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In the ESPRIT project PROFES (PROduct-Focused Improvement of Embedded
Software processes) a goal-driven process improvement methodology been de-
veloped that combines and enhances methods like goal-oriented measure-
ment, product assessment, process assessment, and process modelling. So far,
the PROFES improvement methodology has been applied in multiple projects at
three industrial embedded software development organisations. In all three or-
ganisations considerable product quality and process improvements have been
achieved.

A fundamental element of the PROFES improvement methodology is goal-
oriented measurement conducted according to the principles of the Goal/
Question/Metric (GQM) paradigm. In the PROFES improvement methodology
GQM is used for several purposes: (1) characterisation and evaluation of prod-
uct quality, (2) characterisation and evaluation of process performance, (3)
modelling and evaluation of product-process dependencies, and (4) facilitation
of continuous assessment. In the course of the PROFES project, GQM was also
used to evaluate the PROFES improvement methodology in all three industrial
software development organisations.

This paper outlines the PROFES improvement methodology and reports experi-
ence with its application in three software development organisations. The dif-
ferent roles of GQM in the PROFES improvement methodology are presented
in detail.

Continuous Assessment, Embedded Software, Goal-oriented Measurement,
GQM, Software Process Assessment, Software Process Improvement, PROFES.
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Introduction

1 Introduction

GQM (Goal/Question/Metric) is a well-known and widely used method for de-
fining and executing goal oriented measurement programmes. It originated
from the work lead by Prof. Victor Basili at the University of Maryland and
NASA Software Engineering Laboratory in 1980's [3]. It has since been further
formalised and developed into a practical methodology ([1], [8], [10], [19]).

GQM has been used in several European projects ([4], [6], [9], [15]). The ESPRIT
project AMI has integrated its own version of the GQM paradigm with CMM
style assessment, and developed tools and manuals to support the AMI
method. The ESSI CEMP project introduced GQM in three industrial companies
and cost benefit analysis of introducing GQM was one of the key topics of the
project. The results were very positive and resulted in many improvements in
the applications [15]. Especially Schlumberger Retail Petroleum Systems (RPS)
(in 1998 RPS was sold to Tokheim) has widely reported GQM experience ([7],
[15], [19)).

GQM has been used by Nokia Mobile Phones in collaboration with VTT Elec-
tronics in the DSP-ACTION project for improving DSP (digital signal processing)
software development [18], which is a rapidly growing area in the domain of
deeply embedded real-time software. The focus of the DSP-ACTION project
was to support reuse of not only source code but also on every level of design
and project level documentation. GQM played a key role in the project and
measurements indicated significant improvements. Consequently, a sound ba-
sis for continuous improvement and measurement has been formed.

In another type of telecommunication domain Nokia Telecommunications and
VTT Electronics have been applying GQM in improving the software processes
of mobile base stations, which are large software systems involving large de-
velopment projects [17]. Large telecommunication applications place great
demands on the quality and timely development of software. By measuring the
software development process, quantitative information is gained for software
project control and process improvement. Nokia Telecommunmications experi-
ences are based on measurement data collection for a period of two years in
industrial pilot projects. The use of GQM has been successful. The defined
measurement programme is expandable and reusable to future projects.

Successful applications of GQM in the banking and insurance industries have
also been reported. In co-operation with Fraunhofer IESE, at Societa Interban-
caria per I'Automazione (SIA) GQM was successfully applied to monitor the
improvement of the configuration management (CM) process, and to gain ex-
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perience for future redeployment of the CM process into other projects and
departments of SIA [9]. At Allianz Life, market leader of life insurers in Ger-
many, GQM was applied to help establish the infrastructure for a learning or-
ganisation. For this purpose, goal-oriented measurement was fruitfully com-
bined with data mining [12].

The above mentioned projects are just a few examples of applying GQM in in-
dustrial projects. Companies like Ericsson, DaimlerChrysler, Motorola, ABB,
Bosch and Siemens have also reported experiences from using GQM in soft-
ware process improvement (SPI). However, despite the positive experiences,
GQM is yet to be integrated with other SPI methods. The harsh reality is that
companies are often using different SPI approaches in isolation and sometimes
even in a way where the methods compete with each other. The PROFES
project, a European SPI research project, tries to overcome these problems by
integrating GQM in a practical product focused process improvement method-

ology.

The PROFES project consortium consists of methodology providers and practi-
tioners with comprehensive expertise in process improvement: Drager Medical
Technology (The Netherlands), Ericsson (Finland), Etnoteam S.P.A. (ltaly),
Fraunhofer IESE (Germany), Tokheim (The Netherlands), University of Oulu
(Finland), and VTT Electronics (Finland).

Based on the fundamental concepts of the Quality Improvement Paradigm
(QIP) [2] the PROFES improvement methodology offers means to implement a
systematic and cost-effective approach to product quality focused process im-
provement. PROFES integrates existing methods such as software process as-
sessment, product and process modelling, goal-oriented measurement and the
experience factory concept, supported with operational guidelines and tools.
An essential element of the PROFES improvement approach is the explicit
modelling of relationships and dependencies between process and product
quality. Product-process dependency (PPD) models enable a software organisa-
tion to focus improvement actions precisely to those parts and characteristics
of the development processes that are critical to achieve the planned product
quality.

