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M easur ement in Softwar e Development TI Me
Before we start

Measurement in Software Development

Thistheme is about measurement in software development, afield that isknown as met-
rics or software metrics. Before we start (p.18-2) collecting data we must ask questions
like

* Why are we collecting these Data? (p.18-2)

» How shall we collect these Data? (p.18-5)

» How will we analyze the Data? (p.18-6)

A method that focuses on thisis GQM - The Goal Question Metrics approach (p.18-4).

We aso discuss How to define Useful Metrics (p.18-11), and present afew Individual
metrics (p.18-14).

Thisthemeis closely related to Process Improvement.

Before we start

Itiseasy to collect software metrics, either manually or automatically. Thereal problem
starts when we want to use these data. Many of the software metrics activities that have
been started, both in industry and academia, have resulted in large data repositories
which quickly have turned into data cemeteries, complete with ghouls (software metrics
researchers) and the un-dead that always come back to haunt us - like Adam’s data on
software MTTF.

Thereason why software metrics collection ends up in thisway isthat the work hasbeen
started without aclear view of what the peopl e participating in the work want to achieve.
In order to make software metrics activities succeed, the following questions must be
answered first:

1. Why are we collecting these Data? (p.18-2) This must be decided first since all later
decisions will depend on the answer to this first question.

2. How shall we collect these Data? (p.18-5) When shall they be collected and by
whom?Hereit isimportant to give acomplete description. If wefail here, all our con-
clusion will be marred by discussions on whether two data sets are comparable, what
they mean, whether they are relevant and so on.

3. How will weanalyzethe Data? (p.18-6) The analysis must enable the company to ful-
fil the why from point 1.

The following sections will discuss each of the above pointsin some detail.

Why are we collecting these Data?

18-2

Strange as it may seem, this question is seldom asked. The most popular approach isto
give somebody alarge collection of dataand then ask “What do these datamean?’. The
only reasonable answer to this rather awkward question is “Well, what do you want
them to mean?’. In reality, the question cannot be answered.

Metrics TIMe Electronic Textbook v 4.0 © SINTEF Modified: 1999-07-16



Tl Me M easurement in Softwar e Development -

Why are we collecting these Data?

A practical solution to this problemisthe GQM - The Goal Question Metrics approach
(p.18-4), which we will describe shortly below.
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The Goals

GQM - The Goal Question Metrics approach

Asthe name implies, GQM consists of defining The Goals (p.18-4), The Questions
(p.18-4) and The Metrics (p.18-5) in an orderly fashion. GQM is a metrics method that
is closely related to Process Improvement, especially to Measurement based process
improvement.

The Goals

In order to answer the why-question, we first need to decide what we want to achieve -
i.e. we need to have one or more goals. The goals can be related to the process or the
product or to both of these entities.

Examples of goals that we have seen in companies that develop software are:
* Reduce the development time by 30%.

* Reduce the density of after-delivery errorsto lessthan 1 error per 10 000 lines of
code.

» Reduce the calendar time for handling customer change requests by 50%.

The Questions

Each stated goal will raise a series of questions. These questions are concerned with
such information as:

* What isthe current status concerning the goals?

» Which externa and internal factors influence the goals?

» How can we understand and describe the rel ations between the factors that influence
the goals?

When the questions are clear, then - and only then - are we ready to start to discuss mea-
surement. The measuresthat we collect must enable usto answer the questions. Thishas
two big advantages:

1. Ithelpsusto focusour datacollection. Sincewe have aclear goal - answer one of the
guestions - we will be able to search for, discuss and select metricsin an orderly
manner.

2. It conveys the reason for the data collection to all personnel that are involved in the
process. Since everybody knows why we collect the data, everybody can contribute

to the process with their knowledge. In addition, everybody will be more interested
in the results and be more motivated to collect the datain the best possible manner.
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The Metrics

The Metrics

The GQM approach does not guaranty that it will be easy to find the datato collect. On
the contrary, having clarified the purpose will show that much of the information that
we need is not contained in the Standard Metrics (p.18-11). Instead we might find that
asubstantial portion of the measures can not be collected automatically or that they can-
not even be collected in an objective manner at all.

However, the clear purpose that we have been able to describe through the goal-ques-
tion-metric approach will help usto work through the decisions until we have a set of
goals, questions and metrics that will be of value to the participantsin the measurement
process. The most important isto be sure that the needed metricsreally can be collected
and that it can be done in an efficient manner.

How shall we collect these Data?

