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Abstract. Deployment  of  software  processes  based  on  reference
models is a knowledge-intensive task, i.e., a great amount of technical
knowledge must be applied in order to guarantee conformance and
adherence of processes deployed to the reference models adopted.
Moreover, software process deployers have to deal with organizational
and individual cultural problems on a regular basis, for instance, resis-
tances to organizational changes. Therefore, the success of software
process deployment within an organization or organizational unit de-
pends on both technical and social aspects of the software process
deployment strategy definition and execution. This paper presents the
Taba Workstation, an enterprise-oriented Process-centered Software
Engineering Environment (PSEE) constituted of an integrated set of
tools to support software process deployment based on the Capability
Maturity Model Integration (CMMI) and the Reference Model for Brazil-
ian Software Process Improvement (MR-MPS). Software process ap-
praisals demonstrated that the Taba Workstation constitutes one of
the most important organizational assets to facilitate the success of
software process deployment initiatives and to overcome the inherent
difficulties.

1   Introduction
Deployment of software processes based on reference models is a knowl-
edge-intensive task, i.e., a great amount of technical knowledge must be
applied in order to guarantee conformance and adherence of processes
deployed to the reference models adopted. Moreover, software process de-
ployers have to deal with organizational and individual cultural problems on
a regular  basis,  for  instance,  resistances to organizational changes [,  ].
Therefore, the success of software process deployment within an organiza-
tion or organizational unit depends on both technical and social aspects of
the software process deployment strategy definition and execution.

One important characteristic of a software process deployment initiative
is the selection of an appropriate reference model to base the definition of
the software processes and evaluation of  the organization.  International
standards like ISO 12207 [] and ISO 15504 [] and Software process quality
models like CMMI (Capability Maturity Model Integration) [] were developed

1  Artigo aceito para a Conferencia PROFES 2006, a ser realizada em Amsterdam, Holanda em junho
de 2006  e  que  será  publicada  em volume de  Lecture  Notes  em Computer  Science  da editora
Springer.



aiming to define the requirements of an ideal organization, i.e., a reference
model to be used in order to assess the maturity of the organization and
their capability to develop software. Based on these standards and models,
Brazilian industry and research institutions have worked together during the
last two years aiming to define the Reference Model for Brazilian Software
Process Improvement  (MR-MPS) [,  ].  This  model has been deployed in
many companies in Brazil and official appraisals were already conducted.

This paper presents the Taba Workstation, an enterprise-oriented Pro-
cess-centered Software Engineering Environment (PSEE) constituted of an
integrated set of tools to support software process deployment based on
the Capability Maturity Model Integration (CMMI) and the Reference Model
for Brazilian Software Process Improvement (MR-MPS).

Section 2 describes the main objectives of the Taba Workstation, and
how it supports software process deployers during the deployment of pro-
cesses according to reference models.  Section 3 presents related work
and a comparative analysis with the Taba Workstation. Section 4 presents
the conclusions and points out future directions for the presented work.

2. The Taba Workstation
The Taba Workstation is an enterprise-oriented Process-centered Software
Engineering Environment (PSEE) that supports individual and group activi-
ties,  project  management  activities,  enhancement  of  software  products
quality, and increase of the productivity, providing the means for the soft-
ware engineers to control the project and measure the activities evolution
based on information gathered across the development. The Taba Work-
station also integrates knowledge management  activities within software
processes aiming to preserve organizational knowledge, and to foster the
institutionalization of a learning software organization. The Taba Worksta-
tion also provides the infrastructure to the development and integration of
tools to support the execution of software processes. Moreover, this infras-
tructure maintains a useful repository containing software project informa-
tion gathered across its life cycle [, , , ].
In order to support the definition, deployment, and improvement of software
processes, the Taba Workstation supports the definition of organizational
standard processes and tailoring of  these processes to specific projects
aiming to increase the control and improve the quality of software products.
Therefore, the Taba Workstation not only supports software engineers in
the execution of software development processes activities, but also pro-
vides the means to execute these processes according to organizational
software development processes.
During the last years, the Taba Workstation evolved to comply with the dif-
ferent levels of capability maturity models of software organizations. There-
fore, the main objectives of Taba Workstation are:



 to support the configuration of process-centered software engineering
environments for different organizations (Configured PSEE); 

 to support the automatic generation (i.e., instantiation) of software en-
gineering  environments  for  specific  projects  (Enterprise-Oriented
PSEE); 

 to support software development using the instantiated environment;
and 

 to  support  the  management  of  organizational  knowledge  related  to
software processes.