In the scope of the PROFES improvement methodology, goal-oriented meas-
urement according to the GQM approach is used for several purposes: (1)
characterisation and evaluation of product quality, (2) characterisation and
evaluation of process performance, (3) modelling and evaluation of product-
process dependencies, and (4) facilitation of continuous assessment. Further-
more, the PROFES project also used GQM to evaluate the PROFES improvement

T PROduct Focused improvement of Embedded Software processes. PROFES is an applied research and tech-
nology transfer project supported by European Commission under ESPRIT grant no. 23239.
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methodology itself in all three industrial software development organisations.
This included the development of detailed cost models.

The structure of this paper is as follows. The next chapter briefly outlines the
PROFES improvement methodology, characterises the application of the
PROFES improvement methodology in three different embedded software de-
velopment organisations, and summarises achieved benefits. Chapter 3 gives a
short introduction into the principles of goal-oriented measurement and the
GQM method. Chapter 4 provides descriptions of the different purposes for
which GQM is used in the PROFES improvement methodology. Chapter 5
summarises how GQM was used during the PROFES project to validate the
PROFES improvement methodology. The paper concludes with a brief discus-
sion of the different roles of GQM in PROFES, and an outlook to potential fu-
ture work after finalisation of the PROFES project.

Copyright © Fraunhofer IESE 1999
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2 The PROFES Improvement Methodology and its Application

Most improvement methodologies in software engineering focus on improve-
ment of the software process. Their underlying assumption is that improved
software engineering processes result in better product quality. However, none
of these improvement methodologies address this link between process and
product quality explicitly and none of them deploys such links to steer im-
provement actions.

The PROFES improvement methodology [5] guides improvement efforts based
on customer-driven product quality goals. It builds on state-of-the-art knowl-
edge about the product quality impact of critical software development proc-
esses and integrates the strengths of widely applied improvement techniques.

The main building blocks of the PROFES improvement methodology are:

» Systematic improvement planning starting with the identification of an or-
ganisation’s product quality goals and proceeding with the determination of
appropriate process improvement actions according to their expected im-
pact on product quality.

» Product-process dependency models (PPD models) that describe the impact
of software processes and development practices on software quality [11].
PROFES offers a PPD repository that can be customised and integrated to
suit the needs of individual software organisations or projects.

» The integration of well-established improvement techniques such as process
assessment (e.g., ISO 15504 / SPICE [13] and BOOTSTRAP [14]), goal-
oriented measurement following the Goal/Question/Metric (GQM) approach
[1]1[3][19], process modelling, and product assessment. The PROFES im-
provement methodology is modular and supports the integration of im-
provement techniques in a way that is most beneficial for each individual
software organisation.

* A continuous improvement cycle according to the Quality Improvement
Paradigm (QIP) / Experience Factory (EF) [2] approach that allows for well-
customised, gradual improvement steps and fosters the accumulation and
deployment of relevant software development expertise throughout a soft-
ware organisation.

2.1 Outline of PROFES improvement methodology

The PROFES improvement methodology uses a modified version of the Quality
Improvement Paradigm. To illustrate and emphasise the importance of the

4 Copyright © Fraunhofer IESE 1999



Figure 1:

The PROFES Improvement
Methodology and its Application

product as a driver for process improvement, it is placed in the heart of the
PROFES improvement circle (see Figure 1). The product is the starting point for
any improvement activity, starting with the identification of the product quality
needs and the determination of the preliminary product quality goals. Product-
Process Dependencies (PPD) form the linking element between the product and
the product development processes. PPD models are used to find and deter-
mine the required process changes such that stated product quality improve-
ment goals are achieved. The PROFES improvement methodology consists of
six phases. These phases, which are further refined into 12 steps, are described
briefly in the following.

Phase 1: Characterise

A general requirement for any improvement program is to gain the commit-
ment of all involved management levels and development team members.
Therefore, “gaining commitment” is the first step in the PROFES improvement
methodology (step 1). On a more technical level, product-driven process im-
provement starts with an identification of current or future product quality
needs (step 2). This information can be derived from customer surveys, market
research or from other sources. To be able to define product quality improve-
ment goals in a later phase, it is necessary to identify the current status of
product quality (step 3). This can be done, for example, based on measure-
ment data from past projects or carrying out an independent third party prod-
uct assessment. In addition to the product quality status, it is necessary to iden-
tify the current process status (step 4). Otherwise it is hard to identify process
changes that are suited to achieve the product improvement goals in a later
phase. The current process status can be identified based on measurement
data or on process assessments.

PROFES Phases | PROFES Activities

Characterise 1. Gain commitment

2. Identify product quality needs

3. Identify current product quality

4. I|dentify current process status
Set Goals 5. Set product improvement goals

6. Select appropriate process changes
Plan 7. Describe process changes

8. Set metrics for process and product

PROCESS 9. Prepare improvement implementation

Execute 10.Implement and monitor improvements
Analyse 11.Evaluate results
Package 12.Update experience base

PROFES improvement cycle with phases and activities
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Phase 2: Set goals

Based on product quality needs and current status of product quality, the
product quality improvement goals are defined (step 5). Of course, the product
quality improvement goals have to be aligned with the overall business goals of
the organisation. Based on the product quality improvement goals and using
implicit (expert knowledge) or explicit (PPD models) suggestions for appropriate
process changes are made (step 6). One way in which such PPD models could
have been constructed is by applying goal-oriented measurement.