When we - at long last - have decided which data we want to collect, we will have to
decide and describe how we shall collect them. The important things to decide on are:

» Which data shall be collected? Here we must be precise, so that the data collection
activity is repeatable.

» How shall the data be collected? Here we must bear in mind that the datawe are |ook-
ing for not always will be objective. In some cases collecting the dataissimple - like
counting the number of failure reports or the number of lines of code. In other cases,
the datamay be subjective - like how much time have you spent looking for asolution
before you started coding? If the data are subjective it isimportant to register the
uncertainty in the data. If we, for instance, ask a person how long timeit takeshimto
walk to work, the answer will seldom be say 30 minutes. Most likely he will answer
something like “Usually between 20 and 35 minutes’. It isimportant that this uncer-
tainty is preserved in the data registration so that it can be used during the data
analysis.

* Whoisresponsible? This must not necessarily be aperson - in many casesitisarole
inaproject or in the organization, for instance the project leader or afunction in the
company’s economics department.

» What isthe object of data collection? Here we need to describe the type of document
where the data can be found. Examples are the design document for subsystem X, the
test report for the FAT, or the code for procedure Y.

» When shall the data be collected? Usually, the answer hereisnot atime or adate, but
asituation or thefact that a certain state has been achieved. Examplesare just before
system test, when the document has passed a review without any remarks and so on.
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How will we analyze the Data?

All the information listed above is needed in order to collect useful data - software met-
rics - and must be described before any data collection starts. The information can be
organized in atable. An example, taken from the ESPRIT-project PERFECT, is shown
in Table 18-1 (p.18-6) below.

Table 18-1: Example of how data isto be collected

Information identifier Information
Datatype real
Measurement unit person-hours
Measurement scale real
M easurement object personal resource reports

Measurement responsible | project manager

M easurement trigger project is finished

How to measure accumulate person-hours related to meetings
and discussion pertaining to choosing solutions

Expected value

Observed value

The fact that some data are collected in a subjective manner gives some people the
creeps. In our opinion, however, it is better to collect important data with some uncer-
tainty than to collect other datawith great precision but which we do not really need. In
addition, some data, which we collect in a subjective manner early in the process may
later be collected in an objective manner if they turn out to be important. Since this usu-
aly will carry extra costs, it isimportant to check that the effort is worth the money.

It isasobering thought that the most important dataitem that we can collect will for ever
be subjective - namely “How satisfied are the customers with our products?’.

How will we analyze the Data?

18-6

The purpose of the analysisisto provide answersto the questions that spawned the data
collection. Basically, there can be two reasons for analyzing the data, namely to Check
for Improvement (p.18-9) in product or process, or to Understand the Process (p.18-7).
Usually, we will do both - first we want to understand the process and then we want to
changeit in order to improve the product or the processitself. We will discuss both
approaches in the following sections.

The Role of the Environment

It isnot enough to collect data pertaining to the process or product itself. In addition, we
need to collect data that describes the environment. Thisis necessary in order to only
compare or pool data that are comparable.
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How will we analyze the Data?

As an example, consider a productivity improvement activity. We have observed a pro-
ductivity of A function points per day in aproject. Then, for the next development
project, we introduce a new tool that promisesto boost productivity by at least 50%. In
thisproject we observe aproductivity of 2A function pointsper day. The questionisnow
- did the new tool live up to its promises? The answer is that we will never know if we
do not collect data concerning the environment.

L et usassume that we, in the exampl e above, have the following additional information:

* Inthefirst project we had high requirements on reliability and safety and had to
implement alarge MM -package

 Inthe second project we had nominal reliability and safety requirements and no
MMI-software

Itisdtill possible that the tool boosted the productivity with 50%, but to be reasonably
surewe need to be able to assess how much of the productivity increase that comesfrom
the new tool, and how much that comes from the fact that we developed a simpler
product.

It isimportant to bear in mind that if the two projects had been done in the reverse
sequence, then we might have observed no productivity increase at al, even if the new
tool really increased the productivity.

Understand the Process

The first requirement here is that the organization has a process that is documented,
communicated, agreed on and used during development. In addition, the process must
be kept stable for two or more development projects. Otherwise, it makeslittle senseto
use resources to understand the process.

When we want to understand the process, we are particularly interested in relationships
between “what we do” in the process and the effect that “what we do” has on the prod-
uct. Process knowledge will usually be of the form:

When we have a project that can be described by environment description X and the
customer’s product requirements can be described by description Y, then an increase
in A will reduce the project’s lead time.

