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Process Diversity and how Practitioners Can Manage It

Danilo Caivano and Corrado Aaron Visaggio

Since IT projects are unique regarding their combination of specific goals, technologies in use, and
characteristics, providing ‘general’ processes it is not an effective solution. Instead effective and efficient
processes custom tailored to a project and based on experience collected during past projects execution are
required. This is in contrast with the industry practices where reuse-oriented process descriptions and goal-
oriented planning are often missing. Usually a process can undergo a certain numbers of modifications, due
to the different operative contexts in which it is executed. The modifications generate many different versions
of the process, named specialized processes. Each one of these must be managed properly in order to govern
a just evolution consistently with all the others. Considered the dimension of the actual scenarios,
maintaining all the processes and their specialized versions is not a trivial task. We have defined a process
pattern based framework to accomplish this purpose. In this paper we present the framework, that we are
realizing with an Italian enterprise, and an explanatory case study we are developing within the Research

Centre on Software Technology in Bari, Italy.

Keywords: Empirical Software Engineering, Software Engi-
neering, Software Process Management, Statistical Process
Control.

1 Introduction
The literature proposes many kinds of processes ranging
from business processes to software development and mainte-
nance process.

These definitions describe processes at a coarse grain: they
formalize a paradigm, as a general solution to a problem. These
directives must be properly developed by designing processes
aiming at fulfilling specific constraints and business goals. This
operation is usually named specialization or customization of
Software Process. When dealing with process specialization,
three kinds of concerns should be addressed.

The first one regards the culture of the organization. With
culture we mean the way activities are usually performed in the
Organizations, due to: Quality System, methodology adopted,
technologies used, coding standards, kinds of documentation
produced.

These factors can affect the design of one process much in
depth, up to significantly change definition and sequence of
activities also if well and precisely codified. E.g., the unit test
can be performed in many different ways if considering differ-
ent testing tools, different artifacts for reporting test beds and
results, procedures to calculate the paths to be tested and guide-
lines in use. Consequently, the same task (e.g., unit test) can be
reached with different sub-processes.

Another common concern should be taken into account: the
re-use of sub-processes. Large enterprises usually exploit
hundreds of processes. A typical situation is that many depart-
ments execute the same sub process without sharing any infor-
mation about it, such as: the process model, results of monitor-
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ing, improvement initiatives. As an effect, the evolution of the
same sub process follows different directions in the same
organization, with a clear disadvantage. The solution for this
problem is a formal sharing of the process knowledge, so that
each department can benefit from the experiences realized in
the other departments.
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A third concern regards the technology used for managing
the process. Process management is supported by different
kinds of technologies targeted to validate, simulate, and acti-
vate the related workflow. In the same organization on the same
process different technologies can be used for the same func-
tionality. E.g., different workflow engines, different modelling
tools, different simulators.

The three concerns are related to Process Diversity [1][17].
As pointed out in [2][18], many factors, from here on called
“diversity factors” , are essential components in forming proc-
ess diversity, and affect process management: business envi-
ronment, technology, industrial standard, quality program,
vision, budget, size, structure and culture of organization. By
coupling each diversity factor with the appropriate values, the
actual context can be rigorously defined. This can be referred
as the “profile of an operative context” (from here on referred
to as context profile for conciseness).

Theoretically, each context profile requires a custom tailored
process, but this implies an understanding of process variations
and knowledge about when to use which process variants. In
fact, according to [18]:

* each process alternative needs to be elicited and explicitly

described;

e process alternatives need to be characterized and con-

strains/rules on their use need to be formulated;

* acharacterization of the context is needed in order to able to

select a process variant.

A framework for managing process models in highly varia-
ble context profiles and for accomplishing reuse of experience
acquired in previous process modelling cases is needed as a
means to make changes in a safe and economic way.

In order to address these needs we have developed ProMisE.
The key ideas are:

1. touseaframework based on process patterns (a tuple prob-
lem-solutions) to manage process diversity and thus to face
process customization in an effective way. Given a prob-
lem, that is a product or a service to be delivered, the
pattern allows process engineer to associate a family of
processes, each of them corresponding to a process variant
of the root-process, as its solution. The root-process
describes the more generic solution. On the other hand,
each variant represents a specialization of the root-process
with respect to a specific context profile; the overall set of
variants encloses those ones that have been experimented
till the current moment.