The Taba Workstation has been used by the software industry since 2003.
The  Taba  Workstation  was  identified  during  three  official  SCAMPI  ap-
praisals for CMMI Level 2 as one of the greatest organizational strengths to
facilitate  the  success  of  software  process deployment  initiatives  and  to
overcome the inherent  difficulties.  Moreover,  the  Taba Workstation was
also identified as an important organizational asset to guarantee the quality
of software process and product quality in other three official MR-MPS ap-
praisals.
The Taba Workstation is constituted of integrated tools to support software
processes definition, deployment and enactment. These tools are adherent
to the practices of the CMMI levels 2 and 3 process areas. The functionali-
ties of other tools to support Knowledge Management activities are inte-
grated into the environment to facilitate the preservation of organizational
knowledge and support activities execution.
The next section presents the software process definition approach adopt-
ed in the Taba Workstation. The functionalities of specific tools to support
software process deployment and enactment are presented in section 2.2.
Section 2.3 presents some of the functionalities of the Taba Workstation
tools that support Knowledge Management activities. Section 2.4 presents
the main characteristics of the Taba Workstation that helps organizations
to obtain success in their software process deployment initiatives based on
CMMI and MR-MPS.

2.1 Software Process Definition Approach
The Software Processes definition approach adopted in the Taba Worksta-
tion  establishes  phases  and  intermediary  products  using  the  ISO/IEC
12207 [] as a basis for defining standard software processes from the Taba
Workstation. Figure 1 depicts the presented approach. The standard pro-
cesses and the specialized processes are considered to be organizational
level processes. The instantiated processes are project level processes. As
a consequence, this approach guarantees some practices of CMMI level 3
process areas,  for  instance, the establishment  of  defined processes for
each process area. 



2.1.1 Defining Organizational Software Process
During the Standard  Process definition phase we not  only consider the
ISO/IEC 12207,  but  organizational  software development  characteristics
related to the work environment, knowledge and experiences of the teams
involved and the organizational software development experience and cul-
ture are also considered.

- Life cycle processes
- Capability maturity models
- Organizational software development character-
istics

- Development paradigms
- Development methods
- Organizational software development character-
istics

- Life cycle models
- Project characteristics
- Team characteristics
- Resources availability
- Product quality requirements

Fig. 1. Software processes definition approach

From the Standard Process, different software processes can be special-
ized according to different  software types produced by the organization,
(for instance, specialists systems and information systems) and to develop-
ment paradigms adopted (for instance, object oriented or structured). Dur-
ing this phase, new activities can be defined and inserted into the special-
ized processes and the activities  execution description can be adapted.
Nevertheless, all the basic elements defined in the Standard Process must
always be presented in the specialized processes.
The definition of organizational standard process for a specific organization
is done during the configuration of a specific environment for the organiza-
tion. The tool responsible for supporting this configuration is named Config.
This tool supports the following activities:

 Configuration contextualization;

 Definition of environment configuration proposal;

 Definition of standard process;

Definition

Standard Process

Specialization

Specialized Process #1

Instantiation

Instantiated Process #1



 Definition of specialized processes;

 Definition of domain theory and tasks descriptions;

 Generation of configured environment
The configured environment for the organization contains not only the stan-
dard process and the specialized processes, but also specific knowledge
related to software development and maintenance. By using this environ-
ment, the software engineers are enabled to generate instantiated environ-
ments to each of the projects to be developed.

