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Abstract

The application of a software functional measurement
method is an intellectual process carried out on a
complex abstract artifact: this processincludes both a
mapping phase between the measurement model and
the software model, and a measurement phase for the
instantiation of the measurement rules to the derived
mapping model. In industrial contexts, two types of
difficulties often occur when measuring software: 1-
the software models might not be available, and, when
they are, they may be incomplete and, as frequently
happens, may not use the same modeling approaches
and formalisms and 2- applying the specific formalisms
of a measurement method to a wide variety of
intellectual products which are usually not fully
documented can lead to problems of homogeneity
(coherence) of measurement results, even among
experts. The activity of mapping the functional
measurement method to any type of software model,
and then instantiating the specific measurement rules,
in a specific context, is characteristic of an "expert
task"* which can itself be modeled in turn within a
knowledge system. This paper explores the cognitive
issues arising from these mappings, and the necessary
context inter pretations needed to address these issues,
and then proposes an expert-system approach to
tackle these cognitive issues in order to achieve
consistency in the measurement results.

Y Human expatise, even in arelatively narrow domain, is

often set in a broader context which involves a good deal
of common-sense knowledge about the everyday world
(112, p. 5).

du Québec)

The functional size measurement method selected to
investigate the feasibility of the approach is COSMIC-
FFP, and the knowledge system to be used is Help
CPR. Inthis paper, we present: 1-thevarious phases
of the measurement process; 2— cognitive issuesin the
application of COSMIC-FFP in the context of an
organization; 3 - the experimental case-based
reasoning (CBR) approach proposed to address these
issues; 4 - some examples of the resolution of problems
using a CBR-type tool within a diagnosis procedure.

1. Measurement process

According to Abran et al. (3), there are four phases®in
the measurement process, as follows, and illustrated in
Figure 1

1- Design of the measurement method;

2- Measurement method application, in a specific
context;

3 Measurement results analysis;

4- Exploitation of the measurement results, for instance
in decision-making models, quality models and
estimation models.

2 we replace the word "step" used in the Abran et al.

article (2) by the word "phase”, in order to avoid
confusion with the steps of the COSMIC-FFP method..
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Figure 1: Phasesin the measurement process

Phase 4
Exploitation
of results

Of course, Phase 4 (exploitation of results) is the
activity of most interest to managers (6); however the
quality of decision-making models build and used in
this phase depends heavily on the quality of the inputs
to such models. Therefore, both the quality of the
design of a measurement method (phase 1) and the
quality of its application (phases 2 and 3) to ensure that
the resulting measures are coherent® and of high
quality, are important.

The scope of this paper is on phase 2 (measurement
method application) and on the related challenges in
the context of the measurement of software. To
investigate this phase, the application of a specific
software measurement method, that is COSMIC-FFP,
has been selected as the object of study. In Abran et al
(2), Phase 2 has been broken down into the following
three activities (Figure 2):

1- Data-gathering®

The data-gathering activity is specific to an
organization, and, in general, it is not systematized in
measurement methods documentation®. For example,

3 A measurement is coherent when two measurers with

same documentation (or the same information) obtain the
same measurement results.
To our knowledge, there has been no systematic
theoretical search relating to this phase. Nishiyama et a.
(14) tackled this question from the point of view of the
quality of the documentation.
The Abran et a. document (3) probably uses the term
"data-gathering” in the sense of data as opposed to
information.

Documentation is an instance of the word "data’. The
interviews constitute another instance of the word "data’".
For Violaine Prince, data are "tout signifiant susceptible
d'étre capté, enregistré, transmis ou modifié par un agent
cognitif de traitement de l'information, naturel ou
artificiel" (15, p. 25). In addition, "l'information est un
signifié transporté par une donnée" (idem). There may,
however, be confusion about what is data and what is
information. A document is generally considered as
information. In the context of functional measurement, it
is data, since information is linked to three factors,
according to Prince (idem):

- the task or grids through which the data is decoded

- exigting decoding procedures

there are generic texts about the type of documentation
which the "measurer” must have, but, in practice, this
depends on what is available for a specific project in an
organization, and the experience and knowledge of the
"measurer".