In the GQM-approach it isusual to organize this knowledge in a GQM work sheet. The
outline of this sheet is shown in Figure 18-1 (p.18-8).
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GQM - The Goal Question Metrics approach
How will we analyze the Data?

QF

This contains a
description of what
we want to find out,
i.e. itis pertaining
to ones of our goals

VF

Information on
factors pertaining
to either the project
environment or

the process used
for development

BH

Thisisour baseline
hypothesis - what
we believe at the
present

IM

Information on how
the VF influence
the BH

TIMe

QF: Quality Focus
VF: Variation Factors

IM: IMpact on
baseline hypothesis

BH: Baseline Hypothesis

Figure 18-1: GQM abstraction sheet or work sheet

What we really want to analyze is the baseline hypothesis. The rest of the information
Istherein order to describe the state of thingsthat must hold in order to make the hypoth-
esis - and thus the knowledge - relevant.

Decision Rules

Thelast part of information needed is the decision rules. These are rules which decide
under which circumstances we will accept, reject or hold our judgement concerning the
baseline hypothesis. A simple exampleis:

We will believe that codereading is beneficial if we observe a30% reduction in post-
release failures in two projects of type X.

The process of belief adjustment can be described in Figure 18-2 (p.18-9).

Metrics
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How will we analyze the Data?

What do we

observe?
What are our
decision rules?

What do we
believe - apriori

What is the

environment? Analysis -

et we beliovs
now - a posteriori

Figure 18-2: How do we change our beliefs

Note the dotted connections between belief and environment in Figure 18-2 (p.18-9).
Thisisinserted into the diagram to keep in mind that all belief or knowledge depends
on the environment.

Check for I mprovement

When we have changed the process or its environment, we want to find out whether the
change has had any - hopefully beneficial - effect on one or more process or product
parameters. In order to perform a sensible analysis, we need the following information
items:

1. What isthe status of the environment for the changed process? This isimportant
when we select datafor computation of the baseline. If weforget this, we run therisk
of making wrong decision, ssmply because the data that we compare are not compa-
rable at all.

2. What was the status of the parameter that we intended to improve, before we made
the changes? Usually, it isnot enough to supply asingle number. We must al so supply
the normal variation, preferably as a confidence interval. If we, for instance, are try-
ing to reduce the failure density, it is not enough to give the mean value. Thereisa
50% probability of obtaining afailure density that isbetter than the mean value, even
without making any changes. Instead, we could state that the failure density isin the
interval {0.1, 0.9} with a 95% probability. Thus, if we observe afailure density of
0.08thereisa2.5% probability of being wrong when we claim that thefailure density
is reduced.

3. How large arisk are we willing to take? Thisinformation is needed because it will
influence the amount of datathat we need before making adecision. Thelessrisk we
are willing to accept, the more data we will need. In our case, where therisk is con-
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How will we analyze the Data?

nected to process change or changes in tools and methods, the risk can be computed

as the probability of being wrong multiplied by the cost of being wrong. This
approach is easiest to use when we have quantitative values for probability and cost,
but it is also possible to perform arisk assessment in an qualitative manner.

The decision process for a change or improvement can beillustrated in Figure 18-3

(p.18-10).
What is the value
before the change

What do we
observe after
the change?

ot How large a
g\?ﬁt(;:rtnheento Analysis risk are we will-
' ing to accept

N Conclusions
from the
analysis

Figure 18-3: Change/ improvement analysis

Y
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How to define Useful Metrics
Sandard Metrics

How to define Useful Metrics

The use of metrics related to the product and its development process are important if
we shall be able to follow up on process improvement. This section will discuss:

o useful Standard Metrics (p.18-11)
* how to make a complete Definition and Description of Metrics (p.18-12)

How to derive aset of useful metricsfor processimprovementisdetailedin GQM - The
Goal Question Metrics approach (p.18-4).

Standard Metrics

There exists aset of metricsthat are generally applicable for all software projects. They
must, however, be defined anew for each company, since different companies usually
will have different definitions. We suggest that you define the following standard met-
rics for your organization:

* Product (system) size (p.18-11)

» product (system) development costs
* Productivity (p.18-11)

» Reliability (p.18-12)

» Development time (p.18-12)

It is straight forward to see that for instance productivity and product size will depend
on the language that is used - for instance assembler versus SDL. Similar dependencies
will be relevant for the rest of these metrics. Thus, what follows below are just
suggestions.