2. to define a package of functions for managing the reposi-
tory of the defined patterns. The package contains the func-
tions mainly corresponding to the phases of the process
pattern management process and spans its entire lifecycle.

The framework was presented in [3] and now the authors are
driving the realization of its technological support within a
company operating in the field of Enterprise Resource
Planning. In this paper we will present the framework together
with an explanatory case study we are developing within
Research Centre on Software Technology, Bari, Italy. We will
also discuss the problems we are coping with during its produc-
tion. The paper proceeds as follows: Section 2 presents some
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related work, Section 3 introduces the framework, Section 4
discusses an exemplar application of the framework, and, final-
ly, Section 5 draws conclusions.

2 Related Work

Some researchers have been focusing their attention on
the “pattern concept”, trying to define a complete description
[4]1[5]. In [6] the authors give a definition for a software pattern:
it “identifies a recurring problem and a solution, describing
them in a particular context to help developers understand how
to create an appropriate solution. Patterns aim to capture and
explicitly state abstract problem-solving knowledge that is
usually implicit and gained only through experience.”

In [7] the authors propose an approach to structure and store
experience in order to enable effective reuse: “The main idea
of this approach is a rearrangement and reprocessing of
captured experience into quality patterns which are based on a
problem-solution strategy.”

As shown in [8][9][10], mostly patterns are applied for
supporting software development lifecycle.

This paper refers to the same well known concept of pattern
and applies it to processes instead of products.

As shown in the following, other authors have studied how
diversity factors affect process designing and management,
highlighting the need for properly customizing the software
models rather than designing new ones as context profile
changes.

In [11] Sutton states “The ability of repeating a process can
critically affect a start-up’s success”. The author refers to a
start-up company producing a family of products that the
company treats more or less similarly. Repeatable processes
span over the life cycle, including development, quality assur-
ance, documentation, and training. “In such case specializing
readily processes and test plans is more useful than customiz-
ing processes and plans for each product-family member. You
can apply some technologies in various ways in many contexts
and reuse them as the organization and its processes evolve.”
Sutton doesn’t recommend adopting procedures, technologies,
and protocols for one product or life cycle phase unless special
needs exist or they can be reused for other products or phases.

In [12] how process diversity affects the field of software
reuse is explained. The authors have focused on the reuse proc-
esses applied to four companies; during this work they have
identified the reuse process characteristics for each company:
reuse approach, reuse technology, reuse processes and roles,
which develop assets, when assets are developed, reuse proc-
esses added, non-reuse processes modified. All these parame-
ters can be used to tailor a reuse process to the particular organ-
ization according to its specific characteristics.

In [17] several articles are presented that show how process
diversity affects software maintenance and the need for
customizing maintenance process to context characteristics.

Finally in [18], the author presents a tool-based technique for
customize a process model to project constrains.

All these works motivate researchers and practitioners to
further investigate this area of interest.

© Novatica
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PM,

Figure 1: Specializing the Process Model.

ProMisE Framework
The PromlIsE framework can be summarized as follows:
given a process PM,, from here on called root-process, a
specialized process SPy; is defined as SPy; = f(PM, CP;); where
f() is the mechanism, CP; is the context profile dictating
specialization needs and the consequent specialization actions.
Each specialized process is a variant of the correspondent proc-
ess model. This was necessary in order to adapt the latter to a
specific context profile. A context profile is a set of instantiated
diversity factors DF;. The generic DF; where i=1...n is a diver-
sity factor having a definition domain [DF;]={FL;;, Fl;5, Fl;3....
FI;}. FI;;, where h=1.. .k is a factor instance of [DF;]. Let’s de-
fine a generic characterization of CP, indicating CPJ-:{[DF]]J-,
[DFZ]J-, [DF3]J-,. .. [DFn]j} where [DFi]j is a factor instance FI;,
€ [DF;] with n= number of diversity factors included in CPJ-.
After that, the concept of a context profile can be generalized as
CP={CP;.CP,CP;3.....CP\} where Vi jE[1.N] : CP;=CP;.
This characterization allows to explicit and formalize the
diversity among the processes that usually result as implicit
information within the same processes.

