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Managing Distributed Projects in GENESIS

Lerina Aversano, Andrea De Lucia, Matteo Gaeta, Pierluigi Ritrovato, and Maria-Luisa Villani

The success of large software projects conducted by different organization sites may be determined by the
inter-site coordination and cooperation of the working teams, thus automated support to distributed project
management can be useful. In this context we present the GENESIS (Generalized ENvironment for procESs
management in cooperatlve Software engineering) approach to distributed process modelling and
enactment, realized through an event dispatching architecture whose distinctive feature is a decentralized
and autonomous definition of the multi-site software processes.

Keywords: Coordination and Cooperation, Distributed
Process, Large Software Projects, Multi-Site Software
Projects, Project Management, Process Modelling, Software
Processes, Workflow Management.

1 Introduction
Software projects are generally complex and may be
distributed across sites, so they require the coordination and co-
operation of teams of software engineers from different geo-
graphical locations and possibly belonging to different organi-
zations. This scenario is now becoming commonplace as a
result of globalization and therefore automated tools for the
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management and execution of these projects are highly desira-

ble [15][4][10]. In fact, the support for distributed project man-

agement is a relevant problem for two reasons.

* projects may involve a big number of concurrent activities,
which impose an adequate coordination support to keep
them on track and under control;

* when a project spans multiple sites that generally work in a
largely autonomous manner, these sites will not necessarily
be following the same process models, nor they will be all
employing the same methods and tools. Hence, it may be
required that, whenever it is possible, parts of the project
should be under the responsibility of local project managers,
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who can better organize the local activities (i.e., processes
and sub-processes) and resources involved.

In particular, the latter issue poses problems concerned with
decentralized and autonomous modelling of multi-site software
processes. Most works on distributed process management
focus on developing paradigms and architectures for the enact-
ment of these processes but they scarcely address decentralized
modelling [16][14][13][9][4][10][7][8]. In most cases process
modelling is a centralized activity and the enactment of
portions of the process is distributed among different workflow
engines. In some cases, the central process model is collabora-
tively edited with the contribution of people from different sites
[10] and each site has visibility of the overall process model. A
different approach is used in OzWeb [4] where process models
are autonomously defined on the different sites and cooperate
through specifically designed interfaces.

In this paper we present the GENESIS (Generalized ENvi-
ronment for procESs management in cooperatlve Software
engineering) approach to distributed process modelling. The
GENESIS platform is an outcome of a research project aimed
at designing and developing a non-invasive and open source
system to support software engineering processes in a highly
distributed environment. In GENESIS, the global view of the
project is modelled and enacted at the coordinator site (that is
the technical leader of the distributed software project [14]),
while sub-processes can be autonomously modelled and exe-
cuted on different organizational sites. The global process
model can be collaboratively edited by the project managers of
the different sites.

The paper is organized as follows. Section 2 discusses related
work. Section 3 presents an overview of GENESIS, with
particular reference to the flexible approach adopted for distrib-
uted process modelling and enactment. Section 4 details an
asynchronous communication protocol for distributed project
definition and management, while Section 5 concludes.

2 Related Work

In global and virtual enterprises, software processes
consist of multiple sub-processes that may span over organiza-
tional boundaries. The current commercial workflow technolo-
gy does not provide the necessary functionality to model, enact,
and manage distributed processes due to its mostly centralized
server architecture. Numerous are coordination functionalities
that cannot be fulfilled by traditional workflow systems [14][5],
such as the support for distributed execution of a workflow;
shared access to data and the use of groupware tools.

Modern workflow management systems exploit the web as a
mean to enable distributed access to the facilities provided by
the workflow engine [1][12][5][15]. However, most of these
systems are still based on a client-server architecture and the
problem of designing architectures for distributed process
modelling and enactment of the process is still a research issue
[16][14][13][9]1[4][10][7][8]1[17]. PROSYT is an artifact based
PSEE [7]. Each artifact produced during the process is an
instance of some artifact type, which describes its internal
structure and behaviour. All the routing in this model is based
on the artifact and the operations on them. PROSYT also
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allows for distributed enactment facilitated by an event-based
middleware [8].

In [9] the authors propose an approach for the distributed
execution that exploits an event notification service, named
READY. Workflow participants, both workflow engines and
agents, can subscribe to events that trigger the start of workflow
activities and processes, and events that describe state changes
in the workflow processes they are interested in. Therefore, the
configuration of the participants in a workflow can be dynami-
cally changed without requiring any modifications to the exist-
ing architecture.

The Endevors project [ 13] proposes an approach to provide a
coordination mechanism for distributed process execution and
tool integration by using the Hypertext Transfer Protocol
(HTTP). The system uses a layered object model to provide for
the object-oriented definition and specification of process
artifacts, activities, and resources. The intent for distribution is
to support a wide range of configurations with varying degrees
and kinds of distribution: stand-alone with a base system
configuration without distributed components, multi-user with
a single remote data-store, multi-user with a single remote
data-store are the configuration experimented for distribution.

