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A Practical Guide to the Technology and Adoption of
Software Process Automation

Abstract: Process automation provides a means to integrate people in a
software development organization with the development process and the tools
supporting that development. For many reasons, this new technology has the
potential to significantly improve software quality and software development
productivity. As yet, however, there is little practical experience in its day-to-day
use. The main goal of this report is thus to provide information for organizations
that are considering its adoption. For these reasons, the report aims to identify
how process automation relates to both process improvement and CASE tools,
to review in some detail two of the major commercial process automation
products, and to address relevant organizational adoption issues. It is hoped
that the report will help bridge the gap between those whose focus is software
process improvement and those whose focus is software technology.

1 Introduction

Consider two scenarios:

Jim is the manager responsible for developing the software performance requirements on a
flight control computer. Since he is, as usual, overloaded, he asks Bob, one of his engineers,
to determine the timing constraints on the system. Bob, who is new to the job, performs the
task but significantly overestimates the values. He e-mails these to Jim who inserts them into
the requirements document. At the requirements review, Mary who is familiar with timing con-
straints realizes that something is wrong and requests a recalculation. Jim readily agrees, but
because he is preoccupied, forgets to inform Bob about the problem, and corrective action is
never taken. When the system is built, a major crisis develops when it is found that the control
computer cannot perform the job...

The Nala Corporation has decided that, in order to compete for Government contracts, it must
improve its software development process. It has laken to heart the belief that you cannot un-
derstand what you do not measure, and it therefore initiates a major metrics program. The pro-
gram’s primary focus is to measure programmer productivity and task sch=dules. To perform
this collection task, upper management requests that developers and project managers fill out
an electronic form each week identifying task status and lines of code written. Unfortunately,
the perception within the ranks is that this is an intrusive bureaucratic hassle that does not help
in supporting the on-going projects, many of which are behind schedule and in need of every
man-hour they can get. Thus the forms are resented, only sometimes filled in, and when they
are, many errors are made. The result is that no meaningful improvements are made on the
basis of the results...
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These scenarios represent two fictitious, but realistic, examples of how ineffective processes
can put an organization in jeopardy. A well-defined and implemented process will go a long
way to resolving these problems, but manual implementation of this process can, in the short
run, be time consuming even if, in the long run, it is beneficial. In a competitive commercial
environment there is therefore an enormous temptation to skip anything that gets in the way
of developing the final product. in the manufacture of mechanical and electrical products, pro-
cess automation has made dramatic impacts in improving productivity; there is no reason why
similar approaches cannot work with software. Process automation represents a technoiogy
that can help manage this problem by:

* guiding sequences of activities that compose the project,

* managing the products that are being developed,

* invoking tools that developers require to do their tasks,

¢ performing automatic actions that do not need human intervention,

¢ allowing communication between the persons who are building the product,
¢ gathering metric data automatically,

¢ supporting personal task management,

¢ reducing human errors, and

¢ providing project management with current, accurate status information.

However, there are also pitfalls and these, along with the advantages, will be discussed in
Section 2.3.3.

Because of the potential impact of process automation, it is important to assess it objectively
and to understand both the technical and organizational issues. This is the main motivation
behind this report, which is intended to provide practical guidance on process automation tech-
nology and its adoption. The report will look into three aspects of the automated process. First
the report will look at the automated process’s relationship to software process and CASE
tools; second, it will investigate in some depth the characteristics of two commercially-avail-
able process automation products; and third, it will address the issues in adopting process au-
tomation into a software development organization.

Because process automation requires that a project works within a well-defined process, a
clear understanding of one’s operating procedures is an important prerequisite. Indeed to be
most effective, process automation must be viewed within the context of process improve-
ment. This is so since experience gained in working within the process should be incorporated
into the process program to make it more effective. Process automation products are qualita-
tively different from standard CASE tools since the latter do not significantly affect organiza-
tional behavior. (CM tools are the exception, but they emphasize data management rather
than process management.) Thus Section 2 of this report discusses the relationship of process
automation to process improvement and in particular the SEI Capability Maturity Model [Paulk
93]. This discussion also addresses CASE tools and how they fit within this context.
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The major part of the report then focuses on assessing the current technology by selecting and
analyzing two of the foremost process automation products in the field: ProcessWeaver from
Cap Gemini and SynerVision from Hewlett-Packard. In performing this analysis, it is necessary
to explore these products in some depth; otherwise, a superficial impression may result in er-
roneous conclusions. This assessment is conducted by using a technique that was designed
to consistently evaluate environments [Weiderman 86). A standard process model is first es-
tablished. The model is then impiemented in each product, and each product is then measured
against a set of evaluation criteria. This investigation is aimed at assessing the technology by
looking at specific examples of commercial products; it is not designed to rank the products.
As it turns out both of these products excel in some ways and are weak in others.

The final issue to be addressed in the report is adoption. To date there are few, if any, exam-
ples of process automation technology being used to support software development on a day-
to-day basis. Thus there is little hard evidence of the efficacy of such technology. However,
experience gained through process improvement, adopting technology in general, and CASE
tools in particular sheds some light on the issues.

Appendix A provides information on specific commercial products, and what platforms they op-
erate on, while Appendix B lists the process program for the SynerVision experiment. Appen-
dix C provides a brief overview of the ProNet process definition notation as this notation is
used to define the evaluation models, while Appendix D briefly reviews some of the process-
related terminology used in this report. A brief note on this terminology is needed here. A pro-
cess automation product may fall into the category of either a process-centered environment
(PCE) or a process-centered framework (PCF) depending on whether or not the product in-
cludes end-user applications. The relationship between PCEs and PCFs and other process
concepts is discussed and clarified in Appendix D. For simplicity, when we are later discussing
the products under review, we will use the term PCF for either, unless there is a need to dif-
ferentiate between a PCE and a PCF. Finally, Appendix E lists the scenario script and ques-
tionnaire given to the participants of the SynerVision and ProcessWeaver role plays.

CMU/SEI-94-TR-007 3
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2 Software Process Automation in Context

Over the last two hundred years, traditional manufacturing processes have seen two major
revolutions. First, manufacturing, which started out as a craft industry, evolved to mass pro-
duction. Second, in the past few decades, significant advances have been made in what has
been called “lean” production, as exemplified by many of the Japanese automobile manufac-
turers [Womack 90]. This last revolution is still in progress and has lead to major improvements
both in productivity and quality. The history of software manufacturing is much shorter, span-
ning decades rather than centuries, but software production still uses techniques that have
much in common with craft industries. In craft industries, products of high quality and sophis-
tication can be produced, but such products rely heavily on skilled experts. Given the phenom-
enal growth of the software industry, relying on the limited supply of these experts has been a
major contributor to what has been called the software crisis. Thus there is a need for tech-
niques that can leverage the skills of software engineers, simuitaneously improving productiv-
ity and quality. Given the precedent of traditional manufacturing, this is not an unreasonable
goal.

2.1 Process Automation and Related Technologies

Research into the technology of software process modeling and automation has been on go-
ing for some years [Demiame 92, Kaiser 90, Mi 92, Peuschel 92, Kellner 90a, Curtis 92}, but
only recently have commercial implementations come on the market. Both the research into,
and subsequent commercialization of, process automation technology have resulted in a con-
siderable body of theoretical and developmental knowledge. This knowledge includes, for ex-
ample, appropriate process modeling formalisms and languages. The STARS program is an
example of a significant effort that is attempting to develop and apply process-oriented tech-
nologies in support of large-scale software development within the US Department of De-
fense. This effort has addressed a wide variety of process-related issues, and specifically has
investigated process definition, modeling, and enactment [STARS 92].

The characteristics that distinguish PCFs (and PCEs) from other software engineering envi-
ronments are:

e their explicit focus on process mechanisms, and the resulting need for
process definition and enactment languages; and

¢ their emphasis on communication between, and integration of, people and
their actions, rather than on the communication between, and integration of,
tools.
Agreed-to or de-facto tool integration standards are important for PCFs, if PCFs are to connect
to the wider field of CASE. Within the CASE integration community, there are several devel-
opments that are helping in this direction. For example, the conventions introduced by BMS
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[Brown 93a), CORBA [Soley 92], or PCTE [Brown 93a] are providing an impetus to third-party
developers to be “compliant”. Indeed, the two PCFs that we will be investigating have mech-
anisms to address tool-integration issues.

Much research and commercial work has also been done on the integration of CASE tools. On
the commercial side, integration has been traditionally tool-to-tool, with limited process impli-
cations. An example of such a tool-to-tool integration is the linking of a word processor with a
configuration management (CM) tool in order to manage document versions [CW]. More am-
bitious efforts to develop integrated tool sets have been attempted, but usually in research-
oriented settings. For example in [Brown 93b] a software development scenario was con-
structed with Softbench as the framework and using a variety of tools for C-code development,
testing, metrics collection, and configuration management. With this level of complexity, it was
found that a process model, written in C, was required to manage the sequencing of events.

