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The Software Measurement European Forum 2010 is the seventh edition of the successful 

event for the software measurement community traditionally held in Rome starting from 
2004. An exception was in 2008 when SMEF was located in Milan, one of the most 
important European business cities. Now we continue in Rome. 

Istituto Internazionale di Ricerca, the Italian branch of the "Institute for International 
Research”, and DPO (Data Processing Organization), leader company in software 
measurement, are delighted to announce the 7th Software Measurement European Forum, an 
"unmissable” International conference on software measurement and metrics that takes place 
in Europe. Ton Dekkers (Galorath International) is again responsible for the program 
management. All SMEF conferences were extremely successful from the point of view of 
both customer satisfaction and the quality of the papers presented. 

 
SMEF aspires to remain a leading worldwide event for experience interchange and 

knowledge improving on a subject, which is critical for the IT governance. 
 
In order to spend money on institutionalisation of software measurement, managers 

usually want to be sure that the quantifiable benefits of measuring software will cover the 
correspondent tangible costs. Actually, measuring software is a relatively low cost endeavour 
that may lead to significant savings. Unfortunately, as for any other “risk reduction” factor, it 
is easy to quantify the money that is spent on prevention but it is difficult to quantify the 
money that, eventually, could have been wasted not adopting it. Software measurement and 
estimation, as a basis of “quantitative management”, may help in several ways to achieve a 
good cost/benefit ratio in IT processes. 

 
The 2010 event adopts the same organisation and type of participation experienced in 

2009. The international conference provides presentation of papers by global experts, who 
represent or participate in both national and international community's e.g. GUFPI-ISMA, 
NESMA, IFPUG, PMI, COSMIC and ISBSG. SMEF2010 continues, therefore, to represent a 
valuable event to remain at the state of the art. 

 
We are aiming to repeat and build on the past success in 2010. The 2010 Forum offers an 

ambitious agenda aimed at reviewing good practices, recommendations, tools, techniques and 
software measurement implementation processes, both within individual organisations and 
between different contracting partners. The Software Measurement Forum provides ICT 
professionals with a unique opportunity in terms of sharing software measurement knowledge 
and best practices and getting into contact with partners and prospective customers from 
many regions of the planet. 

 
We have designed a program that allows professionals and managers of large and small 

companies and public administrations to share: 
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• case studies and tutorials  
• findings, practices, lessons learned  
• new concepts, methods and tools  
• the most recent advances, products and services  
• "state of the art” technologies and advanced experiences worldwide. 

 
As the 2010 event focus is chosen:  
 “Software Measurement and Estimation as leverages for achieving ICT cost savings“ 
 
In order to spend money on institutionalisation of software measurement, managers 

usually want to be sure that the quantifiable benefits of measuring software will cover the 
correspondent tangible costs. Actually, measuring software is a relatively low cost endeavour 
that may lead to significant savings. Unfortunately, as for any other “risk reduction” factor, it 
is easy to quantify the money that is spent on prevention but it is difficult to quantify the 
money that, eventually, could have been wasted not adopting it. Software measurement and 
estimation, as a basis of “quantitative management”, may help in several ways to achieve a 
good cost/benefit ratio in IT processes. Here are some areas where software measurement and 
estimation may be valuable: 

• Better and more reliable early estimations of the project/service budget. 
• Better production planning and control. 
• Reduction of “litigations”. 
• No wasted resources in “oversized” estimations. 
• Better understanding of its own productivity. 
• Reliable trend analysis. 
• More accurate application withdrawn decisions. 
• Better priority management. 
• Better service level agreement management. 
 
It’s quite ambitious to cover all of this, but we are confident that the presentations on the 

conference and the papers in the proceedings will cover most of the issues. The angles chosen 
vary from theory to practise, from academic to pragmatic and from proven technology to 
state of the art. This interesting mix of viewpoints will offer you a number of potential 
(quick) wins to take back. 

 
 
Cristina Ferrarotti 
Roberto Meli 
Ton Dekkers 
 
June 2010 
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A framework for measuring the value of software development 
 

 Michael Harris, Thomas M. Cagley Jr. 
 
 

Abstract 
“Value” will always involve a mix of objective measurements and subjective judgements 

so how can we tell if our software development is providing value to the people using it and 
/or paying for it? This paper suggests a systems view that can be used as a framework for 
combining a set of value indicators for software development. The systems approach 
described separates inputs, the transformation process and outputs in an attempt to allow 
software developers to get credit for transforming poor inputs (e.g. legacy software). The 
paper considers how to balance a software development portfolio between projects that are 
value neutral, those that add value and those that are value multipliers. Finally, a single 
value metric is proposed that can pull together the whole framework into a single number. 

 
 

1. Introduction 
This paper takes a broad view of “software development” to include all activities which 

result in a change to a piece of software for which the “users” are separate from the 
“developers.” Hence, “software development” includes new development, enhancements, 
maintenance, architectural changes bug fixes and any of those other terms about which there 
are arguments regarding precise definitions.  

The value of software development is an assessment, part objective and part subjective, of 
the user-perceived outputs from a process that converts inputs into a solution that the users 
(most often a business) experience. In a perfect world, software development value would be 
evaluated by a perfect market with perfect information to decide who does the work of 
delivering functionality with the cost of inputs and the efficiency of transformation measured 
against sales to (or use by) business users. Even if this were the case, there is no question 
that, like beauty, value will always be “in the eye of the beholder.”  

Value is perceived by those receiving the service so it tends to be specific to the project or 
service outputs. For the purposes of this paper, if we are to measure value then it must be 
predictable and, in turn, there must be an assumption that there is a relationship between how 
the software is created and the value perceived. This paper takes a systems view of the 
software development (see Figure 1) such that value is defined as a synthesis of how the 
software development team manages inputs and raw materials, the efficiency of the processes 
used in the transformation process (where value is typically added) and finally whether the 
output meets the users need and is fit for use. 

  
2. A systems view of the value of software development 

A simple example of our view of value creation is as follows:  
• A customer enters a restaurant and orders a medium rare New York Strip steak (price 

€32.00), medium rare. 
• The kitchen retrieves the steak from the refrigerator and cooks the steak so that it is 

done at the proper time and temperature. Inputs to this process include requirements 
for the steak, steak, effort of waiter and kitchen staff. Constraints include the skill of 
the chef, the number of other tasks being performed simultaneously and so on. 

• The customer receives a medium rare New York Strip steak – one of our outputs. 
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• From the restaurants owner’s point of view, value could be defined as the price of the 
steak minus the cost of steak, preparation, overhead and the free tap water. This 
assumes that customer got the steak he or she wanted and that is was prepared the way 
they wanted. If not, the value equation will be negative even if they pay the bill.  

• From the customer’s perspective, value will include steak itself (objective metric), the 
time it took to arrive (objective metric), the temperature (objective metric), the taste 
(subjective metric), the presentation (subjective metric) and so on. It is important to 
note that the customer’s value priorities may be different on this visit from their last 
visit – maybe they were in a hurry last time but they are not today. 

 
Measuring internal value requires gathering data about the inputs and raw materials, the 

processes used in transformation and the user’s perception of the output. 
A traditional view of a basic system is shown in Figure 1. Figure 1 is the framework which 

support the value measurement described in this paper. 
 

 
Figure 1: Software Development Value System 

 
Any framework for measuring software development value must accommodate objective 

and subjective metrics. An important starting point is to develop a simple but broadly 
acceptable set of software development goals that are abstract enough to meet all varieties of 
software development yet substantive enough to allow metrics to be built using a simple goal-
question-metric approach. Three words – effective, efficient and economical - taken together 
meet the requirement for a simple but embracing set of value goals for software development.  
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Consider the following definitions from www.dictionary.com:  
 
Efficient 
• Performing or functioning in the best possible manner with the least waste of time and 

effort; having and using requisite knowledge, skill, and industry; competent; capable: 
a reliable, efficient secretary.  

• Satisfactory and economical to use: Our new air conditioner is more efficient than our 
old one. 

• Producing an effect, as a cause; causative.  
• Utilising a particular commodity or product with maximum efficiency (usually used 

in combination): a fuel-efficient engine. 
 
Effective 
• Adequate to accomplish a purpose; producing the intended or expected result: 

effective teaching methods; effective steps toward peace. 
 
Economical 
• Avoiding waste or extravagance; thrifty: an economical meal; an economical use of 

interior space. 
 
This paper asserts that, while there may be arguments for other generic goals to be added, 

these three provide a broadly acceptable starting point.  
 
How can our goals be mapped to our systems framework? Again, there is room for 

discussion of more complex interpretations here but this paper proposes a simple mapping 
when considering value metrics:  

• Effectiveness correlates very highly with system outputs 
• Efficiency correlates well with transformation and making best use of inputs  
• Economy relates to choosing the least costly inputs that will produce the desired 

results. 
 
Hence, by choosing the right metrics for inputs, transformations and outputs and 

combining them in the right way, we should be able to produce a software development value 
metric.  

This approach has been applied in other areas. “The Business Value of IT” [1], Chapter 2 
contains a number of approaches to combine weighted subjective and objective value metrics. 
The “Business Value Index,” [2] used by Intel for IT investment decisions, combines metrics 
grouped under the three “axes” of business value, IT efficiency and financial attractiveness. 

The approach in this paper extends previous ideas by considering the prioritisation of 
value multiplying activities in the transformation stage and the value of the inputs as potential 
limiters on the value of the outputs.  

 
3. Identifying the right software development value indicators for an 

organisation 
While there are some well established value indicators associated with value for money, 

customer satisfaction and so on, it is important to try to capture some of the strategic and 
cultural values that are unique to every organisation and are a mix of productive and 
unproductive judgements about where the organisation has been before and where it thinks it 
needs to go in the future. 
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To elicit these values, we have used a questionnaire that is presented to the stakeholders, 
inside and outside the software development group, and asks them about successes/failures in 
the past year, how they personally measure these and what they would like to see change in 
one year’s time. This approach is very similar to a classic Goal-Question-Metric approach 
except that it looks backwards as well as forwards in time. 

The answers to these questions are analysed to extract value statements or judgements. 
The value statements are then categorised as being more relevant to input (economical use of 
resources), output (effective results) or transformation (efficiency of process). Metrics are 
developed for these then they are then mixed with a standard set of value metrics and 
presented back to the stakeholders for prioritisation on the understanding that they cannot 
keep all of them! 

 
By way of example, the following tables 1 through 6 demonstrate the results of this 

process for one particular organisation (note that different aggregations of the metrics have 
been suggested for reporting purposes): 

 
Table 1: Possible input (economy) metrics 

Metric Definition Metric 
Aggregation

Measured as Analysis 
techniques 

Cost Per Hour 
-  
Average 

Total software development 
cost divided by the total 
available productive hours 
(functional and non-
functional). 

Total and 
Phase 

€/Hr Comparison 
to baseline, 
benchmark 
and trend 

Capacity Sum of the total hours 
available in software 
development less hours 
committed to infrastructure, 
non-productive time (e.g. 
vacation), management 
(excluding direct overhead) 
and other non-functional 
projects divided by total 
hours available in software 
development 

Total Percentage Comparison 
to baseline 
and trend 

Costed 
Backlog 

Summation of the estimated 
cost of the items in the 
software development 
backlog 

Total € Comparison 
to trend 

 
In considering the input metrics when reviewing the stakeholder’s detailed comments in 

their questionnaire responses, it is common to see that stakeholders from within the software 
development organisation pointing to the inadequacy of their inputs as being a major cause of 
any limitations in outputs. 

For both transformation and output metrics at this organisation, we are using function 
points (FP’s) as the solution for software size. Other software size metrics may be equally 
valid.  
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Table 2: Possible transformation (efficiency) metrics 
Metric Definition Metric 

Aggregation
Measured as Analysis 

techniques 
Delivery 
Productivity 

Total functionality delivered 
divided by effort required to 
deliver the product 

Total FP1/ FTE Comparison 
to baseline, 
benchmark 
and trend 

Delivery Rate Total Days (inclusive of 
weekends and holidays) 
required deliver a project by 
the total.  

Total Days / FP1 Comparison 
to baseline, 
benchmark 
and trend 

Cost Per Unit 
of Work 

Total project cost divided by 
total functionality delivered 

Phase and 
Total 

€/FP*1 Comparison 
to baseline, 
benchmark 
and trend 

Timeliness Delivery Date – Original 
Promised date (variants or 
additional timeliness 
measures could include 
“Bid Acceptance to Market” 
calendar measure) 

Total ±Days Comparison 
to baseline 
and trend 

Main Build 
Ratio 

Total DCUT*2 Hours / Total 
Project Hours (Estimated 
and Actual) 
Total DCUT*2 Cost / Total 
Project Cost (Estimated and 
Actual) 

Total Percentage Comparison 
to 
benchmark, 
baseline and 
trend 

*1 Function Point or other size measurement 
*2 DCUT is Development + Coding + Unit Test 
 
In considering input and transformation metrics, this organisation needed to include 

measurement of outsourced software development vendors. All of the above metrics were 
applied but two additional metrics were felt to be necessary: 

  
Table 3: Possible additional transformation (efficiency) metrics for subcontractors 

Metric Definition Metric 
Aggregation

Measured as Analysis 
techniques 

Ramp-up Time  Request Date – Project 
Kick-Off Date 

Subcontract
or and Total 

±Days Comparison 
to baseline, 
trend and 
competitors 

Win Rate % of Requests Won / Total 
Requests  

Subcontract
or and Total 

Percentage Comparison 
to baseline, 
trend and 
competitors 

 
When considering output metrics, it has been necessary to differentiate between the value 

of a particular project (micro-level – Table 4) and the value of the software development 
group (macro-level – Table 5): 
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Table 4: Possible output (effectiveness) metrics for projects (micro level) 
Metric Definition Metric 

Aggregation
Measured as Analysis 

techniques 
Delivered 
Defects 

Total number of defects 
(significant) delivered for 
the first 45 day divided by 
the total functional size. 

Total and 
By Reason 

Delivered 
Defects / FP 

Comparison 
to baseline, 
benchmark 
and trend 

Requirements 
Requested 
Delivered 

Total requirements 
delivered divided total 
requirements in original 
request (count all deferred 
regardless of rational) after 
baseline 

Total Percentage Comparison 
to baseline 
and trend 

Competiveness Total Project Cost divided 
by Estimated Cost  
Two variants: 
1. Original internal estimate
2. External tool based 
estimate 

Total Percentage Comparison 
to baseline 
and trend 

Internal 
Customer and 
Client 
Satisfaction 

Index of survey results 
focusing on perceptions of 
software development: 
responsiveness, processes, 
professionalism and 
communication, Solution: 
fit for use, timeliness, 
quality and cost. 

Total Industry-
relevant Index 

Comparison 
to baseline 
and trend 

Delivery on 
Plan 

Comparison of the original 
functionality planned to the 
actual functionality 
delivered. Count of fully 
delivered functions / Count 
of Planned Functions (per 
release) 

Total Percentage Comparison 
to baseline 
and trend 

Change 
Transparency 

The average number of days 
from planned delivery 
changes are announced and 
made by reason. Current 
planned delivery date – 
Change date, Average (by 
reason) 

Total Percentage Comparison 
to baseline 
and trend 
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Table 5: Possible output (effectiveness) metrics for software development (macro level) 
Metric Definition Metric 

Aggregation
Measured as Analysis 

techniques 
Operational 
Quality Index 

A statistical indexing of 
several measures of 
operational quality (e.g. 
SLA performance, stability, 
down time, upgrade 
window) 

Total Index (various 
examples are 
available in 
literature) 

Comparison 
to baseline 
and trend 

Gap Closure 
EVA 

The gap closure EVA metric 
is means of tracking 
progress against a list of 
gaps. EVA techniques will 
used to be used to evaluate 
progress at line item level. 
This will allow incremental 
progress to be tracked. The 
Cost Performance Index 
(CPI) will be used for 
tracking. 

Total Sum of CPI for 
all gap closure 
projects. CPI = 
BCWP / 
ACWP 
(BCWP – 
Budgeted cost 
of work 
performed and 
ACWP – 
actual cost of 
work 
performed. 
Alternate 
measure: 
Schedule 
Performance 
Index. 

Comparison 
to baseline 
and trend 

 
4. Balancing the software development portfolio 

You will see that we have defined the concepts of “Value Neutral”, “Value Add” and 
“Value Multiplier” for our software development transformation process. These refer to the 
transformation value of individual projects and are intended to help with the project 
prioritisation process that is part of software development governance. Especially at budget 
planning time!  

The following broad definitions are proposed: 
• A “Value neutral” project does not change perceived value of product or application 

e.g. some architectural changes, bug fixes, make work. 
• A “Value add” project clearly adds to perceived value but probably only for a subset 

of all the possible beneficiaries. Examples might be interfaces to 3rd party software, 
incremental functionality to existing component, new local capability. 

• A “Value multiplier” project increases value for all possible beneficiaries. Examples 
might be new front end, new component to enable new clients/market, new general 
capability, new language support. 

 
Obviously, in an ideal world, all projects in a software development portfolio would be 

value multipliers. However, that is not realistic and could even be a high risk allocation of 
resources. It is also true that different stakeholders might have different views on how to 
categorise a particular project.  
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For example, the architects might argue that an artichtural change is not value neutral. 
This paper takes the perspective that the end user is “king” in such stakeholder discussions 
but we accept that might not always be true. In practice, a typical portfolio will contain a mix 
of the three types of project. 

 
So what is the right balance? It depends on the risk tolerance of the business, the available 

discretionary funds and the degree to which the business can drive the software development 
group to be flexible. However, one “rule of thumb” is to apportion your software 
development dollars somewhere between €1 - €2 - €1 and €1 - €2 - €3 for value neutral - 
value add - value multiplier. In other words, always try to spend twice as much on value add 
as value neutral then try to spend one to three times the value neutral amount of value 
multipliers. 

 
5. Beware of the “software factory” trap 

In considering a systemic view of value, there is a risk of thinking that software 
development is or can be simply mechanistic – the analogy of the “software factory” is often 
presented as a desirable goal. The authors believe in process and both have served their time 
spent years on the factory floor. Consequently, it’s quite comfortable to fall into the common 
trap of wondering why software can’t be built the same way as cars - on a production line - 
maybe even using robots for some of the tasks!. From a process, measurement and statistical 
control perspective, the production line model would surely help us develop software better, 
faster and cheaper? 

 
Why is it a trap? Because before the production line model can be applied to software 

development (with subsequent complaints about the shortcomings of software development 
groups), more thought is required. 

For example, conjure up that standard production line video in your minds for me - you 
know the one - with shiny car chassis steadily moving down the line while humans and robots 
attach parts, paint parts, test parts, etc. Pick your favourite car and imagine it being 
assembled. 

Now consider that every car will be slightly different - some will have sun roofs, some 
will have two doors, some four and so on. Modern plants are very flexible and the 
sophistication of the logistical process that supports the build has certainly jumped up a notch 
along with the industrial design engineering needed to make the production line work (quite 
separate from the design of the car!). 

 
What would be the equivalent to that sophisticated logistics and industrial engineering in 

software development groups? Well, in most software development groups, we have some 
tools to help us with configuration management and testing (if we are lucky), probably some 
code libraries and maybe even some formal processes. 

Consider again the mental picture of that sophisticated car production line. Now imagine 
that the same line that produces your favourite car but with trucks flowing down it. And 
buses. And Formula 1 cars. And tanks. Of course, that’s a silly picture. You wouldn’t put all 
of those things down the same production line. It wouldn’t be cost effective. Some of those 
things will never be on a production line - even if such a production line could be designed. 

When considering value metrics for software development, it is important to consider that 
some metrics will be generic but some value metrics will always be specific to what is being 
produced. 
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6. A software development value index 
Finally, we have developed the concept of a balanced Software Development Value Index 

(SDVI): 
 

(x * I) + (y * T) + (z * O) 
 
where priority weights x+y+z = 100%. 
 
The answer to the annual or quarterly question, “Is the Software Development 

organisation delivering value?” is “Yes” if the SDVI exceeds the annual target. 
For example, for Year 20xx, SDVI priorities (or weights) are chosen by the Software 

Development (or IT) Governance Committee based on the strategic priorities for the year to 
be: 

• Effective, z=50% 
• Efficient, y=20% 
• Economical, x=30% 

 
Let’s choose a target for value delivered of SDVI > 85%. The Software Development 

Input, Output and Transformation scores are generated by combining and normalising the 
scores for a set of metrics measured under each heading e.g. Input metrics might include 
budget and hours. 

Let’s assume that for our example software development group in Q1, 20xx the 
normalised metrics are: 

• Effective, O = 87% 
• Efficient, T = 90% 
• Economical, I = 80% 

 
Then our SDVI = (0.30*0.80)+(0.20*0.90)+(0.50*0.87) = 0.855. At 85.5%, we can 

conclude that this software development group delivered value in the first quarter of 20xx! 
 
Hence, we can present our final example value metrics in Table 6: 
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Table 6: Possible output (effectiveness) metrics for projects (micro level) 
Metric Definition Metric 

Aggregation
Measured as Analysis 

techniques 
Value Index A statistical indexing of the 

value (economy, efficiency 
and competiveness) 
components to provide a 
single value rating based on 
components. Weighting can 
be used to affect different 
organisational strategies and 
focuses. 

Total Index Comparison 
to baseline 
and trend 

Happiness 
Quotient 

A statistical indexing of the 
progress, timeliness, quality 
and satisfaction components 
to provide a single value 
rating based on components. 
Weighting can be used to 
affect different 
organisational strategies and 
focuses. 

Total Index Comparison 
to baseline 
and trend 

 
7. Conclusions 

This paper has presented some ideas for the simplification of metrics to allow the business 
to judge the value being delivered by IT. In compiling the final simple value metric, the 
business has the opportunity and responsibility of making explicit its value priorities for the 
year. This means prioritising effectiveness, economy and efficiency. From experience, 
working with a real client using these metrics, this opportunity and responsibility may not be 
easily taken up by the business. However, the conversations about the definition of the 
proposed metrics and the resulting values, in and of themselves, increase the value of IT to 
the business. 
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Smart measurements to achieve productivity improvement and 
project control 

 
Eric van der Vliet 

 
 

Abstract 
Especially in times of a bad economic situation more attention is paid on the reduction 

and the control of costs. This is also recognisable in IT organisations where the focus is on 
improvement of the predictability of projects. A commonly used approach is measuring the 
effort related to a project size. Examples of project size are function points [1] or cosmic 
function points [2]. The perceived benefit is that it gives insight into the productivity [3][4] of 
the organisation. A disadvantage is that if improvement is required it is difficult to get insight 
to the real problem. Insight to the real problem requires a more detailed analysis of the 
delivery processes and this is where the Lean Six Sigma (LSS) theory [7] can help. LSS 
focuses on the analysis of processes and the use of statistics and is often used in production 
environments. By defining smart measurements, the same type of techniques can be used to 
improve the project delivery process and get a better project control within an IT 
organisation [5]. 

 
 

1. Introduction 
Logica Netherland has started a metrication approach to improve the estimates of projects. 

The project estimates consist of a combination of expert estimates and size based estimates. 
Expert estimates are based on a Work Breakdown Structure (WBS). For size based estimating 
function points (NESMA 2.2) is used. The use of function points requires metrics that 
provide the productivity based on project size. To be able to verify the correctness of a WBS 
based estimate or to determine possibilities for productivity improvement a more detail level 
of measurements is required to be able to derive detailed metrics [3][4]. These detailed 
measurements used for improving the process is what we call smart measurements. 
Measurements are required on both phase and on activity level. For defining this detailed 
level of measurements, the Lean Six Sigma theory has been used. This paper shows the 
approach and results based on practical experience. 

 
2. Productivity measurements 

The measurement initiative started with measuring effort and duration on phase level with 
the intention to improve the predictability of projects. For projects that are using Rational 
Unified Process [6] this means that the effort for the following phases was measured: 
Inception, Elaboration, Construction & Test (C&T) and Transition. Another measurement 
used was the size of the project, measured in function points and where possible also in lines 
of code. This information provides the possibility for new projects or new iterations of the 
same project to predict the effort required. 

 
For benchmarking the productivity [3][4] of projects or estimating the effort for new 

projects these measurements are useful. However to provide a more detailed insight it is also 
required to measure the effort per task. The next step in the metrication process was to gather 
measurements in more detail for the C&T phase based on steps like Design, Build, and Test. 
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To be able to gather measurements on such a detailed level requires a detailed Work 
Breakdown Structure (WBS) from the project start along with discipline during the project is 
required to record the actual hours spent on the WBS activities. The challenge is to use the 
same WBS structure during the whole project. 

This requires discipline because different people are responsible for different stages of the 
project. During a bid phase a bid manager is responsible, from the start of the project a 
project manager is responsible and for large projects team leaders are assigned to parts of the 
project. If each person set-up its own WBS according to its own guidelines it will become 
impossible to gather measurements during and at the end of the project. The measurements 
are not traceable to the original WBS items and it requires a lot of effort to gather useful and 
reliable measurements. Defining guidelines and the use of a standard WBS structure during 
the whole project is very important. This WBS can be refined but may not be changed as that 
will have impact on the traceability. 

 
To support the use of a single WBS a structured integration of steps in the project control 

process is required. The WBS is set-up during estimating but also used in the planning and 
during the progress tracking of the project. This integration of these process steps requires 
discipline because the integration mainly consist of manual activities. In a later stage this 
integration can be supported by tools although it’s not advisable to automate this process 
from the start as there must first be a good understanding of the process before it can be 
effectively automated. 

 
Logica integrated the tooling that supports the project control process step by step. The 

WBS in the estimating tool was for example exported to the cost calculation tool and the 
planning tool to be able to maintain consistency of the WBS.  

 
The figure below shows some of the individual steps in the project control process and 

how they are integrated. The oval rounds indicate tools that are used in these process step. 
This figure is a part of an overall picture of the whole project control cycle. 

 

 
 

Figure 1: Integrated process 
 
The overview of this integrated process was used to create awareness that the individual 

process steps are part of an integrated process instead of standalone steps. The integrated 
process also supported the awareness that project actuals are required to provide metrics for 
estimating new projects. To improve the communication the integrated process was printed 
on A0 format and published on the walls of the Logica Delivery Centres1. 

 
  

                                                           
1 Logica Delivery Centre is a development centre for customer solutions 
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The measurements provided at the end of this project control process where used to 
perform an analysis of the project delivery process, to predict the performance of new 
projects and to determine improvements to optimise the delivery process. The focus of this 
paper is to explain the measurement cycle and to explain the use of the Lean Six Sigma 
theory and techniques in our measurement approach. The approach used will be explained 
based on the Six Sigma DMAIC cycle. First the measurement cycle used within Logica is 
explained. 

 
3. Measurement cycle 

The measurement cycle used within Logica consist of a 6 month cycle, which means 2 
cycles per year. Each cycle provides new metrics to the project organisation derived from 
measurements provided by projects. The measurement cycle consist of three steps: 

• Project selection  - 1st Month 
• Measurement collection - 2nd - 4th Month 
• Data analysis   - 5th Month 
• Metrics provision  - 6th Month 

 
3.1. Project selection 

The first step in the measurement cycle is selecting projects for gathering project 
measurements. The reason for selecting projects is that it is not possible and not useful to 
gather measurements from all projects. Projects can be selected based on a specific 
technology or for a certain domain. The intention is to gather measurements from similar 
types of projects to be able to use the measurements for estimating or improving new 
projects. 

 
3.2. Measurement collection 

During a period of 3 months measurements are collected from the selected projects. This 
can be measurements from finalised projects or from project iterations. Projects will be 
supported to use a standard WBS throughout the project to be able to collect the required 
measurements. 

 
3.3. Measurements analysis 

The data provided by projects is analysed to determine specific behaviour of these 
projects, determine effort and duration of steps and to determine if existing metrics2 need to 
be corrected based on this actual measurements. 

 
3.4. Provide metrics 

If new metrics are derived from the measurements, these metrics are provided to the 
project organisation. These metrics will then be used to estimate new projects and to verify 
the performance of current projects. 

 
3.5. Practical implementation 

When this measurement process was defined a practical implementation of this process 
was required. One of the major steps was the set-up of a Estimating & Metrics desk for 
Logica Netherland. This desk consist of a group of people that are specialised in estimating 
and know what metrics to use for projects and how to use them.  

This desk supports the estimating process of project and the use of standard WBS 
guidelines during the estimating phase.  
                                                           
2 Metrics are derived from measurements - ISO15939 : 2007 [8] 
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The collection of measurements is supported by a project support office which supports 
the use of a standard WBS during the whole project cycle (e.g. planning and tracking). The 
project support office provides the measurements at the end of the project or after project 
iterations from the project administration. 

The measurements are analysed by a small team of measurement analysts who derive 
metrics from the measurements and provide them to the Estimating & Metrics desk by means 
of a metrics database. 

 
4. Lean Six Sigma (LSS) 

The essence of Lean Six Sigma (LSS) is to optimise processes by reducing waste. Mainly 
the focus is on production processes because these processes are repeated frequently and 
often easy to measure. Applying lean to IT development is not very common and seems to be 
quite difficult. One of the reasons is that people think that IT processes have a long duration 
so there are no repeated processes and no possibility to measure and improve these processes. 
But if we look in detail to IT processes and especially software development processes there 
are repeated3 processes that can be measured and improved. 

 
An example is the review of documents or other artefacts such as code. Reviews are 

performed throughout each project and can be measured and improved. Other examples are 
development and test processes. Software is not developed in a single activity. In both 
waterfall and iterative development methodologies software will be developed step by step 
and each development step can be measured, controlled and improved. 

The intention was to use the LSS theory to support the measurement process and not to 
directly implement LSS completely. Techniques used in LSS where applied as will be 
explained in the case worked out in this paper. 

 
4.1. LSS applied 

This chapter shows a practical example of how the Lean Six Sigma theory can be applied 
to software engineering. Of course there are many opportunities to use LSS but this is just a 
starting point to show how it could work. One of the essential elements in a lean process is 
defining a so called Value Stream Map [6]. That is a Map of a process that shows the 
individual process steps. This Map can be used to define aspects in the process like Waste. 
An example of a Value Stream Map is shown below, the symbol ‘ ‘ shows cycles that are 
repeated and have influence on the duration of the project or activity. Value Stream Maps can 
contain much more symbols that will not be explained here. 

 

 
Figure 2: Value stream map of the software development process 

                                                           
3 Repeatable means performed several times during a single project 
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To be able to apply the LSS theory to software engineering it is essential to think about 

these kind of processes and especially with regard to repeated processes. Repeated processes 
provide the possibility to measure the effort and duration and therewith the possibility to 
predict and improve new projects. 

 
This means we use Lean Six Sigma to define measurements with the intention to improve 

the process. These measurements will also be used to improve the predictability of the phases 
and tasks. In the following chapter the Lean Six Sigma steps (DMAIC) will be explained and 
worked out with a practical example. 

 

 
Figure 3: DMAIC cycle 

 
 

4.2. Define 
The first step in the DMAIC cycle is “Define”. “Define” means defining the objectives of 

the improvement process that will be supported by Lean Six Sigma. In Six Sigma terms these 
objectives are called the CTQ’s, Critical To Quality [7]. What are the critical factors or 
objectives with respect to quality for your customer. This customer can be internal or 
external. These CTQ’s can be defined with an external focus and an internal focus. An 
external focus can be for example predictability of a software development life cycle. The 
internal focus can be on a more detailed level like: Predictability of the development process, 
predictability of the build process and predictability of the test process. 

  
For the case explained in this paper, two CTQ’s where defined:  
• Improvement of the predictability of the process  
• Improvement of the efficiency of the process 

 
The challenge when starting with LSS is to make small steps. It’s very easy to define a 

long list of objectives but very hard to implement these in the organisation. The intention was 
to start with a small set of objectives but to implement the whole measurement cycle from 
WBS to project measurements till metrics for the metrics database. The LSS theory and 
techniques are only used by experts who have an overview of the whole measurement cycle. 
People in the project where only involved in relevant processes, tools and discipline. The next 
step is to determine the measurements based on these objectives or CTQ’s. 
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4.3. Measure 
 “Measure” is the second step in the DMAIC cycle. Based on the CTQ’s the measures for 

the Lean Six Sigma program where defined. There are different challenges with defining 
measurements, one is defining the right (smart) measures, the other one is defining what will 
be exactly measured and how? For example if the measure ‘duration’ is defined there are 
always the questions’; “What is defined as the start data?”, “What is defined as the end date?” 
If not clearly defined the final measures cannot be compared and so they are useless. 

 
To support the measure derivation the Value Stream Map (VSM) from figure 2 can be 

used. The VSM shows the process and provides the possibility to define ‘waste’ in this 
process. Waste can be for example waiting time or feedback loops. As a starting point the 
Value Stream Map can represent the process, phases and activities for software development 
on a high level. Of course it is possible to define the process in much more detail but the 
more detailed the process the more detailed the measures that are required. 

 
For predictability the following metrics where used: 
• Effort / size (Function points) 
• Effort spent on an activity 
• Duration of an activity 

 
Effort / size 
Effort is spent during a certain period of time but what is finally delivered? What was the 

productivity of the team? To get an understanding of this it’s important to know the size of 
the project and the effort that is spent to provide this functionality.  

The size is determined by means of function points at the start and at the end of the 
project. The effort is measured for different phases of the project but mainly for the 
Construction & Test phase. This gives insight in the overall productivity but is not detailed 
enough for analysing the performance of the project. 

 
Effort spent on an activity 
To improve processes and to be able to apply Lean Six Sigma a more detailed (activity) 

level of measurement is required. In the case worked out in this paper the effort was 
measured for: 

• Design 
• Build 
• Test 

 
Duration of an activity 
For improving the efficiency of projects, measurements that show the duration of the 

activities are required to see if the duration for one of the activities seems to be too long and 
is making the whole process inefficient. 

 
The duration of an activity can be defined based on the start and end date of the activity. 

Of course it must be clearly defined when the activity has started and when the activity has 
ended. These two dates gives an indication of the duration in days or months. 
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4.4. Analyse 
The “Analyse” phase is used to analyse the measures and define conclusions. This analysis 

will be worked out on different levels depending on the level of detail of the measures. 
Analysing the measurements and providing feedback to the project supports the 
implementation of the measurement cycle. Projects spent time on gathering the measurements 
and getting feedback by means of an analysis motivates the team to provide new 
measurements. 

 
Analysis on phase level 
With an analysis on phase level it is possible to determine the productivity of this phase 

which can be used for estimating new projects. Although these measures give insight into the 
overall performance of the process, it is very difficult to determine improvement 
opportunities. To determine improvement opportunities a more detailed level of analysis is 
required. 

 
An example of an analysis on phase level used for the case within Logica is a histogram 

with hours / function point based on measurements of several projects. This histogram shows 
the productivity of the organisation and how this is distributed. This histogram gives an 
indication of the variance of the hours / function points over these projects and if this behaves 
according to a Normal curve. 

 

  
Figure 4: Histogram hr / FP 

Analysis on activity level 
An analysis on activity level provide the possibility to analyse the process on a more 

detailed level. A more detailed analysis is worked out below: 
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Figure 5: Box plot with effort % per phase 

 
Figure 5 shows a so called box plot. This box plot shows the effort in percentages spent 

per activity (design, build and test) in average (horizontal line) and the variance of this 
percentage (box). This figure shows that the test phase has more variation than the other 
phases. This is a reason for further investigation. 

A further analysis is performed is to determine the variance of the test effort over projects 
used for the case. For this analysis a control chart is created which is presented in figure 6. 

 

 
Figure 6:Test effort (%) 

 
The control chart gives more detailed information on the variance of the test effort. 

Especially the variance will be investigated to determine the cause of this variation and if 
structural improvements are required to prevent this variance.  
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There will always be a kind of variance in the measurements, it’s up to the measurement 
analyst to determine if this variance is acceptable.  

 
The use of these kind of graphs and analysis techniques requires a clear communication to 

the organisation. Variances can be interpreted as not in control while the variance is within 
acceptable limits. The variance can just be noise of the process performance. Noise means a 
natural variance in the process performance that will always exist and is acceptable as long as 
the noise is within acceptable limits.  

 
Except effort it can be interesting to determine the duration of individual activities based 

on function points. Duration provides information about the efficiency of a process. A 
practical analysis used for the case is shown in figure 7. 
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Figure 7: Test duration / FP 

 
Figure 7 shows a control chart with the test duration per function points based on 

measurements of different projects. These measurements shows 2 outliers (dashed circle) that 
required further analysis. Based on this analysis is determined if further improvements are 
required. In there are only one or two exceptional situation it’s not useful to start a structural 
improvement initiatives. 

 
Experience with the LSS theory and techniques is required to perform these kind of 

analysis. These analysis are presented to the project teams supported with a explanation of 
the graphs. If the CTQ’s are clearly defined and the same type of measurements are collected 
than the same type of analysis can be applied to projects. Because of the measurement cycle 
of 6 months the measurement process is also applied to project iterations if the project 
duration is more than 6 months to achieve a continuous learning cycle. 

 
4.5. Improve 

The improvement step defines the improvements based on the measurement analysis. A 
good analysis of these measures is therefore very important. An analysis is almost not 
possible based on a single measure.  
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Trend analysis as shown in figure 6 and 7 are essential to perform a detailed analysis and 
to determine concrete improvement steps. Trends show the data over time and are used to 
determine if variations are just incidents or structural events.  

 
To be able to implement these improvements the people that perform the measurement 

analysis must be able to provide improvement opportunities. At Logica the improvement 
opportunities defined by the measurement analyst are discussed with a project or program 
and if it are structural improvements also with the improvement organisation.  

 
4.6. Control 

The control phase is meant to institutionalise the improvement activities determined based 
on the analysis. Especially for improvement that have impact on more than one project or 
program and improvement organisation and management commitment is essential.  

