artifacts stored in the
repository. This architecture enables the support of various kinds of repos-
itories such as XML-databases, SQL-databases, file-systems, etc. Only an
adapter between the repository and the MOTION API has to be provided.
The repository not only stores the actual artifact, but also XML metadata.
The metadata is used for managing and querying the repository. Not ev-
ery MOTION peer needs to contain the whole machinery depicted in Fig-
ure 2.4. Depending on the computational power and the memory capacity,
some components might offer reduced functionality. These constraints re-
duce the functionalities offered to the user. Due to memory limitations, a
MOTION peer on a PDA, for example, cannot host a full SQL-database as a
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repository. Instead the repository on a PDA could just cache the XML meta-
data of the retrieved artifacts and access the actual artifact using the URL.
MOTION also supports access from devices not running a Web-server and
the MOTION middleware. These devices access the platform via the Web-
server of a MOTION peer. The only requirement for these devices is that
they run a Web- or WAP-client. This enables the user to access MOTION
from any computer running a Web-browser (e.g. in an Internet cafe), from
a PDA or WAP-enabled cellular phone.

/
-

WAP HTTP
~y ote
WAP Phone PDA
Web Client
Web HTTF Web HTTF Web HTTF Webh
Server Client Server Client
Servlet Serviet
T T T
xk_j
MOTION I—— MOTION
Middleware Repository Middleware Repository
‘-._\_‘_\_'_4_,_/ \1._\_‘_\_'_4_,_/
Peer, Peer,

Figure 2.4: MOTION Architectural Sketch

Repository access In this section, we show the artifact access to the lo-
cal repository as well as to the repository on a remote peer. Artifacts
that are stored in the local repository are retrieved through the local Web-
server, which delegates the request to the underlying MOTION middle-
ware, which in turn queries the local repository. The retrieved artifact is
then transfered to the Web-client via the middleware and the Web-server.
This scenario is illustrated by the sequence diagram in Figure 2.5.

Artifacts that are not stored in the local repository are accessed through
the local Web-server and the MOTION middleware. The middleware is
then responsible for locating the artifact among all connected peers. The
URL of the requested artifact is provided to the Web-server that forwards
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Peer,
Client Server Middleware Repository
HTTP
o Servlet
Servlet n
____HTTP
Figure 2.5: Local access to artifacts
Peer, Peer,
Client Server Middleware  Repository Client Server Middleware  Repository

HTTP

Servlet

Servlat

HTTF

HITF

Serviet

Servlat

HTTF,

Figure 2.6: Remote access to artifacts

it to the browser. The actual artifact is retrieved via a conventional clien-
t/server access using HTTP. In this case, the requesting peer operates as
client and the peer hosting the requested artifact as server. Since every
peer consists of a Web-server as well as a Web-client every peer can operate
in both roles. This scenario is shown by the sequence diagram in Figure 2.6.
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Receive Ornder Receive Ticket
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Figure 2.7: Sketch of a workflow scenario

2.2 Workflow concept

Due to the increasing complexity of business processes in enterprises, we
face the need for computer-aided management systems which help to co-
ordinate the incidental tasks. A workflow management system [13, 14]
(WFMS) administrates processes and guarantees the proper execution of
all parts. To use a WFMS we have to analyze the business process and
set up a formal description. Most problems which occur can be abstracted
into several classes. Thus we can create templates for recurring processes
and apply them on a specific environment. Figure 2.7 shows a sketch of a
typical workflow.

Activities are depicted with boxes with the name of the activity inside.
The arcs between the boxes describe the dependencies. This leads to a well
defined chronological execution of the tasks. In this example the workflow
starts with the activity Receive order. The next task to be performed is Select
legs which can be started after the previous task has been completed. In a
workflow execution there are also documents involved. Typically we have
an input document and an output document. In this example this would
correspond to a booking order with any information required and a book-
ing confirmation. Furthermore an activity can produce information which
is required by another dependent activity to perform it’s work. This infor-
mation is hidden to the outside. Any document which occurs in a flow is
required to satisfy certain criteria, both in terms of structure and complete-
ness.
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2.3 Description Language

As shown in the previous section, we need a formal language which allows
us to model a business process. It must satisfy the following requirements:

e We need to distribute the model to certain participants. Therefore it
has to be simple to distribute, e.g. in terms of size.

e A business process consists of several tasks which the language has
to be able to represent.

e Itis necessary to provide ways to define dependencies between task
(control flow).

e Input and output documents have to be specified if applicable (data
flow).

e Some tasks will produce data and others may consume it. Any doc-
uments which the tasks take as an input or output parameter have to
be stated to ensure the document flow.

e We want to use an existing and standardized language.

2.3.1 Business Process Execution Language for Web Services

The Business Process Execution Language for Web Services (BPEL4WS)
[31, 32] provides an XML notation and semantics for specifying business
process behavior based on Web services. A BPEL4WS process is defined in
terms of its interactions with partners. A partner may provide services to
the process, require services from the process, or participate in a two-way
interaction with the process. Thus BPEL orchestrates Web services by spec-
ifying the order in which it is meaningful to call a collection of services, and
assigns responsibilities for each of the services to partners. It can be used
to specify both the public interfaces for the partners and the description of
the executable process.

Business processes can be described in two ways. Executable business
processes model actual behavior of a participant in a business interaction.
Business protocols, in contrast, use process descriptions that specify the
mutually visible message exchange behavior of each of the parties involved
in the protocol, without revealing their internal behavior. The process de-
scriptions for business protocols are called abstract processes. BPEL4WS
is meant to be used to model the behavior of both executable and abstract
processes. In our approach to model workflow processes we focus on ab-
stract processes only.
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BPEL4WS is layered on top of several XML specifications: WSDL 1.1
[33], XML Schema 1.0 [34, 35, 36], and XPath 1.0 [37]. WSDL messages and
XML Schema type definitions provide the data model used by BPEL4WS
processes. XPath provides support for data manipulation. All external re-
sources and partners are represented as WSDL services. BPEL4WS pro-
vides extensibility to accommodate future versions of these standards,
specifically the XPath and related standards used in XML computation.

24 XML Data Manipulation

A main issue in our approach is to minimize traffic and to deal with par-
ticipants which are not permanently connected. To achieve this, we have
to store some relevant information of other peers in a local database per-
sistently. In view of mobile clients and their limited resources, we will
not be able to use an ordinary RDBMS (Relational DataBase Management
System). A slim XML database is highly suitable for our needs, as imple-
mented in the PDOM Component and the XQL Engine [38]:

24.1 The PDOM Component

The PDOM (Persistent Document Object Model) component stores XML
documents in a compact, binary format. The PDOM object manager trans-
lates method calls to the standardized W3C-DOM API [39] into operations
on the binary files. This is done transparently for the application layer.
Thus read and write access to arbitrarily large XML documents become
possible, without the necessity of any modification to application pro-
grams. Even without caching the PDOM has a throughput of more than
3 MB of XML data per second. A scalable, self-optimizing cache can fur-
ther improve performance. All methods of the PDOM are implemented
in a transaction-safe way - even in multi user environments. In addition
explicit commit points can be set. For many scenarios the PDOM offers a
lightweight and often more efficient alternative to complex and less flexible
DBMS based solutions. As the PDOM can deal with well-formed XML, in
particular the costly spadework of schema design is avoided.

2.4.2 The XQL Processor

The Extensible Query Language (XQL) is a declarative, path-oriented query
language for XML. It includes most operations familiar from SQL [40],
e.g. selection, restructuring, joins, and views. However, XQL considers
the semi-structured nature of XML. Introduced first at W3C’s [16] confer-
ence on XML query languages, XQL has since been implemented by sev-
eral namable IT-vendors. The XQL processor implements the full XQL



Chapter 2. Used Technology 19

proposal together with some extensions. These include parallel retrieval
of distributed documents, automatic translation of HTML to XHTML [17],
and user defined extension functions. The implementation realizes a robust
and efficient mix of algebraic and physical query optimization techniques.
This results in leading edge performance fully competitive with commer-
cial XML data servers. The processor can be used on top of any W3C com-
pliant DOM implementation, especially the PDOM. Any data source can be
made queryable by the XQL processor by implementing a wrapper which
maps the source’s behavior and data onto the DOM API. This allows for
seamless and simple embedding of XQL support even into existing appli-
cations and services.
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2.5 Related Work

251 JXTA

Until recently, however, P2P technologies have been used primarily in
single-function applications, such as instant messaging. Taking the con-
cept of P2P much farther, Sun Microsystems [19] founder and chief scientist
Dr.Bill Joy conceived the idea of JXTA [18] technology as a means of inte-
grating P2P into the very core of the network architecture. JXTA technology
is a set of simple, open peer-to-peer protocols that enable any device on the
network to communicate, collaborate, and share resources. JXTA peers cre-
ate a virtual, ad hoc [20] network on top of existing networks, hiding their
underlying complexity (see figure 2.8). In the JXTA virtual network, any
peer can interact with other peers, regardless of location, type of device,
or operating environment - even when some peers and resources are lo-
cated behind firewalls or use different network transport protocols. Thus,
access to the resources of the network is not limited by platform incompat-
ibilities or the constraints of a hierarchical client-server architecture. JXTA
technology espouses the core technology objectives of ubiquity, platform
independence, interoperability, and security. JXTA technology runs on any
device, including cell phones, PDAs, two-way pagers, electronic sensors,
desktop computers, and servers. Based on proven technologies and stan-
dards such as HTTP, TCP/IP and XML, JXTA technology is not dependent
on any particular programming language, networking platform, or system
platform and can work with any combination of these.

Interoperability is a central goal, and JXTA technology is designed to
enable interconnected peers to easily locate and communicate with each
other, participate in community-based activities, and offer services to each
other seamlessly across different platforms and networks. Integrated se-
curity mechanisms such as Transport Layer Security (TLS) [21], digital cer-
tificates, and certificate authorities help ensure security while facilitating
free-flowing communication.

Both PeerWare and JXTA are device independent middlewares which
provide basic functions necessary to support peer-to-peer applications.
They build and give access to a virtual dataspace containing all resources
of the connected peers. As the both technologies are very similar, JXTA
could be a good alternative for PeerWare as the basis of the MOTION mid-
dleware.
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Figure 2.8: JXTA Virtual Network.

2.5.2 Web Workflow Peers

The peer-to-peer architecture introduced in [22] is based on the concepts
of the Web Workflow Peer (WWP) and the Web Workflow Peer Directory
(WWPD). A WWPD is a directory system which provides a list of all peers
(WWPs) available to participate in Web workflow processes. Peers can reg-
ister at this directory and offer its services and resources to other peers. The
WWPD also assists WWPs to locate other peers and user their resources.
The architecture is completely decentralized, as no central workflow en-
gine is used to coordinate the process execution. The server functionality
and data are distributed among the WWDPs. The administration is achieved
using a notification mechanism. For instance, at the completion of an ac-
tivity, the WWP notifies the Administrator Peer so that he can update the
status of the process instance.

