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The need for Software Measurement arises mainly from two different sources. From an 
internal perspective, an organization needs to understand its processes and products in order 
to compare performance with the market or to improve efficiency and effectiveness of 
operations - all the main Software Process Improvement frameworks, and even the recent 
ISO standards, emphasize the relevance of a Measurement System to attain higher levels of 
maturity and certification. From an external perspective, Software Measurement is 
indispensable in a contractual relationship, based on a “closed” agreement regarding an 
incompletely specified product. Any market transaction should be based on the identification 
of the quantity, quality and delivery time of the product against the economical value. In 
many of the actual transactions, unfortunately, only the delivery time and sometime a generic 
statement of quality are described, leaving the evaluation of the quantity to a very “top-level” 
description of the needed “user requirements”. The latter, unfortunately, are not equally 
weighted in terms of value and size; so many contracts risk to result ill-founded and to 
generate a lot of disputes. Software Measurement should assure an optimal way to deal with 
both these internal and external prospective of the developing processes and products.  

 
Istituto Internazionale di Ricerca, Italian branch of the Institute for International Research, 

Data Processing Organization, the Italian leading company on software measurement and 
Sogeti Nederland, a software service company well known as frontline initiator in software 
measurement in the Netherlands, are proud to present you the 2nd Software Measurement 
European Forum 2005, willing to establish a new leading international event in Europe about 
Software Measurement and Metrics.  

 
The Forum will feature a program geared towards providing best practices, tips, tools, 

techniques and processes for implementing Software Measurement within your organization 
and between contractors, therefore optimising estimation, planning, negotiation and 
development processes in both internal contexts and customer-supplier relationships.  

 
We’ve designed the program to feature Professionals and Managers from top companies 

sharing:  
• Case studies and tutorials.  
• Lessons learned, practices utilised and results obtained. 
• New concepts, methods and tools. 
• Latest progresses, products and services. 
• All the world state-of-the-art technologies and advanced experiences. 
• Insight into methodologies and models. 

 
The event is a unique opportunity for all the ICT professionals to share their knowledge 

and experiences on Software Measurement and to meet potential customers and partners from 
all over the world. Practitioners from different countries will share their experience and 
discuss current problems related to the introduction and execution of measurement systems to 
support the internal and external business perspective.  

Private companies and public organizations will find out useful approaches to regulate 
their transactions in a more transparent and conflict-less way.  
 
Cristina Ferraroti 
Roberto Meli 
Ton Dekkers 
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Software Measurement and Function Point metrics in a broad 
software contractual agreement 

 
Tommaso Iorio, Roberto Meli  

 
 

Abstract 
This paper introduces a price-fixing policy to be applied to software procurement general 

contractual agreements occurring between customers and suppliers. The price-fixing policy 
aims at overcoming the limits and problems of “Function Point fixed-price” mechanisms. 
Basically the policy derives from a practical application of the "Business Function Point" 
(BFP) technique. Assigning the price of a software supply to a "product unit", like BFP, 
means assigning the price to functional requirements (measured by Function Points), as well 
as to some technical and quality requirements. Therefore, this policy includes three classes of 
requirements: functional, technical and quality requirements, as defined in ISO/IEC14143-1 
of 1998 and in IFPUG documentation. 

The policy applies mainly to large software projects involving new developments and 
enhancements, where efforts and costs are mainly driven by the functional size , as shown by 
benchmarking statistics, such as ISBSG database statistics. Moreover, the proposed solution 
overcomes Function Point standard method limits as it quantifies items such as software 
reuse, reusability, technical replication and complexity. 

The complete proposed solution implements a framework that also includes a cost 
determination mechanism, based on internal business processes, so as to rationalize and 
optimise the software measurement process during the contractual agreement 
implementation. 

The proposed framework is currently being applied by a large software supplier working 
with the Italian Central Administration , and tested out by other private businesses. Based on 
our experience some practical, methodological and technical suggestions are made to 
implement price-fixing measures in the most appropriate manner. 

 
1. Introduction  

This paper illustrates the use of functional metrics and some of its operational extensions 
in open/broad contract pricing frameworks (the so-called “open multi-project contracts”). 

This type of contract applies to any software supply contract (new development or 
functional enhancement) irrespective of its production process, lifecycle stage and level of 
requirement uncertainty. 

This type of contract is very used by the Public Administration in particular in broad 
general contacts, characterized by wide “scopes” and long durations between the time the 
contract is drafted and the time the service is provided. In these cases, usually, spending 
limitations, unitary prices, general contract objectives and technical architectural constraints 
are the only items defined with some accuracy.  

The pricing modality that applies to this type of contracts can be an issue, since the cost of 
the whole contract should be estimated together with the cost of the various transactions that 
are envisaged under the contract.  
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For this type of contract, mainstream pricing modalities usually available, like the 
following, are not applicable: 
• Total Cost for Specified Product (also called turnkey supply).  
• Total Cost for Time & Material. 
• Total Cost for Released Product based on unitary fixed cost. 

 
The Total Cost for Specified Product - turnkey supply – is obviously inapplicable in terms 

of the whole framework agreement because at the time the contract is drafted, the software 
products to be delivered cannot be known with any level of accuracy. In this case the total 
cost of unspecified or “unspecifiable” software products would be estimated, leading to 
subsequent unavoidable litigations. 

 
Total Cost for Time & Material is a modality where the total cost is proportioned to the 

use of the required resources, hence it calls on the customer to monitor and supervise that the 
provider uses the time in a proper manner in order to deliver the software agreed upon under 
the framework agreement, in addition to testing each item supplied. The supplier’s 
manufacturing process should be as visible as possible for the customer, something that is far 
from being the norm. The customer would be provided, then, with an unspecified 
manufacturing capacity (time and materials) with no guarantee as to the final products to be 
delivered as a result of a specific amount of allocated resources. 

 
According to the third modality - Total Cost for Released Product based on unitary fixed 

cost - the total cost mirrors the amount of products finally delivered, evaluated at the fixed 
unitary rate agreed upon. Basically, the general agreement designates the overall amount of 
software to be released, the average price for each size unit and a set of general objectives to 
be met. Each activity released corresponds to a software amount with a price tag which needs 
to be deducted form the total budget available. In this case, the limitations derive from the 
difficulty in applying a unitary fixed cost to the whole contractual supply since a multi-
project long distance agreement usually includes very inhomogeneous individual 
components. 

Up until now in terms of measuring the software volume or size, Function Points prove to 
be the only tried and tested metrics available that serves the purpose of measuring the 
functional volume, in spite of the limitations experienced by users in the past (see Gartner 
study [1]). However, the main limitation lies in the fact that Function Points fail to measure 
the software non-functional size that outlines the technical features such as the platform(s) to 
run the software, as well as qualitative features such as reliability, usability and ISO 9126 
features. In this respect, the choice of working out an “assumed average” of non-functional 
features as a basis of the price estimate of the single Function Point leads to the following 
problems: 
• No manager can accept to be penalized on his/her project while other projects are valued 

for the profitability provided to the overall program. This may result in a heavy 
deterioration of the customer-supplier relationship, often leading to negative effects on the 
general contract management. [2] 

• In addition, due to the desired uncertainty of the open contract in terms of requirements 
(what, how, when and how much) needed to maximize flexibility of the outsourcing 
choice, there is no guarantee that the final mix of actual required projects is exactly the 
one on which the productivity average has been estimated Consequently, the initial cost-
effective validation – made on the basis of a “wrong” project portfolio – might not be 
applicable for the actual project portfolio.[2] 
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Which is the right price-fixing model, then, to be applied to general contracts and open 

contract? And more, which is the workflow that, based on the supplier-customer interaction, 
leads to the right price? 

 
2. Price evaluation: a transactional issue  

According to the traditional approach, the contract transaction leading to the price 
determination is heavily influenced by the supplier’s requirements. 

Under reference [2] the transaction process is defined through a simplified model of a 
market transaction for a software supply. In this customer-supplier relationship model some 
requirements and constraints are “shifted” 
from the customer to the supplier who tries to 
translate them into a preliminary 
logical/technical design. The supplier, in 
turn, tries to estimate production costs and 
defines the selling price (cost to the 
customer), a deadline (time) along with 
quantitative and qualitative description of the 
solution. A formal/informal negotiation, then, 
takes place, on the main contractual aspects, 
usually time, cost, quantity & quality 
(TCQ2), till the final agreement is 
(eventually) reached and the contract is 
drafted.  

According to this approach, the 
economical transaction is based upon three 
fundamental elements:  
• The “cost” to be incurred by the supplier 

in order to meet the customer’s 
requirements. 

• The cost to be incurred by the customer should the latter develop the project by itself. 
• The average potential “market cost” of the project.  

The transaction process should also take into account the supply “value” as it is perceived 
by the customer. 

At present, external benchmarking data is the only reference point used to estimate the 
cost of the supply as it is perceived by the market, as defined under reference [2]. For the 
sake of accountability the use of proprietary locked benchmarking databases is not 
recommended since the process leading to the final outcome is not intelligible but for the data 
base proprietary organisation and is not reproducible, not to mention directly measurable by 
the parties to the transaction. Therefore, the use of open public data bases can be regarded as 
a major step forward, such as those that are usually supplied by independent organizations 
like ISBSG (International Software Benchmarking Standards Group) or other public 
authorities. 

 
However, the use of open or locked data base benchmarking inevitably reflects the 

representative nature of the sample taken into account in the case study, an issue that is in the 
very nature of benchmarking. The representative nature of the sample can be validated by the 
parties exclusively in open public data bases. 

Customer Supplier

Requirements

Solution(TCQ2)

Negotiation

Contract

Market 
Transactions

Market 
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External Productivity

Internal
Productivity

Internal
Productivity

Constraints

Requirements
Constraints
Quantity
Quality
Effort
Time
Staff

Unitarystaff cost
Discount
Total cost



  Published in the conference proceeding SMEF 2005 

 4 

We believe that the direct approach is the best way to “measure” the price as it is 
perceived by the consumer and this report introduces an open model which makes all 
variables accountable and shareable by the customer and the supplier in the price transaction. 
 
3. Suggested solution  

There is the need to find a mechanism which makes it possible to objectively measure the 
software supply, in terms of the value perceived by the Customer (measured in terms of 
“price”) and independently of the cost incurred by the Supplier (measured in terms of “cost”). 

In the suggested solution the two objectives do not call for the use of two different models, 
rather different applications of a single integrated model. Such integration, from the view 
point of the software manufacturer, corresponds to the business measurement system. 

This paper only seeks to solve the first problem, namely to define an objective mechanism 
which can be used to fix the price of a software supply, which can be included in a contract. 

The use of a (transparent) methodological model in a contract provides a multitude of 
advantages, in the scope of our report we will highlight the: 
• Data and price-fixing mechanisms can be shared between the parties of the contract. 
• By using the model, the “haggling” tends to shift away from the price and more on the key 

factors that enhances price accountability. 
In addition it is worth mentioning what are the most important benefits produced by the 

model in terms of SW measurement: 
• The model is based upon the most objective metrics correlated with experimental data and 

is predicated upon a thorough evaluation of key project factors. 
• The model gives the opportunity of using the embedded know-how even by beginners. 

The model that we suggest complies with ISO 14143 international standards (FSM 
Definition of concepts) and transposed by IFPUG into the White Paper: Framework for 
Functional Sizing issue 1.0 -Sept. 2003)  

These standards are based upon a methodological approach according to which software 
measurement is divided into three dimensions: 
• Functional measurement (based upon formal requirements). 
• Technical measurement (based upon technical requirements). 
• Qualitative measurement (based upon qualitative requirements). 

 
At present the model applies the direct measurement of the functional size only by using 

Function Point metrics which is considered to be the standard unit of measure. 
This approach is supported by research reported in the literature with special reference to 

international benchmarking DB (see ISBSG), according to the above data , the functional 
size/dimension proves to be the number one factor affecting efforts and consequently costs. 
According to ISBSG (Practical Project Estimation 2000), statistics show that effort rate is 
correlated with the functional dimension following a curve in which the functional dimension 
expressed in FPs is the benchmark. Statistically speaking, projects with a functional size 
exceeding 50 FPs warrant the correlation with efforts. 

 
We understand therefore that the reference model does not take into account products that 

fail to be featured by functional variations, as well as small size interventions. 
The model takes account of the other two non functional dimensions which the product 

reveals through its technical and qualitative features, by means of “technical adjustment 
factors” which impact upon the functional dimension, namely the principal factor to be 
measured in a direct manner. 
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In addition, the model takes account of some features dealing with project management 
which although unrelated to the end-product features, they do the final cost and efforts 
(“Production Adjustment Factors”). These features can affect the supplier internal 
organisation (namely team experience etc.) or result from special Customer’s claims (namely 
the use of special development tools or languages etc.). 

The models make it possible to manage the entire product /application life cycle by means 
of estimations and measurements. In an open-end contract, estimations will be used as a 
useful mean to define the Customer’s general financial commitment, whereas the 
measurement will be used as an objective mean to validate the Supplier’s invoices.  

 
3.1. “Requirements to Price” cycle 

The methodological reference context supporting the activities is designed to value the 
product or service provided as it is perceived by the Customer and irrespective of the 
Supplier’s internal factors.  

As mentioned above, such increased value is inferred from functional, technical and 
qualitative requirements and their satisfaction level. For the sake of simplicity – rather than 
methodology - –a single unit of measure is used in order to estimate the value of the product 
or service, which can be measured according to the three different dimensions (functional, 
technical and qualitative dimensions), the model will synthesises its own “unit of measure” 
which will be measured in terms of “Business Function Point" (BFP), which reflects the 
qualitative features of the three dimensions. . 

In the suggested contract modality the product value will be set up based on the BFP price 
in Euro.  

The graph below shows the methodological cycle which leads to the definition of BFP. 
The starting point is the quantitative definition of the user’s requirements in FPs, by using 

estimation techniques (like Early & Quick FP) and standard methods (as long as there is 
enough information available to the parties). 

 

  
 

Figure 1: Chart showing use of price-fixing model 
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At a later stage the functional dimension is adjusted through the Worked Function Point 
(WFP) measurement. This is a necessary step because of the intrinsic limitations of the 
Function Points, which we mentioned above. Specifically, in this case the focus is on those 
functional features which failed to be thoroughly measured by the use of the Function Points 
standard technique, such as reuse, complexity and replication. 

The dotted line affecting the price can be dealt with in the negotiation with the customer.  
The dotted line shows “how” the product or service should be delivered based on the 

requirements and measured in terms of TAFs (total adjustment factors). 
Variables affecting non functional requirements are analysed, defined and described 

formally one off while negotiating on the special arrangement with the customer. Their value 
is negotiated and shared with the customer on a case by case basis. 

Finally, based on total number of functional requirements WFPs and technical and 
qualitative requirements TAFs, as well as the possible production constraints claimed by the 
Customer, the model allows determining, in an unambiguous and reproducible manner the 
total number of BFPs which in turn allow working out the price of the supply. 

  
To wrap up, the following steps are envisaged:  

1. Measurement of the Functional Size (released and worked)  
2. Definition of technical and qualitative size features (Technical Adjustment Factors)  
3. Calculating the total number of BFPs  
4. Price fixing process  

 
It should be underlined that the wordings “Measurement”, “Definition”, “Calculating” and 

“Estimating” have a specific meanings which refer to the context in which they are found: 
•  “Measuring” means applying a well-defined and formalized method, or algorithm which 

always produces the same result, although with an approximation range which falls within 
an acceptable variation range which is independent of the people who perform the 
measurement. The acceptable variation range deals with variations that are marginal 
compared with the order of magnitude of the measured variable. 

• “Defining” means applying a formal method which carries with it a subjective element in 
the evaluation process of some variables which impact upon the definition of the final 
measurement. In the subjective setting, the range of variation should not exceed a given 
threshold, however the variation could be more than marginal compared with the order of 
magnitude of the variable. 

• “Calculating” means mechanically working out the final result of an algorithm or a 
mathematical formula with no interpretation or subjective process involved. This is a 
completely automated process. 

• “Estimating”: reproducible evaluation of a quantitative variable through the use of an 
open-end and recommended model. Estimating often means forecasting future trends. 
 
The method is now described in terms of steps and through the use of documental 

materials. 
 

3.1.1.  Measurement of released and worked functionalities 
The main “building block “ of the model is the measurement of the functional size, a 

common ground for output production, both in terms of cost (internal) and price (external). 
The following paragraph describes the reference methodology.  
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In the presence of sufficient detailed information, standard IFPUG (International 
Functional Point User Group) rules will be complied with according to the Function Point 
Counting Practices Manual (CPM). In accordance with ISO (14143) guidelines the standard 
method is applied fully for counting UFPs (Unadjusted Function Points).  

In the absence of sufficient detailed information enabling to carry out standard IFPUG 
procedures, such as for example in the case of estimations, the Early & Quick Function 
Points release 2 and following releases will be adopted. Early & Quick Function Points is an 
estimation method publicly available and published in the proceedings of numerous 
international conferences (see references). It should be recalled that the Early & Quick 
Function Points is a method fully compatible with the standard IFPUG method and uses the 
same unit of measure as Function Points. In E&QFP, the multiple functional aggregation 
levels expand the scope of options for Base Functional Component (BFC) ranking depending 
on the level of information details available. We recommend consulting the works listed in 
the references for a more in-depth analysis of the method.  

Given the nature of the method, which is based upon an estimation, the measurement 
outcome consists in three scores (minimum, most likely, maximum) always expressed in 
terms of function points. 

The documents needed for estimation or measurement can vary depending on the life 
cycle, the methodologies and the tools used to develop the software.  

As far as the Unified Process (UP) methodology is concerned, for example, heavily driven 
towards incremental development, the typical document dealing with Functional 
Specifications is not required however the use case diagram and/or class and /or sequence 
diagrams should be available at an adequate level of detail accuracy for estimation and 
counting purposes. 

Should the estimation method be adopted, the middle value of the set of three, namely the 
most likely, will be the one to be used for the subsequent methodological steps.  

The standard FP value of a released application at the completion of a project is designed 
to measure the functionalities made available by the user but fails to take account of:  
• Reuse of software items or functionalities.  
• Replication of the same functionalities on different technology platforms. 
• Functionality intrinsic complexity (with reference to batch transactions found in various 

files and on –line transactions requiring more controls). 
 

To keep these peculiar features into due account, since they impact upon the functional 
size, the number of FPs measured in the previous paragraph will be subject to corrective 
adjustments.  

This paper does not deal with the technical details affecting the rules regulating the 
counting of above corrective adjustments.  

 
3.1.2.  Definition of Productivity and Technical Adjustment Factors  

This section deals with the way in which Total Adjustment Factors (TAF) are calculated 
since TAFs represent the total bulk of technical, qualitative and project related requirements, 
not measurable through the Function Point standard metrics.  

In the early stage of the negotiation, the method involves the parties sharing a table which 
includes: 
• Description of each adjustment factor. 
• Description of the impact level for each specific factor. 
• Evaluation of each factor based on the impact level. 
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Later on, during the reporting stage, the method involves for each adjustment factor the 
following activities:  
• Evaluation of each impact level (for example very low, low, normal, high, very high, 

extremely high). 
• Quantitative definition of each factor based on the shared table describing production and 

technical adjustment factors. 
• Calculating the total adjustment factor (TAF) through the multiplication of all values. 

 
Figure 1 shows the TAF computation which is likely to impact upon the final price. Others 

factors should be taken into account even though they do not directly affect the value of the 
end product as such, for example explicit claims made by the customer on production, which 
ought to be taken into due account for compliance purposes but primarily for working out the 
final price.  

The picture includes a box designated as “productivity factors as per agreement” that fall 
into this category since it includes the constraints claimed by the customer in terms of 
production process (language, tools, human resources etc.) and changes to be made while the 
project is under way. 

 
3.1.3. Computation of the Business Function Point: BFP 

BFP are computed by multiplying the WFP value, described in paragraph 1, by the total 
adjustment factor (TAF), described in paragraph 2. 

 
BFP = WFP * TAF. 

 
3.1.4.  Price computation  

The final price is computed by multiplying the number of BFP described in the previous 
paragraph by an agreed-upon unitary/average price.  

 
Price in € = BFP * Unitary Average Price 

 
It should be clearly stated that the Unitary Average Price of the BFPs corresponds to the 

unitary price of the Released UFP when no reuse, replication are involved and average 
complexity, quality and productivity factors are applicable. 

As to the definition of the BFP unitary price, benchmark data can prove to be very useful. 
They can be drawn on from international databases such as ISBSG or directly from data 
bases directly managed by the contracting parties. 

As a matter of fact, software development companies are becoming increasingly self-
sufficient and well equipped in terms of data bases and data management in order to be able 
to produce reliable forecasts on their software production, therefore data banks and data 
management are high on the agenda of the public administration given the huge amount of 
available data and its intrinsic value make it necessary to benchmark and assess their value in 
terms of their compliance.  

Should the benchmark source consist of more than one DB, it is possible to envisage an 
agreement allowing for the use of both DBs, with outcome results weighted up according to 
their value and measured against data reliability and/or accountability.  
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3.2. “Requirement to Cost” cycle 
This section introduces the other “side of the coin” of the model for the sake of 

completeness and therefore shows how the Measurement System is applied to produce an 
output for internal use (production cost). 

The figure below shows the methodological cycle which supports the estimation of the 
operational variables of the software development projects by indicating the final cost. 
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Figure 2: Model outline: production cost estimation 
 
The dotted line represents the activities that bear upon the cost that only depend upon the 

supplier, namely it accounts for the business production impact on the cost.  
Since these variables are strictly linked to the business structure their analysis, definition 

and formalisation occur at the start up of the Measurement System, they vary only marginally 
and respond to business structure changes more than individual project changes. 

The model, when applied, makes it possible to determine in an unambiguous and 
reproducible manner, the labour cost through the following methodological steps:  
1. Measurement of the Functional Size (released and worked). 
2. Definition of the features dealing with:  

- Technical and Qualitative dimension (Technical Adjustment Factors);  
- Business Productivity (Productivity Factors). 

3. Estimation of managerial variables (most likely effort and duration). 
4. Most likely effort is weighted up against business parameters. 
5. Cost evaluation. 

 
This section is not designed to deal with the details of the above issues, however a few 

remarks are deemed necessary. 
 
Paragraph 1”Measurement of functional size” coincides with the one on “requirements to 

price” which was already discussed above, the purpose being that of improving and 
optimising the business economy of software measurement activities using the integrated 
model. 
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Under paragraph 2 a subjective bias is inbuilt into the estimation. A relative amount of 
subjectivity is inbuilt into every estimation effort and therefore cannot de avoided, however it 
is important to remind that within the framework of the proposed model the subjectivity 
element does not undermine the model soundness and accountability thanks to : 
• Evaluation traceability. 
• Evaluation definition, formalisation and specification. 
• Evaluation is applied based on traceable requirements. 

 
The degree in which it affects the final outcome is an inverse proportion of the entire 

intervention (quite high in the case of small-scale interventions, quite low in large-scale 
interventions), on grounds of trade-offs occurring between the various factors and more 
importantly the prevailing role of the functional dimension over other factors in determining 
the final cost 

It should be noted that such subjectivity is not present in the corresponding paragraph 2 on 
the previous cycle used in the contractual framework. 

 Indeed, under any such contract, the definition of coefficients occurs in two steps 
unrelated to the estimation process: 
• Early factor sharing and evaluation: in this context subjectivity plays no role because what 

is at stake is the negotiation of benchmarks to be used in future accounting reports. 
• Final factor sharing and evaluation: at this stage the evaluation is made on the real end 

product therefore the presence of possible defects and/or deviations in evaluating the 
factors are not traceable to the estimator’s know-how, but they will depend entirely upon 
the soundness of the evaluation method. 
 
In relation to the latter item, TAF evaluation tables should be agreed upon in the first place 

and designed in the most accurate manner in order to minimise the rate of uncertainty and 
variability in future applications. Based on previous experience it should be noted that: 
• Benchmark values proved useful in defining coefficients. 
• Standard scales and units of measurement proved useful in comparing the various 

measurements in quantitative terms. 
• The option of using different levels of measurement accuracy proved useful as a tool to 

settle possible disputes on grounds of evaluation divergence between the customer and the 
supplier. 
 

3.3. The correct use of the two previous models/cycles 
In addition to previous observations, the lessons learned from past experience show that:  
 

3.3.1. Adjustment Factors selection and evaluation  
 
Adjustment Factors evaluation on application partitions  
The application should be partitioned into groups of functionalities trying to avoid 

“intersections”, that is each group should be clearly defined in terms of its own coefficients. 
 
ISBSG benchmark  
If benchmarking is an option, (both in terms of defining the price of the Business Function 

Point unit in the first “requirements to price” cycle and describing the efforts in the second 
“requirements to price” cycle), ISBSG data base derived coefficients should be set up in 
compliance with functional and technical adjustment factors. In short, the same factor should 
not be counted twice or more since its impact on cost would be unpredictable. For example, if 
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the language used to develop the software impacts upon the software production cost, its 
impact should be measured by evaluating its adjustment value or, alternatively, by using 
filters on languages in the implementation of the ISBSG productivity model.  