Many configuration management systems have also addressed practical process issues.
While earlier CM products have built-in hard-wired process models [Dart 91], more recent sys-
tems have started to provide the capability for end-user process customization (e.g.,
CaseWare). However, the emphasis in CM systems is more (but not exclusively) on the man-
agement of product than on the management of process. PCFs and CM products are likely to
have different notions of process management, and integration of PCF and CM services will
be painful unless some standards are agreed to. Otherwise a PCF will only be able to call on
a limited subset of the services supported by a CM tool.

In the longer term, merging of the concepts in process automation and configuration manage-
ment may occur in which there is a fusing of data management and process management fea-
tures. Indeed, CASE integration may benefit from such a union, since tools will then be
supported by a compatible and consistent set of product and process services.

2.2 Issues Related to CASE and Process improvement

In attempting to move software development away from the craft approach (which is highly
skilled and individualistic) to a more rational means of production, two approaches have been
pursued:

e using technology to support, automate, and to some extent reduce the skill
level required for software development; and

¢ improving the process through which the software is developed.
Because these two paths have a direct bearing on the technology of software process auto-

mation, they are discussed below in some detail. These paths also cross, and it is at this in-
tersection that process-centered environments exist.

The first approach invoives the use of CASE toolis to help produce software more efficiently.
At the developer level these tools support such activities as design, code generation, test, re-
verse engineering, and document production. At the management level these tools support
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such activities as configuration management, planning, scheduling, tracking, and cost estima-
tion. However, to date, CASE tools have not lived up to their early promise in the sense that a
very large fraction of those purchased become “shelfware” [Page-Jones 92). This is, in part, a
consequence of the exaggerated claims of CASE tool vendors. It also results from a too nar-
row focus on CASE technology. As stated in [Boone 91]:

The current attempts at CASE implementation have only been at the tactical
level, dealing with such issues as tool evaluation and selection, and choosing
pilot projects for applications of these tools. These tactical approaches have
met with extremely limited success, and a growing number of experienced
users are sharing the opinion that the situation will continue unless CASE is
approached strategically.

By strategic thinking, Boone suggests that four elements, closely related to total quality man-
agement, are required:

® pursuing continuous improvement,
¢ putting quality first,

® using process engineering, and

¢ facilitating change.

This report focuses on the last two of these items. Practical guides to addressing some of
these CASE issues are provided in [Oaks 92, Fletcher 93]. In particular, these guides provide
strategies for CASE adoption, addressing some of the “strategic” issues identified in [Boone
81], and have relevance to the adoption issues to be discussed in Section 8. Also, many of the
issues addressed by Boone’s four elements involve human factors and thus may give a de-
gree of discomfort to many who are technically trained and naturally ook for technical solu-
tions. However, as Boone points out, the success of CASE will be just as dependent on non-
technical, as on technical considerations. These non-technical issues have much in common
with the spirit of the Capability Maturity Model [Paulk 93a] that provides a practical incremental
approach to process improvement. Because of its relevance, the CMM will be discussed below
within the context of tools and process automation.

The above issues are even more acute when dealing with integrated tool sets. To date, tool
vendors have developed some direct tool-to-tool integrations (for example, IDE’s integration
of Software through Pictures, CodeCenter, and FrameMaker). However, successful use of in-
tegrated tools, as reflected in actual day-to-day use for product development, is quite limited.
As stated in [Rader 93]:

[llnformal discussions with practicing software engineers from the defense and
engineering communities indicate that few of the concepts, standards and
products that purport to provide CASE tool integration have found their way into
operational use.

CMU/SEI-94-TR-007 7




Given the problems associated with the adoption of individual CASE tools, it is perhaps not
surprising that adoption of integrated CASE tool sets has met with resistance. In addition to
the issues associated with the introduction of single CASE tools, integrated CASE tool sets
are more expensive, magnify the process and adoption issues, and will incur significant train-
ing costs. While the above issues are also relevant to PCFs, PCFs may provide the critical in-
gredient, process structure, that will help CASE tools and integrated tool sets overcome some
of these barriers. Some itemized reasons why this is so are given below:

* Specific elements of tool functionality can be matched to the needs of the
process.

* Training in the use of the tools can be seen in the context of the process.
¢ Tools can be more rationally evaluated and selected.

¢ The process provides a framework for communication between tools.

¢ Metrics collection on tool-related data can be given a more rational basis.

In summary, CASE tools and integrated tool sets have failed to reach their full potential in part
because of issues which are less technical and more organizational or cultural. PCEs may
force some of these issues to be addressed more explicitly, and may thus be important in the
successful adoption of CASE.

Let us now tum to the second approach to moving software production away from its craft or-
igins — process improvement. A project that does not have a clear understanding of the pro-
cesses through which it develops its software is likely to produce an inferior product. This is
particularly so for large projects having many people and producing large, complex software
systems. It was because of the consistent failure to successfully manage the development of
such large software systems that the Capability Maturity Model was developed. The CMM pro-
vides a framework for establishing effective processes for software development and does so
in a manner that prioritizes the implementation of the practices necessary to build effective
processes.

The CMM is based on five levels, which are:

¢ Level 1: Initial

¢ Level 2: Repeatable

¢ Level 3: Defined

¢ Level 4: Managed

¢ Level 5: Optimizing
The general characteristics of these are summarized in Figure 2-1 [Paulk 93a]. At Level 2 (Re-
peatable), there is a strong focus on developing effective management practices within
projects. At Level 3 (Defined), standard processes are defined across the whole organization
and tailored for use within individual projects. Level 4 (Managed) then sets quantitative quality

goals for both processes and products, making extensive use of metrics to achieve this objec-
tive. Finally, at Level 5 (Optimizing), the emphasis is on continuous process improvement
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(5) OPTIMIZING
Continuous process improvement is en-
abled by quantitative feedback from the
process and from piloting innovative ideas
and technologies.

(4) MANAGED
Detailed measures of the software process and
product quality are collected. Both the software
process and products are quantitatively under-
stood and controlled.

(3) DEFINED
The software process for both engineering and manage-
ment is documented, standardized, and integrated into a
standard software process for the organization. All
projects use an approved version of the organization's
standard software process for developing and maintain-
ing software.

(2) REPEATABLE
Basic project management processes are estab-
lished to track cost, schedule, and functionality.
The necessary process discipline is in place to
repeat earlier successes on projects with similar

(1) INITIAL
The software process is characterized as ad hoc
and occasionally even chaotic. Few processes
are defined and success depends on individual
efforts.

Figure 2-1: The Five Levels of the Maturity Model
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through technology innovation and quantitative cost-benefit analysis on alternative processes.
Before a particular level can be achieved by an organization, all the requirements of the lower
maturity levels must be met. Each level is composed of a set of Key Process Areas (KPAs),
such as Requirements Management at the Repeatable Level, while each KPA is in turn com-
posed of a set of specific practices.

This view of process maturity is independent of tools or tool support. However, at higher levels
of software maturity, there is increasing overhead associated with maintaining this maturity, as
a result of the cumulative number of practices that must be supported. To get an idea of the
extent of the effort required to achieve a particular maturity level, Table 2-1 shows the number
of pages of practices from [Paulk 93b] that are required to characterize each maturity level.
Since each page provides specific and detailed information and guidance, these simple data
give an idea of the effort necessary to reach and sustain a particular level. Clearly, not all prac-
tices can be automated or even supported by software tools. However, a significant number
can have at least partial support, and it has been argued [Ett 91] that “[ajutomated process
enactment support is necessary to achieve a process maturity beyond SEI Level 3 in a COST
EFFECTIVE manner.” Given the large number of practices at and below Level 3, it is possible
that automation may also be a critical component for levels 2 and 3, if cost effectiveness is
important.

Table 2-1: Pages of Practices at the Five CMM Levels

Maturity Level 1 2 3 4 5
Pages of practices at Level 0 84 100 32 48
Cumulative pages of practices at Level 0 84 184 216 260

In many instances, there is a clear relationship between tool functionality and the needs of a
particular Key Process Area. For example, the Level 2 KPA “Software Project Planning” is like-
ly to make use of project management tools. While this relationship is important, it is more use-
ful, in the context of this report, to correlate tool use to the broad goals of each maturity level.
Figure 2-2! illustrates this other relationship. For example, at Level 2, there will be sets of
guidelines on tool selection, tool use, and tool training at the project level. In addition tool use
will be integrated into the project-defined processes by which the software is produced. The
view of the technology/process relationship shown in Figure 2-2 is useful because it implies
that one can start to use a PCF at any maturity level. However, if a PCF is used at Level 1,
only limited components of its functionality can be effectively employed (for example, code de-
velopment at the individual level, personal scheduling, and task routing).2 At Level 2, a much

- This figure was developed by the author to be consistent with the CMM, but is not part of it.

