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Abstract

Process Technologies (e.g., Workflow and Software Process) support co-operative work,
where humans and Information Systems participate within an organisation. In the last two
decades Workflow Management Systems have been demonstrated to be useful in the
automation of Business Processes. We think Software Process is part of a more complex
Business Process, and it is composed by several sub-processes, but with different granu-
larity of detail. In recent years, environments have been created to automate Software
Processes, but only few products are available today in the market, and they have short-
comings that can be addressed by Workflow Technology. Such technology can improve
Software Process Technology leading to a Process Technology able to manage and auto-
mate other kind of Processes. The aim of this article is to reflect our ideas about the possi-
bility of applying Workflow Technology to Software Process and vice versa.

1. Introduction

Different efforts have been made to manage and automate human work in several areas of the
Software Engineering, as well as other technological and scientific fields. One extended ap-
proach to view human work is from a process-centred perspective, e.g., in Transaction Man-
agement [WS97], Software Process (SP) [FKN94], and Workflow Management (WM)
[SGJ+96].

On the other hand, several disciplines focus their research from a different perspective: the
human co-operation, i.e., Human Co-ordination, Computer Supported Co-operative Work
(CSCW) [CACMO1], Human-Computer Interface. We name both process-centred and human
co-operation approaches as Process Technologies since they have a common issue: to support
the co-operative processes among agents.

The aim of this article is to reflect our ideas about the possibility of applying Workflow
Technology to SP and vice versa. We believe that the large experience on Workflow and the
amount of tools available today could be used to extend and improve SP environments. Our
position comes from the experience of using Workflow Tools in private companies, and pre-
liminary hypothesis that we are trying to confirm with experiments on final student projects.
We have also participated in a national project [OB96] developing a Workflow Tool.
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In this paper, we focus our attention on SP and WM. We think that applying some of the
methodological and technological advances in both disciplines will improve the maturity of
the Process Technology. It also could be translated to manage and automate any kind of proc-
esses.

We consider, as other authors [GS97] also, that a SP is a special case of a Business Process,
but it has some particular issues that makes it different from traditional office processes. A
SP necessarily implies high integration of tools (e.g., compilers, debuggers, CASE tools and
so on), and high level of description of the task that compose the activities of the process.
Modelling and management of processes in SP, have been treated with a fine granularity of
description [BFGL94, BNF96, EG94], e.g., modelling the relation among tools. In WM the
focus has been normally put in higher levels of abstraction with a more coarse granularity,
i.e., processes are described as a set of steps that normally are considered as black boxes.

Regarding process support, research community on both WM and SP, have adopted different
approaches ranging in a continuum from human to system orientation, but normally without
covering conveniently this extent [SGJ+96].

The organisation of this article is the following: Section 2 presents co-operation issues re-
lated to the work among agents using computer support. Section 3 describes two Process
Technologies, WM and SP, comparing their similarities and differences. Section 4 reviews
the state of art in technological support for processes. Section 4 describes the different char-
acteristics and the support that an organisation could need according to its process maturity
level. Finally, we present our conclusions. A comparative table about WM and SP character-
istics is presented in Annexe A.

2. Co-operation

One common issue present in the different approaches of Process Technology is the co-
operation among agents (software or humans) working together to achieve a common goal
within an organisation.

Co-operation is composed on four elements: collaboration, communication, co-ordination,
and coupling [Yang95, CR97]. Collaboration is the creation and management of shared in-
formation. Communication is the exchange of knowledge and information among agents. Co-
ordination is the management and focusing of efforts from a group or organisation of agents.
Coupling is the use of compatible views of shared information.

From a temporal point of view, co-operation can be classified either as Asynchronous co-
operation or Synchronous co-operation [EGR91]. In asynchronous co-operation, agents work
at different times on the same information. In synchronous co-operation, agents work at the
same time and place that could be a virtual one.

In practice, a process cannot be fully classified under either asynchronous or synchronous co-
operation, because co-operative work is characterised by alternating periods of individual and
joint work. Examples of such co-operative scenarios [AKT+96] are co-operative authoring,
design for manufacturing, Software development, and Workflow applications.