2 - Model of the software

The software to be measured is modeled using the rules
of the measurement method. Several steps ' are
required. In the COSMIC-FFP method, these steps are
asfollows:

- identification of the layers of the software

- identification of the boundary of each piece of
software

- identification of the functional processes
3- Application of the rules of numerical assignment.

This activity is dependent on the first step of the
measurement process, and, more particularly, on the
definition of the rules of numerical assignment. hese
rules are applied by the measurer, starting with the
identification of functional sub processes (which are
recognized as the entities being measured, or as the
based functional component (BFC) according to the
ISO 141431 definitions on functional size
measurement), i.e. 'measurable’ according to the specific
model of the measurement method.

- the decoding agent and its own cognitive universe
7 COSMIC-FFP Measurement Guide (2) used the word

"step”.
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Figure 2: Method application activities

2. The measurement problem

The purpose of phase 2 is to make it possible for
measurers to interpret in a coherent way® the rules of
the measurement method by taking into account the
quality and availability of the documentation for the
software to measure.

From the point of view of the measurer, applying the
rules of measurement ultimately means solving a
specific measurement "problem”. The measurer must
address the following cognitive issues. he must
understand the software to be measured, then he must
interpret its meaning in order to identify what is to be
measured, and, finally, he must use the rules of the
measurement method and the rules of numerical
assignment in order to arrive at the measurement
solution.

Figure 3 shows the cognitive path to be followed by the
measurer:

8 From our view, coherence implies repeatability and

reproducibility, accuracy and convertibility (10).

Understanding

~~

Interpreting

Solving

Figure 3: The measurer's cognitive path

By following this path, the measurer can solve a
specific "problem™ of the measurement application, i.e.
the path connects the measurer's understanding of the
software to the measurement rules. For example, when
a software project documentation provides an
entity/relation model in which the measurer can see 10
entities and 2 relations, the measurers understands that
this model can help him determine the number of
groups of data in the software that he has to measure.
He must then interpret what relations and entities mean
in the context of the measurement rules. He must next
use the rules® relating to the groups of data. A solution
could be that there are 8 valid groups of data as
recognized by the model and rules of te specific
measurement method heis using.

The purpose of our research project is provide help for
different measurers to arrive at the same solution when
using the same set of information as input to a
measurement process with the COSMIC-FFP method to
ensure the coherence of the measurement results. In
the context of software projects, the quality of the input
to the measurement process can be impacted by a lack
of documentation or by the difficulty in interpreting the
documentation. The quality of the documentation has
a significant impact on the cognitive path of the

9 Using rules means using everything which can be useful in

the measurement method in connection with the problem
to be solved.
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measurer, mainly on his level of understanding and of
his interpretation of the documentation. Through
practice, we have identified two main factors with an
impact on the quality of the documentation:

- poor documentation or, in some case, lack of
documentation

- diversity in the representation of software
models

Quiality of the
documentation

Documentation
- incomplete

Models

- obsolete
- wrong

- different model
- different vocabulary

Figure 4. Quality factors of the documentation

Software documentation™ (which is often expressed via
models™ ) is, in practice, frequently incomplete,
obsolete, and sometimes even wrong. Documentation
problems, during the design and installation of
software, affect the way in which the software is

1 The words "application”, "system" or “information
system" are often used as synonyms in business
organizations (in banks, government agencies and
insurance companies, for example). The word "software"
is used more frequently in other industry sectors. We use
the word "software" here for preference, except if the
context requires the use of a different word, as thisis the
word used in ISO standard 14143 (9). See aso the
glossary of the IFPUG Measurement Guide 4.1 (7).

"L es systémes d'information d'ores et déja modélisés font
appel a plusieurs modeles de représentation: modeles de
données et de traitement, modéles de connaissances,
modéeles organisationnels et ergonomiques, modeles @
communication"(15, p. 86). For the purposes of
functional measurement, we use mainly the data
processes and data models.