The WWP Directory WWPD) The only centralized feature in this system
is the WWPD. The concept of centralization can also be found in various
other peer-to-peer architectures, e.g. KaZaA [23], SBARC [24], or Gnutella
[25, 26]. Peers can register with the WWPD and advertise the services they
provide. Similar to the business services of UDDI [27] it manages a list of
WWP profiles which include IP address, list of provided tasks and admin-
istration data. As WWPD is an active directory, it maintains information
about peer availability (e.g. by 'pinging’ their IP addresses) and quality
aspects as connection speed and packet loss.
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The Web Workflow Peer (WWP) A Web Workflow Peer is a processing
capacity which can be accessed using Internet protocols, similarly to a web
service. A WWP that initiates and administers the process is called the
Administrator Peer. To do so, the Administrator may have to reallocate
(re-assign) or cancel activities or issue deadline alert notifications to Partic-
ipating Peers. Other WWPs delegated to carry out workflow activities are
called the Participating Peers. The functionality of the Participating Peer is
to receive activities and to receive/send notifications. It is free to delegate
work to other peers. Although conceptually there is a difference between
these peers, in practice all peers are capable of acting as both roles.

Administrator WWP o

WPD Document

<segquence> <flow>
<Activity .../>
</flow>
<Activity="Act"/>
>
</sequence>

Administration |
Facilities !
Process 3 Participating WWP
Management i
Notification Notification
Mechanism ' Mechanism
ExecutLa Work Execute Work
(WPD) Receive/ (WPD)
Delegate Work Delegate Work
T Notify Administrator
WWP Directory
WWP
Registration
WWP Profile Update/Maintain WWP Profile
WWP Profile

Figure 2.9: The WWP architecture

The Workflow Process Description (WPD) The Workflow Process De-
scription is an XML document containing the data and meta-data of a pro-
cess instance. This is the structural information about the process and links
(URIs) to resources, e.g. documents. The WPD document is transmitted
from peer to peer attached as a parameter to a message. On execution, the
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peers update the Workflow Process Description and decide which WWP
needs to be activated next in the process chain.

Workflow administration and peer notification The Administrator Peer
needs to know the state of each activity at any time. For this reason, WWPs
are able to notify others when their activity is completed. Notification mes-
sages are structured in XML documents. The system supports different no-
tification messages which inform about completion, rejection, cancellation,
and reallocation of activities.

The target domain of the Web Workflow Peer concept is similar to our
approach. Both model human workflow scenarios which are defined in
structured XML documents. The executing peers are dynamically elected
using quality criteria and the task assignment is performed on the basis of
negotiations between peers, though there are conceptual differences in cen-
tralization issues. In the WWP approach, the WWP Directory is a central-
ized service which manages task announcements and the peer assignment
is performed by the Participating Peers. In our workflow system, the peers
manage task announcements decentralized and the coordinator is respon-
sible for peer assignment.



Chapter 2. Used Technology 24

Family Doctor Specialist Hospital
k_ Consultation
/l:;par tion Hour
Registration
ke
k.
[ |
. OP

v
Follow-up Discharge

@ Treatment
.
) . R _—

Figure 2.10: Healthcare service example

2.5.3 Serviceflow

The serviceflow [28] approach was designed to manage inter-
organizational service processes. It aims to support meta-services
which are defined as a number of subsequently executed services, offered
and carried out by different organizations. Taking a typical example from
the healthcare domain, a patient goes through various steps in case of
a surgical operation (figure 2.10): He typically starts with consulting a
family doctor, is directed to a specialist, chooses a hospital, goes through
consultation and registration at the hospital with a schedule for further
preparation, passes through all stages of preparation, stays in the hospital
where the operation is performed, all of which is followed by aftercare
treatment at specialists.

The serviceflow concept

The serviceflow approach exploits process-related and Internet technology,
with additional focus on customer-related aspects. It is grounded in a
twofold perspective on service processes: considering the relationship of
services as well as the necessity of their efficient performance. In particu-
lar, a serviceflow is defined in terms of service points (figure 2.11). Each
service point captures specific service tasks to be carried out and their re-
spective pre- and postconditions from the provider’s point of view. The
pre- and postconditions represent the contract for interrelating the service
points. Service tasks are modeled as UML use cases with each use case be-
ing further linked to a rich description, a scenario, and a use case picture
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(see [29]). Cooperation pictures can be included the serviceflow represen-
tation to further illustrate cooperation among the actors involved.

s o
Family Specialist Hospital Specialist  Hospital Specialist Family
Doctor Investigation  Consultstion  Freparation  Admission Aftercare Doctar

Hour! OF and Ward Aftercara

Registration

Figure 2.11: Serviceflow model for the healthcare service example

The overall concept for serviceflow management is centered around the
technical representations of the modeled process patterns that lead to the
notion of service float and service point script. Service floats are sent from
service point to service point and capture personalized, always up-to-date
process knowledge, whereas service point scripts support and document
the standard and adaptable activities at each service point.

Flow models are understood as standard pattern during both, design
and execution. Moreover, during execution they become accessible and
alterable by service workers while still being interpretable by executing en-
gines. This kind of support bears the following potentials:

1. Initializing a service float by copying and adapting a standard ser-
viceflow pattern guides the provider as to how to deliver the service

2. Enabling providers to access and update the process representations
allows for flexibility and instant realization of changes.

3. The update of the current and setting of the next service points
forms a basis for automating the delivery of service floats to the next
provider.

Realization

The serviceflow management approach consists of two functional compo-
nents: The exchange of service floats is accomplished by the service float
application at each site, which apart from the routing support offers meth-
ods to update and query a service float. Furthermore, it includes a storage
component where the service float masters are stored (at the starting node
in the network). The service point application receives and delivers messages,
compares messages with preconditions of service points to inform workers
about a changed status, and serves to integrate the service point tasks with
applications available in the organizations, such as databases.
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The decentralized architecture serves processes with ”chained execu-
tion” [30], where each of the tasks at one providers site is completed before
the next provider is in charge, i.e. where no parallel execution is required.
To achieve a parallel execution of serviceflows, the system can be config-
ured to work partially or even fully centralized. In a partially centralized
architecture, an additional server for documents is added, with the doc-
uments no longer being part of the service floats. In this case they will
be shareable among different serviceflows and updateable after a service
point has ceased to be active. A further step is made if all architectural
serviceflow components are united at one central server, managed by an
application service provider in charge.

In contrast to our approach, the serviceflow concept models static ser-
vice processes, as the participating peers are predefined and no peer as-
signments take place. In the decentralized architecture the tasks are sub-
ject to chained execution, whereas in the partly or fully centralized archi-
tecture the tasks can be executed in parallel like in our workflow system.
To exchange documents, both approaches use URIs to locate the peer the
data can be obtained from. Although both the serviceflow concept and our
workflow system manage human workflow models, they focus on different
domains due to flexibility issues.
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Chapter 3

Conceptual Design

3.1 The scenario

To bring the example of the first section into a practical context, we in-
troduce an environment, in which the execution will be demonstrated in
several parts of this thesis. In order to keep the scenario practical and com-
prehensive, we will minimize the number of peers involved. A suitable
configuration is:

o A Coordinator Peer which will do any administrative work prior to the
execution of the process.

o 3 Worker Peers which represent a Traveler, an Agent and an Airline
respectively.

In the next sections all steps the peers have to perform in order to have the
process instance executed will be explained.
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3.2 Software Architecture

To implement a peer-to-peer workflow system we have chosen to use the
MOTION middleware which is based on PeerWare. It provides us with
some useful concepts which will be discussed later.

Application Layer

Workflow Coordinator - Workflow Database

MOTION / PDOM/XQL
i

PeerWare

TCP/IP local file

storage

Figure 3.1: Software Architecture

Our approach consists of two major components: The Workflow Coordinator
and the Workflow Database.
3.2.1 Workflow Coordinator

It is built on top of the MOTION middleware and is the central part of the
peer-to-peer workflow engine. The Workflow Coordinator provides most
of the functionality which is required by an application layer, like

e User Management

e Community Management

e Process/Instance Management
e Communication between peers

It is tightly coupled to the Workflow Database which holds information of
all known peers. To ensure that the peers are loosely coupled, it retrieves
all data from the database, if available, and avoids to actively query other
peers if not necessary.
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3.2.2 Workflow Database

It is responsible for gathering of information from other peers and serves
the Workflow Coordinator for storage and retrieval of data involved in the
workflow engine. The Workflow Database listens to the messages received
by MOTION, analyzes them and saves the relevant data to the storage. It
doesn’t actively send messages to other peers.

We can distinguish two separate parts within the database:

Process data holds detailed description of all known processes. This in-
cludes the structure of involved tasks and input/output data.

User data is a collection of all known users. For each user it is stored
the tasks it has announced and process instances it takes part with detailed
status.

The database is persistently stored in the local repository and is accessed
using PDOM and XQL technology.
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3.3 Communities

A main concept in the MOTION middleware is the notion of community. It
is a collection of several peers (community members) which semantically
share the same interests. A peer can be member of several communities.
This leads to the fact, that communities can overlap.

We use this concept at three different levels, which are illustrated in fig-
ure 3.2:

WFCommunity

airline community

instance
community A

railway community

instance
community B

instance
community C

L4 Peer

O Community

Figure 3.2: Community structure

WFCommunity, a meta community. All participants of the workflow sys-
tem have to be member of the top-level community WFCommunity. It
serves as the basic communication platform. Messages of global interest
are announced here. It is created during installation of the workflow sys-
tem and can’t be modified or deleted.

Process communities. We also use communities to group peers with
similar interests. Taking into account our example, it is suitable to create
a community for airline reservation issues. Any peer which wants to
take part in the execution of an airline process has to become member of
this community. Any communication concerning this process is carried
out within the airline community. This concept shields peers which are
not members of this interest group from receiving unsolicited messages.
Process communities can be created by any peer who wants to set up a
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separate environment for execution of processes.

In our example the Coordinator Peer has to set up a community for airline
reservation issues and will name it AirlineCommunity. The three peers act-
ing as traveler, agent, and airline join this community in order to receive
relevant messages for this topic. The steps included can be seen in figure
3.3.