Product (system) size

Size measures that have been used includes several measures. Examples are lines of
code, number of SDL symbols (p.18-14), number of Function points (p.18-14), number
of assembler instructions and total volume measured in bytes.

Productivity

In general, productivity is defined as produced value divided by the value of the con-
sumed resources. Usually, we can equate produced value with sales price. A useful
alternative isto use the definition that productivity is equal to produced volume divide
by the production - or in out case development - cost. How we define the produced value
depends on our development methods.
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Definition and Description of Metrics

Reliability
In some sensethisis easy since Reliability has a standard definition. On the other hand,
many other definitions are also used, such asfailure density, MTTF and others. Failure
dengity isthe easiest to measure and follow up. It is defined as number of failures

observed divided by product volume. For product volume, see the discussion under Pro-
ductivity (p.18-11).

Development time

Usually, development time is used as the calendar time duration of the project. Each
organization must, however, decide when a project starts and when it isfinished. There
are several waysto do this, but we have decided to ook at just two of them:

» development for a customer:
Start is when the company gives a go-ahead to the development project. Finishis
when the customer has accepted the product.

» development for a general market, usually started by the marketing department

Definition and Description of Metrics

18-12

If we want to collect high quality data, it isimportant to define and describe the datain
apreciseway - so aso for software metrics. The table below is taken from the ESPRIT-
project PERFECT. The description shown in the table is generic definition of the mini-
mum information that must be collected.

Table 18-2: Collected data

Information identifier Information

Datatype Integer, real, text or boolean

M easurement unit

M easurement scale

Measurement object | The object is our data source such as a piece of
code, a document or a person working in the project

M easurement The person who shall collect the dataisidentified.

responsible Even if we uses atool for the actual data collection,
aperson must always be responsible for the data
collection

Measurement trigger | What event will trigger the data collection. This can
be either a specified point in time, a project event or
an external event

How to measure Thisis ashort description of how the data shall be
collected
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Definition and Description of Metrics

Table 18-2: Collected data

Information identifier Information

Expected value Thisisthevaluethat we have either estimated based
on other information, or it is avalue that we would
expect to see based on a set of hypothesis

Observed value Thisistheresult that comes out of the measurement
activity
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DL/PR

| ndividual metrics

Here we present a number of standard metrics that are often collected: Function points
(p.18-14), SDL/PR (p.18-14) and SDL symbols (p.18-14).

SDL/PR

A common metric for SDL size is simply to count the number of lines of SDL/PR, the
phrase representation of SDL. A standard line counting tool can be applied on the SDL/
PR output from the design tool.

Notethat each SDL tool hasitsownway of formatting the SDL/PR intermsof lines (the
standard gives room for this), thus one cannot immediately compare the output of dif-
ferent tools.

One can collect SDL/PR metrics for various SDL components, e.g. procedures, pro-
cesses, blocks and systems, either by instructing the SDL tool to output SDL/PR for the
wanted component, or by using e.g. standard unix lex to analyze the SDL/PR.

A future aternative to SDL/PR is CIF, the Common Interchange Format, which is
equivalent to SDL/PR, but has (amongst other things) added graphical layout data, and
Is therefor more voluminous.

SDL symbols

A common metric for SDL systemsisto count the number of SDL symbolsin a com-
plete system, or in any component of it (block, process, procedure etc.).

SDL symbols can be output from some SDL tools directly, or can be preformed by e.g.
unix scripts (Iex/yacc) of the SDL/PR (p.18-14). This requires more advanced parsing
of the SDL/PR, but enablesyou to cal cul ate acomplexity metric by weighing some sym-
bols morethan others, or by performing e.g. multiplication of some as apposed to simple
addition (e.g. the product of the number of state symbols with the number of input sig-
nals could be an element of a complexity metric).

Not enough measurement work as been done in the SDL community for any particular
metric to have won general acceptance, and counting lines of SDL/PR (p.18-14) seems
to be the most common.

Note that some vendors of metrics tools also support analysis of SDL systems (e.g. the
Dutch vendor TechForce).