2.1.2 Instantiating Software Process to Specific Project
In order to be used in a specific project, the most adequate specialized pro-
cess to a specific project must be instantiated to satisfy the characteristics
of the project (for instance, size and complexity of the product and relevant
quality  characteristics),  development  team  characteristics,  etc.  In  this
phase, the life cycle model, methods and tools are selected.
The figure 2 presents a screenshot of a tool named AdaptPro that supports
the institutionalization of the organizational processes since it facilitates the
adoption of these processes in all the projects of the organization. By using
the AdaptPro tool, the software engineering can execute the following ac-
tivities: (i) characterize the project; (ii) plan the process that will guide the
project through the adaptation of the organizational standard process con-
sidering the project characteristics; and (iii) instantiate a PSEE to support
the execution of the planned process.



Fig. 2. AdaptPro tool to support instantiation of software process to specific project.

On the left side of figure 2, the system presents the activities that guide the
execution of the tool. On the right side of the figure, the system presents
another screen to support  the execution of  the selected  activity;  in this
case, it is presented the screen that supports the definition of a life cycle
model to a specific project as part of the process planning activity. A list of
life cycle models and the respective level of adequability to the project con-
sidering its characteristics are presented on the right side of the screen.
Besides that, the user can consult the justification of the automatic identifi-
cation of the adequability level and can consult the software processes de-
fined for similar projects that used the same specialized process and life
cycle model facilitating the selection of an adequate project life cycle model
by the user.
The next sections present specific Taba Workstation tools to support soft-
ware process deployment and enactment.

2.2 Supporting Software Process Deployment and Enactment
Once the software process for a specific project has been defined and a
Software  Development  Environment  has  been  instantiated,  the  basic
means for software process deployment and enactment are established.
Software process enactment involves coordination of relevant team mem-
bers to enact various tasks, i.e., the enactment of a software process is the
procedure of enacting various partially-ordered tasks to achieve the pro-
cess objectives []. Therefore, the PSEE supports software process enact-
ment by guaranteeing that software process information and resources are
appropriately organized for their effective use, and as a consequence, the
process can easily be put into action. Figure 3 presents the picture of the
main interface of a Software Development Environment instantiated to a
specific project.
On the left of the picture, it is presented the instantiated software process
organized in terms of project phases, activities and sub-activities. By se-
lecting a phase or activity, the system presents to the user on the right of
the picture important  information related to the element  selected,  for  in-
stance, associated tools, artifacts produced and consumed, and informa-
tion related to the execution of the activities (for instance, time and effort
estimates).
From the PSEE, the process’s executers can execute tools associated to
perform a specific activity. The executer can also download controlled ver-
sions of artifacts to be consumed in order to perform the activity. Once the
activity has been initiated or concluded, the executer can upload to the sys-
tem all the artifacts produced during that activity. From the main interface,
the user can also directly consult knowledge related to the process activi-



ties, for instance, programming patterns and detailed software inspection
procedures and techniques.
The process enactment is supported through the control of information re-
lated to activities entry and exit criteria, activities responsibilities, processes
sequences derived from decision making situations, concurrency of activi-
ties, etc. The system also provides the means to identify process critical
paths in order to support the monitoring and controlling of processes exe-
cution.

Fig. 3. Software Development Environment to support specific project software pro-
cess deployment and enactment.

2.3  Accessing  Knowledge  during  Software  Processes  Definition,
Deployment and Enactment
All the tools of the Taba Workstation are process oriented and are integrat-
ed to a Knowledge Management tool named Acknowledge []. The Acknowl-
edge tool can be accessed from two icons located under the title bar of all
tools from the Taba Workstation. The integration of Acknowledge to these
tools avoids interruption of  organization member’s normal routine during
knowledge capture and reuse.
Organizational members’  knowledge can be acquired by clicking on the
icon ( ) (Figure 2). The acquired knowledge is stored in an intermediary
base for further evaluation. The objective of this evaluation is to filter the in-



termediary base in order to identify the knowledge items relevant to the or-
ganization,  i.e.,  the knowledge items, which reuse would improve mem-
bers’  activities  execution,  and,  therefore,  enhance organizational  perfor-
mance. By using the Acknowledge tool, the evaluation committee coordina-
tor selects members of the committee qualified for the filtering activity and
notifies these members of the evaluation to be done. 
The Acknowledge tool also supports the filtering activity by providing col-
laboration mechanisms for evaluation of the knowledge items over the In-
ternet.  Once the knowledge items have been evaluated,  the knowledge
manager can use the Acknowledge tool to package and index the filtered
knowledge into the organizational repository.  Finally, all  captured knowl-
edge can be consulted by clicking on the icon ( )  (Figure 2).  Figure 4
presents the knowledge consulting interface.