The software itself could be developed in severa phases,
the name of the phases of which can vary according to the
methodology wsed. There may be one or many phases,
some of which address design (e.g. requests, architecture
and functional analysis) and one or more phases which
address ingtallation (e.g. coding, test, implementation and

11

12

understood for the purposes of measurement.
Moreover, even when the quality of the documentation
is good, it is sometimes difficult to compare the models
across organizations or organizational units because
each organization tends to use its own methodology™,
which means that the modes of representation of the
models, as well as the vocabulary, have various
degrees of differences in the formalisms of models of
representation.

In situations where the quality of the project
documentation is not good enough, the measurer has
to rely on the software developers to fill in the
information that is lacking. @ The measurer must
therefore either trust the documentation, and/or ask the
specialists who developed the software, to figure out
how to apply the measurement rules.

Figure 5 presents the mapping of phase 2 of the
measurement process to the cognitive path of the
measurer. Understanding and interpreting correspond
to the data-gathering activity, the use and the solution

to the software design activity or to the application of
numerical assignment rules activity. In the prior

training). Team composition is not necessarily the same
7).

A methodology is "a body of practices, procedures, and
rules used by those who work in a discipline or engage in
an inquiry; a set of working methods' (See WEB
reference, 1).

13
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example, the identification of the groups of data
belongs to the software modeling activity. By
identifying 8 groups of data, the measurer has found a
solution to his problem of applying the measurement

method to a specific context, in this instance the
application of the measurement rules to the
entity/relation model provided by the documentation.

Activity 1
Software
documentation
gathering

VAN

“—

AN

Understanding

4

Activity 2

Construction of the
software model

Activity 3
Application of the

numerical
assignment rules

Solving

Figure5: The measurer's path and phase 2 activities

Two additional examples are presented as illustration of
information which the measurer can obtain from the
documentation or by interviewing a software devel oper
about the software to be measured:

Thefirst example™ describes a request from a user.

The user wishes to consult a provider's database to
obtain alist of the articles purchased during the past
month from a specific provider.

The measurement of the functional size of this
process involves (based on the data available) a
knowledge or understanding of:

- therelease process modality

- the results of the process or the group of
dataread

14 A similar example was used in (18).

- the validations and the possible results of
the validations

With this information, the measurer applies the
measurement rules by progressing through the
following cognitive steps:

- Understand what the problem is (release, etc.)
- Interpret the meaning of the user's request

- Use the software design rules (or numerical
assignment rules)

- Solvethe problem

The second example involves the measurement of a
report generator.
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The specifications state that the report generator
must provide the user with the capacity to define and
create screens and reports by using the data
available, based on the groups of data of existing
software. The parameters are designed, developed
and delivered so that the user can choose:

- Attributesto be displayed or printed

- Selection criteria

- Thedisplay or impression format

- Among other rulesfor display or printing

The documentation specifies that the functionalities
of the report generator are distinct from the
functionalities of a simple report in the following
ways:

- The attributes of the report generator are
parameters, and not the attributes included
in the group of software data.

- What are delivered are not reports, but the
capacity to build reports.

- There may be more than one user: a user
who is responsible for aeating the reports
and another who uses the reports, i.e. the
type of user is different (the designer
versus the user of areport)

- The architectural environment is different.
The design of reports involves choices in
terms of the parameters of the report
generator and the attributes of the group of
software data. There is aso the display
format and the user of the other display
rules.

In this second example, there is more than one
"problem", or cognitive difficulty in the execution of a
functional measurement. Also, it ispossibleto uncover
ahierarchy of problems, i.e. the solution of one problem
can lead to the identification of another problem. This
means for any type of cognitive problems a measurer
encounters, he could be using Figure 5 path more than
once, i.e. one path for each "problem" identified.