User :Coordinator ‘ :MOTION ‘

community name

WFCommunity:Community

\J createCommunity(name) If mmunity:Communi
communitylD

publish(;

publish()

subscribe() ‘ ‘

publish()

subscribe() ‘ ‘

publish()

subscribe() ‘ ‘

Figure 3.3: Create and join a community

Instance communities. Upon creation of a process instance an instance
community will be established automatically. The peers taking part in the in-
stance execution will automatically become members of the instance com-
munity. It serves as the communication platform for any message exchange
and information sharing concerning the instance. This concept helps to fur-
ther reduce traffic within the peer-to-peer network. As illustrated in figure
3.2, instance communities are subsets of process communities which are
part of the top-level community WFCommunity.
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3.4 Processes, Tasks, and Instances

3.4.1 Process

As discussed earlier, we want to model business processes. The formal
description of its structure is specified using a BPEL document. It defines
the tasks involved, the relationship between the tasks, parameters and data
flow. In order to work with this model, it has to be imported into our work-
flow system by a peer. Once this is done, it is available to all peers an is
referred to as a process. To import a new process, the peer has to choose a
BPEL document containing the description and must select a community
which the process will be published in. The Workflow Coordinator stores
the information into the Workflow Database and creates a MOTION arti-
fact for the BPEL file. The artifact is then added to the given community
and can be downloaded by other peers. An illustration of these steps can
be seen in figure 3.4.

:User :Coordinator :MOTION c.Community :LocalRepository

provideFile(BPEL)

createArtifact(BPEL)

store()

chooseCommunity()

return(c)
publish()
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i
|
|
|
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Figure 3.4: Import a new process

To publish the AirlineReservation process, the coordinator will add the pro-
cess description to the AirlineCommunity. From this time, the members of
this community have access to the description and can download it to their
local repository on demand which is illustrated in figure 3.5.

3.4.2 Task

In order to distribute pieces of a whole process to several peers, we need to
divide the process into several parts. We call these parts tasks. The process
description gives us a detailed definition of the tasks which includes:
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Figure 3.5: Download process description file

e Dependencies between the tasks. It shows the sequence which the
tasks have to be executed in.

e Required input data. This can be data which is provided by the Co-
ordinator Peer upon creation of the instance or output data produced
by another task.

e Produced output data. It can either be required by another task as
input or it can be final output data by the process.

The goal of our workflow engine is to distribute all parts of a process to
other peers and manage its execution. If a peer wants to perform a task of
a process, it has to publish this to the particular process community (figure
3.6). This also includes giving quality of service attributes which will help
the Coordinator Peer to elect a suitable partner. In order to know the task
details, the worker peer has to download the process description file from
the community if it is not available in its local database.
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:User :Coordinator :LocalRepository. :Community.

chooseTask()
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Figure 3.6: Provide a task

If we take alook at our example, the airline reservation process is divided
into several tasks. In a scenario with three peers acting as a traveler, agent,
and airline respectively we will have a partition of the tasks as shown in
figure 3.7. In order to participate in an instance execution, they will have
to provide each of the tasks they are supposed to do. Before this can take
place, the peers have to ensure that they have downloaded the process de-
scription file to their local database.

Traveler Agent Airline
Plan Trip Receive Order Receive Ticket
Submit Order Select Legs Reserve Seats
Receive Itinerary | Order Tickets Charge Credit Card
Receive eTicket | Receive Confirmation | Confirm Flights
Generate Itinerary Issue eTicket
Issue Itinerary

Figure 3.7: Task partition of the airline reservation example
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Figure 3.8: Process instances

3.4.3 Instance

To execute a process, a peer can create an instance of it. The peer becomes
coordinator of this instance and is responsible for task assignment and pro-
viding input data if applicable. The instance contains any data concerning
the execution, like

e assigned peers and details about their tasks
o workflow status of the tasks
e documents involved.

This is illustrated in figure 3.8. A process can be instantiated more than
once. To ensure a separate environment for each instance, the peers which
participate in the execution are grouped together into a private community,
an Instance Community.

To create an instance the coordinator has to choose a process which it
wants to execute (figure 3.9). The Workflow Coordinator creates an in-
stance community for this instance in which the relevant information will
be exchanged. The new instance will then be published to the process com-
munity.
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Figure 3.9: Create an instances

:

To execute our AirlineReservation example, the coordinator chooses the pro-
cess which has already been added to the corresponding process commu-
nity. An instance community is being set up and the required environment
is established.
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3.5 Quality of Service

In an environment with a large number of peers, we will have a few ones
acting as Coordinator Peers and carrying out process executions and the
vast majority offering and performing tasks for them. When the Coordina-
tor Peer has to carry out the election process, it is likely that he can choose
between several providers. To be able to make the best decision which peer
to assign, the peers have to give quality of service (QoS) attributes for each
task they publish to the community. The attributes are included in the task
announcement which is sent to the community and therefore available to
all members. Quality of service attributes can be time to execute or price for a
task. These attributes don’t have any influence on the quality of the output
data a task may have to generate.
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3.6 Data distribution

The distribution of information in our workflow system is subject to ensure
low bandwidth consumption and to avoid sending unnecessary messages.
The concept of community which is outlined in the previous chapter helps
to ensure these requirements. The communication between peers is based
on message delivery and the exchange of data files wrapped into MOTION
artifacts.

3.6.1 Messages

Messages are directed notifications from a peer to another peer or a com-
munity, implemented as MOTION Messages. They can be targeted to a
community referring to the group of peers which most probably are inter-
ested in this information or it can be sent to a specific peer. Messages have
the function to control the workflow process and to actively distribute in-
formation to the peers. Depending on the scope of the message we can
distinguish the following types:

Global Messages. These messages are global announcements which are
sent to the top level community WFCommunity. We have two message
types in this section:

e Create/Remove a Process Community. If a peer decides to create a
process community, this has to be made public to all members of the
workflow system. The peers then can decide whether they are inter-
ested in this field and join the community or they don’t.

e Global search for Task announcements. Peers which are not perma-
nently connected to the network have incomplete knowledge of task
announcements. In offline mode they can’t receive messages and are
not informed about other peers’ tasks. A global search queries all
workflow members whether they offer a specific task and thus gets
an actual view of online peers.

Process Community Messages. This message type is sent to process com-
munities and informs the peers subscribed to this community. We have one
message here:

e Provide/Revoke a task announcement. If a peer decides to newly
provide a task, to change its quality of service attributes, or to stop
offering a task, it informs the community. The members update their
local database to keep track of the peers capabilities.
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Direct Peer to Peer Messages. As the name says, these messages are sent
directly from one peer to another. They are used for communication be-
tween a coordinator and a peer which is involved in the coordinators in-
stance.

e Negotiation of peer assignments. If a coordinator wants a peer to
execute a task, it has to ask the potential partner if it is willing to
participate in this instance. This communication is relevant only for
these two peers and the messages can be exchanged directly between
them.

e Update of a tasks status. A peer which is assigned to execute a task
has to inform the coordinator of the status of its work. If a new status
is reached the peer sends a notification message to the coordinator.

3.6.2 Data Files

To distribute data files between peers we make use of MOTION Artifacts.
An artifact is a wrapper for data files which can be published to commu-
nities. The members of that community can download the artifact if they
require it. The workflow engine has to distribute data files in two different
cases:

Process description files. We have to ensure that all peers have access
to process descriptions, which are provided as BPEL files. A coordinator
which introduces a new process has to publish the corresponding BPEL
file to the community he wants the process to execute in. Potential partici-
pants of this process can download the artifact into its repository and thus
retrieve the process description.

Instance data files. We have to provide a mechanism which allows peers
to exchange data involved in a workflow execution. According to the pro-
cess description, peers which execute a task in a process instance may have
to produce output data to fulfill their duty. To do so, they wrap the cor-
responding files into artifacts and publish them to the community. Peers
which perform dependent tasks can then download the required artifacts.
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3.7 Instance lifecycle

As we have seen, process instances are environments for executing pro-
cesses. One is created when a coordinator decides to carry out a process
and is removed from the workflow system when it is finished and the out-
put data is collected. In general we have consecutive five steps in the life of
an instance (figure 3.10):

I

Create instance ™1 Create community ™ Provideinput data

Y

Removeinstance |« Collect ouput data (= Assign peers

i

®©

Figure 3.10: Instance lifecycle

1. Create instance. A coordinator invokes the creation by specifying the
process he wants to be performed.

2. Create community. Automatically an instance community is created
which encapsulates the instances messaging and environment.

3. Provide input data. If any data is required for the execution, it has to
be supplied before the tasks can start.

4. Assign peers. For each task a peer has to be assigned which is re-
sponsible for performing the specific part of the process.

5. Collect output data. The coordinator collects the output data speci-
fied by the process description, which is the result of the overall work.

6. Remove instance. Having successfully received the output docu-
ments, the instance and its community are automatically removed
from the workflow system.
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3.8 Task status

A task which is published by a Worker Peer can be requested by any Co-
ordinator Peer. This starts a negotiation between them and will lead to the
execution of the task, if both of them agree to work together. From the
coordinator’s request to the delivery of the final result by the worker, the
task goes through several stages. Each stage describes the status the task
currently is in. A task status is always bound to a Coordinator peer. This
means, that a task which is consumed by different Coordinator Peers will
have a separate status for each of them. In Figure 3.11 we have an illustra-
tion of this behavior. Consider that a specific peer provides several tasks,
including reserveSeats and bookFlight. The figure shows a scenario, where
two different coordinators currently have negotiations: The first one is al-
ready consuming the task bookFlight and has requested the task reserveSeats.
The second coordinator has requested bookFlight.

Peer 1
e R
Tasks Status
Coordinator 1 Coordinator 2
reserveSeat REQUESTED E—
bookFlight STARTED REQUESTED
_ Y,

Figure 3.11: Table of peer status

The sequence of all possible status are shown in figure 3.12. The transitions
occur in the following cases:

1. If a Coordinator Peer wants to consume a task, he has to send a request
to the peer offering it. It is marked as REQUESTED.

2a. The Worker accepts to perform the task the appropriate message. The
status now is ACCEPTED.

2b. The Worker is not interested in doing the job and returns a refusal. The
task is marked as REFUSED and the negotiation is finished.

3a. The Coordinator assigns the Worker and sets the task to ASSIGNED.

3b. It is also possible, that the Coordinator now refuses to assign the task
to a specific peer. This can happen e.g. if he was able to find another
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one to carry out this part of the process. He informs the Worker of his
decision and the status turns to REFUSED.

4. When the Worker has all required input documents and doesn’t depend
on another peer any more, it immediately starts work and marks the
task as STARTED.

5. Upon finishing the work and delivering any output documents, we have
reached the final status FINISHED.

\
@< [ Finished

Figure 3.12: Task status
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Chapter 4

Use cases

The functionality of our workflow system can be divided into three main
parts. The Process Management basically contains methods for handling pro-
cess descriptions and communities (figure 4.2). The Task Negotiation deals
with the possible actions from requesting a task to assigning a task (fig-
ure 4.3). The Instance Execution part has the functionality of starting and
finishing tasks and instances and management of data flow (figure 4.4).