3.1 The Framework

The framework consists mainly of a collection of process
patterns (association between a problem and a family of solu-
tions) and a package of functions to manipulate the process
patterns.

It provides the process engineer with a mechanism that,
given a starting problem, allows to:

1. choose the candidate root-process model solving the prob-
lem when present in the dedicate database;

2. identify all the process model’s variables allowing the
process model be specialized, if necessary, to diverse
context profiles;

3. guide the process engineer in choosing the suitable variant
(of the root-process) for the context profile mirroring the
real world environment, by using a decision model that
points out the changes carried out on the beginning proc-
ess.

A process model describes a set of methods, practices, skills,

tools and the relationships among them to define a product or a

service with a certain degree of quality.

© Novatica

The activity of tailoring a process model consists in special-
izing a process model to the context profile of interest. Formal-
ly speaking, given a process model PM,, it is necessary to
define the context profile in which the process PM, can be
executed. By establishing the proper values FI;;, of each diver-
sity factor [DF;];, the correspondent context profiles may be
obtained: CP;, CP,, CP;3, ..., CP,. As a consequence the PM,
is modified in order to reflect the differences among the diverse
context profiles. For this reason, a reviewed version of the orig-
inal process model can be associated to each context profile,
determining the specialized processes SPy;, SPy,, SPys, ...,
SP, . In Figure 1 this concept has been depicted.

3.2 Process Patterns

Starting from the problem to solve, a process pattern should
show an initial solution, represented by PM, and the path of
actions (mainly process fragments) to be applied in order to
obtain the correct SPy; according to a specific CP;. In this way,
the ProMisE Process Pattern expresses the pair problem-solu-
tions for defining a family of solutions (the variants SPy; of the
PM,) related to a problem. It should present the following
elements:

Name: identifier of the pattern.

Problem: description of the problem supported by the pattern.

Process Model (PM,): the root-process model for which the

specialized ones are created.

Decision Model: the decision model defines the path of actions

for specializing the PM, according to a predefined CP;.

Solutions: the specialized processes SP;.

Relationships: they consist of other process patterns (PP;) that

specialize the current one. These patterns refer to sub processes

that detail an SPy; phase.

Experiences: experiences reported in using the pattern.

Each specialized process (SPy;) contained in a pattern can
also have relationships with many other patterns. This can
occur when a SPy;’s phase is detailed by a sub-process associ-
ated to a pattern.

Every time a pattern refers to other patterns, the last one
details the first one. If a given pattern doesn’t refer to other
ones, then it is either at its highest level of detail or it lacks a
detail pattern.

The Decision Model can be represented by using a variant of
a decision table that emphasizes which actions must be accom-
plished on the process model for specializing it to a context
profile:

1. the conditions represent the diversity factors (DF), i.e. the
features of the context profile in which the process will be
carried out;

2. the actions represent the “specialization action” to be
accomplished in order to obtain a specialized process SPy;
of the PM,;

3. the rules (represented by the columns) merge a combina-
tion of factor instances FI;;, (expressing the context profile
CP;) with the specialization action to perform, in order to
obtain the appropriate SPy; for the context profile CP;;

Continuous reuse of a pattern will most likely provide the
organization with three fundamental advantages.
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First of all, like all other patterns, it is easily traceable within
the repository because it is characterized according to the prob-
lem it refers to, and at the same time it probably corresponds to
the problem the process engineer is trying to solve.

Second, pattern reuse may highlight variants that haven’t
been forecasted in the context profile that the decision model is
based on; in this case the model itself is extended with the
unexpected context model. Therefore, the pattern with reuse
extends the number of variants it refers to and consequently
becomes more complete.

Third, it may point out that a variant can be formalized in a
more appropriate way within the context it refers to. This
increases the pattern’s efficacy and extend the process knowl-
edge.