The identification of the functionalities of the report
generator (there can be one or more processes to
identify) constitutes a distinct problem. A number of
guestions then arise relating to identification of the
report generator processes according to COSMIC-
FFP™. The answers to these questions will lead the

15 A functional process is a unique set of data movements
(entry, exit, read, write) implementing a cohesive set of
Functional User Requirements. It is triggered directly, or

measurer to the identification of the processes, and
then to results which can in turn lead him to another
level of problems which consist n identifying sub
processes.

The measurer can identify a problem which has a
solution that allows direct numerical assignment, or
identify a problem which leads him to the identification
of a subsequent problem, and so on. Conseguently the
measurer must know, that is he must figure out’, the
relationships that can be established between the
different problems. This could lead to the construction
of adecision tree. However, trying to figure out all the
number of possibilities would lead very rapidly to a
"computational explosion”. For this reason, the expert
measurers then turn to "heuristics’ to be sufficiently
flexible to accommodate these various possibilities. As
pointed by Dehn and Schank "the heuristics are rules
that suggest way to turn or when to go back and try
something different” (20, p. 363).

To address the measurement problems in a specific
instance, there are two types of knowledge which the
measurer must have:

- An understanding of the software (using the
documentation, the models’” and others
artifacts).

- A knowledge of the COSMIC-FFP method (or
any other measurement method) to enable him
to apply the method and make connections
among the various problems that arise at the
time of measurement.

3. Proposal of a generic diagnostic
procedure

We propose in this paper a generic diagnostic
procedure, as afirst step and not the only possible one,
to help the measurer solve the various measurement
problems he encounters. The description of this
diagnostic procedure will be, for illustrative purposes,

indirectly via an ‘actor’, by an Event {type) and is
complete when it has executed al that is required in
response to the triggering Event (-type). (2, p. 8).

In term of a cognitive approach, in this case, the measurer
must use inference to identify new problems. Rieger (16)
recommend 16 general classes of inference.

A developer can help the measurer to better understand
software models, but, for the purposes of measurement,
it is still the understanding and interpretation of the
measurer that is of primary importance.

16
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the COSMIC-FFP vocabulary *® and measurement steps.
The various COSMIC-FFP steps and sub steps that will
form the basis of our topology™ are described next.

Mapping

Step laz On the basis of the requirements and
specifications relating to the interaction between the
equipment and the software, the measurer must detect
whether or not there is more than one layer, and he
must formally identify it (or them, if more than one).

Step 1b: On the basis of the requirements and
specifications relating to the interaction between the
equipment and the software, the measurer must identify
the users.

Step 2. On the basis of the requirements and
specifications relating to the interaction between the
equipment and the software, the measurer must identify
the boundary of the software.

Step 3a: From the requirements, the measurer must
identify all the functional processes of the software.

Step 3b: From the requirements, the measurer must
identify all the triggers® of the software.

Step 3c: From the requirements, the measurer must
identify all the functional groups of software data.

Measuring

Step 4°%: Sub processes (4a: Input, 4b: Output, 4c: Read,
4d: Write) must be identified for each software
functional process.

Step 5: The functional size of the software is derived
from the aggregation of the measurement results, e.g.
by adding the sub processes. Because this operationis
strictly arithmetic, no particular expertise is required; it
is thus not included within the scope of this paper.

18 |ts vocabulary and its system of classifying the words

used (e.g. the layer is more generic than the boundary,
which is more generic than the process).

Topology: The art of, or method for, assisting the
memory by associating the thing or subject to be
remembered with a place.

The trigger event could also be studied at the sub process
level, because the trigger event could be considered to be
at the same level as the other sub processes. We chose to
look at the trigger event at the process level, since it is
used specifically to identify the processes.

Step 4 refers to four different problems: identification of
"Entry", "Exit", "Read", "Write". We grouped them
together to simplify our representation in the schema.

19
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Mapping A B C
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Step 1 the layers Y| the users
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Step 2 the
boundary
Identifying Identifying the Identifying
Step 3 functional triggering the data
processes v event group
Identifying Entry
Step 4 the sub —N Exit
P processes — Read
Write
Adding the
Step 5 sub
processes

Figure 6:Topology of the COSMIC-FFP
method

Based on these steps, it is possible to create atopology
of problems encountered by the measurer (Figure 6).