Phase 3: Plan

The suggested process changes are described in detail using a process model-
ling notation (step 7). This is necessary to define adequate process metrics for
the purpose of monitoring and control during execution of the development
project. In addition to the process metrics, product quality metrics are defined.
Again, these metrics have the purpose to monitor and control the achievement
of the product quality improvement goals (step 8). The planning concludes
with preparing the implementation of the suggested process changes, and
with implementing the measurement infrastructure (step 9).

Phase 4: Execute

The suggested process changes are implemented in the development process
and followed during the development project. Process and product quality
measures are collected and used for monitoring and control (step 10).

Phase 5: Analyse

The purpose of the analysis phase is to analyse if product quality has improved
as assumed with the changes made to the process. Based on measurements
the process conformance and the achievement of the product quality goals are
analysed and root causes of deviations are identified. The analysis includes an
evaluation of the PPD models used step 6, and the collection of lessons learnt
with improvement actions during the development project (step 11).

Phase 6: Package

All results of the improvement cycle are stored in an experience base, and all
new or re-used models are consolidated (step 12).

2.2  Characterisation of PROFES applications and summary of achieved benefits
The following sections briefly introduce three industrial software organisations
that used the PROFES improvement methodology in the PROFES project. In

each case, results and experiences from the application of the PROFES im-
provement methodology are summarised.

6 Copyright © Fraunhofer IESE 1999
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2.2.1 Drager Medical Technology

Drager Medical Technology (MT) develops patient monitors and other medical
devices for application in anaesthesia, intensive care, neonatal care, and emer-
gency care. Development projects typically deal with software as well as with
hardware and mechanics. A strong trend is toward connection of devices
through networks and their integration into health care information systems.

Important product quality attributes for Drager MT are reliability, fitness for
use, and predictability of quality, time, and cost. Based on experience with cur-
rent product prototypes in field test, several important product quality goals
could be achieved by using PROFES. Examples are on-schedule delivery, func-
tionality very well in accordance with user needs, and very low number of de-
fects in field tests. In addition, a wide spectrum of process-related improve-
ments were accomplished, such as fast process capability increase to level 3 on
the BOOTSTRAP scale and meeting the ISO 9001 certification criteria.

2.2.2 Ericsson Telecom R&D

Ericsson Telecom R&D in Finland applied PROFES in the context of software de-
velopment for the AXE telecommunication exchange, which is Ericsson’s core
product. This project involved multiple, globally distributed development sites.
Another project has developed charging functionality for operators to handle
interoperator tariff account settlement.

Ericsson Finland focused mainly on two product quality goals within the
PROFES improvement program: reliability and maintainability. Important quality
improvements were achieved with regard to design quality in terms of fault
density. This is measured by defect data from the first six months after delivery
of the product. The improvements were attributed to significantly more careful
preparation for software inspections and more intense desk-checking. In addi-
tion, a web-based inspection tool (weblIR) was applied. Two BOOTSTRAP as-
sessments have indicated capability level improvements from below level 2 to
nearly level 3.

2.2.3 Tokheim Dispenser Electronics

Tokheim is world-wide market leader in manufacturing equipment and pro-
viding services for self-service petrol stations. Products are fuel dispensers,
point of sales systems, electronic funds transfer equipment and others. All
products contain both hardware and software, where the importance of soft-
ware is increasing rapidly. In some cases even 80 per cent of the product de-
velopment effort is spent on software. The Tokheim site that applied PROFES is

Copyright © Fraunhofer IESE 1999 7
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certified according to TickIT and ISO 9002 and has been assessed at level 2 of
the SEI's Capability Maturity Model.

The product quality goals for Tokheim within PROFES were focusing on reli-
ability with additional strict cost and time targets. Related achievements were a
well-structured product architecture, better traceability and analysability of the
product, as well as very low number of defects during the first field tests with
the product. At the same time, the targeted cost reductions were achieved and
product delivery was within the planning limits. In addition, several process im-
provements were achieved, for instance better design and testing practices and
better integration of quality assurance with the project team.

8 Copyright © Fraunhofer IESE 1999
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3 Goal-oriented Measurement (GQM)

Measurement is a technique that supports in understanding, controlling, pre-
dicting, and improving the software development processes and products.
Goal-oriented measurement according to the Goal/Question/ Metric (GQM)
paradigm represents a systematic approach for tailoring and integrating the
objectives of an organisation into measurement goals and their stepwise re-
finement into measurable values (metrics). The GQM method was chosen as an
element of the PROFES improvement methodology as it is the most mature
and widely used measurement approach available today.

3.1 GQM Principles

GQM represents a systematic approach to tailoring and integrating goals with:
models of the software processes, software products, and with particular qual-
ity perspectives of interest. GQM focuses on the specific needs of the software
project and of the development organization. Measurement goals are defined
on the basis of high-level corporate goals, and refined into metrics. In other
words, GQM defines a certain goal, refines this goal into questions, and de-
fines metrics that must provide the information to answer these questions. The
GQM paradigm provides a method for top-down metric definition and bottom-
up data interpretation (see Figure 2).

The principles of GQM measurement are:

* A measurement programme must reflect interests of data providers and
must be based on the knowledge of the people who are the real experts on
the measurement goals. In this paper these are members of the software
project team.