 
Relationship between adjustment and risk factors  
In the technical literature dealing with Project Management, the concept of risk is defined 

in many ways and enjoys a wide spectrum of nuances. In our report the concept of risk is 
defined as “the likelihood associated with an event that a possible condition might occur thus 
affecting the course of a project, multiplied by the relative damage given as an entity”. It is 
likely that previously evaluated factors in part and especially those that impact on project 
productivity can appear as risk factors. For example in the planning stage, being reasonably 
certain that “specifications” will enjoy some level of volatility makes it possible to anticipate 
that the project productivity might be unfavourably affected by a factor equal to x, as 
previously agreed upon by the parties. However the information on “very high specification 
volatility” could be useful to evaluate the margins required to efficiently manage such a risk 
factor. In this respect, the difference between the risk factor and productivity or other 
adjustment factors, and their consequent use, should be evaluated at the estimation stage. The 
question to be asked to differentiate risk factors from other productivity factors could be the 
following: “is this variable a fact I am already aware of, considered as a management 
constraint or is it a condition that could or could not occur in the future?”. In the case the 
variable is a well-known, consolidated and accepted as a normal fact in the project start-up, it 
should be considered as a productivity factor. Therefore, in this case, to avoid double 
evaluation of same variable, it is necessary to make sure that we avoid using the same factor 
in evaluating the project productivity and the risk. 

 
3.3.2. Project Management and Monitoring 

 
Monitoring the contract fulfilment 
Contract monitoring may be conducted on the number and quality of the promised 

deliverables but also on the functional measurement of software delivered from time to time, 
decreasing the global counter of the entire contract till it becomes empty. Using the approach 
here described, it is possible to allow a different mix of delivered systems with respect to the 
estimated one without any conflict and unfairness since it is possible, for example, to 
exchange more “simple requirements” with less “complex but reusable requirements” by the 
use of the formulae established. The equity perception is granted in a situational way. [2] 

 
Estimating and measuring effectively Ongoing Change Requests 
As to the management of ongoing change requests under a contract, it is necessary to 

underline that it is widely acknowledged that in the project life cycle, requirements can be 
fine-tuned and various changes can take place at different levels. It is quite legitimate 
therefore to expect some variance in the final balance however it is our opinion that it is 
important to pinpoint the reasons why such a variance might have occurred in order to ensure 
contract management efficiency. Variance may occur as a result of the following conditions:  
• Requirement in-depth definition: in this case the final balance is expected to vary within a 

given range of uncertainty outlined in the initial estimation; such an uncertainty is 
normally higher in project involving new technologies such as Data-Warehouse or code 
generation tools where it is more difficult to evaluate functional metrics and efforts. In 
addition, requirement in-depth definition is physiological in incremental life cycles (for 
example RUPs with UML &OO technologies). 
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• Changing functional, technical and qualitative requirements: estimation variance is strictly 
related to the scope of changed and deleted requirements, for example it may happen that 
any given functionality is cancelled and a similar new functionality is introduced, in this 
case the final functional size will correspond to the early estimation, however the final 
cost will be higher. 
 
However it should be noted that once a requirements and measurement baseline has been 

established for each product (after the architectural phase is completed) any Change Request 
(CR) versus the baseline should be evaluated in terms of its impact on existing and future 
measured and managed systems, as if it was a functional enhancement maintenance request 
issued when the product is not completely done. The sizing of the CR allows them to be 
considered for economic reward.  

Our methodology helps keep track and count any change by measuring the change request 
index which is not dealt with in this paper as it was described in the previous paper [2]. 

 
4. Research studies still under way and conclusions  

As already mentioned, the model is predicated upon the methodological assumption that 
the size is the primary cost driver. Consultancy service provided to software manufacturers 
and the experience acquired using ISBSG data base make out our case in large software 
development projects, with an approximation which becomes better as the development 
project grows larger. Therefore small-scale projects are ruled out from our model, together 
with those activities that by definition do not entail any functional variance, such as 
corrective maintenance interventions, feasibility studies, application porting, application 
deployment, system activities, non worked cost components, or provision of ancillary 
services etc. In short the scope of the model fit any software product applied to medium size 
to large projects. 

 
The above observations may give rise to the following questions: 

1. The model application scope could be extended to small scale SW development projects 
or corrective maintenance activities or “service” evaluation activities? 

2. Does the direct measurement of non functional features enable such an extension and/or 
increased accuracy in defining price/cost variables? 
 
Current research studies on model evolution are inspired among other things by these 

questions. We are of the opinion that any pragmatic answer satisfactorily provided to 
prospective users, customers and suppliers cannot be unconnected to a cost-benefit analysis. 

To start, it should be pointed out that the baseline framework is not large enough to 
include general and complex service contracts which incidentally are already provided for as 
part of other contract model designed for this purpose.[3]  

Future research studies will tell us whether it is possible to combine non functional direct 
measurement metrics with FP or instead whether it is necessary to measure the other features 
separately. 

Any one would understand at once that this would necessarily increase the model 
complexity as well as measurement costs. 

Therefore the course of research studies should be inspired by a different question: “how 
accurate is the approximation incorporated into the basic assumption suggesting that the size 
is the main cost driver?” 
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Should research studies succeed in giving the quantitative evidence required to prove the 
soundness of such approximation, there would be no need to refine the model as the 
increased cost would not justified the improvement eventually achieved. 

Any quantitative answer could only be provided by statistics analysis applied to all those 
areas where it is possible to measure the final cost as well as the final size, even in the 
presence of other models. 

At present ISBSG international benchmark databases are the primary source of data, along 
with the business companies where the authors of this paper work as consultants. 

Finally, to the questions raised by people concerned with the subjective component inbuilt 
into this method suggesting that a fully automated metrics (such as LOC) is the only 
candidate for this type of contracts, we could reply that subjectivity is inevitable in any 
activity involving a semantic analysis of the user’s requirements. If we agree that software 
development cannot be fully automated based on user’s requirements, by inference we 
suggest that this rule should be applied to software functional measurement alike. 

Supporting this argument means making a cultural quantum leap, implementing this 
practice means allowing software engineering to become even more mature. 

 
5. References and web links 
[1] M.Hotle - “Function Point Can Help Measure Application Size” – Research Note Gartner Group 

– 19 November 2002 
[2] R.Meli - “The Software Measurement Role in a Complex Contractual Context” SMEF2004, 

Italy, 2004 
[3]  CNIPA - “Linee guida sulla qualità dei beni e dei servizi ICT per la definizione ed il governo dei 

contratti della Pubblica Amministrazione” - 2005 
[4] ISO/IEC 15939:2002 "Software measurement process" 
[5] ISO/IEC 14143-1 "Functional size measurement" 
[6] Function Point Counting Practices Manual, IFPUG – www.ifpug.org  
[7] IFPUG White Paper: Framework for Functional Sizing ver 1.0 -sett. 2003 
[8] Estimating, Benchmarking & Research DB ISBSG– www.isbsg.org  
[9] Software Cost Estimation with COCOMO II, B. W. Boehm et others, Prentice Hall, 2000 
[10] R.Meli, L.Santillo, Function Point Estimation Methods: A Comparative overview - FESMA 99, 

Amsterdam, Olanda, Ottobre 1999 
[11] Conte, T. Iorio, R. Meli & L. Santillo , E&Q: An Early & Quick Approach to Functional Size 

Measurement Methods, SMEF2004, Rome, Italy, 2004 
[12] Pam Morris - “Metrics Based Project Governance” – IWSM/MetriKon 2004  
[13] S. Morasca – “Analisi di tecniche di stima dei costi di sviluppo del SW” – Università di Como – 

2004 
[14] H. Sedehi – “Ingegneria Economica del SW” – Apogeo – 1997 
[15] L- Buglione – “Misurare il software. Quantità, qualità, standard..” – Franco Angeli – 2003 



  Published in the conference proceeding SMEF 2005 

 14 



  Published in the conference proceeding SMEF 2005 

 15 

Introducing the ISBSG proposed Standard for Benchmarking 
 

Dr Anthony L Rollo, Pam Morris, Ewa Wasylkowski 
 

Abstract 
The Presentation will present the International Software Benchmarking Standards Groups 

new initiative – a Standard for Benchmarking. The Standard is based upon the ISO 15939 
Standard for Software Measurement. The presentation will outline the perceived reasons for 
such a standard. These reasons are based in the experience of several of the ISBSG board 
members experiences in conducting benchmarking exercises. As a result of the many lessons 
learned in from these experiences the ISBSG board felt that it would be beneficial to develop 
a standard process fro Benchmarking. This presentation will highlight the approach taken 
and the generic process which has been developed as a specialised instantiation of the 
measurement standard ISO 15939. Many organisations who have undertaken a benchmark of 
their IT departments activities, have felt that the results were less useful than expected. In 
many cases the results have not met the expectation of the sponsors of the benchmark 
because they have failed to appreciate all of the issues involved in undertaking a benchmark. 
The notion of comparing like with like is used in a manner which reveals little appreciation 
of the complexities of making such comparisons between differing IT organisations or 
departments. In many cases organisations enter into a benchmark with provider 
organisations with no clear expression of their information needs, as a result the benchmark 
providers will deliver a fairly standard product which does not adequately meet the needs of 
the client. The ISBSG standard sets out to help both the sponsors, their organisations and 
staff as well as providers of benchmark services understand the issues involved. The standard 
also provides for a common approach and language by which the benchmark may be 
conducted. This presentation will effectively launch the standard within Europe. However the 
authors are aware that the standard is at an early stage and many within both industry and 
academia will have important views on the matters raised within the standard, so we are 
seeking the widest possible comment to feed into our first review of the standard. Initial 
comments have already been received from various sources in industry and academia. 

 
1. Introduction  

The ISBSG Benchmarking Standard defines a process applicable to all software related 
engineering and management disciplines. The process is described through a model that 
defines the activities of the benchmark process that specify the required information, how the 
measures and analysis results are to be applied, and how to determine if they are valid.The 
benchmark process is flexible, tailorable, and adaptable to the needs of different users.  

Benchmarking can be regarded as a special application of software measurement, in that a 
benchmark requires some measurement of some aspect(s) of performance. Therefore the ISO 
standard 15939 has been utilised in the derivation of the ISBSG standard [1]. 

The Benchmarking of software and software related activities takes one of several forms: 
• External Benchmarking - The process of continuously comparing and measuring an 

organisation with business leaders anywhere in the world to gain information to help the 
organisation take action to improve its performance. 

• Peer group benchmarks may also be used within an organisation to allow comparisons 
between divisions or sites within that organisation. 

• Year-on-year or Internal Benchmarking is the process of determining a metric baseline for 
an organisational or functional unit of the purposes of comparison. 
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1.1. The Mission of ISBSG 
Is to improve the management of I.T. resources, by business and government, through 

improved project estimation, productivity, risk analysis and benchmarking. 
 

2. Scope 
2.1. Purpose  

This Benchmarking Standard identifies the required activities and tasks that are necessary 
to successfully identify, define, select, apply, and improve benchmarking for software 
development within an overall project or organisational benchmark structure. It also provides 
definitions for benchmarking terms commonly used within the IT industry. 

The secondary objective of this Benchmarking Standard is to provide guidance about the 
selection and comparison of data, data sets, and benchmark providers. It will also assist them 
in interpreting benchmark results 

This Benchmarking Standard does not provide an exhaustive catalogue of benchmark 
types, nor a recommended set of benchmarks. It provides a process to define the most 
suitable set of benchmark requirements that address specific information needs. 

 
2.2. Field of Application 

This Benchmarking Standard is intended to be used by software suppliers and acquirers. 
Software suppliers include personnel performing management, technical, and quality 
management functions in software development, maintenance, integration, and product 
support organisations. Software acquirers include personnel performing management, 
technical, and quality management functions in software procurement and user organisations.  

The following are examples of how this Benchmarking Standard can be used: 
• By a supplier to address specific project or organisational information requirements.  
• By an acquirer (or third-party agents) for evaluating the performance of the supplier’s 

processes and services.  
• By an organisation to be used internally to answer specific information needs. 

 
2.3. Limitations of the Standard 

This Benchmarking Standard does not assume or prescribe an organisational model for 
benchmarking. The user of this Standard should decide, for example, whether a separate 
benchmark function is necessary within the organisation, whether the benchmark function 
should be integrated within an existing function such as software metrics or software quality. 
However in many organisations, a benchmark process is invoked regularly, eg. annually or 
biannually, then it may be more economic to rely upon an external data collection and or 
benchmark agency. 

 
3. Overview of the Benchmarking Process  
3.1. Purpose and Outcomes of the Software Benchmarking Process 

The purpose of the software benchmarking process defined in this Standard is to collect, 
analyse, and report data relating to the products developed and processes implemented within 
the organisational unit, to support effective management of the processes, and to objectively 
demonstrate the comparative performance of these processes. As a result of a successful 
benchmark organisational commitment for benchmarking will be established and sustained: 
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• The information objectives of technical and management processes will be identified. 
• An appropriate set of questions, driven by the information needs will be developed. 
• Benchmark scope will be identified. 
• The required performance data will be identified. 
• The performance data will be measured, stored, and presented suitably for the benchmark. 
• The benchmark results will support decisions and provide a basis for communication.  
• Benchmark activities will be planned. 
• Opportunities for process improvements will be identified and communicated. 
• The benchmark process and measures will be evaluated. 

 
3.2. Integration with existing processes 

The performance measures defined and utilised during the benchmark process should be 
integrated with the organisations existing measurement process, which should comply with 
the Software Measurement Process definition [1]. 

 
The purposes for doing the comparison may be for: 

• Comparing other divisions or sites within your organisation. 
• Comparison with your closest competitors. 
• Comparable benchmarking against industry performance averages. 
• Year-on-year comparisons of the organisations performance for process improvements. 
• Obtaining performance measures from completed projects for input into project estimates. 

 
3.3. The activities of the Benchmarking Process 

This Benchmarking Standard defines the activities and tasks necessary to implement a 
benchmarking process. An activity is a set of related tasks that contributes towards achieving 
the purpose and outcomes of the process. Each activity is comprised of one or more tasks. 
The Standard does not specify how to perform the tasks included in the activities.  

The activities of the benchmarking process are illustrated in the process model in Figure 1. 
They s are sequenced in an iterative cycle allowing for continuous feedback and 
improvement of the benchmark process. Within activities, the tasks are in practice also 
iterative. 

 
3.4. The Core Processes 

Three activities are considered to be the Core Benchmark Process: Obtain the Metrics; 
Perform the Benchmark Process and Evaluate & Present Benchmark Results. These activities 
mainly address the concerns of the benchmark user. The other activities provide a foundation 
for the Core Benchmark Process, and provide feedback; they also establish and sustain 
commitment to the process of benchmarking. It is also important to note that the 
benchmarking process itself should be evaluated; benchmarks should be evaluated in terms of 
the added value they provide for the organisation, and only deployed where the benefit can be 
identified. These latter two areas address the concerns of the benchmark process owner. 

Figure 1 shows that the Core Benchmark Process is driven by the information needs of the 
organisation. For each information need, the Core Benchmark Process produces an 
information product that satisfies the information need. The information product is presented 
to the organisation as a basis for decision-making.  
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4. The benchmarking Process Detail 
4.1. Initiate the Benchmark Exercise 
4.1.1. Assign responsibility and resources 

The sponsor of benchmark should assign this responsibility. It should be ensured that 
competent individuals are assigned this responsibility. Competent individuals may be 
acquired through transfer, coaching, training, sub-contracting and/or hiring professional 
benchmarking organisations. Competence includes knowledge of the principles of 
benchmark, how to collect data, perform data analysis, and communicate the information 
products. At a minimum, competent individuals should be assigned the responsibility for the 
following typical roles: 
• The benchmark user. 
• The benchmark analyst. 
• The benchmark librarian. 

The number of roles shown above does not imply the specific number of people needed to 
perform the roles. These roles could be performed by as few as one person for a small 
project. 

 
4.1.2. Identify the information needs 

Information needs are obtained from the various stakeholders. These needs will determine 
the benchmark goals, constraints, risks and scope. The information needs may be derived 
from the business, organisational, regulatory , product or project objectives 

Before approaching benchmarking organisations it is important that not only should an 
organisation decide which aspects of performance are of importance, but also to define what 
is meant by the various terms described. For example, when measuring cost is it simply the 
cost to develop a system or should cost to maintain the system be included? 

 
4.1.3. The identified Information Needs Shall be prioritised 

This prioritisation is normally accomplished by, or in conjunction with, the stakeholders. 
Only a subset of the initial information needs may be pursued further. This is particularly 
relevant if benchmark is being tried for the first time within an organisational unit, where it is 
preferable to start small. 

The purpose for which a benchmark is undertaken relates directly to the types of questions 
set out above, for which answers are sought. However it must be recognised that the list of 
questions is not exhaustive and the answers to many other questions may be needed, it is 
nevertheless important to decide exactly what questions need to be addressed before 
undertaking a benchmark exercise, and hence defining the purpose of the benchmark. 
Possible reasons for undertaking a benchmark are: 
• Set competitive range for metrics baseline. 
• Demonstrate continuing competitiveness and improvement in pricing & service levels. 
• Identify Process Improvement opportunities. 
• Identify best practices. 
• Decision making re-outsourcing. 
• Establish market position. 

 
4.1.4. Information needs shall be selected and communicated 

From the prioritised information needs, a subset is selected to be addressed during the 
process. This selection will be a trade-off among resource constraints, and criticality/urgency 
of information needs. 
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In large development efforts, information that is needed later may be identified, but not 
fully defined nor implemented until required by the benchmark users. 

No assumptions are made about the type of documentation. It can be on paper or 
electronic, for example. It is only necessary that the documentation is retrievable. 

The selected information needs should be communicated to all stakeholders. This is to 
ensure that they understand why certain data are to be collected and how they are to be used. 

 
4.2. Determine the questions to be answered  

The information needs previously identified shall be used in determining the questions, 
which need to be answered. For example if the information need is to establish the relative 
productivity of an organisational unit, the questions which need to be answered would be: 
• What is the productivity of the unit? 
• How does it compare with other organisational units? 

 
5. Establish Benchmark Parameters 
5.1. The type of Benchmark Shall be determined 
5.1.1. Internal Benchmarking  

Is an internal benchmark sufficient to answer the questions posed? If so is it to be 
undertaken as an annual comparison? Will sufficient data be available in a single year to 
meet the business objectives? A sample of one or two measurements is unlikely to be a sound 
basis for comparison; 2-4 years of data may be required for comparison. 

 Is the benchmark to compare divisions or sites? Do they develop the same type of 
software? E-business and traditional legacy development should have different performance. 

 
5.1.2. External Benchmarking  

If an external benchmark is to be conducted, then ensure that the scope of the systems 
being measured is representative of the scope of the comparison data set. Comparing a help 
desk in the first year of introduction of a radically new system against industry ‘standards’, 
where most systems will be mature, is unlikely to reveal worthwhile insights. 

The period over which measurements are taken must be comparable to the period of work, 
forming the bulk of the benchmark data repository. Comparing three months maintenance 
and support effort against a data base reflecting a whole year’s work may be misleading. 

 
5.2. The Scope of the Benchmark Shall be identified 

The scope of benchmark is an organisational unit. This may be a single project, a 
functional area, the whole enterprise, a single site, or a multi-site organisation. This may 
consist of software projects or supporting processes, or both. All subsequent benchmark tasks 
should be within the defined scope. 

For example an organisational unit may be the Applications Development Function 
Benchmarking this unit is often referred to as an AD/M benchmark the applications 
development function usually includes enhancement projects over a certain size, maintenance 
activity will carry out minor enhancements usually of small duration (e.g., less than ten days). 
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Figure 1: The Benchmark Process Model 
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5.3. The Frequency Of the Benchmark Shall Be Identified 
5.3.1. Benchmarking Frequency 

Before undertaking a benchmarking exercise it is important to decide at what frequency it 
will be necessary to carry out further benchmarks. Many of the benchmark providers will 
suggest standard frequencies, usually annually or biannually. However you need to decide at 
what intervals you need to satisfy your information needs. 

 
5.3.2. Annually throughout contract  

 If you have entered an outsourcing agreement then it might be wise to have an annual 
benchmark at the end of each year of the contract. Remember the outsourcer will probably 
not achieve all the benefits in a linear manner, you should not expect that the end of the first 
year will get you one fifth (assuming a five year contract) of the way to the anticipated target. 
The outsourcer will have to absorb some of your staff, so they will need to make some 
cultural change, as will staff within user departments.  

There will be several part complete projects during the first year, so improvement will be 
difficult on these projects.  

 
5.3.3. Prior to contract renewal  

 It may well be that you are satisfied to have the performance of the outsourcer 
demonstrated just prior to the end of the contract when you are considering its renewal. This 
may not be suitable if you have along contract, since if there is no demonstrable 
improvement, you need to understand this well before the end of say a five year contract. 

 
5.3.4. After pre-defined period (eg. second/third year of contract) 

 This is a compromise between the first two options and will mean that in a long contract, 
four or more years then performance is being monitored at intermediate stages. This strategy 
is adequate for longer contracts. It obviates the problem of non-linear improvement, whilst 
allowing an organisation to have demonstrable progress towards the expected benefits. 

 
5.3.5. Biennial  

If you are conducting an internal process improvement project then you may well wish to 
monitor the improvement at a frequency greater than annually. In addition a benchmark will 
allow you to identify areas where improvement effort should be focussed. A benchmark 
carried out at this frequency is likely to be an internal benchmark.  

 
5.4. Determine The Benchmark Provider 

The benchmark may be provided by an internal team as in the case of a benchmark of peer 
departments within an organisation or it may need to be provided by an external provider 
who has access to a database of industry standard performance data as well as analysis 
capacity. 

 
5.4.1. Internal Benchmark Provision 

If an internal team is selected to provide the benchmark then it is essential that they be 
properly trained in aspects of Software Measurement, The goal, question, metric technique as 
well as in aspects of data analysis and presentation. The internal team need sufficient 
resource and should not undertake benchmark activities in addition to their normal duties. 

 



  Published in the conference proceeding SMEF 2005 

 22 

5.4.2. External Benchmark Provision 
Several organisations provide expertise in benchmarking, and using such an organisation 

may be the most effective approach. However it should be remembered that often these 
organisations undertake a specific type of benchmark. Will it satisfy your information needs? 
It is essential to contact any prospective providers and invite them to bid against your 
benchmark objectives. Organisations are flexible, but need clear requirements.  

 
5.4.3. Criteria for selecting the benchmarking supplier shall be defined 

Before deciding which if any benchmark provider will be used it is necessary to establish 
a set of selection criteria some of the most obvious are to establish their experience in terms 
of target region and Industry Sector. 

The benchmarking supplier should be assessed for the methodology they propose: 
• Sampling techniques (if proposed). 
• Analysis techniques. 
• Extent to which customised solution is possible. 
• Sample findings reports and conclusions. 
• Logistics. 
• Required resource commitments. 
• Ability to meet project timetable. 

 
5.5. Characterise the operational Unit 

The organisational unit provides the context for benchmark, and therefore it is important 
to make explicit this context and the assumptions that it embodies and constraints that it 
imposes. Attributes of the organisational unit that are relevant to the interpretation of the 
information products should be identified. Characterisation can be in terms of organisational 
processes, interfaces amongst divisions/departments and organisational structure. Processes 
may be characterised in the form of a descriptive process model. 

The organisational unit characterisation should be taken into account in all subsequent 
activities and tasks. 

 
5.6. Identify the Performance Measures 
5.6.1. Identify Candidate Measures 

There should be a clear link between the information needs the questions and the 
candidate measures.  

Measures should be defined in sufficient detail to allow for a selection decision. Other 
International Standards, [2],[3], describe commonly used software measures and 
requirements for their definition. 

 
5.6.2. Select measures from the candidate measures 

The selected measures should reflect the priority of the information needs.  
Measures that have been selected but that have not been fully specified should be 

developed. This may involve the definition of objective measures, for example, a product 
coupling measure, or subjective measures, such as a user satisfaction questionnaire to meet 
new information needs. 

It should be noted that context information may need to be considered as well. For 
example, in some cases measures may need to be normalised. This may require the selection 
and definition of new measures, such as a nominal measure identifying the programming 
language used. 
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5.6.3. Document the selected measures 
An Example of a unit of benchmark is “hours per function point”. 
The formal definition describes exactly how the values are to be computed, including 

input measures and constants for derived measures.  
The method of data collection may be, for example, a static analyser, a data collection 

form, or a standard questionnaire. 
 

5.7. Define the Benchmark Dataset 
 
Criteria for selecting the benchmarking dataset shall be defined, coverage of metrics 

within the dataset need to be comparable with measures previously defined. The following 
attributes of the measures should be evaluated: 
• Segmentation by industry sector, application type and/or business environment. 
• Process Maturity Levels (eg. CMMI, CMM or Spice assessment level). 
• Projects profiles (eg. Project size , project duration, development or enhancement project). 
• Delivery Mechanisms, (for example Package Customisation, Open Source, Bespoke). 
• Currency of data. 
• Technology Platforms (eg. Mainframe, client server, PC , Web based, multi-tiered etc). 

The benchmark dataset should be checked to ensure that adequate data validation 
procedures are performed before data is accepted. 
• Define data collection, analysis, and reporting procedures. 
• Define criteria for evaluating the information products and the benchmark process. 
• Review, approve, and staff benchmark tasks. 
• Acquire and deploy supporting technologies. 

 
5.8. Define data collection, analysis and reporting procedures 

The procedures should specify how data are to be collected, as well as how and where 
they will be stored. Data verification may be accomplished through an audit. 

 Consideration needs to be given to the scope of the data collection. I.e. whether a sample 
set of projects or applications is selected for benchmarking, versus the entire population 
within the organisational unit. If a sample set is chosen then consideration needs to be given 
to the sample design. 