 
5. Conclusions 

For the improvement of software engineering processes a more detailed level of (smart) 
measurements is required than regularly used. For defining these measurements Lean Six 
Sigma techniques can be applied but requires knowledge and experience with this theory and 
techniques. To be able to gather this detailed level of measurements a standard WBS is 
required from the start of the project that need to be used during the whole project cycle. This 
requires a focus of the organisation on the overall process instead on individual process steps. 
Detailed (smart) measurements provide the possibility for a detailed analysis on activity 
level. Smart measurements in combination with the use of Lean Six Sigma will improve the 
productivity of the project delivery process and therewith result in a better project control. 
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Be a Know-It-All: Avoid Risk Blind Spots with Measurement 
 

Peter Baxter 
 

 
Abstract 

All projects are subject to risk; it is inescapable. Projects that fail to manage risk, or that 
manage it in an ad-hoc way, find themselves in perpetual crisis. They never see it coming. 
This presentation focuses measurement on four risk management know-it-all opportunities so 
that projects are able to pro-actively plan for and quantitatively deal with risk factors rather 
than wait for problems to occur and then try to react. 

 
 

1. Introduction 
All projects are subject to risk; it is inescapable. From budget cuts and unfamiliar 

technology to changing requirements and staff turnover, risks that were not foreseen and 
planned for frequently cause major project issues and even failures. Projects that fail to 
manage risk, or that manage it in an ad-hoc way, find themselves in perpetual crisis. They 
never see it coming. 

 
Risks, by definition, come from uncertainty, which makes managing them inherently 

difficult and ambiguous. It is, therefore, doubly important to quantify the project’s and the 
organisation’s approach to risk. Risk management techniques strive to minimise the 
probability and control the impact of unfortunate events by identifying, assessing, mitigating 
and monitoring risk. These techniques often call on measurement and metrics as aids in 
monitoring and tracking risks to identify any change in the status, or if they turn into an issue. 
There is no doubt that monitoring and tracking risks is an important function of measurement, 
but it is also only part of what measurement can achieve when it comes to managing risk.  

 
To properly support risk management, a measurement process should be deployed to 

ensure the performance of risk planning, periodic monitoring and mitigation. Making the 
most of what measurement has to offer significantly reduces the blind spots that exist in the 
practice of risk management. Specifically, measurement can not only provide project 
progress updates, it can also establish a risk cost baseline, drive mitigation behaviour and 
provide a historical basis for risk planning and analysis. Measurement establishes a 
transparent and uniform process to monitor and manage risk. 

 
The benefits of quantifying risk extend through the current project to the next project and 

even across the organisation. A risk management process optimised with measurement is 
more effective and efficient as it increases confidence in estimates and decisions, aids in 
mitigation, reduces the number of critical risks, and ultimately allows projects to adjust risk 
reserves downward. With measurement, the risk management process becomes less 
subjective and more effective. 

 
2. Blind Spots 

This presentation focuses measurement on four risk management blind spots and how to 
reap benefits by turning them into know-it-all opportunities.  
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Blind Spot #1: Powerless to Evaluate the Risk Management Process 
Because managing risks and the resulting issues are viewed as a subjective management 

practice, most measurement processes contain only very basic risk measures such as risk 
reserve/risk budget or the number of risks and issues. With such simple risk measures, it is 
nearly impossible to evaluate or characterise the performance of the risk management 
process.  

The author presents three risk-related measurements that aid in quickly understanding risk 
planning accuracy, current risk process effectiveness and forecast risk expenses based on “to 
date” risk accuracy. Starting with these information needs, the author explains how 
organisations can tailor and apply them to more effectively evaluate their risk management 
processes.  

 
Blind Spot #2: Unable to Identify Risk Indicators 
Most risk catalogues or risk lists are disconnected from the measurement process in that 

there are measures which indicate that a risk is becoming an issue, but the association 
between a risk in the risk plan and a measure in measurement process is never made. 
Managers spend valuable time subjectively reviewing each risk in the risk list without 
obtaining any insight from the measurement process, and a valuable opportunity for spotting 
issues-in-the-making is lost.  

 
By linking measures with risks, projects and organisations can quantitatively monitor the 

risk list and identify measures whose status indicates increased risk – the risk indicators. 
 
The author describes techniques for assessing how managers can find the low hanging 

fruit in existing measures that are risk indicators and use them to manage the risk catalogue. 
By using information available from measurement, the manager’s task of periodically 
reviewing the risk list becomes less time consuming and more accurate. Using the 
information gained from the risk indicators, the author explains how to then add or expand 
measures to better identify risk indicators going forward.  

 
Blind Spot #3: Ineffective at Quantifying Mitigation 
Once a risk becomes an issue, mitigation activities are initiated to control or limit the 

impact. If the mitigation activities are not monitored quantitatively, the project or 
organisation has no way to track the risk trend over time and evaluate mitigation decisions. 
Without quantitative measures it is impossible to accurately determine if mitigation has 
satisfactorily controlled and/or limited the issue’s impact, or identify successful mitigation 
actions that should be incorporated into the next risk plan.  

 
The author presents two powerful ways to use the quantitative insight provided by the 

measurement process to effectively mitigate risk. He first explains how to associate issues 
with indicators of poor project performance. For example, when requirement volatility 
becomes too high, the project manager could indicate that staff turnover and technical 
training risks are the cause. Second, he demonstrates how the measurement process can 
measure specific issues and their effect on the project.  

 
Blind Spot #4: Incapable of Capitalising on Project Issues 
In a typical risk cycle, a risk occurs, becomes an issue which is dealt with by the project 

team and then closed. During the project, managers deal with risks and issues within the 
budget and scope of their individual needs. So, at the completion of each project, the 
organisation has a valuable list of risks, issues and responses which they could capitalise on. 
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Unfortunately, most organisations fail to feed this information back into the risk 
management process, sometimes because they don’t have the processes in place to do so, 
often because the risk data is not accessible or easily used.  

 
3. Conclusion 

The aim of risk management is not to eliminate risk, rather it is to manage project risks to 
maximise opportunities and minimise the adverse effects of unfortunate occurrences so that 
performance improves and goals and objectives are more likely to be met. Focusing the 
capabilities of the measurement process on the blind spots of risk management enables 
projects to pro-actively plan for and deal with risk factors rather than wait for problems to 
occur and then try to react. 
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Systems Engineering Leading Indicators Guide 
 

Patrick Hamon 
 
 

Abstract 
This presentation is a pragmatic approach about Leading Indicators. All people 

concerned by and with building indicators, eager to understand the past, pilot the present 
and forecast the future of their software or system development projects, should take 
knowledge of this document and preach in his parish.  

 
 

1. Introduction 
 
This Systems Engineering Leading Indicators Guide was created by a collaborative team 

comprised of representatives from Lockheed Martin, Lean Aerospace Initiative (LAI), the 
International Council on Systems Engineering (INCOSE), the Department of Defense (DoD) 
and industry. It has been approved for release by the Systems Engineering Subcouncil and the 
Director, EPI Program for use throughout the Lockheed Martin Corporation. 

 
2. Executive Summary 

Several policies calling for improved systems engineering on programs were released by 
DoD and the services during 2004. During this period, the Lean Aerospace Initiative (LAI) 
Consortium (now the Lean Advancement Initiative) was tasked with assisting with the 
systems engineering revitalisation activity. In June 2004, an Air Force/LAI Workshop on 
Systems Engineering for Robustness was held to establish the groundwork for several 
initiatives in support of systems engineering revitalisation. One of these initiatives focused on 
leading indicators for evaluating the goodness of systems engineering on a program. This 
initiative was jointly supported by LAI, INCOSE, PSM, and others in an industry 
collaborative effort to address this need. In December 2005, the beta version of this document 
was released, describing the initial set of SE Leading Indicators.  

 
This initial set reflected the subset of possible candidate indicators that were considered to 

be the highest priority by the team, recognising that the set was not exhaustive. In June 2007, 
Version 1.0 of this document was released following the completion of a validation phase 
which included pilot applications of the leading indicators, a research study, various 
workshops, and an industry survey. In this 2010 revision, additional indicators were added, 
and further implementation recommendations and guidance on interpretation has been 
provided. Additional SE Leading Indicators will be added in future updates as these are 
identified, defined, and evolved.  
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3. SE Leading Indicators 
3.1. What are SE Leading Indicators? 

A leading indicator is a measure for evaluating the effectiveness of a how a specific 
activity is applied on a project in a manner that provides information about impacts that are 
likely to affect the system performance objectives. A leading indicator may be an individual 
measure, or collection of measures and associated analysis that are predictive of future 
systems engineering performance before the system is fully realised. Systems engineering 
performance itself could be an indicator of future project execution and system performance. 
Leading indicators aid leadership in delivering value to customers and end users, while 
assisting in taking interventions and actions to avoid rework and wasted effort. 

 
3.2. Who Developed the SE Leading Indicators?  

Subsequent to the June 2004 workshop, the “SE Leading Indicators Action Team” was 
formed under the auspices of LAI, comprised of engineering measurement experts from 
industry, government and academia, involving a collaborative partnership with INCOSE . 
Mr. Garry Roedler of Lockheed Martin and Dr. Donna Rhodes of MIT co-led the effort. 

Leading SE and measurement experts from LAI member companies, INCOSE, SSCI, and 
PSM volunteered to serve on the team. The team held periodic meetings and used the 
ISO/IEC 15939 and PSM Information Model to define the indicators. To date, eighteen SE 
leading indicators have been developed, as summarised in Table 1. 

 
3.3. What Problem do SE Leading Indicators Address?  

Leading indicators support the effective management of systems engineering by providing 
visibility into expected project performance and potential future states. Visibility into the 
future state of a project has not traditionally been part of a measurement process. 
Additionally, without the use of leading indicators, it is difficult for leadership to establish the 
likelihood of delivering a complex system within the project constraints such as scope, 
schedule, quality and budget. 

 
3.4. Who are the Primary Users of the SE Leading Indicators?  

The primary users are the project specific systems engineering leadership, project 
management, and IPT leadership who use the indicators to assess and make adjustments for 
assuring systems engineering effectiveness of the project. Selected indicators may also be 
used by the project customers, project partners, and project suppliers depending on phase of 
project and nature of the contractual relationship. Secondary users include executive and 
business area management, as well as process owners, for the purpose of predicting the 
overall effectiveness of systems engineering within and across a project, and for early 
detection of problems that require management attention. 

 
3.5. How do SE Leading Indicators Differ from Conventional SE Measures?  

A conventional measure provides insight into the issue areas of interest to management 
using historic and current status information. In contrast a leading indicator draws on trend 
information of conventional measures or significant correlation to provide predicative 
analysis. A leading indicator, for example, could use requirements growth to predict the 
future behaviour of another process or sub-process. While the data on which both 
conventional measurement and leading indicators is similar, a key difference is that leading 
indicators address information needs that are predictive or forward looking. While the leading 
indicators appear similar to existing measures and often use the same base information, the 
difference lies in how the information is gathered, evaluated, interpreted, and used to provide 
a forward looking perspective. 
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3.6. How do SE Leading Indicators relate to Current Organisational SE 
Measurement Practices? 

Most organisations have an organisational measurement plan and a set of measures. These 
leading indicators are meant to augment the existing set of measures. For optimal efficiency 
these should be implemented via the organisation’s measurement infrastructure (typically 
based on CMMI® practices), thereby enabling mechanised data gathering, analysis, and 
evaluation. It should also be noted that leading indicators involve use of empirical data to set 
planned targets and thresholds. Where organisations lack this data, expert opinion may be 
used as a proxy to establish initial targets and thresholds until a good historical base of 
information can be collected, but should not be relied on as a long term solution for 
measurement projections. Rather, organisations must build the collection of the historical 
measurement data into its collection practices. 

 
3.7. What is the Expected Impact?  

These leading indicators have been specifically selected to provide insight into key 
systems engineering activities across the phases of a project. 

 Figure 1: The Defense Acquisition Management Framework 
 
Figure 1 - The Defense Acquisition Management Framework, depicts the United States 

Department of Defense (DoD) acquisition life cycle phases for a defense program. These 
phases were established and described by DoD Instruction 5000.02 and the associated 
Defense Acquisition Guidebook. This process is a continuum of activities for managing all 
defense acquisition programs. Appropriate tailoring of the detailed measurement information 
specifications may be needed to address the specific information needs of any given program. 
It should be noted that the leading indicators are also envisioned as suitable to commercial 
endeavours. 

 

 Figure 2: ISO/IEC 15288, IEEE 1220 and ISO/IEC 26702 Stages 
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Figure 2 - ISO/IEC 15288, IEEE 1220 and ISO/IEC 26702 Stages, depict the same process 

and life cycle concepts in non-DoD terms. As demonstrated in Table 1, most of the leading 
indicators are trend measures that have broad applicability across both defense and 
commercial life cycle phases/stages. The DoD life cycle phases are denoted as P1 through P5 
in Table 1 and are numbered as P1-P5 in Figure 1. 

The industry standard life cycle stages are denoted as S1 through S5 in both Table 1 and 
Figure 2. Table 2 further refines the applicability of each leading indicator to the associated 
ISO/IEC 15288 activities. 

 
3.8. What is an example of how SE Leading Indicators have contributed to 

effective systems engineering on a project?  
A good example of the positive impact of using leading indicators was demonstrated 

within one of the pilots of the beta release guide. By monitoring the requirements validation 
and volatility trends, the pilot project team was able to more effectively predict readiness for 
the System Requirements Review (SRR) milestone. Initially the project had selected a 
calendar date to conduct the SRR, but in subsequent planning made the decision to have the 
SRR be event driven, resulting in a new date for the review wherein there could be a 
successful review outcome. That is, the review date was set based on an acceptable level of 
requirements validation and volatility in accordance with the leading indicators. Had the 
original calendar date been used, it is likely that the SRR would not have been successful and 
would have had to be repeated. See the example “Requirements Volatility” graphic 

. 
3.9. Are the SE Leading Indicators Applicable to System of Systems Programs?  

The leading indicators have primarily been derived from experience on traditional 
projects, however potential for use on System of Systems (SoS) projects has been given some 
consideration. First of all, some of the leading indicators are directly usable by a prime 
contractor as indicators for SoS level engineering activities. As SoS projects apply many of 
the same skills and perform many of the same activities as systems projects, the leading 
indicators do still apply. It is anticipated that in the SoS case, the interpretation of the leading 
indicators may involve some additional and/or unique considerations. For example how 
leading indicators, applied at the constituent systems level of a SoS, could be used effectively 
as a collected set of indicators and/or as aggregated indicators. 

 
3.10. How will the SE Leading Indicators be Further Validated?  

The further validation efforts will be monitored by the core team, in collaboration with the 
participating collaboration organisations. Based on results of project use, leading indicators 
will be adjusted as required. Additionally, recommendations will be developed regarding 
which leading indicators are most effective for particular types of projects. 
 
3.11. What are the Plans for Improvement?  

In support of the continuing validation and refinement activity, industry and academic 
research is ongoing and planned to analyse the effectiveness and adequacy of the measures in 
support of improved project performance. As lessons are learned in the continuing validation 
process, the core team will be providing briefings to and seeking input from selected 
government forums and systems engineering societies/associations. There are several 
activities planned for the future, including workshops on leading indicators involving cross 
discipline participation. 
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Leading Indicator Insight provided
P 
1

P 
2

P 
3

P 
4

P 
5

S 
1

S 
2

S 
3

S 
4

S 
5

Requirements
Trends

Rate of maturity of the system definition against the
plan. Additionally, characterizes the stability and
completeness of the system requirements that could
potentially impact design, production, operational utility,
or support.

System
Definition
Change Backlog
Trend

Change request backlog which, when excessive, could
have adverse impact on the technical, cost and schedule
baselines.

Interface
Trends

Interface specification closure against plan. Lack of
timely closure could pose adverse impact to system
architecture, design, implementation and/or V&V any of
which could pose technical, cost and schedule impact.

Requirements
Validation
Trends

Progress against plan in assuring that the customer
requirements are valid and properly understood.
Adverse trends would pose impacts to system design
activity with corresponding impacts to technical, cost &
schedule baselines and customer satisfaction.

Requirements
Verification
Trends

Progress against plan in verifying that the design meets
the specified requirements. Adverse trends would
indicate inadequate design and rework that could
impact technical, cost and schedule baselines. Also,
potential adverse operational effectiveness of the
system.

Work Product
Approval
Trends

Adequacy of internal processes for the work being
performed and also the adequacy of the document
review process, both internal and external to the
organization. High reject count would suggest poor
quality work or a poor document review process each of
which could have adverse cost, schedule and customer
satisfaction impact.

Review Action
Closure Trends

Responsiveness of the organization in closing postreview
actions. Adverse trends could forecast potential
technical, cost and schedule baseline issues.

Risk Exposure
Trends

Effectiveness of risk management process in managing /
mitigating technical, cost & schedule risks. An effective
risk handing process will lower risk exposure trends.

Risk Treatment
Trends

Effectiveness of the SE organization in implementing
risk mitigation activities. If the SE organization is not
retiring risk in a timely manner, additional resources can
be allocated before additional problems are created.

Phases / Stages
Table 1 - SYSTEMS ENGINEERING LEADING INDICATORS OVERVIEW
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Leading Indicator Insight provided
P 
1

P 
2

P 
3

P 
4

P 
5

S 
1

S 
2

S 
3

S 
4

S 
5

Technology
Maturity Trends

Risk associated with incorporation of new technology or
failure to refresh dated technology. Adoption of
immature technology could introduce significant risk
during development while failure to refresh dates
technology could have operational
effectiveness/customer satisfaction impact.

Technical
Measurement
Trends

Progress towards meeting the Measures of Effectiveness
(MOEs) / Performance (MOPs) / Key Performance
Parameters (KPPs) and Technical Performance Measures
(TPMs). Lack of timely closure is an indicator of
performance deficiencies in the product design and/or
project team’s performance.

Systems
Engineering
Staffing & Skills
Trends

Quantity and quality of SE personnel assigned, the skill
and seniority mix, and the time phasing of their
application throughout the project lifecycle.

Process
Compliance
Trends

Quality and consistency of the project defined SE
process as documented in SEP/SEMP. Poor/inconsistent
SE processes and/or failure to adhere to SEP/SEMP,
increase project risk.

Resource
Volatility
Trends

Availability of non-personnel resources (infrastructure,
capital assets, etc.) needed throughout the project
lifecycle.

Defect/Error
Trends

Progress towards the creation of a product or the
delivery of a service that meets the quality expectations
of its recipient. Understanding the proportion of defects
being found and opportunities for finding defects at
each stage of the development process of a product or
the execution of a service.

System
Affordability
Trends

Progress towards a system that is affordable for the
stakeholders. Understanding the balance between
performance, cost, and schedule and the associated
confidence or risk.

Architecture
Trends

Maturity of an organization with regards to
implementation and deployment of an architecture
process that is based on an accept set of industry
standards and guidelines.

Schedule and
Cost Pressure

Impact of schedule and cost challenges on carrying out
a project

Table 1 - SYSTEMS ENGINEERING LEADING INDICATORS OVERVIEW
Phases / Stages
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4. Leading Indicators 
The following subsections provide a description of the leading indicators. Each description 

provides a rationale that justifies the value of the indicator, describes the decision insight it 
offers, and specifies how to measure and calculate it. In addition, there are sample graphics 
intended to illustrate the use of the indicator. 

 
Important Note: The graphics in this document are intended for basic illustrative purpose 

only, and may represent only one aspect of the overall indicator. These are notional graphs 
and do not contain actual data. A conscience effort has been made to depict the leading 
indicator in a variety of graph formats. It is expected each organisation will develop its own 
format for graphics. Underlying the information in the graphs, an organisation will need to 
investigate root causes and related information to fully understand what is being flagged by 
the indicator. 

 
The format of the leading indicators information has been developed to be consistent with 

widely accepted measurement guidance in use in systems engineering and software 
organisations to include the references listed in Section 5. In an attempt to normalise this 
guidance, consider the following depiction of a leading indicator. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Strength scale 
 

Figure 3 
 
A leading indicator is composed of characteristics, a condition and a predicted behaviour. 

The characteristics are detailed in a table contained in Appendix F. That table describes the 
typical anatomy of the information measurement specification used throughout this guide. 
The characteristics and condition are analysed on a periodic or as-needed basis. The leading 
indicator predicts behaviour within a given confidence and within an accepted time range into 
the future. Based on accuracy within an organisation, a leading indicator is given a strength 
value that represents the belief an organisation has in the indicator. As organisational 
experience proves that the value of the leading indicator they would increase the strength 
value. 

 

Information 
Needs 

Indicators 

Derived 
Measures 

Base 
Measures 

Characteristics         Condition     Indication 

 
Condition 

 
Predicted 
Behaviour 

 

Confidence 

lag  range 
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For example, an invalidated leading indicator that is used for the first time might predict 
that there is a 100% probability that the project will fail in 3 months. However, managers 
would not rely heavily on this leading indicator because it has a very low strength, in this 
case 0. 

 
Within regard to base measures, an important assumption and implementation 

consideration is that additional associated attributes are also recorded to aid in categorisation 
and analysis. These categories should be selected by relevance to the organisational. As 
examples, these categories might include Type, Cause, Severity, Status or Maturity States 
(such as started, interim, approved, incorporated, or stopped), Changes by Priority (critical, 
high, medium, low), Changes by Cause (error, customer request, external), Changes by 
Approval Disposition (approved, rejected) and Actual Dates & Times. 

 
These attributes are needed to convert the Base Measures into Derived Measures by 

categorising the measure with the additional attributes. This additional insight makes 
indicator data much more relevant to the information users. Without such data, users would 
find it impossible to appropriately interpret the indicator or to investigate, and potentially, 
take appropriate corrective action. 

 
For example, “Requirements” must be converted to “% Requirements Approved” for the 

user to get a sense of the system definition maturity. If at a monthly status review the “% 
Requirements Approved” is observed to be trending lower than established thresholds 
appropriate action can be taken. 

 
5. Conclusions 

Further uses of attributes are presented in the various analysis guidance sections of the 
leading indicator specifications. 

 
6. Original Text 

“Systems Engineering Leading Indicators Guide” 
EPI 270-20, Rev. 1.97 Draft 
January 6, 2010 
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Why to use function points in a contract? 
 

Gianfranco Lanza 
 
 

Abstract 
Since from the antiquity, in a relationship Customer-Supplier, there has been a 

negotiation to establish the value of goods. The negotiation is, in many countries (for 
example the Arabian countries) a matter of culture. In the ICT world the negotiation between 
a customer and his suppliers is, very often, cause of litigations: the result is that the customer 
has not the good he desires and the supplier has not the profit he desires. 

One reason is, undoubtedly, the difficulty to evaluate the amount of software that the 
supplier has to develop according to the customer requirements. 

So, how can the software metrics help us? Can the use of function point resolve any 
problems? Which are the things to do for increasing the transparency on software costs 
between supplier and customer?  

That’s not an easy task: this presentation, based trough real experiences done in CSI 
Piemonte, tries to answer to these questions. 

 
 

1. Introduction 
The relationship between a supplier and a customer is often burdened with litigations 

about many issues: the cost of the furniture, the elapsed time of release, the quality of the 
product delivered, and so on. 

Undoubtedly there can be many reasons for both the customer and the supplier to support 
their positions; unfortunately these reasons are often explained through opinions instead of 
objective facts. 

When, several years ago, function points appeared in the ICT world, many thought and 
hoped that they could resolve every problem between supplier and customer, being an 
objective software measure. 

Is actually like this? 
This presentation wants to highlight how hard evaluating ICT project activity is and how 

function points can help in the cost evaluation and where they cannot. 
 
 

2. Environment 
This presentation takes into account the projects that build software services for the Public 

Administration. These software services are often integrated into a complex and do not 
constitute stand alone software products. 

 
Some examples of these services are : “system for booking events”, “cartographic system 

to manage streets, rivers, and so on”, “system to manage the budget of a public office”, “Web 
Portals”, “system for booking medical visits”. 

 
The characteristics of all these systems are rather different from those of a software that 

works by itself, not integrated in a system, so it's not easy for the customer to understand all 
the activities and consequently the cost that are behind the projects to deliver them. 
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3. Project & Product  
In the realisation of a software product there are many project activities to do, performed 

by different actors from the collection of user requirements phase to the delivery phase. 
These activities in some cases are related to the development of the software product, in 

other cases they concern actions that are not strictly correlated with the software product but 
nevertheless they are necessary for its realisation (for example the environment 
predisposition activity for the product integration into a other products system) 

Function points measure the size of a software product, the size is based upon the FUR 
(Functional User Requirements) and the method is conform to the ISO/IEC 14143-1:2007 
[2]. Function points don't measure a project but a product, the product is developed through a 
project and the supplier when agrees the price of the product have to take into account all the 
activities of the project. 

 
The question is: “is it correct to speak about a cost per function points considering the 

whole cost of all the activities of the project?”. Till now function points have been used to 
quantify the functional dimension of the software product and the cost per function points has 
been obtained as the division between the total cost of the project and the size in function 
points of the product.  
 

Is this a correct approach? It would be useful to consider not a product size but a project 
size, in literature there aren't many definitions of project size. 

A possible definition could be : 
 
Project Size: the size of a software project, derived by quantifying the (implicit/explicit) 
user requirements referable to the scope of the project itself [1] 
 
The user requirements consist of functional requirements and not functional requirements.  
 
The user requirements can be classified in three types: functional requirements, quality 

requirements and technical requirements [3] 
 
Note: Function points have to be used only to measure Functional Requirements and they 

constitute a product measure. 
 

4. Software services 
As seen above, the scope of development considered is that of integrated software services 

for satisfying the needs of public administration. This scope has some characteristics totally 
different from a standalone software product. 

 
First of all there is a service to deliver, so there is the need of planning it to take into 

account how many hours it has to run a day, how many users use it and so on. Then, another 
very important thing is the fact that the service has to be integrated with other services, 
exchanging data with them. The development of a software service in an integrated services 
system is thus different and more complex than the realisation of a standalone product. 

 
The following section highlights the project activities that, in my experience, are necessary 

to realise a software service and, for each of them, are indicated the possible correlation with 
the functional measure in function points. The term function points here is generic: it 
references both the IFPUG method [2] and the COSMIC method [4], with possible utilisation 
of early estimation method, like Early and Quick Function Point [5]. 
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5. Project Activities 
In the table below are exposed all the main activities that are present in a project to 

perform the development of a software service, from the collection of its User Requirements 
until its delivery on production environment. 

 
Table 1: Activities - Metrics 

Activity Sub-Activities Metric Reference 
Software 
Development 

RUP Disciplines Function points FP Manual 

Final Product 
Testing 

 Final Product Testing 
Unit 

Final Product 
Testing Guideline 

Service Planning  Service Planning Unit Service Planning 
Guideline 

Users training  Users training Unit Users training 
Guideline 

Data porting  Function points FP Manual 
Data clearing Manual Data Unit (record, fields) Data clearing 

Guideline 
Computerised Function points FP Manual 

Performance Testing  Performance Testing 
Unit 

Performance Test 
Guideline 

Service integration  On line integration Service integration Unit Product integration 
Guideline 

Batch integration Service integration Unit Product integration 
Guideline 

System integration 
test 

Service integration Unit Product integration 
Guideline 

Monitoring 
Procedures 

 Function points FP Manual 

Back office functions  Function points FP Manual 
 
For some activities it is possible to obtain an effort estimate (and a consequent cost to 

perform them, assuming time as the main factor to derive costs) by using the functional 
dimension in function points. This means that the activity is, in some way, proportional to the 
functional dimension in function points of the service to realise. But for other activities this is 
not possible: deriving their costs from the functional dimension of the software product 
would be wrong since these activities are not proportional to the functional dimension and, in 
many cases, they are not functional activities at all. 

 
Deepening the references (specific guidelines) is out of the scope of this presentation. 
 

5.1. Software development 
The sub activities of the software development, assuming as a reference the Rational 

Unified Process Disciplines, are: 
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• Business Modelling 
• Requirements 
• Analysis and Design 
• Implementation 
• Test 
• Deployment 
• Configuration and Change Management 
• Project management 
• Environment 

 
Of course some of these activities are functional activities and are dependent by the 

functional dimension of the service. Some others are not functional activities but they are 
usually dependent by the functional dimension, for example the activity of project 
management. Others like environment, deployment, configuration and change management 
are dependent by drivers different from functional dimension. 

 
A good project management has to pay attention and to use the functional dimension in the 

contexts in which this has sense. 
 
It is possible to obtain an estimate of the effort to perform the software development of the 

software service through the application of a productivity (the number of function points that 
a person can perform in a unit of time, generally hours or months); the productivity should be 
related to the functional activity of the project, and to this effort it is necessary to add all the 
efforts for activities not dependent by the functional dimension of the product. 

 
It's advisable to use values of productivity collected in your firm, otherwise it's possible 

using literature values, e.g. Capers Jones Programming Languages Table [6], ISBSG projects 
repository [7]. 

 
The development of a software service is usually performed through the development of 

many software components, for example a GUI (Graphic User Interface) or “on line” 
component, a batch component, a cartographic component: for each of them it can be useful 
using the most appropriate function points method. 

 
For example for the batch component, specifically for the stream of batch processes, and 

for the cartographic component, the Cosmic method can be more suitable than IFPUG 
method, on the contrary IFPUG method can be used for the “on line component”. 

 
5.2. Final Product Testing 

This is the last activity before releasing the software service in the running environment. 
This testing stage is not properly a functional testing but it is a system test that verifies if the 
service runs without problems in an environment that has to be the most similar to the real 
one. 

This activity is not properly dependent by the whole functional dimension of the software 
product: usually it's not necessary to test all the product functionalities, but only the critical 
ones. The major cost of this activity is the predisposition of the running environment that has 
to be the most similar to the real one, thus considerations about its cost have to be explained 
through an opportune guideline that highlights which are the factors that determine the cost. 
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For example the type of components, if they are standard or not, the environment in which 
the service will run, and so on. 

 
5.3. Service Planning 

Service planning is not a functional activity, its effort and its consequent cost cannot be 
derived by the functional dimension; it depends by some factors as 

• Functional complexity of the service 
• Architectural complexity 
• Data complexity 
• Type and number of interactions with other systems 
• Typology of users 
• Numbers of users 
• Working schedule 
• Typology of the service (customer care, call centre, and so on) 
• SLA 
• Risks of the service 

 
The considerations about its cost have to be explained through an opportune guideline that 

highlights the service planning effort classes and consequently determining the ranges of 
cost. 

 
5.4. Users training 

Training activity is not a functional activity and its effort is not dependent by the 
functional dimension of the product., There is a guideline to determine the number of training 
session and their duration, depending mainly on the users number and sessions number. 

 
5.5. Data porting 

In many cases, when there is a remake of an old service, there is the need of porting some 
data from the old data base to the new. Very often this activity is very difficult, very time 
expensive and very stressing. In fact there is the need of a specific software process to 
transfer the data from the old database to the new, usually there can be one elementary 
process for each of the data entities of the new database. 

 
This activity is undoubtedly a functional activity. This software is used just only once, 

before the starting of the software service, it is not part of the functional dimension of the 
service itself, but nevertheless it is part of the project and it has a consistent effort and 
consequent cost. The cost of this activity can be distinct from other costs.  

 
This activity can be measured in IFPUG function points or in COSMIC function points. 

The productivity associated to this activity is usually different from the productivity for the 
software development of the service: due to the context complexity it is usually strongly 
lower. 

 
5.6. Data clearing 

Generally, associated to the data porting in a remaking of a software service, there is the 
activity of clearing obsolete data (for example: “removing all the employees of the firm that 
are not working any more” or “adjusting all the wrong address in the registry of board”).  

This activity is very often done by the back office application management employees and 
it can be done manually or using specific tools. If this activity is not manual but performed 
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through software procedures it is possible an evaluation in function points, otherwise the cost 
of this activity is expressed in different unit measures (depending on the amount of data to 
clear, record, fields), defined in an opportune guideline. 

 
5.7. Performance Testing 

 The performance testing is an activity that can seem like the final service testing seen 
before. In effect this activity is performed to verifies the SLA (Software Level Agreements) 
defined in the user requirements 

 
 The activity consists in stressing the software service and seeing its answer in terms of 

response time and efficiency. The cost is determined through a guideline that establish some 
classes of efforts based upon some factors (complexity, typology of components, etc.). 

 
5.8. Service integration 

This is perhaps the hardest activity to evaluate. The integration in a system of software 
services implies the need to build a particular testing environment. The factors that influence 
the cost are numerous and in many cases, mainly in the early phases of software development 
cycle (requirements, analysis and design), they are not so clear and valuable. 

 
In general the cost depends by the interactions of this service with other systems and by 

the architectural environment where it is running. In evaluating the cost the functional 
measure of the software service is not significance. 

 
Function points can help to evaluate possible software module needed to exchange data 

between components. In this case cosmic method could be more suitable. In any case the cost 
of this activity is based on a guideline that establishes classes of software integration, for each 
of them there is a range of possible costs. 

 
5.9. Monitoring procedures 

In some cases there is the need to have tools for monitoring the service, showing its states, 
showing the data that it is managing and so on. If there is the need to realise these tools it's 
possible to have a functional dimension of them.. 

 
5.10. Back office functions 

In many cases there are functions that are necessary to make easier the job to the back 
office application management employees. These functions, for examples, permit to manage 
all the code data. 

These functions can be measured in IFPUG function points, better in COSMIC function 
points. 

 
 

6. Real case 
The real case is about a software service in a financial environment. The service is 

integrated in a public context and permits to manage the payment of city taxes. The software 
service has some of the above activities, but not all, it has an intrinsic complexity due to the 
subject (financial taxes and relatives rules). 
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The software service is composed by four components: 
• An on line (GUI) component  
• A batch component 
• A cartographic component 
• An exposed software services component 

 
Each of these components have been measured in function points: 
• IFPUG function points for the on line component 
• COSMIC function points for the batch component 
• COSMIC function points for the cartographic component 
• COSMIC function points for the exposed software services component 

 
Due to the nature of this service there has been the need of a performance test. 
Every software service, before its release in the production environment, has to pass a 

final testing, in which the software service runs in an environment like the real one: so the 
activity of preparing this environment is common in every service and it can be rather 
complex like in this case as the service has to be integrated with other services. 

 
In the table below are shown all the different activities of this project and those where it’s 

useful to have a measure in function points. 
 

Table 2: Activities - FP sizing 
Activity Function points  
Software development on line component Yes 
Software development batch component Yes 
Software development Cartographic component Yes 
Software development exposed software services  Yes 
Service Planning No 
Performance Testing No 
Service integration  No 
Final Product Testing No 

 
As seen in the table above this is a list of activities, only for some of them it is possible to 

use function points as a metric to derive and expose the cost. 
 

6.1. Benefits of using function points in a contract 
For each of the above activities, in which it has been possible to use the function points, 

there has been several advantages: 
• First of all more objectivity in realising the software. 
• Major facility in the scheduling of activities. 
• Major control in releasing pieces of software. 
• Minor litigations about the amount of software to be released and consequent cost. 
• Minor litigation in management of change request, measured in NESMA function 

points [8]. 
• Major quality of the released service. 

 
  



Proceedings 7th Software Measurement European Forum, Rome 2010 
 

40 
 

These advantages are real only if function points are used in the right manner, for this 
reason is advisable: 

• For every component to choose the more suitable function points metric. 
• Not to sum the dimension in function point of different methods (don't sum cosmic 

function points with IFPUG function points: they are two different measures, it would 
be as mixing apples with oranges! In this case it would be wrong to affirm that the 
whole software service dimension is 1006 FP!). 

• To consider each component separately: every component has its own characteristic, 
productivity and, consequently, cost. To have different measures and different cost 
per component is, without any doubt, an help for the supplier in understanding better 
what he has to do, and for the customer in the comprehension of the relative cost. 

 
Nevertheless it has to be clear that the cost derived by the measures in function points of 

these four components are not the cost of the whole projects, but only of the activities to 
develop software.  

 
To establish the cost of the other activities it is necessary to use a guideline for each 

activity that help to determine the cost or, better, a range of it. 
 

6.2. Critical points in using function points in a contract 
The major risk in using function points in a contract are: 
• There is not the same level of metric culture in the supplier and the customer. Both 

the supplier and the customer have to know which are the function points metric used 
and their application: they have to share a method .It is mainly a matter of culture, if 
there is no the same culture it's necessary a common route and a training route. 

• Simplifying too much, not considering the different aspects of all the software 
components developed. 

• Using function point to derive effort for those activities that are not correlated with 
the functional dimension of the product. 

• The typology of the contract: the better thing would be using a “measure contract”: 
the customer measures the functional dimension of the product at the end of its 
realisation and pays in according to the real functional dimension of the components 

 
 

7. How to expose Costs  
As seen above the determination of the cost of the software service is a list of costs, likely 

a shopping lists at supermarket. 
 
Is cost per function point meaningful to evaluate all the cost of the software service? Of 

course not! 
 
Is the “value” of function points the same in all software components? Of course not! 

There are different measures for different components and even different metrics. 
So it’s necessary for a real transparency and clearness between supplier and customer that 

both know all these activities and, above all, share a method of exposition of costs. 
 
The table below shows the exposure of cost in unit measures of the furniture of the 

software service. 
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Table 3: Activity - Size 
Activity Metric Value 
Software development on line component IFPUG FP 584 IFPUG fp 
Software development batch component COSMIC FP 131 Cosmic fp 
Software development Cartographic 
component 

COSMIC FP 238 Cosmic fp 

Software development exposed software 
services  

COSMIC FP 53 Cosmic fp 

Service Planning Service Planning Unit 168 
Performance Testing Performance Testing 

Unit 
100 

Service integration  Service integration Unit 197 
Final Product Testing Final Product Testing 

Unit 
7 

 
The list of different costs, each one in some way obtained through a method shared by the 

supplier and the customer, is of course a totally different thing of having a unitary cost 
exposed: the opinions have been replaced by metrics. 