Fig. 4. Acknowledge tool to support search and access to knowledge items related
to activity execution.

In order to facilitate the search, some consulting parameters can be speci-
fied, such as, activity or process related to software development, knowl-
edge type, and key words. The consulting interface also allows knowledge
users to register comments about knowledge items. These comments are
very useful during knowledge repository maintenance since they facilitate
identification of knowledge items that have real value for the organization.
Moreover, the comments add value to knowledge items turning them more
reliable for knowledge users, and providing the means for establishment of
a continuous learning cycle.  During the knowledge acquisition,  software
process ontology concepts can be used to index the organizational knowl-



edge memory. Later, during the knowledge search this same information
can be used to assist the search for a specific knowledge.

2.4 Using the Taba Workstation to Guarantee the Success of Software
Process Deployment based on CMMI and MR-MPS
In the context of software process deployment, we executed a survey with
the objective to identify success factors and difficulties related to software
process  deployment  experiences.  The  participants  of  the  survey  were
members of COPPE/UFRJ, a non-profitable organization with vast experi-
ence in software process research and deployment [,  ,  ,  ,  ]. The success
factors and difficulties identified through this survey were grouped accord-
ing to the category of the findings. 12 categories were identified related to
success factors and 16 categories related to difficulties in software process
deployment experiences based on CMMI and MR-MPS. From a compara-
tive analysis  of  these findings,  we identified important  factors  that  con-
tribute significantly to the success of software process improvement pro-
grams in small, medium and large organizations.
The consideration of  such factors during software deployment  initiatives
can significantly increase the success of  software process improvement
programs, because they can help Brazilian software deployment organiza-
tions to tailor their process deployment strategies considering particularities
of the software development organizations and available resources. Figure
5 depicts the distribution of  those factors according to categories of  the
findings.



Fig. 5. Important factors that contribute significantly to the success of software pro-
cess deployment based on the CMMI and the MR-MPS.

The Taba Workstation provides the means to assure that most of those
factors are strongly present during software process deployment initiatives
based on CMMI and MR-MPS. Moreover,  it  facilitates the endurance of
software processes deployed over time.
The most relevant success factor in software process deployment is relat-
ed to the commitment obtained from organization members and high man-
agement. Our experience demonstrated that the results are often satisfac-
tory when the organization members are committed with the deployment
process and the high management continuously supports the execution of
the activities. The lack of commitment of the high management with the de-
ployment process, and the lack of involvement of the organization mem-
bers were also considered to be great difficulties in deploying software pro-
cesses. Since, the Taba Workstation efficiently supports the enactment of
software process and provides accurate project status reports to high level
managers, the probability of lack of high management commitment is sig-
nificantly  reduced,  because  high  management  strategic  decisions  are
based on the data extracted from the Taba Workstation. In order to provide
such data, the organization members must be committed to the processes
definition and the procedures deployed through the Taba Workstation.
Another difficulty found in software process deployment is related to orga-
nizational culture change. In our deployment experiences, we found great
difficulty in customizing the standards process according to organizational
needs when a not completely correct culture about Software Engineering
procedures  (system analysis,  testing,  documentation,  etc)  were  already
disseminated within  the  organization.  Moreover,  we noticed great  resis-
tance from software project developers during the deployment of process
activities that were traditionally executed ad hoc.
One of the main characteristics of the Taba Workstation is to guarantee
the  institutionalization  of  the  organization processes  through  automated
support of important software engineering tasks, such as project process
definition, and collection of project measures. Therefore, most of the cul-
ture change impact can be minimized by reducing the effort  of  software
process activities deployed. Moreover, since all Taba Workstation tools are
process driven and integrated to a knowledge base, most of the difficulties
of executing a new process demonstrated to be easily overcome by provid-
ing important knowledge related to the current process activity in the exact
moment that the executer needs it, such as organizational directives and
lessons learned from past project experiences.
The organization members’ motivation was also a very important factor in
software process deployment. This motivation occurred in various levels.



