Supporting Virtual Software Projects on the Web

Kari Alho, Reljo Sulonen
Helsinki University of Tedindogy
TAl Research Centre
PL 9555
FIN-02015TKK, Finland
Email: Kari.Alho@hu.fi, Reijo.SUuonen@hut.fi

Abstract

A growing share of all software devdopment projed
work is being dore by geographically distributed teams.
To satisfy shorter product design cydes, expert team
members for a devdopment projed may need to be re-
cruited gobdly. Yet to avoid exensive travdling a re-
placement costs, distributed projea work is preferr ed.
Current-generation software engineering tools and &so-
ciated systems, processs, and methods were for the most
part devdoped to be used within a singe eterprise.
Major innovations have lately been introduced to enale
groupware apgications on the Internet to suppat globd
collabaration. However, their deployment for distributed
software projeds requires further research. In particu-
lar, groupvare methods must seamlesdy be integrated
with projed and poduwct management systems to make
them attractive for industry.

In this position pagr we outline the major challenges
concerning dstributed (virtual) software projeds. Based
on ou experiences with software process modeling and
enactment environments, we then propcse approaches to
solvethose chall enges.

1. Introduction

For a number of reasons, a growing share of all soft-
ware development work is being performed by geo-
graphicaly distributed organizaions, teams, or individu-
als. The prodwction d competitive software products
today requires one to skillfully put together talented
work of a large number of professonals from various
fields. In many cases, it is nat reasonable to assume that
al projed tean members can be found from the locd
office. Many strategies exist to save @sts and shorten
development cycles, such as utilizing df-the-self com-
porents, subcontrading, or distributed and joint projeds.
To make these new strategies effedive, new manage-
ment and information technd ogy approaches are needed.

Current distributed projeds often incur substantial
overhead in time and cost due to increased communica-

tions and management eff ort, misunderstandings, rework,
or lak of standards. Often this even results in lower
quality in the results. In order to redly save wmsts, (e.g.,
through deaeased travel or incressed parallelism in the
development procesy, better methods and tods to man-
age distributed development projeds are needed. We
will cdl such projeds virtua projeds, since they utili ze
resources in many organizaions, thus forming ore kind
of avirtual enterprise.

We do adknowledge that many of the problems and
chall enges asociated with virtual software projeds are
not primarily of technicd nature, but instead ded with
human behavior. For instance, the organizational proc-
esss enabling team formation and the management of a
digtributed process during its lifetime have significant
impad to the projed results. In this paper, however, our
treament is technicd, and processisales are only dis
cused in the context of modeling and enadment tedh-
niques.

The software development and projed management
todls used today in companies were designed to operate
well within a single organizaion. Development and
management proceses are dso typicdly modeled to
occur within ore enterprise; perhaps excluding customer
processes and simple subcontrading.

Innowative mllaborative gplications for the Internet
are amerging increasingly, so that suppating dobal col-
laboration is now enabled in simple gplicaion areas.
However, the deployment of groupware ollaboration for
software engineeing requires further reseach. In par-
ticular, collaboration must seamlesdy be integrated with
projed and product management systems to make them
attradive for industry.

Workflow systems have made it possble to tie to-
gether simple gplicaions to acomplish more compli-
caed tasks [1]. However, most current workflow suffer
from a number of deficiencies, which have hindered their
widespread adogtion in the product and software devel-
opment domain. First, the workflow model, once sped-
fied and started for exeaution, canna typicdly be modi-
fied onthe fly. This makes it impossble to model and
exeaute al-hoc processes, a necessty in many dyramic
businesses. We firmly believe that a process model



shoud be dlowed to be modified and spedalized even
after it has darted execution.

Seoond, current workflow environments typicdly in-
clude abuilt-in processmodeling tod with it’s own for-
malism, often the only means to spedfy the process It is
unredistic to exped that one tod or formalism could
offer al the feaures needed to model all processes of
say, a large multi-national or virtual enterprise. In prac-
tice, there dready exists a large number of process mod-
elsin the organization, and it would be awaste of effort
to reemodel most of these.

Third, many workflow systems are implemented so
that the resulting workflow can only be exeauted in a
closed hamogeneous computing environment, typicdly a
locd areanetwork. This makesit difficult to successully
apply workflow techndogy in large organizations, where
heterogeneous environments do exist. With current
workflow tods it would be quite difficult to define and
exeaute proceses anning severa organizations, like in
virtual enterprises. However, recent advances in net-
working and computing techndogies (e.g., Java and
agent techndogies) have enabled new approaches for
extending the caabiliti es of workflow exeaution.

This paper introduces our approach for finding solu-
tionsto these challenges. Our research group tes arealy
implemented some software comporents enabling the
definition and exeaution o dynamic workflows (ones
that can change during their exeaution) [2]. We have dso
ported the processengine to Java, so that it is now able
to suppat distributed process exeadtion in the Internet
througha central server and client applet architedure.

Now, our aim is to extend these comporents © that
process models from different sources (e.g. commercial
projed planning todls) can be utilized in the process
suppat environment through model converters. To fur-
ther suppat the definition and exeaution o workflows
on autonamous computing environments (like in virtua
enterprises) is ancther major goal of our work.