Verify that the profile of the data collection set matches that of the benchmark data set. 
For example if the majority of your development work is small projects then you should 
choose a benchmark data set that has sufficient small projects for meaningful comparison. 
Expecting a single result to ‘magically’ factor in the complexities of the development and 
business environments is unrealistic, profiling must be undertaken. 

Inclusion/Exclusion rules for development projects that span the boundaries of the 
benchmark period must be clearly defined and equitable.  

 
6. Collect the data  

Data may be generated, for example, by a static code analyser that calculates values for 
product measures every time a module is checked in. Data may be collected, for example, by 
completing a defect data form and sending it to the benchmark librarian. The collected data 
must be verified. 

 



  Published in the conference proceeding SMEF 2005 

 24 

6.1. Ensure that the contributing base measures cover the same scope  
If collecting functional size and effort or cost you need to ensure that: 
All effort collected has been expended in functional size generating activities. E.g. exclude 

effort related to user training when measuring development productivity. 
The scope of the work effort breakdown of the data collected corresponds to the scope of 

the work effort breakdown of the benchmark data set. The scope of the effort collected is for 
the same set of project related activities eg. Is the effort for administrative work, user 
participation, quality assurance etc included in both the collected and contributing datasets. 

The effort and costs allocated to a particular organisational unit eg. Project has actually 
been expended on the organisational unit for which it has been recorded.  

 
6.2. Data verification  

This may be performed by inspecting against a checklist. The checklist should be 
constructed to verify that missing data are minimal, and that the values make sense. 
Examples of the latter include checking that a defect classification is valid, or that the size of 
a component is not ten times greater than all previously entered components. In case of 
anomalies, the data provider(s) should be consulted and corrections to the raw data made 
where necessary. Automated range and type checks may be used. 

 
7. Perform the Benchmark 

The benchmark process consists of consolidating the data in a suitable form to allow 
comparisons to be made between the collected data and the contributive data set. This 
process may take some time as whilst machine analysis is used there may be minor errors that 
have eluded all data validation attempts. In addition the benchmark analyst will make some 
initial tentative conclusions regarding the performance of the organisation being 
benchmarked. However the results of this analysis need s to be reviewed with the 
stakeholders as they will have insights into the technical and management processes being 
benchmarked.  

 
8. Analyse the Benchmark Results 

The benchmark results presented by an external or internal benchmark provider need to be 
analysed in order to establish any process improvement opportunities, or to what extent a 
contractor may have exceeded or failed to meet their contract obligations and so on. This 
analysis may be offered by dedicated benchmark providers however it is essential that it be 
carried out. It may well be that some of this analysis can be carried out internally or if a 
contract is involved then it will need to be carried out buy an independent service provider 
who is familiar with both benchmarking and the operation of outsource contracts. 

 
8.1. Review the information products with data providers and benchmark users 

This is to ensure that they are meaningful, and if possible, actionable. Qualitative 
information should support the interpretation of quantitative results. The information 
products must be documented, and communicated to all interested parties. This will include 
the data providers as well as the senior managers who required the information. 

Feedback should be provided to the stakeholders, as well as being sought from the 
stakeholders. This ensures useful input for evaluating the information products and the 
benchmark process.  
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9. Evaluate the Benchmark 
9.1. Evaluate Measures  

The information products shall be evaluated against the specified evaluation criteria and 
conclusions on strengths and weaknesses of the information products drawn. 

The evaluation of information products may be accomplished through an internal or 
independent audit. Example criteria for the evaluation of information products are included in 
Annex D. The evaluation criteria have been defined in clause 5.4.28. 

The inputs to this evaluation are the performance measures, the information products, and 
the benchmark user feedback. 

The evaluation of information products may conclude that some measures ought to be 
removed, for example, if they no longer meet a current information need. 

 
9.2. Evaluate the benchmark Process 

The benchmark process shall be evaluated against the specified evaluation criteria and 
conclusions on strengths and weaknesses of the benchmark process drawn. 

The evaluation of benchmark process may be accomplished through an internal or 
independent audit. The quality of the benchmark process influences the quality of the 
information products. The inputs to this evaluation are the performance measures, the 
information products, and the benchmark user feedback. 

 
9.3. Identify Potential Improvements to the Benchmark Process 

Potential improvements to the benchmark process shall be identified. Such “Improvement 
Actions“ should be used in future instances of the “The Benchmark Process“ activity. 

The costs and benefits of potential improvements should be considered when selecting the 
“Improvement Actions“ to implement. It should be noted that making a particular 
improvement may not be cost effective or the benchmark process may be good as it is, and 
therefore no potential improvements may be identified. 

Potential improvements to the benchmark process shall be communicated to the 
benchmark process owner and other stakeholders. 

This would allow the benchmark process owner to make decisions about potential 
improvements to the benchmark process. If no potential improvements are identified, then it 
should be communicated that there were no potential improvements. 

 
10. Conclusions 

This paper has introduced the ISBSG Benchmark Standard Process. The process is 
intended to be a guide for those organisations undertaking a benchmark. Many organisations 
conducting a benchmark for the first time are unaware of the necessity of establishing their 
requirements clearly before approaching a benchmarking organisation or undertaking the 
process themselves. As a result the client and supplier often feel the process has not gone 
well. Clients are liable to feel they did not get what they needed and suppliers feel that they 
are being pilloried unfairly as they were clear about what they intended to carry out. The 
problem is often that clients do not sufficiently decide what their requirements are and thus 
feel dissatisfied when they get a result that they did not expect, or cannot fully understand. It 
is this situation that this standard is attempting to address. Most reaction to the standard has 
been favourable, though at the same time pointing out certain deficiencies, primarily in the 
detail of data analysis which it is felt needs to be improved as this is a vital part of the 
benchmark process. 
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The authors are grateful for these insights and anxious to acquire the views of a wide 
range of interested parties. Any person interested in this standard should contact Anthony L 
Rollo (tonyrollo@aol.com) or Pam Morris (pam.morris@totalmetrics.com). 
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Benchmarking of Software Development Organizations 
 

Andreas Schmietendorf, Reiner Dumke 
 
Abstract 

Benchmarks are widely used to verify the maturity of project organizations. This paper 
shows our experiences with the implementation of a project related assessment.  The 
assessment was driven from the wish to receive more transparency within an introduced 
project organization. We used as method for the evaluation our own benchmark process. This 
benchmark based on the identification of the process maturity, the realization of a strengths 
and weaknesses profile and the size measurement of the whole implementation. Based on the 
size measurement we derived the project related effort by the use of the COCOMO and 
Function Points method. Finally we compare the effort estimation with the real effort. 

 
1. Background and Motivation 

The management and controlling of a complex software development project with several 
distributed teams is a very hard job. For the successful development of software solutions 
plays the quality of the underlying processes an important role. Quality aspects within the 
software development process deals not only with the quality behaviour of the product itself 
but also the qualities of all activities, which are necessary to the fulfilment of given 
requirements. These activities must be integrated in the process of the quality assurance 
during the whole time of the software development. [Putnam 2003] describes the integration 
of metrics in the software development as the intelligence behind successful software 
management. 

Our goal was to implement a quality assurance process for a large software development 
project. This project deals with the implementation of a complex asset management solution. 
During the first version of the project the management team start with a chaotic process. In 
the first version it was important to reach a running system. Very often we can observe in 
early projects that the requirements are to complex. From our point of view it is important to 
find a pragmatic base.  
• Identification of potential risks within the different project teams. 
• Effort estimation of specific development tasks:  
- Requirements engineering, 
-  Design and implementation (divided in GUI and Kernel), 
-  Test and integration. 

• Implementation of a lasting improvement process.    
• Improvement of the communication culture in the project. 

The used benchmarking process and the interpretation of the results were carried out in 
cooperation with Software Measurement Laboratory of Otto-von-Guericke University 
Magdeburg and the Integration Services Group of the EZ Berlin/T-System International. 
[Ebert 2004]. 

 
2. Used evaluation process 

The used evaluation process (benchmark) was developed on our own. In several projects, 
this already was applied successfully (see also [Reitz 2003]). This benchmark process based 
on experiences and also well established evaluation models. These evaluation models are the 
Capability Maturity Model (CMM) to benchmark the development processes and the 
Constructive Cost Model (CoCoMo, version II 2000) to measure the resources and the 
products as well as to post estimate the used effort of the product lines. Furthermore we 
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estimated Function Points by the use of the backfire method. An other important part is the 
automatic source code analysis by the use of a tool. (See also [Ahern 2003], [Boehm 2000] 
and [Dumke 2002]) 

The whole analysis of the project subdivided into the following areas, which were worked 
off also in the following sequence. 
1. Evaluation of the current situation in the project: 
- Evaluation of the project documentation, 
- Short questions to each members in the project, 
- Use of external expertises (suppliers and customers), 
- Establishment of a goal driven procedure. 

2.  Process assessment by the use of an adopted Capability Maturity Models (CMM): 
- Preparation of a corresponding questionnaire, 
- Execution of structured interviews, 
- Preparation of the interview results, 
- Discussion of the reached results within common workshops. 

3. Strengths and weaknesses analysis: 
- Derived from the results of the CMM related interviews, 
- Improvement potentials identify, 
- Definition of a measure catalogue, 
- Definition of measurable success criterions. 

4. Metric based analysis of the source code (e.g. LoC, Comments, used languages): 
- Use of measurement tools like RSM (Resource Standards Metrics) or others, 
- Spot checks and estimations, 
- Conclusions of the quality of the system (e.g.: reusability, maintainability). 

5. Effort estimation: 
- after the COCOMO II 2000 model, 
- after Function Points (backfire method), 
- Comparison with the actual effort, 
- Derives the own productivity. 
This here broadly described procedure has to adjust for a concrete project in a suitable 

manner. In order to be able to receive diverse aspects of the project with help of the 
interviews, these should be prepared well. Results of the interview should cover general 
system requirements, answers for the CMM-related questionnaire and input parameters for 
the effort estimation. Furthermore it is important to discuss the expected goals of the 
benchmark with the project stakeholders.  

 
3. Reached results 

Within this section, selected results of the Benchmarks should be introduced shortly. The 
results refer to the initial application of the Benchmarks. 

 
3.1 Evaluation of the current situation 

Only by the knowledge of the actual condition of a project, possible measures can be 
introduced in order to improve this condition. For the analysed project we used also check 
lists to the investigation of the current state. These check lists contain statements about the 
product, to the resources (staff, hard- and software), to the process and to the requirements of 
the customers. Among other things following topics were taken into account within the first 
analysis: 
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• Project related topics:  
- Goals and content of the project: an asset management solution, 
- Used programming languages and technologies:  

GUI – ASP.net, C#, XML, Java Script  
Business components – J2EE, Java, XML, SQL 

- Degree of the automation: Model Driven Architecture approach 
• Resource related topics:  
- Organization and structure of the team:  

Requirement engineering team  
GUI development team  
Business component development team  
Test and integration team  
Quality assurance team 

- Tasks and skill of the staff 
• Development process:  
- Used process models: incremental and iterative 
- Identification of new requirements: by the help of a change request procedure 

• Requirement Engineering: 
- Functional requirements: use cases (order request, order information, …) 
- Non-functional requirements: concurrent users 
- Process- and system-related requirements: integration solution. 

 
3.2 Process evaluation with CMM 

Within the evaluated project we used an adopted question catalogue under consideration 
of the CMM-level 2. Our own question catalogue covers the following main topics to reach 
the CMM-level 2. We used the question catalogue within our 4 project teams. 
• Management of the requirements (6 questions) 
• Planning of the software project (7 questions) 
• Supervision and tracking of the software project progress (7 questions) 
• Supplier management, like the used frameworks and other products (8 questions) 
• Software quality assurance (8 questions) 
• Software configuration management (8 questions). 

To the achievement of the CMM-level 2 all 44 questions must be answered positively as 
well as with "yes". Figure 1 shows the results of the interviews with the 4 project teams. 
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Figure 1: Proportionally with "yes" answered questions 
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Interesting is the very different assessment of the process maturity through the several 
teams. Absolutely typically, the very critical view is at the process maturity of the test team. 

Requirements; 
81,80%

Test & 
Integration;

27,30%

Development I;
36,40%

Development II; 
56,80%

 

Figure 2: Overall fulfilment degree after CMM (level 2) 
 
Under consideration of the interview results it is possible to derive a specific strengths and 

weakness profile for the evaluated project. Furthermore this profile allows the definition of 
activities to improve the process maturity under the consideration of project goals. 

 
3.3 Strengths and weaknesses analysis 

Within the executed interviews, the following strengths and weaknesses of the project 
could be identified. These were discussed within a workshop with all participants of the 
interviews. In the result, concrete measures (e.g.: procedure to deal with change requests) for 
the improvement of the process kindliness could be defined. 
Identified strengths of the project (at the time of analysis): 
• Estimations for the project planning are executed 
• Tracking of the project through comparisons of the actual results and estimations 
• Well defined project structure - responsibilities are clearly defined 
• Activities of the configuration management are planed und executed 
• Supplier management follows a selection procedure 
• The project staff became well trained in accordance with her activities 
• Correction measures are executed 
• Results of quality evaluations are communicated to the project participant. 
Identified weaknesses of the project: 
• Difficult and partially unclear handling of change requests 
• No periodic audits of the configuration management's contents 
• Alterations of tasks to the sub contractors imply high risks 
• Incomplete documentation of the project planning. 

 

3.4 Metrics based analysis of the source code 
Another important part of the assessment was a metrics based analysis of the source code. 

These measurements offer an insight into the project to the management. In the following 
one, some selected measurements should be introduced. 
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Figure 3: Overview about the whole project size in LoC 
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Figure 4: Number of used files within the project 

 
Summarizing could be won the following information about the analysis of the source 

code.   
• The share of generated commentaries within the GUI-implementation is 25 percent and 

within the KERNEL-implementation 22 percent. 
• The used programming languages within the GUI-implementation covers: 
- C# - 74014 LoC (from it automatic generated 21689 LoC) 
- ASP.Net – 8340 LoC 
- XML – 3458 LoC 
- CSS – 784 LoC 
- JScript – 527 LoC 
- VBScript – 9 LoC 
- WSDL – 18018 (from it automatic generated 18018 LoC)   

• The used programming languages within the GUI-implementation covers: 
- Java – 559044 LoC (from it automatic generated 533710 LoC) 
- XML – 39336 LoC 
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- XSL – 3756 LoC 
- SQL – 16558 LoC (from it automatic generated 918 LoC) 

• The KERNEL-system contains following components: 
- Activitivmanagement 

16497 LoC, 12550 eLoC, 8419 ILoC, 16531 comments, 40241 lines 
- Delegate 

6880 LoC, 5755 eLoC, 2947 ILoC, 1145 comment, 9120 lines 
- Exception 

25 LoC, 17 eLoC, 12 ILoC, 111 comments, 166 lines 
- ProvisioningSystem 

14424 LoC, 10506 eLoC, 6788 ILoC, 6068 comment, 22717 lines 
- Root 

655 LoC, 577 eLoC, 538 ILoC, 792 comments, 2201 lines 
- Staffmanagement 

5545 LoC, 3970 eLoC, 2900 ILoC, 7260 comment, 15790 lines 
- Stockmanagement 

14319 LoC, 10874 eLoC, 7448 ILoC, 19375 comments, 41062 lines 
- Taskmanagement 

2633 LoC, 2105 eLoC, 1465 ILoC, 2681 comment, 6633 lines 
- xCBL 

168708 LoC, 121434 eLoC, 91793 ILoC, 179479 comments, 398799 lines 
- xCBL Validation  

75670 LoC, 61211 eLoC, 39407 ILoC, 20246 comments, 106582 lines. 
 

3.5 Effort estimation  
The development efforts were estimated with help of the COCOMO II 2000 (Constructive 

Cost Model) model. The COCOMO II 2000 model supports a fast and coarse estimation of 
the accruing efforts and if necessary the costs.  

 
Figure 5: Used tool to the calculation (Source: QuantiMetrics) 
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The more exactly the result of the estimation should be, the earlier, in the development 
process, this should be executed. The result can be adjusted by the use of 22 influence sizes, 
17 cost drivers and 5 scale factors. These required influence sizes were identified within the 
interviews. (See also [Boehm 2000]) 

Within the examined project, we have to consider a very high share of automatically 
generated source code. For the expenditure after-estimation the Excel-Tool 
"COCOMO_Calculator" was used. (Source: QuantiMetrics Ltd.). This allows the calculation 
of the required person months, the calculation of the development time period and the 
number of required developers. The "COCOMO_Calculator" requires only the LOC, the 
scale factors and the cost driver as input parameters in order to calculate the wished efforts. 
The representation of the results took place in diagrams and tables. The estimated values 
were compared afterwards with the values of the real project and appraised.      

 
For the comparison the number of developers and the time for the development are 

important information. All calculations of the project effort considers a fixed software 
version, therefore it was possible to compare the different implementations. The information 
about the real effort of the project was analyzed during the interviews with the project staff. 
Therefore we can examine that the time for development was 7 month. For the development 
of the user interface (GUI), 3 co-workers were appointed and for the KERNEL 
implementation 8 co-workers were appointed on average. Since the results of the COCOMO-
calculation differed strongly from the reality, another after-estimation method was executed 
by means of Function Points. The Function Points were derived through the application of the 
backfire method. The backfire method based on the use of the „Gearing Factor“ allows the 
calculation of Function Points (FP) derived from measured LoC [QSM 2004]. By the help of 
estimated functions points it is possible to read the effort from available function point 
graphs. 

In the following figures, the results of the COCOMO calculation are graphically 
represented: 
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Figure 6: COCOMO - Calculated effort in PM 
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time to development (TDEV) in month
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Figure 7: COCOMO - Calculated development time 
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Figure 8: COCOMO - Calculated number of needed developers 

 
4. Conclusions 

It is recognizable that the results of the used estimation methods (COCOMO and also 
Function Points) differ strongly from the real effort. The real effort for the implementation in 
the project is less than the results calculated by COCOMO or Function Points. Also the real 
development time is shorter than the results calculated by COCOMO or Function Points. This 
result allows the conclusion that the productivity of the individual programmers significantly 
higher was than in other projects. 
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Figure 9: Comparison of the development time (FP/COCOMO/real) 
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Figure 10: Comparison of the needed programmers (FP/COCOMO/real)  
 
The development process of the project can be characterised as ad hoc. The costing, 

quality and development time is therefore unpredictable. From the negatively answered 
questions, the weak points of the process were determined. 

The most important results of the assessment can be summarized as follows: 
• Recognizes of potential project risks 
• Prepares another view on the project 
• Stimulates a discussion and communication between the project-teams 
• Experiences with project sizes and resultant efforts 
• Baseline for the process improvement 

The described method is very useful for a project assessment during a running project. 
Furthermore it is recommended to realize an effort estimation at the beginning of the project 
by the use of Function Points, but not the here used backfire method. Original Function 
Points considers the required functionalities for the size measurement and not technical 
measurements like lines of code. In this way, the very high degree of automatically generated 
source code can not influence the result of effort estimation.   
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Figure 11: Summary of the chosen procedure 

 
Next steps include also the repeated use of the evaluation model, an expansion of the 

assessment for other project types (e.g. integration project, introduction project) and the 
publication of the analyses within a web based portal. 
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Benchmarking essential control mechanism in outsourcing 
 

Ton Dekkers 
 

Abstract 
A great number of big organisations outsourced already the IT activities or is thinking 

about outsourcing these activities. Even outsourcing companies in some cases using specific 
ways of outsourcing IT like near-shore or offshore. Due to the economic situation and the 
need to prove shareholder value costdrivers are the principle the driver for these activities. 
But are these activities so benificial, are they introducing other kinds of risks or is it all 
sunshine? 

 
1. Outline  

In the presentation a basic measurement model for controlling outsourcing or investigating 
the cost benefit ratio for outsourcing. Key issue in this model is productivity rate. 
Benchmarking is a good way to compare productivity rates. But first the question ‘What is 
benchmarking?’ must be answered. The principles of benchmarking will be explained based 
on the definitions of the International Software Benchmarking Standards Group. The ISBSG 
is a “not for profit” organisation founded by 11 (inter)national software measurement 
associations like IFPUG (USA, Brasilia, …), ASMA (Australia), GIFPU (Italy), NESMA 
(Netherlands), NASSCOM (India) and JFPUG (Japan). 

Based on a questionary data is gathered from all over the world to fill the benchmarking 
database for both activities important for the software industry: New & Enhancement 
Projects and Maintenance & Support. The procedures of gathering, validating an analysis will 
be explaining and of course how this information can be assesed by commercial, 
governemental and research organisations. 

Two applications related to the use of benchmarking will illustrate the benefits of 
benchmarking. The first one is SouthernSCOPE an approach developed by the governement 
of Victoria (Australia) and we find that this approach is usefull not only in Victoria. 
Application in Finland (NorthernSCOPE) strengthens us in this thought. 

For managers, controllers and auditers a new free service will be available on the web: the 
reality checker. With this tool interested persons can check whether an estimate is “realistic” 
in terms of hours effort and duration. The benchmark data of the ISBSG repository is feeding 
this tool. 
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Advances in statistical analysis 
from the ISBSG benchmarking database 

 
GUFPI-ISMA SBC (Software Benchmarking Committee) 

Participating authors: Luca Santillo, Stefania Lombardi, Domenico Natale 
 
 

Abstract 
This work presents statistical analyses of adequate sub-samples of development and 

enhancement software projects extracted from the ISBSG Benchmark 8 (International 
Software Benchmarking Standards Group, 2003). This research is an incremental process 
based on the voluntary participation of the members of the Software Benchmarking 
Committee of the Italian Software Metrics Association (GUFPI-ISMA SBC). The research 
mainly focuses on the distribution of the project in the ISBSG sample with regard to: 
functional size method, project size, completion date, development platform, work effort & 
productivity, primary programming language, and project solar duration. Specific data 
selection, filtering and transformation criteria are explained and applied. Correlation 
analysis is proposed – wherever significant – in order to suggest possible utilizations in the 
field of software estimation. Some suggestions arise from this research in order to achieve an 
effective data collection by any organization within its own benchmarking database. 

 
1. Introduction 

GUFPI-ISMA is a non-profit organization, whose mission is to promote and encourage the 
use of software measurement methods in Italy [1]. The GUFPI-ISMA Software 
Benchmarking Committee (SBC), under the guidance of Domenico Natale and Luca Santillo, 
is aimed to study methods and techniques to analyse and compare software performances, 
with special attention to software productivity and cost [2]. In the second half of 2003, the 
GUFPI-ISMA SBC started a series of analysis on the ISBSG Benchmark (Release 8, 
February 2003) – a database of over 2,000 software development and enhancement projects 
collected by the ISBSG [5]. Similar analyses have been already performed by ISBSG or 
others – the SBC’s aim is to diffuse, extend, validate and enhance such kind of analysis. 

In the current work phase, a subset of main variables was extracted and analysed; the 
chosen variables are: measurement method, project type, project size, development platform, 
completion date, work effort, project delivery rate, and programming language. Further 
analyses will take into account more variables and eventually more possible correlations and 
regression will be investigated and reported in future publications by the SBC. Although this 
is just the first step of the SBC’s analysis plan, some suggestions already arise in order to 
improve and enhance the collection and presentation of the benchmarking data, in order to 
provide more effective and complete analysis results, in terms of both quality and quantity. 

 
GUFPI-ISMA SBC analyzes ISBSG and other benchmarking data with the intent of better 

understanding their meaning, usefulness and consistency. The results of such analysis are not 
to be considered as a valid reference for any possible official, commercial or legal 
utilization. Neither GUFPI-ISMA, nor the authors can be hold responsible for errors or 
damages coming form external utilization of their analysis results. 
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2. Demographic overview of the ISBSG Benchmark 8 

The SBC’s analyses are performed on specific data subsets, selected by means of filters to 
represent significant information. Throughout the paper, graphs and tables are presented – 
with the number of projects involved – in order to report some key statistics of selected 
variables. Variables not explicitly involved in the analyses are not described in further 
details. Table 1 below describes a reduced set of variables from the ISBSG Benchmark 8 
database (the “value range” column is the number of different value instances, not the list of 
such values); a complete table with all the 66 ISBSG variables and a discussion of their 
interpretation and completeness, along with suggestions for their collection improvement can 
be found in the work describing the previous, first step of the SBC analysis [3]. 

The projects origin is not reported by ISBSG, for anonymity reasons. According to 
ISBSG, major contributors are: Australia, Japan, the United States, the Netherlands, Canada, 
and United Kingdom; among smaller contributors: India, France, Brazil, and others [5]. 