There can be multiple types of problems within each
block the measurer must seek to solve. Each type of
problem in this topology is referred to as a case
problem in CBR terminology. The topology helps to
locate the various case problems encountered by the
measurer. It should also be noted that there is a
hierarchy in the topology of the case problems in

Figure 6. A case problem at Step 1 is more generic than
acase problem at Step 2, and so on.

This topology, linked to the measurer's path, enables us
to propose a diagnostic procedure providing the
measurer with typical solutions to different
measurement problems, and doing so in a coherent
way. It is not the only possible topology, nor is it
necessarily yet a complete one, for the measurer's
practice, but rather a starting point. The encounter, and
resolution, of new case problems can enrich this
topology when there is a feedback mechanism that
permits to register the knowledge being built in the
problem resolution process.

The proposed diagnostic procedureis as follows:
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- The measurer must identify the nature of the
problem. He might also have to identify additional
problems related to the nature of theinitial problem
identified, if thereis more than one problem

- The diagnostic tool locates case problem(s) using
the topology and heuristic formula.

- For each case problem, the measurer answers the
appropriate questions in order to best understand
and interpret the problem.

Assume the
measurer
understands
the information

Identify the

- The specific answers proposed for the questions
will lead to a proposed solution.

- A proposed solution can lead to another case
problem, and, with relevant complementary
information, contribute to te identification of a
typical solution. It can also lead to a new problem,
and the identification of arelevant solution.

problem

‘\H]i

Locate each

problem
ASK_ Find a Identify a new
appropriate [ solution problem or a
questions new case

Figure 7:Diagnostic procedure

Research work has begun to implement such a
diagnostic procedure by using a cognitive tool, and to
demonstrate how it works based on the two examples
described earlier. Inthisinitia work, a key difficulty is
how to identify what was referred to as an 'appropriate’
question in the diagnostic of a measurement problem.
Of course, measurers with alot of experience are better
positioned in identifying ‘appropriate’ questions, while
beginners cannot benefit from extensive previous
experience. A strategy to help beginners in
measurement is to make available to them the expertise
of experts through classical expert-based systems,
including those referred to as ‘case-base reasoning'
(CBR) systems.

4. Experimentation with a cognitive
diagnostic tool (Help CPR)

4.1 What isa Case-Based Reasoning (CBR)
tool?

In the cognitive field, aCBR system is referred to as a
tool which “is able to utilize the specific knowledge of
previously experienced, concrete problem situations
(cases). A new problem is solved by finding a similar
past case, and reusing it in the new problem situation.
.... CBRis also an approach to incremental, sustained
learning, since a new experience is retained each time
a problem has been solved, making it immediately
available for future problems” (1).
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Figure 8: CBR cycle (adapted from Aamodt et al. (1) and Watson (19))

The four phases of the CBR cycle are as follows (Figure
8):
- RETRIEVE the most similar case or cases that
will help solve the problem;

- REUSE the information and knowledge from
that case to solve the problem;

- REVISE the proposed solution ;

- RETAIN the parts of this case likely to be
useful in future problem-solving.

A new type of problem is solved by retrieving one or
more previously experienced cases, reusing the casein
one way or another, revising the solution based on
reusing a previous case, and retaining the useful parts
of the new case and incorporating them into the
existing knowledge base (case base). Unless the
retrieved case is very close to the solution required, the
measurer may wish to repeat the process until a more
satisfying solution is found.

Prior to discuss how a CBR tool can be useful to a
measurer, the following concepts in CBR terminology
are briefly discussed:

- Whatisacase?

- What is the relationship between the
measurer's problems and the cases?

For Kolodner (12), acasein a CBR is a contextualized
piece of knowledge representing an experience.