2 This is not to say that an actual Level 1 organization cannot start to define its processes and then implement
some of the simpler, less critical of them through a PCF. Indeed this may be part of the activities that the Level

1 organization performs in order to achieve Level 2.
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(5) OPTIMIZING
Innovative tools and technotogies evaluat-
ed for and adopted into the organization.

(4) MANAGED
Process improvement is driven by quantitative
analysis of metric data.

(3) DEFINED \
Tool standards are set across the organization.
Local t0ol selection is based on organizational standards.
Repository for organizational data established.
Corporate reuse library established.
Metrics gathered based on organizational standards.
Metrics stored in org. repository - for trends, profiling.
Organizational tools training standards established. )

(2) REPEATABLE
Project-level commonality in use of tools.
Some team-oriented tool-to-tool integrations performed.
Some local metrics gathered/analyzed (level of effort).
Project standards on tool use specified.
Training in use of project tools given.
Some limited reuse of designs and code.

(1) INITIAL

Individualistic, craftsman-like approach used.

No guidelines or standards in the use of tools.

No metrics gathered.

No support of reuse.

High quality product produced only by skilled crafismen.

Effective software production limited to small teams.
—

Figure 2-2: Tool-Use Characteristics at the Five Maturity Levels
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broader set of functionalities can be invoked, since project processes can be enacted through
the PCF.

2.3 Why Use a Process-Centered Framework?

PCFs represent a new class of software that integrates the people in the organization with the
development process and with the supporting technology. Unlike compilers, editors etc., PCFs
primarily affect how work is performed rather than what is produced. PCFs provide the “glue”
that actively manages the flow of work between people and their tools. Thus the issues that
must be addressed in their adoption are significantly different from those for standard CASE
tools. Some of these issues are already known through experiences with the software factory
concept [Cusumano 91}, but there may be novel issues that, because of the lack of practical
application of PCFs in real-world settings, we have yet to discover. The primary motivations
for using a PCF are improvement of quality and productivity; each of the items discussed be-
low directly supports these goals. There are some significant advantages to using a PCF and
some disadvantages. These are also discussed below.

23.1 Advantages of Using a PCF

Use of a PCF inherently forces one to define one's processes in a rigorous enactable sense.
This discipline alone is a major benefit. It allows for improved communication and understand-
ing between the human participants and for consistency in how things are done. While use of
a PCF cannot guarantee process improvement, used correctly it can certainly support the im-
provement effort by encouraging process definition and use. Training new employees in the
process [Keliner 89] is supported both off-line and on-line. off-line support is available through
use of the defined model to teach the novice the overall structure of the process. On-line, the
novice (like other parties using the process) is guided through the process and thus requires
a less detailed knowledge of the process in order to do his/her job effectively. In this way, fewer
process-related errors are likely to be made. Whether the user is a novice or not, a PCF can
eliminate the need for project personnel to perform many mundane tasks. Automated actions
can be initiated on the basis of certain process states being reached, information can be pre-
sented to the user when appropriate, and messages can be sent between agents (human or
not) when necessary.

As a by-product of having one’s processes defined in an enactable sense, one can build up
an enactable-process reuse library. This library can be of enormous help to others in the or-
ganization who have similar process needs [Keliner 93b). Thus a project that has developed
a particularly effective process (say, for peer review) can save the process in the corporate
reuse library for access by others. By so encouraging this consistency and uniformity of pro-
cess use, the organization is not only saving resources, but it is supporting Maturity Level 3
characteristics.
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If a process cannot be measured, then improvement is a matter of opinion. However, collecting
metric data manually has several drawbacks. First, developers generally do not want to waste
their time manually filling out metric data forms, for either time-dependent data or code-depen-
dent data, if they see no direct benefit to their work. Second, manually-generated data is likely
to be error-prone and inconsistent,3 particularly if the data is collected with resentment and
suspicion. Resentment and suspicion are related to the issue of intrusiveness, that is, man-
agement “spying” on developers and using the collected data as fodder for job evaluations.
However, this problem exists whether a PCF is used or not. (Suggestions for its solution are
addressed later in Section 8.2.) Metrics collection and analysis can be major time consumers,
and use of automation in this area could thus be a significant contributor to productivity. Of
course, the collection of complete and accurate data also enhances product quality. Analyses
of this metric data should lead to improved automated processes, and these improvements
can then be permanently captured in the corporate reuse library.

In a traditional software development orgariization, it is often difficult for management to obtain
current information on project status, etc., particularly if the project is large. Since the automat-
ed control of a process requires a current knowledge of task and product status, decisions tak-
en etc., this information can also be made immediately available to management. Thus
management can request reports on such current information as “list of tasks completed” or
“status of change requests”.

An indirect advantage of PCFs is that they may make CASE technology more effective. Earlier
it was mentioned that CASE tools are too often viewed at a tactical level, that is, organizational
issues such as process adoption and improvement are not seen as important elements to suc-
cess. However, PCFs force one to address these very issues. Thus embedding CASE tools
into a PCF may provide those CASE tools with a context to make them more effective.

2.3.2 Disadvantages of Using a PCF

Besides the significant advantages described above, there are some potential pitfalls to using
a PCF. First, not all software development organizations have characteristics compatible with
high degrees of process automation. This is particularly true for organizations in which con-
ceptually new software is being developed. These organizations may not easily be able to sta-
bilize their processes and may have to operate in a craft manner (i.e., using small teams of
highly competent professionals).

Second, the notion of letting a machine control how one works has negative connotations as-
sociated with mindless mass production. Designing an automated process to be human-com-
patible, while challenging, is critical to success. Thus, in addition to understanding the
mechanics of building process programs, the designer of these processes must have insights
into human behaviors, motivations, and expectations, and must be sensitive to the needs of
the project for which the processes are being developed. As will be discussed later, it is prob-

3. Of course, automated collection of metrics can be prone to its own types of errors, for example, if the duration

ot a task is equated with the task etfort.
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ably essential for success that those who will use the automated processes should also be in-
volved in their design. While management may see process automation as a means to control
the developers (through, for example, greater access to status information), developers will
only accept such automation if it is perceived to support their developmental needs (e.g., it lib-
erates from chores rather than enforces unrealistic constraints). An example of a badly de-
signed system might be one in which management can too easily spy on the minute-to-minute
activities of developers.

Another pitfall in designing automated process models is the inability to handle unanticipated
events. For example, the model may have to be modified during the project’s execution in or-
der to handle extra staff. Such events will surely occur. Thus, PCFs should contain mecha-
nisms to allow the process designer to adapt processes during their real-time execution.
Because this activity may introduce erroneous process behavior, such modifications can have
potential danger and must be managed very carefully. In addition, there may be even more
severe situations from which it is not possible to revert to an automated process. For these
cases, built-in mechanisms to allow the process model to gracefully degrade to manual control
should be considered.

A practical but important consideration is what might be called “process roli-back”. Situations
may occur, for example, where a technical error is made and not caught at the time. The pro-
cess moves forward, and later on the problem is identified. With a non-automated process,
there is likely to be sufficient fiexibility within human control, so that manual corrections can be
made. However, with the automation of a predefined process, reversing back to correct the
problem will be much more difficult. In the simple case of a wrong button being pressed, an
“undo” feature will be sufficient, but after a sequence of permanent changes have been com-
mitted, the complexity of the fix is much higher. Currently, the only practical solution may be
to take the automated controller off-line, fix the problem manually, and then restart the control-
ler.
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3  An Experimental Investigation into PCFs

in order to better understand the technology behind process-centered frameworks, two prod-
ucts are examined. These products are ProcessWeaver, developed by Cap Gemini [Process-
Weaver 92), and SynerVision, developed by Hewlett-Packard [SynerVision 93a, SynerVision
93b]. These are typical of a new generation of commerciaily available products that have re-
cently become available. Information to contact the suppliers of these and other PCFs* can be
found in Appendix A.

3.1 The Experimental Approach

To compare the technologies behind ProcessWeaver and SynerVision, a modified version of
an evaluation methodology, developed for software engineering environments, is used [Wei-
derman 86]. This evaluation technique is based on several criteria which, in the context of this
investigation, involve the following:

¢ Since detailed functionality may vary from PCF to PCF, the evaluation
attempts to focus on the activities of the users of a PCF rather than the low-
level features implemented in that PCF.

¢ The evaluation postpones the inspection of specific features of a PCF as long
as possible. This approach forces one to keep a broad perspective and this
helps with comparisons of PCF functionalities (as opposed to detailed
implementation).