The customer is able to evaluate costs in a better way: this means minor litigation and a 
better life!  

 
To substantiate the unit measure with the real cost in money, it is sufficient to multiply 

each unit for the price that has been established in the contract. 
There cannot be a fixed price for unit (for example for function points) because every 

project has its own characteristics, critical points and its impact factors that can strongly 
change the price.  

There can be also a fixed price initially, on which it's possible to apply the impact factors 
relative to the project. 

When all the unit measures are normalised to the currency, it could be interesting and 
useful to see, for different project classes, the percentage in cost of the functional part of the 
project activities compared to the not functional part. 

 
In figure 1 some possible examples of the distribution of the functional part of the project 

compared to the not functional part for different classes of projects. 
 

 
Figure 1: '1': Functional Part; '2': Not Functional Part 
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8. Conclusion 
The ICT world is not an easy world. Using metrics to regulate the relation between a 

supplier and a customer can be useful but also not so easy. 
 
Simplifying is compulsory in many circumstances, simplifying too much can be 

dangerous. In some cases it's better not using metrics rather than using them in the wrong 
way! 

 
In fact the wrong use of function points in these years, has brought much discredit to 

function points: but the guilt is not of function points but in the incorrect use of them! The 
use of a unitary cost per function point multiplied for a unitary dimension in function points 
of a software product to establish the cost of the whole project of developing a software 
product can be totally unsuitable. 

 
Proper using of function points together with a maturity level of metric culture is not an 

easy task to perform but everyone has to try hard using his head. The thing to do is to practice 
using it as much as possible and the difficult things will also become easier! 
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Abstract 
In the practice of Business Software Systems (BSS) Development and Enhancement 

Projects (D&EP) execution in Poland there are two types of client-provider contracts that 
decidedly dominate at the moment, namely: fixed price contract and time and material 
contract. Both approaches promote exceeding of the costs designed for purchasing product 
meeting client’s requirements. Thus ex ante as well as ex post pricing of the BSS dedicated to 
the client’s needs should be based on its size: required size in the case of ex ante pricing and 
actually delivered size in the case of ex post pricing. Consequently, work costs per unit 
should be related to the product size unit and not to the time unit – this is what makes pricing 
have objective and reliable character. It requires the appropriate measure of software size to 
be implemented, which may be acquired on the basis of the software Functional Size 
Measurement (FSM) concept, having been recently normalised by the ISO/IEC. This paper 
presents the simplified case study proving the possibility of rational ex ante and ex post BSS 
pricing carried out on the basis of FSM for a dedicated system being developed for the needs 
of Polish affiliated sales department of international motor concern, as well as the main 
conclusions coming from this study. The paper aims at presenting general connections 
between the FSM and economic aspects by using the example showing BSS development 
project cost savings, which may contribute to better understanding of the FSM importance by 
business managers and thus to the reduction of the gap between BSS providers and clients. 

 
 

1. Introduction 
In the Polish practice of the dedicated Business Software Systems (BSS) Development and 

Enhancement Projects (D&EP) execution there are two types of client-provider contracts that 
definitely dominate at the moment, they are: fixed price contract and time and material 
contract. In the first case price of the project product is calculated on the basis of the assumed 
fixed costs, which were agreed following the requirements specification. In contracts of 
another type calculation of the product price is based on the agreed rate for work hour being 
spent by product provider. It means that work cost per unit is measured not with regard to the 
unit of product size but with regard to the unit of time, and therefore this is work time that 
determines the total work costs – instead of required or actually delivered product size. 
Project execution with ex post pricing of actually delivered product is still rare, at least in 
Poland, where we deal with low (however growing) level of the so-called “measurement 
culture” in software engineering, especially from the functional point of view, what may be 
clearly proved by the results of the studies presented by the author at the IWSM-Mensura 
2009 [1]. 

 
Meanwhile data resulting from the analysis of BSS D&EP being accomplished in Poland 

indicate that in 2006-2007 approx. 50% of such projects went over the planned completion 
time while approx. 40% exceeded the estimated budget [2, pp. 470-472]. These data are 
similar – as to the general conclusions – to the results coming from the Standish Group 
studies on the effectiveness of application software development projects worldwide, which 
indicate that currently only 32% of such projects turn out successful while products delivered 
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as a result of nearly 45% of them lack on average 32% of the required functions and features, 
the planned time of product delivery is exceeded by nearly 80% on average and the estimated 
budget - by approx. 55% on average [3, p. 1]. Conclusions resulting from the Panorama 
Consulting Group studies on the effectiveness of the world’s ERP systems implementations 
are even worse: they indicate that as much as 93% of such projects are completed after the 
planned time, 65% go over the assumed costs while only 13% of the respondents declare 
strong satisfaction with functionality being implemented in the end product [4, pp. 1-2].  

 
Thus one may formulate a hypothesis that approaches to the BSS pricing most often 

occurring in practice, moreover not only in Polish practice [5, p. 250], promote overrunning 
of budget designed for delivering of product that would meet client’s requirements. In case of 
client-provider contracts based on hourly work rate the provider could extend the time of 
product execution. Also, there is no guarantee that even extending this time excessively and 
thus leading to the uncontrolled increase in costs the provider would deliver product of 
required functionality. In case of fixed price contracts, apart from likely situation where the 
actually delivered product size may be smaller than the required one, there is also another 
problem that arises: providers manifest strong resistance to any extension of requirements, 
being so characteristic of BSS D&EP due to the changeability of business environment. Thus 
on the one hand contracts of this type may prevent cost overrun yet on the other hand they do 
not guarantee delivering of product having required functions and features at this very cost.  

 
Therefore ex ante and ex post pricing of the dedicated BSS should be based on its size: 

required (estimated) in the case of ex ante pricing and actually delivered (measured) in the 
case of ex post pricing. Consequently, work costs per unit should be related to the product 
size unit and not to the work time unit. Such approach to the pricing requires the right 
measure of software size. Not before that the product pricing will have objective and reliable 
character – as client will get possibility to plan the cost of project execution depending on the 
outcome this project is expected to bring and, as a consequence of its execution, will pay for 
the actually delivered size of product and not for his requirements which provider failed to 
fulfil (in case of fixed price contracts) or for the provider’s extra work time (in case of time 
and material contracts). Moreover, approach to the dedicated BSS pricing based on the 
product size encourages also potential provider to offer rational work cost per product size 
unit as the risk of potential under pricing and relatable consequences is passed to the 
provider. This requires knowing own productivity, proper productivity management, 
including undertaking activities aimed to improve it therefore to enhance software processes. 
Also, such approach makes it possible to appropriately reflect changes in client’s 
requirements being introduced during the BSS D&EP lifecycle in final cost of the project. 

  
2. Functional assessment of business software systems development and 

enhancement projects 
As a result of many years’ reliability and objectivity verification of various approaches 

towards software size measurement this is only the concept of Functional Size Measurement 
(FSM) that so far has been normalised by ISO (International Organization for 
Standardization) and IEC (International Electrotechnical Commission) – in the 6-part 
ISO/IEC 14143 norm [6]. This standard proposed definition of functional size, which is 
understood as „size of the software derived by quantifying the Functional User 
Requirements”, while Functional User Requirements (FUR) stand for the „sub-set of the User 
Requirements describing what the software does, in terms of tasks and services” [6, Part 1, p. 
2].  
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Also, five of FSM techniques (out of over 20) have been normalised by the ISO/IEC in the 
following standards: ISO/IEC 20926 [7] - normalising the International Function Point Users 
Group (IFPUG) Functional Size Measurement Method (FSMM); ISO/IEC 20968 [8] – 
standardising the United Kingdom Software Metrics Association (UKSMA) FSMM; 
ISO/IEC 24570 [9] – normalising the Netherlands Software Metrics Association (NESMA) 
FSMM; ISO/IEC 19761 [10] - standardising the Common Software Measurement 
International Consortium (COSMIC) FSMM; and ISO/IEC 29881 [11], in which was 
normalised the Finnish Software Metrics Association (FiSMA) FSMM. 

 
The FSM capabilities can be used for assessment of BSS D&EP from the functional – that 

is from the most important for the client - point of view. Assessment of such projects made 
on the basis of their products FSM will be then called Functional Assessment (FA). Key 
attributes of FA include: product functional size (FS), work effort which needs to be spent on 
FS development/enhancement (E), and functional productivity (P) understood as the ratio of 
product functional size to the work effort on FS development/enhancement (FS/E) [12, p. 19-
20], or – being inversion of functional productivity - work effort necessary to achieve 
functionality unit (E(u)=E/FS) that determines work cost per FS unit (so measured with 
regard to the product size unit, not to the work time unit).  

 
Use of BSS D&EP functional assessment should promote increased effectiveness of their 

execution in terms of costs as well as with regard to product functionality. This is because 
such assessment enables to reduce some negative phenomena commonly occurring, at least in 
the Polish practice of such projects execution, showing negative influence on its 
effectiveness. Such phenomena include:  

• Practice consisting in deliberate lowering of product development/enhancement costs 
by offerors in order to win contract for the project execution (the so-called “price-to-
win” approach), which is a result of rewarding the cheapest offers.  

• Phenomenon consisting in clients extending the required functionality during the 
project lifecycle (the so-called “scope creep”) without effects of such change being 
correspondingly reflected in the project execution costs.  

• Practice consisting in provider actually delivering product of lower functionality than 
that required within fixed price contracts. 

• Phenomenon consisting in provider actually delivering functionality (many a time 
lower than the required one) at the cost higher than the expected one, which usually 
occurs in the case of time and material contracts, as they promote extending of the 
project lifecycle.  

 
The FSM concept constitutes the basis for southernSCOPE [13] and northernSCOPE [14] 

methodologies that support the software D&EP scope managing. In the case study presented 
further in this paper, however, there were two additional assumptions made, which are not 
featured explicitly in these methodologies, namely:  

1. Functional assessment consists of at least three stages:  
1.1. Initial functional assessment (FA1). It may take place as soon as at the stage of 

initiating BSS D&EP thanks to the functional size early estimation rule, having been 
derived on the basis of benchmarking data [15, p. 11] (the so-called calculations of 
Function Points Zero – FP0). Yet more accurate estimates are received at the analysis 
stage where fundamental FUR are known – they are based on the calculations of FP1 
(Function Points One), for which, according to the rules of FSMM, estimation error 
up to ±30% is allowed. Estimation made at this very stage should be sufficient for 
initial planning of project attributes, making initial decision on investment, choosing 
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execution variant as well as choosing group of providers’ offers. Further analytical 
works involve substantial means which, according to the International Benchmarking 
Standards Group (ISBSG) report [16, pp. 1–3], make up even up to approx. 27% of 
the effort spent during the entire project cycle and thus it is worthwhile to make use of 
the possibility to rationalise of these activities and decisions already at this very stage. 

1.2. Detailed functional assessment (FA2). For the second time estimation should be 
carried out when detailed FUR specification is already known, which is upon 
completion of the analytical stage. At this stage estimations are based on calculating 
FP2 (Function Points Two), in case of which – in accordance with the FSMM rules – 
estimation error should not exceed ±10%. Thus, what should be done is a correction 
of the initially estimated required functional size and based on this – the required 
effort and productivity. This correction results not only from the fact of FUR changing 
since the moment of calculating FP1 but also from the change of the error range 
allowed for FS at this very stage and consequently – also for the attributes estimated 
on the basis of FS. Based on estimations being derived at this stage, another 
functional assessment of the previously selected group of offers should be made so 
that as a result at most several potential product providers will be chosen following 
the criteria of FA. Selecting one of these providers may depend on other criteria as 
well – they should regard first of all fulfilling of client’s non-functional requirements. 
It is important that the required product functional size as well as the offered and 
approved work cost per functionality unit are reflected in provider’s formal 
commitment to a client, which means formal ex ante pricing of the project product.  

1.3. Final functional assessment (FA3). For the third time functional assessment should be 
made upon completion of development/enhancement activities in order to measure the 
actually delivered FS, which is meant to lead first of all to the ex post pricing of 
product on the basis of this size and the approved work cost per functionality unit as 
well as it is to be used to verify degree of FUR accomplishment by a provider, who 
thus gains possibility to enhance his software processes. At this stage calculations 
should take into account that since the moment of making FP2 calculations FUR 
might have changed. Thus the value of all required attributes needs to be updated.  

 
2.  All required (FSr, Er, Pr), offered (FSo, Eo, Po) and realised (FSre, Ere, Pre) 

attributes should be included to the relevant tolerance intervals, dependent on the 
functional assessment stage, which normalise the ranges of allowed values. The need 
of taking them into account results both from the limited possibilities to derive 
accurate estimates, particularly at the initial assessment stage, as well as by analytical 
needs. Tolerance intervals should promote rational delineating of required and offered 
attributes values. They read as follows:  

2.1. Product functional size – both required by a client (FSr) as well as offered (FSo) and 
realised (FSre) by a provider – must be within the range allowed for FSr, i.e. [FSmin, 
FSmax], where: FSmin – stands for minimum while FSmax – stands for maximum 
required functional size. Defining of FSmax results from the fact that, as showed by 
the Standish Group studies, only about 20% of functions and features specified ever 
get used [17, p. 1]. Thus delineating the maximum expected functional size reduces 
the risk of delivering needless functionality.  

2.2. Work effort – both expected by a client (Er) as well as offered (Eo) and realised (Ere) 
by a provider – must be within the range allowed for Er, i.e. [Emin, Emax], where: 
Emin – stands for minimum while Emax – stands for maximum effort expected by a 
client. Emin should not be lower than the effort enabling for delivering minimum 
required functional size (FSmin). 
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2.3. Functional productivity – both required by a client (Pr) as well as offered (Po) and 
realised (Pre) by a provider – must be within the range allowed for Pr, i.e. [Pmin, 
Pmax], where: Pmin - stands for minimum while Pmax - stands for maximum 
productivity required by a client. Having Pmax defined is useful for rational provider 
offer selection, i.e. from the point of view of limiting the risk of choosing the offer 
where the productivity would be defined as overstated value. Since such situation 
would mean that in fact the effort per functionality unit is likely to be exceeded, what 
would entail the risk of delivering product having functional size lower than the 
allowed one as the provider would be probably trying not to go over the offered effort. 
In addition, delineating Pmax is conducive to the increased probability of delivering 
product of sufficient quality. 

 
3. Ex ante and ex post pricing of business software system: a case study 
3.1. General basis for SSDMC functional assessment  

Functional assessment defined this way was used for the ex ante and ex post pricing of a 
dedicated BSS being developed from scratch for the needs of Polish affiliated sales 
department of some international motor concern. This system, for the needs of the description 
called SSDMC (System for Sales Department of Motor Concern), was meant to replace 
entirely the hitherto system, which was not suitable any more, no longer was meeting many 
important department needs (vital business processes not covered by the system functionality, 
insufficient integration of the system with other departments’ systems, unreliable 
mechanisms of data transmission, etc.). The project was commissioned by the management of 
Polish affiliated company of the concern, the outside provider was a small domestic company 
specialising in dedicated BSS development while users were employees of sales department 
in Poland. 

 
Outside team of analysts has worked out the initial SSDMC concept, including its overall 

logical structure and general division into functional modules. Conceptual data model in the 
form of entity-relationship diagram was developed within the framework of this concept – it 
may be used as early as for the first initial estimation of system functional size (FP0 
calculations) and, on the basis of this, also for the estimation of effort and productivity of its 
development. Analysts did not take advantage of this opportunity yet the author believes it is 
worthwhile to complement this prognosis.  

 
Both this initial prognosis as well as other calculations presented further in this paper are 

based on product functional size expressed in the IFPUG method Unadjusted Function Points 
(UFPs) [7]. This method was selected by the team of analysts to measure functional size of 
SSDMC due to the following fundamental reasons: 

1.  SSDMC is a BSS therefore the IFPUG method was found adequate to it;  
2.  there are large resources of general (mean) benchmarking data for this FSMM [18], on 

the basis of which useful estimation rules were developed ([15], [19]); these rules 
were used by the analytical team because of the lack of own relevant benchmarking 
data, what is one of the fundamental problems of the BSS D&EP estimation in Poland 
[1, p. 24]. 

3.  what also mattered was the fact that the IFPUG method, although not commonly 
employed, is the most popular among FSM methods used for BSS D&EP estimation 
in Poland [1, p. 32] (some growing interest in the COSMIC method may be already 
noted, however the analytical team did not have access to the estimation rule 
indicating the dependency of the effort on the size expressed in COSMIC function 
points).  
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3.2. Initial functional assessment for SSDMC on the level of FP0 calculations 

Rules of early estimation developed by the ISBSG ([15, pp. 6-7, 10-11], [19]) were 
employed to derive the first initial estimate for FA attributes. According to one of these rules, 
to estimate FSr on the FP0 calculations level it is enough to know the Number of Internal 
Logical Files (NILFs) of the IFPUG method, which is being calculated on the basis of 
conceptual data model. Model developed for SSDMC at this stage indicates there will be 19 
such files. Thus approximate required FS of SSDMC, expressed in the number of IFPUG 
UFPs, amounts to: 

 
4 × (NILFs × 7,4) = 4 × 19 × 7,4 = 562,4 UFPs. 

 
The ISBSG advises to add to this result up to 30% of that size so that the functionality, 

which as a rule is left out at the stage of initial project concept, will be taken into account. 
Thus as a result we will get:  

 
FSr = 562,4 + (0,3 × 562,4) ≈ 731 UFPs. 

 
This allowed to calculate, according to the rules of initial functional assessment, the values 

of FA attributes along with their marginal values – they are featured in Table 1. Attention 
should be paid to the following circumstances:  

• at this stage allowed estimation error for FSr, Er and Pr was assumed at the level of 
±30%.  

• Estimation formula worked out by the ISBSG [19, pp. 3-4] was employed in the case 
of Er, with the following assumptions being adopted: 
–  SSDMC will be based on many hardware platforms  
– SSDMC will be the product of more than average complexity level, which may be 

assumed on the basis of project concept therefore the result of the effort correction 
due to implementation platform was regarded as the required (not the highest) 
value of the development team work effort 

– what was estimated is total work effort, and not only development team work effort 
– effort was expressed in person-months (PMs)4. 

 
Following these assumptions: 
 

Er = [(Edt + 0,7 × Edt) / 0,67] / 172 = 74,6 PMs, 
 

where: Edt – development team work effort. 
  

                                                           
4 It was assumed that one work month equals 172 work hours. 
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Table 1: Required values of FA attributes and their marginal values for SSDMC - FA1 stage 
(FP0 and FP1 calculations) and FA2 stage (FP2 calculations) 

Functional assessment attribute 

Required value  
based on 

 FP0 calculations 
based on  

FP1 
calculations 

based on  
FP2 

calculations 
FSr (in UFPs) 731,0 831,0 870,0 
FSmin (in UFPs) 511,7 581,7 783,0 
FS max (in UFPs) 950,3 1080,3 957,0 
Er (in PMs) 74,6 83,3 86,7 
Emin (in PMs) 52,2 58,3 78,0 
Emax (in PMs) 97,0 108,3 95,4 
Pr (in UFPs/PM) 9,8 9,97 10,0 
Pmin (in UFPs/PM) 6,9 7,0 9,0 
Pmax (in UFPS/PM) 12,7 13,0 11,0 
Project total Work Costs (WC) 
and project Duration (D)  

based on 
FP0  

calculations 

based on 
FP1 

calculations 

based on 
FP2 

calculations 
WCr (in US$) 769 872 859 656 894 744 
WCmin (in US$) 538 704 601 659 804 960 
WCmax (in US$) 1 001 040 1 117 656 984 528 
Dr (in months) 12,0 13,5 14,0 
Dmin (in months) 8,5 9,5 12,5 
Dmax (in months) 15,5 17,5 15,5 

Source: author’s own study based on the documentation of SSDMC analytical team.  
Having estimated effort along with marginal values one may determine approximate 

expected total work costs (WCr) and forecasted expected project duration (Dr) [19, p. 5] 
along with the range of their allowed values (WCmin and WCmax, Dmin and Dmax, 
respectively). It was assumed that work cost per time unit is not a factor differentiating offers 
and that it amounts to 60 US$ per one person-hour5. Using values derived on the basis of FP0 
calculations (see Table 1), the company management was able to make initial decision about 
going into the execution of system or withdrawing from it although more accurate estimates 
are delivered at the stage of analysis based on FP1 calculations.  

Since in the practice of SSDMC execution these first initial estimates were skipped, 
further steps of FA1 will be analysed using calculations made on the level of FP1. 

 
3.3. Initial functional assessment for SSDMC on the level of FP1 calculations 

Calculations made with the rule of product functional size early estimation are only 
indicative (ball park) therefore initial project functional assessment should rather take place at 
the analysis stage where more facts about the system under development are known. It is 
based on FP1 calculations, which offer more accurate prognoses. According to the rule of 
FSM methods, allowed estimation error up to ±30% of the forecasted required FS is assumed 
for these calculations. At this point, however, important information about functions the 
system is required to provide are already available. For SSDMC at this stage of the project 
both data flow diagrams as well as function hierarchy diagram were developed; also, data 
model was detailed out, taking on the form of logical model.  

                                                           
5 Therefore cost per one person-month will be 10320 US$ (60 US$ multiplied by 172 hours). Values regarding 
duration of project completion were rounded exact to 0,5 month. 
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According to the rules of calculating FP1 with the use of the IFPUG method, logical data 
model for SSDMC was used to determine the number of Internal Logical Files (ILF), which 
increased from 19 to 22 ILFs, as well as to reflect the level of their complexity whereas data 
flow diagram served as a basis for determining the number of External Interface Files (EIF), 
for which the level of complexity was defined too. On the other hand, function hierarchy 
diagram was used to classify transactional functions with regard to their particular types: 
External Inputs (EI), External Outputs (EO), and External inQuiries (EQ). At this stage 
average complexity was assumed for transactional functions, what means that details 
concerning data being used by functions (Data Element Type – DET) and their reference files 
(File Type Referenced – FTR) were not yet taken into consideration. As a result the specified 
number of IFPUG UFPs was obtained, which is being shown in Table 2. 

 
Table 2: Calculation of IFPUG UFPs for SSDMC – FA1 stage: FP1 calculations 

BFC 
Complexity level - 

number 
Complexity level - value 

UFPs  UFPs  
in % low average high low average high 

ILF  10 6 6 70 60 90 220 26,5 
EIF  37 10 0 185 70 0 255 30,5 
EI 29 116 116 14,0 
EO  24 120 120 14,5 
EQ  30 120 120 14,5 

Total UFPs  831 100 
Source: author’s own study based on the documentation of SSDMC analytical team.  

 
As soon as on the level of FP1 calculations the rule of product requirements completeness 

verification [15, p. 7] may be used since the estimated proportions between the number of 
UFPs for particular Base Functional Components (BFC) are known for SSDMC. In the case 
of ILFs and EQs one may notice rough compatibility between the share of their UFPs number 
and the proportions resulting from this rule (according to the rule: 24% and 15%, 
respectively), however in the case of EIFs (according to the rule: 8%), EIs (according to the 
rule: 29%) and EOs (according to the rule: 24%) considerable discrepancies may be noted. 
Most of all they result from a large number of EIFs since SSDMC is required to cooperate 
widely with other applications. The result where significant deviations from the assumed 
proportions occur should make one re-examine FUR for SSDMC, mostly with regard to EIs 
and EOs which were included in relatively low number (which, however, does not mean that 
in definitely too low number with regard to this specific system).  

Based on the calculated SSDMC functional size, relevant FA attributes along with their 
marginal values were estimated. Assumptions described in relation to functional assessment 
on the level of FP0 calculations applied to this case, too. The results of these calculations 
were presented in Table 1. FA attributes estimated this way along with their marginal values 
served as a basis for determining expected duration of SSDMC project and approximate total 
work costs together with the range of their allowed values. Based on these calculations, the 
company management made decision on involvement in the SSDMC execution assuming, 
according to the recommendation of analytical team, that it will be new BSS development 
accomplishing by the outside provider.  

Thus functional assessment criteria for SSDMC derived on the basis of FP1 calculations, 
still being of initial character, read as follows (see Table 1): 

1.  FSr should fall within the range of [582 UFPs, 1080 UFPs] 
2.  Er should fall within the range of [58 PMs, 108 PMs]  
3.  Pr should fall within the range of [7 UFPs/PM, 13 UFPs/PM]. 
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The above conditions ensure both rationality of client requirements, who should not expect 
SSDMC functional size be delivered at the effort lower than 58 PMs, or who should not 
expect productivity higher than 13 UFPs/PM as well as rationality of providers offers, who 
should not offer accomplishment of SSDMC functional size from the allowed range at the 
effort higher than 108 PMs and with productivity lower than 7 UFPs/PM. As the FA 
attributes being offered (FSo, Eo, Po) must meet the same conditions. The ranges of allowed 
values are still wide, but in the practice in relation to the difference in costs of similar 
applications they may be even fifteen fold [13, p. 1].  

 
In response to client request for proposals there were four SSDMC development offers 

submitted that met the above conditions, having FA attributes presented in Table 3.  
 

Table 3: Functional assessment attributes of the SSDMC accomplishment offers  

Offer FSo  
(in UFPs) 

Eo  
(in PMs) 

Po  
(in UFPs/PM) 

A 650 70 9,3 
B 800 80 10,0 
C 850 90 9,4  
D 900 85 10,6  

Source: author’s own study based on the documentation of SSDMC analytical team.  
 
In the analysed case, offer D proves being the most adequate of all offers with regard to 

productivity – it is also the most adequate in terms of offered functional size, while offer A 
proves being the most adequate in terms of work effort. According to the FA rules, what 
undoubtedly should be qualified for further, detailed functional assessment stage is offer D, 
having the highest offered productivity, which means the lowest offered allowed effort per 
functionality unit. Due to initial character of the assessment, however, the company 
management decided to submit to detailed analysis also additional offer, with productivity 
being closest to the highest offered productivity, that is offer B. On the other hand, they 
rejected the offer featuring the lowest work effort (offer A) as it offered the highest effort per 
functionality unit (the lowest productivity) and the offer featuring very similar productivity, 
offering the highest work effort (offer C). 

  
3.4. Detailed functional assessment for SSDMC (FP2 calculations)  

In order to reflect changes in FUR, which had taken place till the moment of establishing 
detailed formal requirements specification, one needs to make correction of SSDMC 
functional size having been estimated at the FA1 stage. At this stage of project lifecycle all 
details for all BFCs are already known, on the basis of which it is possible to determine this 
size so accurately that the approximation error, according to the rule of FSM methods, should 
not exceed ±10% of its corrected value – they are FP2 calculations. The corrected expected 
functional size of SSDMC entails correction of other FA attributes as well while correction of 
their marginal values – due to the smaller range of allowed values – is necessary also in the 
case of remaining at the previous product functional size. 

 
What is being taken into account in FP2 calculations with the use of the IFPUG method 

are components that were added, removed and modified from the moment of making FP1 
calculations as well as levels of complexity for particular types of transactional functions, 
which implies the need to distinguish DETs and FTRs.  
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This allowed to calculate the corrected SSDMC functional size, where the number of 
simple ILFs increased from 10 to 13, the number of those having average complexity level 
increased from 6 to 7, and where one high-complexity file was gone (see Table 4). The UFPs 
for transactional functions were corrected both as a result of FUR verification (the number of 
EIs, EOs and EQs has increased) and as a result of taking into account the complexity levels 
for their particular types.  

 
Table 4: Calculation of IFPUG UFPs for SSDMC – FA2 stage (FP2 calculations) 

BFC Complexity level - number Complexity level - value UFPs low average high low average high 
ILF  10 + 3 6 + 1 6 – 1 70 + 21 60 + 10 90 – 15 220 + 16 = 236 
EIF  37 10 0 185 70 0 255 
EI 20 10 4 60 40 24 124 
EO  16 8 4 64 40 28 132 
EQ  17 12 4 51 48 24 123 

Total UFPs  870 
Source: author’s own study based on the documentation of SSDMC analytical team.  

 
The SSDMC functional size corrected this way was then used to correct values of FA 

attributes along with their marginal values. Assumptions described in the case of FA1 on the 
level of FP0 calculations were too adopted here – except the assumption on deviations for 
allowed extreme values, which at this very stage should not exceed 10% as such maximum 
allowed deviation was adopted for the corrected FSr of SSDMC. The results of these 
calculations were presented in Table 1. This allowed to determine total work costs and 
duration of the project, on the basis of which the company management sustained their initial 
decision on involvement in the SSDMC project and choosing its variant.  

 
Thus functional assessment criteria for SSDMC derived at the FA detailed stage on the 

basis of FP2 calculations read as follows (see Table 1):  
1.  FSr should fall within the range of [783 UFPs, 957 UFPs] 
2.  Er should fall within the range of [78 PMs, 95 PMs]  
3.  Pr should fall within the range of [9 UFPs/PM, 11 UFPs/PM].  
 
The allowed ranges of values got significantly narrowed therefore the offered FA 

attributes (FSo, Eo, Po) must be meeting more rigorous conditions now.  
Of the two offers having been qualified to the FA2, each meeting the conditions of 

conformity with client requirements that were required at this assessment stage, offer D 
appears to be more adequate to these requirements (see Table 5). It may be proved by the 
higher productivity it offers. Although already at initial assessment stage this offer was 
characterised by the highest productivity, as a result of making the FA requirements more 
detailed, however, it might have not met – unlike offer B – the conditions of conformity with 
these requirements (e.g. it might have exceeded Emax).  

 
Table 5: FA attributes of SSDMC accomplishment offers qualified for FA2 stage 

Offer 
FSo  

(in UFPs) 
Eo  

(in PMs) 
Po  
(in 

UFPs/PM) 

1/Po = Eo(u)  
(in person-hours/UFP) 

B 800  80 10,0 17,2 
D 900 85 10,6 16,2 

Source: author’s own study based on the documentation of SSDMC analytical team.  
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Thus following the functional assessment criteria, as optimum offer in the case of SSDMC 
execution should be considered offer D, offering the highest allowed functional productivity, 
that is the lowest allowed effort per functionality unit. On the other hand, if the lowest 
allowed total effort (as a result: lowest total work cost for the offered FS6) was preferred this 
is offer B that would be chosen, being an offer proposing higher effort per UFP, which means 
higher work cost per functionality unit in comparison to offer D. For this very reason 
functional assessment is based on the criterion of maximum allowed productivity and not on 
the criterion of minimum allowed total work effort instead.  

 
Offers being most adequate to the detailed FA requirements, or even only compatible with 

these requirements, may serve as a basis for choosing product provider also when other 
criteria of non-functional character are being used. However, work cost per functionality unit 
offered by the finally chosen provider and therefore accepted by a client should form the 
basis for the formal ex ante - and consequently ex post - pricing of the product based on its 
required - and in the case of ex post pricing realised - functional size. Thus client commits 
himself to pay for the actually delivered number of product functionality units and not for the 
offered yet often not realised product size (fixed price contracts), or for the time of provider 
work which may be excessively extended (time and material contracts). As indicated by the 
above, such approach enables also to monitor the values of changes in client requirements 
being introduced during project lifecycle and their influence on product final costs, what 
promotes introducing only essential changes.  

 
Calculation of both work cost per unit as well as total work cost with regard to FSo and 

FSr for SSDMC offers having been qualified to the detailed functional assessment is shown 
in Table 6. It was assumed that work cost per time unit is not a factor differentiating offers 
and that it amounts to 60 US$ per one person-hour for both offers considered. 

 
Table 6: Work cost per unit and total work cost with regard to FSo and FSr for SSDMC 

accomplishment offers qualified to FA2 stage 

Offer 
FSo  
(in 

UFPs) 

Eo(u) 
(in person-
hours/UFP) 

Offered work 
cost per 

functionality unit  
(in US$/UFP) 

Offered 
total work 

cost for 
FSo 

(in US$) 

Offered total 
work cost for  

FSr = 870 UFPs  
(in US$) 

B 800  17,2 1 032 825 600 897 840 
D 900 16,2 972 874 800 845 640 

Difference (offer B – offer D) 60 -49 200 52 200 
Source: author’s own study based on the documentation of SSDMC analytical team. 

 
As indicated by that example, in the case of both offers the proposed total work costs are 

within the range of values being allowed at this stage of the assessment (see Table 6 
compared with Table 1). Even though total work cost for the offered product functional size 
(FSo) proposed by offer B is lower than this proposed by offer D, in the case of the functional 
size required (FSr), however, total cost will be lower when choosing the latter offer as it 
features lower work cost per functionality unit.  

                                                           
6 Based on the assumption that work cost per one person-hour (person-day, person-month) is not a factor 
differentiating offers as well as with the use of work cost per UFP (see Table 6). 
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Then, with regard to functional assessment criteria at the FA2 stage, decision on selecting 
offer D may be considered right and consequently, work cost per functionality unit it offers 
may be adopted as valid for ex ante and ex post SSDMC pricing.  

 
If further changes in FUR for SSDMC take place during the project, then FSr will change 

as a result, e.g. it will increase by 50 IFPUG UFPs. If this is a case, the product of this 
increase and the determined work cost per functionality unit should be added to the ex ante 
pricing – as a result in the case considered total work cost of the project will increase by 
48600 US$. Awareness of the value of influence of changes in FUR on product price may 
limit these changes to those that are really necessary. Company management, however, 
considered such increase in SSDMC size to be indispensable and agreed it with the provider.  

 
3.5. Final functional assessment for SSDMC (FP3 calculations)  

After implementing a product, final functional assessment of the project is carried out, 
which is based on the measurement of the actually realised product functional size (FSre). 
From the client’s viewpoint, this activity is mainly meant for carrying out ex post pricing of 
the delivered SSDMC on the basis of both this size as well as the agreed work cost per 
functionality unit. Calculations being the result of the measurement process are FP3 
calculations. In order to be able to compare the results of these calculations with client 
expectations one needs to update the required FA attributes and their marginal values with 
regard to the change of the required SSDMC functional size that had taken place from the 
moment of FP2 calculations, that is due to the increase by 50 UFPs in this size (see Table 7).  

 
Table 7: Updated required values of functional assessment attributes along with marginal 

values for SSDMC – FA3 stage 

Functional assessment 
attribute 

Required value  
based on previous  
FP2 calculations  

based on updated 
 FP2 calculations  

FSr (in UFPs) 870,0 870 + 50 = 920,0
FSmin (in UFPs) 783,0 828,0 
FS max (in UFPs) 957,0 1 012,0 
Er (in PMs) 86,7 90,9 
Emin (in PMs) 78,0 81,9 
Emax (in PMs) 95,4 100,1 
Pr (in UFPs/PM) 10,0 10,1 
Pmin (in UFPs/PM) 9,0 9,1 
Pmax (in UFPs/PM) 11,0 11,1 

Source: author’s own study based on the documentation of SSDMC analytical team.  
 
In order to illustrate the potential of BSS D&EP functional assessment let us analyse the 

following three cases (see Table 8): 
• Case 1: The realised FA attributes fall within the ranges of the allowed values yet 

differ from the offered values unfavourably (FSre lower than FSo, Ere higher than 
Eo, Pre lower than Po).  

• Case 2: The realised FA attributes do not fall within the ranges of the allowed values.  
• Case 3: The realised FA attributes fall within the ranges of the allowed values and 

differ from the offered values in a favourable way (FSre higher than FSo, Ere lower 
than Eo, Pre higher than Po). From the point of view of the BSS D&EP effectiveness 
such case is of course the least likely to happen in practice.  
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Table 8: Realised functional assessment attributes for SSDMC vs. attributes offered by the 

chosen offer – FA3 stage (hypothetical cases) 

Offer FSo  
(in UFPs) 

Eo 
 (in PMs) 

Po  
(in UFPs/PM) 

Eo(u)  
(in person-hours/UFP) 

D 900 85 10,6 16,2 

Case FSre  
(in UFPs) 

Ere  
(in PMs) 

Pre  
(in UFPs/PM) 

1/Pre = Ere(u)  
(in person-hours/UFP) 

1 830 92 9 19,1 
2 810 105 7,7 22,3 
3 920 84 10,9 15,8 

Source: author’s own analysis.  
 
As a result of adopting values shown in Table 8 the realised work cost per unit and total 

work cost in three cases under analysis will look as presented in Table 9, where they were 
compared against the offered total work costs for FSo and for updated FSr, derived on the 
basis of work cost per functionality unit offered by the selected provider and therefore 
accepted by the client – as a result it forms the basis of the ex post SSDMC pricing.  

 
Table 9: Realised work cost per unit and total work cost for SSDMC vs. offered costs of the 

chosen offer (hypothetical cases) 

Offer 
FSo  
(in 

UFPs) 

Eo(u) 
(in person-
hours/UFP) 

Offered work 
cost per 

functionality 
unit 

(in US$/UFP) 

Offered total 
work cost for 

FSo 
(in US$) 

Offered total 
work cost for 

FSr = 870 + 50  
(in US$) 

D 900 16,2 972 900 × 972 = 
= 874 800 

920 × 972 =  
= 894 240 

Case  
FSre  
(in 

UFPs) 

Ere(u) 
(in person-
hours/UFP) 

Realised work 
cost per 

functionality 
unit 

Ere(u) × 60US$ 
(in US$/UFP) 

Realised total 
work cost for 

FSre 
(in US$) 

Realised total 
work cost for 

FSre as agreed  
(in US$) 

1 830 19,1 1 146 830 × 1146 = 
951 180 

830 × 972 =  
806 760 

2 810 22,3 1 338 810 × 1338 = 
1 083 780 

810 × 972 =  
787 320  

3 920 15,8 948 920 × 948 = 
872 160 

920 × 972 =  
894 240 

Source: author’s own analysis.  
 