* Since the design of the measurement programme is based on the knowl-
edge of the project team, only they can give valid interpretations of the
collected data. Therefore, they are the only ones who are allowed to inter-
pret measurement data.

* Due to the limited amount of time of project members, and their commit-
ments to project planning, conflicts of interest may occur when all im-
provement efforts are also assigned to the project team. Therefore a sepa-
rate team, a GOM team, should be created that facilitates the collection
and analysis of measurement data by performing all operational activities
not necessarily to be executed by the project team.

Copyright © Fraunhofer IESE 1999 9
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The Goal/Question/Metric paradigm [1]

These principles imply that the members of the GQM team offer a service to
the software project team by doing most of the technical work, related to set-
ting up and performing the measurement programme. Essentially, during exe-
cution of the measurement programme, the GQM team provides a data valida-
tion and analysis service, by organizing ‘feedback sessions’ in which graphical
measurement data is presented to the project teams.

GQM Process

The GQM process is divided into several stages. After the pre-study, the next
stage is to identify a set of measurable quality goals. After the goals have been
set, questions that define the goals are derived as completely as possible. The
next step consists of specifying the metrics that need to be collected in order
to answer the questions defined, and to track the conformance of products
and processes to the defined measurable quality goals. Defined goals, ques-
tions and metrics are described in the GQM plan. The three layers (goals, ques-
tions, and metrics) of the GQM plan correspond to the following three levels:

» Conceptual level (Goal): The definition of the measurement goal specifies
the object of measurement, the purpose of measurement, the quality model
of interest, the role for whom the measurement results are of interest
(viewpoint), and the environment in which the measurement programme
takes place.

e Operational level (Question): A set of questions is used to define in a quanti-
tative way the goal and to characterise the way the data will be interpreted.
Questions try to characterise the object of measurement with respect to a
selected quality issue and to describe either this quality issue from the se-
lected point of view or the factors that may affect the quality issues.

Copyright © Fraunhofer IESE 1999
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» Quantitative level (Metric): A set of metrics - combined into a model - is as-
sociated with every question in order to answer the question in a quantita-
tive way.

The definition of the questions and metrics contained in a GQM plan is usually
done with the help of so-called abstraction sheets. Basically, an abstraction
sheet is a means for acquiring, structuring, and documenting all the relevant
information provided by participants in the measurement programme. An ab-
straction sheet contains information about the measurement object and its as-
sociated attributes representing the quality focus (as specified by the meas-
urement goal), and information about factors that have an impact on the
quality focus (so-called variation factors). In addition, hypotheses about the
performance of the quality focus attributes and the way in which the variation
factors influence the performance of the quality focus attributes are docu-
mented. Based on this information, for each measurement goal, a set of ques-
tions, metrics, and models can be defined (for details see [3] and [8]).

After the measurements have been specified, a mechanism for collecting
measurement data is developed. This is described in the measurement plan and
in the associated data collection forms. The data is then collected and validated
during the software development project according to the measurement plan.

The collected data is analysed and discussed in feedback sessions. Feedback
sessions are organised meetings involving members of the project team and
the measurement team. It is an essential mechanism supporting analysis and
interpretation of the measurement results. The main objective of feedback ses-
sions is to discuss the preliminary findings and results of the measurement pro-
gramme and derive interpretations by the project team from the data collected
so far with the GQM experts.

After the end of the software development project all relevant information
gathered during the project has to be packaged and stored for later retrieval
and reuse. This is especially important for continuous learning and improve-
ment.

Practical guidelines, examples and procedures for the GQM process in practice
can be found in [19].

Copyright © Fraunhofer IESE 1999 1 1
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4.1

Table 1:

12

The Roles of GQM in the PROFES Improvement Methodology

In the scope of the PROFES improvement methodology, goal-oriented meas-
urement according to GQM is used for the following purposes:

characterisation and evaluation of product quality,

characterisation and evaluation of process performance,

modelling and evaluation of product-process dependencies, and

facilitation of continuous assessment.

In addition, during the PROFES project, GQM was used to validate the PROFES
improvement methodology. The following five subsections describe the differ-
ent roles that GQM plays in the scope of the PROFES improvement methodol-
ogy. In the last subsection, the results of the PROFES validation are briefly pre-
sented.

GQM to characterise and evaluate product quality and process performance

For the PROFES application partners, three product quality characteristics were
in the focus of interest: reliability (all partners), maintainability (Ericsson Finland
only), and fitness for use (Drager Medical Technology only). GQM was used to
measure these product quality characteristics for the purpose of a) baselining,

and b) validation of product quality improvement (cf. Table 1).

Drager Medical

Ericsson Finland

Tokheim Dispenser

Technology Electronics
Product qualities of Reliability Reliability Reliability
interest for improve- Fitness for use Maintainability
ment
Processes of interest Inspections Architectural and Testing

for improvement

(wrt. Reliability)
Testing (wrt. Reliability)

Config. Mgmt.
(wrt. Reliability)
Customer Needs
Management

(wrt. Fitness for use)

functional design
Testing
Project management

(and others; each of
these is investigated
wrt. Reliability and
Maintainability)

Configuration
Management

Quality Assurance

Measured Product and
Process Attributes

Reliability of system
product

Effectiveness and effi-
ciency of inspections
Effectiveness and effi-
ciency of testing

Reliability of software
product and process
impact on reliability
Maintainability of
software product and
process impact on
maintainability