 
Table 1: Relevant variables in the ISBSG benchmarking sample (extract) 
Variable ISBSG Name N % Type Range Multiple Calc 

DQR Data Quality Rating 2,027 100.0% Ord. 4   
MM Count Approach 2,024 99.9% Text 14   

FP_STD_PRIMARY FP Standard 1,938 95.6% Text 25   
WE_TOT Summary Work Effort 2,025 99.9% Num. -   

RL Resource Level 2,027 100.0% Ord. 4   
MTS Max Team Size  1,015 50.1% Num. -   

PRJ_TYPE Development Type  2,027 100.0% Text 5   
PLATFORM Development Platform  1,418 70.0% Text 3   

LANG Programming Language  1,691 83.4% Text 122 Yes  
DT Development Techniques 1,025 50.6% Text 227 Yes  

PRJ_TIME Project Elapsed Time 1,639 80.9% Num. -   
PRJ_ITIME Project Inactive Time  701 34.6% Num. -   

IMPL_DATE Implementation Date 1,802 88.9% Date -   
PACKAGE Package Customisation 1,322 65.2% Y/N 3   

PRJ_SCOPE Project Scope 1,275 62.9% Text 26 Yes  
WE1P WE Plan 957 47.2% Num. -   
WE2S WE Spec 1,180 58.2% Num. -   
WE4B WE Build 1,291 63.7% Num. -   
WE5T WE Test 1,245 61.4% Num. -   
WE6I WE Impl 846 41.7% Num. -   

FP_EI/EO/EQ I/O/Inquiry count (x3) 2,027 100.0% Num. -   
FP_ILF/EIF Int./Ext. Files count (x2) 2,027 100.0% Num. -   

FP_ADD/CHG/DEL Adds/Changes/Del’s (x3) 2,027 100.0% Num. -   
WE_NORM Normalised Work Effort  2,024 99.9% Num. -  Yes 

UFP Unadjusted Size (FP) 1,568 77.4% Num. -  Part. 
UFP_RAT Size Rating 2,027 100.0% Ord. 4  Yes 

PDR Project Delivery Rate 1,569 77.4% Num. -  Yes 
PDR_NORM Normalised PDR 1,569 77.4% Num. -  Yes 
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2.1. Analysis of variables collection 
In the previous step of the analysis [3], each of the 66 variables - collected by means of 

questionnaires by ISBSG – have been analysed. A list of comments on observed data was 
achieved, in order to improve the collection quality and usefulness. Mostly, comments refer 
to missing values, ambiguous values and misuse of textual values. Some data manipulations 
were performed to resolve some of the critical aspects: 
• Dichotomization (from multiple combinations of values to multi-column binarization). 
• Nomenclature fixing (for textual variables). 

 
2.2. Overall values distributions for selected variables 

The selected variables for the analyses by SBC are: size (UFP), work effort (WE_TOT), 
project delivery rate (PDR), platform (PLATFORM), primary programming language 
(LANG), implementation date (IMPL_DATE) and project solar duration (PRJ_TIME). 

Distribution analyses are reported for selected variables over the whole ISBSG sample. 
The following header is common to the following tables: 

 
N % Min P10 P25 Median P75 P90 Max Mean Std Dev 

• N is the number of cases or data instances in the sample. 
• % is the percent amount with respect to the sample. 
• Min and Max are, respectively, the minimum and the maximum values in the sample. 
• Pxx is the xxth percentile (it is that value which is greater than the values of xx percent of 

the members of the sample); P25 is also known as the first quartile, P75 as the third 
quartile; the 50th percentile, or Median, divide the sample in two equal parts.. 

• Mean and Std Dev are, respectively, the arithmetic mean and the standard deviation. 
Since many distributions are skewed towards low values – and the data contains outliers – 

the median is a more useful measure, with respect to the mean. The maximum value of N is 
2,027, since this is the total number of project instances in the Benchmark 8 – but this amount 
is rarely reached, due to void, unknown, or unclear values. Next, basic distributions are 
reported, but no diagram is plotted, since no differentiation is made among distinct 
measurement methods and project types. 

 
UFP (unadjusted function point size – measurement unit: UFP) 

N % Min P10 P25 Median P75 P90 Max Mean Std Dev 
1,568 77.4 6.0 63.0 109.8 224.0 476.0 1,182.2 19,050.0 514.2 1,087.3 

 
WE_TOT (summary work effort – measurement unit: ph) 

N % Min P10 P25 Median P75 P90 Max Mean Std Dev 
2,025 99.9 5.0 419.4 888.0 2,200.0 5,307.0 13,737.6 645,694.0 6,883.4 26,160.8 

 
PDR (project delivery rate – measurement unit: ph/UFP) 

N % Min P10 P25 Median P75 P90 Max Mean Std Dev 
1,569 77.4 0.02 2.0 4.2 9.0 18.0 33.7 640.0 15.6 26.7 
 

PLATFORM (development platform – textual variable) 
N % MF %_N MR %_N PC %_N 

1,418 70.0 844 59.5 252 17.8 322 22.7 
Captions: MF = Mainframe, MR = Midrange, PC = Personal Computer 
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LANG (primary programming language – textual variable) 
N % Cobol* %_N C %_N VB %_N C++ %_N Oracle %_N Rest %_N 

1,691 83.4 451 26.7% 153 9.0% 115 6.8% 114 6.7% 108 6.4% 751 44.4% 
 

IMPL_DATE (implementation date – date field) 
N % 2002 %_N 2001 %_N 2000 %_N 1999 %_N 1998 %_N Rest %_N 

1,802 88.9 147 8.2% 75 4.2% 387 21.5% 282 15.6% 236 13.1% 675 37.5% 
 

PRJ_TIME (project solar duration – measurement unit: month) 
N % Min P10 P25 Median P75 P90 Max Mean Std Dev

1,639 80,9 0,5 2,0 4,0 7,0 11,0 17,0 84 8,6 7,4 
 
 

3. Subsets selection for analyses 
In order to analyse the selected variables, some filtering and transformation actions had to 

be performed on the original ISBSG data sample, leading to two sub-samples, denoted as 
sample A (or “soft filter” sub-sample) and sample B (or “severe filter” sub-sample) [REF]; 
the criteria are briefly reported in Table 2. The current work reports the analysis results from 
the “severe filter” sample, only. The “project type” attribute has been kept in the sub-samples 
to differentiate the analysis results by project type: “Development” or “Enhancement”. 

Note that filtering out records with PACKAGE = “Y” left records with both explicit “N” 
values and void values, so that a remaining impact of undocumented package customisation 
for some projects could still affect the analysis results. 

 
Table 2: Applied filters; starting N is 2,027 

Step Filtering Variable Filtering Criteria Excluded Records Residual Res. % 
1 PRJ_TYPE = “New Dev.” Or “Enh.” 57 (various) 1,970 97.2% 
2 MM = “IFPUG” 195 not “IFPUG” 1,775 87.6% 
3 DQR = “A” Or “B” 113 “C” or “D” 1,662 82.0% 
4 FP_STD_PRIMARY = “IFPUG *” 336 not “IFPUG *” 1,326 65.4% 

 Sample A (“soft filter” sub-sample; 1,326 records) 
5 PACKAGE ≠ “Y” 68 “Y” 1,258 62.1% 
6 UFP_RAT = “A” Or “B” 185 “C” or “D” 1073 52.9% 
7 FP_STD_PRIMARY = “IFPUG 4.*” 159 unspecified or “< 4”  914 45.1% 
8 RL = “1” Or “2” 140 “3” or “4” 774 38.2% 

 Sample B (“severe filter” sub-sample; 774 records) 
 

3.1. Data categorization 
Due to the wide variety of value instances, two variables have been “translated” into new 

category variables (or “classes”): 
• IMPL_DATE (Implementation Date), re-aggregated into IMPL_PERIOD (Implementation 

Period); selected periods are non-overlapping: 1989-1990, 1991-1992, 1993-1994, …, 
1999-2000, 2001-2002. IMPL_PERIOD is an indicator of “when the project was 
completed”, not of “when the project was executed”. 

• PRIM_PROG_LANG (Primary Programming Language), re-aggregated into LANG_LEV 
(Language Level), and further re-aggregated into LL_CAT (Language Level Category); 
Capers Jones’ well-known programming languages table was taken as a reference for such 
classification (Table 3). 
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Table 3: Programming languages (examples), level ranges and categories 

LL_CAT Range Examples 
LL_CAT 1 1-3 ASSEMBLER, C, COBOL, COBOL 2, MVS COBOL, FORTRAN, PASCAL. 
LL_CAT 2 4-8 3rd Gen. Lang, PL/I, LISP, C++, JAVA, ADA, CICS, ORACLE, MS ACCESS. 
LL_CAT 3 9-15 VISUAL BASIC, DELPHI, LOTUS NOTES, UNIX SHELL SCRIPT […]. 
LL_CAT 4 16-23 4th Gen. Lang., CLIPPER, POWERBUILDER, TELON, SAP ABAP, HTML, ASP. 
LL_CAT 5 24-55 SQL, EASYTRIEVE, PL/SQL, SQL WINDOWS, Spreadsheets. 
LL_CAT 6 >55 5th Generation Languages. 

 
3.2. Data transformation 

The only relevant data transformation taken by the SBC was: 
• UFP size attribute equalized to the (adjusted) FP values from the ISBSG database for 

those projects, where only “FP”, with no “VAF” and no “function breakdown detail”, was 
provided; analysing further data only by means of size ranges – see next section 4 – can 
smooth the risk carried by this hypothesis. 

• PDR re-calculated by SBC, including previously void values were UFP is achieved 
(previous item). 
 

3.3. Values distributions in final sub-samples 
Sample A (“soft filter” sub-sample) and sample B (“severe filter” sub-sample) were 

obtained through the previously depicted filtering, categorization and transformation actions; 
they contain, respectively, 65.4% and 38.2% of the original ISBSG database recordset. The 
sub-sample B characteristics are reported in the following Table 4, where: 
• “DEV” and “ENH” stand, respectively, for “(new) development” and “enhancement” 

(project type) - “Aggr.” stands for “Aggregated”. 
• “PRJ_ID” is omitted, but still present for sake of traceability of records. 
• Percentages are referred to the sub-sample, by column, – not to the overall database. 
• Aspects that remained critical are highlighted in grey. 
• Aspects that were improved are highlighted with bold, italic text style. 

Note that no variable in this sub-sample has multiple values. 
 

Table 4: Characteristics of selected variables in sample B (“severe filter”) 
Variable N % NDEV %DEV NENH %ENH Type Range Calc 

UFP 774 [100%] 299 [100%] 475 [100%] Num. - Part. 
PLATFORM 386 49.9 168 56.2% 217 45.7% Text 3  
LANG_LEV 587 75.8 214 71.6% 373 78.5% Ord. 29 Aggr. 
LANG_CAT 587 75.8 214 71.6% 373 78.5% Ord. 6 Aggr. 

IMPL_PERIO
D 719 92.9 270 90.3% 449 94.5% Ord. 6 Aggr. 

WE_TOT 774 100.0% 299 100.0% 475 100.0% Num. -  
PDR 774 100.0% 299 100.0% 475 100.0% Num. - Yes 
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4. Distribution analyses 
 

UFP (unadjusted function point size – measurement unit: UFP) – Sample B. 
 N % Min P10 P25 Median P75 P90 Max Mean Std Dev 

DEV 299 38.6% 25.0 112.0 174.5 334.0 676.0 1,438.4 16,148.0 666.5 1,227.8 
ENH 475 61.4% 6.0 56.0 88.0 153.0 281.0 604.4 7,134.0 282.2 470.4 
TOT 774 100% 6.0 63.0 108.3 201.5 429.8 928.3 16,148.0 430.6 867.1 

From the analysis of percentiles on the logarithmic distribution for development and 
enhancement projects (separately), a limited set of project size classes is obtained (Table 5). 
Such classes are used for categorization of subsequent two-variable analyses; they are 
proposed for standardized use in agreement definitions and software estimation approaches. 

 
Table 5: Development and enhancement projects size classes 

SIZE_CLASS Dev Code DEV UFP Range ENH Code ENH UFP Range 
Very Small DEVXS 0-150 ENHXS 0-60 
Small DEVS 150-300 ENHS 60-120 
Medium DEVM 300-600 ENHM 120-240 
Large DEVL 600-1,200 ENHL 240-480 
Very Large DEVXL 1,200-5,000 ENHXL 480-2,000 
Extremely Large DEVXXL > 5,000 ENHXXL > 2,000 

 
 

WE_TOT (summary work effort – measurement unit: ph) – Sample B. 
 N % Min P10 P25 Median P75 P90 Max Mean Std Dev 

DEV 299 38.6% 50.0 597.6 1,057.5 2,540.0 5,924.0 14,911.8 73,920.0 6,232.1 10,593.9
ENH 475 61.4% 90.0 426.0 762.5 1,642.0 3,911.0 8,245.4 53,830.0 3,560.2 5,607.1 
TOT 774 100% 50.0 455.5 867.5 1,913.5 4,713.5 10,023.3 73,920.0 4,592.3 8,014.9 

No specific considerations are reported for effort distributions. More significant information 
is expected from the project delivery rate (i.e. summary work effort by size – next). 

 
PDR (project delivery rate – measurement unit: ph/UFP) – Sample B. 

 N % Min P10 P25 Median P75 P90 Max Mean Std Dev 
DEV 299 38.6% 0.1 2.1 3.9 8.0 16.2 23.1 300.3 12.8 21.5 
ENH 475 61.4% 0.3 2.5 4.8 11.0 23.0 44.6 327.4 19.8 29.1 
TOT 774 100% 0.1 2.3 4.3 9.5 19.3 36.0 327.4 17.1 26.6 

As for the size and effort distribution, a skewed distribution is observed for project delivery 
rate. A log-normal distribution should be considered. 

 
PLATFORM (development platform – textual variable) – Sample B. 

 N % MF %_N MR %_N PC %_N Check 
DEV 168 43.6% 98 58.3% 34 20.3% 36 21.4% 100% 
ENH 217 56.4% 196 90.3% 9 4.2% 12 5.5% 100% 
TOT 385 100% 294 76.3% 43 11.2% 48 12.5% 100% 

Although the platform distributions are clear enough, some difficulty is found in interpreting 
the assignment of such values (e.g. “midrange” versus “personal computer” for some 
application types). 
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LL_CAT (language level category – ordinal variable) – Sample B. 
 N % LLC1 %_N LLC2 %_N LLC3 %_N LLC4 %_N LLC5 %_N LLC6 %_N Check

DEV 214 36.5% 98 45.8% 38 17.8% 28 13.1% 28 13.1% 22 10.3 0 0% 100%
ENH 373 63.5% 195 52.3% 102 27.3% 34 9.1% 27 7.2% 14 3.8% 1 0.3% 100%
TOT 587 100% 293 49.9% 140 23.9% 62 10.6% 55 9.4% 36 6.1% 1 0.2% 100%

The Language Level Category distribution has its maximum at LLC1 (Language Level 1-3), 
followed by LLC 2 (Language Level 4-8). A more specific analysis (not reported here) shows 
a peak for Level 3 languages (mostly COBOL). Many projects are present, where the Primary 
Programming Language is not provided. 

 
IMPL_PERIOD (implementation period – ordinal variable) – Sample B. 

 N % 1989-90 1991-92 1993-94 1995-96 1997-98 1999-2000 2001-02 
DEV 270 37.6% 0 2 42 41 106 73 6 
ENH 449 62.4% 0 0 10 24 163 95 157 
TOT 719 100% 0 2 52 65 269 168 163 

No specific distribution is expected for implementation period. 
 

PRJ_TIME (project solar duration – measurement unit: month) – Sample B. 
 N % Min P10 P25 Median P75 P90 Max Mean Std Dev 

DEV 264  0,5 3,0 5,0 7,0 13,0 20,0 44,0 9,7 6,8 
ENH 309  1,0 2,0 4,0 6,0 9,0 13,0 27,0 6,9 4,4 
TOT 573  0,5 3,0 4,0 7,0 10,0 16,0 44,0 8,2 5,8 

As for the size, effort, and productivity distribution, a skewed distribution is observed for 
project solar duration. A log-normal distribution should be considered. Further analysis 
should consider the project inactive time. 

 
5. Correlation analysis 

A Pearson correlation table is reported for selected numerical variables [8]. 
 

 DEV (N = 264) ENH (N = 309) 
 UFP WE_TOT PDR PRJ_TIME UFP WE_TOT PDR PRJ_TIME 

UFP 1,00 0,71 -0,07 0,36 1,00 0,40 -0,14 0,21 
WE_TOT 0,71 1,00 0,32 0,65 0,40 1,00 0,30 0,21 

PDR -0,07 0,32 1,00 0,28 -0,14 0,30 1,00 0,10 
PRJ_TIME 0,36 0,65 0,28 1,00 0,21 0,21 0,10 1,00 

 
We can argue a moderate correlation between size and effort for new developments, while 

the same does not hold true for enhancements. One possible explanation is that the IFPUG 
size for enhancements includes the entire functions impacted, not only their modified 
portions. Also, for developments, a linear regression cannot be considered (r2 = 0,5), but a 
significance test yields positive for the correlation. 

This initial correlation analysis confirms that the (functional) size is a primary cost driver 
for the project, but not the only one. Since the best fitting relationships among such variables 
have already been proved to be non-linear, further analysis is required, replacing linear 
correlation with other indicators and/or looking for multivariate relations. 
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6. Two-variables analyses 
Two-variable analysis is introduced to investigate the dependency of PDR against other 

variables in a visual approach. Numerical regression analysis is omitted, by now, to avoid a 
potential misuse of the analysis results. Only enhancement cases are reported. 

 
6.1. PDR vs. SIZE_CLASS 
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Figure 1: PDR distributions against Size Class (Sample B). Although some log-normal trends 

could be perceived, more data could provide more regular distributions. Peak frequency 
values are between 4 and 12 person-hours per UFP (8 p-h ≈ 1 person-day). 

 
6.2. PDR vs. LL_CAT 
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Figure 2: PDR distributions against Language Level Category (Sample B). As easily argued, 

most enhancement projects are implemented with low level programming languages. The 
peak for PDRs’ > 32 p-h/UFP is due to a tail containing high values. 
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6.3. PDR vs. IMPL_PERIOD 
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Figure 3: PDR distributions against Implementation Period (Sample B). The PDR 

distribution in recent years (2001-2002) has a peak for PDRs’ > 32 p-h/UFP, due to a tail 
containing several extremely high values. 

 
6.4. PDR vs. PRJ_TIME 
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Figure 4: PDR distributions against Project Solar Duration (Sample B). As expected, most of 

the enhancement projects have a limited duration (time-to-market reasons). A log-normal 
distribution could be argued; more data, or different categorization, is required. 
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7. Conclusions 
Several suggestions had been highlighted throughout the previous step of benchmarking 

analysis by the GUFPI-ISMA SBC: 
• Dichotomization (to avoid multiple values per record). 
• Nomenclature (to avoid distinct values for identical instances). 
• Taxonomy (to avoid open ranges – including a single “other” exception). 
• Completeness (to avoid excessive sample filtering, or interpretation of void values). 
• Variable categorization (to avoid excessive variety of instances). 

 
While these suggestions may be considered for future improvements of the ISBSG 

collection process, as well as for the implementation of any local benchmarking database 
within an organization, some useful hints can be obtained from the analysis of the current 
data. The ongoing analysis should provide a double-check, by means of distinct methods, of 
statistical relationships that can be found in literature or from the ISBSG publications. 

Although some projects are present in the overall ISBSG sample with measurement 
method alternative to IFPUG, as COSMIC and MkII approaches, such sample were found too 
sparse to permit significant analyses. The next benchmarking database release by the ISBSG, 
the Benchmark 9 issued at the end of 2004 with over 3’000 projects, will open new views on 
different measurement methods and their application in the statistical analysis. Therefore, 
further research developments are: 
• Extension over larger samples, including new sizing methods. 
• Outlier’s analysis and possible deletion. 
• Extension over more variables (e.g. functional breakdown by function type and by 

enhancement operation type, work effort phase breakdown, differentiation by 
methodology, by software domain, etc.). 

• Two-variable and N-variables regression analysis. 
• Factor and principal component analysis. 
 

The GUFPI-ISMA Software Benchmarking Committee wishes to thank all its members 
for providing useful hints and collaboration on the benchmarking analysis (previous step) and 
to encourage further research on this subject. 
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Maintenance & Support (M&S) Model for Continual 
Improvement 
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Abstract:  

Software managers in IT industry are often found it difficult to plan for maintenance work 
and there is a little quantitative empirical research or indeed useful measures for 
maintenance and support (M&S) activities or industry trend exist. No standard or consensus 
exists as to what are the appropriate measures to collect. There is a little guarantee that the 
metrics collected are in agreement between different organizations and hence as a result, 
making comparisons of M&S performance between different organizations becomes difficult 
if not impossible and in many cases misleading. People managing M&S projects are in need 
of guidance for defining appropriate performance measures that will allow them to monitor 
and assess the performance of their projects. 

IBM global services India (IGSI), along with some other benchmarking organizations 
such as ISBSG (International Software Benchmarking Standards Group) and UKSMA 
(United Kingdom Software Metrics Association) participated in the initiation of a model to 
propose a set of measures and metrics in this area. As part of process improvement in this 
area, we had piloted the model in few applicable projects. Learning’s from such piloting 
projects were used as a feedback to the model before it was finalized and published by 
ISBSG. This paper describes a case study of the innovative way the model was piloted within 
IGSI to collect M&S metrics and the detail analysis performed for process improvement to 
give inputs for this M&S model and the way the model  is aligned to CMMI® high maturity 
requirements .  

 
1. Introduction 

It is important to understand how the management of maintenance activities differ from 
the management of software project development activities. It has been found that all the 
activities of project management is structured towards the delivery of a specific work product 
within a specific pre-assigned timeframe, activities and closure dates while the maintenance 
and support model is organized to handle ongoing work on a daily basis for its customer with 
no closure dates but with some specific service level agreement (SLA) commitment. These 
types of projects with maintenance and support activities are mainly known as M&S projects, 
which include Problem changes, Bug fixes and very minor enhancements of less effort like 
less than 15 person days or so. It should be very clear that M&S task means the maintenance 
or small enhancement tasks which do not change the functionality of an application system. If 
it does so it will be known as software development or enhancement instead Maintenance of 
Support. It has been observed that Maintenance is a necessary part of the enhancement of an 
application system. 

 
2. Purpose of the model: 
• To understand the key characteristics in the nature and handling of maintenance request. 
• To improve the poor perception of maintenance activities. 
• To improve the SW engineering techniques and tools supporting M&S activities.  
• To provide enough information related to M&S metrics, productivity derivers and overall 

quantitative approach across similar projects. 
• To improve the innovative way of designing and reengineering of M&S activities. 
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• To expose to the sate-of the art of M&S related Process improvement methods and tools to 
improve the productivity. 

• To align with industry in measuring productivity and quality for maintenance and support 
projects. 

• To improve the M&S working environment and the better quality product. 
• To understand the variations in productivity trends of maintenance projects. 
• Making Maintenance an exciting challenge. 

 
3. Expected benefits from model: 
• Creation of an organization baseline on performance. 
• Ability to compare the maintenance performance with similar type, size and complexity.  
• Ability to arrive at the range of expected productivity for a group of applications having 

common characteristics. 
• Identification of key factors, which result in productivity and other performance 

improvement trend. 
• Benchmarking within organization as well as in industry. 
• Improved reliability of productivity trends by analyzing Service Requests (SR) type wise. 

 
4. Model proposed & released by: 

The current situation is that Measurement and Support performance is an area of weakness 
in IT.  No consensus exists as to what are the appropriate measures to collect and there is 
little guarantee that the metrics collected are in agreement between companies. The result of 
this is that the making of comparisons of performance between organizations becomes 
difficult if not impossible and in many cases misleading. Most of the time is seen that 
maintenance workload is not required to manage using project management techniques, but 
rather queue management techniques and mainly based on user-services-oriented, 
application-responsibility-oriented and resource-skill-oriented. In addition managers in this 
area are in need of guidance as to what are the appropriate performance measures that will 
allow them to monitor and assess the performance of their activities. Based on these inputs,  
International Software Benchmarking Standards Group (ISBSG) released a Maintenance & 
Support Metrics data Collection Package. 

 
4.1. Our contribution in ISBSG M&S Model Release 

Provided the inputs for the model, at the initial stage of releasing, from the literature study 
and by interviewing the practitioners in measuring maintenance and support activities, factors 
affecting the project performance. 

Questionnaire for the data collection and performance measures are reviewed and 
comments are given based on the pilot deployment of the model, to ISBSG, before releasing 
the model. The same comments are considered in the first release. 

 
5. Scope of Work Covered by M&S Model: 
1. Minor enhancements  - (Effort <1 Person Month). 
2. Maintenance & Support Activities: 

- Problem Management Records (PMR); 
- Authorized Program Analysis Reports (APAR); 
- Defect Fixes; 
- Production Problems; 
- User Queries; 
- Proactive Maintenance; 
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- Production support; 
- Ad Hoc Analysis & Documentation; 
- Release Management. 