In our use cases we can distinguish two actors. The Worker Peer acts as
a service provider who offers tasks and performs them on demand. The
Coordinator Peer manages processes, creates instances, and elects Worker
Peers which have to execute tasks autonomously.

Workflow Engine

[ 1 [ 1 [ 1

Process Management Task Negotiation Instance Execution

Figure 4.1: Use case: Workflow System
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4.1 Process Management

Process Management

subscribe to
community

download process
description

«extengds»

WorkeN >

«extends» '

define quality of
service attributes «extends»
Create process
instance

«extends»

oad process «extends»
description N ‘add process to
community

«extenge>»

<

Coordinator peer

remove community

Figure 4.2: Task status

Create community A coordinator can establish a community which will
be the communication platform for a process or a group of related pro-
cessed he intends to manage. The name of the new community can be
specified by the user. All members of the workflow system are informed
about the new community and can subscribe it to receive the messages.



Chapter 4. Use cases 45

Remove community A community which is not required anymore can be
removed from the system. The peers are informed about this and remove
the references from their local databases. All task announcements of this
community are also removed.

Load process description A new process description which is still un-
known to the system can be imported from a file. It has to contain the
description in BPEL format an must be available on the local file storage.
The new process is added to the local repository. The Workflow Coordina-
tor also creates an artifact with this file, which can be downloaded by other
peers.

Add process to a community To make a process visible to other peers, it
has to be added to a process community. Members of this community are
informed about the new process and can retrieve the artifact containing the
description file.

Create process instance To execute a process a coordinator can create a
process instance. This will create an instance community which will serve
as an environment for communication and document sharing. An instance
can only be created for a process which has been added to a process com-
munity.

Download process description A a peer who wants to participate in a
workflow instance and provide a task, needs to have the process descrip-
tion available in the local database. If the description is not known to the
peer, he can request an artifact containing the required BPEL document
from the coordinator. After the successful download it is imported into the
local repository.

Provide task A task can be provided to a process community if it is part
of a process known to the peer. It is necessary, that the peer has subscribed
to that community prior to announcing the task.

Define Quality of Service attributes On providing a task, the peer has to
give quality of service attributes which define the terms on which it will be
carried out. The attributes help the coordinator to compare announcements
of different peers.

Subscribe to community A peer which wants to become member of a
process community can subscribe to it. This is necessary to receive any
messages concerning the community, like task announcements.
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4.2 Task Negotiation

Task Negotiation

accept task

Worker peer

request task from
worker peer

«extends»

search provided
tasks

Coordinator peer

assign task to
worker peer

Figure 4.3: Task Negotiation

Search provided tasks The coordinator can actively query all peers of a
task he needs. Peers which provide that task re-send an announcement to
the sender. This can be necessary for peers which have been disconnected
for some time and want to update their local repositories.

Request task from peer If the coordinator wants to give a task of an in-
stance to a user, he looks up the database for peers which provide this task.
To elect one of them, he can compare the quality of service attributes given
on announcing the task. The coordinator then sends a task request to the
specific peer.
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Accept task A worker peer which has received a task request has to de-
cide whether he wants to accept the task or not. An acceptance sends a
message to the coordinator, indicating that the peer wants to execute the
task.

Refuse task Both worker and coordinator peer have the possibility to
refuse a task. The former if he doesn’t want to serve a task and the lat-
ter if he admittedly had requested the task, nevertheless doesn’t want to
assign that peer.

Assign task If a worker peer has accepted a task request, the coordinator
can assign him to definitely perform the work. The peer receives the infor-
mation concerning the instance community the task is performed in. He
has to subscribe to the instance community in order to have access to any
relevant documents.



Chapter 4. Use cases

4.3 Instance Execution

Worker Peer

JAN

O

Coordinator Peer

Instance Execution

execute task
«uses»

«use

check availability
of task input data

«uUS@s»

«ex !' Xis» A check completeness
of task output data
«exjehds»

«\ses»

fetrieve instance
output data
check availability of
instance output data
\/
provide instance
input data

Figure 4.4: Instance Execution
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Provide instance input data The coordinator has to ensure, that the
worker peers have access to the input documents, which are required ac-
cording to the process description. Before the peers can start the work, the
coordinator has set a document for each input container. The workflow sys-
tem wraps the documents into artifacts and publishes them to the instance
community where they can be downloaded from.

Check availability of task input data A peer which wants to start to ex-
ecute a task has to check, whether it requires any input data. If applicable,
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the peer has to query the community whether these documents have al-
ready been submitted.

Download input data After having successfully checked the availability
of input data, the artifacts representing the input documents can be down-
loaded to the local repository.

Start task As soon as all requirements are met, the worker peer can start
the task. This primarily includes that the task has been assigned to the peer
and that all required documents have been downloaded. The coordinator
will be informed about the new status.

Execute task The worker peer has to perform the work, which is associ-
ated with the task. Usually he has to process the input documents and cre-
ate output documents as required. The task must have been started prior
to the execution.

Create task output data After having created the necessary output doc-
uments in the file storage, they have to be made available in the instance
community. Similar to the provision of input data, the documents ware
wrapped into artifacts and published to the instance community.

Check completeness of task output data Before a task can be finished, it
must be ensured that all required output documents have been successfully
delivered. The peer queries the instance community whether all output
containers are available.

Finish task Having delivered the output documents and successfully
checked for completeness, the status of the task is set to finished. The peer
informs the coordinator about the successful execution.

Check availability of instance output data The coordinator can check
whether the output documents have been submitted by the worker peers.
He looks up the instance community whether participating peers have
published the corresponding artifacts.

Retrieve instance output data If the coordinator has successfully checked
the availability of the documents, he downloads the artifacts representing
the output containers.
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Finish instance When all peers have fulfilled their tasks and the output
data is collected, the instance will be set to the final state by the coordinator.
The instance community will be deleted as the last step in the execution of
the process.
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Chapter 5

Implementation

In this chapter we focus on implementation details of the workflow sys-
tem. Based on the design issues discussed in chapter 3, the development
was performed using the Java2 platform. The core classes are available
in the package eu. noti on. t uv. wor kf | ow, integrated in the MOTION
middleware.

First we give an overview of the classes and outline the functionality and
usage of the most important methods. Then we describe the structure of the
process description files and will continue with the internal representation
of the database files. The next section defines the various message types
the peer communication relies on. After that we focus on the different pos-
sibilities to exchange documents between peers.

5.1 Class diagram

This section gives an overview of the classes of the workflow system. We
will outline the usage of the most important ones and give a short descrip-
tion of attributes and methods. A detailed relationship diagram is shown
in figure 5.1.

5.1.1 WFCoordinator

It is the main class in the system and provides an interface for the applica-
tion layer. It is responsible for sending messages using the MOTION mid-
dleware and gives access to the local database. The methods of this class
are non-blocking, as the WFCoor di nat or doesn’t wait for replies on the
messages sent. Incoming messages are trapped and handled by the class
WFDat abase.
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WFCoordinator
-motionManager
WFDatabase [+init()
+addCommunity()
-owner +addInstance()
\WFKnownCommunity . +addTaskDescription() +addTaskToCommunity()
- 1 +commit() 1 1 +createTaskData()
-id +getKnownCommunity() +getinstanceAdmin()
-name +getTaskDescription() +getRootCommunity()
+getUser() +getRootProcess()
+invoke() +getSubTasks()
+processMessage() +requestTaskDescription()
+readDatabase() +importBPEL()
+removeTaskFromCommunity()
1 +searchTaskGlobal()
* 1 +sendMessage()
WFUser
-id P
WFTaskQoS
+getinstance() * - Q
+getProvidedTask() 1 -duration
+processMessage() N price
WFCommunity 1 1 |delegate
1 1 -id
1 WFTask
-name
-artifactiD
* 1
*
[WFInstanceUserStatus
* 1
-user
WFInstance _status
-id -date
-mainTask -received
* -processCommunity WFData -unseen
-instanceCommunity
\WFMessageContent +getUnseenCount() —zonta!nngame
-description
- +setSeen() 1 N
-artifactURI 1 -type *
-communityName -artifact|D —
-fromUser
-instance WFInstanceTask
-|nstance((::ommun_|ty status
-processCommunity taskName
-qos 1
taskName +checl.<0|..|tputData()
type +getMissingData() WFEventHandler
+getUnseenCount P
+validate() " +ﬁasUserStatus() 0 subscription
+proc je() 0.1 +processEvent()
+setSeen() 1
+getUserStatus()

Figure 5.1: Class diagram

e The addConmuni t y() method is used to add a process community
to the system. It creates a community in MOTION with the given
name and sends a message to all peers about the details.

e addTaskToCommuni ty() publishes a given task or process to a
community. The members of the community are notified of the new
task announcement.

e On execution of a task, a peer may have to submit output documents
according to the process description. The creat eTaskDat a()
method provides the functionality to assign a document to a specific
data container. The given file is wrapped into a MOTION artifact and
submitted to the instance community.
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e getl nstanceAdm n() returns the user which is the coordinator of
a given instance.

e The method get Root Communi ty() returns the top-level commu-
nity WFCommunity, which is mainly used as a target of global mes-
sages.

e Given the name of a task, get Root Pr ocess() looks up the process
description table and returns the process the task is part of.

e If a peer receives a message concerning an unknown
task, he can request the description from the sender using
request TaskDescription(). A message is sent to the cor-
responding user, asking him to send the corresponding artifact.

e To add a new process description to the system, the i mpor t BPEL()
method parses the given BPEL-file and adds it to the local database.

e Invoking sear chTaskd obal (), a peer can actively search for all
providers of a specific task.

e The method sendMessage() provides the functionality of sending
messages using the MOTION middleware. Message type and content
are specified by a WFMessageCont ent object, which passed as an
argument

5.1.2 WFDatabase

This class is responsible for the management of users, processes, and in-
stances and is accessed by the WFCoor di nat or class. It provides meth-
ods to access the objects which are available in the local database files. On
startup of the system, it reads the XML database file of the current user and
holds the information in memory. To maintain a persistent state of the data,
all methods of this class commit the changes to the local storage immedi-
ately.

The WFDat abase also listens to MOTION messages and processes them
upon reception.

e The method conmmi t () writes the database of the current user to a
persistent file using the PDOM component.

¢ Given the name of a task, get TaskDescri pti on() returns the de-
scription of the task.

e As this class is registered to receive MOTION messages, the
i nvoke() method is called whenever a message from another peer
arrives. The content is parsed and passed to pr ocessMessage() .
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e Arriving messages are handled in the method pr ocessMessage() .
If the content is specific to a certain user, the appropriate WFUser
object will proceed to process the information.