According to our interpretation of the work of the
authors of (11,12 and 18), a case includes:

- A description of the situation (the problem
encountered) surrounding the case;

- Questions, based on the situation, which
describe potential solutions which have
aready been recorded for the case (generally
in the form of probabilities);

- A result which provides an indication of
the solution.

In the context of software functional size measurement,
the steps and sub steps in the problem topology
congtitute the cases for the measurer. When a
measurer has a problem with the application of the
measurement method in a specific instance, and he is
investigating how to solveit, the measurer using such a
proposed diagnostic tool must answer a number of
guestions identified as relevant to the nature of the
problem he recognized as application to his context of
measurement.  The result proposed then by the
diagnostic tool is either a solution or a new case
problem.

How can atool like a CBR be useful for the measurer?
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The use of a CBR embodies a number of assumptions,
according to Kolodner (12)%:

- Regularity: The world is essentialy a regular
and predictable place. The same actions
performed under the same conditions will
normally have the same (or very similar)
outcomes.

- Typicality: Eventstend to be repeated. Thus,
a CBR system's experiences are likely to be
useful in the future.

- Consistency: Small changes in the world
require only small changes to our reasoning,
and so correspondingly small changes are
needed to our solutions.

The application of a measurement method exhibit these
characteristics and by definition, measurement
standards require regularity; moreover, the same case
problem , or similar ones, recur on a regular basis in
various contexts.

4.2 The CBR and the diagnostic procedure

dentify the Find a problem reo-:ezzize
problem 9
the cases

= =

Retrieve one Locating
(or many) [ uimnicropaey each
cases problem

== =

Asking -

Propo_se a suitable N Flndln_g a

solution . solution

questions
— ! |
Test/ Identifying a new

reorganize ad new cases problemora -
the cases new case

Figure 9: The CBR and the diagnostic
procedure

We present in Figure 9 the parallel we have established
between the CBR approach (on the left in Figure 9) and
the diagnostic procedure (on the right-hand side); the
links that can be found between the two approaches are
asoidentified in Figure 9.

% Seealso Watson (18, p. 200).

In the context of experimenting with the use of a
diagnostic procedure for cognitive issues in software
functional size measurement, the CBR-related tool sold
by the firm Haley Enterprises, "Help CPR" was sel ected.

4.3 Functional description of Help CPR, a
CBR tool.

Help CPR has amenu, making it possible to open and to
back up several databases in Microsoft Access format.
Help CPR organizes information on the cases into three
distinct types of objects: problems, questions and
actions. A fourth type of object is the "query". The
cases are created by interconnecting these types of
objects. It isnot necessary to have the object "action”
for the resolution of a case, but all the other objects are
essential.

It is possible to assign (via the expert interfaces™)
information on the "problem" level (object "problems")
or "action" level (object "actions'), but not on the
"question” level (object "questions"). This assignment
isthe equivalent of a hypertext reference.

% \Wedo not present the Help CPR Expert interfaces
here. These are described in (5).
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Figure 10: Help CPR user interface

It is possible to choose a particular problem by using
the function or object "Query", entering a key word or
sentence. Help CPR connects the identified problem
and the casesin the case base. It then suggests one or
many problems to solve. For example, while entering
the term "data group" ad the object "Query", one
finds in the object "problems", the problem relating to
the "data group".

Automatically, in the object "questions”, the questions
relating to this problem appear. The measurer must
then enter a response. The answers provide possible
solutions related to the problem to be solved. In this
tool, the color green on the left indicates a positive
answer, while the color red indicates a negative answer.
It is also possible to suggest an action according to the
nature of the answers to the questions. The action can
point to some other "key words" to add to the
knowledge base.