Reliability of system
product
Performance of the
testing process
Acceptance and stop
criteria for testing

The main improvement and measurement concerns of the PROFES applications.
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Figure 3:

The Roles of GQM in the PROFES
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In all applications reliability was expressed in terms of field defect density. Field
defect density was anticipated based on defects detected in the product before
delivery. For instance, Figure 3 presents the design quality improvements that
were achieved in two subsequent projects at one of the PROFES applications,
based on the defect density at the end of function test. The diagram compares
the baseline data with the quality goals (defined for function test) and actually
measured defect density at the end of function test. It can be seen that the de-
fect density (measured in kilo non-commented source statements) in project B
is much lower than in the preceding project A. Although both projects met
their quality goals, it was surprising that outcome of project B was much better
than the outcome of project A, if compared to the baseline and goals set. The
analysis to explain this discrepancy was done based on measurements of proc-
ess performance (cf. sub-section below).

In the meanwhile, project A has passed more than 6 months at the customer.
Only 3 major faults influencing fatally on operational performance were de-
tected. Fault analysis has also shown that only one fault detected by the cus-
tomer was received.

Changes in product quality can only be achieved by changing the development
processes. To be able, to judge if an intended process change has really been
implemented, a process performance baseline has to be established (charac-
terisation) and the current performance has to be observed on a regular base
(monitoring). This can be done based on measurement. As more knowledge is
acquired by analysing the relationships between process performance varia-
tions (due to process changes) and changes in product quality, models can be
built that directly relate product quality and process performance. These mod-
els help control ongoing and guide future improvement activities.

Fault density in Function Test

1,40

1,20

1,00 +—

0,80 +— mProject A
0,60 +— mProject B

Faults/kNCSS

0,40 +—
oo | t
0,00

Baseline Goal Outcome

Measurements of design quality characteristics.
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14

Typical process metrics were effort and time used for development, verification
(inspections) and validation (test). Based on these metrics, and in combination
with product size and defect data, the effectiveness and efficiency of verifica-
tion and validation activities could be monitored over time. Using these results,
the effects of process changes on product quality could be investigated. A
major project change that occurred in one of the projects at Drager Medical
Technology was the introduction of incremental development. The new or-
ganisation of the development process shortened cycle-time considerably, and
thus made it possible to achieve a shortened time-to-market for the new prod-
uct with compromising quality. Similar measurement-based analyses were con-
ducted in the projects of all three PROFES application providers. Moreover, in
the Drager case, a considerable increase in process capability (from 1 to 3 on
the SPICE scale) could be achieved.

GQM to model and evaluate product-process dependencies

The PROFES project investigated the impact of software development processes
on product quality. Identified product/process dependencies (PPDs) are mod-
elled and packaged for reuse (PPD models). The PROFES improvement meth-
odology uses PPD models to identify candidate process changes that are ap-
propriate to yield a required product quality.

A PPD model is shown in Figure 4. It states that a certain software engineering
technology (e.g., software inspections) has a significant impact on achieving a
high level of a certain product quality (e.g., reliability), when applied in a cer-
tain software engineering process (e.g., software requirements analysis) and
context (e.g., under low or average time pressure).

GQM can be used to identify and validate PPD models. Information sources for
defining PPD models are experiential knowledge of software professionals and
empirical investigations of software projects. The structure of a GQM goal is
suitable to express PPD-related information needs. An example of such a GQM
goal can be defined as follows. It is associated with the example PPD model of
Figure 4.

Goal: Analyse the sensor software (final software product) for the purpose of
PPD evaluation with respect to reliability from the viewpoint of the soft-
ware engineers in the context of PROFES-A.

In the GQM goal, the product quality slot of the PPD model is mapped onto
the so-called quality focus (i.e.,. reliability in the example). It is the dependent
variable of the product/process dependency. A coherent collection of questions
and metrics in the GQM plan, which is usually referred to as quality definition,
should be used to define the product quality in terms of appropriate measur-
able indicators.

Copyright © Fraunhofer IESE 1999
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The independent variables contained in a PPD model are mapped onto a collec-
tion of GQM questions and metrics called variation factors. These independent
variables are technology, process, and the context factors. Each of them must
be defined in terms of questions and metrics. For instance, a technology like
software inspections should be defined in terms of process conformance met-
rics (e.g., inspection effort or percentage of inspected documents). In addition,
the expected impact of the independent variables on the dependent variable
(i.e., the product quality) must be defined. In a GQM plan, this information is
associated with the questions of the respective variation factors.

PPD Model 1.3.1
Technology Application Goal

Technology Software Inspections

Product Quality Reliability

Process ENG.3 Software Requirements Analysis

Technology Application Context

CF.1 Experience of inspection team low average high

CF.2 Management commitment low high

CF.3 Overall time pressure Jow average high

CF.4 Module affected by new hardware old_hw new hw

CF.5 Module developed externally internally externally
Figure 4: Example PPD model.

To derive a PPD model using GQM, the appropriate GQM goal is defined (see
above) and GQM interviews are conducted. Their purpose is to acquire the
needed information from the personnel of the project in which the PPD is to be
investigated. A GQM plan documents the results. It can be translated into an
initial and hypothetical PPD model. GQM feedback sessions validate the hy-
pothesised PPD using the measurement data. If needed, they suggest refine-
ments and corrections of the PPD model.