 
5.1. Activities NOT in the scope of Model 

- Development activities 
- Major Enhancements (Effort > 1 Person Month) 

 
6. Metrics & Measurements of Maintenance activities:  

It has been seen it is not possible to find one measure to reflect the maintainability of 
software and actually a number of indicators described below is required to measures the 
maintenance activities: 
Application level Yearly Data 
• Application name 
• Application Description 
• Type of Application 
• Total Size of Application (in KLOC) 
• Application launch date* 
• Number of versions of the product 
• Number of operating systems supported 
• Number of databases supported 
• Primary Programming Language 
• % Of code in Primary language 
• Other Programming Languages 
• Percentage of code in other languages 
• Predominate code Structure 
• Predominate logic structure 
• Predominate performance / execution 

frequency requirements 
• Database Size in Mega Bytes 
• Number of user locations* 
• Number of distinct end users* 
• Maximum number of concurrent end users* 
• Number of distinct installations* 
• Experience of Users 
• Availability of development environment 
• Test tools used  
• System availability 
• Configuration Management Mechanism 
• Actual SLA for SRs 
• Type of work 
• Major Customer Requirements 
• Flexibility in allocating resources between 

applications in a portfolio  
• Number of interfaces to the application 
• Availability of Documentation 

Application level Monthly Data 
• Team Size 
• Number of components supported* 
• Size of Components* 
• Total Size of Code Supported 
• Number of code changes of the 

Application 
• Size of code changes 
• Changes in Team 
 

Minor Enhancements 
• Number of Minor Enhancements 
• Effort spent on minor enhancements 
• Number of High/Medium/Low complex 

enhancements* 
 

Maintenance & Support 
• Type of Service Request (SR) 
• Number of incoming SRs 
• Number of High/Medium/Low 

Complex SRs resolved 
• Effort spent on High/Medium/Low 

complex SRs (PM)* 
• Total number of SRs resolved 
• Total Effort spent (PM) 
• Number of SRs resolved within time 
• Mean Time to Repair  
 
 
* Optional for some period depends on 
scope of project & data availability during 
implementation. These measures were 
mandated during piloting 
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7. Pilot Deployment Method: 
 
7.1. Phase 1 of piloting 
7.1.1. Approach 
1. Identified the expected benefits of the model in organization. 
2. Identified the group or projects/ applications   where the piloting can be done and     

respective outcome can be perceived. 
3. Shared the model with the relevant stakeholders. 
4. Identified the projects for piloting after studying the scope of the work & possibility of 

implementation. 
5. Project activities were mapped with ISBSG Framework of Activities. 
6. Identified the metrics, corresponding measurements, and analysis to be done. 
7. Prepared a template for data collection and analysis. 
8. Collected the required data separately from each project leader of the selected projects. 
9. Data collected was consolidated & analysis done. 
10. Shared the pilot results with senior management and relevant stakeholders. 

 

Derived Metrics: 
• Application productivity (Total Size of code supported / Full time equivalents i.e., KLOC 

/ FTE or FP/FTE). 
• Minor Enhancements Productivity (Number of Minor Enhancements / PM) 
• Maintenance Productivity (Number of SRs resolved / PM) 
• Component Productivity (Number of components supported / PM) 
• Base code change rate (Size of code added/deleted/modified / Total size of application) 
• SLA Adherence (Number of SR’s resolved with in turn around time / Total number of 

SR’s resolved) *100 
• % Bad Fixes (Number of Bad fixes / Total number of SR’s resolved) *100 
• Problem turnaround time (MTTR, Mean time to resolve the SR) 
• Application SR density (Number of incoming SRs/Size of the code supported) 
• Cost per error (Effort spent per SR) 
• Database proportion (Database Size /Size of the code) 
• Proportion of maintenance 
• Proportion of minor enhancements 
• Team Volatility (Number of in or out movements of team / total team size) 
• Effort per location 
• Effort per user 
• Effort per concurrent user 
• Effort per installation 
• Effort per available hour 
• Effort per change 
• Effort per hour of availability 
• Effort per staff volatility 
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7.1.2. Statistics 
Piloted in approximately 25 projects from a particular sector and out of which data has 

been consolidated for most of the projects based on the applicability & availability. Based on 
the programming platform and programming language the total data had been classified to 2 
sets and the analysis was performed. 

 
7.1.3. Analysis 
7.1.3.1. Quarterly Analysis 
• Classified into 2 sets based on Primary languages. 
• Data collected for a specific quarter and compared among the tow different sets. 
• Selected the possible factors, which affect the productivity and other metrics and find the 

effect of those factors on these sets. 
• Base lined the metrics for each set. 
• Productivity (KLOC/PM) comparison among applications. 

  

 
7.1.3.2. Monthly analysis 
• Productivity is measured as number of service requests resolved per person month i.e., 

SRs / PM and PMRs / PM based on the scope of the work. 
Note: Here Service Requests (SRs) includes PMRs, Defects, Production Problems, User 
Queries. Each type of SR takes different effort. Specific analysis is performed on PMRs 
which were available in significant number for data analysis. 

• Data collected from the selected applications for period of 24 months. For first few months 
(two quarters)   downtrend in productivity was observed and shared with practitioners 
after which corrective actions were taken. Hence the trend starts increasing from 3rd 
quarter.  
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For Application Set 2:  

• A significant very close range of Productivity was identified. 
• No significant factors affecting the productivity were found. 

For Application Set 1: 

• A specific wide range of Productivity was identified. 
• Factors or indicators effecting productivity were identified like - Age of Application,

Complexity, Volume of SRs / Qtr, Avg. experience in programming language &
domain. 
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7.2. Bottle Necks 
• Misunderstanding of model terminology by practitioners at the initial stage. 
• Less accuracy in data was identified in some cases. 
• Data duplication during entering the data in template. 
• Difficulty of extracting some non-quantitative measures like complexity. 
• Some of the metrics were not properly defined at the initial stage of piloting. 
 

7.3. Rectification(s) 
• Explained the model, benefits, and data collection procedures to the key team members of 

the piloted project. 
• Continuous in interaction with each project leader individually during the data collection. 
• Explanation has been given against each measure/metric in data template to understand the 

terms by practitioners. 
• Data has been validated every quarter using the checklist to ensure the more understanding 

of model terminology by practitioners & to improve the data accuracy.  
• Proper guidelines had been proposed to measure the non-quantitative characteristics like 

complexity of Service request. 
 

7.4. Phase 2 Piloting 
7.4.1. Approach 
1. More applications were identified. 
2. Prepared a detail checklist for data validation. 
3. To improve the data accuracy & understanding of model terminology by practitioners,   

data validation had been carried out as per the checklist prepared. 
4. Prepared a detailed guideline describing characteristics. 
5. Provided the guidelines for the practitioners in measuring the new characteristics like 

complexity of application & complexity of SRs etc. 
6. Data collected were analyzed. 
7. Results have been shared with Practitioners as well as with senior management. 
 
7.4.2. Statistics 

Selected around 15 applications from different groups for piloting out of which analysis 
was conducted in most applications as per the model. 
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7.4.3. Analysis 
7.4.3.1. Productivity analysis across months 
1. This analysis was performed to identify the time period required for the transitioned 

application to stabilize the productivity. 
2. Continuous improvement in maintenance productivity is observed. Reasons for 

continuous improvement in productivity were identified as:  
a. Improvement in skills. 
b. Stability of the team - not many changes in team structure. 

 
7.4.3.2. Turnaround time analysis among versions 

Turnaround time was also identified as the performance measure for the maintenance 
projects, along with the productivity, and the analysis was done on this. Turnaround time 
among service requests resolved is observed across months during one year time frame. 
Turnaround time is calculated as follows: 

Turnaround Time (Days) = (Closed Date - Assigned Date +1) 
(Customer wait time is not included if it's more than 2 weeks. Holidays are included.) 
 
Observations: 

1. Variation in turnaround time is decreasing among the service requests over a period of 
time. 

2. The main reason for the improvement identified as the enhancement of team’s skill level. 
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7.4.3.3. Goals refining for turnaround time 
Based on the observed improvement in project performance, the goals were revised for 

turnaround time and SLA adherence as follows: 
1. Frequency Diagram is constructed for turnaround times of different severity level SRs. 

 
7.5. Statistical Techniques used for analysis: 
1. Trend analysis 
2. Regression analysis 
3. Design of Experiments 
4. Histogram - to find the range of productivity 
5. Scatter Diagrams - to observe the effect of factors on Productivity. 

 
7.6. Benefits from the Piloting: 
1. Snapshot of performance metrics for support projects 
2. Identified the causes of any downtrend of productivity & the factors affecting the 

downtrend. 
3. Internally benchmarked the values of productivity for the similar set of projects 

Frequency Diagram for TurnAround Time (Severity 1 SRs)
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4. Goals have been revised based on the observed positive trends. 
5. Provided the inputs from the pilot study to ISBSG to make the model more easy & useful 

to the practitioners to implement. 
6. Check list for improving data accuracy had been prepared. 
7. Introduced new measures like complexity of SRs, which is expecting to be a more 

effecting factor of productivity. Set of guidelines have been proposed for this based on 
the inputs from piloting study.  

 
8. Criteria for Pilot Evaluation 

The criteria used for evaluating pilot results were: 
• Ability to identify productivity drivers for a similar set of maintenance projects 
• Ability to baseline and benchmark the productivity across similar projects with a common 

set of characteristics. 
 

9. Interpretation of M&S Model Deployment in CMMI® High Maturity 
Organization 

M&S model with data collection template is now deployed throughout the organization 
and all the M&S projects are getting benefit out of this model. It is strongly aligned to 
CMMI® requirements and the CMMI® (SW- V1.1) Process Areas (PAs) are interpreted in a 
way, such that SW maintainers use CMMI® model and compliance to the practices in their 
day to day work as described below: 
CMMI 

LEVEL 
CMMI® PROCESS AREAS INTERPRETATION   IN  M&S  SCENARIO 

Requirement Management Service Request Management 

Project Planning Maintenance & queue management planning 

Project Monitoring & Control Monitoring and control of Maintenance Service Requests 

(SRs) and Problem Management Records (PMRs) 

Configuration Management Configuration Management of Maintenance & support 

Measurement & Analysis M&S measurement & analysis 

Supplier Agreement Management Service Level Agreement (SLA) Management 

LEVEL 

2 

Process and Product Quality Assurance Maintenance Process & Service  Quality Assurance 

Requirements Development Services request priority and queue development 

Technical Solution Maintenance Events Solution 

Product Integration  Maintenance Support Integration 

Verification Evaluation and Correction of Maintenance Service 

Request 

Validation Maintenance Support & Service Request Validation 

Integrated Project Management Integrated Maintenance Request Management 

Risk Management Maintenance Support and Transition Risk Management 

Decision Analysis and Resolution Decision Analysis on Modification Request and 

Resolution  

LEVEL 

3 

Organizational Process Focus Maintenance Process Focus 
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Organizational Process Definition Maintenance Process & Service Definition 

Organizational Training Maintenance Management Training 

Organizational Process Performance Maintenance Process Performance 
LEVEL 

4 
Quantitative Project Management Quantitative Maintenance & Service Request 

Management 

Organizational Innovation & 

Deployment  

Maintenance Innovation and Deployment   
LEVEL 

5 
Casual Analysis and Resolution Casual Analysis and Problem Resolution 
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What drives SPI? Results of a survey in the global Philips 
organisation 
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Abstract 

 This paper reports on a survey amongst software groups in the global Philips 
organisation. It presents and discusses identified improvement targets and improvement 
drivers in software groups and investigates the role and importance of metrics used in 
software measurement. 

 
Key words: empirical study, improvement drivers, metrics 
  

1. Introduction 
Within Philips the software capabilities and achievements are measured at corporate level 

by registering the achieved CMM levels of the Philips software groups. The advantages of 
this measurement are: 
• The Capability Maturity Model (CMM) for Software against which is measured is well 

defined. 
• Measurement is done by objective assessors, where needed supported by jointly developed 

CMM interpretation guidelines. 
As a result the measurements are comparable across Philips and it is known of each 

individual Philips software group whether its software process capability is at CMM level 1, 
2, 3, 4 or 5.  

However, achieving high maturity levels is not the ultimate goal. High productivity, short 
lead times, and high quality are needed. But these parameters are not measured and tracked at 
corporate level. One of the reasons is that groups cannot be compared on these parameters. 
The productivity level is highly dependent on the type of software being developed, a certain 
post-release density can be acceptable in one business while being totally unacceptable in 
another business, and also lead times cannot be compared without taking the business and 
development context into account.  

The question is whether improvement efforts pay off. To answer this question the Philips 
software groups should have sufficiently mature software measurement programs in place. 
This requires well-defined measurements, stable data collection, validation, analysis and 
reporting processes [Trienekens, 2004]. Therefore the SPI Steering Committee decided to 
perform an investigation into the status and quality of the measurement programs in the 
Philips software groups. In section 2 of this paper we present some demographics of the 
survey. Section 3 addresses the structure and background of the empirical research project 
that was carried out in 50 software groups of the global Philips organisation. Section 4 
presents and discusses the results of the survey in three parts, respectively: the SPI targets 
(section 4.1), the SPI improvement drivers (section 4.2) and the role and importance of 
metrics (section 4.3). Section 5 finalizes the paper with conclusions. 
 
2. Survey demographics 

This section gives briefly some survey demographics. The number of responding software 
groups was 50. This means a, very satisfactory, response of 67 %. Tables 1 and 2 show the 
global distribution over continents and countries of responding software groups.  
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Table 1: Distribution of responding software groups over the continents 
 Continent 
  

Number of software groups 

 Europe 32 
 Asia 8 
 America 9 
 Total 50 

 
Table 2: Distribution of responding software groups over the countries 

 Country Number of software groups
  1 
 Austria 3 
 Belgium 3 
 Finland 1 
 France 3 
 Germany 5 
 Netherlands 16 
 United Kingdom 1 
 China 1 
 India 3 
 Israel 1 
 Singapore 2 
 Taiwan 1 
 USA 9 
 Total 50 

 
Table 3 presents the CMM-levels that have been achieved in the Philips organisation. In 

the survey the CMM Levels 3-5 are taken together. So, we made a distinction between three 
levels, respectively 1, 2 and 3, 4, 5. The main reason that we made one level of level 3, 4 and 
5, is that the total number of software groups on these higher levels was too small, in 
comparison with level 1 and 2, to allow separate analysis of software groups for each of these 
higher levels. 
 

Table 3: Number of software groups on the different CMM-levels 
 CMM- level Number of software groups Cumulative percentage 
 1 20 43,5 
 2 13 71,7 
 >= 3 13 100 
 Missing  4  
 Total 50  

 
The table shows that more than 50 % of the software groups within Philips succeeded in 

leaving the lowest level 1 (initial / chaotic, ad-hoc software development) of the CMM. 
 

3. The survey: structure and background  
 The structure of the questionnaire that has been developed for this survey consists of three 

parts with the following subjects, respectively: 
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1. The attempted and achieved SPI targets. 
2. The improvement drivers of SPI programs. 
3. The role of measurement and metrics. 

Regarding subject 1 the definitions of the improvement targets have been derived from 
earlier research of the SPI Steering Committee in the global Philips organisation. These 
drivers are respectively:  
• Increase predictability,  
• Reduce defects,  
• Increase productivity,  
• Reduce lead time,  
• Improve cooperation,  
• Improve staff motivation and  
• Increase reusability.  

For each of these improvement targets a software group has to indicate: 
• To what degree has SPI attention been aimed at this target during the last 2 years?  
• To what degree has performance improved for this target during the last 2 years?  

Regarding subject 2 the concept of improvement driver had not yet been applied in earlier 
surveys in Philips and had to be elaborated. These drivers, also known as success factors, can 
be of different types, such as organisational (e.g. commitment of management), human (e.g. 
resistance), technical (e.g. lack of tools), and financial (restricted budget). Over the years 
various papers have been written about these drivers. In literature factors or drivers are 
addressed from different angles, for example: factors that affect organisational change 
[Stelzer et al, 1999]; factors on different levels of maturity [Rainer et al, 2002]; factors in 
large and small organisations [Dyba, 2003]; factors that affect software processes [Rainer et 
al, 2003]. The objective of these articles is to identify and define drivers so that they can be 
taken into account when setting up and/or carrying out an SPI program. For this research we 
investigated the drivers that were addressed in each of the papers mentioned and grouped 
them in four subject categories, respectively Commitment, Goal Orientation, Resources and 
Project. This categorization has lead to re-interpretations and reformulations of the success 
factors as given in literature and resulted in the following list of ‘improvement drivers’: 

 
Commitment 
1. Commitment of business management. 
2. Commitment of engineering management. 
3. Commitment of development staff. 
Goal orientation 
4. Sense of urgency and perceived need to improve. 
5. Clear relation between SPI goals and business goals. 
6. Confidence in results of SPI. 
Resources: 
7. Availability of engineers’ time for SPI. 
8. Availability of qualified SPI resources. 
9. Sufficient investment in SPI training. 
10. Proper tooling to support the processes. 
Project: 
11. Clear and quantified improvement targets. 
12. Use of an accepted improvement framework such as CMM. 
13. Visibility of intermediate results. 
14. Cooperation of other engineering disciplines. 
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 This list has subsequently been added to the survey. The results will be presented in section 
4.2.  
 Regarding subject 3 the following issues came up during brainstorm sessions and 
discussions of the research group: 
• Level of activity with regards to metrics. 
• The quality of resulting metrics. 
• The usage of resulting metrics. 
 
4. Results of the survey  
 This section introduces and discusses the results of the survey. The improvement targets of 
the software groups are presented in section 4.1. Section 4.2 reports on the identified 
improvement drivers of the software groups and section 4.3 deals with results of the 
investigation on measurement and metrics. 
 
4.1. SPI targets  

For each of the identified targets for improvement a software group had to indicate: 
• To what degree has SPI attention been aimed at this target during the last 2 years (on a 5-

point scale from “little or no attention and effort” (1) to “main focus of attention and 
effort” (5).  

• To what degree has performance improved for this target during the last 2 years (on a 5-
point scale from “little or no improvement” (1) to “major improvement” (5).  

 
Table 4: Average scores (from scale 1-5) of improvement goals of software groups on the 

different CMM-levels, regarding attention spent, and performance realised plus significance 
of average scores of improvement targets of software groups 

  Attention Performance 
Improvement 
target 

cmm1 cmm2 cmm345 stat * cmm1 cmm2 cmm345 stat * 

increase 
predictability 

3,92 4,11 4,45 0,217 2,75 3,22 3,64 0,000

reduce defects  3,5 3,67 4,27 0,002 2,42 3,33  2,82 0,083 
increase 
productivity 

3,33 2,33 3,18 0,746 2,67 2 2,82 0,165 

reduce lead time 3,08 2,67 2,82 0.536 2,33 1,89 2,09 0,252 
improve 
cooperation  

3,08 2,89 2,36 0,955 2,58 2,11  2,73 0,410 

improve staff 
motivation 

2,25 2,67 2 0,645 2,25 2,67  2,55 0,248 

increase 
reusability  

1,92 2 2,09 0,210 1,75 2  1,73 0,276

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95%; italic: significant at 90 % 

 
Table 4 shows that in absolute terms only ‘increase predictability’ and ‘reduce effects’ 

warrant more than average attention. Only in the case of ‘increase predictability’ the 
performance obtained was above ‘average’. This latter effect was significantly stronger for 
organisations at a higher CMM level. Regarding the improvement target defect reduction, 
both the attention for this target (at 95%) as well as the performance regarding this target (at 
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a lower 90%) tends to increase with the CMM-level of a software group. CMM levels 2 and 3 
are aimed at increasing control. Therefore both attention and performance in the area of 
predictability should not come as a surprise. The limited performance in the area of defect 
reduction, certainly as contrasted against the extreme high level of attention paid to it by 
level-3 organisations, is surprising. Apparently control alone is insufficient to increase 
performance in this field.  

 
4.2. Improvement drivers 

Based on literature research a list of improvement drivers have been identified, see section 
2. Each software group was asked to rate the improvement drivers on a five-point scale from 
“very unimportant” (1) to “very important” (5). Improvement drivers are defined as those 
variables whose presence or absence had a key impact on a software group SPI results over 
the last 2 years.  
 
Table 5: Mean scores of improvement drivers from software groups of different CMM- levels 
Improvement driver all cmm1 cmm2 cmm345 stat *
commitment of engineering management 4,09 3,83 4 4,73 0,007
commitment of development staff 3,82 3,75 3,89 4 0,143
sense of urgency 3,51 3,5 3,33 3,5 0,887
commitment of business management 3,40 3,42 3,56 3,64 0,403
availability of qualified SPI resources 3,36 3,25 3,11 4 0,140
availability of engineers time for SPI 3,33 3,33 3,56 2,91 0,212
clear relation between SPI goals and business goals 3,24 2,83 3,78 3,36 0,017
clear and quantifiable improvement targets 3,19 2,83 3,22 3,64 0,028
use of accepted framework such as CMM 3,18 2,92 3,56 3,73 0,001
confidence in SPI results 3,07 3 2,78 3,45 0,074
visibility of intermediate results 2,96 3,08 2,89 3,18 0,289
proper tooling to support the processes 2,93 2,67 3,11 3,09 0,230
sufficient investment in SPI training 2,89 2,5 2,33 3,64 0,008
cooperation other engineering disciplines 2,58 2,25 2,78 2,45 0,396
integration of SPI in general improvement activities 2,44 1,92 2,89 2,45 0,055

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95%; italic: significant at 90 % 

 
Table 5 shows that all but two of the drivers are considered to be of at least average 

importance in explaining SPI effectiveness. This set of drivers thus appears to be of value. 
Significant scores had one improvement driver from the ‘management commitment’ category 
of drivers (see section 2), in particular commitment of engineering management, two drivers 
from the ‘goal orientation’ category, i.e. clear relation between SPI goals and business goals 
and clear and quantifiable targets, and one driver from the ‘resources’ category of drivers, i.e. 
sufficient investment in SPI training.  

Remarkable in this table are the extreme high scores of the ‘commitment drivers’ and the 
closely associated driver ‘sense of urgency’. Also on the higher CMM levels quite high 
scores are reached for these drivers. This result is in-line with earlier research results, e.g. 
[Stelzer et al, 1999]. However in that research only management commitment is mentioned as 
driver. Our research shows that a distinction has to be made between three types of 
commitment. Also interesting is the high valuation of the driver ‘availability of qualified SPI 
resources’ by level 3,4,5 organisations. This might be explained by the complexity inherent 
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to the higher CMM levels, as opposed to e.g. the more basic project management skills 
required to obtain level 2. This corresponds with the higher valuation of the driver ‘sufficient 
investment in SPI training’ by CMM lever 3,4,5 organisations. 

 
4.3. Role of metrics 

In this section the results of a number of questions on metrics will be presented. These 
questions deal respectively with: 
• Level of activity with regards to metrics. 
• The quality of resulting metrics. 
• The usage of resulting metrics. 

 
4.3.1. Metrics level of activities 

To obtain insight into the level of metrics activities in the participating organisations the 
following questions have been asked: 
• Do you have an SPI program in place? (Y/N)  
• Do you have a formal SW measurement program in place? (Y/N) 
• Do you have a SW process data base in place? (Y/N)  
• What metrics do you collect? 

Table 6 shows the results of the first three questions. Tables 7 and 8 provide the results for 
the last question. 

 
Table 6: Percentages of software groups on the different CMM-levels regarding having in 

place three aspects of measurement 
Aspects of measurement all cmm1 cmm2 cmm345 stat * 
SPI program  69,6% 45,0% 84,6% 92,3% 0,001 
Formal measurement program  51,1% 26,3% 38,5% 100,0% 0,000 
SW process database  47,8% 25,0% 30,8% 100,0% 0,000 

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95% 

 
Table 6 shows that software groups that perform on higher levels than CMM-level 2 have 

very high scores on measurement. However, it should be noticed that even on the lower 
CMM-levels 1 and 2 quite high percentages of software groups are active with a formal SPI 
and measurement program and a SW process database, even though CMM doesn’t stress the 
importance of measurement on these lower levels. 

Regarding actual metrics collection a list has been provided to the software groups that 
has been derived form earlier research sponsored by the SPI Steering Committee of the 
global Philips organisation. The question was: which of the following metrics are currently in 
use by a software group? 
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Table 7: actual usage of metrics by software groups that perform on the different CMM-
levels 

 Metrics  all cmm1 cmm2 cmm345 stat * 
 actual effort spending 82,2% 57,9% 100,0% 100,0% 0,001 
 lead time 71,1% 57,9% 69,2% 92,3% 0,041 
 Size 68,9% 63,2% 53,8% 92,3% 0,137 
 schedule metrics 44,4% 21,1% 38,5% 84,6% 0,000 
 staff competence level 44,4% 31,6% 38,5% 69,2% 0,047 
 staff attrition 43,2% 31,6% 53,8% 50,0% 0,253 
 fault density pre-release 37,8% 31,6% 7,7% 76,9% 0,032 
 test coverage % requirements related 35,6% 42,1% 15,4% 46,2% 0,960 
 fault density post-release 33,3% 21,1% 15,4% 69,2% 0,010 
 fault severity distribution 33,3% 31,6% 7,7% 61,5% 0,176 
 cumulative failure profile 33,3% 31,6% 7,7% 61,5% 0,176 
 test coverage % code related 28,9% 26,3% 15,4% 46,2% 0,328 
 re-use metrics 18,2% 15,8% 23,1% 16,7% 0,873 
 mean time to failure 13,3% 15,8% 0,0% 23,1% 0,752 
 time to spec 13,3% 10,5% 23,1% 7,7% 0,972 
 requirements metrics 13,3% 10,5% 7,7% 23,1% 0,379 
 cyclomatic complexity 0,0% 0,0% 0,0% 0,0% - 

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95%; italic: significant at 90 % 

 
Regarding the usage of metrics also the question was asked about the number of metrics 

used. This number was calculated on the basis of the number of metrics selected from the list 
provided. Results are shown in table 8 below. 

 
Table 8: Average number of metrics used 

 all cmm1 cmm2 cmm345 stat * 
number of metrics used  8,8 7,8 6,8 12,4 0,000 

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95% 

 
The table 7 shows that only 3 metrics have a score higher than 50% in the first column (all 

software groups). So, there seems to be little consensus about the metrics that should be used. 
However on the higher CMM level3,4,5 we see that the average number of metrics in use 
increases to 12,4 (see table 8). So, the higher CMM level software groups seem to have more 
consensus regarding the metrics to be used. 