According to what has been previously mentioned, a pattern
is a collector of knowledge generated by various sources and
transferable independently from who generated it in first
person. In other words it is an experience package. For this
reason, ProMisE framework can be considered itself as an
experience base [13].

3.3 Functions

We have defined the main functional requirements that the
technological support of the framework should own. In this
section an overview is provided. The functions related to the
management and use of the pattern in the experience base are
listed below.

Pattern Creation. This function must be used when a new
problem arises. All the components of the pattern must be
defined. Particular attention must be paid in defining the rela-
tionships that may exist between the pattern just created and the
other ones already stored inside the experience base. When
necessary, the process engineer must update or create the deci-
sion model from scratch and describe how the new pattern is
linked to the context profiles involved.

Update Pattern. This function modifies a pattern already
present in the repository. A modification can consist in adding
a context profile; adding or deleting a factor instance in a diver-
sity factor included in the pattern; modifying the specialization
actions or the rules of the decision model; adding new relation-
ships etc.

Select Pattern. It selects the pattern corresponding to the
problem that the user needs to solve.

Generate Process Model. After having selected a pattern we
have identified a process model (PM) and its variants; from
here on referred to as root pattern. By assigning values to the
diversity factors, the changes that must be carried out on PM
are identified. This allows to produce a more specific process
model (SPXJ-) for the operative context CPJ-. Also, with refer to
the combination of values of the diversity factors, the decision
model may identify one or more patterns (PP;) the process is
related to. Each of these patterns PP; corresponds to a family of
variants of a process detailing an SP,; component (for example,
an SPy; phase). Thus throughout the relationships, the root
pattern is specialized in further levels of detail leading to the
specification of another process SPy;; detailing SPy;. This
mechanism goes on throughout the relationships chain, pattern
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after pattern, until having explored all of them. The result is a
specialized process within the operative context having the
highest possible level of detail according to the knowledge
stored in the experience base.

4 Case Study
The framework presented in the previous sections has
been applied, through a case study, to formalize the experience
matured by industrial projects with the aim of clarifying how
the framework can be used in practice. In particular, acquired
knowledge in previous years within the Software Engineering
Research Laboratory (SERLAB) projects is related to extraor-
dinary maintenance of software systems. For further details see
[14][15][16].
Legacy system rejuvenation is straightforward according to
various factors: goals, budget, resources, economical value and
quality of the legacy, and so on. When rejuvenating an aging
system, one or more types of renewal processes are used. For
instance: reverse engineering analyses a subject system to
identify its components with their inter-relationships, and to
create a representation of the system in another form or at a
higher level of abstraction; restructuring improves the structure
of a program automatically, without taking the program pur-
pose into account; restoration improves the structure of pro-
grams, and of data according to their meaning in the programs;
reengineering examines and alters a subject system to reconsti-
tute it in a new form with improved quality. This may include
modifications with respect to new requirements not met by the
original system; rehosting refers to migration of the system to
a different architecture; migration involves changing the soft-
ware environment the legacy system runs on Chifosky (1990).
Before deciding the most appropriate combination of renew-
al processes to use, some preliminary activities must be carried
out:
¢ Portfolio analysis: consists of the analysis of system’s
capabilities to be taken into account for the maintenance
process.

¢ Quality Assessment: this activity identifies the quality level
of the existing system and that of the modified one.

¢ Economy Evaluation: this assessment helps understand the
cost and return of modifications.

* Risks Assessment: this assessment is headed to identify and
mitigate risks.

These activities are necessary for deciding the renewal proc-
ess to adopt according to the improvement goals of the process
and of the constraints of the project.

The project goals considered within the case study are
described as follows:

Diminishing the cost of application administration. There
is a vast variety of cost sources in maintenance process; it is not
possible to consider all of them, because some are specific to
the Organization; others are hidden or difficult to identify, such
as: transfer of knowledge, distance between the supplier of
management services of the software system and the organiza-
tion using the system.