During a PPD-related feedback session the following issues must be addressed:

1) Has the desired product quality been achieved (e.g., a certain level of prod-
uct reliability)?

2) Has the observed practice had impact on the product quality (e.g., did re-
quirements inspections improve reliability?)

3) Are there other impacting factors that have not been measured but that
have had impact on the achieved product quality (e.g., code inspections or
module testing instead of requirements inspections)?

To validate an already existing PPD model, it must be translated into a GQM
plan. Interviews are only needed to validate the translation and to acquire pos-
sibly missing information. The actual validation is performed by the aid of GQM
feedback sessions.

In some cases measurement programmes cannot provide all data needed for
deriving or validating a PPD model. Then the collected data must be comple-
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mented with past measurement data, qualitative information, and experiential
knowledge of project personnel. GQM feedback sessions provide an appropri-
ate framework to access and integrate additional information in a systematic
and well-organised manner.

Integration of GQM with Assessment

GQM is a very flexible tool for detailed in-depth quantitative and qualitative
analyses. Common tools for more general in-breadth process analyses are pro-
cess assessment methods. To combine both types of process analyses, possibili-
ties for integrating GQM with SPICE conformant assessment methods was in-
vestigated.

The integration of assessment and measurement is focusing on two major as-
pects (cf. Figure 5):

1. Integration of GQM planning with process assessment planning and execu-
tion.

2. Use of empirical data from GQM programmes for capability measurement
during process assessments.

During GQM planning, three process steps have to be passed: a) identification
of business goals and characterisation of the environment in which measure-
ment takes place, b) definition of measurement goals and set up of GQM plan
(design of measurement programme), and ¢) detailed definition of measure-
ment execution, i.e. measurement plan, including set up of the measurement
infrastructure (data collection forms and tool support). Through reuse of in-
formation gathered during assessment planning (e.g., document review) and
execution (assessment interviews), valuable information for GQM planning can
be gained. In particular, information about the environment (characterisation)
and business goals can be easily reused for GQM planning and thus reduce ef-
fort for GQM interviews. The most effective way of integrating GQM planning
with assessment planning and execution is for the GQM team to adopt the as-
sessment schedule and participate in assessment interviews and feedback ses-
sion. During the PROFES project, the perceived benefits from the integration of
BOOTSTRAP interviews with GQM planning were that the responsibles for the
measurement programme:

1. gained deeper understanding and familiarity with relevant software devel-
opment and improvement issues,

2. received a broader spectrum of information than they would have gained
from GQM interviews alone,

3. limited the effort overhead for the project team, and
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4. shortened the time needed for conducting process assessment and GQM
measurement planning together.

The integration of GQM execution with process assessments is mainly based on
the use of measurement data during assessments. If validated data and its in-
terpretation (provided during GQM feedback sessions on a regular base) can
directly be used for assessing processes, then process assessments can be ac-
celerated and conducted more often, hence gradually converging to the idea
of “continuous assessment”. It is, however, not a trivial research issue to inves-
tigate under which circumstances a particular measure is suited to help auto-
mate the assessment of a specific process. Although first experience has been
gained during the PROFES project, this is still an ongoing work. More details on
the topic are presented in the next chapter.

e Focused GQM
BOOTSTRAP | measurement
assessment
1 Integrated Interviews
Defines l l Produces
-
PROCESS METRICSIN Uses
\_ CAPABILITY | GQM PLAN
P Isused to assess Is used to refine Devesl\c%ment
Project
MEASUREMENT DATA Collects and
~—
\_ FEEDBACK SESSIONS analyses
Figure 5: Aspects of integrating GQM with software process assessment.

4.4 GQM to facilitate continuous assessment

Typically, an assessment is an annual or biannual snapshot of the software de-
velopment activities, and is conducted as a self-assessment or using an external
assessment team. Information gathering is done manually through document
reviews and interviews. Use of supporting tools is minimal.

The basic idea of continuous software process assessment is to collect relevant
information from the software process as it becomes available. This informa-
tion can then be consolidated and used to help an assessor to make judgement
of the process status.
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There is a paradigm shift with continuous assessment. Information is continu-
ously gathered using existing data from the development process where possi-
ble. While the act of assessment is done in a traditional sense by a competent
assessor or team using available information, the continual manner how the
assessment is done changes the role of assessment within process improve-
ment.

The degree of continuity and automation determines how embedded the as-
sessment is in the software development process. If majority of assessment in-
formation is gathered (automatically) via a measurement programme, the no-
tion of Measurement bAsed Assessment (MAA) clarifies this special instance of
continuous assessment.

In this section we are interested in the MAA approach for continuous assess-
ment. Analysing detailed process information against a common reference
framework can result in better understanding of the influence of process ca-
pability on the object of study in a GQM measurement programme.

Background for continuous assessment

For continuous assessment purposes, the ISO 15504 is used as a reference
framework for the software process capability as it is possible to find links be-
tween measurable objects and the ISO 15504 framework (cf. Figure 6). Specifi-
cally, the assessment indlicators provide the adequate detail for connecting ac-
tual process information.

The indicators of process performance are used to determine whether a proc-
ess exists in practice. For example, the software design process (cf. ENG.1.3 in
ISO 15504 reference model) is considered as existing if it can be determined
that there exist documents that specify

 an architectural design that describes the major software components that
will implement the software requirements;

 internal and external interfaces of each software component;
» adetailed design that describes software units that can be built and tested;

» consistency between software requirements and software designs.