¢ To initially load the local database file, r eadDat abase() is invoked
on startup. It parses the XML file using the XQL component and
creates the necessary objects in memory.

5.1.3 WFTask, WFData, WFTaskQoS

As the internal data representation makes no difference between processes
and tasks, they are represented by the same class, WWTask. The semantic
to distinguish between them is, that a WFTask object is considered to be a
process if it is no subtask of any other task.

The attribute ar t i f act | Dis only relevant for the process representation.
It contains the ID of the artifact containing the process description file.

The WFDat a class implements the data container concept. It gives ac-
cess to the documents which have been associated with the container. It is
identified by the cont ai ner Nane attribute. If an artifact has already been
created, its ID is stored in the attribute arti f act | D.

To store quality of service attributes of provided tasks, the class
WFTask QoS contains the relevant data structure. We have three predefined
attributes here: The dur ati on is specifies the expected time to execute
the task, the pri ce shows how much will be charged for consuming the
service, and del egat e is a flag, which indicates whether the peer himself
executes the task or it will be delegates to a third party.

5.1.4 WFUser

For every user known to the workflow system, a WFUser object is available
in the database. It contains a list of instances the user coordinates and has a
list of all tasks the user provides. The tasks are grouped by the community
they have been announced in.

e Calling the method get Provi dedTask() with a process commu-
nity and a task name as arguments we receive a WFTask object which
contains the details of the task as it was announced.

e The method pr ocessMessage() is called by the WFDat abase if a
received message is specific to the user which is represented by this
WFUser object. It analyzes the content and updates the relevant ob-
jects of the database.
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5.1.5 WFInstance

This class contains the relevant information about instances the user is in-
volved in. It saves a reference to the instantiated process in the attribute
mai nTask. Other important attributes are information about the commu-
nity the process has been published in (pr ocessComruni t y) and the pri-
vate instance community (i nst anceConmuni ty).

5.1.6 WFInstanceTask

For each task of the instance the user is involved in, a WFl nst anceTask
object is stored in the database. The input and output containers which
have to be considered when executing the task are stored in a list of WFDat a
objects.

e The method checkQut put Dat a( ) iterates all output containers and
returns, whether all artifacts have been specified and the task is al-
lowed to set its state to finished.

e All input containers are checked with the method
get M ssingData(). If there are input documents missing, it
searches the community for corresponding artifacts and downloads
them, if available. Otherwise it creates a MOTION subscription with
criteria matching the desired artifact.

5.1.7 WFEventHadler

The class WFEvent Handl er is an event handler, which listens to subscrip-
tions created in the method WFI nst anceTask. get M ssi ngDat a() . As
soon as an artifact has been created which matches the subscription, the
processEvent () method is invoked. It then automatically downloads
the desired artifact and updates the WFDat a object which it refers to.
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5.2 Process description and BPEL

Traveler

— @
@ Plan Trip

Submit Order

Receive ltinerary

heseerie

Figure 5.2: BPEL example graph

The detailed description of processes have to be provided in an XML file
which complies with the BPEL specification in [31]. Nevertheless, the re-
quirements for our workflow system are not as sophisticated as the com-
plete language definition. For that reason we don’t use all BPEL features
but work with a limited subset of it.

In this section we will show how the process description is built accord-
ing to a graphical representation of the workflow. For simplicity reasons
we have taken some tasks of the total business process as illustrated in fig-
ure 5.2. As the the original description doesn’t need any input documents,
we have added one to also show this functionality: We assume, that the co-
ordinator has to provide a process input document, called catalogue which
the traveler requires to start planning the trip. This is indicated by an arc
denoted as (2) in the illustration.

The process description in BPEL notation which we refer to in the next
paragraphs is shown in the listing in figure 5.3. As this is not the complete
file, we use dots (...) as a placeholder for missing parts.
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5.2.1 Structure

A BPEL definition consists of three major sections,
<part ner s>, <cont ai ner s>, and <f | ow>. The first two are declarative
and describe roles and objects, and the third one gives the tasks and
relations between them.

Partners, line 2-6.

This section defines the different parties which interact with the business
process when it is executed. The three partners shown here correspond to
the person who wants to have his trip planned (traveler), as well as the agent
which processes his request, and an airline which does the actual flight and
seat reservation. The workflow graph shows the partners in the top section,
denoted with (1). In practice, a partner role defines a set of tasks which
reasonably will be performed by one person or peer. For example, in an
instance of our airline reservation process, there will practically only be one
peer which performs the tasks Plan Trip, Submit Order, Receive Itinerary, and
Receive Ticket. Anyway, as the semantical context is considered out of scope
in our workflow system, we ignore any influence of the partners definition
on the execution course of a business process.

Containers, line 8-13.

This declaration defines the containers which serve for data exchange be-
tween the tasks and give access to process input and output documents.
The different containers, which are necessary throughout a process execu-
tion, have to be identified during the requirement analysis of the business
process. Containers have also the function of determining dependencies
between the tasks. We define, that a task B is dependent on a task A, if
task A stores documents into a container which are required for task B’s
execution.

Flows, line 16-45.

In the third part of the process definition we have the actual task defini-
tions. This includes information about how they are linked together and
which containers are passed between them. To comply with all kinds of
document flows we have to deal with, we have to distinguish between
three flow types which are identified as follows:

e Process input data. A process input document which has to be pro-
vided by the coordinator is denoted with (2) in figure 5.2. The im-
plementation in BPEL is done with a <r ecei ve> node (line 17-20).
Here, the documents have to be provided in the container catalogue.
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e Task. The tasks of the process are represented by <i nvoke> nodes,

with the task name given in the oper at i on attribute. The input and
output documents are described in the attributes i nput Cont ai ner
and out put Cont ai ner respectively. Arcs, which point from one
operation to another and thus show a connection between them, are
mapped to links: For example, the tail of the arc number (3) is repre-
sented by a link source in line number 25, and the the head of that arc
is connected to the task Submit Order by a link target in line number
32, both identified by the arc’s name planTrip-ready.

Process output data. A process can be considered as finished, when
all output containers are provided. In our example this is done, when
the traveler has received his tickets, denoted as (4) in the illustration.
The coordinator can then retrieve the documents. The lines 39-41 in
the BPEL file show the <r epl y> node which delivers the container
issuedTickets to the coordinator.

<process nane="airline">

<partners>
<partner nane="Coordinator"/>
<partner nane="Traveler"/>
<partner nane="Agent"/>
<partner name="Airline"/>

</ part ner s>

<cont ai ner s>

<cont ai ner nane="|ocati onsAndDat es" />
<cont ai ner nane="subm ttedOrder" />

<cont ai ner nane="i ssuedTi cktes" />

</ cont ai ner s>

<fl ow>

<recei ve partner="Coordinator"

cont ai ner ="cat al ogue" >

</receive>

<i nvoke partner="Travel er"

operation="pl anTri p"
i nput Cont ai ner="cat al ogue"
out put Cont ai ner="1 ocat i onsAndDat es" >

<source |inkNanme="pl anTri p-ready"/>
</i nvoke>

<i nvoke partner="Travel er"

oper ati on="subm t Or der"
i nput Cont ai ner="1 ocat i onsAndDat es"
out put Cont ai ner ="submi ttedOr der" >

<target |inkNanme="pl anTrip-ready"/>
<source |inkName="subm t Order-ready"/>
</i nvoke>
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<reply partner="Travel er"
cont ai ner ="i ssuedTi ckt es" >
</reply>

</flow>
</ process>

59

Figure 5.3: BPEL definition of the airline process
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5.3 Internal database format

The local data storage of the peers is implemented using PDOM and XQL
[38]. The database contains any information which is relevant for process
management, as well as messages received from and sent to other peers.
Every peer has its own database which gives the peer’s local view of the
workflow engine. This section will give an overview of the data structure
which is listed in figure 5.4.

The content of the database has three main data sections (line 3). The
<Descri pt i on>node contains process definitions which have either been
imported or downloaded, and the <User > nodes contain any information
received from and sent to a specific peer. The <KnownConmuni t y>nodes
list all communities known to the peer.

Description node. All tasks known to a peer are stored as <Task> nodes
here (line 8-9). This includes default values for quality of service attributes
and the definition of flow data, which is referred to as container in BPEL
notation.

User nodes. The user nodes (line 27) represent the knowledge base of
the communication with other peers. It contains task announcements and
details about participations in process instances. Every peer which had
a message delivered to the owner of the database is represented with a
<User >node. Furthermore the owner of the data storage himself has node,
containing its own announcements and participations.

e The <Pr ovi de> node (line 30) contains all tasks which are provided
by the specific peer, grouped by the community they have been an-
nounced in.

e The most important nodes for process executions are the
<Wor kUni t s> (line 35): All instances a peer is involved in are
listed here. In more detail, the <I nst anceTask> subnodes (line 43)
describe the messaging which has taken place in this context. The
exchange of documents which has taken place between the partici-
pants of the instance is also tracked in this subtree. Containers which
have already been provided to the specific instance are represented
by the artifact, stored in the <WFDat a> child nodes.

KnownCommunity nodes. All communities, which have been added to
the workflow system are listed here. This does not include instance com-
munities, which are only visible to participants of the specific instances.
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<! DOCTYPE

<! ELEMENT
<! ATTLI ST

<! ELEMENT

<! ELEMENT
<! ATTLI ST

<! ELEMENT
<! ATTLI ST

<! ELEMENT
<! ATTLI ST
<! ATTLI ST
<! ATTLI ST

<! ELEMENT
<! ELEMENT

<! ELEMENT
<! ELEMENT
<! ELEMENT

<! ELEMENT
<! ATTLI ST

<! ELEMENT

<! ELEMENT
<! ATTLI ST

<! ELEMENT

<! ELEMENT
<! ATTLI ST
<! ATTLI ST
<! ATTLI ST
<! ATTLI ST

<! ELEMENT
<! ATTLI ST
<! ATTLI ST
<! ATTLI ST

<! ELEMENT
<! ATTLI ST
<! ATTLI ST
<! ATTLI ST
<! ATTLI ST

<! ELEMENT
<! ATTLI ST
<! ATTLI ST

1>

WFDat abase [

WFDat abase (Descri ption, User*, KnownConmuni t y*) >
WFDat abase owner CDATA #REQUI RED>

Description (Task*)>

Task (Subtask*, QoS, FlowData*)>
Task name CDATA #REQUI RED>

Subt ask>
Subt ask CDATA nane #REQUI RED>

FI owDat a ( Corment) >

FI owDat a nane CDATA #REQUI RED>

Fl owDat a type CDATA #REQUI RED>

Fl owData artifact CDATA #l MPLI ED>

Comrent (#PCDATA) >
QoS (duration, price, del egat e) >

durati on (#PCDATA) >
price (#PCDATA) >
del egat e (#PCDATA) >

User (Provide, WorkUnits)>
User id CDATA #REQUI RED>

Provi de (Conmunity*)>

Community (Task*)>
Community id CDATA #REQUI RED>

Wor kUnits (I nstance*)>

I nstance (I nstanceTask+)>

I nstance id CDATA #REQUI RED>

I nstance mai nTask CDATA #REQUI RED>

I nstance processConmunity CDATA #REQUI RED>
I nstance i nstanceCommuni ty CDATA #REQUI RED>

I nst anceTask (Message*, Fl owDat a*)

I nst ance taskNanme CDATA #REQUI RED>

I nstance processConmmuni ty CDATA #REQUI RED>
I nstance i nstanceCommuni ty CDATA #REQUI RED>

Message>

Message date CDATA #REQUI RED>
Message recei ved CDATA #REQUI RED>
Message user CDATA #REQUI RED>
Message type CDATA #REQUI RED>

KnownContruni t y>
KnownCommuni ty i d CDATA #REQUI RED>
KnownConmuni ty name CDATA #REQUI RED>

Figure 5.4: DTD of local database
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5.4 Peer messaging

The exchange of information between the participants of the workflow sys-
tem is mostly performed using messages. This communication is imple-
mented using MOTION messages. They can be targeted to a specific peer
or a community, respectively. In our implementation both mechanisms are
used, depending on the requirements of the information being transmitted.