Part of the cost taken into account are: Cost price of the soft-
ware System; Cost of maintenance and operation of the system:

© Novatica
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Figure 2: Root Process.

this includes also the costs for human resources and the relative
logistics involved in the activity; Cost of assistance, basically
refers to the cost of the experts; Cost of diffusion of knowledge
of the package to maintainers, managers, assistants and users;
Cost of the hardware and software platforms necessary for
using, managing and maintaining the software system; Cost of
coping with bad or incomplete functioning of the software
system.

Relying on experiments developed in industrial settings it
results that each cost of those listed before can be reduced by
activating specific maintenance activities (re-engineering,
rehosting, reverse engineering, restructuring).

Improve engineering features of application. When ana-
lysing a system it is possible to consider different detail levels.
The two main ones are the code’s structure and the engineering
features. The latter refers to the general organization of the
system, including the division in modules, the relationships
between them, the data access and updating. The former
regards more directly the intrinsic quality’s aspects of the code.
This goal often requires the legacy to be reengineered. Note
that reengineering may also include some types of reverse
engineering followed by restoration or restructuring in order to
make the system more evolvable in future.

Change the application deployment. A maintenance proc-
ess can require new capabilities of the development environ-
ment, in order to be executed properly and successfully. Such
improvements can refer to, e.g., configuration management,
development or maintenance environment, hardware settings,
print management, and others. This often requires rehosting.

Change the middleware in use. Sometimes, in order to
rejuvenate the legacy system (for example to be able to adapt to
new technologies, peripherals, services, ...), the modification
of the middleware of software system is required and thus
migration is needed.

Improve code’s structure. This activity aims at improving
the quality factors of the code itself, such as coupling, cohe-
sion, pollution, lexicon, and modularization. This goal is often
reached by using restructuring.

Improve readability and understandability. In order to
achieve a high quality maintenance task, programmers must be
able to understand the code directly from the listing. Consider
that the programmer works basically on it, also if he could use
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further project documentation. In order to reach this objective
a restoration process is used.
Update system’s documentation. When modifications are
brought on the code, the system documentation must be prop-
erly modified, in order to keep it aligned with the code. We
mean all the documentation: requirements specification, analy-
sis and design documentation, user manuals, test beds. In this
case reverse engineering is needed.
Finally, when the legacy has a poor documentation, a low
quality level, a low economic value and the previous improve-
ments are all required, it is probably more convenient to Write
the system from scratch. When Rehosting, Migration, Restruc-
turing, Restore, Reengineering or Write from Scratch are
executed, the Equivalence test is required in order to assure the
equivalence between the legacy system capabilities and
renewed system capabilities.
In Figure 4 the process pattern of extraordinary maintenance,
is illustrated. In the following a brief description is given:
¢ Name: Renewal of legacy system
* Process Model (PMy): it describes the core activities of a
renewal process and the artifacts exchanged between proc-
ess activities. There is also an activity named “renewal” that
is further refined by using decision model. The root process
is depicted in Figure 2.

¢ Problem: evaluate degradation and rejuvenate an aging
system.

¢ Decision Model: the decision model defines the path of
actions for specializing the PM; according to a predefined
CP;. The decision model is structured as follows: in the gray
part there are 7 diversity factors DF; that represent the
possible goals of the Extraordinary Maintenance (Diminish-
ing the cost of application administration; Improve engi-
neering features of application; Change the application
deployment; Change the middleware in use; Improve code’s
structure; Improve readability and understandability,
Update system’s documentation). The factor instances FI;;
correspond to the possible values that a DF; can assume. In
this case they consistin “Y” or “N” that indicate the need to
reach the correspondent maintenance goal. In the white part
there are the 12 sub-processes that can be selected for prop-
erly specializing the “renewal” activity of the root process.
The symbol “x” indicates that the extraordinary mainte-
nance process must include the correspondent sub process
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Figure 3: Specialized Process SP24.

reported on the same row. Thus, each column contains the
specialization rules to obtain a specialized version SPy; of
the PM on the CP;. In Figure 3, only a part of the decision
model is presented. It includes a total of 27=128 rows that
correspond to the different CP¢ considered.