If a software design process is functioning in an organisation it should be fairly
straightforward to determine the existence of the documents that satisfy the
goals listed above. This information could be contained, e.g. in a document
management system that keeps track of the documents produced against a
specified process. A report from this system would then help the assessor in
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determining whether the software design process is performed in the organisa-
tion.

ASSESSMENT MODEL
(ISO 15504 Part 5)

PROCESS DIMENSION CAPABILITY DIMENSION
Process categories ISO 15504 Capability level
Processes REFERENCE apability levels
(with definition MODEL Process Attributes
of process purpose )

Indicators of Indicators of
b ] Assessment p bilit
rocess performance indicators rocess capability
- Base Practices - Management pI‘aCticeS

- Practice performance

- Work Products & o
Characteristics

WP Characteristics
- Resource & Infrastructure

Characteristics

The ISO 15504 framework.

Further, the ISO 15504 indicators of process capability are used to determine
how capable an existing process is. Linking information from the measurement
system to the management practices, characteristics of practice performance,
resource and infrastructure can assist an assessor in determining how well the
process is performed as intended by the definition of ISO 15504. For example,
the performance management attribute 2.1 of SPICE level 2 can be considered
as fulfilled if

» objectives for the performance of the process will be identified (for exam-
ple, time-scale, cycle time and resource usage);

 the responsibility and authority for developing the work products of the
process will be assigned;

» the performance of the process will be managed to produce work products
that meet the defined objectives.

Using the ISO15504 indicators, a special branch of a GQM plan is created
where the goal is usually to understand, monitor or improve process capability.
This provides additional viewpoint to a measurement programme yielding sup-
plementary information to better understand the object of the study. A special
tool support to link a GQM plan with ISO15504 indicators is being created
within the PROFES project.
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There are two main areas where continuous assessment is expected to bring
benefits over the traditional approaches:

* Process visibility

¢ Assessment cost

With continuous assessment the process implementation becomes more visi-
ble. It is possible to see in detail what is done in the software process against a
solid process framework. For example, this enables close observation of im-
provement activities so it is more apparent whether new practices are adopted
and successful long before the usual re-assessment. Continuous assessment
also provides the means to detect process deviations earlier thus helping to
manage process implementation in two ways: Firstly, giving early signals on
practices that are not being adopted, indicating that people should be sup-
ported with the process adoptation. Secondly, suggesting potentials for proc-
ess change.

The assessment costs are expected to be reduced with continuous assessment.
The working hypothesis is that collecting information from the software proc-
ess as it becomes available reduces the time needed for the interviews and
document analysis during an assessment. Appropriate tooling (e.g. MetriFlame
[16]) can greatly support this data collection. The key is to integrate the data
collection into the work processes in such a way that it is a natural part of the
work. This can be achieved in two ways: Either the data collection is essential
for the work to be performed (e.g. writing an inspection report) or that the
work automatically leaves marks in the tools and databases of the company.
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Figure 7:

The Role of GQM in validating
the PROFES improvement
methodology

The Role of GQM in validating the PROFES improvement method-

Validation of the PROFES improvement methodology started at the beginning
of the PROFES project in early 1997. Based on the first blueprint of the meth-
odology, the validation study was planned with early involvement of the meth-
odology users. The investigation is separated into two 15 months periods,
during which the PROFES improvement methodology has been applied yet in
multiple projects at the three industrial application projects of PROFES at
Drager MT-M, Ericsson Finland, and Tokheim. The projects were subject to de-
tailed observation by the researchers who are responsible for the validation
work. Hence, the basic design of the empirical work in PROFES is a twice re-
peated, three times replicated case study. Figure 7 depicts the overall structure
and the main phases of the PROFES methodology validation study.

‘>
Baseline Continous End of Phase | Continuous End of Phase ||
Measure- Data collection M easurement Data collection Measuremen
ment
Phase | of Phase Il of
Improvement Improvement
Programs Programs

: Tokhejm
1

*Process assessments
*Goal-oriented measurement
*Product/process dependencies
*Process models
*Experience Packaging

Design of the PROFES methodology validation study and its main phases.

The PROFES methodology validation involves three basic types of validation cri-
teria (i.e., multi-facetted validation):

» Achievement of product quality improvements through application of the
PROFES improvement methodology (to be demonstrated by identifying
causal links between methodology and product quality)

» Other aspects of benefit from applying the PROFES improvement methodol-
ogy.
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» Cost-effectiveness of the PROFES improvement methodology.

GQM has been used to identify and define validation criteria. Two overall GQM
goals were defined that differ in their viewpoints:

Goal 1: Analyse the PROFES improvement methodology with respect to
cost/benefit for the purpose of characterisation from the viewpoint of
the methodology user in the context of PROFES.

Goal 2: Analyse the PROFES improvement methodology with respect to
cost/benefit for the purpose of characterisation from the viewpoint of
the methodology provider in the context of PROFES.

For each goal, questions and metrics have been gained by interviewing repre-
sentatives of the PROFES application projects or methodology developers, re-
spectively. The results are defined in the form of two GQM plans, which have
been used to plan data collection and analysis. Figure 8 outlines their structure.
It lists validation criteria and assumed impacting factors of the PROFES meth-

odology validation.