Table 7 shows further that the usage of particularly six metrics show significant scores, 
respectively: actual effort spending, lead time, schedule metrics, staff competence level, fault 
density pre-release and fault-density post release. Fenton and Pfleeger (1997) postulate that 
level two organisations would tend to focus at project management metrics and that level 
three organisations would tend to add to that a number of product based metrics. This is 
confirmed by these results. We see that level one organisations measure all over the place 
while level two organisations clearly focus more on project management metrics such as 
‘actual effort spending’, ‘lead time’, and ‘schedule metrics’. Level three organisations 
consolidate this and add to this product metrics such as ‘fault density pre-release’ and ‘fault 
density post-release’. This concentration on CMM level-specific concerns would also explain 
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the small ‘dip’ in the average number of metrics used by level two organisations (6,8 as 
opposed to 7,8 for level one organisations) as is shown in table 8. 

 
4.3.2. The quality of the resulting data  
 A higher level of activity with regards to metrics as discussed in the previous section is by 
itself not sufficient. The quality of resulting data is also an important factor to take into 
account. Important is the way software groups are experiencing the reliability and the validity 
of the data collected. In this context two questions have been asked; 
1. Are “quantitative data” reliable enough to be reported at Philips level (like nowadays the 

SW CMM Levels)? (Y/N) 
2. Do you validate the data you collect? (Y/N) 

 
Table 9: Collected data from three perspectives 

Data all cmm1 cmm2 cmm345 stat * 
data are reliable at holding level 39,0% 23,5% 27,3% 69,2% 0,015 
are data validated 41,9% 23,5% 23,1% 84,6% 0,001 

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95% 

 
Table 9 shows that mainly at the higher CMM-levels a quite high percentage of software 

groups are convinced of the quality of the data collected. Given the general level of activities 
with regards to metrics by level 3,4,5 organisations this comes as no surprise. More 
surprising is the lack of data quality experience by level two organisations who nonetheless, 
as was shown in the previous section, focus their metrics programs explicitly to be in line 
with their SPI-goals (project management orientation).  

Project evaluations are considered to be vital for SPI progress and also indicate data 
quality. The next table gives the scores from the question: what percentage of SW projects 
does perform a “project evaluation”. 

 
Table 10: Number of software groups that carry out evaluations to a certain percentage of 

their projects 
 Percentages of project evaluations Number of software groups 
 0 – 25 % 8 
 25 - 50 % 7 
 50 - 75 % 8 
 75 - 100 % 26 
 Total 49 
 Stat * 0,001 

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95% 

 
Formal project evaluations seem to be a normal way of working in many of the software 

groups in the Philips global organisation. Table 10 shows that a quite high number of 
software groups (26 out of 50) are doing evaluations in more than 75 % of their software 
projects. A very clear increase of project evaluations could be found in software groups that 
perform on the higher CMM levels.  
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4.3.3. The usage of resulting data 
Results of the question on the importance of metrics for managing software projects are 

depicted in table 11. 
 

Table 11: Usage of metrics 
 all cmm1 cmm2 cmm345 stat * 
metrics guide SW development 69,8% 52,9% 61,5% 100,0% 0,007 

*:  significance Spearman correlation (ordinal by ordinal) 
bold: significant at 95% 

 
Table 11 shows that in average two thirds of organisations do use metrics, with 

specifically level 1 organisations showing a surprisingly high percentage. Level 3,4,5 
organisations all use metrics for this purpose. This clearly indicates a close link between 
CMM level and usage of metrics.  

 
5. Conclusions 

The main conclusions that we can draw from our research are respectively: 
1. The usage of metrics by CMM level 2 and 3,4,5 organisations is clearly in line with their 

SPI-objectives. Level 2 organisations focus more on project management metrics whereas 
level three organisations add to this product metrics. 

2. Software groups that perform on CMM-level 3,4,5 are making significantly more use of 
metrics than software groups on the lower levels. 

3. The most important improvement drivers for CMM are the commitment drivers. The issue 
of commitment should be extend from management to include development staff.  
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Abstract 

There is a growing interest in applying standardized methods for Functional Size 
Measurement (FSM) to Functional User Requirements (FUR) based on models in the Unified 
Modelling Language (UML). No consensus exists on this issue. We analyzed the demands 
that FSM places on FURs. We propose a requirements space with several levels of 
refinement, and show how UML can be used to specify FURs at these levels. FSM can be 
applied at the product level of UML-based FURs. We discuss our experience for three case 
studies and with two FSM methods: Function Point Analysis (FPA) and COSMIC Full 
Function Points (CFFP). 

 
Keywords: Functional Size Measurement (FSM), Function Point Analysis (FPA), 

COSMIC-Full Function Points (CFFP), Unified Modelling Language (UML), Functional 
User Requirement (FUR) 

 
1. Introduction 

There is a growing interest in applying standardized methods for Functional Size 
Measurement (FSM) to Functional User Requirements (FUR) based on models in the Unified 
Modelling Language (UML) [1]. Functional Size is defined as a size of software derived by 
quantifying the Functional User Requirements [8]. Functional User Requirements represent 
the user practices and procedures that the software must perform to fulfil the user’s needs. 
The UML is a widely accepted language - in industry and academia - for specification and 
design of information systems [18]. 

There is no consensus on how to apply FSM to UML-based functional user requirements. 
The use of only some UML models has been investigated in literature. Also, multiple FSM 
methods are available. We have set out to research the applicability of two FSM methods, 
Function Point Analysis (FPA) and COSMIC-Full Function Points (CFFP), on the wide range 
of options in UML-based functional user requirements. Moreover, we wish to know which 
method is best suited for measuring UML-based FURs. 

Our research builds on work of Fetcke [4], Bevo [1] and Jenner [9][10]. Fetcke [4] 
analyzed the applicability of FPA on a UML predecessor, and his mapping is mostly 
conformed by newer work [6]. Bevo [1] defined a mapping between use cases and COSMIC-
FFP v1.0. Jenner [9][10], building on Bevo’s work, used sequence diagrams for FSM. 
Jenner’s proposal has been added to the COSMIC-FFP guideline [12]. 

This paper is structured as follows. In section 2 we discuss our approach and introduce an 
FSM process model, the two FSM methods and UML. In section 3 we analyze the demands 
FSM puts on FURs and the usage of UML in specifying FURs. In section 4 we introduce the 
case studies. The measurement results are discussed in section 5. In section 6 we discuss 
related literature, and in section 7 we present conclusions and recommendations. 

 
2. Approach 

In order to investigate the applicability of FSM to UML-based FURS, we set up our 
research into three parts: 
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1 In the analytical part, we create a requirements space and made conjectures on the 
applicability of FSM on UML-based FURs at various levels of refinement. 

2 In the empirical part, we check our conjectures in three case studies. 
3 In the conclusive part, we compare measurements of UML-based FURs with the two FSM 

methods FPA and COSMIC-FFP. 
In the analytical part, we first analyze two FSM methods. Based on this analysis, we 

specify a number of demands these methods place on FURs to enable proper measurement. 
We also analyze UML’s ability to represent FURs at different levels of refinement. This 
requirements space combined with the demands from FSM, gives a view of at what level of 
refinement FSM can be applied to FURs.  

In the empirical part, we compare FSM results of a UML-based FUR to a traditional (non 
UML) view of the same FUR as outlined in standard ISO 14143-4 [8]. We adapt their 
benchmark process model, intended to compare FSM methods (see Figure ), to compare 
different representations of the same FUR. ISO 14143-4 also provides case studies. We use 
the Hotel Case as our main case study. We use two other cases for additional experience: the 
Library Case [16] and the Security Case [13] used as well by Bevo and Jenner. 

The final part is based on both the actual measurements as well as our experience in 
applying the FSM methods.  

 
2.1. Process Model 

We adapted the process model of ISO 14143-4 [8] (See Figure 1) and identified the 
Reference FUR (2.1) and the UML-based FUR (2.2). For three case studies we transformed 
the Reference FURs into UML-based FURs, which enables comparison of measurements 
with FSM methods. 

 
Figure 1: Process Model, based on ISO [8] 

 
Four ISO-certified Functional Size Measurement methods currently exist. These are 

IFPUG Function Point Analysis [4], Mark II Function Point Analysis [17], NESMA Function 
Point Analysis [14] and COSMIC Full Function Points [2]. The NESMA and IFPUG 
methods are alike and the Mark II method is used less frequently. For this paper, we analyzed 
the NESMA-FPA method and the COSMIC-FFP method. 

The ISO-certified FSM methods have a user-view of software; they measure the 
functionality of the system which is visible for its users. The methods consist of two phases 
(See Figure 1, in boxes 4 or 5). In the mapping phase the FUR is mapped into a model with 
so-called Base Functional Components (BFCs). In the counting phase this model is quantified 
by grading these BFCs. 
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2.2. NESMA-FPA 

In NESMA-FPA [14], the BFCs are transactions. Each transaction (shown in Figure 2 as 
either an arrow for a functional transaction or an oval for a logical transaction) has a certain 
type and functionality: 
• External Inputs (EI): This functional transaction moves data into the application without 

performing data manipulation. 
• External Outputs (EO): This functional transaction moves data towards the user, and 

performs some data manipulation. 
• External Inquiries (EQ): This functional transaction moves data towards the user, and 

does not perform data manipulation. 
• Internal Logical Files (ILF): This logical transaction is persistent data maintained by the 

application through the use of EIs. 
• External Interface Files (EIF): This logical transaction is persistent data used by the 

application, but not maintained by it. 

 
Figure 2: Function Point Model [4] 

 
In the counting phase, these transactions are graded by the amount of data they use. The 

logical transactions (or Files) are graded by the number of their entities (named Referenced 
Entity Types - RETs) and attributes (named Data Entity Types - DETs). The functional 
transactions are graded by the number of attributes (DETs) moved over the boundary and the 
number of referenced logical transactions. Then they are graded to be low, average or high 
and are assigned a number of Function Points (FP) accordingly. 

 
2.3. COSMIC-FFP 

In COSMIC-FFP [2], the BFCs are data movements, shown as the arrows in Figure 3. 

 
Figure 3: COSMIC-FFP Model [3] 
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The data movements are grouped into Functional Processes, being a user-triggered 
function to perform a certain user-identifiable goal (a Functional Process is at the same level 
of abstraction as an FPA Functional Transaction). In a Functional Process, data is moved 
between user and system, or between system and persistent data. A Data Movement is the 
movement of a Data Group, which are subsets of entities.  

The following data movements exist: 
• Entry, from user to system. 
• Exit, from system to user. 
• Read, from persistent data to system. 
• Write, from system to persistent data. 

In the counting phase, each Data Movement is graded as 1 COSMIC Functional Size Unit 
(Cfsu) and all grades are added. 

 
2.4. The Unified Modelling Language 

UML is a language for visualizing, specifying, constructing, and documenting the 
artefacts of a software-intensive system. These artefacts are models represented in diagrams. 
UML 2.0 [18] defines a wide variety of diagrams (see Figure 4). 

 
Figure 4: UML Diagrams 2.0 [18] 

 
The UML has two main types of diagrams, structural and behavioural. An interaction 

diagram is a subtype of behavioural diagrams, showing behaviour in combination with 
structural elements. We only briefly discuss diagrams used in this paper. 

Use Case Diagram: A diagram that shows the relationships among actors and the subject 
(system), and use cases. [18]. This diagram visualizes the system as a box and use cases as 
ovals. A use case represents a function of the system, with actors outside the box accessing it. 
Use cases can be described at various level of formality. These descriptions usually include 
pre-conditions and post-conditions, as well as a step-by-step description of events (the flow 
of events). A path through a use case is known as a scenario. 

Activity Diagram: A diagram that depicts behaviour using a control and data-flow 
model. [18]. This diagram can have an integrated perspective (just showing what is done, 
abstracting from who does what), but it can also use swimlanes to assign behaviour to actors 
or systems. 

Class Diagram: A diagram that shows a collection of declarative (static) model elements, 
such as classes, their content and relationships. [18]. This diagram is used to model classes, 
their attributes and relations. It can be used to model other elements such as operations, but 
that is out of scope of this paper. 
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3. UML-based Functional User Requirements 

First we analyze the FSM methods FPA and COSMIC-FFP in order to determine their 
demands on requirements in general. Next using Lauesen’s [11] levels of requirements, we 
create a requirements space to show possible usage of UML models and diagrams in user 
requirements. Then we place the FSM demands in a UML perspective and select a set of 
UML diagrams for our case studies. 

 
3.1. Required properties of Functional User Requirements 

In order to carry out the mapping phase for FSM methods, a FUR must have certain 
properties [14]. By tracing the measurement process of both methods, we derived 6 demands 
shown in Table 1. 

Table 1: FSM required properties of FURs 
Demand General Description Required Property Required for FPA Required for CFFP 

1 A model of the logical data collection  Logical Transactions Data Groups 
2 The record and data element types of the 

logical data collection 
Grading Logical 
Transactions 

N.A. 
 

3 System and Users have to be defined Application Boundary Application Boundary 
4 An indication if (parts of) the data 

collection is being maintained by this or 
another system 

Assessment of Logical 
Transactions: ILF or 
EIF 

N.A. 
 
 

5 A model showing the system functions 
including their in- and outgoing flow of 
information and their references in the 
logical data collection, including support 
functions (such as help files). 

Locating Functional 
Transactions and 
grading them 
 
 

Locating Functional 
Processes and their 
data movements 
 
 

6 A detailed description of the in- and 
outgoing flows of information to the 
level of data element types. 

Grading of Functional  
Transactions 
 

Assessment of the 
Data Movements 
 

 
3.2. UML Requirements Space for FSM 

According to Lauesen [11], user requirements can be specified at four levels of 
refinement: 
1 Goal-level requirements: Specifying the business goal of a system. 
2 Domain-level requirements: Specifying the domain in which the system is going to 

achieve its goal by describing high-level functions and its support. 
3 Product-level requirements: Specifying the product by its inputs and outputs. 
4 Design-level requirements: Specifying the product in exact detail.  

 
The Unified Modelling Language can express these requirements on levels 2, 3 and 4. 

Goals at level 1 can not be expressed in UML models. We briefly discuss the UML diagrams 
(see Figure 4) usable in these levels. We propose a requirements space as shown in Table 2. 

When describing the domain level one could define the context and the functional 
domains of a system by using a use case diagram. A high-level class diagram could describe 
the domains of data to be used by the system. 

At the product level the domain level use case diagram could be refined, adding some 
functional decomposition and ensuring that the diagram covers the entire system. At this 
point, use case descriptions should be added to describe the functionality. UML offers 
various behavioural models to visualize use case descriptions. Interaction models can also be 
used by abstracting from the structure by modelling that structure as a single system entity. 
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Class diagram could be used to model data and structural relationships (such as traditionally 
in Entity Relation Diagrams). 

At design level we should again refine the product level artefacts. Instead of refining use 
cases, we should focus on describing scenarios. Scenarios can be described with a variety of 
behavioural and interaction diagrams much like at the product level. Class diagram may be 
refined further at this level. 

Table 2: UML Requirements Space 

 
3.3. Applicability of FSM at levels of requirements space 

When considering the FSM demands from section 3.1, FSM should be applicable at the 
product level: 
• The persistent data, its attributes and relations are identified at that level. 
• The context of actors and system is identified at the domain level, and so should the 

maintenance context be. 
• The behavioural description should be detailed enough at the product level. The main 

focus of FSM, measuring the data which flows from and to the user, should be specified 
here.  
This leads to the conclusion that we should use a set of UML diagrams to represent FURs 

at product level. 
Considering demands 1and 2 from section 3.1, we require class diagrams to measure data 

structure and used attributes. Considering demands 3 and 4 from section 3.1, we require the 
use of use case diagrams in which the actors and system boundary are defined. Considering 
demands 5 and 6 from section 3.1, we require the use of use case descriptions: the 
functionality is explained in natural or some semi-formal language. This approach is 
dangerous because of the granularity pitfall [4][6][9][10]; we should be aware of ‘hidden’ 
functionality. Therefore, the addition of a behavioural diagram as used in [15] would be 

Level Model Type Diagrams Describing 
Goal None N.A. N.A. 
Domain Behavioural Use Case Diagram Actors, System, Global Functions 
 Structural  Class Diagram Global Information needs 
Product Behavioural Use Case Diagram Actors, System, Functions 
  Use Case Description Events inside Use Case 
  Activity Diagram Events inside Use Case 
  Interaction Overview 

Diagram 
Events inside Use Case 

  State Machine 
Diagram 

Events inside Use Case 

  Sequence Diagram Events inside Use Case 
  Collaboration Diagram Events inside Use Case 
 Structural  Class Diagram Data needed to support the Use Cases 
Design Behavioural  Use Case Diagram Actors, System, Functions 
  Use Case Description Events inside Use Case 
  Activity Diagram Scenario, showing activities  

and exchanged data 
  Interaction Overview 

Diagram 
Scenario, showing activities,  
exchanged data and control flow 

  Sequence Diagram Scenario, showing exchanged data 
  Collaboration Diagram Scenario, showing exchanged data 
 Structural  Class Diagram Data needed to support the Use Cases 
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useful. By modelling the flow of events, it will be easier to locate functional transactions and 
functional processes in use cases.  

For behavioural modelling of requirements, we choose the use of activity diagrams but 
other choices are feasible. 

 
4. Case Studies 

We investigated three cases (see Table 3): the Library Case [16] used by Sogeti in their 
FSM training, the Security Case [13] used by [1] [9] and the Hotel Case [8]. 

We provide an overview of the Hotel Case and use this as an example to discuss the 
refinement levels of UML for specifying FURs. The other cases will not be presented here 
due to lack of space. 

Table 3: Case Studies 
Case Size in Cfsu Size in FP Pages of FUR Expressed in: 
Library 101 101 10 Traditional (non UML), screen shots 
Security 142 153 15 UML, Sequence & Use Case 
Hotel 57 76 11 Traditional (non UML), screen shots 

 
4.1. The Hotel Case 

The Hotel Case is a relatively small case study, containing however a number of pitfalls 
and some odd design decisions. As such, it is an excellent case to use for a thorough 
empirical analysis. It comprises the creation and updating of reservations. We consider a 
Reservation Subsystem of the larger Hotel System. As shown see Figure 5, it has two main 
use cases: create Reservation and Change Reservation using the secondary use case Confirm 
Reservation.  

 
Figure 5: Product level Use Case Diagram of the Hotel Case 

 
4.2. Functional User Requirements  

Setting up the UML-FUR is part of step 2 in the process model (box 2 of Figure 1). As an 
example, we highlight the use case Create Reservation by discussing its activity diagram. 
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Figure 6: Activity Diagram of Use Case 1 - Create Reservation 
 

This diagram shows activities undertaken in creating a reservation; first the client is 
identified and then the desired stay and room are selected. If the room is available, an 
overview of the reservation is given. If the room is unavailable, an overview is given of the 
available rooms. From there, the room selection can be changed. After the overview, a new 
room can be added in the same way, or the reservation can be confirmed. 

Persistent data in the system is modelled in a class diagram as shown of Figure 7.  
 

 
Figure 7: Class Diagram for Hotel Case 

 
4.3. Mapping Phase 

The mapping phase is the first step in the measurement phase of the process model (box 4 
of Figure 1). For FPA in this Hotel Case, multiple transactions can be identified. The main 
user-identifiable goal is to enter a reservation, an External Input. From the activity diagram it 
can be seen that this comprises of four activities. The show activities serve different user-
identifiable goals; one is to give an overview of the current reservation and one to show the 
free rooms. These are two external outputs.  

Under the COSMIC-FFP guideline for sizing business application software, previewed by 
[12], a functional process must be independently executable and triggered in the world of 
users. When in doubt, any user decision triggers a new process. This example is triggered to 
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book a desired room; this is done after the third activity. The fourth activity is triggered by 
the user to check if this is possible. However, this is no real decision; it is implied that when 
you book a room you want to see if it is feasible. Hence, the functional process ends either 
with an overview of the reservation or with the overview of the available rooms. Selecting a 
new room is a decision, but it leads back to the already identified process. Adding a new 
room is a decision, which also leads back into the already defined process. The alternative to 
adding a new room, the end point in the Activity Diagram, leads to another use case to 
confirm the reservation. As confirming the reservation is not the reason to trigger this 
functional process (it is triggered to make a reservation), Confirm Reservation is another 
functional process. 

 
4.4. Counting Phase 

The counting phase is the second step in the measurement phase of the process model 
(Figure 1, box 4).  

Table 4: FPA count for Hotel Case 
Transaction Type Referenced Files Referenced Attributes Extra DETs FP 
Register Reservation EI 3 14 2 6 
Show current reservation EO 3 5 2 5 
Show available rooms EO 3 7 2 5 
Total     16

 
The FPA count (in FP's) is presented in Table 4. Per transaction, the referenced files and 

attributes are listed. The extra DETs are added per the guidelines [14] to account for the 
access via a menu structure and possible error messages. 

 
Table 5: COSMIC-FFP count for Hotel Case 

Activity BFC Number Cfsu 
Register Client Data Entry 1 1 
Register Arrival date & length of stay Entry 1 1 
Register Desired Room Entry 1 1 
Check Room availability Read 3 3 
  Write 2 2 
Show available rooms Exit 2 2 
Show Current reservation Exit 3 3 
End of Functional Process Exit 1 1 
Total     14 

 
The COSMIC-FFP count (in Cfsu's) is presented in Table 5. Per activity the relevant data 

movements have been listed and graded to the number of data groups. 
 

5. Discussion 
This section addresses the phases Measurement and Conclusion from the process model 

(boxes 6, 7 and 8 of Figure 1). 
We compare our previous results to results based on the traditional (non UML) FUR from 

[8]. These results were obtained by professionals at Sogeti Nederland. The results for the 
Hotel Case were very good; the measurement variances are never higher then five percent 
(which is a commonly accepted variance in practice). The variance that occurs is due to the 
variance in the database model versus the class diagram. The reference database model used 
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code tables; an implementation aspect ignored in UML (and COSMIC-FFP) but not in 
NESMA FPA. Code tables should not be in FURs as they are technical aspects [7]. 

What is interesting in these measures is the ease and speed of applying FPA when 
compared to COSMIC-FFP. FPA has strict defined transactions which are easier to map on 
FURs. On the other hand COSMIC-FFP has functional processes. Mapping complex 
functions onto functional processes is nontrivial. Assessing a function in terms of 
input/output as in FPA provides more intuitive results then assessing its triggers as in CFFP, 
as shown in the Hotel Case. 

For COSMIC-FFP, both phases Measurement and Conclusion can not be automated at 
product level of refinement of FURs. From our example, it is not clear from the activity 
diagram whether the choice between Show Reservation and Show Available Rooms is made 
by the system or by the actor. At the counting phase, the data movements are drawn from the 
use case descriptions and not from the activity diagram. The same applies for FPA. The 
activities in an activity diagram are not typed as being input or output. The counting phase 
has similar problems; the attributes moved and files referenced are not defined in the diagram 
but in the use case descriptions. 

 
6. Related Work 

Several papers in literature discuss FSM of FURs with UML diagrams at various levels 
using various FSM methods. We discuss some papers related with our research. 

Fetcke [4] kicked off the issue in 1998 by creating rules and mapping steps to conform 
IFPUG FPA’s (v4.0) mapping phase to Object Oriented Software Engineering (OOSE, an 
UML predecessor) modelling. He employed use cases to locate the context aspects and 
functional transactions. He used an OOSE-specific model for the logical transactions, but a 
class diagram could easily substitute. His mapping is regarded as being largely correct by 
later literature [6]. Apparently, he measured at product level, which supports our analysis. 

Bevo [1] measured similar to Fetcke, but based on COSMIC -FFP v1.0. He questioned if 
use cases or scenarios were the best candidates as Functional Process equivalents. He 
concluded that counting based on scenarios could give a much larger functional size then 
using just use cases. 

In hindsight it has been concluded by Jenner [9] that Bevo did not compare use cases to 
scenarios but rather used two levels of use cases. In terms of our analysis, he used domain 
level use cases (which he called use cases) and product level use cases (his scenarios). 

Also, Bevo’s counts were made using another interpretation of the COSMIC-FFP counting 
and mapping rules then are used today. As such, his numerical results can not be evaluated 
easily. 

Jenner built upon Bevo’s work and defined the granularity issue; the fact that use cases 
can have different levels of refinement. Jenner proposed using another UML diagram, the 
sequence diagram, as the primary diagram to count COSMIC-FFPs. Jenner then counted the 
same case as Bevo with his method, and found an even higher result by not using one but 
multiple functional processes per scenario. Apparently, Jenner measured at design level as he 
used sequence diagrams to visualize single scenarios. His proposal of sequence diagram 
usage is published in the COSMIC-FFP Guideline. Jenner though, also used a different 
interpretation of the COSMIC-FFP method making a comparison to his and Bevo’s work 
hard. 

In the COSMIC Guideline for sizing business application software, previewed by [12], 
references are made to the UML. Here, mapping rules are given to handle inheritance issues 
for sizing. Also, the Guideline stresses that both behavioural and structural information is 
needed for accurate sizing. The Guideline sees use cases as something completely different as 
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functional processes, as they may be any number of use cases covering any number of 
functional processes. In the appendix to this Guideline, measurement based on sequence 
diagrams is described as very powerful and explained further (in line with Jenner). This 
Guideline provides an accurate coverage on how to handle design level requirements, as 
described in this paper. 