Figure 1 shows the two opposing views in the role of the human in the process management,
i.e., defining, enacting, and evolving the processes. On one hand, the process emerges as re-
sult of the co-operation among humans: they decide the number and order of the activities to
be realised, or they assign the work to members of the team or other teams. On the other
hand, human interaction is explicitly predefined and controlled by a process model. Changes
in the interactions must be made through changes in the proper model. To determinate in
which of the process views (emergent o predefined) is the agent placed, we should know who
has the control: either the human or the model; and where the process evolution takes place:
implicitly in the actions of the performers or explicitly in the Process definition. Another as-




pect regarding a process, is who does the work, humans or Software. Activities can be per-
formed manually or automatically, in both cases, humans and Software can participate, but
responsibilities and functionalities change depending on the type of activity. In manual ac-
tivities, the human does the job normally assisted by a Software or a machine. In automatic
activities, tasks are performed by a Software application or an Information System (IS) and
the human intervention is minimal, e.g., providing some data input.
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Figure 1. Human role in Process Management (Taken from [SGJ+96])

3. Process Technology

Process Technology supports co-operative processes where agents participate, which can be
Software Systems or humans, co-operating to achieve a common goal within an organisation
or a set of them, generally following a set of rules. WM, SP, and Advanced Transaction
Processing could be considered Process Technologies.

One common issue of these technologies is the human agent and Software participation in
processes. Often, they participate together performing activities, but playing different roles.
Sometimes humans do the work supported by Software; other times, Software Systems per-
form a task and humans play a secondary role, e.g., entering input data. This kind of human
interaction has also been named as strong and weak interaction respectively. The support for
the process goes from human-oriented to system-oriented depending on the quantity of hu-
man or systems agents [GHS95].

Any process is composed of four basic elements [CKO92]: agents, roles, artefacts and ac-
tivities. Agents could be humans or software systems, and they have responsibilities to ac-
complish an activity performing a role. Artefacts are produced from raw material or other
products as result of completing activities or the whole process. Agent’s work could be to
supported by tools.

A Process can be described from different perspectives, Curtis, Kellner and Over, mentioned
the most common, which are functional, behavioural, organisational, and informational
[CKO92]. Functional perspective represents how the process is performed by agents and
which information is needed for them. Behavioural perspective describes when the agents
perform their work, fulfilling a process element; and it represents the process flow. Organ-
isational perspective shows where and which agents are assigned to each process element.
Informational perspective describes items produced or manipulated by agents in each process




element. These perspectives have relationships among them, and it is difficult (if not impos-
sible) to represent them with a single graphical language.

Modelling and automating a process is composed of three steps: specification, implementa-
tion, and enactment. In the specification phase, requirements are elicited to construct the dif-
ferent views of the process model. For the implementation, process model views are trans-
lated (automatically or manually) to a format that can be enacted by a computer. In the en-
actment phase, instances of the process are executed and the agents work co-operating and
following the steps defined in the process model. From the moment that the process is en-
acted, deviations could begin to occur and they must be managed, then changes must be re-
flected in the process model. Different environments exist to support the three phases of the
modelling and management of different kind of processes, e.g., SP or Business Processes
(BP).

Next we describe WM and SP issues, commenting on those that are common in both disci-
plines, or could be important to cover some lack in Process Technologies.

3.1 Workflow Management

WM is an emerging discipline that has evolved during the last decade principally from In-
dustry. More than two hundred commercial Workflow Management Systems (WMS) exist in
the market. For this reason, and because their origin is far from the scientific world, many
definitions have been given around WM and several buzzwords have been created.

To construct a reference framework and to try to define standards for interoperability among
WMS, the Workflow Management Coalition was created in 1993 joining principal Workflow
vendors, universities and users. Workflow Coalition’s definition involves BP [WFMC96], but
we think Workflow could be applied to any kind of process. Therefore, we define a Work-
flow as the model of a process, either real or desirable, i.e., WM is closely related to Business
Process Reengineering (BPR) as an enabling technology to design how we really want a
process to be performed.