Analysis of data presented in Table 9 lets us conclude that in the first case provider 

realised FS within the accepted range although he delivered 70 IFPUG UFPs less than he 
offered. Thus the total work cost to be paid by the client should be correspondingly lower 
comparing to the total cost offered by the chosen provider (being 874 800 US$), that is it 
should be lower by the product of 70 UFPs and the agreed cost per functionality unit (972 
US$/UFP) - as the total cost offered by the provider regarded the offered FS and not the 
actually delivered FS.  
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Analogous situation applies to the second case where provider realised functional size 
lower by 90 UFPs comparing to the offered one therefore financial liabilities of the client also 
should be accordingly lower comparing to the total cost offered by the selected provider7. 
Thus client will pay for the actually delivered product functional size – and not for the size 
that was offered yet not realised by the provider; in addition, regardless of the time spent by 
the provider on its development (pricing based on product and not on resources). In the third 
case the delivered FS equals the required FS having been updated due to the change of 
requirements and is bigger than the offered one. Thus, according to the rule of ex post 
pricing, client should pay the price being higher than the total cost proposed by a provider. 
Changing of the required product functional size by a client during the project is then 
reflected in the costs of product development.  

 
What’s more, not only the client will pay for the actually delivered functional size of 

product but also he will pay for this size at the work cost per functionality unit having been 
agreed at the stage of provider selection (for SSDMC, amounting to 972 US$/UFP – see 
Table 9). It means that in the first two cases client’s liabilities (total work cost of SSDMC) 
will be lower than the total cost for the delivered product functional size realised by the 
selected provider. Since in both cases the actually realised work cost per functionality unit 
goes above the unit cost offered by the provider and accepted as the basis for SSDMC pricing 
– therefore it was underpriced. However, the realised total cost exceeded by the provider as a 
result of this should not be paid by the client – as provider committed himself to deliver 
functionality unit at the agreed work cost. Thus in the case of product pricing based on the 
work cost per functionality unit having been agreed at the stage of provider selection and on 
the delivered product functional size the risk of lowering such cost and related consequences 
is passed to the provider. On the other hand, in the third case the actually realised work cost 
per functionality unit is lower than the offered unit cost while the client is obligated to pay 
the price derived on the basis of the agreed work cost per functionality unit, here being higher 
than the actual one. Thus in this case provider not only delivers what was required by client 
but also he will be paid the amount exceeding total work cost realised by him. Due to the 
mentioned reasons potential providers should feel motivated to offer rational work cost per 
functionality unit, therefore to offer it on the level that is neither understated (the risk of 
exceeding this cost is passed to the provider) nor overstated (inflated level reduces the 
chance of choosing given provider’s offer). What proves useful to this is not only awareness 
of own productivity but also proper productivity management, including undertaking 
activities aimed at improving it, thus being enhancement of software processes. 

  
4. Concluding remarks 

Analysis of the presented case indicates that: 
1. The use of functional assessment allows to limit the following negative phenomena, 

being common to the Polish practice of BSS D&EP: 
• Deliberate lowering of product delivery costs by offerors – thanks to ex ante and ex 

post product pricing based on the required (ex ante pricing) and actually delivered (ex 
post pricing) product functional size and work cost per functionality unit having been 
mutually and formally agreed at the stage of provider selection. 

• Clients increasing the required functionality during the project without relevant 
reflecting of this change’s consequences in the execution costs – thanks to the 
monitoring of each change in product functional size and ability to determine this 

                                                           
7 Additionally, in this case FSre should be complemented at least to FSmin 
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change’s influence on total work costs on the basis of the formally agreed work cost 
per functionality unit. 

• Provider in reality delivering product having functionality lower than the required one 
within the fixed price contracts – client is not obligated to pay for the functionality, 
which had not been delivered as the ex post product pricing is based on its actually 
delivered functional size.  

• Provider delivering functionality (many a time also being lower than the required one) 
at costs being higher than those expected, what usually takes place in the case of time 
and material contracts – client does not settle the payment on the basis of project 
duration but on the basis of actually delivered product functional size and formally 
agreed work cost per functionality unit. 

2. Limiting these phenomena is possible thanks to the following rules of functional 
assessment: 

• Adopting the allowed tolerance intervals for required, offered and realised FA 
attributes, what ensures: rationality of client requirements with regard to the FA 
attributes, conformity of the potential providers offers with rational client 
requirements concerning FA attributes, and conformity of the accomplished project 
with client requirements concerning FA attributes.  

• When choosing offers for project execution, preferring the highest allowed 
productivity (the lowest allowed effort per functionality unit) instead of the cheapest 
offers.  

• Taking into account the influence of changes in FUR being made during the project 
lifecycle on product functional size, work effort and productivity.  

• Ex ante and ex post pricing of product based on the required and actually delivered 
product functional size as well as mutually agreed work cost per functionality unit. 

3. Functional assessment constitutes appropriate (yet not necessarily only) basis for 
clients to make rational investment decisions in the case of the following categories of 
IT projects:  

• Consisting in developing the set of BSS functions from scratch.  
• Consisting in extending the existing set of BSS functions. 
• Consisting in purchasing the ready-made set of BSS functions and adapting it to the 

particular client business needs. 
• Aimed at maintaining the BSS functions set at the ready for the indispensable user 

functions execution.  
 
The goal of the presented, simplified case study was to prove the advantages of BSS 

pricing on the basis of FSM over pricing based on fixed price contract and time and material 
contract. This may contribute to better understanding of the FSM importance by business 
managers, but not only by them - also by BSS providers, at least in Poland where we have 
such basic problems as: to persuade providers to the BSS D&EP measurement in general and 
to persuade them to the functional size measurement approach [1].  
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Request For Proposal Management  
Ask the right questions and choose wisely!  

 
Harold van Heeringen 

 
 

Abstract 
Worldwide, many Requests for proposals (RFP’s) are send out every day to even more 

potential suppliers. In modern RFP’s, clients are trying to gather objective criteria, with 
which they can analyse and evaluate bids from different suppliers. However, the questions 
asked in these RFP’s are often hard to answer for immature organisations, but sometimes 
even harder to answer by more mature organisations. 

 
Sogeti Nederland B.V., a large IT software supplier in the Netherlands, is often struggling 

to answer RFP questions like: 
- What is your productivity rate for .Net projects? 
- What is your standard duration for a project of 1.000 function points? 
- What is your price per function point for a Java project? 
 
Of course, these questions seem like good questions, but in fact these questions are ‘un-

answerable’. We believe that there is no such thing as a standard productivity rate, but that 
there are a number of factors, like duration, size and complexity, that together lead to a 
realistic productivity rate. We could answer a question like: ‘What is your productivity rate 
for a moderately complex java project of 500 function points and a duration (low-level design 
– acceptance test) of 20 weeks?”. However, these are not the questions that are asked in 
RFP’s, so we have to improvise. 

 
This also means that in the software industry, quotations of suppliers are often not 

realistic. Client organisations should become aware of the questions they should ask in 
RFP’s and they should learn how to evaluate the quotations from the suppliers. In this paper, 
both topics will be discussed. Participants on the demand side will learn which questions they 
should ask in RFP’s and how to identify the quotations from suppliers that are not realistic. 
Participants on the supply side will learn about the future in RFP management and the 
questions that they should be able to respond to in the (hopefully) near future. 

 
 

1. Introduction  
In Sogeti Nederland B.V., the department of ‘Sizing, Estimating & Control’ is responsible 

for the answering of ‘Request for Proposals (RFP’s)’ when the questions involve some kind 
of metrics based on size. Typical questions involve price per function point and productivity 
in hours per function point. In today’s world, most medium and large companies in the world 
are involved in some kind of outsourcing. Many organisations believe that outsourcing is the 
perfect solution for managing a part of the (usually ‘non primary’) functions in the 
organisation in an efficient and effective way. This may be true for certain tasks that are 
relatively easy to understand, like for instance catering or security of an organisation. In these 
cases, knowledge transfer from the outsourcing company to the service supplier is relatively 
easy and the characteristics of the service to be delivered and its price are easy to agree on. IT 
development projects however are usually very complex. Knowledge transfer from the 
outsourcer to the supplier is often a difficult task.  
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Outsourcing companies try to select the right outsourcing partners by trying to compare 
the different suppliers based on quantitative data. Although this idea is very good, the way 
it’s done in practice is unfortunately quite the opposite. The purpose of this paper is to show 
the fact that modern RFP management should take into account laws and best practices from 
software metrics literature. Selecting the best supplier, based on the comparison of objective 
comparable data, can be the start of a successful relationship between the two organisations. 

 
2. Request for proposals (RFPs) 

The Wikipedia definition of Request for Proposal is: 
An invitation for suppliers, through a bidding process, to submit a proposal on a specific 

product or service [1]. 
 
In many cases, RFP’s are also submitted to select outsourcing partners (or ‘preferred 

suppliers’) for a period of time. During this period of time, the supplier may or may not do 
any work agreed upon in the contract. In this paper we will investigate the RFP management 
for a single software development project, not for a period of time. 

 
In general, the company that sends out the RFP has to provide all the necessary 

information to the potential suppliers for them to be able to draw up a sound proposal. In 
general, the following information has to be submitted for an RFP on a specific project: 

• Client corporate information. 
• The bidding process - like deadline for the definitive proposal, but also possible 

scheduled sessions for asking and answering questions. 
• The functional requirements that have to be delivered in the system to be delivered 
• The non-functional requirements that have to be satisfied, like for instance security 

requirements and development language to be used. 
• Decision criteria that the client organisation is going to apply to select the most 

appropriate proposal. 
 
It is very important that the information provided is up-to-date and detailed. Especially in 

the case of fixed-price bids, the proposal offered by the different suppliers usually also have a 
legal status. This means that when the client selects a specific proposal, the supplier is 
obligated to deliver the proposal against the price stated in the proposal. Needless to say that 
more detail in the description of the functional and the non-functional requirements lead to 
better proposals (as the supplier can reduce its risk percentage due to unforeseen requirement 
creep) and therefore to better prices. 

 
In Sogeti Nederland B.V., the department of Sizing, Estimating & Control is involved in 

answering RFP’s. The first step is always to size the functional requirements delivered in a 
RFP in one of the Functional Sizing Methods NESMA [2] or COSMIC [3]. In order to be 
able to understand the risk in the particular bid, we have developed a method to rate the 
functional documentation provided by the client from 0 to 10 (10 being ‘perfect 
documentation’). This client documentation rate tells us the applicability of the 
documentation to the next phase in the project lifecycle. So, when the documentation 
provided is a functional design, the rate shows us how easy or difficult it will be to draw up a 
technical design, build it and test it. Sogeti SEC has implemented the client documentation 
rate in the estimation model that is used to estimate the cost of the project under 
investigation. The lower the rate, the more effort we have to estimate in order to complete the 
documentation. 
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Practice shows that most of the documentation provided by our clients (which could be 
considered to be the market average) score below average. For illustration, in table 1 you can 
see the results from the last 10 bids processed in Sogeti before December 2009. 

 
Table 1: Client Documentation Rates for the last 10 Sogeti RFP bids before December 2009, 

measured with our methodology, rated from 0 (low) to 10 (high) 
Project Rate 
1 4 
2 3 
3 1 
4 1 
5 1 
6 2 
7 4 
8 4 
9 5 
10 5 
Average 3 

 
So, although it’s absolutely crucial in outsourcing contracts to provide the potential 

suppliers with a complete and detailed set of requirements, the average Client Documentation 
Rate is only 3! Needless to say that the different suppliers to these bids are already difficult to 
compare, as the assumptions made by the different suppliers about the requirements that are 
missing or not complete are likely to differ enormously.  

 
3. Client Issues 

For the party that submits the RFP it’s crucial to select the right outsourcing party, and to 
do so in a legal acceptable way. Of course, the client organisation should provide general 
information like: 

• Schedule of the bid process. Are there going to be any information sessions for 
suppliers to ask questions? What date is the submission deadline for the quotation? 
When will the decision be communicated? What date should the project start? 

• Organisational information. Who are the responsible persons in the client 
organisation and how is the organisation organised? 

• General requirements that a supplier has to meet in order to be allowed to be in the 
bid process. An example could be a requirement that the organisation must hold a 
CMMi level 3 certification. 

• Solution details. Are there any limitations to the solutions that the suppliers have to 
take into account, like architecture or programming language? 

• Decision criteria. Which are the criteria that will select the winning bid in an 
objective way. 

 
When preparing an RFP, the client organisation also has to think of the criteria on which it 

will judge and select the most appropriate outsourcing party. This usually means that they 
will have to think of the most important characteristics of the project itself and of the party 
that will realise it.  
  



Proceedings 7th Software Measurement European Forum, Rome 2010 
 

62 
 

Characteristics that are usually considered are (not limitative):  
• Price 
• Quality 
• Productivity 
• Duration 
• Supplier creditability 
• Supplier references 
• Solution details 

 
To be able to compare the different supplier quotations in an objective way, the questions 

are usually as quantitative as possible. Typical questions that we encounter in many RFP’s 
are: 

Price 
• What is the price per function point that you offer for the realisation (technical design, 

functional design, coding, unit testing, system testing) of this system in Java? 
• What is the price per function point that you offer for the realisation of change 

requests during the projects? 
• What is the price per function point that you offer for the maintenance of the system 

after implementation? 
 
Quality 
• What is the number of defects per function point that is expected to be detected during 

systems testing? 
• What is the number of defects per function point that is expected to be detected during 

user acceptance testing? 
• What is the number of defects per function point that is expected to be detected during 

the first three months in production? 
• What is the number of defects per function point that are expected to be detected per 

year after the first three months in production ? 
 
Productivity 
• What is your productivity in the realisation (technical design, functional design, 

coding, unit testing, system testing) of Java projects? 
 
These questions are impossible to answer if one is familiar with certain models from 

software metrics literature models. The remainder of this paper will explain why. 
 

4. Supplier Issues 
Supplier organisations compete against each other to score the highest on the client’s 

decision criteria, in order to win the contract. As most of the typical questions asked in RFP’s 
are related to metrics expressed in function points, it’s important for supplier organisations to 
have an experience database with historical project data sized in NESMA or COSMIC 
function points. Without this database, it’s quite difficult to answer the questions above, and 
it’s even impossible to defend the answers given objectively. 

 
Depending on the decision criteria that is submitted in the RFP submitted, the commercial 

people of the supplier will try to ‘bend’ the bid in a way that they think suits the decision 
criteria best. It’s important however to understand that according to McConnell [4] there is a 
distinction between target, estimation and commitment.  
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The supplier should be very careful first to estimate the project very thoroughly, before 
handing over the results to the commercial organisation that is going to translate the 
estimation into a quotation. 

 
5. Software Metrics ‘laws’ 

There are a number of important and relevant software metrics ‘laws’ that are published in 
numerous books over the years. These laws give us more understanding in the way certain 
metrics behave. There is for instance the law that indicates that duration of a project is a very 
important variable that defines the effort needed and therefore the metrics productivity 
(hours/FP) and cost/FP (figure 1) [5]. 

 

 
Figure 1: Duration vs. Effort/costs trade-off 

 
When we look at this figure, we see that for every software development project of a given 

size, it is possible make a different estimate with regards to cost and effort, depending on the 
duration chosen. There is an impossible area in which the project simply cannot be done. 
Also there is a duration area in which the estimation is not very practical (as the project takes 
relatively too long, the benefits of the project will be less). The black line that indicates the 
duration vs. effort/cost trade-off represents the productivity of a specific organisation. This 
law is based on the fact that to be able to deliver a project in a shorter duration than with an 
optimal team size, one has to increase the team size to be able to develop faster. However, as 
for instance ISBSG [8] indicates, the optimal team size of a given project is about 4. Any 
extra person on the team will reduce the productivity, as more communication paths arise, 
project management and planning will become more difficult, dependencies will increase and 
the number of defects will also increase.  
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When we look at this figure, we can make the following observations: 
• There is an impossible zone in which the project cannot be completed. 
• The first possible duration indicates the minimal duration/maximum cost scenario. 
• There are numerous estimations possible on the duration vs. effort/cost trade-off, each 

resulting in a different effort/cost estimation and therefore also in different 
productivity (hours per function point) and cost per function point metrics. 

• There is an optimal effort/cost estimation, although it’s hard to calculate where. 
• There is a duration zone in which it’s impractical to realise the software, but it’s still 

possible. 
 
So let’s consider one of the typical RFP questions that client organisations ask: What is the 

price per function point that you offer for the realisation (technical design, functional design, 
coding, unit testing, system testing) of this system in Java? 

 
First we size the application and it turns out the size is exactly 1.000 FP. After sizing, we 

use our estimation tools [6][7] and our historical database to derive figure 2. Please note that 
we didn’t use our real data here, it’s only for instructional purposes. 

 

 
Figure 2: Duration vs. Effort/costs trade-off in a specific bid 

 
So, what would we answer to this question? In fact, the question is unanswerable if we 

don’t know the duration that the client has in mind. If the time-to-market is only 6 months, 
the answer is 1.000 €/FP. If they have a duration in mind of 12 months, the optimal 
duration/costs trade-off can be offered, which is 500 €/FP in this case. The people that are 
involved in estimating the project, like in our company Sogeti SEC, will report this to the 
commercial people. The estimate involves a range of 1000 €/FP in 6 months to 500 €/FP in 
12 months.  

The commercial people will probably decide to quote the 500 €/FP in their answer, in 
order to score points against the decision criteria scheme of the client RFP. They even may 
go for the 400 €/FP all the way in the impractical zone.  
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However, one should be aware of the fact that after the project is won, the project has to 
be carried out against this price. Only then, the negotiations over the duration for the project 
may start.  

Of course, this is not a very good way to start the project and probably there will already 
be problems in the relationship during this investigations. The reason for this: The RFP 
question was just not specific enough! 

 
Let’s consider another software metrics law. This law is described in McConnell [4] and 

indicates that the project results are very much dependent on the estimation and planning of 
the project. The relationship is displayed in figure 3. 

 

 
Figure 3: Project Estimates and Realisation 

 
The figure points out that in case of an optimistic estimation of the project, i.e. regarding 

the duration of the project too few hours have been estimated, the realised extra costs of the 
project will be higher in a non-linear way. Causes McConnell gives for this relationship are: 

• Planning errors (team size, critical path, etc.). 
• Too little time spent on requirements and design and so injecting more defects. 
• More status meetings, extra management attention, project stress. 

 
When the project is estimated in a pessimistic way however, the extra costs of the realised 

project will rise in a linear way. This is due to ‘Parkinson’s law [4]’ that states that work 
expands to fill the available time. A second reason is ‘student’s syndrome’ which states that 
when a project team gets too much time to do a task, they will wait until it’s the last possible 
moment to start with the task and then work really hard to complete it in time. 

 
The implications of these laws are evident. When a client organisations submits an RFP 

and receives the different quotations of the different suppliers, it’s crucial to be able to judge 
whether the proposals are realistic! Let’s look at an example of how things go in day-to-day 
practice. 
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Example 1 
An organisation submits an RFP for a specific project and receives three quotations, A, B 

and C. The Estimations are shown in the next table figure. 
 

 
Figure 4: Project Estimates and Realisation Example 

 
An organisation that is not able to recognise that the quotation submitted by Supplier A is 

unrealistic, may (and probably will) go for this one because it’s cheaper and it’s faster. The 
result will be disaster! It’s highly questionable if these three quotations are based on the same 
size. The question now is of course: How can organisations assess whether a quotation is 
realistic or not? 

 
6. Assessing Proposals 

There are multiple ways to assess the reality of a proposal. In this chapter we focus on two 
possible ways: using the QSM SLIM tool suite [7] and using the ISBSG repository [8]. 

 
When an organisation possesses the QSM SLIM tool suite (or a similar tool), it’s possible 

to simulate the estimations in SLIM Estimate. This results in a Productivity Index (PI) that is 
implied in the quotation. The productivity index in QSM shows the productivity which is 
corrected with the duration. The black line in figure 2 could for instance indicate the PI=18,0 
line. Although the number of hours per function point is different on every point on this line, 
the PI could easily be the same. When the PI that is implied in the Estimate is known, it’s 
possible to assess the reality of the quotation. In QSM it’s possible to compare the PI of an 
Estimate with the average PI for similar projects that are present in the QSM database (over 
8.000 projects) or with the PI of the projects that are stored in the organisation history project 
history base. When an implied PI is much higher than the average PI for similar projects in 
the QSM database, the estimate is probably not very realistic and too optimistic. In that case, 
the organisation should ask the supplier to present proof that they are able to produce 
software with a productivity that is that high.  

 
A second way to assess the proposal is to use the ISBSG ‘New projects & Enhancements 

repository’ [8]. This assessment works basically the same, but the main metric that can be 
compared here is hours per function point. When this metric is used standalone, we have 
already seen in paragraph 5 that the usefulness is very low.  
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However, when also the actual duration and size (and quality) of the project are taken into 
account when selecting the projects against which the supplier quotations are compared, the 
usefulness will be much higher. ISBSG also offers a specific tool called the ISBSG Reality 
Checker [9]. Although input options are at the moment quite restricted (size, platform, 
language type), ISBSG is in the process of updating the tool to accept more input criteria. The 
reality check will find the ranges of effort spent and project duration elapsed in which the 
project estimations much fall to be assessed realistic. 

 
However, as the simulation options in QSM SLIM Estimate are much more sophisticated, 

it would be recommendable to use this option when the tool suite is available in the 
organisation.  

 
7. Proposals for more effective RFP Management 

Now that we have seen some problems that supplier organisations face when trying to 
answer an RFP, and the implications this has on the ability of client organisations to choose 
the right partner, let’s see which recommendations we can draw up. First let’s repeat the type 
of questions that are often asked: 

“What is your productivity rate for Java projects” 
 
The main recommendation is very evident. Make the question as specific as possible. A 

better question would already be: 
‘What is your productivity rate (hours/FP) for a moderately complex Java project of 500 

function points and a duration of 20 weeks? 
 
However, this question still lacks a lot of context. It’s not clear which activities should be 

included for instance. Will the supplier be in charge of the full lifecycle, or perhaps only 
technical design, coding and testing? It’s crucial to supply this information! 

 
A much better question would therefore be: 
‘What is your productivity rate (hours/FP) for a moderately complex Java project of 500 

function points and a duration of 20 weeks? Phases to include are technical design, coding, 
unit testing, systems testing and support of the user organisation during the user acceptance 
test.’ 

 
This last question is easily answerable for suppliers that have a history base with 

experience project data. For the supplier it’s then quite easy to compare the different supplier 
quotations and also to assess their reality to market averages or history data. 

 
To conclude, good RFP questions contain the following information: 
• Metric to compare between competitors, for instance:  

Productivity (hours/FP, Function points/hour, PI)  
Costs (Cost/FP)  
Quality (defects per function point, Mean-time-to-defect (MTTD)). 

• Technology (for instance Java, Oracle or MS.NET). 
• Size (in Function Points or COSMIC function points). 
• Technical/ Functional Complexity (for instance high/mediate/low). 
• Phases/Activities to include (for instance Technical Design, Coding, Unit testing, 

systems testing). 
• Duration requested (days, weeks, months, years). 
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It may therefore be recommendable to ask the questions in the format of (small) case 
studies. 

 
8. Assessment Example 

Let’s consider an RFP that is send out by Organisation X, containing the following RFP 
question: 

 ‘What is your productivity rate (hours/FP) for a moderately complex Java project of 500 
function points and a duration of 30 weeks? Phases to include are Technical Design, Coding, 
Unit testing, systems testing and support of the user organisation during the user acceptance 
test.’ 

 
Organisation X receives three different proposals, displayed in table 2. 
 

Table 2: RFP Proposals 
Proposal Productivity 

(hour/FP) 
1 4,5 
2 7,1 
3 17,2 

 
Assessment using QSM tooling 
Now, let’s see what happens if we simulate the three proposals in QSM SLIM (figure 5).  
 

 
Figure 5: Simulation in QSM SLIM – PI calculation 

 
QSM calculates the Productivity Index (PI) enclosed in the estimations. Now we can 

compare the PI with for instance the PI that is reported by QSM based on their 2008 Dataset 
of Business Projects measured in function points. This analysis can be made in QSM SLIM 
Metrics. This shows the following: 
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Figure 6: Compare proposals to market average 

 
It seems that according to this tool, proposal 3 is the most realistic as it is closer to the PI 

that may be considered ‘market-average’ (de black line). When the suppliers of proposal 1 
and 2 don’t have a good explanation and no proof of the fact that they can deliver software 
with a productivity that much higher than market average, it would be advisable to choose 
proposal 3.  
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The definition of metrics for Continuous Integration in SCRUM 
How continuous is our Continuous Integration? 

 
Christian Facchi, Jochen Wessel 

 
Abstract 

SCRUM as an Agile Method for software development has been widely spread. A key 
success factor of SCRUM is a permanent integration, which will be achieved by the method 
of Continuous Integration. At Nokia Siemens Networks we are in doubt whether our 
Continuous Integration is as steady as it should be. Metrics have been used for a well 
founded evaluation of the steadiness. In this paper we introduce these metrics, their 
implementation and validate these metrics in a real life case study. 

 
 

1. Introduction 
During our SCRUM based development process of a bigger SW project we had to answer 

a simple question:  
 How continuous is our Continuous Integration?  
 
We only had the feeling that our integration is not as continuous as it should be. Our 

SCRUM teams have sometimes mentioned that as an impediment. However, even the teams 
only mentioned that it might be not as continuous as it should be. For an engineer it is not a 
good solution to build further corrections on imprecise feelings, especially if those are not 
homogeneous even within one team. So in the following we tried to put the impression we 
had on a more solid basis. One possibility to do that is to define several measurements or so 
called metrics. We are aware that the use of metrics in agile projects is contrarily discussed, 
e.g. in [12], [1], [17]. One suggestion among others is, that if it has been decided to use 
metrics, they have to be handled with great care. We decided to use metrics to put our 
suspicion on a more solid basis. So all we wanted was to get an answer to our initial question: 
How continuous is our Continuous Integration. In addition we tried to help the team 
members to identify the impediments faster and give them the appropriate priorities within 
the backlog for topics regarding to the Continuous Integration.  

 
1.1. SCRUM and Continuous Integration 

Agile Methods, for which e.g. SCRUM and eXtreme Programming (XP) are 
representatives, are based on the following principles, which are in contrast to a traditional 
plan driven development [2]:  

• Individuals and interactions over processes and tools.  
• Working software over comprehensive documentation. 
• Customer collaboration over contract negotiation.  
• Respond to change over following a plan. 

 
SCRUM is an incremental method for software development. As an Agile Method it 

supports the above mentioned goals. It is based on work items which are collected in the 
Product Backlog List in a prioritised form. This list is owned by the Product Owner. These 
work items will be completed as far as possible within a sprint. This sprint has a duration of 
four weeks and a deliverable product as a target. During a sprint the sprint backlog, which is 
a subset of the product backlog list, will be completed by the SCRUM team. All sprint 
backlog entries should have a maximal size of one working day for one team member.  
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Every day a 15 minute meeting, the "Daily Scrum" will be organised. During this Daily 
Scrum every SCRUM team member has to answer the following questions: 

1. What have you done since the last meeting?  
2. What will you do before the next meeting?  
3. Which impediments did you have?  
 
At the end of a sprint the retrospective meeting has to take place, where further 

improvements will be planned. Also a planning meeting for the next sprint will be done. 
SCRUM has been described in more detail, e.g. in [22], [21], [12]. 

 
One of SCRUM’s design goals has been to improve productivity of software development 

by introducing self organising teams and in consequence empowering the team members. 
Also increasing the velocity of feedback is a key factor. So feedback can be given very fast. 
E.g. a deliverable product has to be available after each sprint. Or impediments have to be 
presented in the Daily Scrums every day.  

 
There is an ongoing discussion whether SCRUM leads to the desired productivity gain, 

which in SCRUM is named hyperproductivity, or whether plan driven development methods 
have a higher productivity. E.g. in [3], [4], [11] a careful approach to agile methods has been 
suggested to either combine the advantages or to select the appropriate method. Especially, it 
is often doubted, whether SCRUM can be used in large and distributed environments, which 
is the case with Nokia Siemens Networks. This seems to be the case in a lot of organisations, 
because there are a lot of hints given to handle that, e.g. in [10],[23][14][12][15]. 

 
Nokia Siemens Networks decided to go for SCRUM. We believe that within SCRUM a 

highly creative working environment can be given. This is especially achieved by 
empowering the SW developer. Although, we believe that SCRUM shows already existing 
impediments early and directly. So the problems already existed, most even before the 
introduction of SCRUM, and they are only directly and fast addressed by the SCRUM teams. 
This is something every engineer likes to have, because then the problem can be fixed. 
However, for the responsible department heads it has been a significant change, because they 
delegate some of their responsibility to the SCRUM teams. That can be compared with the 
relationship of parents and children. One aspect of education is to increase the freedom step 
by step. However, that is not easy for most of the parents, because they are still responsible 
for their children, but they will significantly loose direct control and have only indirect 
control. This can be compared to a software line manager, who is responsible for the team’s 
output, but only has limited direct control over the SCRUM team.  

 
One of the key elements of SCRUM is a continuous feedback loop to identify 

impediments as soon as possible and also to include early changes in the development 
process. E.g. in [10] it has been mentioned that automation of the build and test is a key 
factor of any agile method. Within a Continuous Integration the different work items will be 
integrated in the software product very often, nearly permanently. So interface problems will 
be shown very short in time. In the best case, an automated software integration after each 
check in of modified code in the version control system is started. This increases the speed of 
feedback and possible corrective actions. For more information on Continuous Integration see 
e.g. [8], [9]. 
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1.2. SCRUM at Nokia Siemens Networks 
First, we have to note that Agile Development using Scrum at Nokia Siemens Networks is 

still in its early stages. Especially in the Radio Access area of software for mobile phones 
based networks, where the examined project is located, Scrum is still rarely used. Instead, the 
major development is based on traditional plan driven processes. Also the overall program in 
which the project in scope is developed follows a traditional process using overlapping 
streams all of them developed in a waterfall fashion. 

 
As Nokia Siemens Networks is a worldwide operating company, it is quite common that 

the software development of projects is distributed over several sites. Our project is 
distributed over two sites with roughly 90 people working for this project in total. 

 
In our project we decided to introduce scrum, although the frame process does not support 

this Agile Method. To do this, we defined the SW as a product that is developed by the whole 
project. Also, the SCRUM teams are not following every step of the process (i.e. from early 
specification to complete System Test), but take the specification of a certain level done by 
separated teams and deliver the software to System Integration teams. To fulfil the outside 
requirements given by the frame process we installed a so called Feature Expert Team (FET), 
which separates the outside process from the SCRUM teams among others. Their 
responsibility was beside others to introduce the features to the SCRUM teams, support the 
Product Owner to build up the product backlog and to answer ad hoc requests coming from 
other program members. After approximately one year of working in this mode, we changed 
the set up in a way that reorganised that team again. Part of the people are now working as so 
called SMEs (Subject Matter Experts), others are working for teams outside our projects (like 
e.g. higher level specification). The team is completed by one Product Owner and two Proxy 
Product owners (one per site). Note that these are not Product Owner in the sense of Scrum, 
as they do not have any "Return on Investment" responsibility, but they do a big part of the 
work of a Product Owner defined in Scrum. As the project started in a traditional mode it 
consisted of five so called System Components, the former System Component responsible 
were also part of the FET and are now SMEs to have a combined knowledge of the complete 
project also outside of the Scrum teams. The scope of the Scrum teams is Software 
Development. This includes supporting the higher level specification, coding, Unit/Module 
testing, System Component Testing and, in addition, a first integration testing in which the 
five System Components are integrated and tested as a product. 

 
Before we decided to switch to SCRUM, several activities already had been started to base 

the software on Continuous Integration. A fully automated test environment had already been 
developed, so it was a small step to put this under the control of a Continuous Integration 
automation, which is called CI machine. As the Configuration Management System used 
(ClearCase) does not provide atomic operations, we introduced a script call SCSync to have a 
better control over the contributions towards the CI. SCSync is based on the Label 
mechanism of ClearCase and provides functionalities to hand over all changes a developer 
has done in one step without interference by other developers. One additional functionality of 
SCSync is a roll-back, so in case of some errors or problems during hand over to CI, the 
previous status can be recovered. 

 
1.3. Related Work 

The area of metrics has been studied for a long time. So a lot of different approaches to 
metrics for software are available.  
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For object-oriented systems a lot of different metrics exist, e.g. see [6], [24]. These metrics 
are based on properties of the source code. Some of these metrics can be used in our 
environment to estimate the quality of the code. But these metrics are not specialised on an 
agile development process. In [20] a case study for the use of object-oriented metrics in agile 
projects, which are based on eXtreme Programming (XP), has been done. However, these 
metrics will not directly address our problem to determine the quality of Continuous 
Integration, because only a statical look on the code has been realised.  

 
A tool based approach to metrics for the SW development has been given in [13], where 

for a huge range of development environments plugins to collect data are available. However, 
currently there are no specialised metrics for agile methods available. In addition, the 
specialised development environment of Nokia Siemens Networks, which consists of a 
specialised make environment and version control system, is not supported by these plug-ins. 

 
In [5] a specialisation of metrics for agile methods has been given. The main focus of that 

approach is the effort estimation of a project. In [17] an abstract approach targeting on the 
costs has been described. In [15] some general metrics are given, which can be collected 
manually or in an automated manner. These metrics concern the number of defects, code 
coverage, number of test cases and much more. This level of abstraction is the other extreme 
in relation to source code metrics. To measure the quality of the Continuous Integration the 
abstraction level of theses metrics is too high. 

 
In [19] metrics for the usage in agile projects have been introduced, where the abstraction 

level of the metrics is nearly in our desired range. So e.g. in one metrics the modification 
ratio of code will be measured. However, the aspect of Continuous Integration has not been 
covered so far.  

 
In [7] there have been different metrics in our desired abstraction level covered. So 

explicitly the pulse of Continuous Integration has been mentioned. However, it is only 
measured how many check-ins8 are done during a day. The quality of a check-in, e.g. in terms 
of usability by a successful build or test phase, has not been considered. We believe metrics, 
which include this information, add significant information for quality considerations of the 
SW development process. 

 
2. Definition of Metrics for Continuous Integration 

In this section we define some metrics to determine how continuous the Continuous 
Integration is. 

  
2.1. Pulse of Continuous Integration 

One basic requirement of SCRUM is an early and steady Integration. So a metric to 
determine the frequency of the integration is defined as follows. 

 
Definition 1: The CI Frequency (#CI) of Continuous Integration is defined as the number 

of successful Integrations per day.  
 
With CI Frequency the pulse of Continuous Integration can be measured. This can be 

compared with the heartbeat of the integration.  

                                                           
8 As check-in it is defined the action of a developer to hand over his code changes to the version control system. 
So this changes are frozen in the current version. Further modifications have to be done in newer versions. 
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As a target that value should be larger or equal to the number of team members within a 
SCRUM team. This is based on the fact, that backlog items have to be completed within one 
day and as a target of every backlog item deliverable code should be achieved. So at least 
every team member has to conclude as a statistical mean a check-in at least once a day. To 
test whether an check-in works an integration has to be done. The reason why only successful 
integrations are counted is because only they can be considered as a correct delivery of a 
product. 

 
2.2. Quality of Continuous Integration 

In the following, we define two metrics to count the number of successful or erroneous 
Continuous Integration attempts. 

 
Definition 2: #  is defined as total number of successful Continuous Integrations 

within development stage <phase>.  
 
Definition 3: #  is defined as total number of erroneous Continuous Integrations 

within development stage <phase>.  
 
A distinction of the different development phases or steps is necessary, because of 

different failure possibilities. A script can fail during the pure build phase, or in the unit test 
or in the product test phase. So e.g. the number of errors during the build phase will be 
described by # . 

 
To determine the probability of a build or test failure we introduce straightforward, based 

on the above definitions: 
 
Definition 4: ≔  ##  +  #  

 
So with  it can be determined how many builds/test failures happen. 

E.g.: if = 0,25 holds, then only every forth run of an unittest is 
successful.  

 
2.3. Duration of Continuous Integration 

To be useful Continuous Integration has to be automated and fast. So the result has to be 
available to the developer as soon as possible. Only then usable feedback can be given to the 
developer. If that step takes too long either the developer will not do a complete check, or 
parallel integration by different developers starts and in consequence the probability for 
integration side effects increases. 

 
Definition 5:     is defined as the maximal duration of a 

development step of <phase> for <component>.  
 
So with  the maximal value for receiving a result can be 

measured. This measurement can be simply extended by introducing average values and 
standard deviations to collect statistical information if desired. 
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2.4. Availability of Continuous Integration 
The probability that a system, which is defined by successfully passing the appropriate 

phase, is up and running, is also interesting. A system is available at the current time has 
passed successfully the build-, unit or system test. So further development steps can be 
started. Therefore the following definitions have been introduced: 

 
Definition 6: uptime<phase> is defined as set of time intervals [ti , ti+1 ], where the system is 

up and running. Each time interval is described by a starting point ti and an endpoint ti+1. 
During this time-point the system is available for stage <phase>. All time intervals are 

maximal 
.  
Definition 7: downtime<phase> is defined as set of time intervals [ti , ti+1 ]. Each time 

interval is described by a starting point ti and an endpoint ti+1. During this time-point the 
system is not available for stage <phase>. All time intervals are defined as maximal regarding 
ti<ti+1.  

 
So uptime<phase> and downtime<phase> make a disjoint decomposition of the complete time 

interval, because the product’s design areas under study can either be OK or not OK. There 
are no further possibilities available. Furthermore the time intervals are not equidistant, 
because they are determined by the result of the Continuous Integration.  