The rest of this paper is organized as foll ows: in Sec-
tion 2we paosition ou work among dher efforts to man-
age virtual software development process We dso pro-
pose our projed integration model. Sedion 3 odlines the
conceptua framework we use for process modeling and
enadment. Sedion 4 gves an owerview of a system ar-
chitecure in which such a framework has been imple-
mented. Sedion 5 discusses related work, and finally
Sedion 6 gves conclusions and oulines our future work.

2. Background

Managing and performing dstributed projeds re-
quires various ill s from the personrel, including com-
municaions, management, teamwork, and technicd
skill s. Likewise, an effedive technicd solution consists

of many individual techndoges, tods and methods
woven together. Badground for these individual solu-
tions may well come from different scientific fields, so
virtual software projeds are agood candidate for cross
disciplinary reseach. At least the following fields could
be involved:

» Software Engineaing (processmodeling),
« Artificial Intelli gence (agent techndogies),
* Product Data Management, and

» Data Communicaions (Internet).

The parties taking part in a virtual projed can be
autonomous and geographicdly distributed. They can
utili ze different hardware platforms, operating systems,
communicdion grotocols, and software tools. This im-
plies that tightly integrated, techndogy-spedfic IT solu-
tionsare nat acceptable.

We propose atechndogy model for collaboration in
virtual projeds which is based on loose integration o
process product and the wllaboration datform. Integra-
tion is nealed to suppat collaborative work and enable
the transfer of product data and projed information. Yet
the individual organizations taking pert in the cllabora-
tion are attonamous, and we cand asaume that they
would dragticdly change their internal working methods
to suppat virtual projeds.

2.1. Processintegration

Process models and their exeaution (or enaament)
continues to be an adive reseach area worldwide. A
gred ded of the work has been invested on devising im-
proved processmodel formalisms for expressng various
aspeds of a business or engineaing process However,
since process models have so many dfferent uses (e.g.,
to uncerstand a process simulate, analyze, or exeaute it
with a omputer system), we fed that even today no sin-
gle model formalism is goodenoughfor all purposes.

Our approach is to develop a “common denominator
representation” (CDR) of many process modeling for-
malisms and wse it as a platform for joining dfferent
modeling formalisms, such as Petri Nets, statecharts, or
Gantt charts. To integrate spedfic models, one has to
map the spedfic formalisms to the CDR (and vice versa
in some gplicaions). The CDR model—which we dis-
cussmore in Chapter 3—includes abstradions of activi-
ties, artifacts, and agents with asociated behavior and
relationships.

Some spedfic problems will arise when we try to map
process formalisms nat intended for exeaution (such as
an IDEFO chart) into the CDR, which dces include exe-
cution semantics. Typicdly, we must use heuristics to



include apredefined exeaution model (a statechart) into
the mnverted processmodel.

On a higher level, it is important that al parties un-
derstand and interpret a processin a similar manner. A
useful method to improve the understanding is to de-
velop a shared ortology d the needed concepts.

2.2. Product integration

A shared understanding o the structure and properties
of the developed product (i.e., software) is vital to the
success of a virtual development projed. However, as
stated ealier, we caana asuume tight integration, like a
common file system. In the presented Software Work-
mate achitedure we propcese that the process engine
only knows abou URL-kind references of the atifads,
and spedfic artifact servers would hande the spedfics
of data acces [3]. In a virtual projed environment it
would be natural to asaume that the atifads would
mostly be accesd from the WWW (througha WWW
artifad server).

2.3. Platform integration

Workflow models need a strong suppating infra-
structure to enable their controlled evolution and exeau-
tion and integration to ather computing resources. In ou
ealier effort, a preliminary version d such an infra-
structure was built based on CORBA architecure [3].
Recant advances in Java and aher internet techndogies
have made them viable solutions for integrating and
utilizing computing resources company-wide or even
aaoss organizaions. We do believe that in the future
these techndogies will provide agood lasis for distrib-
uted processmanagement.

Based onthe ealier work, we have re-implemented
the processengine (PE) comporent in Java. Client appli-
cdions (or applets) can communicae with the PE
throughJava Remote Method Invocation (RMI) protocol.
This means that it is now smpler to integrate process
suppat into Java gplications and applets snce separate
middeware is nolonger nealed.

3. Process Modeling and Enactment
Framework

In this dion we present in more detail the cmmon
denominator representation (CDR) model for process
modeling and enadment. The model, as introduced in
Chapter 2.1, consists of threebasic entity clases:

® Activities: the basic units of work. These units
can be assgned, ordered, scheduled, etc.

® Artifacts: the things creaed, modified and used
by the adivities.

* Agents the “doers’, that is, who perform the ac-
tivities. These can be human beings or software
programmed to perform spedfic adivities.

Each entity class has classspedfic dtributes and re-
lationships as well as methods for manipulating bah the
attributes and relationships. In addition to these, the
framework implements a general attribute model all ow-
ing the user to define his own attributes (per instance) as
needed.

