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ABSTRACT

Software process engineering has not been introduced in most small software organizations because of the
high cost of implementing it. RAMALA is a knowledge base, supported by a software tool which is also
called RAMALA. This knowledge base contains a software process framework based mainly on PMBOK
[9], using the best practices of the main software process reference models such as CMMI [11] and ISO
15504 [3], and enriched with process assets of the most outstanding software process development
methodologies. RAMALA is a platform in which the best practices are collected. As a result, RAMALA
makes it possible for small software organizations to define, assess and improve their software processes
easily and economically.

Keywords: Software Process Reengineering, Process Modeling, Software Process Improvement, and
Software Engineering.

1. INTRODUCTION

Software production in most small software organizations is characterized by poor management
and skills, typical features of the ‘Software Crisis’. These give rise to serious problems such as
project delay, high costs, and poor quality products.

The software community has been trying to deal with this crisis for almost four decades. In 1968,
Nato held a conference in which the term “Software Engineering” was coined [7]. Ever since,
Software Engineering has been a growing discipline, enriched by two basic movements:
technological and process. While reprogramming languages, software tools and techniques
characterize the technological movement, the process movement is characterized by reference
models, software process improvement elements and their support activities.

During the last decade, the process movement expanded widely in numerous organizations where
it was found that the major software problems were due to inefficient management of the software
process. One of the reports of the Department of Defense of the United States of America [1]
states: “After two decades of largely unfulfilled promises about productivity and quality gains
from applying new software methodologies and technologies, industry and government
organizations are realizing that their fundamental problem is the inability to manage the software
process".



Several organizations have contributed to the process movement through the development of
software process reference models and standards such as CMM [5] [6], CMMI [11], ISO 15504
[3], and PMBOK [9]. Although there are several software process reference models and standards
that software organizations can select from to improve their software processes, few organizations
implement any due, among other reasons, to the high cost of a software process improvement
program. For example, from April 2002 through December 2004, just 567 organizations around
the world had conducted SCAMPI v1.1 class A appraisal [12].

The SEI carried out a study in response to a demand for information on the results of software
process improvement efforts [4]. This study covered 13 organizations that represent a variety of
maturity levels. The results showed that the average yearly cost of software process improvement
was $245,000 and the average number of years taken was 3.5. This means that implementing a
software process improvement program is very expensive, especially for small and medium-sized
companies.

The results of another study carried out to calculate the cost of CMM deployment by activities in
a conventional IT organization [8] is shown in Table 1.

Table 1: Cost of CMM deployment activities

Activity Catego Percent
CMM Process Flow Specification 19.90%
CMM Control Flow Specification 13.92%
CMM Data Flow Specification 11.53%
Decision Maker Management 26.70%

Product Related Process Assurance Activity 22.29%

Initial Training 3.48%

On-going training 2.18%

As we can see from the table, the first three activities (in red) are related to process definition and
make up more than 45% of the total cost; the process assurance activity (also in red) is more than
22%. These four activities alone make up 67.64% of the total cost.

This means that software engineering experts account for most of the cost of deploying the
software process reference model. We believe that this percentage can be reduced by using a
knowledge base supported by a software tool which gathers and manages the experts’ knowledge.

(RAMALA gathers the software engineering knowledge needed to deploy a software process
improvement program in a software organization.) RAMALA meets three main requirements in a
software process improvement program: process assessment, process definition, and process
improvement tracking.

2. RAMALA KNOWLEDGE BASE

RAMALA knowledge base is the result of a research in the Computer Science Department at
Carlos III University of Madrid [13]. Its main scope and goal was to model and develop a
knowledge base for software process improvement, supported by a software tool that enables the
definition, assessment, and improvement of the software processes of an organization.




This knowledge base structure is shown in Figure 1. As we can see, the process definition
functionality is covered by the process improvement component, with the PMBOK Guide Process
Framework [9] as its core.
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Figure 1: RAMALA knowledge base structure

Software engineering experts, using the best practices of the software process reference models
and process assets of the most outstanding software process development methodologies, detail
the process framework.

A formal assessment method, valid for any software process reference model, covers the process
assessment functionality. During the assessment phase, RAMALA gathers and classifies all the
process assets in the organization and links them to the related software process elements. Along
with the assessment result, which is a color snapshot of the knowledge base, RAMALA provides
the set of standard software processes of the organization.

A mechanism in the improvement functionality establishes the project’s defined processes,
manages the project's process assets instances, and gathers measure data to verify the fulfillment
of the improvements.