¢ The evaluation is based on a PCF-independent example of a process. This
ensures that the PCFs are being assessed against the same criteria. It also
reduces the effort since the same process model is used on each PCF.

¢ Objectivity and repeatability are assured through performing the same well
defined tests on each PCF. Different experimenters, using the same process
example, should come to the same or similar conclusions when evaluating
the same PCF.

¢ Prior to examining the PCF, it may not be possible to determine all
appropriate aspects of the evaluation.Thus the experimental approach
should allow for iteration and refinement of the approach during the
evaluation.

¢ The methodology should be extensible in the sense that the experiments can
be easily modified, expanded and improved upon.
The original approach suggested by Weiderman focuses on end users. Such an application to
project management tools is discussed in [Feiler 88]. However, in evaluating PCFs, there are
two classes of user: the developer of the enactable process and the subsequent end-user of
this process. Thus, the approach is modified somewhat to account for this difference. In addi-

4 Since SynerVision has some end-user applications built into it, it has some of the characteristics of a process-

centered environment (PCE). However, for simplicity, both ProcessWeaver and SynerVision will be called pro-
cess-centered frameworks (PCFs). See Appendix D for an elaboration of this issue.

CMU/SE!-94-TR-007 15




tion, some of the original methodology has been simplified. These simplifications result in less
formality and detail in the areas of evaluation questions than suggested in Weiderman's ap-

proach.

While Weiderman’s approach involved six phases, the approach used here involves eight
shorter phases. The details of these phases and the relationships between them are illustrated
in Figure 3-1. The vertical line down the center of Figure 3-1 separates the development of the

Phase 1 Phase 5
Establish model- ) Implement process
building criteria example in PCF
Phase 2 Phase 6 l
ldentify end-user Evaluate developer
capabilies and end-user results
Phase 3 Phase 7 f
Develop process N
example and its execution R‘_‘" end_ user
script j simulations
Phase 4 Phase 8
Develop evaluation »( Evaluate end-user
criteria and questionnaire / role-plays
PCF-Independent Products PCF-Dependent Products

Figure 3-1: Simplified Evaluation Process

PCF-independent experimental set-up (Phases 1 through 4) from evaluations of each PCF
(Phases 5 through 8), while the arrows represent dependencies. For example, Phase 1 pro-
vides Phase 3 with criteria on what is needed in the process model. A textual description of
each phase is given below.

1. Establish model-building criteria. Establish the functional capabilities against
which the PCFs are evaluated. This includes both the capabilities for
developing and debugging process programs based on the process example.
For example, we may wish to investigate the ability of the PCF to model the
communication between agents (human or otherwise) or the ability of the
PCF to perform syntax checking of the process program.

2. Identify end-user capabilities. |dentify end-user capabilities that the PCFs
might provide. Examples are: personal task management, project planning,
or metrics collection. In reviewing these capabilities, one has to be careful not
to conclude that product A is better than product B because it includes tool X.
One design philosophy may result in a suite of tools being integrated into the
product, while another design philosophy may focus on providing process
mechanisms together with the capability for encapsulating tools.
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3. Develop process example. Given the information of Phases 1 and 2, develop
the process example against which the PCFs are to be tested. The process
example developed for the evaluation is a document-modification process
and was graphically defined using ProNet [Christie 93b]. Details of this
example, which will be discussed below, is defined independently of the PCF
on which it will later be implemented. An execution script is also developed to
guide the end users through the end-user simuiations (see Phase 7).

4. Develop evaluation criteria and questionnaire. Develop a set evaluation
criteria, that are independent of both the PCFs and the process example, and
against which both the developer and end-user evaluations will be performed.
The criteria used are very similar to those identified in [Weiderman 86] and
consist of such items as “ease of learning”, “performance”, “portability”, etc.
Also develop a questionnaire to be filled in by the role players of the end-user
simulation.

5. Implement the process example in the PCF. In each PCF, implement the
process example defined in Phase 3, using the Phase 1 criteria for guidance
in the building process.

6. Evaluate developer resuilts. With the experience gained from the PCF-
specific model-building exercise (Phase 5), assess the capabilities of the PCF
using the evaluation criteria developed in Phase 4, supported by the model-
building criteria of Phase 1.

7. Run end-user simulations. Perform a set of end-user evaluations, in which
several persons act out the process enactment scenario. These simulations
will be guided by the axecution script. A copy of the materials provided to the
end-users (including the execution script) is provided in Appendix E.

8. Evaluate end-user role plays. Analyze the end user role-plays using the
Phase 4 evaluation criteria. Also use tiie Phase 4 evaluation criteria to
address end-user issues that are nct part on the end-user process enactment
scenario.

The next four subsections describe respectively the first four phases (i.e., the PCF-indepen-
dent phases) of the of the experiment.

3.2 Model-Building Capabilities (Phase 1)

In order to define the process example, a set of features that a PCF may be expected to sup-
port is identified. These features provide requirements for the design of the process example
and are placed in the following categories given in Table 3-1: development, enactment, re-
source, communications and debugging. The categories are similar to those identified in [NIST
93] (See Appendix D). In addition, [Kellner 90] was reviewed in helping to identify some of the
elements listed in Table 3-1.
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Table 3-1: Model-Building Capabilities

1 | Development issues

Discussion

a | Scoping of variables

If a process is composed of subprocesses, then there should be
mechanisms for passing variable values from process to sub-
process and back.

b | Modeling hicrarchies

Modets of any realistic complexity cannot be defined as one
monolithic entity. Thus the PCF must allow activities to have
internal structure (i.e., contain sub-activities) that can be broken
out and defined separately.

¢ | supporting model development

In order to construct process models, the PCF must provide sup-
port for model building. This support may be through a textual
language with an editor, a graphical language, or a mixture of
text and graphics.

d | Creating a process library

In order to enact a process multiple times, it must be possible to
store the process program (i.c., the template) with its variables
(e.g., roles) uninstantiated. See also item 2.a.

e | Supporting flexibility of task control

Humans perform tasks in an opportunistic manner that cannot
always be predicted by a process model. For example it may be
legitimate to prepare for a task before all the formal precondi-
tions for the task have been met (as defined in the process
model). Thus the ability to specify differing degrees of control
over task initiation is desirable.

f | Modeling standard programming
constructs

The process modeling language in a PCF must have a means of
expressing the usual programming constructs such as iteration,
conditional testing, and variable instantiation.

g | Performing parallel, aggregated
processes

Consider the situation where twenty identical processes feed a
downstream process. The PCF should have the ability to invoke
the same template for all twenty upstream processes. Further,
because the number of upstream tasks may not be known until
run-time, it would be helpful if binding of these could be
delayed until that time.

2 | Enactment issues

Discussion

a | Assigning agents to roles

A PCF must be able to distinguish between roles (usually
defined in the process model prior to run-time) and the agents
who actually perform the actions (defined at the start and possi-
bly throughout process enaction). The concept of roles and
agents applies equally to humans and machines. The ability to
instantiate roles with specific agents must be supported.

18
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Table 3-1: Model-Building Capabilities

Supporting on-the-fly process modi-
fication

The ability to modify process models on the fly during execution
may be important. Things go wrong during process execution,
and changes may have to be made promptly. It may not be possi-
ble to wait until an automated process has terminated before
modifying action can be taken.

Logging process data

Logging of process can be important in order to:

1) debug the process (see also item 5.g),

1) roll back an ongoing process to correct an error,

2) provide post-project verification that the defined process was
followed, and

3) provide insights for the support of process improvement.

Resource issues

Discussion

Invoking tools

A PCF must provide the mechanisms through which tools can be
invoked. Such invocation may involve simply starting the tool or
it may involve accessing a specific aspect of its functionality.

Managing objects

There is a close relationship between the tasks in a process and
the artifacts produced by the tasks. These artifacts may be ver-
sions of a product. Thus, having some means to manage versions
of products is a useful capability.

Communication issues

Discussion

Modeling communication between
agents

Central to process enaction is the notion of communication,
either from human-to-human, human-to-computer-agent, com-
puter-agent-to-human and computer-agent-to-computer-agent.
The PCF must provide mechanisms for such communication.

Modeling automatic actions

As a result of an event occurring, automatically triggered actions
may be necessary. These actions may send messages to humans
or may trigger other automatic events. Means to model auto-
matic actions must therefore be provided.

Debugging issues

Discussion

Checking syntax

This is the ability to identify and clearly define the source of pro-
gramming erTors.

Performing reachability analysis

This is the ability to evaluate an enactable process model to
assure that all of its parts are accessible during process enaction.