 
Based on these intervals the different availability time can be summed up. Before that can 

be done, we have to define an order on the different build phases. E.g. a build failure is also 
regarded as a failure of the unit test.  

 
Using these definitions the system’s availability can be defined straight forwardly: 
 
Definition 8: We define the availability<phase> as a probability that the system is available 

in stage <phase> for a developer as: 
 = ∑ uptime∑ uptime +  ∑ downtime  

 
Where ∑   denotes the added duration of the relevant time intervals.  
 
Definition 9: We define the total order p on the development phases:  

buildpunittestunittestpsystemtest 
 
All not mentioned pairs are defined as not to hold, except on transitivity based ones.  
 
Based on this order, a simple implication can be stated: If a test case fails in a phase α that 

it fails also for all ("later" or "higher") phases β, where αpβ holds. E.g. a downtime in the 
build phase will also lead to a downtime in unit test or system test. 

So the total availability can be simply taken as a probability that the system is available for 
a developer in the highest development stage regarding the order p. 
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3. Implementation of Metrics for Continuous Integration 
As a prerequisite, for collecting the previously defined metrics, a completely automated 

build and test environment is necessary. At Nokia Siemens Networks the build and test 
environment is realised by different UNIX scripts. During the build and test phase a lot of 
information is written to a log file. So, we simply extended the build scripts by tracing 
additional information to the log file. This information has the format: 

 
METRICS:<invocationScriptName><state><time> 

 
It will be written on the log file at the start of the script and at the end of the script. 
 
The keyword METRICS: is used to filter the relevant information out of the log file 

entries. At Nokia Siemens Networks a different script name is used for the distinction of the 
phases, and the components. So <invocationScriptName> is used to derive the component´s 
name and also the phase. <state> can be STARTED, which indicates the invocation of the 
script, OK a successful completion and FAILED states that the script has terminated with an 
error. Also every state STARTED will be followed by OK or FAILED. We have introduced 
some additional states to distinguish error in higher phases. So UT_BUILD_FAILED denotes 
that the build has failed during invocation of a unit test (UT), but all compile clean testcases 
have been successful. However, there are testcases which do not compile. 
UT_TESTS_FAILED indicates that the build of all testcases has been successful, but the 
testscript failed. 

 
Based on this collected information, the before mentioned metrics can be collected. The 

metrics # , #  and ErrorRatio<phase> can be retrieved in a straight forward 
way, by simple adding the operations in an appropriate timeframe. 

 
The metrics concerned with uptime or downtime have to be calculated with slightly more 

consideration. E.g., very often the initial state matters. Therefore a simple state model helps.  

 
Figure 1: State model for uptime and downtime calculation 

 
In Figure 1, a simple state model for the calculation of up and downtime is presented. As 

notation UML state charts were chosen [18]. With every edge the trigger event is noted above 
of the dashed line and below it an action, which is activated during a state transition is 
described. Whenever no specific action is necessary, the dashed line has been omitted. The 
event OK denotes a successful termination of the script and ERR an erroneous one. 
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The action calcUptime and calcDowntime simply denotes a subtraction of the starting time 
from the current timepoint. The starting time will be set initially by action setTime and 
whenever a transition between the states uptime and downtime has been done. 

The implementation of these scripts has been realised in PERL. For visualisation a 
spreadsheet program has been used.  

 
4. Case Study 

Based on the afore described implementation of metrics, we included that metrics tool 
within our SW development department, which develops telecommunication software for 
LTE (Long Term Evolution), a successor technology of UMTS. 

We measured two independent development branches, one is mainly a stabilisation branch 
and on the other branch some very new features are developed. This has been done to 
validate the defined metrics on a broad range of development tasks. 

 
4.1. Setup 

We concentrate on software for eNB (evolved NodeB), a network element used within 
LTE. Two different feature teams with 8 developers in each team are working at one 
development site. We restricted the test phase to the simulation phase. So no target tests have 
been covered by our case study. As a build and test environment, regular LINUX servers are 
used. All builds and tests are fully automated and integrated in CruiseControl, an 
environment for Continuous Integration. As configuration management tool ClearCase is 
used. 

 
4.2. Results of the Case Study 

We wanted to validate the metrics in a case study. We selected two SCRUM teams, which 
are located on one development site and are working on several components. As timeframe 
we included several complete sprints. One of the teams is working under SCRUM rules for a 
long time. For the second team it has been the first sprint, so the complete process might not 
be running stable. All teams are working on parallel branches, which we call increments due 
to historical reasons. One increment is in a stable bug fix phase, the other one in normal 
ongoing development phase. We monitored the metrics on these branches clearly separated.  

We saw that we had a low pulse of integration, which significantly differs on the 
components/teams. We had expected to have at least as many check-ins per day as team 
members exists. However, we had even on well running components only half of the 
expected ratio. The explanation was already known to us: Within both teams, we have 
dedicated developers and testers in nearly the same ratio. This is caused by history, where a 
plan driven development process has been in use. This specialisation is contradictory to 
SCRUM. However, the metrics have confirmed that fact, so that the priority of 
countermeasures has been increased.  

 
We also noticed that there is not a rush hour of check-ins at the end of a sprint. All check-

ins are nearly uniformly distributed over time. This is a very good indication that the teams, 
even the newer one, are consequently working on the backlog items. 

We have seen that on some components the build and test time is too high. E.g., we had 
1,5 hour build and 2 hours test time as maximum values. This sums up to 3,5 hours as a worst 
case. That is in contrast to our desired upper bound of build and test time of 10 minutes. So a 
detailed analysis of the build and test time has been started. Please note that this has been 
seen before without metrics, what is reasonable, because of the factor 20 between both 
values.  
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However, the delivered numbers have increased the priority again, because it is not based 
on feelings or estimations. These numbers are hard facts, which cannot be put aside easily.  

 
Also we realised that within our stabilisation branch the build times are in the range of 0.5 

- 1 hour. That is surprising, because we are using the winkin mechanism of ClearCase, where 
once compiled objects are reused. So either the developer have not compiled the SW before 
check-in or the winkin mechanism is not working properly. This needs further investigation, 
which has been started.  

In addition, we found some significant improvement of our build time by improving the 
build mechanism’s structure. These improvement has been identified and realised very fast, 
by simply reusing intermediate build results. That has reduced the build time of one 
component to the half. Some additional possibilities for improvement have been identified, 
and will be scheduled for the future, because a no simple solution does not exist. Please note 
that this optimisations could also have been identified without metrics. However, the result of 
the metrics initiated these investigations.  

 
4.3. Discussion of Metrics for Continuous Integration 

We have seen that the metrics have significantly helped to put the thoughts of 
improvement on a more solid basis. Every metric has been found as to be reasonable for 
answering the questions and putting the right priority on the improvements. 

 
With CI Frequency we have an indicator for the activity of our SCRUM teams. However, 

we have seen that it only can be taken as a statistical average value, due to the fact that 
different size and structure of backlog items. We even have monitored the number of failures 
during build and test phase. So with the use of ErrorRatio<phase> we have a simple indicator 
for the quality status of a component. However, any ratio below 1 is to be taken with care. 
Normally if a build breaks, the next check-in should solve that, because before every check-in 
a developer should pre-run the tests before. But we have seen that with bigger changes like 
interface changes more than one person has been involved. So they check-in their solutions, 
which only has been expected to work, and see that in combination with other items conflicts 
appear. But that is the normal integration business as it happens on bigger changes. In that 
case a higher error ratio is to be expected. However, the same ratio can be seen, if a developer 
check-in very hastily and stumbles from error to error. 

 
Instead of using the maximum value of build time, we thought of using more a statistical 

based information like average values and standard deviation. To do that, only all successful 
builds have to be taken, because build failures normally can be detected in shorter time. Then 
a collection of build times has to be interpreted statistically, e.g. with a spreadsheet program. 
However, we decided against doing that, because for our purpose the maximum, taken as a 
worst case, can be used as a pure indicator. For every next step, further examination has to be 
done at a very detailed level beyond a statistical level.  

 
4.4. Further Ideas for Metrics 

Based on our experiences, we will take a closer look on the following metrics in future. 
We have seen that the check-ins are significantly different in size and complexity. So we will 
introduce a measurement for the different behaviour by the following definition, which is 
based on [19]: 
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Definition 10: changeSize(Ci) is defined as the sum of the numbers of added, changed and 
deleted lines for the check-in Ci.  

 
Based on that we can use changeSize(Ci) as an indicator for the complexity of a change. 

We know that a pure numbering of lines is not directly correlated to the complexity of a SW 
product as has been mentioned, e.g. by [19]. However, it can be used as a first indicator for 
the impact of a change. Additionally, the pure number of changed configuration items can be 
useful: 

 
Definition 11: For a check-in Ci the number of changed configuration items is defined as 

changedItems(Ci).  
 
Further of interest is also an indicator for a proper modularisation. We tried to define new 

metrics for determining the current state. Therefore, all possible configuration items have to 
be disjoint distributed to components. We can then count how many components are involved 
during a single check-in. Based on that distribution, we can define a simple measure, which is 
an indicator of the modularity of a component. 

 
Definition 12 For a check-in Ci and a set of components Compi we define: 
  ℎ ,≔ 0            ;  ∩ =  ∅  =  # ∩#                                                            ;  

 
So ℎ ,  is an indicator whether a checkin is restricted to 

one component. In such case  ℎ , = 0 

holds. That is reasonable, because the change has only affected one component and is only 
a local one. In that case no penalty has been added to any component. In the other case, if 
more than one component has been involved  ℎ , = 1 

holds. So a penalty will be distributed over all components. However, more effort in that 
area is necessary. E.g. the indicator is not symmetric, so one component with a high number 
of configuration items might have a higher LowCohesionIndicator than a smaller component.  

 
One possible solution could be to normalise this number by the size of a component. 

Additionally, the separation of configuration items in interface parts and implementation adds 
useful information, which should be included in further considerations. The information that 
a build or test fails can add significant hints for a SW architecture as well. This has to be 
included in our considerations. 

 
  



Proceedings 7th Software Measurement European Forum, Rome 2010 
 

81 
 

5. Conclusion and Future Work 
Our initial question has been answered: Our Continuous Integration is a regular 

integration, but the frequency has not been high enough. 
We have seen that some results of the metrics show us facts we already have known. E.g., 

that we have explicit testers in our teams, which is not desired by SCRUM. However, based 
on the metrics, we have now seen that this reduces the productivity of our team significantly. 

Also some first results of the metrics have to be carefully analysed to prevent wrong 
conclusions. This takes time and it has to be done with the according experts, because an in 
depth knowledge is necessary. So the result of the metrics have to be reflected very carefully. 
We have also seen that a very broad knowledge is therefore necessary to make the right 
conclusions. Sometimes in depth knowledge regarding the build mechanism up to 
architectural or process topics is required. On bigger development projects this knowledge 
cannot be concentrated onto one person. Several experts have to be involved and normally 
those experts are restricted resources. If somehow that experts are not included in the 
considerations, very easily wrong conclusions can be drawn.  

 
However, we have found some real improvements, which significantly reduce the build 

time and thus increasing the productivity of the developers. This improvement could be easily 
checked by comparing the build times before the change and afterwards. On more abstract 
topics, only a discussion of concepts could be achieved for estimating the benefit. But this 
discussion can be put on a more solid basis with the available metrics.  

 
In the future we would like to collect the metrics for some more sprints to include some 

tendency trends. Therefore, some graphical interpretation or real statistical analysis is 
required. Thus, a deeper reliability analysis based on statistical methods e.g. using [16] will 
be realised. We also would like to include the metrics proposed in Section 4.4, because some 
hints on the SW Architecture might be given, too. 
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Utilising measurement in the context of software maturity models 
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Abstract 
In the software business, software process improvement (SPI) is one of the most important 

focus areas if a company wants to be successful in the long term. In practice, this means that 
the software engineering process must be improved continuously and existing processes must 
be constantly scrutinised for areas to develop. Continuous process improvement cannot exist 
without the continuous and systematic monitoring and measuring of the company’s own 
processes. Measurement can be utilised for defining the status of the software process, 
monitoring the progress of improvement actions as well as analysing the effect of consciously 
made changes or observing deviant behaviour in the software process. It can be said that the 
prevailing state of the process, or product, can be based only on measurement and therefore 
it tends to be one of the most important aspects when a company wishes to assess the SPI 
results reliably. However, the link between software measurement and SPI is not explicit. 
Therefore, during the completed research project, an information system was developed as a 
tool to connect software process phases and software process metrics. The information 
system presented here offers a bidirectional link between processes (classified by the CMMI 
and SPICE maturity models) and common software metrics. This feature helps users to 
identify the relevant metrics for controlling a particular process. This tool is meant for 
assisting software companies to enhance their understanding of how to utilise measurement 
in connection with software process control and thereby SPI. 

 
 

1. Introduction 
The motivation for this research is based on issues and problems observed in relation to 

software process quality. It is the commonly accepted opinion that the quality of a software 
product is largely determined by the quality of the process used [1][2][3][4], in other words 
most problems in software quality are based precisely on problems in the software 
development process [5]. In consequence, several approaches are available, such as 
modelling, assessment, measurement, and technology adoption, which have been developed 
for the purpose of controlling and improving the software process. There is a strong belief 
that process control and continuous software process improvement are essential for future 
success and that they can significantly improve software quality [6]. Moreover, the prevailing 
assumption is that continuous process improvement cannot exist reliably without the 
continuous and systematic monitoring and measuring of the company’s own processes 
[2][7][8]. In practice, assessing the actual state of the current processes - which is also the 
first step of process improvement actions - is one of the most typical purposes of the use of 
measurement in software engineering [9].  

With appropriate measurement and its results, indicators can be created, which can enable 
the weaknesses and strengths of the current process to be found. Measurement information 
provides significant support in recognising potential objects for improvement in the existing 
process and focusing SPI actions [10][11][12]. However, regardless of the fact that there is a 
demonstrable connection between software process improvement and software process 
measurement, the link between them is not so explicit. 
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In practice, it is quite difficult to define/select metric(s) that enable the effect of a certain 
change/improvement to the software process to be demonstrated reliably. Previous studies 
support this view and state that measurement in the context of SPI is a challenging issue 
[7][13][14][15][16]. 

 
The situation described above created the need for studying the means and tools that could 

help to build a bridge - or at least strengthen the link - between SPI and measurement. An 
opportunity opened up for this in the form of a research project (SoMe – Software 
measurement [17], which was co-ordinated by the Tampere University of Technology [18] 
during the period 2005 to 2007. As a result of the project, a web-based information system 
was built, in which the software engineering metrics and processes were linked to each other. 
This paper describes the system developed and indicates one way to connect software 
processes with software metrics. This knowledge can be utilised when starting to improve 
and change certain processes included in software development work. 

 
The structure of this paper is as follows: Firstly, the background of the research and also 

the main elements of the information system are described briefly in Section 2. Section 3 
describes the usage of the system and Section 4 evaluates its contribution in terms of the 
research topic. Finally, Section 5 summarises the paper. 

 
2. Background 

The Centre of Software Expertise (CoSE) at the Tampere University of Technology in 
Pori and the University of Joensuu (UJ) [19], Finland, executed a two-year research project, 
Software Measurement (SoMe), from 2005 to 2007. The project was funded by the Finnish 
Funding Agency for Technology and Innovation (Tekes) [20] and Finnish software 
companies via the Finnish Software Measurement Association (FiSMA) [21]. One of the 
main goals of the research project was to generate a metrics database and develop an 
associated support system, in order to enhance measurement knowledge and use of the 
metrics and also to facilitate the availability and distribution of metrics information. The 
target was to develop a common and open information system for Finnish software 
companies to help monitor and measure the quality of their own software processes and 
products.  

 
The basic idea behind developing this system was precisely to help organisations to utilise 

measurement knowledge to control their software development process and also to use 
measurement in support of their process improvement work, as well as providing a source of 
objective information for management in their decision making. 

 
2.1. Structure of the information system 

The final outcome of the SoMe project was an information system implemented in a web 
environment based on a metrics database. The system consists of two main elements - a 
metrics database and a web-based user interface - which operate together.  

 
2.1.1 Metrics database 

The system itself works on a database where all the collected metrics and measurement 
knowledge are stored and structured. The database contains information about software 
measurement literature, standards, and actual metrics and measurement practices used in 
software organisations. The metrics database consists of individual items of information, 
knowledge items (metrics), and the manifestations of these items i.e. metric documents.  
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All these knowledge items incorporated in the database have been modified using the 
same standard form. The formula for the title level and the terminology used in all metric 
documents are congruent with each other. This solution helps the end user to read, perceive 
the logic, and make a comparison between the metrics.  

 
More details e.g. the process used for capturing, modifying, and classifying measurement 

knowledge are presented in [22]. 
 

2.1.2 Web-based user interface 
The starting point when creating the user interface of the information system was to 

combine the software metrics and different processes involved in software development as 
clearly as possible. The aim was to point out to the user the connections between metrics and 
processes. Therefore, for the purpose of the user interface, processes were illustrated with the 
help of assessment models. In relation to process quality, process assessment models like the 
ISO/IEC 15504 process assessment model (SPICE - Software Process Improvement and 
Capability dEtermination) [23] and Capability Maturity Model Integrated (CMMI) [24] are 
available, which allow evaluation of the quality of the current software development process 
in the organisation. In this case the user interface is built so that it guides users to choose 
appropriate metrics depending on the selected process assessment model: SPICE or CMMI. 
The purpose of this approach was for the organisations to familiarise themselves with and 
start utilising these two widely known process assessment models in their own operations. 

 
2.1.3 Linking software processes and software metrics 

In the information system, the knowledge items (metrics) are linked to the process groups 
inside the selected assessment models. In this case, metrics were mapped into the SPICE and 
CMMI framework. Every knowledge item also includes information for all the process 
groups included in the assessment model to which it relates and is linked to. The system 
offers a bi-directional link, from software processes to software metrics and vice versa. This 
link between processes and metrics guides the users to identify the relevant metrics for 
controlling a particular process. This characteristic also enables the user to see the 
dependence between process groups from a metric viewpoint and gives important 
information when planning measurement activities (e.g. a measurement program).  

These connections are also seen from the process group viewpoint, as the proper metrics 
depend on the selected process group in the selected assessment model. The allocation and 
interpretation of the results in the maturity models (SPICE and CMMI) was made based on 
the authors’ experience.  

 
The framework is very familiar to the system developers and their experience e.g. of the 

SPICE assessment model, varies from 5 to over 10 years depending on the author. This kind 
of linking method demands in-depth experience and knowledge of the assessment model and 
also an exact description and information of the metrics that tend to be linked to the 
assessment model.  

 
3. Using the information system  

The part of the information system visible to the user is the web-based user interface (UI). 
The aim was to create a clear and simple UI, both structurally and visually, which is one of 
the most important factors when intending to introduce some new technical tools [25]. 
Basically, the information system user interface comprises the main view including several 
functions related to metrics selection as well as guidelines for using the UI.  
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The selected search taxonomy of the UI guides the users to choose the proper metrics 
depending on the selected process assessment models (SPICE or CMMI) and the process 
group within the assessment model (see left of Figure 1). As an example, Figure 1 (below) 
presents the results of one search: SPICE assessment model / ENG 10 (Engineering process 
group 10) System Testing. (Note that there is a limited amount of assessment model process 
groups involved in the system). 

Figure 1: User interface (UI) of the web-based information system 
 
After making the taxonomy selection (left of Figure 1 above), the results - individual 

metrics - of this search appear in the information system display (see right of Figure 1). The 
user can see all the related metrics and also a brief description, such as the name of the 
metric(s), a short summary of each metric, and workload evaluation for establishing, 
collecting, and using the metric. Depending on the given search selection, the system 
retrieves the particular metrics from the knowledge base that are linked to the selection 
(individual process group inside the selected assessment model). Selecting a particular metric 
- by clicking on the metric name field - calls up the detailed information on this metric (see 
later in Figure 3).  

 
To act as example one metric, Defect count in testing, is presented here in more detail and 

also the judgment on how the individual metric focuses on different processes and capability 
levels is described. Defect count in testing: This is a base metric used to monitor the number 
of defects found during different phases of testing. All defects found must be classified (at 
least) by product, date, test phase and the severity of the defect. The metric is a base metric 
and therefore does not need a formula, just a sum of all defects. To use the metric, a tester 
who finds a defect in a product should record it with a unique ID in a defect tracking system 
and classify it by the product and component it belongs to, by the phase it was discovered and 
by the severity of the defect. Using a software tool for this task, the data needed by the metric 
can be extracted with minimal manual labour and the results can be calculated automatically. 
Processes software construction, software testing and system testing are supported on all 
capability levels from 2 to 4 by this measure. In addition, the quality assurance process can be 
understood better, and quality management process can be controlled using this measure. 
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In the UI there is also a word search option for searching for the proper metrics (see 

Figure 2 below). This feature was included because there may be organisations that are not 
familiar enough with process assessment models to start using a system based on them. The 
starting point for planning the system web UI was that it must display as well as operate in 
such a simple way that the UI does not become an obstacle to the use of the system. 

Figure 2: The word search feature in the web UI 
 
The information system also includes a library. A “glossary” has been made to help the 

user if the terms or concepts related to measurement and metrics are not familiar. The terms 
and concepts used are mostly based on terms and their definitions in software standards 
[26][27][28][29]. This selection is intended to guide organisations to a harmonised use of the 
terms related to software measurement. Figure 3 presents the information included for one 
knowledge item, in this case “Total coverage percentage metric” (right of Figure 3). The 
glossary is selected and opens on the left side of the UI.  

 
When necessary, the user can search for the explanation of the terms used in the metric 

description in the alphabetical glossary. 
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Figure 3: “Glossary” and metric description 

 
Some characteristics have also been added that allow interaction between the system and 

the user. It could be necessary to add, modify or even delete some information related to an 
existing knowledge item (individual metric) in the system. Also, during the operation of the 
system, new experiences may arise and this interactivity allows new information to be added 
and also combined with the current item. This feature (comments and experiences field in the 
UI) creates a line of communication between individuals and organisations, allowing them to 
share measurement information and learn from each other (see Figure 4 below). 

Figure 4: The feedback channel (and bi-directional link) in the information system 
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This approach allows individual users to communicate and cooperate with other users and 
administrators. The function also operates as a feedback channel during development work 
for the system developers. 

 
4. Evaluation of the developed system 

This information system is primarily meant and designed for those responsible for the 
quality of software processes or products, but its usability also takes into consideration other 
users, from developers to top management. The main purpose of the system tool is for 
software companies to obtain information about different metrics and their applicability for 
measuring different processes at all levels. The system presented here enhances the 
knowledge and use of software process metrics and also facilitates the availability and 
distribution of metrics information. In this case, the most significant contribution can be seen 
as the connection created - i.e. the bi-directional link - between processes (in this case 
classified by the CMMI and SPICE maturity models) and software metrics.  

This feature helps and advises users how to identify the relevant metrics for controlling a 
particular process. As a whole, the system developed enables the user to see the connection 
and dependence between software process metrics and software processes during 
development work. Awareness of these correlations can be regarded as required knowledge 
in this area. It is useful and crucial when planning, implementing or controlling software 
processes and their improvement, or measurement activities related to the processes. This 
method also enhances awareness of the relationship between process assessment and process 
measurement, which tends to be a fairly obscure and therefore challenging subject.  

 
However, there are also a few issues worth noting when implementing the information 

system developed. Firstly, the majority of the measurement data (metrics) involved in the 
metrics database was collected from companies whose capability levels varied between 2 and 
3 (see ref. [22]). Previous research (e.g. [30][31]) has shown that different metrics are used 
depending on the maturity levels. It has been noted that the focus areas of measurement are 
linked to the maturity level of the process, whereby the need for measurement increases as 
the maturity level increases [32]. This rules also works in reverse: the more versatile the 
software measurement, the more mature the software development process has to be to enable 
measurement.  

 
This fact must be taken into account when planning to utilise the measurement data 

presented in this system. Moreover, another essential fact must be kept in mind: the 
precondition for utilising software measurement in software development work is that the 
software development process used has sufficient maturity [33][34]. As Zahran has stated, an 
immature, which commonly means an unstable, process cannot be measured reliably [2]. 

Secondly, it must be understood that individual metric(s) in the database are connected to 
software processes using a process group classification made according to the assessment 
models. Process improvement cannot be measured directly with an individual metric but the 
general factors that relate to a certain process can. However, if the target for improvement 
found by process assessment relates to the process in question, then metrics can be applied to 
control that process. The information system developed guides the users to select the relevant 
and proper metric(s) using the process assessment model to control development process 
behaviour, thus providing the required information to recognise which objects can be 
improved in the software process.  
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Thirdly, the mapping of metrics to the selected frameworks (SPICE and CMMI) is based 
on the authors’ experience and knowledge of the selected assessment models. Some variation 
in the results would be possible if the same operation were carried out by another group of 
experts in the field. 

 
5. Conclusion  

The aim of this paper was to give one example of how to utilise measurement in the 
context of software maturity models. In practice, measurements have not been fully 
integrated into assessment methods or used explicitly to drive assessment. This study brings 
the two elements - process assessment and process measurement - closer together and 
enhances knowledge of the slightly unclear interaction between them. The article gives an 
overview of a newly developed, web-based information system for combining these two 
elements. The system presented here offers information about different metrics and their 
applicability to measuring different processes - in this case classified by SPICE and CMMI 
process assessment models. The paper describes the ideology and structure behind the 
application and also how to utilise it in practice, in this case, by guiding software process 
measurement and software process improvement. From a software measurement viewpoint, 
one relevant topic for future research could be to examine how the capability or maturity 
level of the organisation may affect the utilisation of the information tool and how, or if, the 
required measurement information varies depending on the level of maturity. 
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Abstract 
This paper is dedicated to some of the international standards used for assessment and 

assurance of software quality. An ontology expressing the common processes in the 
standards is introduced, so that it is easy to observe the common basis of all of them. 
Furthermore, the connections among the models are discussed, which provides a basis for 
comparison of their structure, related processes and assessment methods. 

 
 

1. Introduction 
During the past decades the software industry expanded greatly as the market for computer 

applications, utilities and services were continually growing. Thus, software has started to 
become a crucial new component of many of today’s products. This pervasive aspect of the 
software has made it a major new factor in business, leading to the establishment of new 
global demands for safety and quality of software products and services. Therefore, the need 
for international agreements on software quality assessment and assurance procedures has 
started to become very important.  

Nowadays, there exist numerous approaches to software quality assessment and assurance 
which an organisation may employ to ensure good product performance. They are mostly 
represented by reference models which describe the processes an organisation should perform 
in order to achieve a desired level of product quality.  

 
The International Organization for Standardization has developed two crucial approaches 

for organisations to follow in order to ensure product quality. One of them represents 
assurance of the process by which a product is developed [1] and the other deals with the 
evaluation of the quality of the end product [2]. Both approaches are important and require 
the presence of a system for quality management, such as the one introduced by the ISO 
9001:2000 international standard. ISO has also developed a world-wide acknowledged 
standard, ISO 12207, to serve as a common framework for software practitioners to create 
and manage software. The specific framework deals with the software life cycle and covers 
everything from conceptualisation of ideas through retirement. 

 
Another important approach to software quality is established by the Capability Maturity 

Models (CMMs) such as the Capability Maturity Model Integration [3] and Software Process 
Improvement and Capability dEtermination model [4, SPICE Software Process Assessment, 
Part 1 Introductory Notes]. These models provide a framework for process improvement, 
which consists of “key process areas” that are found to be influential in various aspects of the 
development process and the resultant software quality. Many organisations use such models 
in their pursuit of meaningful and positive return-on-investment statistics. And last but not 
least ITIL [5], which stands for Information Technology Infrastructure Library. It is 
developed by the United Kingdom’s Office of Government Commerce (OGC). ITIL is the 
most widely accepted approach to information technology service management (ITSM) in the 
world. This knowledge was gathered in a library of over forty books that outline a process-
based set of best practices for ITSM. 
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The first part of the paper introduces the concept of ontology's. A definition of the concept 

is proposed that is most appropriate for the purpose of our research work. 
The second part introduces an ontology based comparison of the structure of the 

international standards and discusses the common processes used to ensure product quality 
along the software life-cycle.  

 
2. Ontology: Fundamentals  

The concept of ontology, is a study of reality and the nature of being or existence. It 
originates from the Greek words ontos: of being and logos: science, theory. It seeks to 
describe the basic categories and relationships of existence and to define entities and types of 
entities in its framework. In computer and information science, a well known definition is: 

 
“An ontology is a formal, explicit specification of a shared conceptualisation.”[6] 
 
Conceptualisation is an abstract and simplified representation of the world that we wish to 

represent for some purpose. [7] In that context, ontology is a formal data model that 
represents a set of concepts and the relationship among them. It is a widely spread modelling 
approach for designing complex systems’ specifications. Ontology languages such as KIF 
(Knowledge Interchange Format) or OWL (Ontology Web Language) are commonly used to 
encode ontology's. They are formal languages that can define objects, properties and relations 
between objects.  

 
 Ontology of a given subject can be defined as “a formal description of entities, properties, 

relationships, and roles that someone familiar with the concept normally associates with it”. 
Therefore, ontology of software quality standards serves to represent the terminology, 
concepts and structures on the subject of quality with respect to software. It represents a new 
type of quality information used not merely for computation and display- as the traditional 
quality information systems are used- but also for reasoning and rational inferences, with 
which intelligent decision making can be made.  

 
3. Relations between the models 

The second part of this paper discusses the similarities and differences between the 
standards mentioned in the introduction part. Although the software quality standards have 
different models of representation with various components’ names, they have a lot of 
similarities not only in the structure they possess, but also in the areas they cover. The 
resemblance in the structure of the standards is firstly introduced with the help of software 
process ontology. Similar components are summarised in classes and the connections 
between them are strictly defined. 

 
3.1. The Software Process Ontology 

At the core of a software organisation is the process that enables the reuse and sharing of 
organisational knowledge [8]. Therefore, the main class of the ontology, presented on Figure 
1 is „Process”. Each of the quality standards represents organisation as a set of processes. In 
the CMMI there are process areas, such as Requirements Management (REQM) and 
Configuration Management (CM) which form the main fields of organisation. SPICE defines 
several processes as part of the assessment model it suggests. The ITIL introduces some 
processes concerning service management. ISO 9001:2000 proposes processes in the main 
topic areas of its structure presented in Table 1. 
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ISO 9126 consists of metrics for measuring the internal quality, external quality and 
quality in use of the software life-cycle processes suggested by ISO 12207. 

 
Figure 1: The Software Process Ontology 

 
The Software Process Ontology (SPO) on Figure 1 is a RDF graph designed with the help 

of OWL and plays a similar role to the conceptual data schemas in the database community. 
In this ontology each organisation consists of a number of processes (1...n) which can be 
classified into several domains called “Category” or “Subsystem”. In the CMMI the process 
areas are divided in four categories: Process Management, Project Management, Engineering 
and Support.  

Each process area belongs only to one category. SPICE defines three categories as 
follows: Organisational Life-Cycle Processes, Primary Life-Cycle Processes and Supporting 
Life-Cycle Processes. In the ITIL the Service Management Book can be defined a category 
for service management processes. In ISO 12207 there are three categories: Primary Life 
Cycle Processes, Supporting Life Cycle Processes and Organisational Life Cycle Processes. 
In ISO 9001:2000 processes are organised in sub-systems such as: Quality Management 
System, Resource Management and etc.  

Each process is composed of a number of practices (1…n) and each practice consists of a 
number (1…n) of atomic practices. An atomic practice is the minimum activity that can 
develop a software product or support the engineering process.  
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The class “Atomic Practice” as well as the class “Base Practice” is a subclass of 
“Practice”. An example of a base practice is every specific goal in the CMMI-DEV.  

There are a number (1…n) of process attributes (owl: Things) attached to each process. An 
owl: Thing describes the characteristics that must be present to institutionalise the processes 
that implement a particular composite process. A specific process attribute may be attached to 
several processes. An example for an owl: Thing is every generic goal in the CMMI-DEV 
and every process attribute in SPICE.  

The classes “Composite Process” and “Basic Process” are subclasses of the class 
“Process”. Each composite process includes at least one basic process. An example of a 
composite process is every process area in the CMMI-DEV such as the Configuration 
Management or Casual Analysis and Resolution. Each of the process areas has some specific 
goals which are represented by the “Basic Process” class in the SPO.  

 
Table 1 illustrated the similarities and differences in the structure of the related process 

models taken into consideration. 
 

Table 1: Similarities in the process models 
     Component  
         
Model 

Sub-
system Category Process Sub-Process Practice Process 

Attribute 

CMM  Category 
Key 
Process 
Area 

 Key 
Practice  

CMMI  Category Process 
Area 

Specific 
Goal 

Specific 
Practice 

Generic 
Goal 

SPICE  Category Process Component 
Process 

Base 
Practice 

Process 
Attribute 

ITIL  
Service 
Management 
Book 

Service 
Manageme
nt Process 

Service 
Management 
Function 

Process 
Specific 
Material 

 

ISO 
9001:2000 

Sub-
system  Main topic 

area  
Manage
ment 
Issue 

 

ISO 12207  Category Process    

ISO 9126  
Category 
from 
ISO12207 

Process 
from ISO 
12207 

   

     
3.2. Software Life Cycle Processes  

The Software Process Ontology illustrated clearly the similarities among the structures of 
the considered international standards. It is now clear that all models represent an 
organisation as a set of processes. Here we suggest a proper mapping of the processes each 
standard has to processes concerning development, maintenance, support and improvement of 
software products and services.  

 
3.2.1.  ISO 12207 Software Life Cycle Processes and ISO 9126 quality metrics 

The process model of the ISO 12207 [9, ISO/IEC 12207 ] [10] international standard 
suggests processes to support software products and services during the whole lifecycle. It is 
closely connected to the ISO 9126 [2] standard which uses the same process model and 
suggests metrics for measurement of internal quality, external quality and quality in use. 
There are 70 metrics for evaluation of the internal process quality [11].  
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The distribution of the metrics is indicated on Table 2 along with all processes in the 
process model of ISO 12207. The single internal metric for “Development” evaluates 
Software Qualification Testing activity. There are 114 external metrics for “Development” 
measuring the Software Integration activity (7 metrics), the Software Qualification Testing 
activity (100 metrics) and the System Integration activity (7 metrics). The 12 software in use 
quality metrics for “Development” support the Software Qualification Testing activity.  

 
Table 2: ISO 12207 for Software Life Cycle Processes and ISO 9126 quality metrics 

Primary Processes 

Supply 
Development (1 internal, 114 external and 12 quality in use 
metrics) 
Operation (93 external and 15 quality in use metrics) 
Maintenance (48 external metrics) 

Supporting Processes 

Documentation 
Configuration Management 
Quality Assurance (1 internal, 14 external metrics 
Verification (59 internal metrics) 
Validation (13 internal, 47 external and 11 quality in use 
metrics) 
Audit 
Joint Review (59 internal metrics) 
Problem Resolution (4 internal,1 external metrics)  

Organisational Processes 

Management 
Infrastructure 
Improvement 
Training
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3.2.2. ISO 9001:2000 Software Life-Cycle Processes  
ISO 9001:2000 is composed of four major process categories. [12] [1]: Management 

Responsibility; Resource Management; Management of Processes and Measurement, 
Analysis and Improvement section. 

 
Some processes from these major categories can be used in the software lifecycle to 

support the development, maintenance and support of software products and services along 
their lifecycle.  

 
Table 3 indicates the particular sections of the ISO 9001:2000 standard which can be used 

for that purpose.  
 

Table 3: ISO 9001:2000 for Software Life-Cycle Processes 

Primary Processes 
Design and development (7.3) 
Purchasing (7.4) 
Customer-related processes (7.2) 

Supporting Processes 

Document Control (5.5.6) 
Validation for processes for production and service provision 
(7.5.2) 
Internal Communication (5.5.3) 
Design and development validation (7.3.4) 
Design and development verification (7.3.6) 
Internal audits(8.2) 
Control of measuring and monitoring devices (7.6) 

Organisational Processes 

Planning of product realisation (7.1) 
Infrastructure (6.3) 
Improvement (8.5) 
Competence, awareness and training (6.2.2) 
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3.2.3.  SPICE Software Life-Cycle Processes 
The Software Process Improvement and Capability dEtermination (SPICE) international 

standard [4, SPICE Software Process Assessment, Part 1 Introductory Notes] suggests some 
processes in its process assessment framework which can also be mapped to the Primary, 
Supporting and Organisational processes along the software lifecycle.  

 
Table 4 illustrates the mapping as follows.  
 

Table 4: SPICE for Software Life-Cycle Processes 

Primary Processes 

CUS 1 Acquisition Process 
CUS 2 Supply Process 
CUS 3. Requirements elicitation  
CUS 4 Operational Use Process 
ENG 1 Development Process 
ENG 1.1 System requirements analysis and design process 
ENG 1.2 Software requirements analysis and design process 
ENG 1.3 Software design process 
ENG 1.4 Software construction process 
ENG 1.5 Software Integration process 
ENG 1.6 Software Testing Process 
ENG 1.7 System Integration and Testing Process 
ENG 2 System and software maintenance process 

Supporting Processes 

SUP 1 Documentation process 
SUP 2 Configuration management process 
SUP 3 Quality assurance process 
SUP 4 Verification process 
SUP 5 Validation process 
SUP 6 Joint review process 
SUP 7 Audit process 
SUP 8 Problem resolution process 

Organisational Processes 

MAN 1 Management process 
MAN 2 Project management process 
MAN 3 Quality management process 
MAN 4 Risk management process 
ORG 1 Infrastructure Processes 
ORG 2 Improvement Processes 
ORG 3 Human resource management process 
ORG 5 Measurement Process 
ORG 6 Reuse process 
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3.2.4. CMMI Software Life-Cycle Processes  
The CMMI-DEV international standard [3][13][14][15] suggests various process areas and 

goals in its process improvement framework. Some of these PA and goals can be grouped in 
Primary, Supporting and Organisational processes to sustain the development, maintenance 
and support of software products along their lifecycle. A mapping of the PAs and generic 
goals to these categories is presented on Table 5 below.  