 
7. Conclusion 

We first identified required properties of FURs to enable FSM with FPA and COSMIC-
FFP. Then, we proposed a requirements space for UML-based requirements in four 
refinement levels. Our analysis indicated that FSM on requirements expressed in UML is 
possible from the product level, as well for FPA as for COSMIC-FPP. At further refinement, 
the design level, FSM is supported in the official CFFP Guideline. We checked our analysis 
in three cases. Our results showed that our analysis was correct as the results were on the 
mark for both methods. Differences remain between FPA and COSMIC-FPP, but these are 
not related to the use of UML in FURs. There was a difference in mapping, due to a non-
functional requirement in the reference FUR measured only in FPA and not in COSMIC-
FPP. The FPA method however, is easier to use. This method has stricter rules on its 
behavioural measure. More research is needed on the proposed UML-based requirements 
space. A better view on what models should be used on different levels of refinement would 
improve the applicability of FSM methods to UML-based FURs. 
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A tool for counting Function Points of UML software 
 

D. Pace, G. Cantone, G. Calavaro 
 
Abstract 

This paper presents the conceptual background, and describes the analysis, design, and 
implementation of a tool for supporting Function Point (FP) analysis and documentation of 
Unified Modelling Language (UML) software projects. The guidelines, rules, heuristics, and 
flexibility specifications, already developed in previous papers, constituted the requirements 
for the tool, which is now implemented as a wizard inside IBM-Rational Rose. The paper also 
presents a testing and debugging plan for such a wizard. 

 
1.  Introduction 

The fact that large part of UML is formalized, spawned the idea of investigating the 
chances of providing FP certified experts automatic help when faced with UML documented 
software. 

The adoption of FP counting is nowadays still not sufficiently clear in Object Oriented 
projects, UML projects included. Nevertheless, it is our conviction that it is worth developing 
a flexible model-based tool for counting FP, both for research and industrial settings using 
the UML documentation for their projects. 

The scientific literature reports on models concerning UML-FP counting models. These 
are often incomplete, partially FP inconsistent, and usually missing of empirical evidence in 
support of their pros and cons. We hence mind to a UML to Function Point Parametric 
Automatic Analyser and Counter (PAAC) based on a FP counting meta-model able to host 
the FP consistent parts of the known UML-FP counting models, our own model included 
[1][2].  

In order to instantiate such a meta-model into an actual model, the expert FP counter and 
tool user, rather than using the initial-default set for parameters, is strongly suggested to 
identify and apply the meta-model parameters setting that, in his or her experience and 
responsibility, best fit the company counting needs and preferences, so having a parametric 
semi-automatic UML-FP converter rather than full-automatic converter. Due to its flexibility, 
such tool is also expected to facilitate research in conducting empirical comparisons among 
different FP-UML conversion models. 

We developed UML-FP mapping guidelines and tool flexibility specifications [1][2]. 
These constituted the requirements for our counting tool. Our decision was for a parametric 
tool, one parameter for each flexibility specification and category item. In fact, beside the FP 
basic computation flow, the tool flexibility specifications also manage the FP exceptions, 
which lead to a multiplication of alternative computation flows. Consequently, any FP 
counting tool is expected to be open to local preferences, and its results should be taken as 
suggestions rather than prescriptions for the FP expert. 

In the remaining of this paper, Section 2 reports on related works and tools. Section 3 
briefly recalls UML-FP counting rules already presented in our previous works [1][2]. 
Section 4 presents the statement of such counting rules in terms of software requirements 
while Section 5 describes the architecture, design and some implementation details of the 
wizard. Section 6 discusses testing plan. Some final remarks and forwards in Section 7 
conclude the paper. 
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2.  Related Works and Tools 
In technical-scientific literature, there are some UML-FP counting models but only few 

papers deal with the FP conversion of Object Oriented Analysis and Design (OOAD) 
software documents [3][4][5][6], in particular UML software documents [7][8]. Moreover, in 
order to develop their conversion maps, those papers frequently concentrate on one type of 
UML diagrams. Such an approach has the advantage of simplifying the UML FP conversion, 
which is a great practical advantage in many situations. Of course, such a simplifications can 
show counter charges when more precision is requested to FP measurements.  

In fact, some papers suggested an UML-FP conversion map [3][8]. However, many of 
them limited to convert a few of the OOAD or UML elements into FP entities. Moreover, to 
the best of our knowledge, the map development process was never enacted in full, from 
analysis up to validation, acceptance, and accreditation [9], less than one case, which 
concerned Full Function Point [10], that is a standardized specialization of the FP model to 
real-time and event-driven software. 

Concerning tools, let us recall that the International Function Point User Group (IFPUG) 
allows software certification, distinguishing three types of tools [11]:  
• Type 1 FP Tool: Software provides Function Point data collection and calculation 

functionality, where the FP expert user counts manually the occurrences of FP entities, 
and the software acts as a repository of the data and performs the appropriate Function 
Point arithmetic calculations.  

• Type 2 FP Tool: Software provides Function Point data collection and calculation 
functionality, where the user and the system/software determine the Function Point count 
interactively. The user answers the questions presented by the system/software and the 
system/software makes decisions about the count, records it and performs the appropriate 
calculations.  

• Type 3 FP Tool: Software carries out an automatic Function Point count of an application 
using multiple sources of information such as the application software, database 
management system and stored descriptions from software design and development tools. 
The Software records the count and performs appropriate calculations. The user may enter 
some data interactively, but his or her involvement during the count is minimal. Software 
instructions and criteria of this type tools are currently under review by the IFPUG Board 
of Directors.  
Just a few counting tools were developed starting from ’80s, which can mainly be typed as 

Type 1 FP Tool. Let us note that implementing Type 3 FP (automatic) counting tools is quite 
hard, because parsing of natural language specification documents is requested [12]. In order 
to cope with such an issue, Keith Paton and Alain Abran [13] provided formal notation for 
FPA rules, and presented a formal counting procedure, where 11 of 17 steps were handled 
automatically.  

In another tool, provided by Evelina Lamma et others [14], Entity Relationship Diagrams 
and Data Flow Diagrams were preliminarily translated into Prolog expressions, and hence 
utilized as input; FP counting was the output.  

Caldiera et others [6] implemented a further tool, which was both able to accept inputs 
generated by some UML Computer Aided Software Engineering (CASE), and to output 
Object-Oriented Function Point counts.  

Uemura et others [8] proposed a tool based on their counting approach. Such a tool was 
constructed to automate the measurement procedure; design specifications developed using 
the Rational Rose® CASE are the requested inputs, and FP count is the output.  

CASE applications should open a new prospective in the FPA automation issue, in the 
expectation of some FP experts [12]. 
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3.  Counting UML Software 

Tables from Table 1 up to Table 4 shortly recall results from our previous works [1][2], 
which concerned FP-UML conversion and counting. In the aim of enhancing 
comprehensibility of the tabled items, initials of FP and UML keywords are capitalised. 

Conversion items are shown in the form of rules (ρ) and corollary (χ). Different mapping 
models use some specific alternative items: a heading roman digit is used for both naming 
items that admit alternative choices and identifying the specific alternative in that item set 
(e.g. II.ρ9 is the second alternative of the ninth rule).  

The set of models above, one model for each disposition of alternative values, is a 
parametric meta-model (PAAC). Vice versa, for any given set of parameter values, the PAAC 
meta-model instantiates in a certain Automatic Analyser and Counter, (AAC), which is able 
to enact the mapping model that relates to those parameter values. 

Additionally to tabled items, some further rules are useful for identifying Data Functions: 
(I.ρ24) In order to determine the correct typology (ILF or EIF) of the detected Data 

Functions, the Analysis Model documentation of the application system has to be used. 
(II.ρ24) All Logical Files are ILF, those files excepted that are mapped to classes 

encapsulating external components, which are identified as EIF (e.g. other applications, 
external services, and library functions). 

(III.ρ24) Refuse the existence of EIF: "data maintained externally to the system are never 
directly accessed" [4]. 

(ρ25) Data Functions are all identified as ILF, those Entity classes excepted, that wrap 
databases or other external applications. 
 
4.  Flexibility Requirements 

Let us focus on PAAC specific flexibility requirements (φ). Such flexibility requirements 
descend from alternative rules, as discussed in the previous Section 3 and related tables. 
Again, heading roman digits are used to denote alternative requirements. 

 (I.φ1) In order to get portability, let PAAC include the basic UML, hence leaving the 
responsibility of categorizing Actors to the Function Point Analyst (see ρ1, ρ2, ρ3 in Table 
1). 

(II.φ1) In order to get automatic detection of Actor categories (see ρ1, ρ2, ρ3 in Table 1), 
let PAAC accept, as an optional setting, specific local standards, which could concern names 
to give, or stereotypes to assign, to Actors. 

(φ2) The PAAC we are considering is expected to be parametric with respect to the list of 
the accepted Stereotypes, which will be used for searching Data Functions (see ρ7 in Table 
2). 

(φ3) The PAAC is required to be parametric with respect to those complex attributes 
(classes) to count as DET (see I.ρ9, II.ρ9, II.ρ10 in Table 2). φ3’s parameters affect the 
heuristic algorithm that the PAAC tool should encapsulate to distinguish simple attributes 
from complex ones. 

(φ4) The PAAC is required to allow users to choose the common counting technique that 
they prefer for Generalizations analysis (see I.ρ18, II.ρ18, IIIρ18 in Table 2).  
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Table 1: Use Case Diagram (UCD) 
UML Element Available Counting Rules 

(ρ1) Human Actors are (FP) Users of the application system. 
(ρ2) Non-human Actors, which are external applications, designed not just to 
provide functionality to the application system, are (FP) Users too. Actor 
(ρ3) Actors, which are not recognized using ρ1 or ρ2, have to be discarded from 
FP analysis. 

Use Case (ρ4) Use Cases set is what FPA is expected to count. 

Association (ρ5) The Use Cases that directly interact with Actors are candidates for some 
Transactional Functions (i.e. EI, EO, and EQ). 

Dependency (ρ6) Extension Use Cases and Inclusion Use Cases are candidates for 
Transactional Functions (i.e. EI, EO, and EQ). 

 
Table 2: Class Diagram (CD) 

UML Element Available Counting Rules 
(ρ7) All and only classes stereotyped Entity are Logical File candidates, ILF or 
EIF. Class 
(ρ8) An Abstract Class is taken as a RET candidate rather than a Logical File: One 
RET is assigned to each descending class in the Generalization hierarchy. 
(Ι.ρ9) Class attributes do map DET one to one. 
(II.ρ9) Simple attribute: This represents a basic data type; one DET is counted for 
each of such attributes. Class Attribute 
(II.ρ10) Complex attribute: This refers to a CD class; one RET is counted for each 
of such attributes. 
(ρ11) Non-Abstract Methods only are counted. They are counted one time, 
independently from the number of inheriting subclasses.  
(ρ12) (Concerning method’s arguments) Simple argument: This belongs to basic 
data types; each increases SR complexity by one DET. 
(ρ13) (Concerning method’s arguments) Complex argument: This refers to a CD 
class; if this is recognized as ILF or EIF then the SR complexity increases by one 
FTR (for each argument). 

Class Method 
Service Request 
(SR) 

(ρ14) When a Method has not arguments: The method’s SR complexity is 
assumed as “Average”. 
(ρ6.χ1) Every Entity class of a Generalization is analysed. Non-Entity classes are 
neglected. 
(ρ15) Association terms, which have multiplicity not greater than one (i.e. 1 and 
0..1), increase FP complexity by one DET each. 
(ρ16) Association terms, whose maximum multiplicity is not just one, increase FP 
complexity by one RET each. 

Association 

(ρ17) In Self-Associations, the cycle is counted one time; for the remaining, they 
are Associations (see ρ15 and ρ16 above). 
(ρ6.χ2) Every Entity class of a Generalization is analysed. Non-Entity classes are 
neglected. 
(I.ρ18) In a class hierarchy, a 1 increment affects the RET count of each subclass. 
(II.ρ18) In a class hierarchy, a 1 increment affects the Logical Files count for each 
class (i.e., the root super-class and its subclasses contribute separately to the count 
of Logical Files, and then the Generalization is no further taken into 
consideration). 
(III.ρ18) In an Entity class hierarchy, one Logical File is counted for each total 
path (from the root super-class to leaf subclasses). 

Generalization 

(ρ19) In a Multiple inheritance, 1 RET is counted for each super-class. 
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UML Element Available Counting Rules 
(ρ6.χ3) A class stereotyped Entity, which is (tight or loose) part of a further class, 
is analysed. Non-Entity classes are neglected. 
(I.ρ20) 1 RET increment affects the Logical File complexity of the aggregating 
class. 
(II.ρ20) 1 increment affects the number of Logical Files for each participating 
Entity class (i.e. each class contributes separately to the count of Logical Files and 
then the Aggregation is no further taken in consideration.) 
(V.ρ20) One Logical File is counted for each total path (from the aggregating 
class to aggregated leaf classes). 
(ρ21, ρ22) Aggregation is counted as already mentioned above for Association 
(see ρ15, ρ16 respectively) 

Aggregation 

(ρ23) In Self-Aggregations, the cycle is counted one time and, for the remaining, 
they are Aggregations. 

 
Table 3: Sequence Diagram (SD) 

UML Element Available Counting Rules 

Actor (ρ26) Messages that Actors exchange with Boundary classes produce patterns of 
communication, which are candidates for Transactional Functions. 
(ρ27) Only those objects are kept as Logical File candidates that both include 
some attributes, and exchange data with non-Actor objects: “Objects that have 
attributes changed by the operations of other objects are regarded as ILF and 
others are regarded as EIF” [8]. Object 

(ρ28) Class (and object) stereotypes are definitely useful in identifying 
Transactional Functions. 
(I.ρ29) Any message sent outside the application system boundaries constitutes an 
Elementary Process. Message 
(II.ρ29) A Function Point Elementary Process is characterized by a sequence of 
SD messages (Pattern). 

 
Table 4: Patterns 

(ρ30) When all Messages in an Entity Writing Message Sequences have 
arguments: System Directed Messages Sequences is detected as a pattern, and 
identified as an EI Transactional Function (see rules ρ28 and II.ρ29). 
(ρ31) The DET count of a Transactional Function is the number of arguments in 
messages directed to Entity objects. 

External Input 
Pattern (EIP) 

(ρ32) The FTR count of a Transactional Function is the number of Entity objects 
that participate in the message exchange 
(ρ33) When arguments of all the messages in an Actor Directed Messages 
Sequence include all the attributes of the objects read through Entity Reading 
Messages Sequence: Entity Reading Messages Sequence & Actor Directed 
Messages Sequence is detected as a pattern, and identified as an EQ Transactional 
Function. 
(ρ34) When arguments of all the messages in an Actor Directed Messages 
Sequence include some but not all the attributes of the objects read through Entity 
Reading Messages Sequence: Entity Reading Messages Sequence & Actor 
Directed Messages Sequence is identified as an EO Transactional Function. 
(ρ35) When neither ρ33 nor ρ34 is applicable, then the sequence is discarded. 
(ρ36) The DET count of a Transactional Function is the total number of message 
arguments that are attributes of Entity objects. 

External 
enQuiry – 
External Output 
Pattern 
(EQEOP). 

(ρ37) The FTR count of a Transactional Function is the number of Entity objects 
that participate in the messages exchange. 
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(ρ38) In order to evaluate Function Point, component patterns are extracted and 
separately evaluated. Composed 

Pattern (CP) (ρ39) Counts of the same type are summed, and the final result, i.e. the composed 
pattern, constitutes one Elementary Process. 

 
(φ5) For each Generalization, the PAAC is required to allow users to change the counting 

technique to apply (see I.ρ18, II.ρ18, III.ρ18 in Table 2).  
(φ6) The PAAC is required to allow users to choose the common counting technique to 

apply to Aggregations (see I.ρ20, II.ρ20, III.ρ20, IV.ρ20, V.ρ20, ρ21, ρ22 in Table 2). 
(φ7) For each Aggregation, the PAAC is required to allow the FP analyst to select the 

counting technique to apply (see again I.ρ20, II.ρ20, III.ρ20, IV.ρ20, V.ρ20, ρ21, ρ22 in 
Table 2). 

(φ8) In order to detect automatically classes that wrap databases or other external 
applications, the PAAC is required to analyse Sequence Diagrams for specific message 
sequences (Patterns) (see ρ25 in Section 3). 

(φ9) Searching for candidate message-sequences is specified to be as automatic as 
possible. The Function Point analyst is responsible for accepting or rejecting those candidates 
(see all the rules listed in Table 3 and Table 4). 

(φ10) Concerning message sequences that PAAC is unable to identify as an Elementary 
Process or a related Transactional Function, PAAC is further required to allow analysts to 
evaluate those message sequences, detect further Elementary Processes, if any, and identify 
those processes as Transactional Functions. 
 
5. Tool Architecture, Design and Implementation 

The present Section and related Sub-Sections are concerned with a detailed presentation of 
PAAC meta-model prototype implementation. This is called University of RoMe “Tor 
Vergata” Function Point Analyser (URMTV-FPA). The tool is actually a wizard inside IBM-
Rational Rose©. We implemented such a wizard by using the scripting language Rose 
Extension Interface, which is very close to Microsoft’s Visual Basic for Application and 
provides facilities to create graphical user interfaces. 

In order to meet PAAC requirements and specifications we implemented a user friendly 
GUI which drives step-by-step the users in FP counting. In each step, a dialog window pops 
up and the users can select the preferred analysis item. Moreover, in some critical step, the 
users will be habilitated to use heuristic algorithms in order to perform analysis choices (see 
φ3, φ8, φ9 in Section 4).  

As already mentioned, URMTV-FPA is required to emphasise on flexibility. In order to 
meet such a requirement, our wizard is fully parameterised. These parameters are stored in 
user-modifiable files. Default files are initially proposed by URMTV-FPA. Users can choose 
parameter files to load. 

Parameter files can be grouped in four sets, as in the followings: 
• Complexity: These files store ILF, EIF, EI, EO, and EQ complexity tables. Default 

parameters values are the ones specified by IFPUG Counting Practices Manual version 
4.1.1. 

• Stereotypes: These files store each four stereotype lists. Lists include stereotypes that the 
counting procedure is expected to evaluate (see φ2 in Section 3). Lists start with 
stereotype values “Entity”, “Boundary”, “Control”, and “Actor”, respectively. Concerning 
the use of those lists, the tool employs them in different stages of the FP analysis; for 
instance, the “Entity” headed list allows the detection of Logical Files. In order to find out 
which stereotypes should be searched for Logical Files in various domains, those lists also 
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allow researchers to perform empirical investigations. The default file includes following 
lists: {“Entity”, “EntityBean”, “BusinessEntity”}; {“Boundary”}; {“Control”}; {“Actor”}.  

• Basic Types: These files store each a list of the accepted data types and classes to count as 
DET (see φ3 in Section 3). Those lists allow researchers to perform empirical 
investigations in order to find out which set of basic types and classes should be counted 
as DET or RET, respectively, in various domains. Default file includes the following DET 
classes: {“Integer”, “String”, and “Date”}.  

• VAF: These files store values of 14 General System Characteristics, GSC. The type of 
those values is the integer sub-range from 0 up to 5. The default file includes all values set 
to 2 (average value). 
 

5.1.  Actor Analysis 

Figure 1:  Actor Analysis window 
 
The first step in the Counting procedure is aimed to group Actors in three categories (see 

ρ1, ρ2, and ρ3 in Section 3). “Suggest” button in Figure 1 should call a heuristic algorithm to 
group automatically Actors in the three categories above. However, such an algorithm is not 
yet implemented and our choice was to leave the Function Point Analyst in the responsibility 
of categorising Actors in the absence of automatic supports (see I.φ1 in Section 4). However, 
we are looking for a valid algorithm for categorising Actors, and the button “Suggest” is 
expected to be used in future releases of URMTV-FPA (see II.φ1 in Section 4). In the present 
version of our tool, if it is the first time that analysis of Actors is performed for a certain 
application system then all the Actors in the application populate the “Actors” list box only in 
Figure 1. Else those Actors can populate all list boxes in Figure 1 (No. 3 list boxes,) 
according analysis history. “Human” button and “Non Human” button move Actors from 
“Actors” list box to “Human” list box and “Non Human” list box, respectively. “Revert” 
buttons move Actors back to “Actors” list box. “Info” buttons open the Rational Rose Class 
Specification window for the selected Actor class (see Figure 1). 

“FP Documentation” button allows users to insert remarks on choices they made (see 
Figure 1).  
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5.2.  Class Analysis 
URMTV-FPA detects classes using ρ7 (see Table 2) and implementing φ2 (see Section 4). 

In order to perform class analysis, the Class Summary window allows browsing the class 
collection (see Figure 2). Buttons “previous” ( ), “next” ( ), “first” (< ), and “last” ( >) 
help to browse by allowing users to reach previous, next, first, and last class in the collection, 
respectively. 

Figure 2: Class Summary window 
 
Class Summary window shows following further information: 

• Found Class: Name of the class currently analysed.  
• Analysis Status: Class status in {“ILF”, “EIF”, “RET”, “DET”, “Nothing”}. 
• Stereotype: Class stereotype; necessary to detect the role of the current class in FP 

counting (see ρ7 in Table 2).  
• Abstract: Abstract (“True”) or concrete (“False”) nature of the current class (see ρ8 in 

Table 2). 
• Attributes: Number of attributes of the current class. 
• Generalisations: Number of Generalisations the class is included in. 
• Associations: Number of Associations the class is involved with. 
• Aggregations: Number of Aggregations the class does aggregate.  
• The button “More Info” opens Rational Rose’s Class Specification window for the current 

class wherein a Function Point tab stores class specific data. 
The button “FP Documentation” allows users to document their choices. 
The button “Suggest” calls a heuristic algorithm, which tries to characterise the current 

class as an ILF, EIF, RET, DET (see φ8 in Section 4). However, the tool gives users the 
chance to set such a characterisation by providing following options for class analysis (see 
Figure 2): 
• ILF/EIF: The user should select this option when s/he wants to characterise the current 

class as Internal Logical File or External Interface File. 
• RET/DET: The user should select this option when s/he wants to characterise the current 

class as a RET or DET.  
• Nothing: When the user selects this option, the current class is discarded from further 

analysis. 
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Remaining buttons see Figure 2 do open specific windows: 
• “Attributes Analysis”: URMTV-FPA allows user to evaluate each attribute of the current 

class by providing following options: DET (see I.ρ9 and II.ρ9 in Table 2), RET (see 
II.ρ10 in Table 2) or Nothing (i.e. the attribute is discarded from further analysis). The 
heuristic algorithm implements the flexibility requirement φ3 (see Section 4). 

• “Generalisations Analysis”: In order to categorise parents of the current class, the user can 
choose one from the following options (see φ5 in Section 4): DET, RET (see ρ8 and I.ρ18 
in Table 2) or Nothing (i.e. the generalisation is discarded from further analysis). The 
heuristic algorithm implements flexibility requirements φ3 and φ4 (see Section 4). 

• “Associations Analysis”: The user can choose one from the following options: DET (see 
ρ15 Table 2), RET (see ρ16 Table 2) or Nothing (i.e. the association is discarded from 
further analysis). The heuristic algorithm implements flexibility requirement φ3 (see 
Section 4), ρ15 and ρ16 (see Table 2). 

• “Aggregations Analysis”: Again, the user can choose one from the following options (see 
φ7 Section 4): DET, RET or Nothing (i.e. the aggregation is discarded from further 
analysis). The heuristic algorithm implements flexibility requirements φ3 and φ6 (see 
Section 4). 

 
5.3. Sequence Diagrams Analysis 

Transactional Function analysis begins by choosing the Sequence Diagrams to take in 
consideration. Not all the Sequence Diagrams have the same importance for FP counting: in 
fact, there are some alternative scenarios that describe simple fault situations, or are very 
similar to the basic scenario. Such situations are, very often, meaningless in FP counting. 
Hence, URMTV-FPA allows users to choose the diagrams to analyse and for each Sequence 
Diagram selected, the window “Sequence Diagrams Analysis” pops up (see Figure 3). That 
window allows users to browse the Sequence Diagram collection. Browsing is realised using 
“previous button” ( ), “next button” ( ), “first button” (< ) and “last button” ( >). Such 
buttons allow users to reach previous, next, first and last diagram in the collection, 
respectively.  

Figure 3: Sequence Diagrams Analysis window 
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The window “Sequence Diagrams Analysis” contains the following information: name of 
the Sequence diagram, Number of message that the current diagram includes, number of 
object that are instances of any of the candidate classes, number of Transactional Functions 
(EI, EO, EQ) identified in the diagram. 

Button “More Info” (the one close to the sequence diagram name) activates and shows the 
current Sequence Diagram. 

The Sequence Diagram messages populate two list boxes: “Beginning message”, which 
allows users to choose the Elementary Process beginning-message, and “Ending message”, 
which allows users to choose the Elementary Process ending-message. Close to each list box, 
there is following information: 
• Sender Object, Receiver Object: These two fields show the following information for 

sender and receiver objects, respectively: object name, object class name, class stereotype, 
and class analysis status. 

• Message Status: This field contains the message type (“EI”, “EO” or “EQ”) and its 
relative position in the message sequence (“Begin”, “End” or “BeginEnd”). 
Each button “More Info” does open a Rational Rose’s Message Specification window with 

a Function Point tab containing specific message information. 
“FP Documentation” buttons allow users to insert remarks about analysis choices that s/he 

made. 
The button “Suggest” allows the user to call a heuristic algorithm for automatically 

searching patterns inside the Sequence Diagram (see φ9 in Section 4). Such an algorithm 
proposes candidate message sequences for Transactional Functions using rules ρ30, ρ33 and 
ρ34 (see Table 4). The Function Point analyst is in the responsibility of accepting or rejecting 
those candidates. 