Performing deadlock analysis This is the ability to evaluate if there are process states from
which it is impossible to exit.
Tracing process dynamics The ability to trace the dynamics of the process as it is being

enacted can provide significant insights for process model vali-
dation.
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Table 3-1: Model-Buiiding Capabiiities

e | Querying This is the ability to check on the values of variables during pro-
cess enactment (simulation or actual use).
g | Spying This is the ability to insert breakpoints in the simulation of a pro-

cess in order to examine the status of variables, etc.

g | Logging process data See 2.c above.

3.3 End-User Capabilities (Phase 2)

End-user applications may be built in (as part of a PCE) or through the invocation of external
tools (as in a PCE or PCF). In either case, application tools will be needed to support the large
majority of processes. Some of the capabilities which are particularly well suited to integration
in a PCF or PCE are reviewed in Table 3-2.

Table 3-2: End-User Capabilities

Application Discussion

Scheduling periodic
work

A simple but important application of pracess support is the ability to initiate
tasks (e.g., time card generation) or present personal reminders (e.g., weekly
meetings) on a periodic basis.

b | Collecting metric | A PCF provides many mechanisms which can facilitate the automatic collection
data of process and product metrics.
¢ | Supporting project | Both process enactment and project management require information on tasks,
management tasks resources, and agents and the relationships and dependencies between them.
Thus there is significant overlap in the data needs of process enactment and
project management and each can leverage off the other.
d | Supporting the There are many modest personal tasks with which process automation can help.
individual user Examples include: managing “to do” lists, planning work estimates, tracking
work effort, and capturing personal metrics.
e | Supporting group A variety of group activities do not require a full process model to drive them.
communications Examples include: delegating, negotiating, reassigning and coordinating tasks.

3.4 Process Example and Its Execution Script (Phase 3)

All of the items in Table 3-1 (with the exception of debugging issues) influenced the design of
the process example in some significant way. This example portrays a simple document up-
date process and is formally defined using ProNet notation [Christie 93a, Christie 93b, Earl
93].5 A brief review of this notation is also provided in Appendix C. The elements of the exam-
ple, illustrated in Figures 3-2, 3-3, and 3-4, are described below.

5 Note that the ProNet graphical symbol set used in the first two of these documents is more limited than used
in this report (see Appendix C for current symbo! set).
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Figure 3-2: The Modify Document Process

The group that performs the document modifications consists of a manager and two technical
writers. Following the process flow, shown in Figure 3-2, the manager receives a change re-
quest (CR) from outside and determines through the process review new CR, if it is appropri-
ate for processing. If it is, then there is a selection process, identify agents for roles, that
determines who will perform the editing function and who will perform the review function. Fi-
nally there is the update process, update document, in which the changes are actually made.
The latter two processes have lower level detail, and this exercises the PCF in the ability to
model hierarchies.

The identify agents for roles process, shown in Figure 3-3, contains elements to exercise com-
munication and automatic action facilities in the two PCFs. The manager makes an initial as-
signment of roles (make initial assignments), and these roles are communicated to the two
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Figure 3-4: The Update Document Process

individuals. The person assigned the

editor role can accept or reject that role (get editor’s re-

ply). If the reply is “accept”, then the other person is automatically notified through the notify
reviewer activity that he/she has been given the reviewer role. If the first person rejects the

editor role, then the second person

is automatically requested to take on the editor’s role
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(make revised assignments). This person can also accept or reject the editor’s role. If “reject”
is selected, then the manager is notified and a manual assignment is made through the activity
impose assignments. In this case the writers are notified of the manager’s decision (through
the notify editor and notify reviewer tasks).

The remaining high level process, update document, is shown in Figure 3-4. To perform the
tasks in this process, the document is removed from a simple repository, edited, reviewed, and
then replaced into the repository. Thus some simple SCM functionality is required. The pro-
cess starts with the system extracting the document from the repository and presenting it to
the editor (get doc). The editor then revises it as described in the change request (modify doc).
After the modified text has been reviewed (review doc), the document is then either approved
by the reviewer or sent back to the editor with review comments for further modification togeth-
er. If the reviewer approves the changes, the document is put back into the repository and the
manager is notified that the process is complete (put doc).

Note that items 1a, 1b, 1c,1d, 1f, 2a, 3a, 3b, 4a, and 4b of Table 3-1 are explicitly tested by
the process example. It should also be noted that there are many aspects of the two PCFs
being addressed that are not being tested. For example, both PCFs have significant capability
in the area of external communication and tool encapsulation.

The execution script for the process example is now reviewed. Appendix E provides the eval-
uation materials which were given to the participants of the end-user evaluations. This script,
which is part of the end-user evaluation materials, is shown in Table E-1 and follows one of
many possible process scenarios. In this particular scenario, the manager receives an incom-
ing change request to modify a document (item 1 in Table E-1) and identifies his initial choice
of editor (item 2). Both technical writers (A and B) initially refuse to accept the role of editor
(items 3 and 5), and this forces the manager to impose the editor role on Technical Writer A
(items 7). After Technical Writer A has performed the requested modification (item 10), the
documents are sent for review to Technical Writer B who in turm adds a comment in the sup-
porting document Review Comments (item 11). The task is then automatically sent back to
Technical Writer A who again edits the document (item 12), after which it is sent back to Tech-
nical Writer B for a second review. At this point, Technical Writer B accepts the modification
(item 13), the document is automatically saved in the repository, and the manager is notified
that the modification has been successfully completed (item 14).
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3.5 Evaluation Criteria and Questionnaire (Phase 4)

In order to assess the adequacy of the two PCFs, a set of evaluation criteria are established.
These criteria are defined independently of the model-building capabilities (Phase 1) and the
process example (Phase 2). They are, in fact, a modification of the set suggested in [Weider-
man 86), and are shown in Table 3-3. These form the basis for the evaluation which the author

Table 3-3: PCF Evaluation Areas

—

Functionality

a) Completeness of major functional areas for develop-
ment, as identified in Tables 3-1.

b) Completeness of end-user functional areas as defined
in Table 3-2.

2| Developer issues

a) Ease of learning.

b) Ease of use.

c) Effectiveness of support for development.
d) Quality of on-line help.

¢) Error handling.

3| End-user issues

a) Ease of learning.
b) Ease of use.
c) Clarity of presentation.

4| Performance

a) Execution time efficiency.
b) Space efficiency.

5| System interface

a) Ease of tool integration.
b) Portability.
c) Interface to operating system.

6| Off-line user support

a) Support from customer representatives.

b) Clarity of documentation.

c) Availability of hands-on training.

d) Availability of encoded process examples.

performed. Also, an end-user questionnaire is developed. This questionnaire, shown in Table
E-2, lists the questions that the role players answered after performing in the simulated docu-
ment update process. An analysis of the responses to these questions is provided in Section 6.

In summary the sequence of tasks that will be performed using SynerVision and Process-
Weaver is as shown in Figure 3-5.
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Implement the process example in the PCFs
(model-building guided by Tables 3-1, and 3-2
using the specifications of Figures 3-2, 3-3 and 3-4)

Perform end-user role %Iays
(Tables E-1 and E-2)

Evaluate issues identified in
Table 3-3, supported by Tables 3-1 and 3-2
(results evaluated in Section X.3%)

Evaluate end-user responses to role plays (Table E-2)
(results evaluated in Section 6)

* where X=4 for ProcessWeaver and X=5 for SynerVision

Figure 3-5: Sequence of Evaluation Tasks
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4 The ProcessWeaver Experiment

4.1 Review of ProcessWeaver

ProcessWeaver provides a suite of tools for the management of individual tasks and for pro-
cess automation (i.e., sequences of tasks). The end user of ProcessWeaver is provided with
a main window called the Agenda, and it is through this window that tasks, called Work Con-
texts, are sent, received, or worked on. Work Contexts appear as icons in the Agenda and can
be opened to provide detailed tasking information. In addition, there are several windows to
support the development of processes. These are the Method Editor, the Activity Editor, the
Cooperative Procedure Editor, and the Work Context Editor. The Method Editor provides the
capability for defining activity hierarchies, while the Activity Editor allows task inputs, outputs,
and roles for these activities to be specified. Through the Cooperative Procedure editor, one
can model the detailed task-level processes for each activity. Finally, the windows through
which the end user performs tasks, are designed using the Work Context Editor. These ele-
ments of ProcessWeaver are reviewed in more detail in the following subsections. The final
subsection (4.1.6) provides an “integration” view, since there are many components to Pro-
cessWeaver and the relationship between these components is not at first obvious.