 
Table 5: CMMI for Software Life Cycle Processes 

 

 
  

Primary Processes 

Organisational Process Performance (OPP) 
GP 4.2 Stabilise Sub-process Performance 
Supplier Agreement Management (SAM) 
Requirement Management (REQM) 
Requirement Development (RD) 
Technical Solution (TS) 

Supporting Processes 

Configuration Management (CM) 
GP 2.6 Manage Configurations 
Process and Product Quality Assurance (PPQA) 
GP 2.9 Objectively Evaluate Adherence 
Validation (VAL) 
GP. 5.2 Correct Root Causes of Problems 

Organisational Processes 

Project Planning (PP) 
Project Monitoring and Control (PMC) 
Quantitative Project Management (QPM) 
GP 2.1 Establish an organisational policy 
GP 2.2 Plan the process 
GP 2.3 Provide Resources 
GP 2.4 Assign Responsibility 
GP 2.7 Identify and Involve Relevant Stakeholders 
GP 2.8 Monitor and Control the Processes 
GP 2.10 Review Status and Higher Level Management 
GP 3.2 Collect Improvement Information 
GP 4.1 Establish Quantitative Objectives for the Processes 
GP 2.5 Train People 
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3.2.5.  ITIL Software Life-Cycle Processes  
The ITIL Service Lifecycle consists of five elements, which represent the Service 

Management practices within the ITIL standard [5]. In the following table 6, there are listed 
the processed in ITIL version 3 specific practices, connected to the Software Life Cycle. 
 

Table 6: ITIL for Software Life-Cycle Processes 
 

 
4. Conclusion and Future Work 

A short discussion of the following international standards was presented: 
• CMMI 
• ISO 9001:2000  
• ITIL 
• ISO 15504-SPICE 
• ISO 12207 
• ISO 9126 

  
With the help of OWL a Software Process Ontology was designed that serves as a 

comparison between the structures of the introduced international standards. All standards 
discussed here represent organisation as a set of processes which can be managed and 
improved. Therefore, all standards deal with the same type of improvement, namely: process 
improvement. Common processes regarding software life-cycle were also discussed so that 
similarities in the areas the standards cover are clear. It turned out that the contents of the 
international standards discussed largely overlaps and can, therefore, be mapped.  

 
  

Primary Processes 

Service Portfolio Management 
Financial Management 
Problem Management 
IT Operations Management 
Project Management  
Release and Deployment Management 

Supporting Processes 

Risk Management 
Availability Management 
IT Security Management 
Compliance Management 
IT Architecture Management 
Change Management 
Service Validation and Testing 
Application Development and Customisation 
Knowledge Management 

Organisational Processes 

Event Management 
Incident Management 
Request Fulfilment  
Access Management 
Capacity Management 
Supplier Management 
Service Evaluation 
Process Evaluation 
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The main advantages and potential usage of the current work include: 
• Thorough overview of the introduced international standards and their ways of 

achieving software process improvement.  
• Software Process Ontology organising similarities among the structure of the 

standards into a knowledge repository. 
• Basis for accumulation of software process knowledge for further improvement. 
• Inferences about possible ways of making the software improvement process easier.  

 
The next step would be improvement of the Software Process Ontology and refinement of 

the mapping between the standards. The introduction of other international standards into the 
ontology supported knowledge representation model and increasing its level of specification. 
That would help the construction of a process model for software organisations willing to 
provide most efficient and effective software products and services. 
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Abstract 
Due to its composite and particular nature, Web projects (and related applications) are 

quite difficult to be defined (and measured) by a single size unit, and the subsequent effort 
estimation process for a Web project still remains nowadays a critical activity for a project 
manager, that’s in charge to deliver the final application on time, on quality, and within 
budget. COSMIC, a 2nd generation Functional Size Measurement Method (FSMM), seems to 
better capture and size also those kinds of projects than 1st generation FSMM such as IFPUG 
FPA and several studies have been carried out during last years, with results that would 
confirm such hypothesis. But a Web project can refer to different application types and/or 
organisational environments or, more trivially, refer to a static or a dynamic environment, 
with relevant impacts on functional sizes and therefore on related productivities and 
consequently on the estimation process. 

Recently some experiments have been carried out on improving estimations using 
combinations of Base Functional Components (BFC) for a certain FSM method as the 
independent proxies in multiple linear regression analysis, showing higher prediction values 
than using the single fsu value (e.g. UFP for IFPUG or CFP for COSMIC). 

This paper will present a further case study in such direction, presenting and discussing 
results from an empirical study carried out using data from 15 projects from an Italian 
company, analysed at the light of Multiple Linear Regression (MLR) and Manual Stepwise 
Regression (MSWR) estimation techniques. 

 
 

1. Introduction 
2009 was a particular year for the Software Measurement community, since 30 years 

passed by the publication of the first paper by Allan Albrecht on his “Function Point 
Analysis” (FPA). And huge progresses have been done since then, producing a plenty of 
methods and right now five de jure standards under the ISO umbrella. Figure 1 summarises 
this evolution along this period, stressing with dotted circles the versions recognised as 
standards by ISO9.  

 
When dealing with Functional Size Measurement Method (FSMM) for estimation 

purposes, typically the formulas and equations used considered only an independent variable 
(the overall functional size) against the actual effort for a certain project. During years, the 
knowledge about software engineering and project management continuously grew up and 
there was huge evidence about the need to consider the impact from the deployment of Non-
Functional Requirements (NFR) not as a part of Functional User Requirements (FUR), but as 
a separate group of requirements to be treated in a parallel, but separated way.  
  

                                                           
9 COSMIC v3.0.x is going to be standardized too. At the time of writing, the revision of the ISO/IEC 
19761:2003 is at the FCD (Final Committee Draft) stage (40.60), as of September 2009 
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An evidence of that besides in the ISO choice to standardise IFPUG FPA method only 
using its unadjusted version (excluding the Value Adjustment Factor), as requested by the 
common principles stated in the ISO 14143-1 standard [16] and recently confirmed by the 
newer IFPUG CPM version 4.3 and from a new upcoming counting method by IFPUG about 
NFR10.  

 
Web projects represent a particular class of projects where this issue has been discussed 

from a long time, due to the presence of several NFR and multimedia elements. 
 

 
Figure 1: History of FSM methods 

 
1st generation FSMM such as IFPUG typically produced a series of guidelines about the 

way to properly calculate the functional size for those software applications, but there is right 
now no general consensus among different players about it. Among the FSMM arena, 
COSMIC seems to measure quite easily also Web projects (see e.g. [10]). The studies carried 
out so far used always the overall number of CFP (or using the previous term till COSMIC 
v2.2, cfsu). The idea of classifying projects by analogy according to their typical ‘profiles’ 
looking at a certain project attribute, e.g. effort [11], can also be applied considering the 
‘functional size’ attribute. In particular, grouping projects according to this criterion, it is 
possible to analyse the different contribution of Base Functional Components (BFCs) against 
the overall ‘fsu’ value. For instance, a typical MIS project using the IFPUG method can have 
a strong evidence of EI-EQ-ILF, while a static Web project can be emphasised more by EQ-
EIF. First results from ISBSG samples using both IFPUG and COSMIC methods revealed an 
improvement in estimations [7]. 

 
The aim of this paper is to apply the same concept to an industrial sample sized with 

COSMIC, and verify whether or not the use of single BFC types can provide improvements 
in the estimation capability. 

The paper is organised as follows: Section 2 discusses a series of related works about 
sizing and estimating Web applications using COSMIC and investigating the use of single 
BFC types. Section 3 introduces the research method used in this paper as well as a short 
description of the source data from 15 projects sized using the COSMIC FSM method. 
Section 4 discusses the results from the statistical analysis run on that industrial sample and 
finally Section 5 draws conclusions for the current work and shows possible future prospect 
for this research. 
                                                           
10 See [17] and this recent interview to David Garmus: www.itmpi.org/assets/base/images/itmpi/Assessment-
Garmus.pdf. For a more comprehensive discussion on this issue, see [5]. 
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2. Related Work 
Several works have discussed effort and cost estimation models (see e.g., [1][4][25]) and a 

lot of empirical investigations have been performed to analyse the use of effort estimation 
techniques and the software size as main predictor of development effort (see e.g., 
[1][2][3][18][19][21]). In the following we only recall the studies that analysed the use of 
COSMIC for sizing and estimating Web application development effort and the empirical 
analysis carried out to investigate the use of single BFC types.  

 
2.1. Sizing and Estimating Web Applications with COSMIC 

In the last years few researchers have applied COSMIC method to Web applications [10] 
[12][13][24][28]. In particular, the difficulties of applying the IFPUG method to size an 
Internet bank system, first motivated Rollo to use COSMIC in the context of Web 
applications [28]. However, he did not present any empirical result supporting his thesis. 

Subsequently, Mendes et al. applied the COSMIC approach to Web sites, i.e., without 
server-side elaborations [24]. Using data from 37 Web systems developed by academic 
students, an effort estimation model was built applying Ordinary Least Squares Regression 
(OLSR). Unfortunately, this model did not provide good estimations and replications of the 
empirical study were highly recommended to find possible biases in the collection of the data 
and/or in the application of the method. Subsequently, the observation that dynamic Web 
applications are mainly characterised by data movements (from a Web server to the client 
browser and vice-versa) suggested to apply the principles of the COSMIC method to size this 
type of Web applications [10]. 

An empirical study based on 44 Web applications developed by academic students, was 
performed to assess the COSMIC approach [10]. The effort estimation model obtained by 
employing the OLSR provided encouraging results. 

Recently, a case study aiming at assessing the effectiveness of a COSMIC base model in 
estimating Web application development effort has been carried out by exploiting a single-
company data set (obtained from a set of 15 Web applications developed by an Italian 
software company) [12].  

The Web Objects size measure, proposed by Reifer for the Web [26], was also applied. 
Web Objects are characterised by the introduction of four new Web-related components 
together with the five function types of the Function Point Analysis method, namely 
Multimedia Files, Web Building Blocks, Scripts, and Links. The estimation models were 
built by applying OLSR and were validated by using a hold-validation approach. In 
particular, the performance of the obtained models was evaluated using a data set of further 4 
Web applications developed by the same software company some time after the first 15 Web 
applications. The results revealed that both COSMIC and Web Objects were good indicators 
of the development effort. 

 
By exploiting the same data set of 15 Web applications the same authors also assessed the 

effectiveness of COSMIC when used in combination with WebCOBRA [13]. WebCOBRA is 
an extension for the Web of the COBRA method proposed by Briand et al. and can be 
considered a composite method, according to a widely accepted taxonomy [3], since it 
exploits expert’s opinions, gathered in a controlled fashion, together with other cost drivers, 
within an algorithmic approach. The performed empirical analysis confirmed the positive 
results of a previous study that employed WebCOBRA in combination with Web Objects 
[29]. 
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2.2. Analysis on the Use of Single BFC Types 
The empirical study we present here is a further application of the idea proposed in two 

previous studies performed in [7][14]. Recently, Buglione and Gencel experimented on 
different IFPUG and COSMIC samples from ISBSG repository r10 [15] that using 
combinations of two or more BFC (e.g. EI, EO, EQ, ILF, EIF for the IFPUG method and E, 
X, R, W for the COSMIC method) as the independent variables instead of the whole single 
fsu value (e.g. UFP for the IFPUG method or CFP for the COSMIC method) can approximate 
more R2 values in a multiple linear regression analysis [7]. This study opens a discussion 
about the cost-opportunity to which level of granularity an organisation should gather and 
store its project data for estimation purposes, also for characterising by BFC a series of 
possible typical functional profiles by domain, application type and other typical attributes 
that helps to filter historical data for obtaining consistent subsets. 

 
3. Research Method  

In the following, a description of the industrial data set used in this study as well as the 
data analysis performed to assess our research goal is presented. 

 
3.1. Data Set Description  

The availability of reliable project data coming from the industrial world is a crucial 
aspect in any empirical software engineering study. Indeed, often the lack of publicly 
available data sets is the main problem in the empirical software engineering field that 
prevents researchers to effectively and efficiently verify hypothesis and ideas, and to transfer 
in the industrial world proposals conceived in the academic field. 

The data set employed in the empirical study reported in this paper has been provided by 
an Italian software company, with about 50 employees, and whose core business is the 
development of enterprise information systems, mainly for local and central government. 
Among its clients, there are also health organisations, research centres, industries, and other 
public institutions. The company is specialised in the design, development, and management 
of solutions for Web portals, enterprise intranet/extranet applications (such as Content 
Management Systems, e-commerce, work-flow managers, etc.), and Geographical 
Information Systems. It is certified ISO 9001:2000, and it is also a certified partner of 
Microsoft, Oracle, and ESRI. This company provided us information on 15 Web applications 
(e-Government, e-Banking, Web portals, and Intranet applications). 

They have been developed by exploiting a wide range of Web-oriented technologies, such 
as J2EE, ASP.NET, etc. Oracle has been the commonly adopted DBMS, but also SQL 
Server, Access and MySQL have been employed in some cases. About the people involved in 
the development process, 12 applications were carried out by teams of 6 elements, while the 
other 3 were developed by 7 persons. In all the cases, the teams worked in the same building. 

The 15 Web applications were sized using COSMIC v2.2 [9]11. The basic idea underlying 
this approach is that, for many kinds of software, the most of development efforts are devoted 
to handle data movements from/to the persistent storage and the users. Thus, their number 
can provide a meaningful sight of the system size. To identify data movements, COSMIC 
requires to define a proper context model for the specific application, bounding the software 
from its operating environment. Basically each data movement crossing a boundary has to be 
counted. The method considers four kinds of data movements, i.e., Entry, Exit, Read, and 
Write, and the functional size of the software, in terms of COSMIC functional size units 
(cfsu) [8]12, is given by the sum of all these data movements. 

                                                           
11 Current version of the Measurement Manual is v3.0.1, released on May 2009 [8]. 
12 With v3.0, ’cfsu’ are now called CFP (COSMIC Function Points). 
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The collection of information about the measures and the actual development effort 
represents the main difficulty to carry out this kind of study. Concerning the effort collection, 
the software company used timesheets to keep track of this information, where each team 
member annotates the information about his/her development effort, and weekly each project 
manager stores the sum of the efforts for the team. In order to collect all the significant 
information to calculate the values of the size measures, the authors defined a template to be 
filled in by the project managers. All the project managers were trained on the use of this 
form. They took into account the COSMIC Measurement manual, version 2.2 [9] and the 
rules provided in [10] for the collection required to apply COSMIC to their projects. One of 
the authors analysed the filled templates and the analysis and design documents, in order to 
cross-check the provided information. The same author calculated the values of the size 
measures. 

Table 1 reports the descriptive statistics of the variables EFH, denoting the development 
effort expressed in terms of person-hours, CFP, denoting the functional size expressed in 
terms of COSMIC Function Points, and of the variables Entry (E), Exit (X), Read (R) and 
Write (W), denoting the four data BFC types of COSMIC FSMM. It can be observed that the 
development effort refers to the total sum of all the time that members have spent for 
requirements analysis, design, implementation, and testing of the Web application.  

 
Table 1: Descriptive statistic of the whole data set 

ENTITY OBS MIN MAX MEAN MEDIAN STD.DEV 
EFH 15 1176 3712 2677.9 2792 827.1 
CFP 15 264 1022 602.4 611 249.1 

Base Functional Components (BFC) Types 
Entry (E) 15 31 227 128.1 120 60.7 
Exit (X) 15 29 225 115.1 103 59.9 
Read (R) 15 169 607 399.3 366 136.3 
Write (W) 15 0 61 19.8 18 20.1 

 
In order to investigate the contribution of different functionality types represented by BFC 

types to total development effort we also consider the type of applications to form 
homogeneous subsets of projects for the statistical analysis. In particular, project managers of 
the Web applications included in our data set were asked to classify the applications 
according to a classification provided by Reifer in [26][27], which consider: Web-based 
electronic commerce; Financial/trading applications; Business-to-business applications; Web-
based portals; Web-based information utilities. 

Project managers specified that 8 out of 15 Web applications could be classified as Web-
based portals (in the following referred as Subset1) and the remaining 7 applications instead 
included in the Web-based information utilities group (in the following referred as Subset2). 
Table 2 reports the descriptive statistics of Subset1 and Subset2. 

 
3.2. Data Analysis 

The goal of our study is to verify whether or not an effort prediction model based on the 
single BFCs rather than on the total functional size value would improve estimation models. 
To this end, we first verified the strength of the relationship between the total functional size 
and the total development effort. Then, we also investigated the strength of the relationship 
between the BFCs and the total development effort. In particular, we exploited the Multiple 
Linear Regression (MLR) and a Manual Stepwise Regression (MWSR) which allows us to 
compute linear regression analysis in steps. 
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MLR is one of the most commonly used statistical techniques for exploring the 
relationship between a dependent variable and one or more independent variables, providing 
a prediction model described by an equation [22]: 

 
    y = b1x1 + b2x2 + ... + bnxn + c 
 
where y is the dependent variable (the effort), x1, x2, ..., xn are the independent variables 

(the cost drivers) with coefficient bi, and c is the intercept. In our empirical study we have 
exploited MLR to obtain linear regression models that use the variable EFH (representing the 
total development effort in person-hours) as dependent and the variables E, X, R, and W 
(denoting the functional sizes of the BFC types) as independent. Moreover, we have also 
applied Linear Regression analysis by considering as independent variable the total 
functional size of the software, given in terms of COSMIC functional size units (CFP). 

 
Table 2: Descriptive statistics of Subset1 and Susbset213 

ENTITY OBS MIN MAX MEAN MEDIAN STD.DEV 
Subset1 

EFH 8 1176 3712 2539 2796 957.4 
CFP 8 264 900 587.3 640.5 252.3 

Base Functional Components (BFC) Types 
Entry (E) 8 31 227 118 114.5 68.4 
Exit (X) 8 29 225 111.6 103.5 69.1 
Read (R) 8 169 535 345 377.5 132.5 
Write (W) 8 0 60 12.6 3 20.6 

Subset2 
EFH 7 2024 3688 2837 2768 686.9 
CFP 7 370 1022 619.7 515 264.4 

Base Functional Components (BFC) Types 
Entry (E) 7 85 224 129.7 122 53.2 
Exit (X) 7 67 201 119.1 103 52.7 
Read (R) 7 184 607 332.9 265 150.9 
Write (W) 7 10 61 28 22 17.2 

 
Using Stepwise Regression (SWR) the estimation model is obtained by adding, at each 

step, the independent variable with the highest association to the dependent variable, taking 
into account all the variables currently in the model. SWR aims to find the set of independent 
variables that better explain the variation in the dependent variable. To select the variables to 
be added in the model a Manual SWR (MSWR) can be applied, using the technique proposed 
by Kitchenham in [20]. The idea underlying this procedure is to select the important 
independent variables, and then to use linear regression to obtain the final model.  

To evaluate the goodness of fit of a regression model, several indicators have been 
considered. Among them, the square of the linear correlation coefficient, R2, shows the 
amount of the variance of the dependent variable explained by the model related to the 
independent variable. Other useful indicators are the F value and the corresponding p-value 
(denoted by Sign F), which high and low values, respectively, denote a high degree of 
confidence for the prediction. We have also considered the p-values and t-values for the 
corresponding coefficients and the intercept.  
                                                           
13 For confidentiality reasons, it’s not possible to provide details from assessed projects but only the high-level 
figures. 
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The p-values give an insight into the accuracy of the coefficients and the intercept, 
whereas their t-values allow us to evaluate their importance for the generated model. In 
particular, p-values less than 0.05 are considered an acceptable threshold, meaning that the 
variables are significant predictors with a confidence of 5%. As for the t-value, a variable is 
significant if its corresponding value is greater than 1.5. 

It is worth noting that whenever variables are highly skewed they can be transformed 
before being used in the MLR and MSWR procedure. This is done to satisfy with the 
assumptions underlying linear regression analysis [22]. It must be stressed that residuals 
should be independent and normally distributed, relationship between dependent and 
independent variables should be linear. A widely used transformation is the one considering 
the natural log (Ln), which makes larger values smaller and brings the data values closer to 
each other [22]. In addition, whenever a variable needed to be transformed but had zero 
values, the natural logarithmic transformation was applied to the variables value after adding 
1 as done in [23]. Moreover, the stability of each model built using MLR and MSWR should 
be verified. 

In order to accomplish this step, we can use a residual plot showing residuals vs. fitted 
values to investigate if the residuals are randomly and normally distributed [22]. Then, 
Cook's distance values can be used to identify the influential data points. As suggested in [23] 
each observation having distances higher than 3 × (4/n), where n represents the total number 
of projects, are immediately removed from the data analysis. On the other hand, the 
observations having distances higher than 4/n but smaller than (3 × (4/n)) are removed and 
the stability of model is tested by analysing the effect of their removal on the model. If the 
goodness of fit improves (i.e., a higher R2 is obtained and the coefficients of the model 
remain stable then the influential observations are not excluded from the analysis. 

 
4. Results 
4.1. Relationship between EFH and CFP 

In order to apply the Linear Regression analysis we verified the following assumptions for 
each training set: linearity (i.e., the existence of a linear relationship between the independent 
variable and the dependent variable); homoscedasticity (i.e., the constant variance of the error 
terms for all the values of the independent variable); and residual normality (i.e., the normal 
distribution of the error terms).  

 
Figure 2 graphically shows the linear relationship between the total development effort 

(EFH) and COSMIC Function Points (CFP), while Table 3 presents the results of the linear 
regression analysis with statistics on useful indicators to verify the quality of the obtained 
models.  

Table 3: The results of the LR analysis using the total functional size  
Whole Data Set 

 Value Std. Err t-value p-value R2 Std Err F Sign F 
CFP 3.014 0.386 7.801 0.000 0.824 360.1 60.86 0.000 Intercept 862.281 250.613 3.441 0.004 

Subset1 
 Value Std. Err t-value p-value R2 Std Err F Sign F 

CFP 3.621 0.464 7.800 0.000 0.910 309.8 60.84 0.000 Intercept 412.618 293.798 1.404 0.210 
Subset2 

 Value Std. Err t-value p-value R2 Std Err F Sign F 
CFP 2.312 0.530 4.359 0.007 0.792 343.5 19 0.007 Intercept 1404.061 353.365 3.973 0.011 
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We can observe that the linear regression analysis was successfully applied to the whole 
dataset. For the three considered data sets the obtained models are characterised by a high R2 
value. Indeed, c.a. 82%, 91%, and 79% is the amount of the variance of the dependent 
variable EFH that is explained by the model related to the variable CFP for the whole data 
set, Subset1, and Subset2, respectively. Furthermore, for the whole data set a high F value 
(60.86) and a low p-value (0.000) are obtained, indicating that the prediction is available with 
a high degree of confidence. The t-values and p-values for the corresponding coefficient and 
the intercept present values greater than 1.5 and less than 0.05, respectively, meaning that the 
variable is a significant predictor with a confidence of 5%. 

With regards to Subset1 and Subset2, the results of the performed analysis suggest that 
also in these cases the prediction is available with a high degree of confidence. Indeed, the 
two obtained prediction models are characterised by high F values (60.84 and 19) and low p-
values (0.000 and 0.007). Concerning t-statistic, for Subset2 the analysis showed that the 
intercept is characterised by a p-value less than 0.05 and a t-value greater than 1.5. On the 
other side, the analysis for Subset1 revealed that the intercept is characterised by a p-value 
greater than 0.05 and a t-value less than 1.5.  

As for comparison between the obtained prediction models, we can also note that the R2 
obtained for Subset2 is slightly better than those achieved for the whole data set and for 
Subset1. 

 
Whole data set (n=15) 

   
 Subset1: Web-based portals (n=8)   Subset2: Web-based information utilities (n=7)  

Figure 2. The relationship between Effort (EFH) and COSMIC functional size (CFP) 
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4.2. Relationship between EFH and Entry, Exit, Read, and Write 
Table 4 and Table 5 show the results of the MLR and MSWR using the BFCs as 

independent variables and the total development effort as dependent variable. It is worth 
noting that the independent variable W was highly skewed for two of the three considered 
data sets (namely, the whole data set and Subset1) as revealed by the Shapiro test (p-value = 
0.017 and p-value = 0.002, respectively). Thus, the variable was transformed to comply with 
the assumptions underlying Linear Regression [22], by applying the natural log and 
considering the new variable LnWrite. 

Regarding the results of the MLR analysis, we can observe that all the three obtained 
models are characterised by high R2 (see Table 4). Indeed, c.a. 88%, 97%, and 83% is the 
amount of the variance of the dependent variable EFH that is explained by the model related 
to the variables R, LnW (W in the case of Subset2), X, and E for the whole data set, Subset1, 
and Subset2, respectively. However, only the model obtained considering the whole data has 
a independent variable (namely, R) characterised by a p-value less than 0.05 and a t-value 
greater than 1.5. Thus, the other two models do not have significant predictors. 

 
Table 4: The results of the MLR analysis using the functional sizes of the BFC types 

Whole dataset 
 Value Std. Err t-value p-value R2 Std Err F Sign F 

Intercept 638.242 272.967 2,338 0.042 

0.875 346.5 17.44 0.000 
LnW 97.808 87.618 1.116 0.290 

R 2.922 1.075 2.717 0.022 
X -8.112 13.770 -0589 0.569 
E 13.726 13.684 1.003 0.340 

Subset1 
 Value Std. Err t-value p-value R2 Std Err F Sign F 

Intercept 311.203 284.084 1.095 0.353 

0.966 268.4 21.51 0.015 
LnW 142.139 77.808 1.827 0.165 

R 3.247 1.581 2.053 0.132 
X -15.469 18.979 -0.815 0.475 
E 22.215 20.404 1.394 0.258 

Subset2 
 Value Std. Err t-value p-value R2 Std Err F Sign F 

Intercept 827.444 2194.426 0.377 0.742 

0.831 489.3 2.456 0.310 
W -31.027 50.114 -0.619 0.599 
R -0.029 4.860 -0.006 0.996 
X 0.467 110.176 0.004 0.997 
E 20.270 104.205 0.195 0.864 

 
We want to highlight that the analysis we performed (and the results we obtained) with 

MLR on Subset1 and Subset2 has to be considered with caution since we built the two 
models on a small number of observations which is very sensitive to relatively small 
variations in the observations used when building the models. This was a further reason 
motivating us to also apply MSWR in our empirical study.  

The results of the MSWR procedure revealed that the best fitting model for two out of the 
three considered dataset (namely, the whole data set and Subset1) identifies R as the 
preeminent effort predictor, thus suggesting that most of the total development effort is 
devoted to R data movements. The R2 values show that c.a. 74% and 88% is the amount of 
the variance of the dependent variable EFH that is explained by the model related to the 
variables R for the whole data set and Subset1, respectively. 
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For both models the independent variable R can be considered a significant predictor as 
revealed by the corresponding p-value and t-value. However, observe that the intercept of the 
model obtained with Subset1 is characterised by p-value greater than 0.05 and a p-value less 
than 1.5. 

As for Subset2, the best fitting model was obtained by employing only the independent 
variable X, suggesting that most of the total development effort is devoted to X data 
movements. In this case, the R2 value showed that c.a. 77% is the amount of the variance of 
the dependent variable EFH that is explained by the model related to the variable X. 
Furthermore, the t-statistic revealed that both the independent variable X and the intercept 
can be considered significant as revealed by the corresponding p-value and t-value. 

It is worth noting that the rule of thumb14 recalled above is satisfied since the obtained 
models employ only one variable and they are built using a number of observations greater 
than 5. 

 
Table 5: The results of the MSWR analysis using the functional sizes of the BFC types 

Whole dataset 
 Value Std. Err t-value p-value R2 Std Err F Sign F 

R 5.217 0.861 6.062 0.000 0.739 438.8 36.75 0.000 Intercept 907.737 313.213 2.898 0.013 
Subset 1 

 Value Std. Err t-value p-value R2 Std Err F Sign F 
R 6.786 1.015 6.684 0.001 0.882 355.8 44.67 0.001 Intercept 197.735 372.203 0.531 0.614 

Subset2 
 Value Std. Err t-value p-value R2 Std Err F Sign F 

X 11.43 2.81 4.069 0.010 0.768 362.4 16.55 0.010 Intercept 1474.62 361.68 4.077 0.010 
 

4.3. Discussion 
Table 6 summarises the results we obtained by applying MLR and MSWR. The results 

show that the R2 are higher when using MLR with the four BFC types rather than MLR with 
the total functional size in terms of COSMIC Function Points. However, the empirical 
analysis also revealed that the four employed predictors (i.e., R, (Ln)W, X, and E) are not 
significant in the three obtained models.  

Applying MSWR, we have also analysed the estimation capability of models obtained 
using only BFCs found to be significant in estimating the effort. The results show that for the 
whole data set and Subset1 the model employing only R is characterised by a R2 value very 
close to the one of the model employing the total functional size (CFP). A similar 
consideration can be done for the model employing only X in the case of Subset2. 
  

                                                           
14 “A rule of thumb in regression analysis is that 5 to 10 records are required for every variable in the model” 
[25]. 
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Table 6: Comparison of the results 

Data set # of obs Predictors R2 Significance 
of predictors 

Whole Data Set 
15 CFP (Total Functional Size) 0.824 Yes 
15 R, LnW, X, E 0.875 No 
15 R 0.739 Yes 

Subset1 
8 CFP (Total Functional Size) 0.910 Yes 
8 R, LnW, X, E 0.966 No 
8 R 0.882 Yes 

Subset2 
7 CFP (Total Functional Size) 0.792 Yes 
7 R, W, X, E 0.831 No 
7 X 0.768 Yes 

 
A final observation can be done about a possible correlation between the contribution of 

BFCs to total functional size (i.e., CFP) and the BFCs which are found to be significant in 
estimating development effort. Table 7 shows the distribution of the BFCs with respect to the 
three data sets considered in our empirical analysis.  

We can observe that the contribution of R to the total functional size is the greatest for all 
the three data sets (in particular, R provides more than 50% of the total functional size), while 
W provides the smallest contribution. Thus, in contrast to the results obtained in [7][14] with 
the ISBSG dataset [15], we can note a correlation between the amount of contribution of 
BFCs to the total functional size and the BFCs significant in estimating development effort 
for two of the three data sets considered in our study (the whole data set and Subset1).  

 
Table 7: The distribution of BFC types  

Data set Entry (E) Exit (X) Read (R) Write (W) 
Whole data set 19% 21% 57% 3% 

Subset1 18% 19% 61% 2% 
Subset2 19% 23% 54% 4% 

 
5. Conclusions  

Web-based projects, due to the inclusion of several elements and components are often 
more difficult to be sized with typical sizing FSM methods. COSMIC, the 2nd generation 
FSM model, seems to be easier to apply also for counting Web projects. 

Taking into account the encouraging results of previous studies, we have further analysed 
the use of single BFC types as independent variables in estimation models instead of their 
overall fsu value by employing a sample of 15 Web-based projects, classified into two 
subsets. The statistical analysis revealed that both applying MLR and MSWR, R2 value 
improved in two out of the three analysed cases and that for that dataset Read (R) was the 
more prevalent COSMIC BFC, while Write (W) the less one. 

 
Some lessons learned from this experience: there is a huge debate and usage of some 

buzzwords such as CMMI, ISO 9001 or ‘organisational maturity’, but often the estimation 
process seems to be ‘unplugged’ from the overall view, that include also the support and 
management processes. In particular, this experience would ask to improve estimates moving 
from a more granular data gathering that will help a lot in the near future for any possible 
statistical analysis. 
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Using the CMMI language, we can improve our estimation capability at ML2 by analogy 
but using ‘functional profiles’. Functional profiles can be obtained only if we gather and 
historicise data at a certain level of granularity (that’s the BFC one), and not only the final 
number of fsu, whatever the FSM method adopted. The relevant effect in CMMI terms is to 
strengthen the so-called PAL (Process Asset Libraries) – a ML3 concept, but that move from 
ML2 processes, such as PP (Project Planning) and PMC (Project Monitoring & Control) and 
MA (Measurement & Analysis) [6].  

 
 
        Analyse facts and talk through data (Kaoru Ishikawa) 
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Estimation of maintenance cost for object oriented source code 
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Abstract 
Estimating ease of maintenance is a relevant issue, given the large amount of effort that is 

being spent on software maintenance. A popular metric to measure maintainability, and 
thereby to support cost estimation, is the Maintainability index. In this paper we will discuss 
this metric and its constituting elements and identify some potential issues for its usefulness. 
A test is carried out to see if these issues impact actual usability. The results show, that 
extreme care should be taken when using this metric. 

 
 

1. Introduction  
In this paper we will be discussing measurability of maintainability. Many different 

metrics aimed at measuring maintainability can be found in literature. However the fact that 
there are many, can suggest a lack of agreement as to their applicability. In this paper we will 
comment on applicability issues of a popular set of maintainability metrics, the 
maintainability index (Welker and Oman, 1995). First the generic notion of maintainability 
and the reasons for which measuring maintainability might be useful are discussed. Next a 
short introduction into measurement approaches is given, followed by an explanation and 
discussion of the maintainability index. This is followed by an attempt to test the general 
applicability of the index by using it in a specific (object oriented) environment. The paper 
ends with a discussion of the results, and some conclusions for further research directions. 

 
2. Maintainability 

We will start with some definitions. The IEEE Standard Glossary of Software Engineering 
Terminology provides the following:  

• Maintenance: The process of modifying a software system or component after 
delivery to correct faults, improve performance or other attributes, or adapt to a 
changed environment. (IEEE, 1990) 

• Maintainability: The ease with which a software system or component can be 
modified to correct faults, improve performance or other attributes, or adapt to a 
changed environment. (IEEE, 1990) 

 
A traditional picture, used to describe software maintenance in relation to software 

development is the iceberg (Canning, 1972). The part that you see, its development, is 
significantly smaller when compared to the part you don’t see, its maintenance. Figures 
presented in literature vary from significant (40% of total life cycle costs (Brooks, 2001) to 
very significant (80% of total life cycle costs (Pigoski, 1997). Given that maintenance will 
include such varied activities as removing defects, adapting the system to changes in its 
operating environment and fitting in with new of changed business requirements, this need as 
such not be a surprise. 
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This is to be expected, given that: 
• Software development in itself can be classified as an extremely complex and error 

prone activity (Jacobs et al, 2005). 
• Software systems function in a technical environment that is constantly changing due 

to the rapid development of hardware, communication technology and the software 
required to support these. 

• The problems inherent in obtaining requirements of sufficient quality from users 
whose primary function is not software development and who function in a fast 
changing business environment. 

 
So, we know significant effort is going to be required. Given the large range in data 

reported, a next logical question is “how significant”. Several reasons for the relevance of this 
question can be imagined, such as: 

• If a commercial supplier provides the software, part of the contract may be the 
obligation to provide some sort of maintenance (e.g. corrective) for some period of 
time (e.g. a year). In such a case it is relevant to have some information on the quality 
of the resulting product, since it will impact the amount of maintenance that needs to 
be carried out. Closely related, they are also interested in its maintainability, since this 
will directly impact the ease with which the maintenance work can be executed. 

• In a related issue, providers of capital goods with large amounts of embedded 
software are more and more likely to be held responsible for the full life cycle costs of 
the product, including costs for (at least corrective and adaptive) maintenance. Given 
the sometimes large costs associated with machine downtime, maintainability is a 
serious issue in such an environment (Birolini, 2007). 

• An organisation deciding on a new system development project also needs 
information both on the amount of maintenance required and the ease with which it 
can be done, since these will impact the cost side of the cost – benefit – risk analysis 
that drives such a decision (Heemstra and Kusters, 2004). 

• Organisations responsible for maintaining a number of systems are interested in the 
same information, since it will impact the amount of resources they need to make 
available for this purpose. Furthermore they will be interested in changes over time in 
maintainability, since there are indications that this tends to decrease over time (Burd 
and Munro, 1999). 

 
These arguments suggest that both the amount of maintenance required and the ease with 

which this maintenance can be carried out are relevant issues to study. In this paper we will 
focus on measurement of maintainability.  

 
3. Maintainability measurement 

In literature, a number of approaches towards measuring the maintainability of software 
can be found. For a good overview of the existing literature we refer to (Riaz, Mendes and 
Tempero, 2009). They identify a large number of metrics that can be used for predicting 
maintainability. Most of the metrics are defined at the source code level, with some limited 
excursions to the design level. In a rough categorisation these are metrics related to: 

• Size 
• Complexity 
• Control and data coupling 
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If we note that data and control coupling metrics also refer to aspects of size, it seems that 
maintainability can to some degree be captured by the concepts of size and complexity. This 
in itself is not surprising. The concept of maintainability is often decomposed in sub-concepts 
(ISO, 1991): 

• Analysability: the ability to identify the root cause of a failure within the software.  
• Changeability: the amount of effort to change a system.  
• Stability: the sensitivity to change of a given system that is the negative impact that 

may be caused by system changes.  
• Testability: the effort needed to verify (test) a system change. 

 
Size and complexity will probably impact each of these sub-concepts. Larger and more 

complex code: 
• Is more difficult to analyse.  
• Takes more effort to change, specifically with respect to verification activities.  
• Will with greater complexity and its associated interrelatedness be more prone to 

unexpected ripple effects caused by changes. 
• Will take more effort to test. 

 
What is more of a surprise is the large number of different metrics that, in some situation, 

have been shown to be able to function as successful predictors. Six studies mention 45 
metrics at the source code level, with one additional reference naming another 9 metrics at 
the design level. Surely, with such an “embarrassment of riches” it should be no problem to 
find some generally usable metrics? 