5.4.1 Announce a new community

Message WF_NEW COMMUNI TY
Target WFCommunity
id: MOTION id of the new community
Parameter .
name: Name of the new community
Description | When a user creates a new Process Community, he has to

input a name for it. The Workflow Coordinator then cre-
ates a MOTION Community and receives a unique id. The
message containing both the name and the id is sent to the
WFCommunity and delivered to all peers. The recipients
automatically add the information to their local database.

5.4.2 Remove a community

Message WF_REMOVE_COVWUNI TY

Target WEFCommunity

Parameter id: MOTION id of the community

Description | If a user decides to remove a Process Community, all peers

have to be informed immediately. The chosen community
is removed from the middleware and a message containing
the id is sent to the WFCommunity. The peers automatically
remove the community from their databases. This of course
implies, that any task announcements of this community
becomes invalid and is removed as well.
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5.4.3 Global search for a task

Message WF_SEARCH_TASK

Target WFCommunity

Parameter taskName: Name of the task to search

Description | The WF_SEARCH_TASK message is the only message which

actively queries other peers whether they provide a task.
The content includes the name of the desired task. Peers
which receive this message look up their own databases
if they have announced the given task in any community.
If one currently provides the task, it replies to the sender
with a WF_PROVI DE_TASK message, containing the relevant
details. As this method of querying for announcements is
rather expensive in terms of bandwidth use, it should not
be used frequently. It is meant to update a peers database
when reconnecting to the workflow system after a long
time.

5.4.4 Announce a task

Message WF_PROVI DE_TASK
Target Process Community
taskName: Name of the task
Parameter processCommunityld: Community the task is published in
qos: Quality of Service attributes
Description | If a peer wants to provide a task, it has to choose a task, se-

lect the Process Community, and specify the Quality of Ser-
vice attributes. This information is included in the message
and transmitted to the subscribers of the chosen commu-
nity. The recipients have to update their local databases. If
a peer finds that the sender has published this task before,
it removes the old announcement and replaces it with the
new one. This results in an update of the Quality of Service
attributes.
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5.4.5 Revoke a task announcement

Message WF_UNPROVI DE_TASK

Target Process Community

Parameter taskName: ‘ Name of the task
processCommunityld: Community of the task

Description | To revoke a task announcement a peer uses this message.

The former announcement is identified by the name of the
task (taskName) and the Process Community the task was
published in (processCommunityld). The recipients of this
message query their databases and remove the relevant en-
tries if existent.

5.4.6 Request the process description for a task

Message WF_GET_TASK _DESC

Target Peer

Parameter taskName: Name of the task

Description | A peer which receives an announcement of a task it has

no information of in its database, it can request the process
description file for this task. The message is transmitted to
the sender of the task announcement with the taskName as
argument. When a peer receives this request it looks up its
database which process it concerns and replies the relevant
information using a WF_SEND_TASK_DESC message.

5.4.7 Send process description

Message WF_SEND_TASK DESC

Target Peer

Parameter artifactUri:  Artifact URI of the process description file
Description | This message is a reply on a WF_GET _TASK_DESC request

and includes the resource identifier (artifactUri) for a MO-
TION artifact which contains the process description file.
The receiver of such a message automatically downloads
the artifact from the given URI and imports the process de-
scription file into its database. The URI itself will also be
stored in order to being able to serve requests from other
peers. The download is illustrated in figure 3.5.




Chapter 5. Implementation 65

5.4.8 Request a task

Message WF_REQUEST
Target Peer
taskName: Name of the task
instanceld: id of the process instance
Parameter . . .
processCommunityld:  id of the Process Community
instanceCommunityld: id of the Instance Community
Description | This message is sent to ask a peer whether it wants to exe-

cute the given task. The parameters taskName and process-
Communityld are used by the recipient to identify the spe-
cific task the sender refers to. This is important, because the
peer can have announced a task in several Process Com-
munities with different Quality of Service attributes. The
parameters instanceld and instanceCommunityld refer to the
process instance the task should be performed in. The re-
quest is added to the local database and marked as a new
message, but no further action is taken.

5.4.9 Accept a task request

Message WF_REPLY_ACCEPT
Target Peer
taskName: Name of the task
Parameter instanceld: id of the process instance
processCommunityld:  id of the Process Community
Description | To reply to a WF_REQUEST message and inform the sender

that the task is ready to be executed, a peer has to send this
message. The parameters included help the requesting peer
to match the reply to his prior message.

5.4.10 Refuse a task request

Message WF_REPLY_REFUSE
Target Peer
taskName: Name of the task
Parameter instanceld: id of the process instance
processCommunityld:  id of the Process Community
Description | This message can be sent in two different cases: (a) a peer

which receives a WF_REQUEST message doesn’t want to per-
form the task, or (b) a requesting peer gets a positive an-
swer but decides at this point of the negotiation that it will
not entrust it with this work. The parameters included help
the requesting peer to match the reply to its prior message.
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5.4.11 Assign a task to a peer

Message WF_ASSI GN
Target Peer
taskName: Name of the task
instanceld: id of the process instance
Parameter . . .
processCommunityld:  id of the Process Community
instanceCommunityld: — id of the Instance Community
Description | This message informs a peer to actually perform the task.
Upon reception of this notification the peer has to subscribe
to the instance community identified by the parameter in-
stanceCommunityld in order to receive all messages concern-
ing the instance.

5.4.12 Start execution of a task

Message WF_REPLY_START
Target Peer
taskName: Name of the task
instanceld: id of the process instance
Parameter ‘ . .
processCommunityld:  id of the Process Community
instanceCommunityld:  id of the Instance Community
Description | This message informs the coordinator that all requirements

(e.g. availability of input data) have been met to start
the task. The coordinator stores this information into its
database but doesn’t take any further action. The purpose
of this notification is to keep track of the current instance
status.

5.4.13 Finish execution of a task

Message WF_REPLY_FI NI SH
Target Peer
taskName: Name of the task
Parameter instanceld: id of the process instance
processCommunityld:  id of the Process Community
Description | This message informs the coordinator that the task identi-

fied by the parameter has been successfully finished. The
coordinator updates its database and checks the overall in-
stance status. If every single task is finished, the output
data can be retrieved by the coordinator.
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5.5 Exchange of documents

Besides communicating using messages, the workflow system requires a
method to exchange data files. The MOTION middleware supports us with
the artifact concept which provides a mechanism to share files among dif-
ferent peers. An artifact represents an object which can be published to a
community. It is then visible to all members of that community and can be
queried by other peers using meta information which is attached to the ar-
tifact. We have to consider two document types which have to be retrieved
differently: Process description files and instance documents.

5.5.1 Process description files

A peer which wants to download a process description file has to request
it from the coordinator using messages (see section 5.4). A successful re-
ply contains the URI of the desired file. Using the MOTION middleware
the document identified by the URI can be downloaded. These steps are
illustrated in figure 5.5.

‘WE rdinator MOTION :Peer
: |
I I
! I
1 1

requestProcessDescription(taskName)

sendLocation(URI)

requestFile(URI)

requestFile(URI)

return(file) T
L

Figure 5.5: Download a process description from another peer
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5.5.2 Instance documents

During instance execution peers may have to produce output data to fulfill
a task they are assigned to perform. These files have to be added to the
workflow engine that other peers, which require this information, can re-
trieve it. Which documents are involved in a task is specified in the data
container definition of the process description. The document of a data
container will be stored as an artifact as soon as it becomes available. It
will be added to the corresponding instance community for other peers to
find it.

In order to being able to identify an artifact, we need a matching between
artifacts and data container. This is established using the NAVE attribute of
the artifact, which contains the name of the corresponding data container.
When a peer needs a specific artifact, it can look up the list of artifacts of
the instance community and match the NAME attribute with the name of the
data container which it desires.
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Deliver a document for an instance task

To deliver a document, a user has to choose an instance, and a task which
he is assigned to perform, and the data container he wants to submit. Fur-
thermore a file has to be chosen which contains the data of interest. The
WECoordinator then will create an artifact for the given file and set the
name according to the data container. The artifact is added to the instance
community and the data container in the local database is updated with the
id of the artifact (see figure 5.6).

The same steps apply when a coordinator wants to execute an instance
which, according to the process description, requires some input data.

:User :WFDatabase :WFCoordinator :MOTION

( 1
{ 1
{ 1
. 1
> choose task and instance |
1
1
1
1
N

get data container(task)

list of containers
e —— :|.|_|
1
. 1
> choose data container 1
1

createTaskData(task,instance,containerfilename)

createArtifact(filename)

artifactlD
K m—m e ——
setName(container)
community
<_ _________________

addArtifactToCommunity(artifact|D,community)

1
1
1
1
1
I
I
I
I
1 getCommunity(instance)
I
I
I
I
I
I
I
1

store(artifact|D)

return(ok) 1

T T '

Figure 5.6: Deliver a document for an instance task
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Retrieve documents of an instance task

When a peer wants to start the execution of a task, it has to ensure that all
input data the task depends on is available in the instance community. To
do so, the peer looks up the process description for all data containers of
the corresponding task. For each the Workflow Coordinator searches for
artifacts in the community, matching the NAVE attribute with the specific
container name. If it is not available, which means that the desired docu-
ment has not been submitted to the community, the workflow coordinator
automatically subscribes on this search criteria. As soon as any peer creates
the desired artifact, a notification is fired which causes the workflow coor-
dinator to retrieve the artifact. Using the included URI the document can
be downloaded from the corresponding peer. A detailed sequence of these
steps are outlined in figure 5.7.