Kotting and Maurer [14] propose an extension of MILOS
[14] which focuses on the process support for virtual corpora-
tions. They propose three different approaches for distributed
process enactment: replicated workflow engines; central coor-
dinator site, and a peer-to-peer architecture for data exchange.
The authors do not address the problem of decentralized
process modelling.

Grundy et al. [10] focus on distribution problems in process
modelling. The proposed system provides mechanisms for
collaboratively editing process models both in a synchronous
and an asynchronous way, together with version management
support. The architecture is based on a central site maintaining
the process model and distributed sites enacting portions of that
model.

In the Ozweb environment the peer-to-peer paradigm for
distribution is adopted [4]. Here a decentralized system
consists of independent sub systems spread among multiple
sites. In particular, the authors focus on the process autonomy
of each sub system that should be self contained and operation-
ally independent. To this aim they introduce the concept of
‘treats’ to guarantee compliance of the artifacts exchanged
between sub-processes.

Our approach mixes both these features: we have the notion
of a coordinator site where a global process can be defined in a
collaborative way by the project managers of the different
cooperating sites of a virtual organization. Sub-processes exe-
cuted on different sites are autonomously defined and only
have to respect the interfaces defined at global level. Moreover,
the depth of the global process model is not limited to just two
levels, as it is possible for a partner of the virtual corporation to
have further sub-contractors.

3 Distributed Process Management in GENESIS

Traditional workflow management systems do not
provide adequate support for the evolution of software organi-
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Figure 1: Hierarchical Process Decomposition.

zations towards distributed virtual models. The main open

problem remains the systematic definition of distributed proc-

ess models and their enactment across multiple sites using
appropriate abstractions and mechanisms. The GENESIS envi-
ronment has been developed with the aim to provide solutions

to these problems; to this end the environment provides a

special support for a distributed scenario, from the modelling

of a distributed process to its enactment.

Distributed projects in GENESIS require a project coordina-
tor site, managing the overall project and a number of local
sites, managing specific project workpackages. The coordina-
tor is in charge of modelling and executing the global process
for the project, while the local sites are in charge of defining
and executing sub-processes of that model, and concerning
their own workpackages (see Figure 1).

The architecture of each GENESIS site includes different
components as depicted in Figure 2:

e a workflow management system to model and enact soft-
ware processes;

e an artifact management system to store and retrieve the
artifacts produced within a process;

* a resource management system to allocate resources, in
particular human resources, to a project;

* an event engine and communication system to collect and
dispatch events raised during process management, such as
the termination of an activity or the production of an artifact;

* a metric engine in charge of collecting metrics and present-
ing synthetic reports about the project status.

3.1 Process Modelling in GENESIS
In order for companies to use, to a certain extent, their exist-
ing practices and to ensure the quality of the overall process,

© Novatica

support is given both for the top-down and bottom-up defini-
tion of processes. These may be achieved through a multi-level
process definition, where an activity at one level (i.e. a super-
activity) may correspond to a sub-process at lower level: the
activity may be assigned to a different site, where it is inde-
pendently modelled in a decentralized manner, and executed.
In fact, the only requirement is that the sub-process interface
(in terms of input / output artifacts) is conform to that of the
super-activity (see Figure 1). This process componentization
also enables integration of (sub)process models in a bottom-up
fashion.

Besides super-activities, a process model can also contain
global activities, i.e. activities that can be collaboratively
performed by workers from different sites. The project manag-
er of each site who participate in a global activity is in charge
of providing the needed human resources for the activity.

In GENESIS the process modelling language is the same
both at global level, to model the global software process with
the coordination of the composing sub-processes, and at local
level, to model the sub-processes at the single GENESIS sites.
In order for the system to be the least invasive, a coarse grained
definition of the process elements (activities and artifacts) has
been decided. Activities are essentially described by the arti-
facts they will produce, and freedom is left to the worker(s) to
decide how to actually perform them, in accordance with the
organization standards.

GENESIS provides two process modelling stages. A process
designer may create abstract process models, through the proc-
ess definition tool, according to standards of the specific organ-
ization. Abstract process models include description of activi-
ties (including roles of people performing an activity and types
of input and output artifacts) and enactment rules (or transi-
tions) that basically describe control and data (artifact) flow
between activities and are expressed through the Event-Condi-
tion-Action (ECA) paradigm. Abstract process models have to
be customized for each project by specifying project data, such
as the actual people performing activities and the actual arti-
facts. Project managers can use the abstract process definitions
as templates to create concrete process models, through the
project management tool as discussed in Section 4. These mod-
els can then be executed by the workflow enactment service,
and different process instances may be enacted from the same
concrete process model. Further details concerning the process
modelling language are described in [3].

3.2 Distributed Process Enactment in GENESIS

The need to avoid a big bang approach to process modelling
has been a guideline for the design of the GENESIS environ-
ment. As underlined by the industrial partners of the project,
the usability of the environment could be significantly impact-
ed by arigid approach to process modelling and enactment. In-
deed, an incremental approach at both activity and process def-
inition level is required for the management of real projects.
Often the start up of a project precedes a complete definition of
the process models to be used for supporting and controlling it.
In fact, for some scenarios, it may happen that the big picture
of the process cannot be completed at design time because
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there is not enough information for that. Thus, it is realistic to

assume that the process models to be followed should be incre-

mentally defined: starting from a simple model and ‘complicat-
ing’ it on the basis of the arising needs. In this respect, the

GENESIS workflow engine is able to enact rough defined proc-

esses and facilities are offered to the project manager by the

project management tool to refine the process definition at run-
time.