The high management was motivated to deploy software process, because
their main objective was to successfully achieve an official certification/ap-
praisal of the software process reference models due to clients’ pressure
and market competitive needs. The motivation of other organization mem-
bers was related to the need to learn and improve the execution of their ac-
tivities. The Taba Workstation could satisfy both needs, because the insti-
tutionalization of the PSEE speeded the execution of the processes deploy-
ment and enactment, and provided the means for deployment of new and
competitive technologies, i.e.,  organizational competitive advantages and
members satisfaction increased due to the fact that organizational mem-
bers were able to not only learn about new technologies, but also to apply
them in real projects in a reduced time.
Since the delivery of software engineering trainings was considered essen-
tial to deal with the lack of organization members deficiencies in software
engineering and to guarantee and adequate execution of the software pro-
cess, the Taba Workstation tools integrated to knowledge management ap-
plications were also identify as an important factor, because it helped to di-
minish the training effort necessary to execute the process.
Many difficulties were related to the deployment strategy adopted by the
software process deployment  team.  For  instance,  deployment strategies
that required approval of many organization members in order to deploy a
specific practice usually took a great amount of time since many conflicting
needs had to be dealt with. In order to deal with this difficulty, our software
process deployment strategy supported by the Taba Workstation defines
that, no matter the level of the capability of the organization, all processes
of the projects will have to be based on an organizational standard process
defined by our consultants and a specific organization process group.
That aspect of our strategy requires less time to define organization pro-
cesses, and speeds the institutionalization of organizational processes. Ad-
justments of these processes are executed on-the-fly and new processes
definitions are  derived through the Taba Workstation  Software Process
Modeling  tool.  This  characteristic  of  our  deployment  strategy  also  con-
tributes to another important aspect: alignment of software process with the
organization business strategies to obtain software processes that satisfy
organizational development characteristics.  This characteristic also helps
to diminish the impact of organizational culture changes.
The greatest  difficulty found in our software process deployment experi-
ence is related to deficiency of organization members’ competences. The
most relevant deficiency was the little knowledge in Software Engineering.
Once this difficulty was found in an organization, most of the procedures,
methods and techniques used to support software development had to be
taught, for instance, how to describe a use case, classes’ diagrams and re-



quirements specifications, etc. This difficulty is related to the lack of organi-
zation members’ computer science background knowledge.
In order to overcome that difficulty, before deploying the software process-
es in the organization, we fill the Taba Workstation Knowledge Base with
important theoretical knowledge related to software engineering area and
systems analysis methodologies. During the follow-up of the projects, our
consultants are instructed to access the knowledge stored in the base and
to discuss it with the organization members providing the means to the or-
ganization members learn about Software Engineering during the execu-
tion of their daily activities.
Another important  consideration to be stated is that  the amount of  time
dedicated to support software process deployment in the organization es-
pecially during pilot projects, and the dedication of the deployment team in
the organization are key factors to guarantee the success of the deploy-
ment. Technology and knowledge transference demands a lot of involve-
ment of the people related to the deployment process. 
The results of the software process improvement program are not satisfac-
tory when the cost of deployment restricts the amount of time dedicated to
support software process deployment. This factor is directly related to the
availability of financial resources to spend on software process deployment
activities. During these activities, the organization must be able to provide
sufficient financial resources in order to cope with dynamic deployment ne-
cessities.

3 Related Work
A great variety of PSEE approaches have been defined, designed and im-
plemented over the past years. Many of these approaches have been de-
veloped to cope with the software engineering dynamic environments, such
as software process evolution, decentralization of software process model-
ing and enactment, and support of cooperative activities. In the following,
some of the most significant approaches to process model definition, de-
ployment and enactment will be discussed and compared with the Taba
Workstation.
EPOS (Expert System for Program and ("og") System Development) is a
SEE (Software Engineering Environment) with emphasis on Process Mod-
eling,  Software  Configuration  Management  and  support  to  cooperative
work []. EPOS supports a reflexive, object-oriented software process mod-
eling language called SPELL. EPOS facilitates basic mechanisms for incre-
mental (re)planning and enactment of the process models by process tools
like Planner and Process Engine. An evolution of EPOS is EPOSDB built to
store versioned software products, as well as their related process models.
EPOS also supports cooperative transactions.  EPOS is constituted of  a
meta-process for managing model evolution, and mechanisms for manag-