When a coordinator executes an instance which as a result has output
data, he can retrieve the documents the same way as described here.
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:User ‘WFD: \WE inator :MOTION :Peer
> choose task and instance
get data container(task)
list of containers
T it
getTaskData(instance,task)
getCommunity(instance)
community
N E——— L
foreach containgr searchArtifact(community,name=container)
[artifact|not return(null)
availal |e] o o e ]
subscribe(community,name=container)
addArtifact
notify()

getArtifact(id)

return(artifact)
|G o o s s s e e i i e o]
> extractUR|(artifact)

requestFile(URI)
requestFile(URI) I
return(file) 1
e e e e e e
return(ok)

Figure 5.7: Retrieve documents of an instance task
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Chapter 6

Validation

In this chapter we want to show, how the functionality of the workflow
system has been integrated into a graphical user interface. The GUI is an
extension of the the Java MOTION client and introduces three modules:

e The Process Manager basically supplies us with the functionality of
community management, handling of process descriptions, and pro-
viding tasks.

e The User Manager shows the current view of all known users and pro-
vided tasks and contains the process description download.

e In the Instance Overview task negotiations and instance executions
take place. Furthermore, it has a sub-module Instance Manager which
the coordinator can use to supervise and coordinate instances.

Taking into account our airline reservation case study, the next sections
show various steps of process management issues and the execution of an
instance. We have two peers involved, one acting as the coordinator (user
name adm n) and the other acting as a worker (user name dat a).
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6.1 Process Management

This section describes the steps which are necessary to set up an environ-
ment for the execution of a process. The coordinator peer is responsible for
creating a community, adding a process to the workflow system, adding
the process to the newly created community and creating an instance for
the process. The worker peer which participate in this workflow has to
join the specific process community. Then he can download the process
description and choose tasks which he provides for execution. Figure 6.1
gives an overview of these steps.

Workllow Systern
T T T
1 1 L

input name

g
)
Ty
\

addCommunity(name)

notify()

select BPEL file

addProcess(BPEL file) select community

Figure 6.6

subscribeCommunity(community)

select process

select community

juil

el

s

@

I

IS
_——————

~ addProcess(process,community)

notify()

select process Figure 6.7

1 [0
\
\
T

-~ =~
= !
y [}
Figure 6.5 1 select process Jl
] -
1 > select community downloadProcess(process)
l\ addInstance(process,community)
~ \,
> select task \\
|
|
> select community : Figure 6.8
|
[}
> enter QoS ]
]
provideTask(task,community,QoS) ,/
4
notify()
n -

Figure 6.1: Process Management overview
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6.1.1 Coordinator: Add a community

The creation of a community takes place in the Workflow Process Manager.
On choosing the appropriate menu item, the user is asked for the new com-
munity’s name. The new community is then visible to all users of the net-
work.

*SMotion Frototyper User:admin

MOTION Search Network Settings Help

) X Motion Prototype User: adwin PR
MOTION Search Newwork Seuings Help

E Workflow Process Manager
Processes
-

L ONEW Commumnity;

Marme:
[adrlineCaramunity

E Workflow Process Manager

'

Add process
Remove process
New instance

¥ Subscribe Community

[ ok || avbrecnen |

*SMotion Frototyper User:admin

MOTION Search Network Settings Help

E Workflow Process Manager

Processes

Lo AirlineCommunity

(o @ WFCommunity

Figure 6.2: Add a community
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6.1.2 Coordinator: Add process description

To import a process description to the workflow system we need to load it
from a local file in BPEL-format. The process with all tasks will be shown
in the Workflow Process Manager next to the available communities.

- SMotion Frototypet UEeT: admin

MOTION Search Network Settings Help

[ workflow Process Manager
Suchen in: |E Documents v| @ @ @ IE

1 Diplomarbeit
&®WFCummuniw [ Eigene Dateien

[} flightreservation. bpel

[og) @ AirlineCommunity

Remove process
New instance

Add Community Dateiname: |ﬂ\ghlreser\faliun bpel \
® Subscribe Community

Dateityp: | bpel-Files -

Offnen H Abbrechen ‘

*SMotion Frototyper User:admin

MOTION Search Network Settings Help

E Workflow Process Manager

Processes

AirlineCommunity

Figure 6.3: Add process description
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6.1.3 Coordinator: Add process to a community

So far, the description is only available locally. To make it accessible to other
peers, we have to publish it to a process community. This is performed in
the Workflow Process Manager using a copy and paste concept. We highlight
the ai rl i ne process and click the Copy button in the toolbar. Then we
mark the Ai r | i neConmmuni t y and use the Paste button to publish it to the
selected community.

*SMotion Frototyper User:admin

MOTION Search Network Settings Help

*SMotion Frototyper User:admin

MOTION Search Network Settings Help
IE Workflow Process Manager 500

i

[7] Workflow Process Manager
i

py ocesses
y

AirlineCommunity

WFCommunity

MOTION Search Network Settings Help

E Workflow Process Manager

Processes .

Figure 6.4: Add a process to a community
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6.1.4 Coordinator: Create a process instance

To create an instance and set up an environment for the execution, we have
to highlight the ai r | i ne process and choose the appropriate item from
the context menu. The details of the instance can be seen in the Instance
Manager which will be shown in the next section.

- “Motion Prototype User:admin
MOTION Search Network Settings Help
E Workflow Process Manager
Processes

AirlineCommunity

Add process

Remove process

airline New instance

Add Community
IssueTid @ gubscribe Community

receiveQrder

Figure 6.5: Create an instance

6.1.5 Worker: Subscribe to a process community

After the coordinator has created a process community, it is visible
to any connected peer. To receive the communication concerning the
Ai rlineComruni ty the worker peer subscribes to the community.

' “Motion Prototype  User:data
MOTION Search Network Settings Help
E Workflow Process Manager

Processes

WFCommunity

Add process

Remove process

New instance

Add Community

O Subscribe Community

Figure 6.6: Subscribe a process community
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6.1.6 Worker: Download process description

In order to take part in the airline reservation process, the worker peer
has to receive the description of the process. This can be done using the
Workflow User Manager. The desired process ai r | i ne is available in the
Ai rl i neConmuni t y in the subtree of the coordinator user, named adm n.
After having downloaded the description file, it will be added to the local
repository and is visible in the Workflow Process Manager.

' S Motion Prototype’ User: data S Mbtion Prototype’ User: data

MOTION Search Network Settings Help MOTION Search Network Settings Help

Workflow Process Manager -

Logd AirlineCommunity

E Workflow User Manager

nown user

i
@ § admin
L @Airlinecummuniw
-2l
o € dua | Getprocess description

Figure 6.7: Download process description
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6.1.7 Worker: Provide a task

To offer a task for execution, the worker has to use the Workflow Pro-
cess Manager interface. We want to provide the task pl anTri p to the
Ai rlineComrunity. After highlighting the appropriate task and using
the Copy button we select the community it should be provided in and use
the Paste button to proceed. Now the user is asked to specify the Quality of
Service attributes. On confirmation the task is published to the community
with the specified attributes and visible to the other peers.

*SMotion Frototype’ UEer: data SMotion Prototyper UEer: data

MOTION Search Network Settings Help MOTION Search Network Settings Help
I Waorkflow Process Manager

prdPastel

el cedAirlineCommunity

[ workflow Process Manager Frf E

12 AirlineCommunity

submitOrder

] » Motion Prototype User: data L= L&) 1€
MOTION Search Network Settings Help MOTION Search MNetwork Settings Help
I Workflow Process Manager

E Workflow Process Manager

Processes

Duration: 10
Price: 3o |

[_] delegate

Figure 6.8: Provide a task
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6.2 Task negotiation

80

In this section we will show how the coordinator looks for task providers
he requires for the execution of the ai r | i ne instance. It shows the com-
munication with the worker peer which takes place until a task assignment
is achieved. In figure 6.9 we have an overview of the steps performed.

Coordinator Peer

(4
|
Figure 6.11 [}
|
|
}

4
|
Figure 6.13 [}
|
|
|
L

e

:> select instance/task

select user

requestTask(task,user)

A

notify()

Workflow System

notify()

1
o

acceptTask(task)

> select instance/task

select user

assignTask(task,user)

~
~

:> select instance/task :
)
d

4

L
I
|
I
|
|
|
|
|
|
|
I

Figure 6.9: Task Negotiation overview

Figure 6.12 ﬁ
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6.2.1 Coordinator: Request a task

After having created an instance the coordinator can proceed to the Instance
Overview. This window gives an overview of all instances the peer is in-
volved, both acting as coordinator or as worker peer. In our example the
only instance shown is the previously created instance of the flight reser-
vation scenario. To view the details and coordinate the tasks, the user can
choose Manage Instance from the context menu.

SNBtion Prototype User:admin

MOTION Search MNetwork Settings Help

[7] Instance Overview

rRefresh ||] Show only coodinated instances

root 3 Coordinator | Task | InstancelD
@ O WrCommunity |admin lairline|airline_inst1083 24230467 4@hlac

D airline

Remove Instance

Figure 6.10: Instance coordination

The Instance Management window gives a detailed view of the tasks of the
process. Choosing a specific task in the tree lists all peers which provide
this task or which are already in negotiation with the coordinator. In our
scenario we have one peer (dat a) which provides the task pl anTr i p with
the Quality of Service attributes listed. The coordinator can now invite the
peer to execute the task with sending a Request message.

' “WMotion Prototype ™ User: admin

MOTION Search Network Settings Help

[] Instance Management

|—Refresh ” Input; Qutput Data ||Z Only current Community
airline J User [Status sent[Statusrec...[ Date [ Duration | Price [ Delegate
CissueTicker  #|data | | 1o

3 receieOrder
[T submitOrder =
= planTrig

Show Qo5
Search for more Users

Figure 6.11: Request task
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6.2.2 Worker: Accept a task

The worker can use the Instance overview window to negotiate with the co-
ordinator. He has to choose the task pl anTr i p to see all instances he is in-
volved in and notices that the coordinator has sent a Request notification.
He can decide whether to accept or refuse the execution with replying the
appropriate status message. In this case the worker proceeds with sending
an Accept message.

S SMotion Prototype User:data

MOTION Search Network Settings Help

[ Instance Overview :

|—Refresh ||j Show only coodinated instances

root ‘| Coordinator|_ Task | InstancelD  [L..| Status sent | Date
@ [ ArlineComrrunity #jadmin planTrip  |airline_inst10&.. ..