The RAMALA knowledge base is described in detail below.
2.1 Software process engineering knowledge base for software process improvement

In order to build a standard and robust software process engineering knowledge base for software
process improvement, the following requirements have to be satisfied:

1. Standard structure for software process reference models
2. Standard process framework
3. Formal process definition

Standard structure for software process reference models

RAMALA uses a generic data model which is able to save all the elements of each software
process reference model such as CMM [5] [6], CMMI [11], and ISO 15504 [3] in one repository.



Standard process framework

Although software process reference models help organizations to define their software processes,
organizations need a standard framework to define these processes in an integrated way.

The Project Management Institute (PMI) has developed an international project management
standard: the Project Management Body of Knowledge (PMBOK) Guide [9]. This standard
provides a process framework where all the processes, and their dependencies, necessary to
manage any project are identified. RAMALA uses the PMBOK Guide as its standard process
framework

The PMBOK Guide includes only the project management process area; it does not completely
cover the other software engineering process areas that are all part of the software development
process. We believe that the project management process area is the main process area within the
software development process, and that the engineering process areas are support processes that
the project management process area call at different moments.

We extended the PMBOK process framework in order to integrate process frameworks for each
engineering process area in the software development process.

With this extended PMBOK process framework and the practices of a selected software process
reference model, software engineering experts can detail all processes within the process
framework, creating a meta software process definition.

RAMALA can have several meta software process definitions depending on the number of
software process reference models stored in it.

Formal process definition

RAMALA uses the Entry Task Verification eXit (ETVX) process definition technique [10] which
can be extended by adding more process definition elements that help us to obtain a meta process
definition. The process definition elements that RAMALA uses are:

e Purpose

e Preceding Processes/Activities
e Subsequent Processes /Activities
e Entry Criteria

e Inputs

e Activities / Tasks

e Qutputs

e  Exit Criteria

e Practices

e Tools and techniques

e  Metrics/Measurements

e Interfaces with other processes
e Roles

e Notes

In order to enhance process definitions, RAMALA permits process assets of any software process
development methodology to link to some process elements (in red), i.e. RAMALA, as a
knowledge base, gathers and classifies process assets such as templates, documents, or metrics of
different software process development methodologies such as Prince 2, METRICA 3, RUP, etc.,




and links them to the corresponding process elements. RAMALA provides organizations with
these process assets in order to adapt or improve their own process assets.

2.2 Definition and assessment of the software process in an organization

In order to enable organizations to assess and define their current software process, we felt that
RAMALA had to fulfill the following requirements:

1. Formal software assessment method
2. Process asset manager
Formal software process assessment method

To determine the actual capacity of the software process of an organization according to a certain
software process reference model, a formal assessment method for the software process reference
model selected has to be used. Organizations can choose from several software process reference
models stored in RAMALA’s knowledge base to determine the capacity of their software
processes. This means that there must be at least one formal assessment method for each software
process reference model stored in RAMALA, making RAMALA a complex tool. A Formal
Approximation for Software Process Improvement method [2] was implemented in RAMALA.
This is a generic assessment method that covers any software process reference model stored in
RAMALA.

The assessment result will be a color snapshot of the meta process definition of the selected
software process reference model where colors reflect the degree of fulfillment of each process
element.

Along with the assessment result, the organization will obtain the definition of their standard
software processes that will be a subset of the RAMALA meta process definition of the selected
software process reference model.

Process assets manager

During assessment, RAMALA gathers and classifies all direct evidences that indicate the
implementation of the selected software process reference model practices, thereby creating the
process assets repository of the organization, i.e. all documents and templates are gathered during
assessment and linked to the corresponding process elements within the set of standard software
processes of the organization.

Process assets of different software development methodologies that can be used to adapt or
improve their own process assets will also be available to organizations.

2.3 Tracking of software process improvements

In order to ensure that new implemented software processes are institutionalized within the
organization, we think that RAMALA has to satisfy the following requirements:

1. The project’s defined processes mechanism
2. Process improvement tracking mechanism
Projects’ defined processes mechanism

Once the organization’s set of standard software processes is established, it has to be improved
continuously according to the results of its own projects which determine the processes' strengths
and weaknesses.

For each project, RAMALA allows the organization to establish the project’s defined processes
that will be a subset of the organization’s set of standard software processes. Project results and
documents will be stored in RAMALA as instances of the corresponding organization’s process
assets. In this case, RAMALA will also act as a historical database that helps project managers
manage current and future projects.



By analyzing project results stored in RAMALA, software process improvement plans can be
developed and later implemented.