4.1.1 Agenda Window

The Agenda window acts as a central location for managing an individual’s tasks. The current
tasks are displayed as icons in the Agenda window as shown in Figure 4-1. In this instance,
the task UpdateDocument is the Work Context icon. These tasks may either be isolated “to
do’s” or may be elements of a more complex process. If they are isolated “to do’s”, they may
be delegated from someone else or they may originate locally from the person who “owns” that
Agenda. In the latter case, the Work Context could reflect a personal task that has to be per-
formed on a periodic basis (e.g., defining monthly objectives) and automatically appears on
the first day of the month. Delegation of a task is performed simply by dragging the Work Con-
text icon over to the Delegation icon (the report) on the right of the window. This generates a
predefined list of candidates, from which one or more are selected. A completed task can be
eliminated by dragging its icon over the garbage can icon.

The menu bar along the top of the window provides a variety of options. The Weaver option
allows one to access the editors for Work Contexts, Cooperative Procedures (i.e., processes),
and Methods (i.e., activity hierarchies). The Work Context option primarily allows one to select
individual Work Contexts to be instantiated for a specific task and perhaps delegated. The Pro-
cedures option allows one to generate a new instance of a process, while the Preferences op-
tion allows one to customize some setup parameters, such as setting an alarm when a Work
Context is received.
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UpdateDocument

Figure 4-1: An Agenda Window

4.1.2 Work Context Window

On double clicking a Work Context icon in the Agenda window, its associated window appears.
A typical Work Context window is shown in Figure 4-2. Notice that there are three different
types of objects. These are: message boxes, icons representing elements of the task to be
worked on, and control buttons. These three items are all the object types that need to be sup-
ported by Work Contexts. In the message box, variables can be embedded in the text. Thus
in the example above, a role variable (e.g., $person) can be instantiated at run-time with a
name (e.g., Alan). These boxes can also be used to input information into the process. By
clicking on an icon, the user can activate the corresponding object. This could be a text editor,
compiler, or CASE tool.

Individual Work Contexts can be developed or modified using the Work Context editor. This
function allows the developer to customize Work Contexts with any combination of text boxes,
icons and buttons that is appropriate to support the end user. A wide variety of icon designs is
provided, and one can associate an icon with an appropriate tool or document. A default tool
set is provided and this set can be extended by the developer if necessary. Buttons are given
identifiers so that they can be associated with a particular decision path of a process model.
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Alan, please revise the document
Har and Peace as specified in the
request Too Long. Thanks

Too Long

War and Peace

You are owner

Figure 4-2: A Work Context Window

4.1.3 Method Editor

As mentioned above, the two previous views (the Agenda and the Work Context) support the
end user of the process while the next three views (the Method, Activity, and Procedure Edi-
tors) support ine process developer. ProcessWeaver models projects by structuring them into
a hierarchy of activities. An example of a simple hierarchy is shown in Figure 4-3. The window
in Figure 4-3 supports a variety of functions. First through the Edit option one can add, delete,
and append both activities and decomposition levels to the hierarchy. Through the Check op-
tion one can examine measures related to, for example, the consistency of input and output
products between activities, and this can be very useful for the verification of large models.
The Run-time option allows one to generate simple default cooperativve procedures (process-
es) automatically that are attached to the activities; these are discussed in Section 4.1.5. Each
of the activities has associated with it an Activity Editor that defines the inputs required by that
activity, the roles required to support the activity, and the outputs generated by that activity.
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Figure 4-3: A Method Editor Window

4.1.4 Activity Editor

Each Activity Editor window displays information related to one activity; a typical Activity Editor
window can be seen in Figure 4-4. This window can be accessed for a particular activity by
double clicking on that activity in the Method Editor window. The main items displayed in the
Activity Editor window are the inputs, outputs, and roles associated with the activity. It is these
items against which the Methods Editor can perform consistency checking, over the whole pro-
cess model, as discussed in Section 4.1.3. By clicking on the Edit button, one activates the
Cooperative Procedure Editor window.

4.1.5 Cooperative Procedure Editor

The Cooperative Procedure window defines the detailed processes using a Petri net [Reisig
82] notation. A very simple default process model is illustrated in Figure 4-5. Petri Nets were
initially developed to model synchronous and asynchronous events in communication systems
and have been adapted by ProcessWeaver for process definition and enactment. Thase nets
consist of three kinds of elements that can be displayed graphically: places (denoted by cir-
cles), transitions (denoted by rectangles), and directed arcs. Arcs connect places to transitions
and transitions to places. In addition, the concept of tokens (that are inserted into places) is
used for process enaction to mark a place that has been asserted in some way (e.g., made
TRUE). If a token is in a place, then all the arcs emanating from that place are said to be load-
ed, and if all the places leading to a transition have tokens, then the transition is said to be
enabled. Within this process context, transitions represent state changes while places repre-
sent states. Thus, when a condition is satisfied, and the associated action taken, the process
can transition from one state to the next.

30 CMU/SEI-94-TR-007




File Edit Generate

index

UpdateDocument

Description

This activity involves the editor modifying the
text of active document as described in the change

request

Procedure
.J/proc/UpdateDocument.CP

Inputs Roles Outputs

docuwent editor <No ocutput> .
CR Template

fist onoft

fnsert

Append

Pelete

Status ¢ Mandatory
< Optional

0
Ratio CT-INE %

Figure 4-4: An Activity Editor Window

In Figure 4-5, the process begins at the place with the inserted token. An event at the next
higher level in the activity hierarchy may initiate this sub-task. The Perform_Update transition
has no entrance condition. The window associated with the action (ot shown) provides three
elements. First, actions can be taken by executing some code written in ProcessWeaver's Co-
shell scripting language. Second, the agent who will perform the action is identified. Finally,
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Figure 4-5: A Cooperative Procedure Window

the Work Context, that will be sent to the agent, is identified. When the agent has finished the
work, the Done button (defined in the Work Context) is pressed, and the token moves to the

place marked END.
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Down the left hand side of the Cooperative Procedure window is a set of transition icons. The
graphical part of the process model can be rapidly constructed simply by dragging icons from
the left-hand edge of the window and placing them in the model definition area. These can
then be connected by dragging a line between (legally-connected) icons. in the graphical mod-
el, each transition is composed of two parts — a condition part and an action part. Upon double
clicking one of these icons, an information box, customized for that type of icon, appears and
lets the model developer enter appropriate information. During execution, the condition part
must be satisfied before the action part can be initiated. In addition to the null (always true)
condition, there are four other types of condition (Event, Wctxt, Collect and Proc). These are
described briefly below:

N

N

4 [

Event This icon implies “waiting for an external event”. For example, it could mean
that some set of external logical conditions has occurred, such as a word processor
updating a file, in conjunction with “Joe” being the editor on that file. External events
can also include events on the ProcessWeaver communication bus.

Wetxt (work context). This icon implies that a cooperative procedure is waiting for
an answer from a work context currently being performed. For example, when a
button named Done is pressed inside a work context, the Wetxt condition is set to
TRUE.

Collect. This icon evaluates a set of conditions — either work contexts or events. It
can be made to fire when all the incoming conditions are TRUE or when only one
of the incoming conditions is TRUE.

Proc(edure). This icon waits for a given state (e.g., completion) of a sub-process
previously launched.

Empty. This icon implies that the condition is always TRUE.

In addition, there are five types of action, each action having an associated icon. The action
associated with one of these icons is taken when the corresponding condition is TRUE. These
actions are named: Wctxt, Progr, Distr, Proc, and Empty. These are briefly described below:

Ead

Wetxt (work context). When this icon is activated, a work context is sent to the per-
son designated in an information box attached to this icon.

Progr (programming). Allows one to describe required actions, using Process-

| Weaver's Co-shell programming language. This language provides many function-

al features such as:

emanipulation of variables and lists,

e ability to perform arithmetic and logical operations, and provision
for constructs in tests, and control, etc.;
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¢ communication with users through work contexts;

¢ manipulation of events on ProcessWeaver's communication bus through
constructs that are similar to Hewlett Packard’s Broadcast Message Server;
and

e support for development of user-defined Co-shell functions.

Distr (distribution). This icon allows for the sending of a work context to multiple
recipients. Its behavior is similar to the Wctxt action.

L

time.

"DTE::T Proc(edure). This icon initiates a sub-process of the current process at run-

Empty. This icon implies that there is no action.

4.1.6 Pulling the Elements Together

Given the number of elements that contribute to a ProcessWeaver model it can be a challenge
for the novice to understand how all these elements tie together. Figure 4-6 provides a simpli-
fied description of such an integrated picture. For the process developer, the Method Editor
provides a hierarchical view of the major activities. Each of the activities defined in the Method
Editor window has two associated windows: an Activity Editor that specifies the inputs, out-
puts, and roles required for the activity, and a Cooperative Procedure Editor that defines the
lower level elements of the process using the Petri net notation. Each transition in the Petri net
is composed of a condition part and an action part, the action taking place when the condition
is met.