 
4. The maintainability index  

In the literature, no real agreement as to what should comprise such a set is present. 
However, within this wide variety to degree, an agreement exists that the Maintainability 
Index (MI) is a useful (composite) metric. This metric has evolved over time (Oman, 1994; 
Coleman, 1994; Coleman, 1995; Pearse, 1995; Welker, 1995; Welker, 1997; Welker, 2001; 
Liso, 2001; Doren, 2002) resulting in several different ways of calculation but all within an 
identical structure. Currently two versions are commonly used (Welker and Oman, 1995), 
one based on three and one based on four metrics.  

 
The metrics used are: 
• The average Halstead Volume V per module (avgHalst-V) (Halstead, 1977). This is 

the computational complexity of a program’s module, based on operators and 
operands.  

• The average extended McCabe cyclomatic complexity per module (avgCC) (McCabe 
and Watson, 1994). This measures the number of linearly-independent paths through 
a program module. This is another metric aimed at measuring source code 
complexity.  

• The average count of lines of code per module (avgLOC). This is a common size 
metric, measured by counting non commented Source Statements.  

• The average percent of lines of comments per module (perCM). Good comments 
should increase maintainability by decreasing the perceived complexity. 
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Two commonly uses versions of MI exist, one based on four metrics (MI4) and one based 
on three metrics, excluding perCM (MI3). The formula’s currently reported for MI are: 

 
MI3 =  171 -5.44 * ln(avgHalst-V) – 0.23 * avgCC -16.2 * ln(avgLOC)  
 
and 
 
MI4 = 171 -5.44 * ln(avgHalst-V) – 0.23 * avgCC -16.2 * ln(avgLOC)  

   + 50 * sin (sqrt(2.46 * perCM)) 
 
The larger the MI, the more maintainable the program is considered to be. MI 

measurement is not a trivial task, and it requires sophisticated tooling. Fortunately such tools 
are available. As an example, SemanticDesigns offers tools to measure MI for Java and C 
code (Baxter et al, 2004). In the research reported in this paper use was made of another tool, 
Microsoft Visual Studio Team System 2008. 

 
5. A discussion of the maintainability index  

The index is composed of two metrics that indicate complexity, one that indicates size, 
and one that should reduce complexity. Let us discuss each of them. First we will discuss 
Halstead’s Volume. This is defined as: 

 
Halst-V = N * Ln (n) 

 
where N is the sum of the total number of used operators and operands and n is the sum of 

the number of distinct operators and operands.  
The metric has several inherent drawbacks. One is that the definitions used are not very 

clear. As Laird and Brennan (2006) state: “the determination of the number of operators is 
neither completely clear nor unambiguous”. Unclear definitions of elements of a metric 
definitely do not foster usability.  

A second issue is the following. The metric is often used as a complexity measure, but can 
also been seen as a metric of volume. As Pressman (2001) states it represents the volume of 
information (in bits) required to specify a program. For volume metrics we expect some 
typical behaviour. As Zuse (1998) states, volume measures should be additive, in that the 
volume of two masses should equal the sum of the volumes of the individual masses. This 
logical requirement does not hold for the Halstead Volume metric since operators and 
operands can occur in both elements and will only be counted once in the combination. In 
effect, Zuse states that no meaningful combination rule exists for the Halstead Volume 
metric. That is, no meaningful rule can compare the metric for a combination of modules 
with the results of the individual modules.  

This poses the problem of scope. If a different scope is selected as a basis for 
measurement, different result will be found. And which should be used is unknowable, due to 
the lack of a meaningful combination rule. Finally, as stated by Pandey (2009), it should be 
noted that the Halstead V will vary with programming language. This again means that 
transfer of results between environments becomes more difficult. Apparently this metric will 
lead to problems when transferring results from one environment to another. 

 
Let us now look at the metric “extended McCabe cyclomatic complexity”. This is an 

extension, developed by Meyers (1977) on an original and widely cited metric, based on 
McCabe’s original work (1976).  
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This is defined as: 
 

CC = number of edges + number of nodes + 2 
 
The extension by Meyers refers to a difference in counting rules. Meyers (1977) states that 

this metric appears to be a practical complexity measure because it is easy to calculate and 
confirms subjective opinions about complexity. 

Other authors do not agree with this ease of calculation. Evangelist (1983) states that 
numerous counting problems arise in many high-level languages. Bhattacharya and Kanjilal 
(2006) also state that application of the metric in object-oriented software is difficult. 
Evangelist (1983) also shows that the notion of alignment with subjective opinions needs 
some adjustment. He looked at the effect of 26 good programming practices on the value of 
the metrics Halsteads Volume, McCabe’s cyclomatic complexity and Lines of Code. 
Following good programming practice should in principle reduce program complexity and 
increase program understanding. However, in a number of cases the opposite effect on the 
metrics could be observed, casting doubt on the issue of “confirming subjective opinion”. To 
compound this, Fenton (1994) demonstrates that it in principle impossible to measure control 
flow complexity with a single valued metric, indicating that the metric will not give a 
complete picture of this type of complexity. Apparently, this metric is also not without it 
problems. 

 
The third metric used is Lines of Code (LOC). This is the most widely used metric of its 

kind. It has some good measurement theoretical properties, e.g. the “smaller than” 
relationship between pieces of code translates perfectly to LOC. An obvious drawback is that 
counting is heavily influenced by counting rules. However, if counting rules are made 
explicit (and automated) this is redressed. A drawback that cannot be redressed is that similar 
functionality developed in different languages will result in different size programs. LOC as a 
metric is language dependent. It is also programmer dependent. Some programmers write 
more verbose then others. This means that transfer of metric results between environments 
has its problems. 

 
The final metric in the index is the average percentage of lines of comments per module 

(perCM). Good comments should increase maintainability by decreasing the perceived 
complexity. However, this effect is not easy to measure, nor easy to interpret, given questions 
such as “what is a comment”, “how to calculate the percentage of comments” and “what is 
the quality of these comments”. Specifically the last question is problematic since a large 
amount of unreadable and ill structured comments are unlikely to have a beneficial effect. 
Liso (Liso, 2001) suggested making the metric dependent on the actual meaning of the 
comments in the source code. Other authors agree that comments can only be used if after 
investigation added value can be determined. (Welker, 1995; Doren, 2002). However, this 
means that automated counting is no longer feasible. That is, it can be done, but only after a 
manual assessment of the quality of the comments.  

Such an assessment is certainly time-consuming. It is also subjective. High quality 
comments can be counted. Low quality comments should be excluded. But how to deal with 
‘average’ or ‘mediocre’ comments? And a module, where part of the comments are rated as 
‘very good’, and the remainder as ‘extremely bad’? No counting rules for this exist, or if they 
exist could be applied automatically or even consistently. This makes the metric extremely 
difficult to use. Probably because of this, two commonly uses versions of MI exist, one based 
on four metrics (MI4) and one based on three metrics, excluding perCM (MI3). 
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The discussion so far, has shown that each of the metric composing the MI has a set of 
problems of its own. When looking at the resulting index, some other issues emerge. A first 
issue, identified by Kuipers and Vissers (2007) relates to the fact that MI is a composite 
number. That means it is hard to determine what causes a particular value for MI. They find 
that acceptance of a numerical metric with practitioners, increases greatly when they can 
determine what change in a system caused a change in the metric. When the MI has a 
particularly low value, it is not immediately clear how to increase it. This issue casts doubts 
on the usability of the index, since it may be considered to be overly complex. 

 
A second issue can be derived from the problems identified so far. If component metric 

values depend on the programming language, the programmer, the scope of the entity 
measures and the perception of quality of code, how can results of one organisation be ported 
to another organisation. The versions of MI presented above, which is hard coded in tools 
such as SemanticDesigns and Microsoft Visual Studio Team System, are complex formulas, 
containing several parameters which are the result of model estimation in a specific 
environment. Given the discussion above, there is no real reason to assume that estimation in 
a different environment would result in the identical model. It is also perceivable that the 
resulting model would have a different structure. This is certainly an issue to be looked at 
before deciding to use the MI ‘as-is’. 

 
A final issue is, that an overview of literature delivers not three or four metrics, such as are 

used in the index, but a staggering 54 (Riaz et al, 2009). One conclusion that might be drawn 
from this is that maintainability is a simple concept, and that many metrics provide relevant 
information on it. Given the problems reported in literature with estimating maintainability 
(see e.g. Punter, 2002), this seems too optimistic a view. That would lead to a second 
conclusion, which would state that in specific circumstances specific metric can be shown to 
perform well, but that these results reflect a local result fit to local circumstances. This also 
does not bode well for the general applicability of the index. 

 
6. Testing transferability of MI to a different situation  

The discussion of the maintainability index in the previous section indicated that one can 
expect serious problems when trying to use the index in a different environment then it was 
developed in. In this section of the paper we will test this assumption. The test was carried 
out in a small Belgian software group, with responsibility for maintaining a set of software 
applications. The shop focuses on object-oriented software (MS Visual Studio). In the test it 
was first decided to compare the MI value of an application with a subjective assessment of 
system maintainability by the people responsible for this maintenance. 

In a second test, the MI value per system was compared to the actual maintenance effort 
spent on these applications. 

 
6.1. Data 

A database of 82 applications was available in principle. However, we excluded 
applications younger than one year, since for these insufficient experience was judged to be 
available. Also, some applications are out of production, and are removed since no recent 
relevant information is available. Finally some applications were removed since they were 
developed using (too) old technology. This led to the selection of 37 relevant applications. 
These data were used for the first test. The second test required complete effort data. These 
were available for 27 applications only. 
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Calculation of MI3 is done by the toolset Microsoft Visual Studio Team System 2008 
(VTST2008). The system uses formula (1) to calculate the index, but multiplies the result by 
one hundred and divides by 171 to normalise the range to between 0 and 100. In our 
calculation we subtracted the result from 100 to obtain a metric with a positive correlation 
with maintainability, to enhance its ease of use. The system provided no metric for MI4, but 
this was calculated using an external program for counting the number comment lines. 
Metrics were collected at the class level and averaged to obtain a single number for the 
application. Taking the average across the application allows comparing applications of 
different sizes. 

 
The assessment of maintainability was done using a questionnaire. In the original paper in 

which these versions of MI3 and MI4 were developed, a similar approach was followed. In 
the original paper the AFOTEC (1989) questionnaire was used. This is a large survey 
containing over one hundred questions. Application in this test could risk in overextending 
our welcome, so it was decided to develop a small questionnaire, depicted in figure 1. The 
survey is based on assessments of the ease with which different types of maintenance can be 
executed, and is thus based directly on the definition of maintainability presented above 
(IEEE, 1999). 

 
Question Totally 

disagree
Disagree Don’t 

agree, 
don’t 
disagree 

Agree  Totally 
agree  

The application allows, according to you, easy 
solution of defects. 

     

The application allows, according to you, easy 
implementation of improvements in execution 
(e.g. improving of speeding up data access, or 
interface improvement. 

     

The application allows, according to you, easy 
adaptation to environmental changes (e.g. 
changes in legal requirements). 

     

Figure 1: survey document 
 
Each question’s answer is assigned a score ranging from1 (totally disagree) to 5 (totally 

agree). Per respondent per application a single score can now be obtained by adding the 
individual scores per question, resulting in a score ranging from 3 to 15. Thirteen engineers 
completed the questionnaire, each answering one questionnaire for each of the application 
with which they felt to be sufficiently familiar. The score for a specific application was 
calculated as the average of scores of the individual respondents for that application. These 
figures were correlated with the MI values to test for correlation and provide the first test. 

 
The second test looks at the relationship between the MI index and the amount of effort 

spent on maintenance for each application. We recognise, that as a test it is not the best one 
imaginable. Maintenance effort is a function of the amount of maintenance required and the 
ease with which this maintenance can take place. And presumably, this impact of the first 
factor exceeds the impact of the second factor. However, since all application are of a similar 
type, and function in a similar environment, we felt it was worthwhile to test this, while 
assuming that the amount of effort per application could be taken as more or less identical 
over the applications. 
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If the assumption holds, the test could give interesting results. If the test is negative, no 
conclusions can be drawn as to the reliability of the MI index, since another reasonable 
explanation, the impact of the amount of maintenance, presents itself. 

 
The data on maintenance effort is available for 27 applications. For these applications a 

number of maintenance activities have been carried out over time. For each activity a ‘ticket’ 
has been created, containing among other items the amount of time spent on the problem. 
Using this, for each application the average amount of maintenance effort spent per year has 
been calculated. We selected for using this average, since is allows for comparison across 
applications. To give an indication of the size of the applications involved: data were 
gathered about 27 applications. These together contained 1.036.798 lines of code. In total 
24.852 maintenance tickets were associated with these applications, resulting on average in 
342 man days of effort per year, indicating a non-trivial amount of work. 

 
6.2. Results 

An overview of the results of the first test, when comparing a subjective assessment of 
application maintainability with the result of the maintainability index is shown in figure 2. 
This figure shows the correlation, or more to the point, the lack of correlation, between 
maintainability as assessed by the maintenance engineers and the average values of MI3 and 
MI4 per application (gMI3 and gMI4). 

Figure 2: scatter gram of maintainability versus gIM3 and gIM4 
 
This result is confirmed in table 1. The correlation shows, with a magnitude of almost 0,3, 

potential, and is furthermore in the correct direction (negative). This seems promising at first 
glance. However, the test results are less impressive, with no significance found at the 5% 
level for both variants of the metric and only a weak 10% significance found for gMI4. In 
regressions terms the results are even clearer. Only 6 to 9 percent of variance is explained by 
a linear model with gMI3 and gMI4 as the dependent variable. This is not sufficient for 
practical purposes. Also, in this model, the main (significant) explanatory effect is provided 
by the constant term in the equation. Apparently, the relationship between maintainability and 
MI in this organisation is extremely weak at best. 
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Table 1: statistical results for the relationship between maintainability and MI 
 Correlation Regression 
 Pearson Correlation Sig. (2-tailed) R2 
gMI3 -0,25 0,14 0,06 
gMI4 -0,29 0,08 0,09 

 
For test 2, positive results are to be expected only if the prediction value of MI is high and 

the effect of the amount of maintenance is approximately equal across applications. Given the 
results of test 1, no effects are expected for this test. This is confirmed by the data in table 
two, which show no relationship whatsoever between registered maintenance effort and the 
calculated maintainability index. 

 
Table 2: statistical results for the relationship between maintenance effort and MI 

 Correlation Regression 
 Pearson Correlation Sig. (2-tailed) R2 
gMI3 -0,16 0,43 0,03 
gMI4 0,09 0,65 0,01 

 
If we look one step further, it is possible to look at composite parts of the metric. The tool 

calculates cyclomatic complexity (CC) and lines of code (LOC), two of the three main 
composite parts of the metric. The third, HALST-V, is not provided by the tool, and other 
means of calculation were not available. In table 3 the results are shown when comparing 
maintainability with these metrics. Again, no significant correlation is found. Even these base 
metrics provide no relevant information in this environment. 

 
Table 3: statistical results for the relationship between maintainability and CC and LOC 

 Correlation Regression 
 Pearson Correlation Sig. (2-tailed) R2 
CC 0,02 0,91 0,00 
LOC -0,16 0,36 0,02 

 
6.3. Discussion of the test results 

The analysis was followed by a three hour open discussion with three of the maintenance 
engineers. They were asked to rank their applications from the point of view of 
maintainability. These rankings were not completely identical to the ranking resulting from 
the survey, but agreed to a large degree. The ranking concurred fully with respect to the best 
and worst applications. This shows that at least internal consistency exists in the way they 
perceive maintainability of their application.  

The discussion then shifted to what they felt to be factors influencing application 
maintainability. Factors mentioned were quality of documentation, quality of the transfer 
from development to maintenance, developer experience, size of the development team, and 
quality of the analysis. It is interesting to see, that these engineers don’t look at the resulting 
application, but at the way it was developed. As the most important issue they identified the 
quality of the transfer process between development and maintenance. Another issue, high on 
the agenda, is being given the opportunity to participate in the development themselves. 
Apparently they consider ‘getting acquainted with’ a major part of the maintainability issue. 
This corresponds with a remark made, that for large applications requiring regular 
maintenance, ease of maintenance is less of a problem, but that large effort can be required 
for a seldom used application that requires real effort to understand. 
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In the discussion attention was also paid to MI. They were shown the list with applications 
that scored lowest on MI. This generated interest. This list contained for all three participants 
the application which they had privately labelled as ‘problematic’. Although full correlation 
between maintainability and MI eludes us in this environment, there is some value in the 
index. Similarly, we looked at the change in the index over time. A common conception is 
that software maintainability decreases over time, due to factors such as time pressure (Burd 
and Munro, 1999). This could be checked by calculating MI over time. This was done for 
three projects, which had shown regular maintenance activity over time. MI was calculated 
for the current state, as well as for the state a year ago. For each, a decrease in MI could be 
seen. For one project this even amounted to a change of 10% within a single year.  

 
The results of this test clearly show that transporting a complex index such as MI from one 

environment to the other is definitely without problems. The lack of correlation between MI 
and the subjective assessment of maintainability is a clear proof of this. The additional data 
show that, MI did have some merit in this organisation, such as successfully identifying the 
worst application, but even these results should be taken with care, as is amply illustrated by 
the total lack of correlation between perceived maintainability and the basic metrics CC and 
LOC. 

 
7. Discussion  

In this paper we have looked at the Maintainability Index MI. This is a widely used metric 
purporting to adequately describe software maintainability. The metric is popular and also 
well supported by current tools. It is therefore also easy to use. However, as we showed in the 
discussion of the metric, a large number of theoretical concerns can be identified, both for the 
metric as a whole, as for its constituting parts.  

 
To complement this discussion, a test was carried out, trying to see if perceptions of 

maintainability show a picture similar to that obtained by using the maintainability index. The 
result is mixed. In a discussion with three software maintenance engineers it was found that 
extremes (best / worst maintainable applications) were identified by MI. However, no real 
statistical correlation could be found, implying that as a straightforward tool, the general 
picture provided by the MI differs from that as seen by the staff involved. This in itself poses 
a problem. As Punter (2001) observed, when metrics of this type deliver results that differ 
from those expected by the maintenance engineers, this harms first acceptance and in the end 
usage of the metric.  

 
So even if the engineers are ‘wrong’, this posed a problem. However, there is no real 

reason to assume that engineers are not capable of assessing the degree of maintainability of 
the applications they have been working with for several years. More to the point, MI is 
based on the assumption that engineers are capable of making such assessments accurately, 
since the MI formulas have been calculated using similar subjective assessments. 

We would assess the result of this test as negative. Although the metric is not without 
value in this environment, it is not sufficiently reliable to use as a predictor of 
maintainability. Similar results have been reported. As an example, Hernandez et al (2007), 
based on a similar test, state “MI is not a good metric to use in OO systems”.  

A clear consequence from this is that MI should be used, if at all, only with the greatest 
care, despite the fact of it being easily accessible in tools. We would suggest using it only to 
support subjective assessment of maintainability by experienced maintenance engineers and 
not use it independently. 
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From a research perspective, a conclusion from this could be to suggest further research in 
better product based metrics to enhance or replace MI. This is precisely the advice given by 
Riaz et al (2009). They performed an in depth review of maintainability metric literature and 
concluded that the current state of the art provides an insufficient basis for reliable prediction. 
They suggest “the creation of more robust and reliable software maintainability prediction 
models”.  

Given that work on this subject is has been progressing for over twenty years with this 
(lack of a) result, maybe just continuing in the same direction is maybe not the most obvious 
direction. Maintainability is apparently such an inherently complex notion that it does not 
readily lend itself to simple metric based description. One option is, to see if it is possible to 
split up this complex notion into smaller concepts that might be more susceptible for 
metrification. A possible direction is to use the sub-characteristics identified in the ISO 1926 
(ISO, 1991): analysability, changeability, stability, and testability. Another is to take into 
account the different types of maintainability, and focus on each of these. Riaz et al (2009) 
note that neither of these approached has been used before. They suggest them as a possible 
future research direction.  

 
Another option is to look beyond direct product based metrics. Looking back at the 

suggestions made by the maintenance engineers in the case study, it could be seen that they 
look at process and resource aspects. No product aspect was mentioned in the discussion. In 
general quality literature (see e.g. Heemstra et al, 2002) this notion, of looking at process and 
resources as well as at product issues is common. Similarly, notions such as CMM, TSP and 
PSP (Humphrey, 2002), are commonly used when addressing generic software quality issues. 
We would suggest that a similar approach could be fruitful in the specific case of software 
maintenance. Interesting first steps in this direction have been reported by Cherng and Huang 
(2009), who looked at the impact of software development problem factors on software 
maintainability. 
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Cloud services security, performance and reliability measurement 
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Abstract 
Cloud Computing represents a novel and promising approach for implementing scalable 

ICT systems for individual, communities, and business use. However compliance with 
security, performance, and reliability in Cloud Computing is currently pursued with partial 
and ad hoc solutions. The Compliant Cloud Computing (C3) project provides a framework to 
define and measure cloud services by means of Compliance Level Agreements (CLAs). The 
CLAs are a special type of Service Level Agreements (SLAs) containing extensions necessary 
to express security, performance, and reliability related constraints of a cloud service16. 

 
  

1. Introduction 
A result of Banca d’Italia ICT Department recent reorganisation was the empowerment of 

the ICT research function. The main goal is to align the business function with the technology 
mainstream through the cooperation with universities and some representative industrial 
research centres. 

 
According to the technology trends and Banca d’Italia Enterprise Architecture, the main 

investigation areas for 2010 are: 
• Cloud computing 
• Provisional analysis models 
• Green IT 
• Social computing 

 
Cloud computing is currently under investigation, focusing on the following aspects: 
• To provide cloud computing overview. 
• To scout effective application areas in Banca d’Italia. 
• To develop some prototypes. 

 
In this context, the analysis of cloud services security, performance and reliability 

measurement is going on, in cooperation with the Vienna University of Technology and the 
Hewlett-Packard Invent Centre of Milan. 

  
The Compliant Cloud Computing (C3) is an ambitious project which is actually planned to 

start in the second half of 2010. 
 

  

                                                           
15 The views expressed in the article are those of the authors and do not involve the responsibility of Banca 
d’Italia. 
16 Authors would thank Marco Benedetti and Sabina Di Giuliomaria, members of the C3 project team, for the 
support provided in the review of this paper. 
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2. Cloud Computing  
Cloud Computing (or “Cloud”) is a style of computing that characterises a model in which 

the providers deliver a variety of IT-enabled capabilities to consumers. The cloud-based 
services can be exploited in a variety of ways of developing an application or a solution. 
Resources are pooled and offered on-demand with ubiquitous network access to rapidly 
configurable and elastic IT capabilities [2], [4], [5], [6].  

 
Resources are delivered following three basic delivery models: access to applications 

(SaaS), provision of platforms to create applications (PaaS), and provision of infrastructures 
for processing, storage, and networking (IaaS).  

 
The key benefits of providing computing power using Cloud Computing are: 
• Avoidance of expensive computer systems configured to cope with peak performance. 
• Pay-per-use solutions for computing cycles requested on-demand.  

 
Gartner has identified Cloud Computing as one of the top 10 strategic technologies for the 

year 2009 [4]. 
 
Currently, there are three Cloud Computing deployment types including: (a) Private 

Clouds, which are enterprise owned or leased, (b) Public Clouds, which are sold to the public, 
including multitenant mega-scale infrastructure, and (c) Hybrid Clouds, which result from the 
combined usage of multiple Clouds. 

 
There are various Cloud Computing users, which may be: 
• A private user, e.g., to store private pictures. 
• A community user, e.g., to deploy and provide communication portals. 
• A business user, e.g., to store business data or to host complex enterprise software. 

 
Although Cloud Computing infrastructures are continuously gaining momentum, there is a 

lack of adequate security, performance and reliability, which is definitely an obstacle for 
moving most business relevant applications into the Cloud.  

 
A recent research [3] conducted amongst European CIOs and senior IT decision-makers 

across 13 European Countries by leading research firm Portio on behalf of Colt has found 
that 68 per cent of respondents say security fears prevent them from adopting Cloud 
Computing services. Maggy McClelland, Managing Director, Colt Managed Services: “This 
research has indentified security as the main concern for CIOs considering Cloud Computing 
services. Many customers are looking for a closer and transparent relationship with Cloud 
vendors in risk mitigation. Customers are rightly concerned that when using cloud services 
they still own their data and are responsible for it. It falls to Cloud service providers to 
ensure their customers are confident and knowledgeable about Cloud Computing, security 
and data ownership. More transparency and a joint dialogue with customers will play a 
significant role in addressing the real concerns over the security, performance and reliability 
of Cloud Computing and this is essential if the industry is to evolve with credibility.” 

 
Surprisingly, even the Open Cloud Manifesto [7], signed by 250+ companies involved in 

Cloud Computing provision and research, does not specify and measure such requirements at 
an appropriate level of detail. Inadequate/missing security, performance, and reliability 
management mechanisms represent a barrier for the wider usage of Cloud technologies, 
especially for Small and Medium Enterprises and for private users. 
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3. Security, performance and reliability requirements in the Cloud 
European legislations as well as (business) culture in Europe demand an open, federated, 

and trusted infrastructure for Cloud Computing. 
 
In particular, there is a need for: (a) negotiation of different security levels considering 

different data items and different user requirements on a case-by-case basis; (b) guarantees 
that data submitted to a Cloud are not used for purposes or by parties other than those 
intended by the submitting user; (c) guarantees that data are only stored in certain 
geographical regions and managed properly to ensure their safety; (d) mechanisms to support 
data fragmentation, dispersal, and isolation (e.g., application and customer data), and (e) 
options to store/handle encrypted data. 

 
Compliance with security, performance, and reliability in Cloud Computing is currently 

pursued with partial and ad hoc solutions. That is, Cloud users have currently the option to 
either manually select services complying with their requirements (as shown in Figure 1), or 
use proprietary software solutions for selecting available services.  

 

Cloud

Provider 1

Cloud

Provider 2

Cloud

Provider 3

?

SLA

 
Figure 1: Illustrative Cloud Usage Scenario 

 
The user selects one of the available Cloud providers based on previous experience, 

specific functional requirements, and currently available offers of the Cloud providers. The 
agreement between the Cloud provider and the user is expressed using Service Level 
Agreements (SLAs) regulating the usage of the Cloud infrastructures. Although there has 
been a lot of work on SLAs, current realisations are weak in addressing issues related to 
compliance with security, performance and reliability requirements. Additionally, the current 
scenario does not allow the user to specify any SLA requirements, but force him/her to accept 
the constraints stated in the specific Cloud Provider SLA. 
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4. Compliance Cloud Computing (C3) 
To address the problems described above, the C3 project will develop a framework for 

security, performance and reliability compliance measurement and management in Cloud 
environments. The goal is to enable Cloud-users-driven dynamic discovery of Cloud 
providers complying with user defined requirements. 

 
C3 proposes and introduces Compliance Level Agreements (CLAs) which are a special 

type of SLAs containing extensions, like annotations necessary to express and measure 
performance, security, privacy, and trust related constraints. C3 proposes mechanisms for the 
specification of required CLAs based on Domain Specific Languages (DSL).  

 
C3 also performs the dynamic mapping of the user DSLs requirements to Cloud Providers 

CLAs (see figure 2). 
 

Cloud

Provider 3CLA

Cloud

Provider 1

Cloud

Provider 2CLA

CLA

DSL C3

 
Figure 2: Illustrative Cloud Usage Scenario with C3 

 
A related technology to CLAs is SLAs. A Service Level Agreement (SLA) formally 

defines the level of service as a part of a (service) contract. Usually, SLAs are used to refer to 
the contracted delivery time (of the service), performance or price. SLAs in the areas of 
performance and reliability have been extensively studied [1], [8], [9], [10]. However, little 
work has been done on compliance in the area of security, privacy and trust in Cloud 
environments. In this respect, SLAs have limited expressivity. SLAs facilitate specification of 
measurable metrics (time, availability, reliability, etc.).  

 
Auditable, certifiable, or domain specific constructs cannot be expressed with the current 

SLA languages like WSLA or WS-agreement. This suggests the need for specific agreement 
languages in which security, performance, and reliability issues can be specified in an 
adequate manner.  

 
Thus, using appropriate DSLs, users can specify security, performance, and reliability 

requirements in an intuitive and interactive way. Domain-specific languages are small 
languages that are tailored to be particularly expressive in a certain problem domain.  
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Based on the dynamic mapping, requirements specified in DSLs can be automatically 
translated into CLAs and measured at runtime. The Cloud Compliant Computing Middleware 
(C3M) facilitates publication and management of CLA templates of Cloud providers. 
Additionally, C3M manages discovery and brokerage of the appropriate Cloud providers. C3 
will develop management models for CLA templates as well as appropriate publishing 
languages.  

 
Figure 3 depicts the general C3 architecture and the involved roles. 
 

 
Figure 3: C3 Architecture and Roles 

 
The Cloud Provider is responsible for the integration of his/her Cloud infrastructure with 

the C3 middleware. The CLA template designer understands compliance needs and 
prepares/extends CLA templates. The Application developer creates an application using C3 
API and deploys it into a C3 certified PaaS. A Domain expert who understands the 
application domain and DSLs/CLAs provides the definition of DSL-CLA mappings. A Data 
analyst is responsible for the annotation of data in case of data fragmentation, defining how 
the data have to be fragmented. 

 
As depicted in Figure 3, a Decision making / deployment component (DMDC) acts as the 

connector and mediator between Cloud providers and consumers. The main tasks 
accomplished by DMDC are: mapping of DSLs to CLAs, matching of CLAs (requested and 
provided), Business Process Management (BPM), data fragmentation and execution and 
management of Collaborative Service Systems (CSSs). In addition to the compliance 
requirements specified with DSLs, users can specify CSS. The collaborative service system 
defines the preferences of users to achieve a specific business value (e.g., use of a preferred 
Cloud provider), which is not necessarily a compliance issue. 
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The benefits for the Cloud users using a C3M certified Cloud are the following: 
• Modelling and measuring of security, performance and reliability concerns. 
• Specification of compliance policies using models and DSLs. 
• Automatic provider selection based on generated CLAs measurement. 
• Guarantees of compliance to user requests through CLAs. 
• Dynamic management of CLAs. 
• Attraction of Cloud users, who, without C3 certification, would not port their 

data/applications into Clouds. 
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Abstract 
During the last years, quality is becoming a hot topic in the context of Software 

Engineering. The quality control should be done from a quantitative point of view, for what it 
is necessary to establish measurement systems throughout the product lifecycle. Measures 
provide the basis for the improvement and, in particular, code measures provide direct 
visibility of product quality. Nevertheless, small organisations cannot cope with the 
development of tools to check the quality of their products plus the development of the 
software that constitutes their main business.  

In this context, open-source tools emerge as the answer to provide with the technical 
support to collect the information needed to assess the quality of software assets. In this 
work, we review how existing open-source tools fulfil the needs for quality measures raised 
when you want to assess product quality according to the ISO/IEC-9126 standard. To that 
end, we review the main features of those tools as well as the criteria used to select them, 
pointing out the degree of alignment of the measures provided by each tool with regards to 
the needs of information of the standard. 

Finally, we put forward a set of directions for future work in order to reach a complete 
framework that can be used to assess product quality according to the ISO/IEC-9126 
standard. 

 
 

1. Introduction  
In a competitive and constantly evolving market like the one of nowadays, software 

quality and software measurement are becoming more important each day [23]. As a matter 
of fact, quality does not only have a direct influence over final costs. It has also started to be 
considered as both, a key differentiating factor of software development organisations 
regarding their competitors and a main contributor to improve the image of such 
organisations with respect to their customers [20].  

Although software quality can be described according to several points of views, when it 
comes to software development, quality is traditionally related to product quality and process 
quality [6]. That is, quality of the development process to get the product (activities, tasks, 
etc. focused on software development and maintenance) and quality of the software product 
itself. Hence, there is a worldwide tendency towards institutionalising quality practices in 
software development organisations. Such tendency has translated into more and more 
organisations trying to align their processes with well-known reference models, such as 
CMMI-DEV [28] or ISO 15504 [13]. 

However, the main criticism to process quality assessment so far has been the lack of 
evidence to prove that following a process reference model ensures product quality [16]. In 
fact, standardising the development process just guarantees the same outputs in presence of 
the same inputs. Recently, Maibaum and Wassying stated that quality assessments should be 
based on evidences extracted directly from product attributes instead of evidences taken from 
the process [18]. To sum up, an standardised process does not mean necessarily a quality 
product. 
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As a response, different reference models for product quality assessment have appeared. 
Nevertheless, there is no consensus on how this kind of reference models has to be deployed. 
The main problem is derived from their open nature. They do not detail which measures have 
to be used, which are the most suitable measures, how to group the measures to obtain high-
level measures or which are the recommended thresholds for each measure.  

 
In particular, the International Organization for Standardization (ISO) published the 

ISO/IEC 9126:1991 Software Engineering – Product Quality [13]. Basically, it specifies a 
general-purpose quality model, identifying quality characteristics (namely functionality, 
reliability, efficiency, usability, maintainability and portability) and how they are 
decomposed into sub-characteristics. In this work we focus on maintainability, since it has 
been historically recognised as one the most relevant, given its direct impact over the cost of 
software development and maintenance. Previous studies point out at maintenance as the 
most expensive phase along the product lifecycle, involving two times the development costs 
[8] [22][25]. For instance, according to [15], a programmer’s time investment in maintenance 
is around 61%, against the 39% dedicated to development. 

Despite the fact that the ISO 9126 reference model does not specify a set of measures to 
assess the maintainability of software products [10]. It does establish the desirable features of 
such measures. They have to be objective, independent and reproducible, expressed by means 
of valid scales and precise enough to support reliable comparison.[11]. Having these premises 
in mind, the most convenient approach seems to be having at ones disposal tools supporting 
the automatic acquisition automation of such measures. 

 
Nevertheless, some organisations cannot afford these tools. Several studies have revealed 

that applying quality models in Small and Medium-Sized enterprises (SMEs) is a very 
challenging task [25][27] since it implies huge investments in terms of money, time and 
human resources. This kind of organisations needs from adapted Software Engineering 
practices to fit their size and the nature of their business [5]. 

In particular, SMEs looking for the mentioned technical support to automate the measures 
related with maintainability assessment have to go for open-source projects. However, this 
does not have to be necessarily a harmful decision. In fact, open-source solutions have proven 
to be as efficient as commercial solutions are [6][9] while they imply a lower cost in terms of 
license and maintenance.  

 
All this given, this work reviews the technical support that existing open-source tools for 

code analysis offer to the measures that need to be collected to measure the maintainability 
sub-characteristics specified by the ISO/IEC 9126 standard (currently, the only standard for 
product quality assessment). To that end, we will introduce the tools as well as the selection 
for them, next to their level of alignment with ISO/IEC 9126 information needs. Finally, we 
introduce a set of improvements oriented to leverage such alignment. 

 
This way, section 2 offers an overview of existing standards for product quality 

assessment. Section 3 presents the selection criteria followed and enumerates the tools 
reviewed, while section 4 summarises how each select tool supports the maintainability sub-
characteristics identified in ISO 9126. Section 5 summarises the main findings of the study 
and proposes some directions to improve the support for assessing product quality in terms of 
maintainability. Finally, section 6 concludes by highlighting the main contributions and 
putting forward the main directions for future research. 
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2. An overview of ISO norms for software products quality 
Before going deep into this work, we first provide with a brief overview of the ISO 9126 

family. 
The ISO/IEC 9126 is an internationally recognised standard whose main objective is to 

provide with a framework to define and evaluate software quality. In fact, it does not provide 
requirements for software, but it defines a quality model which is applicable to every kind of 
software. To that end, it identifies six characteristics that compose models to assess product 
quality, namely: 

• Functionality: this characteristic is related with assessing if the software is effectively 
providing with required functions. 

• Reliability: it serves to assess how reliable is the software, i.e. whether it will operate 
without failure during a specific time period. 

• Usability: it deals basically with how easy is it to use the software product. It can be 
referred also to whether the software is user-friendly. 

• Efficiency: the idea is to asses if the software does its job without wasting resources. 
• Maintainability: the most interesting for this paper. Here we want to know how easy it 

would be to modify the software product. In some sense, it is a measure of the effort 
required to correct a defect or make a change that preserve software functionality. 
Obviously, software is maintainable if it is easy to understand and test [10]. 

• Portability: in the sense of how feasible it is to transfer the software to another 
software or hardware environment. 

 
Besides, an annex of the standard proposed a first approach to split down the 

characteristics into a set of sub-characteristics. Later own, they have been slightly modified 
and collected in the ISO 9126-1. 

 
In particular, regarding maintainability, the sub-characteristics identified in ISO 9126-1 

are the following. For the purposes of this work, next to each of them we identify some 
measures that could be used with assessment purposes:  

• Analysability: attributes of software that bear on the effort needed for diagnosis of 
deficiencies or causes of failures, or for identification of parts to be modified. 

• Changeability: attributes of software that bear on the effort needed for modification, 
fault removal or for environmental change. 

• Stability: attributes of software that bear on the risk of unexpected effect of 
modifications. 

• Testability: attributes of software that bear on the effort needed for validating the 
modified software. 

 
Nevertheless, it worth mentioning that in 2005 ISO published the first documents of the 

ISO/IEC 25000 series of standards that provides with a quality model for software products. 
Indeed, it is expected to replace the current ISO/IEC 14598 and ISO/IEC 9126 and it aims at 
providing with a guide to assess software products quality, so-called Software product 
Quality Requirements and Evaluation (SQuaRE). However, since the first available drafts of 
ISO 25000 shows that there are no significant modifications regarding maintainability, we 
have preferred to focus on the current version of the standard instead of the forthcoming 
version. Being a draft, it is obviously subject to changes. Thus, the ISO 9126 standard is the 
only one published defining a quality model for software products, at least until the ISO 
25010 is finally published 
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The model identifies a set of quality characteristics and how they are decomposed into 
sub-characteristics. The value for these characteristics should be obtained by computing a set 
of measurement functions over a set of quality measure elements. Nevertheless, nothing is 
said about how these functions should be defined, which should be the elements to compute 
and how the values of them have to be gathered. 