ing process evolution: retrieval of project experience, recording of project
experience and manipulation of task-network layout. Although EPOS effi-
ciently supports process modeling, evolution and enactment, there are not
knowledge management mechanisms to provide knowledge to process ex-
ecutants during process enactment like the Taba Workstation does. More-
over, unlike the Taba Workstation that is based on a Software Engineering
Ontology, EPOS provides a meta-model only to software process domain.
The relationship between this domain and other areas of Software Engi-
neering is not allowed.
Oz is a Process-centered Software Engineering Environment (PSEE) that
implements the requirements for a decentralized PSEE based on a design
for decentralization of process modeling and enactment []. The Oz environ-
ment  supports  process modeling  using  two popular  families  of  Process
Modeling Languages (PMLs), rules and Petri-Nets. Although the Oz envi-
ronment implements a decentralized Process Centered Environment archi-
tecture, there is no integration of the process models to other software en-
gineering tools. Moreover, the formalisms for process modeling sometimes
become a burden for process modeler due to lack of intuition and “toler-
ance”.  This creates significant barriers to entry and, consequently, limits
the possibility for the PMLs to be adopted in practice []. In order to cope
with this problem, we designed the Taba Workstation with a simple and ef-
ficient PML that supports process modeling and evolution in an efficient
and efficacy way.
SPADE is a research project with the goal of developing an environment
for Software Process Analysis, Design and Enactment []. SPADE is cen-
tered on a process modeling language called SLANG, an extension of a
high-level Petri nets. SPADE-1 evolved to support cooperation in software
development. Although SPADE-1 has demonstrated to be efficient to deal
with synchronous and asynchronous activities among distributed, there is
no evidence of applicability of such approach in the industry in large scale.
One of the mayor contributions of the Taba Workstation is that its architec-
ture  and software development  supporting tools were modified over the
past years to become more adequate to the necessities of software organi-
zations executing real projects in dynamic and evolving environments.
MILOS (Minimally Invasive Long Term Organizational Support) aims at of-
fering support for agile processes by providing collaboration and coordina-
tion technology for  distributed software development  [].  It  also  supports
project planning and knowledge management. MILOS is constituted of the
following components: a workflow engine, an experience base, and a re-
source pool. MILOS also supports agile software development with the use
of some Extreme Programming (XP) practices. Unlike the Taba Worksta-
tion, the MILOS PSEE does not provide support to important knowledge
management tasks, such as consultation of organizational members’ skills



and knowledge that fulfill projects specific needs. Since MILOS does not
model a comprehensive set of the Software Engineering Domain, efficient
integration of  MILOS tools to  other tools  that  support  different  areas of
Software Engineering is not to be guarantee.
Artemis 7 is a Web-based software developed to support business pro-
cesses and roles associated, and to enable deployment of multiple solu-
tions on a common platform []. Artemis 7 allows configurable access levels
based on role and rights granted that allow users to access the various
modules and features of the solution based on their individual needs. This
approach ensures that each user need only see the functionality and infor-
mation necessary to perform their responsibilities, thereby making the ap-
plication easier to use for all stakeholders. Since Artemis 7 were developed
to be used in general domains, the definition, design, implementation and
integration of tools to support specific needs in the Software Engineering
area are not feasible.

4   Conclusions
This work presented the Taba Workstation, an enterprise-oriented PSEE
developed to support  software process deployment based on the CMMI
and the MR-MPS. Characteristics of Taba Workstation that increases the
efficiency and efficacy of software process deployment initiatives and re-
duces the inherent  difficulties  were  also presented by comparing  these
characteristics to important factors that contribute significantly to the suc-
cess of  software process deployment based on the CMMI and the MR-
MPS.
The Taba Workstation is continually evolving. The next steps is to evaluate
the adequacy of the tools that support CMMI Level 3 process areas, and to
define and integrate other tools to support CMMI Level 4 and 5 process ar-
eas and to facilitate  the elevation of  organization software development
maturity to higher levels.
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