WM is the automation of a set of activities (i.e., a process), during which information or ob-
Jects are passed between both human and automated tasks, sometimes according to a set of
procedural rules. Activities are very diverse with coarse granularity, since the focus is in the
control and follow-up, without putting too much attention on the semantics of tasks.

A WMS is a Software System that supports the definition, enactment and management of
processes. According to Worah and Sheth [WS97], WMS are being used in inter-enterprise
and intra-enterprise environments to re-engineer, streamline, automate, and track, organisa-
tional processes involving humans and automated ISs.

For further readings, refer to the proceedings of the Workshop on Workflow a Process Auto-
mation in IS [Shet96].

3.2 Software Process Management

We define Software Process Management as the automation and control of the modelling,
assessment, and improvement of the SP. SP is composed of three parts: Software production
process, Software meta-process, and the Software process support [CFF94].

A Process-Centred Software Engineering Environment (PSEE) supports the definition and
enactment of process models. Such processes are made by activities that are described in a
very low level of detail, as well as relations between artefacts and supporting tools. Objec-
tives of a PSEE are similar to those one of a WMS.

Only one technological approach is not enough to support all SPs, some activities are more
human oriented than others. On the other hand, there are activities with more participation of




software agents. For example, requirement analysis processes need support for communica-
tion and collaboration between people that are involve in eliciting requirements. Co-
ordination needed in such processes is only to keep track of the processes, recording and
monitoring meetings and documents. Activities in the analysis process are not well defined,
so creativity is expected from the participants. Processes like configuration management, are
characterised by well defined, highly structured and well-understood activities that have been
previously assigned to participants. Communication is less important in these kinds of proc-
esses.

Relevant issues in SP are tool interoperability, versioning, process evolution and deviation,
assessment, improvement and modelling. These issues have received more attention than in
WM.

For further readings, refer to the book Software Process Modelling and Technology [FKN94].

3.3 Issues in WM and SP

o Integration/Interoperability. Interoperability issues are related to applications used in
the process. There are two kinds of interoperability: among WMS and between WMS and
heterogeneous ISs and application.

WMS support BPs that involve any kind of ISs, therefore such ISs must interoperate
among each other, sharing information, and the WMS accesses information from such
systems. This natural requirement has always been present in WM, but it has not been
satisfactory resolved yet. Integration of ISs in WM is quiet impossible.

There are two approaches on how PSEEs deal with ISs: the integration of tools in a
unique environment, and the interoperation of heterogeneous and distributed systems and
tools. Traditionally, PSEEs put more attention on tool integration than on interoperation.

Interoperability issues have been treated in disciplines like Federated Databases [SL90].
Characteristics of the component systems of such environments are Heterogeneity, Auton-
omy, and Distribution. WMS, and recently PSEEs, address Heterogeneous, Autonomous,
and Distributed (HAD) Systems [GHS95].

The construction of an application to support management and enactment of processes has
a bottom-up style, i.e., HAD component systems were designed before the construction of
the application. Problems arise because several differences exist among applications, e.g.,
different data representation and models, different Operative Systems.

HAD Systems are autonomous because their participation in WMS or PSEEs is transpar-
ent to the user of such systems, i.e., they must behave as they were in a stand-alone mode
of operation.

Nowadays processes tend to be more distributed every time. Due to new supporting tech-
nology (Java, CORBA, Internet), work could be geographically scattered and agents do
not need to be in the same building or even in the same city. Current WMS use the Inter-
net as a way to distribute the work (e.g., Metro from Action Technologies). In the same
way, some prototypes of PSEEs use also the Internet to support processes.

e Co-operation. Not all the approaches developed in WM and SP to support processes,
provide a suitable framework for co-operation, and if they support co-operation, they do
not cover all the issues of co-operation: co-ordination, communication, and collaboration.
One notable exception is Action Workflow.