 
3. Selection of Tools  

In this work, we review the main open-source projects providing with technical support to 
automate the basic measures needed to asses product quality in terms of maintainability 
according to the sub-characteristics specified in ISO 9126. In order to select these tools, we 
follow the same approach of [30], which is reviewing existing repositories of open-source 
projects. To that end, we have to first select the repository that will be examined. 

 
According to previous studies [4] on existing repositories for open-source software 

projects like Codeplex, Google Code, Kenai or SourceForge, the latter is the one that lodges 
the highest number of projects. In particular, it supports more than 230.000 software projects 
and over 2 million registered users. 

 
Next, we need to identify the query strings to conduct the searching. According to ISO 

9126-3 [14], we have to carry out an “Inspection of static attributes”. Google AdWords 
informs that “tools (for) static analysis” is the most referenced string among the related words 
for “Tools (for) Inspection of static attributes”. In turn, using “tools (for) static analysis” as 
input for AdWords, the results obtained are displayed in the left-hand side column of Table 1. 
To simplify the searching, they have been summarised on the terms shown in right-hand side 
column (“Coverity” has been replaced by “Coverage”, the informatics terms, since Coverity 
returned no correspondences for software projects). These terms are the one finally used to 
perform the search on the SourceForge Web site. 

 
Table 1: Query Strings used for tools selection 

Key Words (AdWords) Query Strings 
Coverity Coverage 

Testing Tools Test Test Tools 
Static analysis tools 

Static analysis Static code analysis  
Static analysis 
Code analysis 

Source Code Analysis Source code analyser 
Code analyser 

 
Furthermore we filtered such search in order to identify those tools devised to work with 

.NET (both VB.NET and C#), JAVA and C/C++ since these are the most popular 
development frameworks according to the TIOBE Programming Community Index [29]. This 
way, Table 2 summarises the results. It lists the tools found according to the level of activity 
of the community in terms of number of visits in the corresponding Web site, forums entries 
related with each tool, downloads, etc. 
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Table 2: Reviewed Tools 
Tools Activity Downloads Query String Matched Filter 

CheckStyle 99.94% 4,473,961 Source Code Analysis JAVA 
FindBugs 99.93% 606,868 Static Analysis JAVA 

PMD 99.38% 508,312 Source Code Analysis JAVA 
CCCC 92.76% 64,523 Source Code Analysis C 
JUnit 99.74% 2,900,703 Test JAVA 
NUnit 99.68% 1,908,561 Test .NET 

CPPUnit 98.97% 545,474 Test C 
EMMA 99.95% 1,487,428 Source Code Analysis, Test  JAVA 

 
To complete the previous selection, we include two additional groups of tools. First, we 

consider also those freeware tools for .NET static code analysis boosted by Microsoft (FxCop 
and StyleCop) [24]. 

Finally, coupling and cyclomatic complexity have been widely acknowledged as the most 
valuable metrics to assess maintainability of object-oriented systems [17]. Thus, we were also 
interested in reviewing open-source projects that support the extraction of such metrics. 
Although some of the previous tools are able of returning the values for such metrics, they 
are not focused on analysing coupling and cyclomatic complexity. In particular, we look at 
JavaNCSS y JDepend as the most representative. However, we could have included any other 
similar tool instead of these ones.  

 
Finally, to sum up Table 3 enumerates all the tools selected specifying which are the 

measures obtained from each tool. 
 

Table 3: Measuring tools and measures supported by each one. 
Tools Measures / Functionality 

Java/NCSS Non-Commenting Source Statements (NCSS) 
Cyclomatic Complexity (CC) 

PMD/CPD Code checks (possible bugs, dead code, sub-optimal code, code duplicated) 
CheckStyle Code style validation and design checks 
FindBugs Detect potential bugs 

JDepend Cyclic Dependencies (CDC) 
Afferent Couplings (Ca)  

CCCC 

Number of Modules (NOM) 
Lines Of Code (LOC) 
Comment Lines (COM) 
McCabe's Cyclomatic Complexity(MVG) 
Weighted methods per class (WMC) 
Fan-In, Fan-In concreteness, Fan-Out visibility, Fan-Out (…) 
(FI,FIc,FIv,FO,FOc,FOv) 
Lines Of Code (LOC) 
Lines COMmented (COM) 

StyleCop Checks groups of coding style rules over source code: documentation, layout, 
maintainability, naming, ordering, readability and spacing 

FxCop 
Checks compiled assemblies. Rules grouped into: design, globalisation, 
interoperability, mobility, naming, performance, portability, security, usage, 
maintainability, reliability. 

JUnit Number of Unit Tests (UT) 
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Tools Measures / Functionality 
CPPUnit Number of Unit Tests (UT) 
NUnit Number of Unit Tests (UT) 

EMMA Coverage Breakdown by Package (CBP) 
Overall Coverage Summary (OCS) 

 
4. Alignment of open source tools with ISO 9126 maintainability sub-

characteristics 
As already mentioned we have focused in reviewing whether the selected tools are aligned 

with the maintainability sub-characteristics identified in the ISO 9126 standard. That is, if 
those tools offer technical support for the measures related with such sub-characteristics.  

This section aims at putting forward the main conclusions gathered from such review. To 
that end, we check if each one of the measures supported by each tool are related with the 
measurement of each one the mentioned sub-characteristics. If so, we analyse to which extent 
they are aligned. 

 
4.1. Java NCSS 

As already mentioned, JavaNCSS supports two different measures gathered over JAVA 
source code, namely the Non-Commenting Source Statements (NCSS) and the Cyclomatic 
Complexity (CC). We can look at these measures as partial support for the analysability and 
testability sub-characteristics, while no support for changeability and stability is provided. 

• NCSS can be used to assess the analysability of source code since it provides with a 
good indicator on how easy it would be to understand or follow the source code under 
evaluation. As well, NCSS is related with testability since the number of non-
commented statements can be used as a clue towards understanding if the code is easy 
to test. Nevertheless, this measure is not completely aligned with the analysability 
sub-characteristic, neither with the testability one since the complexity inherent to the 
relationships that hold between classes and their methods and even the development 
paradigm followed might seriously influence both the analysability and testability of 
the source code, and thus distort the feedback provided by NCSS [10][26]. 

• On the other hand, the relationship of analysability with CC is out of doubt. In fact, 
the number of cycles has been traditionally accepted as a measure to assess the 
complexity of any software component. Therefore, the lower the value of CC, the 
higher the analysability of the component [10][26]. Regarding testability, source code 
presenting high rates of independent paths, that is, high values of cyclomatic 
complexity, is more difficult to test. As well, it hampers enormously the definition of 
a complete tests set that could cover all the possible paths [31]. 

  
4.2. PMD/CPD 

We have analysed how the different rule-sets that drive the static analysis that PMD 
carries out are aligned with ISO 9126 maintainability sub-characteristics. This analysis is 
based on the study of the content of each rule and our own experience using the tool. To that 
end we have filtered them collecting just those related with a specific technology (JSF, JSP) 
and then we have analysed the content of each rule comprised in the resulting rule-sets. Even 
though just 5 to 10 per cent of the possible violations are directly related with changeability 
or testability, we have considered that the tool does present partial alignment with the 
corresponding sub-characteristic. 
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• In particular, by studying the PMD documentation [21], we can argue that 16 out of 
the 20 rule-sets are directly related with evaluating the clarity of the code under 
review. Thus, we can state that PMD is clearly aligned with the measurement of 
analysability.  

• Besides, three out of those rule-sets can be used to assess the changeability of source 
code. In particular, migration, coupling and string rule-sets are helpful indicators of 
how easy it would be to modify the underlying code. 

• Finally, one the rules-set is directly related with the testability sub-characteristic. In 
particular the one that deals with the different problems that can occur with JUnit tests 

 
Overall, we can state that the technical support that PMD offers can be used for (partial) 

assessment of the analysability, testability and changeability sub-characteristics. 
 

4.3. CheckStyle 
Checkstyle’s main focus is to help the developer in following good practices for coding by 

means of automating a set of checks that informs the user whether the reviewed code adheres 
to those good practices [3]. Thus, we can state that Checkstyle is mainly aligned with the 
analysability sub-characteristic. In order to confirm this guess, we have carefully reviewed 
the different checks that Checkstyle performs to find out that 13 out of the 14 groups of 
checks are directly focused in leveraging the clarity of source code, thus they contribute to 
improve the analysability of the code. 

 
4.4. FindBugs 

FindBugs navigates JAVA source code trying to match a set of well-defined bug patterns 
in order to find bugs in the reviewed code [7]. It identifies three different types of potential 
bugs: Correctness Bugs identifies apparent coding mistakes; Bad Practices correspond to 
violations of classical good practices for coding while Dodgies point to strange code 
constructions. In general, we can say that the three categories attempt to find ways of 
improving the readability of source code. Hence, we can state that FindBugs is aligned with 
the analysability sub-characteristic. For instance, finding a Dodgie (i.e. strange code) pattern 
implies code that will be probably modified, thus, according to the definition of analysability 
-“identification of parts to be modified” - being able of detecting Dodgies patterns is clearly 
contributing to improve the analysability of the source code. 

Besides, the three types of rules, specially the Dodgies ones that detect odd and confusing 
code constructions help on improving the stability of the source code since strange code 
usually implies code that has to be modified. 

 
4.5. JDepend 

JDepend is another static code analyser that, among others basic measures, detects the 
number of cyclic dependencies (CDC) and the afferent coupling (Ca) of each package. Both 
measures can be effectively used to measure the changeability of the source code analysed. 

Indeed, according to [1], cyclic dependencies hamper the ability to adapt or modify a 
given system. Thus, a high number of CDC serves as indicator of a low changeability level. 
On the other hand, Ca informs of the number of packages depending on a given package. 
Thus, the higher Ca is the more packages depending on the analysed package. Hence, high 
values of Ca hampers the modification of the package. Therefore, a high Ca is directly related 
with low changeability levels. 
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4.6. CCCC 
CCCC is a tool for static code analysis that provides with a set of different measures. It is 

worth mentioning that all the measures provided by CCCC, except from the Number of 
Modules (NOM) and the Weighted Modules according to their Complexity (WMC), have a 
direct correspondence with measures provided by JavaNCSS or JDepend. In particular the 
correspondences are summarised in Table 4. Note that the metrics matched serve exactly to 
the same purpose. They just differ in the name used by teach different tool to refer to the 
metric. 

 
Table 4. Correspondences between the metrics provided by JavaNCSS, JDepend and CCCC 

JavaNCSS JDepend CCCC 
NCSS --- LOC, COM 

CC --- MVG 
--- CYC; D FO; FOc; Fov; FI; FIc; Fic 

 
Therefore, the statements made in previous sections about the metrics provided by 

JavaNCSS and JDepend remains valid for those provided by CCCC holding a direct 
correspondence. This way: 

• The LOC, COM and MVG metrics provided by CCCC are highly aligned with the 
analysability sub-characteristic, as they were the NCSS and CC metrics provided by 
JavaNCSS. Besides, LOC and COM are partially aligned with testability as it was the 
NCSS metric supported by JavaNCSS. Likewise, MVG is fully aligned with 
testability as it was the CC metric supported by JavaNCSS. 

• The correspondence between FO, FOc, Fov, FI, FIc and Fic supported by CCCC and 
the CYC and D metrics from JDepend let us state that the afore-mentioned metrics of 
CCCC are fully aligned with the changeability sub-characteristic. 

• Regarding the two metrics for which no correspondence is found, the WMC is fully 
aligned with analysability since it provides with a good indicator on the complexity of 
each module and thus of the level of analysability of each one. As well, NOM is fully 
aligned with changeability since a high number of modules imply a high level of 
complexity when modifying the system. 

 
4.7. StyleCop and FxCop 

StyleCop is a source analysis tool for C#. It can be used for analysing source code as 
opposed to compiled assemblies, which is the area for FxCop. 

Hence, both StyleCop and FxCop [19] are tools similar to PMD and CheckStyle for the 
.NET platform. By studying in deep the content of the rule-sets that they support, we have 
found out that both tools are focused in matching the source code analysed with good-
practices for coding. Hence, it becomes obvious that both tools are fully aligned with the 
analysability sub-characteristic. The more clear and readable code is, the more analysable it 
becomes. 

 
4.8. Junit, CPPUnit, NUnit and EMMA 

Here we group together the tools focused on testing. In particular, Junit, CPPUnit and 
NUnit perform unit tests while EMMA focuses in code coverage.  

Obviously, being focused on testing, all these tools are fully aligned with the testability 
sub-characteristic. Furthermore, since unit tests have been traditionally acknowledged as an 
efficient way of documenting source code and assessing its level of stability [10], we can 
state that these tools are partially aligned with analysability and stability. 
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4.9. Tools for static code analysis 
Along this work, we have spread a set of assertions about a number of tools for static 

analysis of source code. As we have already mentioned, they are the result of a detailed study 
of available documentation and specially, our own experience using those tools. Indeed, we 
have deployed and used such tools in the context of a project to evaluate and improve the 
quality of the software products developed by an important IT organisation. In particular, a 
public entity hiring more that 250 JAVA and C++ developers. After finishing the assessment 
project we are in conditions of saying that the quality of the software products of such 
organisation has experimented a global improvement of 50% in terms of the different 
indicators (or basic metrics) supported by the different tools. Just to show a couple of 
examples, figures 2 and 3 show the evolution of the project in terms of the data retrieved by 
PMD and JUnit. Obviously, we cannot include here the whole set of graphics for the sake of 
space. 

 
First, Figure 1 shows that density of PMD rules violation has decreased drastically, thus 

way, at the beginning of the project, prior to any assessment, PMD returned that 1 out of 2-3 
lines of code present a rule violation. One year later, we have to check 15 to 20 rules to find a 
rule violation. 

 
Figure 1: Density of PMD Rules Violation (one year evolution) 

 
Next, Figure 2 shows the improvement in terms of density of unit tests. At the beginning, 

the number of tests per class fluctuated between 1 and 27. One year later, automating the 
execution of unit tests by means of xUnit and monitoring tests coverage by means of EMMA, 
have helped to focus the efforts dedicated to development of tests in the modules with lower 
coverage values. This way, the density of unit tests has raised to 80 tests per class. 
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Figure 2: Density of Unit Tests (xUnit) 

 
5. Main findings and proposal for improvement 

As previously mentioned, Table 5 summarises the conclusions from section 4 by providing 
with a quick overview on the degree of alignment between the metrics supported by each tool 
and the sub-characteristics of maintainability specified in ISO 9126. This way, we talk about 
metrics (F)ully, (H)ighly, (P)artially or (N)one aligned with the correspondent sub-
characteristic. 

 
Table 5: Tools alignment with ISO 9126 maintainability sub-characteristics 

Tools Metrics Analysability Changeability Stability Testability 

JavaNCSS NCSS H N N H 
CC H N N F 

PMD/CPD Rules F P N P 
CheckStyle Checks F N N N 
FindBugs Bugs F N N N 

JDepend CYC N F N N 
D N F N N 

CCCC 

LOC H N N S 
MVG H N N S 
COM H N N N 

FO, FOc, Fov, FI, FIc, Fic N H N N 
NOM N H N N 
WMC F N N N 

StyleCop Rules F N N N 
FxCop Rules F N N N 
Junit UT P N S F 

CPPUnit UT P N P F 
NUnit UT P N P F 

EMMA UTLC P N P F 
UTBC P F 

 
To sum up, we can state that existing open-source tools provide with full technical support 

for three out of the four maintainability sub-characteristics of ISO 9126.  
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In particular: 
• Analysability is the most widely supported sub-characteristic by the metrics provided 

by the reviewing tools, especially those focused on detecting coding issues. 
• Changeability is supported by tools for analysing cyclic dependencies, like JDepend 

or CCCC and the rule-sets provided by tools for static analysis of source code. 
• Stability is the less supported sub-characteristic since it is just partially supported by 

tools for testing. 
• Finally, the tools for unit tests and code coverage satisfy Testability, that is, the ability 

of source code of being tested. 
 
Overall, existing open-source tools provide with a wide set of basic measures that could be 

used to assess software quality in terms of ISO 9126. Nevertheless, the hierarchical structure 
followed by ISO 9126 implies the need of having at ones disposal derivation functions to 
obtain indicators at a higher level of granularity and abstraction in order to be able to asses 
how the characteristics and sub-characteristics are fulfilled by a given software system. There 
is a lack of technical support to automate the derivation of such indicators. More complex 
measuring environments are needed to that end. In fact, the size of software products result in 
the need of obtaining a wide set of basic measures. Automating the extraction of such 
measures and the derivation of high-level measures from them is essential to support an 
efficient product quality assessment.  

 
As well, existing support is not as flexible as it would be desirable. Besides, there are no 

facilities to communicate or persist the results returned. 
All this given, a set of improvements are proposed in order to reach a complete alignment 

between existing tools supporting basic metrics and the ISO 9126 standard. 
• Reuse the basic metrics and reports provided by current open-source tools [6]. 
• Implement a measurement model supporting casual correlation [10]. That is, a model 

that allows to get a value for each sub-characteristic starting from the above-
mentioned basic measures. 

• Finally, supporting more flexible measurement models, where metrics, thresholds and 
derivation functions could be set up by the final user. The idea is to support a 
customisable quality reference model that allows organisations to define their own 
model adapted to the restrictions of the organisation, the nature of the specific 
software product or simply to the natural evolution of the reference model. For 
instance, different weights could be assigned to each basic measure when it is used in 
the derivation function that generate the high-level measure. 

 
6. Conclusion 

Current open-source tools supporting providing with of basic metrics serve as a good 
starting point towards obtaining the needed metrics to support the measurement model 
described in ISO 9126. In order to simplify the use of these tools, the vast majority of them 
tools can be directly incorporated into development IDEs, as well as existing frameworks 
supporting automatic development and deployment of software projects. 

 
Besides, it is worth mentioning that, though there are tools providing with a wide set of 

basic metrics, there is a lack of support for some specific issues, especially those related with 
the stability sub-characteristic.  
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Moreover, existing tools supporting basic metrics have to be incorporated into more 
complex frameworks fulfilling the requirements pointed out in section 5, that is, automatic 
derivation of higher granularity metrics, flexible measurement models and customisation.  

Note that, so far we have been interested in studying which of the basic measures 
supported by the reviewed tools can be used to assess maintainability. Now, that we know 
exactly the level of alignment of those basic measures with maintainability, next step towards 
the complete alignment of open-source tools and ISO 9126 is to study more complex 
measurement frameworks. Such frameworks make use of the basic metrics provided by the 
tools reviewed in this work. So, we would like to check whether they provide with high level 
measures derived from the basic ones and whether such measures fulfils our requirements 
regarding maintainability assessment. 

 
Another direction for future work that we will address in the short time is the study of the 

alignment between basic measures and the needs of existing process models, like the Process 
for Measurement and Analysis (PMA) of CMMI or the measurement process described in 
ISO/IEC 12207:2008 [11].  

Besides, another direction for future work is the definition of new reference models that 
carry out statistic analysis over the basic measures provided by existing tools to identify and 
recommend the best candidates for value-based [2] and ROI improvement. 
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International section 
 
13:30 Registration 
 
14:00 KEYNOTE 

Software Measurement and Estimation as leverages for achieving ICT cost savings 
Roberto Meli  
D.P.O. – Data Processing Organization, Italy 

 
14:35 A framework for measuring the value of software development  

Michael Harris, Thomas M. Cagley, Jr.  
David Consulting Group, U.S.A. 

 
“Value” will always involve a mix of objective measurements and subjective judgements 

so how can we tell if our software development is providing value to the people using it and 
/or paying for it? This paper suggests a systems view that can be used as a framework for 
combining a set of value indicators for software development. The systems approach 
described separates inputs, the transformation process and outputs in an attempt to allow 
software developers to get credit for transforming poor inputs (e.g. legacy software). The 
paper considers how to balance a software development portfolio between projects that are 
value neutral, those that add value and those that are value multipliers. Finally, a single value 
metric is proposed that can pull together the whole framework into a single number. 

 
15.10 Smart Metrics program to achieve productivity improvement and project control  

Eric van der Vliet 
 Logica, The Netherlands 

 
Especially in times of a bad economic situation there is more attention on reduction and 

the control of costs. This is also recognisable in IT organisations where the focus is on 
improvement of the predictability of projects. A commonly used approach is measuring the 
effort related to a project size. Examples of project size are function points or cosmic function 
points. The benefit is that it gives insight in the productivity of the organisation. A 
disadvantage is that if improvement is required it’s difficult to get insight in the real problem. 
Insight in the real problem requires a more detailed analysis of your process and that is where 
Lean Six Sigma (LSS) can help. LSS is focusing on the waste in processes and often used in 
production environments. By defining smart metrics, the same type of metrics can be used for 
both estimating and improving the process and get a better cost control within your IT 
organisation. 

 
15.45 Coffee  
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16.15 Be a Know-it-all: Avoid Risk Blind Spots with Measurement  
Peter Baxter  
Distributive Management, U.S.A. 

 
All projects are subject to risk; it is inescapable. Projects that fail to manage risk, or that 

manage it in an ad-hoc way, find themselves in perpetual crisis. They never see it coming. 
This presentation focuses measurement on four risk management know-it-all opportunities so 
that projects are able to pro-actively plan for and quantitatively deal with risk factors rather 
than wait for problems to occur and then try to react. 
1. Understand measures and indicators that allow the risk management process to be 

monitored and controlled  
2. Use the measurement process to improve risk detection as well as to quantify 

mitigation activities 
3. Capitalise on measurement data during project close-out to perform causal analysis of 

risks and issue causes 
 

16.50 System Engineering Leading Indicators Guide  
Patrick Hamon  
Spirula, France 

 
This Systems Engineering Leading Indicators Guide was created by a collaborative team 

comprised of representatives from Lockheed Martin, Lean Aerospace Initiative (LAI), the 
International Council on Systems Engineering (INCOSE), the Department of Defense (DoD) 
and industry. It has been approved for release by the Systems Engineering Subcouncil and the 
Director, EPI Program for use throughout the Lockheed Martin Corporation. 

Several policies calling for improved systems engineering on programs were released by 
DoD and the services during 2004. During this period, the Lean Aerospace Initiative (LAI) 
Consortium (now the Lean Advancement Initiative) was tasked with assisting with the 
systems engineering revitalisation activity. In June 2004, an Air Force/LAI Workshop on 
Systems Engineering for Robustness was held to establish the groundwork for several 
initiatives in support of systems engineering revitalisation. One of these initiatives focused on 
leading indicators for evaluating the goodness of systems engineering on a program. This 
initiative was jointly supported by LAI, INCOSE, PSM, and others in an industry 
collaborative effort to address this need. In December 2005, the beta version of this document 
was released, describing the initial set of SE Leading Indicators.  

This initial set reflected the subset of possible candidate indicators that were considered to 
be the highest priority by the team, recognising that the set was not exhaustive. In June 2007, 
Version 1.0 of this document was released following the completion of a validation phase 
which included pilot applications of the leading indicators, a research study, various 
workshops, and an industry survey. In this 2010 revision, additional indicators were added, 
and further implementation recommendations and guidance on interpretation has been 
provided. Additional SE Leading Indicators will be added in future updates as these are 
identified, defined, and evolved. 

 
17.25 Closing  

 
 

  



Proceedings 7th Software Measurement European Forum, Rome 2010 
 

154 
 

FRIDAY, 11 JUNE 2010 
  
 

9:00 Opening 
 

9.15 Why use Function point in a contract?  
Giovanni Lanza  
CSI-Piemonte, Italy 

 
Since from the antiquity, in a relationship Customer-Supplier, there has been a negotiation 

to establish the value of goods. The negotiation is, in many countries (for example the 
Arabian countries), a matter of culture. In the ICT world the negotiation between a customer 
and his suppliers is, very often, cause of litigations: the result is that the customer has not the 
good he desires and the supplier has not the profit he desires. 

One reason is, undoubtedly, the difficulty to evaluate the amount of software that the 
supplier has to develop according to the customer requirements. 

So, how can the software metrics help us? Can the use of function point resolve any 
problems? 

Which are the steps that a customer and a supplier have to do for a proper use of the 
software metrics?  

This presentation will try to answer these questions trough real experiences done in CSI 
Piemonte. 

In the ICT World, especially in supplies of services for the Public Administration, there is 
the need of transparency and objectivity in order to know how to improve effectiveness and 
efficiency; the use of software metrics can be the key to reach these goals. 

The main requirement is that both the customer and the supplier have to know what 
exactly the function point measures, which type of function point to choose, the significance 
of price for function point, how to apply dimensional metrics in different contests and 
moments, etc.: in other words they must have the same level of culture. 

That’s not an easy task: this presentation highlights which are the things to do to obtain a 
valid use of function point in a contract to better regulate the relationship between customer 
and supplier.  
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9.50 Rational pricing of business software systems on the basis of functional size 
measurement: a case study from Poland  
Beata Czarnacka-Chrobot  
Warsaw School of Economics, Poland 

 
In the practice of Business Software Systems (BSS) Development and Enhancement 

Projects (D&EP) execution in Poland there are two types of client-provider contracts that 
decidedly dominate at the moment, namely: fixed price contract and time and material 
contract. Both approaches promote exceeding of the costs designed for purchasing product 
meeting client’s requirements. Thus ex ante as well as ex post pricing of the BSS dedicated to 
the client’s needs should be based on its size: required size in the case of ex ante pricing and 
actually delivered size in the case of ex post pricing. Consequently, work costs per unit 
should be related to the product size unit and not to the time unit – this is what makes pricing 
have objective and reliable character. It requires the appropriate measure of software size to 
be implemented, which may be acquired on the basis of the software Functional Size 
Measurement (FSM) concept, having been recently normalised by the ISO/IEC. This paper 
presents the simplified case study proving the possibility of rational ex ante and ex post BSS 
pricing carried out on the basis of FSM for a dedicated system being developed for the needs 
of Polish affiliated sales department of international motor concern, as well as the main 
conclusions coming from this study. The paper aims at presenting general connections 
between the FSM and economic aspects by using the example showing BSS development 
project cost savings, which may contribute to better understanding of the FSM importance by 
business managers and thus to the reduction of the gap between BSS providers and clients. 
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10.25 Request For Proposal Management; ask the right questions and choose wisely!  
Harold van Heeringen  
Sogeti, The Netherlands 

 
Worldwide, many Requests for proposals (RFP’s) are send out every day to even more 

potential suppliers. In modern RFP’s, clients are trying to gather objective criteria, with 
which they can analyse and evaluate bids from different suppliers. However, the questions 
asked in these RFP’s are often hard to answer for immature organisations, but sometimes 
even harder to answer by more mature organisations. 

 
Sogeti Nederland B.V., a large IT software supplier in the Netherlands, is often struggling 

to answer RFP questions like: 
• What is your productivity rate for .Net projects? 
• What is your standard duration for a project of 1.000 function points? 
• What is your price per function point for a Java project? 

Of course, these questions seem like good questions, but in fact these questions are ‘un-
answerable’. We believe that there is no such thing as a standard productivity rate, but that 
there are a number of factors, like duration, size and complexity, that together lead to a 
realistic productivity rate. We could answer a question like: ‘What is your productivity rate 
for a moderately complex java project of 500 function points and a duration (low-level design 
– acceptance test) of 20 weeks?”. However, these are not the questions that are asked in 
RFP’s, so we have to improvise. 

 
This also means that in the software industry, quotations of suppliers are often not 

realistic. Client organisations should become aware of the questions they should ask in RFP’s 
and they should learn how to evaluate the quotations from the suppliers. In this paper, both 
topics will be discussed. Participants on the demand side will learn which questions they 
should ask in RFP’s and how to identify the quotations from suppliers that are not realistic. 
Participants on the supply side will learn about the future in RFP management and the 
questions that they should be able to respond to in the (hopefully) near future. 

 
11.00 Coffee  
 
11.30 The definition of metrics for Continuous Integration in SCRUM, how continuous is 

our Continuous Integration?  
Christian Facchi1, Jochen Wessel2  
1 University of Applied Sciences Ingolstadt, Germany  
2 Nokia Siemens Networks GmbH, Germany 

 
SCRUM as an Agile Method for software development has been widely spread. A key 

success factor of SCRUM is a permanent integration, which will be achieved by the method 
of Continuous Integration. At Nokia Siemens Networks we are in doubt whether our 
Continuous Integration is as steady as it should be. Metrics have been used for a well founded 
evaluation of the steadiness. In this paper we introduce these metrics, their implementation 
and validate these metrics in a real life case study. 
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12.05 Utilising measurement in the context of software maturity models  
Jari Soini  
Tampere University of Technology, Finland 

 
In the software business, software process improvement (SPI) is one of the most important 

focus areas if a company wants to be successful in the long term. In practice, this means that 
the software engineering process must be improved continuously and existing processes must 
be constantly scrutinised for areas to develop. Continuous process improvement cannot exist 
without a continuous and systematic monitoring and measuring of the company’s own 
processes. Measurement can be utilised for defining the status of the software process, 
monitoring the progress of improvement actions as well as analysing the effect of consciously 
made changes or observing deviant behaviour in the software process. It can be said that the 
prevailing state of the process, or product, can be based only on measurement and therefore it 
tends to be one of the most important aspects when a company wishes to assess the SPI 
results reliably. However, the link between software measurement and SPI is not explicit. 
Therefore, during the completed research project, an information system was developed as a 
tool, in order to connect and link the software process phases and software process metrics. 
The information system presented offers a bidirectional link between processes (classified by 
the CMMI and SPICE maturity models) and common software metrics. This feature helps the 
users to identify the relevant metrics for controlling a particular process. The system guide 
advises the user on how to use measurement as an instrument for SPI. This tool is primarily 
meant for assisting software companies to enhance their understanding of how to utilise 
measurement in connection with SPI. 

 
12.40 Software Quality Standards and Approaches from Ontological Point of View

 Konstantina Georgieva, Robert Neumann, Reiner R. Dumke  
Institute for Distributed Systems, University of Magdeburg, Germany  

 
This paper is dedicated to some of the international standards used for assessment and 

assurance of software quality. An ontology expressing the common processes in the standards 
is introduced, so that it is easy to observe the common basis of all of them. Furthermore, the 
connections among the models are discussed, which provides a basis for comparison of their 
structure, related processes and assessment methods. 

 
13.15 Lunch  
 
  



Proceedings 7th Software Measurement European Forum, Rome 2010 
 

158 
 

14.30 Estimating Web Application Development Effort using COSMIC: Impact of the Base 
Functional Component Types  
Filomena Ferrucci1, Carmine Gravino1, Luigi Buglione2  

1 University of Salerno, Italy  
2 ETS - Université du Québec, Canada / Engineering.IT, Italy 

 
Due to its composite and particular nature, Web projects (and related applications) are 

quite difficult to be defined (and measured) by a single size unit, and the subsequent effort 
estimation process for a Web project still remains nowadays a critical activity for a project 
manager, that’s in charge to deliver the final application on time, on quality, and within 
budget. COSMIC, a 2nd generation Functional Size Measurement Method (FSMM), seems to 
better capture and size also those kinds of projects than 1st generation FSMM such as IFPUG 
FPA and several studies have been carried out during last years, with results that would 
confirm such hypothesis. But a Web project can refer to different application types and/or 
organisational environments or, more trivially, refer to a static or a dynamic environment, 
with relevant impacts on functional sizes and therefore on related productivities and 
consequently on the estimation process.  

Recently some experiments have been carried out on improving estimations using 
combinations of Base Functional Components (BFC) for a certain FSM method as the 
independent proxies in multiple linear regression analysis, showing higher prediction values 
than using the single fsu value (e.g. UFP for IFPUG or CFP for COSMIC).  

This paper will present a further case study in such direction, presenting and discussing 
results from an empirical study carried out using data from 15 projects from an Italian 
company, analysed at the light of Multiple Linear Regression (MLR) and Manual Stepwise 
Regression (MSWR) estimation techniques. 
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15.05 Estimation of maintenance cost for object oriented source code  
Rob Kusters1, Jos Trienekens2, Andy van Langendock  
1 University of Technology Eindhoven / Open University, The Netherlands  
2 University of Technology Eindhoven, The Netherlands 

 
Software maintenance costs are difficult to estimate, but usually high. Figures of 40 

(Brooks, 2001, p.242) to 60-80 (Jones 1998, Boehm 1981) percent of the life cycle costs are 
quoted regularly. So it is understandable, that a maintenance department would like to know 
the level of maintainability of software that is being relegated to their care.  

 
The Maintainability Index (MI) is a compound metric consisting of a number of metrics 

that claims an easy and fast prediction of the maintainability of software code (Oman, 1994). 
Over the last decades different attempts have been made to improve the MI, e.g. (Pearse, 
1995), (Welker, 2001), (Liso, 2001), (Sei, 2002). The MI was originally aimed at imperative 
software code, but Welker (Welker, 1997) suggested how to use it also for object oriented 
code.  

This paper investigates the validity of the claims made for the MI in the context of object 
oriented code in a large governmental software maintenance organisation. For this purpose, 
maintenance of code was measured in three different ways: 

• First the MI was calculated automatically for the code produced in the IT-department.  
• Secondly the maintainability has been investigated, as it was estimated in practice by 

the software developers. For this we developed a (qualitative) questionnaire, with 
measurement scales high, average and low (Oman, 1994). 

• Finally the actual maintenance effort has been calculated, which was spend on the 
code in the past year. For this we collected both the total effort and the average effort 
per maintenance activity in the IT-department. 

 
The first assumption to test is the correlation between maintainability, as calculated with 

the MI, and the actual maintenance effort. If MI is a valid measure of maintainability, a 
positive correlation should be expected between the MI and the actual maintenance effort. 

A second assumption tests the statement of the maintenance engineers that they are quite 
capable of estimating the level of maintainability themselves. If this is true, a positive 
correlation could be expected between these qualitative (inter-subjective) estimations and the 
calculated actual maintenance effort. 

Data were gathered about 27 software code applications. These together contained 
1.036.798 lines of code. In total 24852 maintenance tickets (for a particular period of 
maintenance) were associated with these applications. Surprisingly the overall result, of the 
software code as a whole, was negative. No significant correlations were found in the total set 
of data, casting doubt on the claims.  

 
However, feed-back to the software maintenance groups on the more detailed results, has 

lead to fruitful discussions on maintainability. E.g. the discussions on the application level 
showed that for particular software applications a calculated MI had indeed strong 
correlations with the estimations of maintenance engineers.  

Further it was concluded that regarding the validation of the MI, a refinement should be 
made, and that the MI should be calculated for particular clusters of software applications and 
should be estimated for particular types of maintenance activities.  

 
15.40 Coffee  
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16.05 Cloud services security, performance and reliability measurement  
Stefano Fabrizi, Marina La Fratta, Dario Russo  
Banca d'Italia, Italy 

 
Cloud Computing represents a novel and promising approach for implementing scalable 

ICT systems for individual, communities, and business use. However compliance with 
security, performance, and reliability in Cloud Computing is currently pursued with partial 
and ad hoc solutions. The Compliant Cloud Computing (C3) project provides a framework to 
define and measure cloud services by means of Compliance Level Agreements (CLAs). The 
CLAs are a special type of Service Level Agreements (SLAs) containing extensions 
necessary to express security, performance, and reliability related constraints of a cloud 
service. 

 
16.40 Alignment of Open Source Tools with ISO Norms  

Emanuel Irrazabal1,2, Juan Manuel Vara2, Javier Garzás1,2, Esperanza Marcos2  

1: Kybele Consulting Sl., Spain  
2: Kybele Research Group / Universidad Rey Juan Carlos Madrid, Spain 

 
During the last years, quality is becoming a hot topic in the context of Software 

Engineering. The quality control should be done from a quantitative point of view, for what it 
is necessary to establish measurement systems throughout the product lifecycle. Measures 
provide the basis for the improvement and, in particular, code measures provide direct 
visibility of product quality. Nevertheless, small organisations cannot cope with the 
development of tools to check the quality of their products plus the development of the 
software that constitutes their main business. In this context, open-source tools emerge as the 
answer to provide with the technical support to collect the information needed to assess the 
quality of software assets. In this work, we review how existing open-source tools fulfil the 
needs for quality measures raised when you want to assess product quality according to the 
ISO/IEC-9126 standard. To that end, we review the main features of those tools as well as the 
criteria used to select them, pointing out the degree of alignment of the measures provided by 
each tool with regards to the needs of information of the standard. Finally, we put forward a 
set of directions for future work in order to reach a complete framework that can be used to 
assess product quality according to the ISO/IEC-9126 standard. 

 
17.15 KEYNOTE  

No Assessment, No Glory  
Ton Dekkers  
Galorath International Ltd, United Kingdom / The Netherlands 

 
If you don’t know where you are, how to prove you have improved. If you know what to 

assess, you can set your goals based on the outcome and create a plan to move into that 
direction and potential glory. 

 
17.45 Closing 
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Base Functional Component Types 
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reviewer of the SWEBOK project. He received a Ph.D. in Management Information Systems 
from LUISS Guido Carli University (Rome, Italy) and a degree in Economics from the 
University of Rome “La Sapienza”, Italy. 

He is a Certified Software Measurement Specialist (IFPUG CSMS) Level 3. 
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1 A framework for measuring the value of software development 
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measurement: a case study from Poland 
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Galorath International Ltd, United Kingdom / the Netherlands 
tdekkers@galorath.com 
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Implementation of a metrics program in a large organisation 
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