What is the link between Help CPR and the CBR
approach?  The object "Query" in Help CPR
corresponds to the identification of the problem. The
problems in the dject "problems’ list correspond to
cases found in the topology. The result (green or red
bar) appears on the screen (left side of the object

"problems") as the user answers questions (object
"questions") corresponding to suggestions for a
solution. New questions are added and tested
manually viathe expert interfaces (not described here).
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Figure 11: Links between Help CPR and the
CBR approach

4.4 11lustration of Help CPR usage

The use of Help CPR in the implementation of our
proposed diagnostic procedure is illustrated using the
two examples presented earlier

The diagnostic procedure can be summarized as
follows:

- ldentify the nature of the problem;

- Locate case problem using the topology and
heuristic formula;

- Use the appropriate questions to probe a
problem;
- Findasolution;

- ldentify a new problem or a new case, if
necessary.

Example 1 (reminder)

The user asks for permission to question a provider's
database to obtain alist of the articles purchased in the
past month from a specific provider. Measurement of
the size of this process involves (based on the data
available) aknowledge or understanding of:

- therelease process modality;

- theresults of the process or the group of data
read;

- the validations and possible results of the
validations;

For this example, the measurer needs to identify the
nature of the problem. For each problem identified the
measurer applies the 5 activities of the diagnostic
procedure. For example, the nature of the first problem
is the identification of the process, which is step 3ain
the topology of the COSMIC-FFP method. Appendix
A shows 7 case problems related to identification of the
process, identification of the trigger event, etc. For this
particular example, each case problem is at the level of
the topology, but in the diagnostic tool the case
problem will most probably be at a lower level. The
third activity is about answering the questions to
determine if what the measurer can understand and
interpret from the documentation represents indeed a
process. The next activity is coming from the
diagnostic tool that suggests a solution, and the
proposed solution comes from the heuristics of the tool
provided by the expert. Finally, this could lead to the
identification of a new problem. For instance, after
having identified a process, it is necessary to identify
next itsfirst sub processes or the trigger event.

Example 2 (reminder)

It is not necessary for the measurer to go through all
the various levels of the topology every time. In the
first example, the questions were at the level of steps 3
and 4 of the topology. In the second example, however,
the questions start at step 1.

In the CBR diagnostic tool used, the questions do not
necessarily follow in the same order, and the
formulation can be different. This is why they have
been numbered differently. Thereisadistinction, then,
between the formulation of the problem by the user and
itsformulation in thetool. Thisisbecauseitis possible
to use problems in one example for another example.
The experts try to generalize the typical problems (e.g.
there are a limited number of questions required to
identify an entry). This, of course, requires further
investigation.

4.5 Some limitations of Help CPR and future
resear ch
The version of the CBR tool used had the following
limitations:

- The current system makes it possible to
follow, only up to a point, the cognitive path
of the user. These limitations will need to be
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better understood to eval uate the efficiency of
the cognitive tool and improveit.

- The interface explaining the "why" of the
answers is not available. If the measurer were
to know why the expert provided a specific
answer in the diagnostic tool, he could
understand himself the cognitive path of the
expert when measuring, and he could learn
faster and increase his own level of
measurement expertise.

Further research

Our purpose was identify some of the cognitive issues
in the measurement of software and the when going
from a software documentation, then through all the
cognitive steps required to solve the measurement
problem to tackled on such a complex intellectual
product. In this context, we initiated an investigation
on how a CBR approach could help as a diagnostic tool
meets the cognitive needs of the measurer.

We did not tackle in this paper the expert interfaces;
several interfaces are already present in Help CPR
which we did not describe here for simplicity sake.
Further research is required on the cognitive issues
relating to these interfaces. There is also a need to
analyze the distinction to be made between the
formulation of the problem by the user and the
formulation of the problem by the expert (as formulated
and subsequently structured and recorded in a CBR
tool).

The effectiveness of this tool when used by novice
measurers also need to be investigated. More research
will be necessary to improve the actual topology and
the different concepts related to the concept of

topology.

5. Conclusion

Application of a software functional measurement
method is an intellectual process carried out on a
complex abstract artifact: this process includes both a
mapping phase between the measurement model and
the software model, and a measurement phase for the
instantiation of the measurement rules to the derived
mapping model.