Some prototypes of both PSEEs and WMS include tools or technology to support co-
operation conveniently, e.g., APEL [DEA97], and the work done by Christie and Riddle
[CRI7].




e Control. Successful Workflow application has been developed providing more control
over humans than enabling co-operation. Real processes have characteristics of both co-
operation and control. Depending on the kind of business, process could need more con-
trol (e.g., car manufacturing) or co-operation (e.g., production of a newspaper).

SP has both features of co-operation and control. Software development is a process that
involves agents co-operating to produce programs or IS, but also some degree of control
must exist. This degree increases as the process and the organisation become more mature.
We discuss this topic in Section 4.

e Human role in process management. This is one of the issues that differentiates be-
tween traditional WM applications and SP applications. Normally, WM applications have
some activities executed by automatic agents, and others by humans. On the other hand, in
a SP there are not activities’ completely fulfilled by software applications, at most some of
their composing tasks can be fully automatic, e.g., to compile a file.

e Transaction Management. Work on Transaction Management and WM has been done
during several years to address different issues of consistent and reliable Workflow exe-
cution [WS97]. WM applications (system oriented) involve huge amounts of data, man-
aged by means of HAD systems. Traditional Transaction Models (TTM) with full ACID*
properties, are not appropriate to deal with these applications. TTM were designed for
homogeneous and centralised Database Management Systems, for transaction of short du-
ration and flat structure. Therefore, several Transaction Models have been designed to
handle with these systems.

Human-oriented process applications also need transaction support, but with different type
of models. Such models put more emphasis in the co-operative work than on the manage-
ment of data.

Both types of transaction models have the same objectives: to define policies and tech-
niques, so that in case of failures, the system is able to recover a consistent previous state
or could execute alternate activities.

e Process Models. WM provides useful technology to do BPR, not only to model current
processes, but to design ideal or optimal processes. Due to market pressure many compa-
nies have been pushed to change in a short time, the way in they do business {DM94].

Process Modelling Languages (PML) used in commercial WMS normally present limited
views of the process. They tend to combine different perspectives in one graphical nota-
tion. Functional and behavioural views are well depicted, but organisational and informa-
tional ones are not. Regarding PSEEs, they have the same problem. New advances in PML
combine paradigms integrating them in one language, e.g., JIL [SO97]; or combining dif-
ferent notations in one environment, e.g., APEL [DEA97]. Since Processes are software
too [Oste87], they must be considered as subsystems within an Organisation System.

Different persons with different roles need specific views of the model, e.g., a Project
Manager might need a general view of the process to validate it, a Software engineer
needs to express all the relationships among artefacts and tools. Also, when processes are
enacted, the Project Manager might need to follow up the process to detect delays or bot-
tlenecks.

Another problem is the integration of different viewpoints from the same process. Differ-
ent persons can have different perceptions about how the process is performed o how it
must be performed. This issue is not treated at all in WM.

? We consider that process is formed by either sub-processes or activities, and activities are composed
of tasks.
* Such properties are Atomicity, Consistency, Isolation and Durability [GR93].




* Process Evolution and deviation. Just after a process has been modelled and enacted,
changes could appear. Therefore, such changes must be managed, reflecting them in the
original model. Problems arise with managing instances of the model that are being en-
acted, since they were modelled with an old version of the model. This issue is being
studied in SP and it has not been well treated in WM.

4. Technological Support for Processes

Sheth et al. [SGJ+96] maintain that technological support for processes is characterised in a
spectrum as shown in Figure 2. At one end of the spectrum, processes are unstructured col-
lections of activities developed in an ad hoc fashion for which there are not useful models of
co-ordination. On the other extreme of the spectrum, work is highly structured and can be
defined precisely before is executed and represented with formalisms or their execution can
dynamically evolve following well-known rules. In practice many processes share character-
istics of both ends of the spectrum.