In the end-user view (at run-time), a process template is instantiated by a user (e.g., project
manager) who invokes an existing Cooperative Procedure under the Procedures menu in the
Agenda. This user does not see the Petri net process model, but is presented with a window
(not shown) in which the roles, documents and other artifacts to be used in this specific pro-
cess are instantiated. For example, the role $editor may be instantiated with the specific agent
(e.g., Alan) who carries out the operation, while the file to be modified, $doc, may be instanti-
ated by the document War and Peace. Upon receiving this information, ProcessWeaver can
start to enact the process (initiating Work Contexts, performing automatic tasks, etc.).

Through its activities, a cooperative procedure may perform a variety of types of functions.
These were reviewed in Section 4.1.5. One of the important types of function is to be able to
send Work Context messages to human agents who are responsible for tasks. These mes-
sages appear on the receiver's Agenda window as Work Context icons. (In Figure 4-6, the task
is UpdateDocument.) On opening the icon to view the full Work Context window, the agent
should find sufficient information to perform the task. In the example shown in Figure 4-6, a
document icon (War and Peace) is seen on the Work Context window, and when this is

34 ' CMU/SEI-94-TR-007




Activity Editor

Method Editor

Developer Views

5
B
;
=
(33
3

Q"‘ e
s“‘ TR
“.s“ Y
0 3
..e“ ! . w | H]
« Cooperative Procedure Editor £

& B

Agenda Window

&

P

1]
J

Wr ndPove £
I
=
Yaumems = =
— .
£ Work Context Window
i =t ——— F
| mmmesm—smamagiesas F 3
I e — F
e | =
L R ———— Y o
T T o
| mos=mme————
b T e . s meman
1 S e
.

-
Document Edit Window

Figure 4-6: Overview of ProcessWeaver Elements
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opened, the actual document to be worked on appears. Note that you can also open the
change request Too Long as well. When the task has been completed, the Done button on the
Work Context window is pressed. This state change, resulting from pressing the button, is de-
tected by the UpdateFinished condition in the Cooperative Procedure which then allows the
process to move forward.

4.2 Developing the ProcessWeaver Process Model

To develop the ProcessWeaver model, it was originally intended that the activity hierarchy
shown in Figure 4-3 be used. However, this had to be modified because of a variable scoping
problem that was encountered. It was intended that the persons taking on the roles of editor
and reviewer be identified in the sub-activity /dentAgentsForRoles. However, as Process-
Weaver is currently structured (in Version 1.2), a variable that is instantiated in a certain activ-
ity can only have the instantiated value used in that activity or in child activities. Hence the
activity structure had to be simplified as shown in Figure 4-7. The activity Reviewldentifyin Fig-

,
File Edit Check Run-time Options Help

ReviewIdentify

Figure 4-7: Activity Hierarchy for the Example Process

ure 4-7 thus includes the parent activity (DocUpdate) and the child activities (ReviewCR and
ldenAgenForRoles) shown in Figure 4-3. The Cooperative Procedures for Reviewldentify and
Update are shown in Figures 4-8 and 4-9 respectively.

The upper part of Figure 4-8 defines the process through which the manager reviews the
change request. To do this review, a Work Context is displayed on the manager’s terminal al-
lowing the CR to be accessed for review and providing accept and reject buttons. Figure 4-8
shows the two paths taken depending on his choice. The second part of the figure defines the
process for selecting the editor and reviewer. The logic of this process is the same as that of
Figure 3-3, although the implementation is modified to conform with ProcessWeaver's Petri
net notation. Note that this graphical mode! is not sufficient to completely define the process
model; fragments of co-shell scripting are associated with many of the transition icons.

Figure 4-9 is a fairly straightforward adaptation of Figure 3-4. The document is checked out of
the repository, modified by the editor, and sent to the reviewer. If the reviewer passes the doc-
ument, the updated version is checked back into the repository. Otherwise, the modifications
are rejected by the reviewer, and the document is passed back to the editor with suitable com-
ments in a review comments notebook. Check-out and check-in are implemented using the
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Figure 4-9: Cooperative Procedure for the Activity Update

Unix SCCS commands get and delta that are embedded in the auxiliary Co-shell functions
shown in Figure 4-10. Libraries of such functions can be developed for general process use
and are attached to a Cooperative Procedure for use within that Cooperative Procedure.

Notice at the end of Figure 4-8 that the subprocess Update (Figure 4-9) is initiated through a

procedure call to the action StartDocMod. The procedure EndDocMod watches for the termi-
nation of this subprocess.
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define sccs_get($path, $file)
$command=format(“cd ", $path, *;”, “/usr/ucb/sccs get - s.”, $file,
“sccs.out 2>&17);
system($command);

end;

define sccs_del($path, $file)
$command=format(“cd ", $path, “;”, “/usr/ucb/sccs delta s.”, $file,
“sccs.out 2>&17);
system($command);

end;

Figure 4-10: Co-Shell Library Functions to Retrieve and Save Document Files

Clearly, the graphical mndel cannot be expected to define the detailed logic required for en-
actability. For examp! noted above, calls to SCCS functions have tc be made. In other
cases, conditions requ:. .xplicit tests to be performed, and actions may require that assign-
ments of roles to agents be made. These statements are generally made using the Co-shell
language windows that can be accessed through the condition and action icons.

4.3 The Evaluation

In reviewing the issues to be evaluated, Table 3-3 is the primary focus. Each of the items in
categories 1 through 6 of Table 3-3 will be discussed in a separate section below.

4.3.1 Functionality

Category 1 of Table 3-3 is the largest of the six categories, since it is expanded to include an
assessment of the capabiiities defined in Tables 3-1 and 3-2.

4.3.1.1 Model-Building Capabilities

Development: Scoping of variables. ProcessWeaver allows the value of a variable, instan-
tiated in one activity, to be used in activities of children (and their children, etc.). However, vari-
ables instantiated at the child level do not have their values propagated up to the parent or
higher levels.

Development: Modeling hierarchies. ProcessWeaver models activity hierarchies using the
Method Editor. While this breakdown describes parent-child relationships between activities
as a tree, it does not specify the sequencing of child activities within the parent. This
sequencing is specified by the process flow for the parent activity as defined in the Coopera-
tive Procedure. The Cooperative Procedure uses the Procedure action (see Section 4.1.5) to
initiate sub-activities under it. Because of the scoping problem discussed in the paragraph
above, there were significant restrictions imposed on the way the activity hierarchy for the
experiment could be constructed. (See also the first paragraph of Section 4.2).
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Development: Supporting model development. Process models are developed with
graphical notations to support high level decomposition of activities (through the Method Edi-
tor) and to define the lower level process (through the Cooperative Procedure Editor). Both of
these graphical views are supported by textual information that is input through forms linked
to the graphical editors. This graphical approach helps productivity by allowing a rapid devel-
opment of the overall process model. In addition, fewer syntactic and semantic errors are
introduced in comparison to a purely textual approach. The graphical form of the model also
allows for better communication with persons unfamiliar with process modeling.

Development: Creating a process library. ProcessWeaver stores processes in templates
and these templates can be reused. Each process is stored in multiple files each of which
uses ProcessWeaver's Universal Storage Mechanism. This mechanism uses an ASCII for-
mat which aids in porting process from one platform type to another. Different file types are
created for Methods, Cooperative Procedures, and Work Contexts. These files are humanly
readable and can be manipulated using certain Co-shell functions. However, hey are created
primarily as means to capture, in textual form, the graphically-defined process models.

Development: Supporting flexibility of task control. Humans can be very creative at start-
ing tasks in an opportunistic manner. Thus they may wish to start tasks before all the precon-
ditions for these task have been satisfied (as defined in the process model). For example, a
certain task may require the integration of ten software components, and cannot formally
begin until all the components are available. However, preliminary integration work can rea-
sonably start when only five of the components have been completed. In this case, one would
like to relax the constraint that all components must be available before the task can begin.
Allowing for different degrees of constraint on task initiation is thus an important feature which
shouid be incorporated into the process programming language.

Currently, ProcessWeaver does not allow such flexibility in task initiation. When one defines
the Petri net associated with a Cooperative Procedure, all tokens must be in the places pre-
ceding a transition before that transition can be acted upon. A more flexible approach would
be to provide for two types of places: the first type (as now exist) are mandatory, i.e., the tran-
sition cannot start without a token being in the place preceding the transition. The second
type of place is non-mandatory, i.e., a transition can start without there being a token in the
preceding place. While the transition could be initiated without a full compliment of tokens,
the transition could not terminate until all tokens are in place.