Function points

Function points were introduced by A.J. Albrecht from IBM. Wewill, however, use an
improved model presented by C.R. Symons. It should be noted that there are several
ways to compute functions points and | SO are currently trying to standardize this
method.
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We will start by introducing some notation:
@©: adjusted function points
X: unadjusted function points

D: the degree of influence

Individual metrics

Function points

The adjusted function points are then computed as follows:

© = X(0,65+ 0,01D)

X and D are computed from the following tables

The computation is best shown by an example, see Table 18-6 "Example of how to com-

Table 18-3: Compute unadjusted function points

Level of Information Processing

Function

Description Simple Average | Complex | Total
External X3 X4 X 6
input
External X4 x5 X7
output

Logical X7 x 10 x 15
interna file

External x5 X7 x 10
interfacefile

External X3 X4 X 6
inquiry

Total unadjusted function points

pute unadjusted function points" (p.18-17).

The degree of influence - D - is computed as shown below. The D-valuesin Table 18-4
"Compute degree of influence” (p.18-15) have to be inserted for each new product. The
appropriate values can be selected from the values show in Table 18-5 "Assigning D-

values' (p.18-16):

Table 18-4: Compute degree of influence

ID Characterigtic D ID Characteristic
C1 | Datacommunications Cc8 On-line update
C2 | Distributed functions C9 Complex processing
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Individual metrics TIMe

Function points

Table 18-4: Compute degree of influence

ID Characteristic D ID Characteristic D
C3 | Performance C10 | Reusability
C4 | Heavily used configuration C11 | Installation ease
C5 | Transaction rate C12 | Operational ease
C6 | On-line data entry C13 | Multiple sites
C7 | End user efficiency C14 | Fecilitate changes
Total degree of influence

The score for each characteristic is assigned as follows:

Table 18-5: Assigning D-values

Influence D-value

Not present or No influence

Insignificant influence

Moderate influence

Average influence

Significant influence

a| b~ WO DN L] O

Strong influence

For an example see Table 18-7 "Example on how to compute degree of influence” (p.18-

17).
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Examples of metrics
Function points

Examples of metrics

Function points

Thisis an example that illustrates the use of Function points (p.18-14).

Assume that we have a system with 2 ssmple and 4 complex external inputs, 5 average
outputs, 1 ssimplelogical internal fileand 10 simple external inquiries. Thiswill givethe
following unadjusted function points:

Table 18-6: Example of how to compute unadjusted function points

Level of Information Processing Function

Description Simple Average Complex Total
Externa input | 2x 3 4% 6 30
External output 5x5 25
Logical inter- 1x7 7
nal file
External inter- 0
facefile
External 10x 3 30
inquiry
Total unadjusted function points 92

Thedegree of influence- D - isobtained asin Table 18-4 "Compute degree of influence”
(p.18-15), and the score for each characteristic isassigned asin Table 18-5 "Assigning
D-vaues' (p.18-16).

Here we assume that we have a system with strong influence from data communications
and distributed functions, while there is no requirements on performance. Thereisa
average influence from on-line update, while the rest of the influence are small or non-
existent. This gives the following table:

Table 18-7: Example on how to compute degree of influence

ID Characteristic D ID Characteristic D
C1 Data 5 C8 | On-line update 3
communications
Cc2 Distributed 5 C9 | Complex 0
functions processing
C3 Performance 0 C10 | Reusability 0
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Function points

Table 18-7: Example on how to compute degree of influence

ID Characteristic D ID Characteristic D
c4 Heavily used 0 C11 | Instalation ease 0
configuration
C5 Transaction rate 0 C12 | Operationa ease 0
C6 On-line data entry 0 C13 | Multiple sites 0

C7 End user efficiency | O Cl14 | Fecilitatechanges | O

Total degree of influence 13

The total number of function pointsisthus:

© = 92(0,65+ 0,01 x 13)= 71,76
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Function points

List of definitions

MTTF
MTTF isan acronym for Mean Time To Failure. The definition is as follows:

Toal execution tme

MTTE = Number of failures observed

Total execution timeisthe execution time accumulated over al installationsthat run the
same product. Thus, if one site has run the product for two months on two computers
and another site has run the product for one month on one computer, the total execution
timeis2x 2+ 1 x 1 =5 months of execution time.

A simple example will show how it works:

MTTE = ‘mrln—(;’”ths = 4 months

One should avoid the use of MTTF as areliability measureif the failure rate has varied
much over the total execution time.

Reliability
According to |EEE, reliability for software is defined as follows:

The probability that the software will not cause the failure of asystem for a specified
time under specified conditions. The probability isafunction of the inputsto and the
use of the system aswell as a function of the existence of faultsin the software.

There exists, however, an alternative version which is also used:

The ability of aprogram to perform arequired function under stated conditionsfor a
stated period of time.
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