Indeed, the model concretization process may be incremental
as the process can start as soon as the needed resources have
been assigned to the initial activity, and independently of the
rest. In fact, checks are made during enactment to make sure
that each activity has its resources allocated when it needs to be
started. The project manager will be notified to staff the activity
in order for the process to proceed. Most importantly, process
may be dynamically modified. In fact, facilities are provided by
the platform to both:

» change properties of the process instance, without changing
the process model definition (i.e. the process map does not
change). For example, a change of an activity assignment
property;

e restructure the process map at run-time (e.g. adding/deleting
activities), in order for the process instance to better match
the real process.

These facilities are especially useful to handle unforeseen
exceptions. In this respect, it should be noted that the distribu-
tion and decentralization of the process model through super-
activities allows to restrict the scope of exceptions within the
local sites, as long as they do not impact the border with the
upper level process.
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An Asynchronous Protocol for Distributed Project
Definition
In GENESIS an asynchronous protocol has been defined for

the communication between the global coordinator level and
the local coordinated sites during the instantiation of a distrib-
uted software project. We distinguish three main phases: the
creation of the project both at the coordinator site and the local
sites, where the resource managers associate people to the
project and select the project managers; the definition of the
global process involving project managers of the different sites;
and the definition of the local processes, independently defined
by the different local project managers.

4.1 Project Creation

At the start of a new project the resource manager of the
global site creates a project using the resource management
tool of the platform. This means that s/he selects the human
resources allocated on the global site and the local sites partic-
ipating to the project. The allocated resources of the global site
and in particular the global project manager are notified
through the event engine and communication system.

A “Global Project Creation” event is also sent to the involved
sites. Each resource management system of a local site auto-
matically stores the received event and notifies the local
resource manager. At this point, the local resource manager
decides the allocations of the human resources and the local
project manager who are notified about. The event “Local
Project Creation” is sent to the resource management tool of
the coordinator site, to store the needed information at global
level and notify the global project managers.

© Novatica
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4.2 Global Process Definition

Once the global project manager has received the notification
concerning the “Global Project Creation”, s/he can start defin-
ing the needed concrete process models for the project, starting
from available abstract process models (if a suitable abstract
process model is not available, it has to be created first). The
global process model includes super-activities to be assigned to
local sites and global activities, carried out by groups of people
distributed among different sites. Local project managers can
collaborate with the global project manager for the definition of
the global process, as soon as they are selected by the local
resource managers.

Each super-activity has to be assigned by the project manager
to a site participating in the project. In this case a “Super Activ-
ity Creation” event is sent to the local site together with infor-
mation concerning the super-activity (start and end date, arti-
fact types, etc.). The project management tool of the local site
automatically stores and associates this information to the
corresponding project. The event is also notified to the project
manager of the local site, as soon as s/he is appointed.

For each global activity, the global project manager selects
the sites that have to provide human resources to collaborative-
ly work on the activity (examples of such activities are project
reviews to be conducted by the global and local project manag-
ers). A “Global Activity Creation” event is sent to each site
involved in the global activity together with the role and
number of required people.

It is worth noting that a concrete global process can start
independently of the local process definition status (see next
sub-section).

4.3 Local Process Definition

For each super-activity assigned to a local site, the project
manager creates the corresponding concrete local process
model (again, starting from an available abstract process
model). As soon as the enactment of the concrete local process
can start, a “Local Process Model Creation” event is sent to the
project management tool of the coordinator site, which stores
this information and associates it to the corresponding super-
activity. The event is also notified to the global project manager.

The project manager of a local site involved in a global activ-
ity must select the human resources that will participate in that
activity. When this is done, a “Global User Assigned” event is
sent to the project management tool of the global site, to store
this information at global level. The event is also notified to the
global project manager.

Conclusion

In this paper we have presented the GENESIS approach
to distributed project management. The definition of the
GENESIS platform requirements for distribution, especially
for the process modelling facilities, followed a strict interaction
with the pilot users (the industrial partners) of the GENESIS
project. The project started on September 2001 and ended on
November 2003. The total effort was of 294 man-months and
about 104,000 lines of code have been produced. Each GENE-
SIS site is realized as a web application: the user interface and
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the coordination layer are realized using JSP (JavaServer
Pages) and servlets (Tomcat being the web server), while the
other components have been developed using the Java 2
Platform Standard Edition. The communication between the
coordination layer and the different subsystems composing a
GENESIS site is based on Java RMI, while the communication
among the different sites is based on SOAP. The supporting
database is based on MySQL Server.

The GENESIS platform has been evaluated by both the
industrial and academic partners of the GENESIS consortium
in different pilot projects. The code of the system has been
delivered as open source software and can be downloaded from
the SourceForge web site, <http://sourceforge.net>.
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