D planTripil)

Reply status: Refused
Input/ Output data
Remove Instance

Figure 6.12: Accept task
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6.2.3 Coordinator: Assign a task to a worker peer

The coordinator can see the latest status of the negotiation in the Instance
Management window. To assign the task, which has been accepted by the
peer, he sends another message indicating the new status Accept ed.

SNBtion Prototype User:admin

MOTION Search MNetwork Settings Help

[7] Instance Management

rRefresh ” Input; Output Data ||Z Only current Community

[ airline 3 User | Status sent |Status rec..| Date | Duration |  Price | Delegate
Ol issueTicket  |data |Requested | |sat May 0... [10 20 ralse

3 receiveOrder |Sata [ \Accepted  Sat May o, |10

3 submitorder
A planTrinily Remove Status

: Show QoS
Search for more Users

Figure 6.13: Assign task

' “WMotion Prototype ™ User: admin

MOTION Search Network Settings Help

[] Instance Management

|— ” Input; Output Data ||Z Only current Community

[ 1 airline §§ User Status sent | Status rec... Date Duratian Price Delegate
CissueTicker  #|data Reguested Sat May 0. [10 20 false
7 receiveOrder £|2ata Accepted  [Sat May 0. |10 30 false

7 submitorder 222 Assigned Sat May 0 |10 20 false

3 planTrip(1)

Figure 6.14: Task assignment complete
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6.3 Instance execution without input data

In this section we show the steps which have to be performed by the worker
peer to execute the task pl anTri p. According to the process description
we don’t require any input documents here. The handling of input data is
shown in the next section.

Coordinator Peer Workflow System Worker Peer
T T T
1 1 1
i i i
\\
select instance/task 1 .
| |Figure 6.17
startTask(instance,task) ,|
notify() 4
> perform work
submitData(instance,task) ) Figure 6.18
-
notify() -
finishTask(instance,task
o ( 1ask) = 5 Figure 6.19
notify() -
L
1
T T 1
1

Figure 6.15: Instance execution overview 1
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6.3.1 Worker: Start task

The worker is notified in the Instance Overview window about the task as-
signment. He can now open the Input/Output data dialog to have a look
whether pl anTri p requires any input documents to start. As the task
doesn’t need any input data we have an empty list and it can be started
immediately with the button Start. The coordinator is informed about the
new status with an appropriate message.

SNotion Prototype User: data

MOTION Search MNetwork Settings Help

[ Instance Overview

efres 0w ohly coodinated Instances ctions
Refresh |[C]Sh I di ai Acti

root ‘| Coordinator | Task | InstancelD |,..| Status sent |
& [ AirlineCornmunity  fadmin planTrip  airline_ins.. | Accepted

D planTrip

Reply status: Refused
Reply status: Started

Remove Instance

Figure 6.16: Open the Data I/O window

- S SWorkTlow Date [_Ral =]

[ Input Data. [(Output Data |
Description
File:
Artifact 1D:
Start Task started
Cancel Ok

Figure 6.17: Start task
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6.3.2 Worker: Execute and finish task

After the worker has started the task, he has any information he requires
to actually perform the work. The result usually consists of one or more
documents which have to be submitted to the community. To deliver the
documents, if applicable, he has to use the Input/Output data dialog. In the
output tab all required data containers are listed. For each the user has to
choose a file which contains the relevant information and then create an
artifact. It will be associated with the task and submitted to the instance
community. In this scenario a container | ocati onsAndDat e has to be
considered.

ﬂ F SWoTRToW Data =%

[(InputData | Output Data |
locationsAndDates

Description
This file contains detailled plans for a trip.

File:
|jhome;black,fmotiDnjtu\.fuiflocatwons.txt | |

Create Artifact

Artifact 1D:
108241652 1867878096747

Submit output data

Figure 6.18: Submit task output data
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Having defined all containers, the user has to click on the button Submit
output data. This validates that all artifacts have been submitted. In positive
case the task is finished and a message is sent to the coordinator indicating
the new status. Otherwise the user is informed about missing documents.

- SWorkflow Data B2k =]
((InputData | Output Data |

locationsAndDates
Description
This file contains detailled plans for a trip

File:
|jhume,fblatKjrnUliunhuvu\jlucaliuns.lxl | |

Create Artifact

Anifact ID:
|108341652 1867878095797 |

Task finished

Figure 6.19: Finish task

The coordinator peer is able to track the last steps the worker has per-
formed. In his view of the Instance Management window he can monitor
the status transitions. After the worker has finished the task pl anTri p,
the coordinator has the following information of the instance:

' “WMotion Prototype ™ User: admin

MOTION Search Network Settings Help

[] Instance Management

|— ” Input; Output Data ||Z Only current Community

airline i User Status sent | Status rec... Date Duratian Price Delegate

[ issueTicker - |data Requested Sat May 0... |10 20 false
9 recemeOrdear §§ data Accepted  [Sat May 0., |10 20 false
7 submitorder |22 Assigned Sat May 0. |10 20 false

- ildata Started Sat May 0., |10 20 false
B planTrinll) oo Finished  [sat May 0. |10 20 false

Figure 6.20: Task completed
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6.4 Instance execution with input data

To demonstrate the execution of a task which requires input data from an-
other peer, we assume that the following steps already have taken place:

e A peer has subscribed to the Ai rl i neConmuni ty and has down-
loaded the ai r | i ne process description

o It then has provided the task submi t Or der to the community.

e The coordinator and the peer have successfully negotiated and the
task has been assigned.

Considering these steps, the current status of the task subm t Or der in the
coordinators Instance Management view is shown below:

] SNBtion Prototype User:admin

MOTION Search MNetwork Settings Help

[*] Instance Management
rRefresh ” Input; Output Data ||Z Only current Community

airline i Lzar Status sent |status rec Date Duratian Price Delegate
T issueTicket cara Feguested Sar May ... |10 20 false
[ receiveOrder |oata Accepted  [sat May 0. [10 20 false
Ij oara Assigned Sar May 0., |10 20 Talse

3 planTrip

Figure 6.21: Assignment of task submitOrder
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The worker peer now is prepared to execute the task. In the Instance
Overview window he opens the Input/Output data dialog to check the re-
quired documents.

*“Motion Prototype™ User:data

MOTION Search Network Settings Help

Instance Overview
|—Refresh ||j Show only coodinated instances | Actions J
roat :
@ [ airlineCamrmunity
O planTrip
D submitQrder

oordinator]| Task | InstancelD || Status sent | Date | Status received |
min |submitOrder airline_inst10... |... [Accepte |Sat MawAcsinned
Reply status: Refused

Reply status: Started

Remove Instance

Figure 6.22: Open the Data I/O window

The Input/Output data dialog shows one entry in the input tab. The con-
tainer | ocat i onsAndDat e is an required input document which has to be
retrieved from the instance community. With a click on the button Get input
data the workflow system tries to download the corresponding artifact to
the local fire storage. If this succeeds, the task is automatically started and
a notification of the new status is sent to the coordinator. The details of the
artifact are shown for the highlighted container.

- SWorkflow Data B2l
[ Input Data [Output Data |

locationsAndDates
Description
This file contains detailled plans for a Irip.l

File:

\.2 175@hblacklg2. 168.0 11jlocations.t><t| |

Create Artifact

Artifact 1D:
|10834231235871441626312 |

Get input data | Task started

Figure 6.23: Receive input data
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The Instance Management view of the coordinator now shows the newly
received status St ar t ed.

SNBtion Prototype User:admin

MOTION Search MNetwork Settings Help

[7] Instance Management

r ” Input; Qutput Data ||Z Only current Community

[ airline i Lzar Status sent |status rec Date Duratian Price Delegate
T issueTicket data Feguested Sat May 0. |10 false
3 receiveOrder 4data Accepted  |Sat May 0. |10 false
=3 submitordert data Assigned Sat May 0. |10 false
oara Stared Sar May 0., |10 Talse

3 planTrip

Figure 6.24: Start of task receiveOrder
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6.5 Retrieve instance output documents

When all tasks are finished, the coordinator can retrieve the output doc-
uments from the instance community. He can start the Input/Output data
from the toolbar of the Instance Management dialog and use it similarly to
the worker peers. The difference is, that the coordinator submits input
data to the instance and receives output data, whereas the worker peers
receive input data and submit output data. In our example we have one
output document which is to be received by the coordinator. The container
i ssuedTi cket s is shown in the output list. With the button Receive output
data the artifact is downloaded to the local repository, if available.

ﬂ L SWorRtiow Date ==
((InputData | Output Data |
issuedTickies
Description
Tickets faor the flight.
File:
[lack19z.168.0.11 /locations. x| |
Create Artifact
Artifact 1D:
Q834239955 15682858067
Receive output data Process finished

Figure 6.25: Download instance output data
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Chapter 7

Conclusion and outlook

This thesis described a peer-to-peer workflow system targeting on the man-
agement of human workflow processes. The main elements of the architec-
ture, i.e. the process management, the task negotiation, and the instance
execution were presented and a flight reservation case study was used to
demonstrate the main principles of the approach.

Peer-to-peer computing is currently expected to be a major revolution in
computing, as big as the PC was in 1980s. In addition, inter-organizational
workflow is becoming a main paradigm for distributed system implemen-
tation. Furthermore the rapid growth of Internet-ready mobile devices re-
quires contribution to slim clients and limited bandwidth. Together, the
three paradigms can provide the essential infrastructure for executing dy-
namic workflow processes over the Internet. Such workflows are adaptive
(the flow of work is dynamic and is controlled by the peers) and easily
scalable (i.e. by altering the number of participating peers).

Another benefit of the proposed approach is its flexibility: in a conven-
tional static workflow system bottlenecks can occur when one of the pro-
cess participants becomes unavailable. In contrast, in the peer-to-peer ap-
proach, tasks are quickly re-assigned to one of the available peers.

The discussed flight reservation case study where all peers can be as-
sumed to be known and trusted, does not pose significant problems com-
pared to general business workflow applications where trust, security, in-
tegrity and confidentiality are going to be of high importance. Further re-
search is therefore required in areas such as data encryption, security and
integrity of the workflow transactions. Such research includes document
encryption to keep confidential information private and digital signatures
to provide authenticity and integrity.
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Further studies are required in providing meta-information along with
process descriptions. A detailed textual and graphical description of the
tasks and its dependencies is indispensable, including a definition of in-
volved documents as regards content.

The quality of service attributes are also subject to further improvements.
In addition to attributes like price or duration as introduced in this imple-
mentation, the system can supply the participants with statistically gen-
erated quality criteria. Another approach would be a rating functionality
which allows process coordinators to value the quality of consumed tasks,
serving others as a decision basis for peer assignment.
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