Methodology User Viewpoint

Methodology Provider Viewpoint

Product Improvements
Achievement of product quality goals

Process Improvements
Standardisation of work practices
Focusing of process definition
Improvement of work practices
Improvement of efficiency of work practices
Reduced risk of failure

Systematic Improvement
Reduced risk of failure
Focused improvement actions
Integrated business, product, and process issues
Tailorability
Efficient management involvement
Compatibility with quality awards

Findings, Awareness, Understanding
Knowledge about software and system
Awareness of software development capabilities
Awareness of crucial software development issues
Awareness of necessity of improvement
New findings

Team Building & Organisational Culture
Contribution to group synergy
Awareness of necessity of improvement

Possible Impacting Factors
Maturity of the software organisation
Infrastructure of the software organisation
Other ongoing improvement initiatives
Project management’s awareness of the im-
provement methodology
Higher management's expectations on the im-
provement program

Product Improvements
Product quality improvements
Process Improvements
Process definition
Process consistence
Process stability
Methodology characteristics
Domain-specific for embedded systems de-
velopment
Customer viewpoint
Quality and improvement awareness
Methodology definition and support
Coverage of methodology (roles, phases, ac-
tivities)
Guidance of methodology (processes,
guidelines)
Documentation of methodology
Tool support of methodology

Possible Impacting Factors

Size of measurement program

Maturity of the software organisation
Infrastructure of the software organisation
Other ongoing improvement initiatives
Organisational culture: Management com-
mitment for the improvement program
Organisational culture: Improvement atti-
tude within the software project

Degree at which quality improvement is in-
tegrated with regular software development
activities

PROFES validation criteria and expected impacting factors.
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Non-product-related improvements at the PROFES applications involve for in-
stance the fast process capability increase to level 3 on the process maturity
scale, meeting the ISO 9001 certification criteria, better design and testing
practices, as well as better integration of quality assurance with the project
team. Example benefits that are specifically due to GQM measurement are:
Enhanced definitions of software development processes, increased knowledge
about software and system, and the effective fine-tuning of improvement ac-
tions using GQM measurement data. Similar kinds of benefits have been iden-
tified concerning ISO 15504 process assessments, process modelling, software
engineering experience management, and other parts of the PROFES improve-
ment methodology.

The third type of methodology validation criteria in PROFES is cost-
effectiveness. The GQM interviews for planning the evaluation work have re-
sulted in the following facets of cost-effectiveness: Overall effort for the im-
provement program, effort for the improvement program by key personnel
(i.e., managers, software engineers, improvement team, and external consult-
ants), and tailoring effort for the improvement methodology when setting up
the improvement program. The related measurements have provided detailed
effort data about the execution of BOOTSTRAP process assessments and GQM
measurement programmes. It involves the number of hours spent by each par-
ticipant of the improvement program for each activity of the respective
method. Table 2 shows an example effort model for one variant of
BOOTSTRAP assessments.

Role Total

Activity Lead Assessor |Assessor |Manager |Engineer [Facilitator
Preparation 18 20 2 40
Opening Briefing 0.5 0.5 2 1 0.5 4.5
Assessment SPU 7.5 7.5 2.5 1 18.5
Assessment Project 27 26 4.5 4 3 64.5
Evaluation 32 16 48
Review 10 10 20
Final Meeting 7 7 4 4 6 28
Report Preparation 44 4 48
Report Review 2 8 10
Total 148 99 13 9 12.5 281.5

(Effort in person hours)

Example effort model of BOOTSTRAP process assessments.
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Conclusions and Future Work

The PROFES improvement methodology, which has been developed in a Euro-
pean research project, is novel in multiple ways: (1) It focuses on process im-
provement that is driven by explicit product quality goals. Therefore, explicit
links are forged between aspects of the software process and their impact on
the resulting software product quality. (2) The PROFES improvement approach
integrates multiple improvement techniques that have in the past been applied
in isolation; in particular these techniques are process assessments, goal-
oriented measurement, process modelling, product assessment, and systematic
experience reuse. (3) PROFES promotes a systematic and iterative approach of
continuous improvement that is a-priori independent of any specific improve-
ment technique.

GQM substantially contributes to realising these characteristics of the PROFES
improvement methodology. GQM supports the characterisation and monitor-
ing of product quality characteristics and process performance, and it helps to
identify and evaluate of product-process dependencies. In addition, it can easily
be integrated with other assessment, modelling, or improvement techniques,
and it incorporates the principles of continuous improvement.

The contributions of GQM are mainly due to three facts: (1) GQM is a valid and
effective measurement approach, i.e., it helps to assure that the right informa-
tion is measured in the right way. (2) GQM is generic for a wide range of ap-
plications. (3) GQM can be customised to suit any specific application scenario
(e.g., project monitoring, continuous process assessment, or evaluation of im-
provement program success).

GQM has been used to effectively link assessment and measurement. Continu-
ous assessment provides a new perspective — process capability — into a meas-
urement programme. The continuous assessment work within PROFES will be
continued in the application projects to gain more experience on using the ap-
proach, e.g. to find out the most significant cost factors. Also, for a limited set
of processes an initial set of indicators suitable for continuous assessment are
gathered. These can be used as a starting point for planning continuous as-
sessment in other companies. Finally, the tool support for automated data col-
lection will be extended to provide more support for continuous assessment by
mapping measurement data and definitions to BOOTSTRAP processes.
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