Figure 2 also shows that while in practice processes are distributed along the continuum,
technological support is punctual. There is good support for ad hoc activities, for instance
agendas, group decision support systems, teleconferencing, e-mails. By the other hand, WMS
(system-oriented) and PSEEs provide support to specify processes well structured and fol-
lowing predefined rules, and enact such processes by mean of representations interpretable
by an engine. In practice, most of processes are distributed along the spectrum and need sup-
port for different degrees of task structure.
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Figure 2: Technology spectrum for process support (taken from [SGJ+96])

5. Maturity levels & Process Technology

A SP could have characteristics of both ends of the spectrum described in Figure 2, e.g., at
high levels, all activities of processes are predefined and modelled with a PML, but a low
levels, it may be necessary to support informal and non defined meetings among the members

Process Maturity methods allow organisations to reach higher levels of quality [PCCW93].
Different kind of process support for the organisation is needed in every maturity level. At
early levels, PSEEs must adopt a human-oriented point of view and provide services for ef-
fective collaboration and communication among human agents. At higher levels, PSEEs must
keep the co-operation support, but they must augment their services covering also the system-
oriented approach.

6. Conclusions

Process Technology goes beyond Software Engineering, and it involves the co-ordinating of
different disciplines, in both the academic and industrial worlds.




Processes are composed of activities that share characteristics of asynchronous and synchro-
nous co-operation, because work is characterised by alternating periods of individual and
Joint work. Technological support for processes must combine data and process-centric is-
sues, since agents can be humans or Software Systems. Also, the more mature the SP within
an organisation is, the more data intensive management is needed. Some emerging projects
are developing tools to support co-operation beyond traditional process support, using key
building blocks like CORBA and Java [CR97, DEA97].

SP is a subset of a WM, since it is a BP where the organisation’s trade is to make Software
products. Traditionally Workflow applications are focused on enterprises with general proc-
esses without considering the semantics of the activities. It is necessary for Process Tech-
nologies to be able to support processes with different level of detail, providing modelling
and enactment services to different agents of the process.

SP agents must have freedom of creativity, but software control over them and the process is
also necessary. Support for Co-operation must exist at all levels of process maturity. Besides,
organisations with higher levels of process maturity, need environments providing support for
control of the process, and support for advanced data management.

Perhaps, at the activity level (coarse granularity) of the process, it is necessary to have con-
trol over the agents, and at low levels of detail (task details) agents need co-operation facili-
ties to respond to unexpected situations.

The experience gained over the years in both WM and SP could be applied to Process Tech-
nologies. Advanced Transaction Models has been developed to provide reliable process en-
actment. Process evolution and deviation have been studied in SP, and could provide solu-
tions for this issue in WMS. Organisational modelling issues have been treated in WM with
some degree of success, so it may be important to provide these results to PSEEs. Powerful
PMLs are currently in the process of development.

Ideas expressed in this paper are result of the industrial experience of one of the authors, who
paiticipated in courses at Action Technologies in Alameda, California, and Template Soft-
ware, in Fairfax, Washington. Also, they are part of the experience acquired by the authors
from the OBJECTFLOW project [OB97] and the ongoing Ph.D. Thesis work. We want to
validate such ideas with a set of experiments. Our intention is to model SPs described in sci-
entific papers [FKIN94] with commercial WMS finding advantages and shortcomings.
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Annexe A. WM and SP characteristics

Software Process

Workflow Management

Goals

Modelling, enactment, as-
sessment and improvement
of Software processes pro-
duction.

Modelling, reengineering and
enactment of BP.

Theoretical foundations

Strong and diverse theories
and formalisms.

Weak, practical solutions.

Process granularity

Fine, activities are very de-
tailed.

Coarse, general activities.

Methodology Process-centric. Process-centric.

Human Interaction Strong. Varied, depending on the
kind of product.

Agents Normally Humans. Humans and Heterogeneous
Systems.

Co-ordination support Limited. Inherent.

Modelling Organisational | Poor. Supported with several de-

Structure

grees of detail.

Implementation Status Several research prototypes | Numerous commercial prod-
and few commercial prod- | ucts and few research proto-
ucts. types.

Applicability to  non- | Limited. Extensive.

software applications

Models Prescriptive. Descriptive, for human-

oriented WMS, prescriptive
for system oriented work-
flows.

Temporality

Generally support for asyn-
chronous modes

Both synchronous and asyn-
chronous supported
(depending on the WMS)

Space

Local and distributed modes.

Local and distributed modes.
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