The measurer must go through the following cognitive
steps to address this measurement process. he must
understand the software to be measured, then he must
interpret its meaning in order to accurately identify
what is to be measured, and, finally, he must use the
rules of the measurement method and the rules of

numerical assignment in order to arrive at the
measurement solution.

To tackle these cognitive issues, we proposed a
cognitive approach: a diagnostic procedure that follows
the Case-Based Reasoning cycle approach linked to a
topology based on the measurement method. From
there, we illustrated the use of a diagnostic tool to help
the measurer solve a specific functional measurement
"problem”. Finally, with a CBR-type tool, a
measurement expert can enrich this topology, at the
time of its use, when there is a feedback mechanism that
permits to register the knowledge being built in the
problem resol ution process.
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Appendix A
Problem diagnostic: examples

Problem1

A) Identification of the problem: isthisaprocess?

B) Location of each problem in the topology: Step 3a.
C) Questions: which the measurer must ask to identify
the process and to identify whether or not the function
described corresponds to the definition of a process

D) Result: thetrigger event must be identified as being
a single one, and conform to the definition of a trigger
event. The process must be identified as
corresponding to the definition of a process

E) Identification of a new problem: it will aso be
necessary to identify the trigger event and sub process

Problem 2

A) ldentification of the problem: identification of the
trigger event

B) Locate of each problem in the topology: Step 3b

C) Questions: which the measurer must ask to identify
the trigger event

D) Result (or action): the trigger event is identified as
being a single one, and conforms to the definition of a
trigger event

Problem 3

A) ldentification of the problem: identification of the
group of data

B) Location of each problemin the topology: Step 3c
C) Questions: each group of data is identified and
conformsto the definition of agroup of data

D) Result (or action): the group of dataisidentified

Problem4

A) ldentification of the problem: identification of the
entry

B) Location of each problem in the topology: Step 4

C) Questions: which the measurer must ask to identify
the entry

D) Result (or action): each entry isidentified asbeing a
single one, and conforms to the definition of an entry

Problem5

A) ldentification of the problem: identification of the
group of dataread

B) Location of each problem in the topology: Step 4

C) Questions: which the measurer must ask to identify
the groups of dataread

D) Result (or action): each group of data read is
identified as being a single one, and conforms to the
definition of agroup of dataread

Problem 6

A) ldentification of the problem: identification of the
groups of datawritten

B) Location of each problem in the topology: Step 4

C) Questions: which the measurer must ask to identify
the groups of datawritten

D) Result (or action): each group of data written is
identified as being a single one, and conforms to the
definition of group of datawritten

Problem 7

A) Identification of the problem: identification of the
exits

B) Location of each problem in the topology: Step 4

C) Questions: which the measurer must ask to identify
the exits

D) Result (or action): each exit is identified as being a
single one, and conforms to the definition of group of
dataexits

Example2

The second example involves several levels® of
problems. The measurer tries to correctly identify a
report generator and wishes to apply measurement
rulesfor areport generator.

Problem (level 1)

A) Identification of the problem: identification of a
report generator

B) Location of each problem in the topology: Step 1 (or
new element in the topology)

C) Question: to determine whether or not this report
generator is based on the characteristics of a report
generator.

D) Result (or action): an explanation of what a report
generator is, and the referencing of another problem

which will make it possible to direct the measurer to the
report generator measurement. |If this is not a report
generator, or the probability of it being so is weak, the
reason(s) why it is not areport generator are explained.

# By level, we simply means that a more generic problem is

at the first level, since aless generic problem is at alower
level. It is possible, in this specific case, to note the
relation between the level of the problem and the different
steps of the approach.
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Problem (level 2)

A) ldentification of the problem: to identify each
process of the report generator

B) Location of each problem in the topology: Step 3

C) Questions: to help identify the main processes
(COSMIC-FFP definition) of the report generator.

D) Result (or action): each process is identified;
moreover, to help in checking the results, the measurer
can refer to a document explaining the main identifiable
processes within a report generator. These processes
do not necessarily correspond to the processes
identified by the measurer for this particular case, but
the reference document serves as areminder.
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