When representing a red processwith the ad of the
entities in the framework, the etity classes are instanti-
ated into oljeds that represent spedfic red-world enti-
ties.

Input Output

Artifact Activity Artifact

Executes

Agent

Human agent Automated agent

Figure 1. Conceptual Framework

The atities and their relationships are depicted as a
UML classdiagram in Figure 1. The redangles represent
the entity classes, and the lines named relations. In the
UML notation, an arrow represents gedalizaion, so in
our case, both Human agent and Automated agent are
spedalizations (i.e., subclasss) of Agent.

An entity class instance may also have named rela-
tions to ather spedfic dasses with a general relationship
medhanism. For example, this can be used to model
causal adivity relationships.

To model behavior of the antities, all the three basic
entities can have an asciated FSM, which describes the
life oycle model of the entity. In most cases these can be
fredy defined, but in order to suppat automated enad-
ment, we do wse asystem-defined FSM to model a fixed
part of the adivity behavior.

The basic entities can be grouped together to form
more meaningful structures for process modeling, en-
adment, and re-use. We define process as a uniquely
named set of adivity, artifad, and agent instances. Proc-
esses can form hierarchies, so that one process has a set
of subprocesses. Anather kind d colledion d the three
basic entities is cdled a projed. A projed represents a



process which is ready to be enaded, so it must fulfill
the foll owing conditions:

* Theremust be & least one agent asociated with
every adivity of the projed.

» Every artifad of the projed must have aphysicd
representation.

A processcan be activated to make anew projed of
it. The adivation method cheds and, if necessary, ful-
fill sthe ebove mndtions. One basic entity can belongto
many processes or projeds, so that shared adivities can
be represented. Processes and projeds can form hierar-
chies, so that one processhas a set of subprocesses, and
one projed has a set of subprojeds. The adivation
method peserves a defined hierarchy.

4. Architecture

The main architedural comporents of the system are
an (optional) Objed Request Broker (ORB), the atifad
servers, the process engine, and the dient applications.
The comporents are depicted in Figure 2. Server compo-
nents are displayed below the ORB and Java RMI level
and client comporents abowe it.
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Figure 2: Components of the Architecture
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An ORB is the central middleware comporent which
makes the locations of system servers largely invisible to
the dients within a network. It also can make the serv-
ices avallable on heterogeneous networks and client
computers. The Java RMI can also suppy these services,
provided the &feded comporents are implemented with
the Java language.

The atifad serverstake cae of storing the data of the
artifads in a system-spedfic way and serving access
requests of the other system comporents through a stan-
dard protocol.

The processengine is the central service mmporent,
which is used to store and exeaute processmodels in the
CDR format. It receves rvice requests throughits API
(defined in CORBA IDL or Java) and stores processde-

scriptions and enadment data into its internal objed da-
tabase.

Client applicaions include model converters from
other process formalisms and clients used to track and
monitor process enadment. In a virtual projed environ-
ment client applications might also represent agents
communicaing and regotiating with remote parties.

When storing into one process engine processes that
span multiple parties, we must keep in mind that the pro-
cessengine quickly comes a very criticd comporent in
the virtual projed. Autonamous parties typicdly aso
want to administer their own systems, so idedly we
would like to have multiple wordinating process en-
gines. One possble model for decentralized process en-
adment is proposed in [4], and it seams feasible to uil-
izethe propased Summit protocol in ou enadment envi-
ronment.

5. Related Work

Armitage and Kellner describe the need for a smilar
Common Denominator Representation in [5]. Their con-
ceptual schema has many simil arities to our model.

Our approach to the achitedure of a process sippat
system has many simil arities with the ideas presented in
[6], where he proposes that the state of software proc-
eses foud be stored separately from the gplicaions
that created that state.

Han has proposed a general architecure for integrat-
ing workflow models and resources, e.g., applicdion
programs, agents, and dacuments [7]. The formalism to
describe the models is cdled HOON (Higher-Order Ob-
jed Nets). The central ideais to arrange Petri net models
and their surroundng environment in a dient/server
manner and model the interfaces explicitly as a set of
spedal places, cdled interface places. We ae airrently
investigating howv the ideas of HOON and the CDR rep-
resentation can be used together.

6. Conclusions and Future Work

We have outlined ways to extend an existing software
process sippat system so that virtual projeds gpanning
several autonamous parties could be suppated. These
include:

e Utilizing processmodels expressd in dff erent
formali sms, coming from diff erent parties and
integrating them into a cmmon ore.

* Usingthe WWW & a primary medium for infor-
mation exchange.

» Distributing the projed coordination into
autonamous agents and frocessengines.



We exped to utilize our experiences from the ealier
systems to gain insight into the virtual projed suppat
problem. In addition, we will work closely with ou in-
dustrial partners.

Testing these ideas will take place within a newly
propcsed reseach projed titled “GECOS—Global Engi-
neeing COrdination Suppat’. The projed is to be
funded by the Techndogy Development Centre of Fin-
land and severed Finnish product development compa:
nies.
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