* Solutions: The decision model individuates 128 different
SPxj of the root process PM,. As an example, let’s consider
the case of the column 24: the context profile is
CPy4={V,Y,N,Y,N,N,N}, i.e. the goals of the correspondent
specialized process are:

* Diminishing the cost of application administration,

* change the application deployment,

e Improve code's structure

The rule on the column 24 dictates that the SP,, must
include the following activities:

* Portfolio Analysis,

* Quality Assessment,

o Economic Evaluation,

* Rehosting,

* Restructuring,

* Equivalence Test,

* Risk Evaluation.

The resulting specialized process SP,4 is showed in Figure
3. The rational for specialization was elicited from [14][15]
[16].

* Relationships: this section specifies other process patterns
(PP;) that specialize the current one. These patterns refer to
sub processes that detail an SP,; phase In the case of the
SP,, of the pattern in Figure 4, in order to obtain a fully spe-
cialized process the following PP need to be further consid-
ered:

* Quality Assessment,

o Economic Evaluation,
* Restructuring,

* Risk Evaluation.

* Experiences: indicates the source of experiences used to
define the pattern or projects executed by using the pattern
considered. For what concerns pattern in Figure 4, the

© Novatica
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source of experience is represented by the references
[14][15][16] included in the bibliography.

Discussion and Conclusion

The innovative part of ProMisE consists in keeping an
experience base updated by recording the continuous changes
in the real world. The major advantages in using ProMisE can
be synthesized in the next two points:

1. To improve the comprehension of the characterization.
Over the time, the Organization implementing the process
can better detail the set of operative contexts, by adding (or
deleting) some DF or by adding or deleting some FI. It is
easy to imagine which sort of chain effects this has on the
experience base: all the patterns and the decision models
involved must be appropriately changed.

2. To improve the comprehension of the relationship between
the characterization and the specialization. Some evolu-
tions in the actual operative context can lead to choosing
another specialized process segment for the context profile
CP rather than the current one recorded in the experience
base.

Processes are adopted in frequently changing environments;
this condition leads to expensive and complicated process
tailoring, deploying money and consuming time to ensure
stability and avoiding lacks of capability.

Given a problem and a first solution for it, thanks to the
concept of patterns, ProMisE allows to specialize the initial
solution according to the context in which it will be used.
Furthermore, it points out all the changes made throughout the
specialization process. In this way it addresses for reusing
experience.

ProMisE aims to extend the well known concept of pattern
and more precisely it wishes:

1. To create a family of solutions for a family of problems just
starting from specific pairs problem-solution. This allows
the process engineer to apply the work and the knowledge
developed in specific experiences to many other different
ones, but placed in the same family of process-solution
pair.

UPGRADE vol. v, No. 5, October 2004 65


http://www.upgrade-cepis.org/issues/2004/5/upgrade-vV-5.html
http://www.ati.es/novatica/infonovatica_eng.html

SPT, Software Process Technology

2. To continuously enrich the experience base by properly
modifying the decision models and the process patterns as
real world evolutions occur and consequently to make the
organization more capable to face process diversity
problems.

We are realizing the system in collaboration with a company
operating in the field of Enterprise Resource management.

Some problems have been highlighted and are discussed in
the following.

First of all the management of experience is a central
concern. The knowledge base of the system grows as the
captured experience increases. The experience needs to be
elicited in the appropriate way by the field. This is not a trivial
issue, if considered scalability and competence of the process
engineer. The competence of the process engineer regards
basically the experience to be stored (too much can create
pollution in the base, and if it is not enough it can make useful-
ness the effort of maintaining the system).

Scalability is another problem to be faced; as matter of fact,
decision models can grow very fast. An excessive growth can
affect usability of the system (navigation between the decision
tables, comprehension of the content of decision table) and the
maintainability of the system (validate consistence of the data
and identify the impact of the changes).

Finally, packages of integration should be properly defined in
order to create an appropriate process by the combination of the
single components. Parameters to be used in the packages must
be identified properly, values must be defined and the couples
parameter-value have to be updated when needed. From the
realization of the system we aim at elaborating solutions for
these problems and validating them by their application.
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