Development: Modeling standard programming constructs. Because of the graphical
nature of the process modeling approach, there is a reduced need for conventional program-
ming. This reduction is enhanced by the fact that much information is supplied through fields
in standard forms. However, ProcessWeaver does have an expressive textual language
calied Co-shell with which to describe lower level constructs to support list manipulation, vari-
able assignment and testing, and flow of control. Co-shell programming scripts are most
commonty found in the Prog actions described in Section 4.1.5.
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Besides supporting these standard programming constructs, Co-shell also provides functions
to support the manipulation of data and events. ProcessWeaver files conform to an ASCII-
based humanly readable format (called the Universal Storage Mechanism) and are used to
store the elements of a process. For example, Work Contexts and Cooperative Procedures
are stored in USM files. A suite of functions is supplied that allows for the manipulation of
these files at a low level. A suite of functions is also supplied to manage events and commu-
nication. These allow Co-shell to send and receive messages, allowing components (Unix
processes) to communicate through the network. Co-shell can thus, for example, listen for
the saving of a specific file and take action when this occurs. Finally, a useful feature of the
Co-shell facility is that the shell language can be invoked from a Unix window and can be
used to interactively debug Co-shell scripts.

A second method of invoking tools is through direct calls to the Unix operating system using
the Co-shell language. This was the approach used in the experiment to invoke the SCCS
tools get and delta, in order to automatically extract and return the document to the configura-
tion management repository (see Figure 4-10).

Development: Performing parallel aggregated processes. There are many situations
where multiple, identical subprocesses converge into a single downstream process. An
example of this is where several software components are integrated to produce a complete
system. To facilitate the development task in such cases, ProcessWeaver allows one to cre-
ate a default Cooperative Procedure and then load this into multiple parallel activities. Thus,
for example, one could load the Cooperative Procedure shown in Figure 4-9 into each of the
three parallel activities shown in Figure 4-3.

Enactment: Assigning agents to roles. ProcessWeaver has a very explicit approach to role
assignment (or variable assignment in general). In a process template, any process entity
(e.g., role, product) can be defined as a variable, to be instantiated when the process starts.
Associated with each Cooperative Procedure is a list which specifies the variables needed to
run the process. These variables can be instantiated by hand through the procedure parame-
ters list, or, in the case of a child process, the parent process may instantiate them.

Enactment: Supporting on-the-fly process modification. The ability to modify an on-going
process may be important, either to adapt to unforeseen circumstances or to improve some
procedure (e.g., replacing someone who has left the project, or adding an improved testing
tool). Currently there are no mechanisms to allow this.

Enactment: Logging process data. Process data logging is a useful feature for multiple
reasons. First, a historical log of process data generated during a debugging run can provide
insights into a process model’s logical correctness. Second, if a product or process error is
made and requires correction, a historic log of the performed process can, in principle, allow
this process to be rolled back to an earlier state and restarted. Third, a historic log of a per-
formed process can support process verification, i.e., a post-project analysis can be per-
formed to assure that the process was adequately followed. Finally, process improvement
can be supported by process data logs as they allow analysis of the effectiveness of the pro-
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cess. ProcessWeaver does not explicitly provide the capability to gather historic data. How-
ever, it does provide the underlying functionality for such a capability to be built. it does not,
however, provide the capability to perform process roll-back.

Resource: Invoking tools. Tools can be invoked in two ways. First, when a tool is invoked
through a Work Context icon, it must first be defined in a weaver.tis file. A weaver.tls file pro-
vides a mapping between a tool function and the corresponding specific tool for a specific
platform. Thus, when a Work Context calls for a word processor, the weaver.t/s file can be set
up to call FrameMaker for the Sun4. In the experiment, Emacs was invoked to display and
edit the text files.

Resource: Managing Objects. During software product construction, multiple versions of
intermediate and final products will be produced. There is therefore a close tie between pro-
cess management and product management. (This can be seen in Figure C-2 of Appendix
C.) Having the capability to retrieve, store, and test for product versions as an integral capa-
bility within the Co-shell language could be useful. As it currently stands, one has to use
external version control functions. (SCCS functions were used to support the Document
Update process).

Communication: Modeling communication between agents. Communication between
human agents is modeled principally using the Work Context concept. Work Contexts can be
used in two ways. First, individual Work Context templates can be instantiated for simple
tasks. After selecting the appropriate Work Context from the Agenda, the initiator of the task
fills out a Work Context parameters form, in which the task roles are instantiated with the spe-
cific entities (e.g., names of people and documents). The appropriate Work Context icon then
appears on the initiator's Agenda window and can be dispatched to the appropriate person
by dragging the icon over the Delegation icon. Thus ProcessWeaver supports simple task
management and communication between team members.

Second, Work Contexts can, of course, be embedded within processes. This has been
described at some length above. As with simple task initiation, process initiation requires that
roles be instantiated with specific entities prior to process enaction. However, unlike simple
task delegation, the initiator of a process does not have to explicitly dispatch Work Contexts
to assignees; this is done automatically since the process knows which roles are associated
with which tasks, and agents have been associated to roles.

ProcessWeaver can respond to messages broadcast by tools using a protocol which con-
forms to Hewlett-Packard’'s Broadcast Message Server. This can be implemented through
the Event condition (see Section 4.1.5). ProcessWeaver can also access tools that are
already available within 1BM's WorkBench/6000 (or equivalently Hewlett-Packard's Soft-
bench) using the Co-shell language. This communication is performed by creating a Unix
script supported by the ProcessWeaver command wb_send, that allows WorkBench mes-
sages to be sent. This form of communication was not investigated in the experiment.
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Communication: Modeling automatic actions. Automatic actions (i.e., elements of the pro-
cess that are performed without human intervention) can be easily implemented as was aem-
onstrated in the experiment. The experiment applied this in two areas: requests to end users
for decisions and invocation of SCCS tools.

Debugging: Syntax checking. Syntax checking is supported both in the Methods Editor and
in the Cooperative Procedure Editor. With the Methods Editor, one can check that all the
inputs, outputs and roles between activities are consistent. Another type of check is the Run-
Time check. This check evaluates whether there are inconsistencies between an activity and
its related Cooperative Procedure (e.g., it can identify inconsistent parameters).

Supporting the Cooperative Procedures Editor is a syntax checking feature. This graphically
highlights any conditions or actions that have faulty syntax statements in attached Co-shell
scripts. If one has a condition or action box open, this option will also highlight the offending
line of Co-shell script.

Co-shell scripts can be interactively debugged off-line by typing coshell in any Unix window.
This provides a vehicle for debugging routines such as shown in Figure 4-10.

Debugging: Tracing process dynamics. One can graphically view an executing process by
selecting the View button located in the Cooperative Procedures main menu. In this mode,
the Petri net tokens can be observed to move from place to place as the process evoives,
thus providing good insight into behavior characteristics. of the process. Ongoing processes
can always be viewed with the View feature, so it also provides a window into the real-time
status of project tasks.

Debugging: Querying. At any point in the process, the interact option allows the user to
implement Co-shell commands thus, for example, allowing values of variables to be exam-
ined.

Debugging: Spying. While one cannot spy on the variables of the process, ProcessWeaver
is supported by a simple spy function that provides information on the messages that are
broadcast on the communication channel (e.g., for event notification and reply).

Debugging: Reachabllity, deadlock, logging of process data. These are not explicitly
supported in the reviewed version of ProcessWeaver.

4.3.1.2 End-User Functional Capabilities

Scheduling periodic work. ProcessWeaver has the ability to initiate periodic Work Contexts.
The period can be set, for example, so that the Work Context for a task appears on a particular
day of the week or on a particular date in the month.

Collecting metric data. ProcessWeaver has no explicit mechanisms for collecting metric
data. Events can, however, be recorded using the event handler functions of the Co-shell lan-
guage. These mechanisms could be used to construct a metric gathering capability.
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Supporting project management tasks. ProcessWeaver provides the capability to commu-
nicate with project management tools through a supplied Cooperative Procedure that starts
up a project. This can invoke either MicroSoft Project for Windows or Project Management
Workbench 3.1 under PC/DOS.

Supporting the individual user. ProcessWeaver (V1.2) is primarily designed to support pro-
cesses management, and, other than scheduling periodic Work Contexts, does not support,
for example, “to do” lists or the tracking personal tasks.

Supporting group communications. ProcessWeaver provides effective communication
through the Work Context feature. This feature can be used to initiate and delegate individual
tasks (or just send messages) and is also the communication mechanism used when tasks
are embedded within processes.

4.3.2 Developer Issues

Ease of learning. The graphical nature of ProcessWeaver is a considerable help to develop-
ing processes. ProcessWeaver allows the major activities to be defined through a work-break-
down type of diagram, with each activity having its own process defined though a Cooperative
Procedure (Petri net diagram). This is intuitively appealing and helps with learming. The novice
user may however find the connection between all the