Process improvement tracking mechanism

Once software improvement plans have been implemented, it is necessary to verify that
improvements have really been implemented and followed. RAMALA helps organizations in this
respect by querying and comparing instances of the project’s process assets; gathering and
analyzing measure data.

3. HOW TO USE RAMALA KNOWLEDGE BASE

RAMALA’s most important features are described in this section.

RAMALA software uses the Application Service Provider (ASP) concept where software
organizations only need an Internet browser and an Internet connection. Figure 2 shows
RAMALA software architecture.
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Figure 2: RAMALA software architecture

Software organizations can tour the knowledge base before selecting RAMALA. Once they sign
on, a software organization has to first select a software process reference model. Currently,
RAMALA has the CMMI and ISO 15504 models stored in its knowledge base. Figure 3 shows
elements of the CMMI as an example of a software process reference model.
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Figure 3: Software process reference model elements stored in RAMALA

As described earlier, RAMALA has stored a meta software process definition, based on the
PMBOK process framework, for each software process reference model. The next step is to select




a set of processes to be assessed. Figure 4 shows how processes are selected for assessment in
RAMALA.
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Figure 4:Selecting processes from the PMBOK software process framework for assessment

In order to assess the software process, special members of the organization have to complete a
detailed questionnaire for each process and its elements selected. During the assessment, direct
evidences (process assets of the organization) which indicate that the organization is satisfying the
software process reference model practices, are collected, classified and linked to the
corresponding software process elements and stored within the organization’s own knowledge
base. Figure 5 shows how the members of an organization have to complete the questionnaire for
each process element, and how the organization’s process assets are collected and linked to
process elements.
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Figure 5: Process element assessment questionnaire

On completion of the questionnaire, an automatic algorithm, which calculates the capacity of each
process and its elements, is executed. Figure 6 shows a report with the process elements capacity.
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Figure 6: Software process elements capacity of an organization



Together with the assessment results, the organization will obtain its own knowledge base in
which the definition of its set of standard software processes is stored as a color snapshot of the
meta software process.

The organization can later manage its own knowledge base by adapting its process assets.
RAMALA offers process assets of the most outstanding software process development
methodologies that the organization can use to adapt their own process assets. Figure 7 shows an
organization’s process description stored in its knowledge base.
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Figure 7: Standard software process of an organization

Once the organization has implemented a software process improvement plan based on the
assessment results, RAMALA helps organizations assure the institutionalization of the new
processes by acting as a historical database of software process assets instances of an
organization’s projects. An organization that uses RAMALA can:

e Create projects.
e Establish the project’s defined processes for each project.

e Gather project results (process assets instances) and associate them with the
corresponding project’s defined process elements.

e Analyze project results.
e Determine the degree of fulfillment of new processes implemented.

Figure 8 shows how RAMALA establishes the project’s defined processes and gathers the
results, while figure 9 shows how RAMALA analyzes the results and determine the degree of
fulfillment of new processes implemented.
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Figure 8: Historical database for project results of an organization
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Figure 9: Assurance mechanisms for institutionalizing software processes
4. BENEFITS OF USING THE RAMALA KNOWLEDGE BASE
Software organizations, especially small ones, can obtain a lot of benefits from using the

RAMALA knowledge base. Some of these are listed below.

e Reduced costs in the assessment and definition of the organization’s set of standard
software processes. RAMALA offers a simple formal software process assessment
method through which an organization can obtain its software process definition that can
be easily maintained and updated.

o The knowledge base of an organization (process assets) can be gathered, classified and
associated with the corresponding process elements.

e The maturity of the software processes of an organization will be faster and easier
because organizations will have:

o software defined processes

o available software process assets of the most outstanding software process
development methodologies.

e A manageable historical database for software process assets instances providing good
indicators on the degree of institutionalization of the organization’s software processes.

CONCLUSION

In this work, we have presented the RAMALA knowledge base which contains all the necessary
knowledge to carry out all the software process improvement activities. RAMALA permits:

e The assessment and definition of an organization's set of standard software processes with
respect to the most outstanding software process reference models such as CMMI [11],
ISO 15505 [3], and the most important project management standard: the PMBOK Guide

[9].

e All the software process development knowledge of the organization (process assets) to
be gathered and linked to with the corresponding process elements.

e A software process organization to have a software development thesaurus to reuse
methodologies, standards, and products.

o The identification of the processes and activities needed to be carried out on each project.
e The storage of project results in a historical database for reuse on future projects.

e The institutionalization of software processes.
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