 
Let us explain now steps that a user should enact in order to directly identify and store a 

message sequence as Transactional Function (see Figure 3): 
1 Select the sequence-beginning message in the “Beginning message” list box. 
2 Select the sequence-ending message in the “Ending message” list box. 
3 Select the Transactional Function Type (EI, EO, and EQ) by using the radio button in the 

“Type” option group. 
4 Push the “Store” button to store the sequence. 
5 Perform the Logical Files analysis to count FTR (see ρ37 and ρ32 in Table 4). 
6 Perform the message arguments analysis to count DET (see ρ36 and ρ31 in Table 4). 

Let us highlight that a message sequence should be detected and stored as a Transactional 
Function if no message of that sequence is part of another sequence that user previously 
commanded to store. In case of mistakes, the user command is rejected, i.e. the sequence is 
not stored and a dialog window alerts the user. Let us also note that users can command to 
remove stored sequences; users identify such a sequence by providing the sequence-
beginning message. 

 
6. Testing and Debugging 

At present time, we verified and validated the tool under a limited number of test cases. 
Extensive testing and debugging process has been planned, and the necessary resources have 
been allocated.  

In order to build-up test cases, we are applying a constructive approach. We are taking in 
consideration the entire UML elements, which are involved with our counting procedure. In 
this stage, we are developing a set of test cases for each individual UML element.  
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The complexity of items in such a test case set ranges from very simple test cases to very 
complex ones: for instance, for Class set, we started by developing a class including just one 
simple attribute, and progressively added more attributes, simple and complex ones. Net 
planned step is to pot UML elements together, by using similar constructive approach. 

We are also developing testing supports: in fact, our idea is to have an automatic 
comparison between results, as provided by tool under a certain test case, with results 
provided by an oracle that an expert counter filled out for that test case. Of course, those 
supports should be also able to give help in regression testing.  

 
7. Conclusions and Future Works 

This paper briefly synthesised the fundamentals of UML-FP counting, described the 
organization of an FP counter for UML analysed and designed software, and presented user 
interfaces and other implementation elements of wizard implementing that counter. The 
result was a tool prototype, which allows FP analysts to select the counting criterion that they 
prefer for any type of the counted UML elements (Actors, Classes and their Attributes, 
Associations, Aggregations, and Generalizations), and Message Patterns. The tool also allows 
users to act during all the phases of the Function Point analysis; such a further functionality 
both makes the Function Point analysts aware of their choices and, at the same time, provides 
them some heuristic algorithms to give help in the Function Point count. 

We conducted preliminary testing, and are now in the stage of enacting systematically the 
test, of our tool. Because UML elements can show different levels of complexity, and they 
can be combined in a multitude of different modalities, the testing is catching large amounts 
of time and resources. 
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An analysis of method complexity of object-oriented system using 
statistical techniques 

 
 L. Arockiam,  U. Lawrence Stanislaus, P.D. Sheba, S.V.Kasmir Raja 

 
Abstract 

 Object Oriented Systems are increasingly popular in today’s software development 
environment. Objects are basic run time entities which are instances of classes. A class is an 
encapsulation of data and member functions. The complexity of the design of software has a 
greater influence on the quality of the product. Software complexity is the difficulty 
associated with understanding, extending and debugging. The Object Oriented System 
complexity can be studied at system level, class level and method level. The method level 
complexity contributes for the class complexity and in turn the system complexity. For 
procedural software system, McCabe’s cyclomatic complexity was primarily used to measure 
the method complexity. Since object oriented design is different from the procedural system 
design, there is a need for evolving new methods for studying the method complexity and to 
study the complexity of the system empirically. In this paper, the method level complexity of 
object oriented system is studied by taking a very large project. A new software tool was 
developed and used in metrics data collection. Various statistical techniques were applied in 
classification, summarization and analysis of the quality of the design and to interpret the 
software quality. 

 
Keywords: Object oriented system design, software complexity, method complexity, 

software quality 
 

1. Introduction 
Object-Oriented information systems are becoming increasingly popular in industrial 

software development environments. Object technology offers support to deliver products to 
market more quickly and to provide high quality products with lower maintenance costs. 
Managing any development project requires adequate measurements to be taken and used as 
feedback to construct better strategies and techniques for future projects[1]. Software systems 
are measured for their size, reuse and complexity. 

 
The term complexity is generally used as external characteristic and involves programmer 

characteristics via its major instantiation as psychological complexity which is the main focus 
of much of software complexity research either implicitly or explicitly[4]. Complexity of the 
software needs to be controlled for the easy understanding, debugging and extension.  

 
Software complexity studies began in the early 1970’s when structured programming 

concepts were introduced. The researchers have evolved methods and techniques for 
complexity assessment of software systems at module level and system level. These methods 
and techniques are to be validated empirically for the new software tools and languages used 
for development.  The objective of the investigation is to analyze the method complexity of 
object-oriented systems by taking the new and widely used Java platform projects. Section 2 
presents the related works in the area of software complexity. In section 3, various phases of 
the design of the study are discussed. Section 4 presents the analysis done on the data, 
summarizes the findings and identifies the potential problems for further research work. 
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2. Related works 
Software complexity is defined in IEEE Standard 729-1983 as: "The degree of 

complication of a system or system component, determined by such factors as the number 
and intricacy of interfaces, the number and intricacy of conditional branches, the degree of 
nesting, the types of data structures, and other system characteristics"[14]. 

 
The complexity of a problem is based on the amount of resources required for an optimal 

solution of the problem. The complexity of the solution can be regarded in terms of the 
resources needed to implement a particular solution [6]. Matt Quail’s Law of Software 
complexity is objectively aimed to associate a number with a program, based on degree of 
presence or absence of certain characteristics of software [7]. Matt Quail explained 3 laws of 
software complexity which are listed below [15]: 
• 0th Law: Change Equilibrium - Change is Unavoidable. 
• 1st Law: Complexity will be conserved – Incrementally changes do not change inherent 

complexity. 
• 2nd Law: Software Complexity tends to Maximum Entropy - Aggressive refactoring 

tends to slow down that tendency. 
 
The following are the four distinct areas where the complexity of the software 

increases[14]: 
1. Context Coupling: the degree to which a software elements uses or is used by other 

software elements. 
2. Control Flow: the complexity of the control structure and control elements. 
3. Data Structures: the number and complexity of the data elements. 
4. Size: the volume of the system under consideration. 

Numerous metrics have been proposed for measuring program complexity based on above 
four. 

 
2.1. Different types of software complexity 

Software complexity can be classified into problem complexity, Algorithm complexity, 
structural complexity and cognitive complexity. Problem Complexity measures the 
complexity of the underlying problem. Algorithm Complexity reflects the complexity of the 
algorithm implemented to solve the problem. Structural Complexity measures the structure of 
the software used to implement the algorithm. Cognitive Complexity measures the effort 
required to understand the software. 

 
2.2. Some methods for complexity measurement 

In practice, there are many methods for calculation of method complexity, class 
complexity and system complexity. Some of the popular methods are presented in the 
following subsections. 

 
2.2.1. Complexity metric using LOC 

Software length, measured as LOC (lines of code), is probably the most frequently used 
complexity metric [16]. 
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2.2.2. McCabe’s cyclomatic complexity 
Given any computer program, a control flow graph G can be drawn, wherein each node 

corresponds to a block of sequential code and each arc corresponds to a branch or decision 
point in the program. 

 
Thomas McCabe's [9] cyclomatic complexity measure measures the number of 

independent paths in a program. The cyclomatic complexity (CC) of a graph (G) may be 
computed according to the following formula: 

 
 CC(G)=Number(edges)-Number(nodes)+1      (Eqn: 2.1) 
 Or 
 CC(G) = Number(predicate nodes) + 1     (Eqn: 2.2) 
 
Here the "edges" and "nodes" are in reference to a control flow graph. Cyclomatic 

complexity is the degree of logical branching within a function - pure and simple. Logical 
branching occurs when a "while", "for", "if", "case" and "goto" keywords (or whatever 
variants exist) appear within the function. Cyclomatic complexity is the count of these 
constructs, at least at the simplest level. 

In particular, McCabe has suggested that on the basis of empirical evidence, when the CC 
exceeds 10 in any one module, the module may be problematic[6]. The Cyclomatic 
complexity is a measure of the program's control complexity and not the data complexity.  

Myers[10] noted that McCabe’s cyclomatic complexity measure, v(G) provides a measure 
of program complexity but fails to differentiate the complexity of some rather simple cases 
involving single conditions (as opposed to multiple conditions) in conditional statements. 
Stetter[12] proposed a program flow graph be expanded to include data declarations and data 
references, thus allowing the graph to depict the program complexity more completely. 

  
2.2.3. Knots 

A knot is defined as a necessary crossing of directional lines in the graph. In other words, 
Knot is defined as the total number of points at which control flow lines cross [6]. 

 
The same phenomenon can also be observed by simply drawing transfer-of-control lines 

from statement to statement in a program listing. The number of knots in a program has been 
proposed as a measure of program complexity[13]. 

 
2.2.4. Halstead’s product metrics 

The Software Science measure was developed by Maurice H. Halstead and what it 
attempts to estimate the programming effort relative to the notion of complexity. It delineates 
a set of measurable properties, given as [2]: 
• n1 = number of unique or distinct operators appearing in the implementation 
• n2 = number of unique or distinct operands appearing in the implementation 
• N1 = total usage of all of the operators appearing in the implementation 
• N2 = total usage of all of the operands appearing in the implementation 

 
Now, Halstead defined the relationship that exists between n and N. He called this a length 

equation, which is given as: 
 
 N = n1 log2 n1 + n2 log2 n2        (Eqn: 2.3) 
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Halstead Metrics does not require in-depth analysis of programming structure, predicts 
rate of error, predicts maintenance effort is useful in scheduling and reporting projects and 
can be used for any programming language. It depends on completed code and it has little or 
no use as a predictive estimating model. 

 
2.2.5. Method complexity of OO systems 

The Object-oriented systems differ from the procedural systems in many features. Lorenz 
and Kidd has identified the need for new methods of calculating the complexities of Object-
oriented systems due to short method size, sparing use of case statements and fewer if 
statements[8]. Ramanath Subramanyam and M.S. Krishnan provide empirical evidence 
supporting the role OO design complexity metrics in determining software defects[11]. 

 
3. Design of study 

A systematic approach was adopted in the conduct of experiment. Our measurement 
activity was developed according to Fenton Pfleeger’s conceptual framework for 
measurement [6]. The method complexity parameters considered in the study are Nested 
control structures (NC), Assignment statements (AS), Arithmetic operators (AOP), Primitive 
data types (PDT) and Function Calls (FCAL) at the method level. The sum of complexities of 
methods in the class was taken as the class complexity or weighted method per class (WMC). 

 
The model diagram of the experimental design is depicted in Figure 1. 
 

        
b       s     
  
 

 
Figure 1: Flow diagram of Design of Study 

 
3.1. Objective and hypothesis 

Our measurement goals were documented using Goal-Question-Metric (GQM) model[1]. 
The main goal was to perform an empirical study of method complexity of a recent object-
oriented development environment. 

 
The basic research questions raised were: 

1. What is the mean complexity of methods? 
2. Is there any significant difference in the complexity of methods?  
3. Which of the five parameters namely nested control structures, assignment statements, 

arithmetic operators, primitive data types and function calls significantly contribute for 
method complexity? 

4. What is the mean complexity of classes in the system? 
5. Is there any significant difference in the complexity of classes in the system? 
6. Is there a correlation between number of methods (NOM) in the class and average method 

complexity (AMC), Weighted method per class (WMC) of classes? 
7. Is there a correlation between Weighted  method per class (WMC) and average method 

complexity (AMC) of classes? 
8. Is there a correlation between executable lines of code (ELOC) and average method 

complexity (AMC), Comment Percentage (CP) of   classes? 
9. Is there a correlation between lines of code (LOC) and average method complexity (AMC) 

of classes? 
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The direct metrics collected were the number of nested control structures such as if, for, 

while with their depth data, number of assignment statements, arithmetic operators, the 
number of primitive data types and the function calls. 

 
3.2. Tool design 

As a part of the research, a software measurement tool namely Complexity Metric Tool 
(CMT) was developed. The flow diagram Fig. 2 depicts the working of CMT. When the Java 
file for analysis is given as an input at the command prompt during the execution of the 
CMT, the CMT parses the Input Source File and identifies the tokens such as control 
structures (if, else if, while, for, do-while, switch, etc.,),  = operator (assignment), primitive 
data types (byte, char, Boolean, etc.,) and stores them into the Token Store File. This file is 
read and the metrics values are generated. The metrics values are multiplied with the 
appropriate weighed factors and the derived metrics values such as Average Method 
Complexity, Total Complexity of the Class, Average Class Complexity are also calculated 
and stored in the Complexity Value Store File. 
 
 
 
 
 
 
 
 

 
 
 

Figure 2:  Flow of Data in the CMT 
 

3.3. Population and data collection 
The success of any measurement experiment depends on the careful choice of the data 

source. [18] Recommends collecting data from a single source rather than from different 
sources. The data site considered for the study had to satisfy the following criteria: 
1. Data source should be a large size project (the definition of large size project by Richard 

E. Fairley [5] was used for identifying the project) running for few thousand lines of code 
written in Java. 

2. The code should be of a working product. 
3. A minimum of 30 classes should be present in the project. 
4. The product should be a recent release, which has undergone many refinements in the 

form of versions. 
5. The code should be available under the public license software category. 

 
Based on the above criteria, Apache Software foundation product Xerces J-Tools version 

2.6.2, released in 2004, was selected as a data site[17]. There were 185 Java files among 
which 55 were classes and the others were interfaces. Only 30 classes which contained 256 
methods were chosen by applying lottery method of sample selection and studied their 
method complexity. 
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4. Analysis and interpretation of data 
The data collected from the source were classified and summarized. The mean, standard 

deviation and correlation co-efficient values were calculated using the statistical functions 
available in MS-Excel package. 

[8] Suggests a set of weights for the elements in the method. These weights were used 
with little modifications and extensions in calculating complexity. Assignment Statements 
were assigned 0.5. Function calls were assigned 5. The weights were validated by experts and 
by students using a questionnaire. The following Table 1 shows the weighted values assigned 
for the nested control structures. 

 
Table 1: Weighed Values for Control Structures (10 Levels) 

 -------------------------------------------------------------------------------------------------------- 
 Level  if         else-if  switch                for while  do-while 

 -------------------------------------------------------------------------------------------------------- 
   1     0.1 0.1  0.2  0.3  0.3  0.3 

 2     0.2 0.2  0.3  0.4  0.4  0.4 
 3     0.3 0.3  0.4  0.5  0.5  0.5 
 4     0.4 0.4  0.5  0.6  0.6  0.6 
 5     0.5 0.5  0.6  0.7  0.7  0.7 

   6     0.6 0.6  0.7  0.8  0.8  0.8 
 7     0.7 0.7  0.8  0.9  0.9  0.9 

   8     0.8 0.8  0.9  1.0  1.0  1.0 
   9     0.9 0.9  1.0  1.1  1.1  1.1 
   10    1.0 1.0  1.1  1.2  1.2  1.2 

 

The weights assigned for primitive data types and arithmetic operators are given in Table 
2 and Table 3 respectively. 

 

 Table 2:                                                                                      Table 3: 
Weights for Primitive data types                                       Weights for Arithmetic operators 
------------------------------------ -----------------------------------------------  
Data type   Weight                                                         Operators               Weight 
------------------------------------ ---------------------------------------------- 
boolean         0.1                                                                ++           0.5              
byte  0.1                                                                 -- 0.5 
char  0.2                                                                 +                          1.0 
short  0.2                                                                  - 1.0 
int  0.3                                                                 *                          1.5 
float  0.4             /                          1.5 
long 0.5                                                                 %                         2.0 
double  0.5 
------------------------------------  ----------------------------------------------  

 
Each metrics data collected were multiplied by their corresponding weights and 

complexity (CMP) of each method was calculated. The summary of data collected from the 
data site is presented in Table 4. 

 
The weighted method per class (WMC) of a class is calculated  
 
 Weighted Method per Class (WMC) = Σmci     (Eqn.3.1) 
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where method complexity mci of ith method is given by 
 
 mci=CMP(NCi)+CMP(ASi)+CMP(AOPi)+CMP(PDTi)+CMP(FCALi) (Eqn.3.2) 
 

 
Table 4: Summary of Statistics Collected 

S.No Class Name  Min Max WMC =∑ mci NOM AMC = MC/NOM LOC ELOC CP 

1 DocumentBuilder 0 27.7 69.6 12 5.8 282 65 65.6028
2 DocumentBuilderFactory 0 30 33.6 17 1.9764 333 

65 69.6697 
3 FactoryConfigurationError 0 10.6 37.6 6 6.2666 161 

30 64.5963 
4 Parser 

ConfigurationException 
0 5 5 2 2.5 88 

9 79.5455 
5 SAXParser 0 35.7 245.5 17 14.4411 480 113 63.4573 
6 SAXParserFactory 0 30 31.2 9 3.4666 253 44 74.3083 
7 SecuritySupport 0 15.1 46.2 7 6.6 133 

42 60.9023 
8 TransformerFactory 0 30 30 13 2.3076 289 

35 83.0450 
9 TransformerException 0 86.3 290.7 15 19.38 398 

165 43.7186 
10 Transfomer 0 0 0 13 0 281 7 91.8150 
11 OutputKeys 0 0 0 1 0 214 15 87.3832 
12 DOMResult 0 5 7.5 7 1.0714 172 29 74.4186 
13 DOMSource 0 5 7.5 7 1.0714 161 29 72.6708 
14 SAXResult 0 5 8 8 1 170 33 70.5882 
15 SAXSource 0 46.2 70.8 10 7.08 220 57 63.6364 
16 SAXTransformerFactory 0 4.5 4.5 7 0.6428 179 22 80.4469 
17 StreamResult 0 30.2 43.7 12 3.6416 229 53 67.6856
18 StreamSource 0 10.5 24.5 16 1.5312 305 61 71.4754 
19 FilePathToURI 0 158.

4 
158.4 1 158.4 169 

85 43.1953 
20 Version 0 7 12 4 3 110 20 77.5862 
21 DOMException 0 5.5 5.5 1 5.5 116 23 69.9405 
22 EventException 0 5.5 5.5 1 5.5 37 9 66.6667 
23 RangeException 0 5.5  5.5 1 5.5 39 10 66.6667 
24 SAX 

NotRecognizedException 
0 5.5 5.5 2 2.75 59 

13 59.3220
25 SAX 

NotSupportedException 
0 6.5 6.5 2 3.25 59 

13 61.0170 
26 InputSource 0 5 7.5 14 0.5357 336 65 69.9405 
27 XMLFilterImpl 0 25.1 184.2 36 5.1166 714 270 47.1989 
28 TransformerFactory 

ConfigurationError 
0 10.6 37.6 6 6.2666 147 30 66.6667 

29 Transformer 
ConfigurationException 

0 5 5 6 0.8333 131 24 76.3359 

30 ParserFactory 0 26.1 36.1 3 12.0333 128 38 66.1417 
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Table 5 and Table 6 Lists the Correlated values between various metrics considered in the 

study. 
  Table 5:                                                                           Table 6: 
 Correlated values     Correlated values 

 
NC vs MC 0.9040  NOM vs AMC -0.1686
AS vs MC 0.8406  WMC vs AMC 0.3991

AOP vs MC 0.6888  NOM vs WMC 0.5166
PDT vs MC 0.7417 ELOC vs AMC 0.1948
FCAL vs MC 0.9958 

  

ELOC vs CP -0.6450
    LOC vs AMC -0.0191

 
From the analysis of the direct and indirect metrics values, it is observed that: 

1. The AMC of methods range from 0.0 to 158.4 and the mean complexity is found as 
9.5821. 

2. It is found that the difference in the complexity of methods is not much significant.  
3. Among the five influencing parameters, namely Nested control structures  Assignment 

statements, Arithmetic Operators , Primitive Data types and Function calls, significant 
contribution to method complexity has been made by Function calls, Nested control 
structures and  Assignment statements.  

4. The mean value of WMC was found to be 5.5672 where the range varies from 0.0 to 
290.7. 

5. It is found that the difference in the complexity of classes is significant. 
6. The relationship between NOM and AMC is weak and negative. NOM and WMC show a 

weak positive relationship. 
7. It is observed that the WMC and AMC have very weak positive relationship. 
8. The relationship between ELOC and AMC is weak and positive. ELOC and CP exhibit 

weak negative relationship. 
9. The LOC and AMC have very weak negative relationship.  

 
The figures 3a, 3b and 3c show the study results, In Fig 3a, NOC denotes no of classes. 
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Figure 3a: Bar Graph of AMC vs NOC 
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Figure 3b:  Bar Graph of MC vs NOM 
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Figure 3c: Complexity of Parameters Vs NOM 

 
5. Conclusion 

The study conducted on the system reveals that the methods constructed in java systems 
are small. The complexity of the methods is due to the use of nested control structures and 
arithmetic expressions. Introduction of sufficient comments will reduce the difficulty in 
understanding, debugging and extending efforts. Further studies can be conducted to find out 
the impact of method complexity on defect density of the system. A study on impact of 
method complexity on cognitive complexity and reusability will bring more useful results to 
the designer for designing well constructed methods of object-oriented systems.  
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The dangers of using measurement to (mis)manage 
 

Carol A. Dekkers - CMC CFPS P.Eng, Dr.Patricia McQuaid 
 

Abstract 
The past 20 years have been rife with changes to the information technology industry 

ranging from code and fix, to structured methodologies, to extreme programming. The 
pursuit of numerical justification for change has resulted in a rise of measurement initiatives, 
some more successful than others. With statistics that show that a mere 20% of measurement 
programs survive to their second birthday (and some cause real damage), coupled with the 
proliferation of “How to measure” books, it is clear that there is more to measurement than 
technical implementation. This article explores the reasons for measurement failures and 
recommendations preventative actions to achieve measurement success. 

 
1. Introduction  

Over a decade ago, Tom Demarco coined the popular phrase “You can’t control what you 
can’t measure”. However, after witnessing system development measurement efforts where 
the results were blindly interpreted, he rethought his earlier premise. In the essay “Mad 
About Measurement”, he recanted his measurement ideas by stating: “Metrics cost a ton of 
money. It costs a lot to collect them badly and a lot more to collect them well…Sure, 
measurement costs money, but it does have the potential to help us work more effectively. At 
its best, the use of software metrics can inform and guide developers, and help organizations 
to improve. At its worst, it can do actual harm. And there is an entire range between the two 
extremes, varying all the way from function to dysfunction” [DeMarco, 1995].  

DeMarco’s reversal almost ten years ago seems to be largely ignored with the current 
trend to capture more and more measures. Since that time, researchers, academics and 
practitioners have spent an enormous amount of time developing sophisticated measurement 
frameworks to measure everything from defect density, to scope creep, to complexity 
metrics, to function points, and so on. Following their lead, companies have embraced 
measurement, often as a panacea for process improvement. While there are success stories 
where the proper and targeted use of measurement led to advancements and increased the 
bottom line, these companies comprise only 20% of all companies who actually implemented 
measurement programs [Rubin cited by Dekkers, 1999]). 

While an 80% failure rate with measurement is astounding, what is even worse is that 
some of these companies actually cause harm or negative results by “misusing” 
measurement. There are two types of companies who misuse metrics: those who do so 
negligently; and those who do so maliciously (to “prove” that their opinions are right). It is 
the former group to whom we wish to appeal – so that their measurement programs can turn 
around and become part of the successful minority. There are three basic problems that 
emerge with measurement:  
1. A basic misunderstanding of the underlying theory of measurement and what is being 

measured; 
2. Incorrect use of measurement data leading to unintended side-effects that can cripple the 

progress and success of the organization; and, 
3. Disregard for the human and knowledge intensity of software development. One of the 

most overlooked aspects of software measurement is the effect on the people involved. 
Measurement involves cultural change, the extent of which is seldom planned for or 
anticipated. 
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It is critical to first analyze the measures and their potential, practical value, before 
collecting and acting on them. The most important advice is to apply common sense! As Cem 
Kaner says, “The invisibility of underlying measurement models has led people to use 
inadequate and inappropriate ‘metrics’, deluding themselves and wreaking havoc on their 
staffs” [Kaner, 2000]. The authors have seen many cases of this in practice. 

In fact, one of the authors recently reviewed a textbook manuscript on software project 
management for a major publisher. The author described using the software sizing measure, 
function points, to measure an individual’s productivity and suggested that a project manager 
could track individual performance based on the number of function points per developer, or 
the number of function points per unit of time (e.g., day, week, month). What a misuse of a 
measure! To use a ratio of “software size”, coupled with work effort as a measure of personal 
productivity is ludicrous – similar to judging building contractors solely on the number of 
square feet accomplished in a day. In software, this is even more dangerous because work 
effort is a function of technology, methods, users and many factors beyond those within an 
individual’s control. This is our central theme: While one can correlate any two data points 
simply by calculating an arithmetic ratio – it does not guarantee a meaningful result. We 
contend that it could be declared “management malpractice” to negligently use measurement 
to make decisions without understanding the data!  

Various writings by Dekkers, Goodman, DeMarco, Grady, Austin and Landsbaum 
illustrate how using measures to inappropriately reward (or penalize) developers can incent 
dysfunctional behaviour, degrade product quality, and decrease morale. This tendency is so 
widespread that the International Function Point Users Group (IFPUG) published guidelines 
on the proper use of function points [IFPUG, 1998]. Furthermore, in some countries 
including Australia, it is known that legal ramifications could result if function points are 
used to measure personal productivity! [personal e-mails from various Australian IT industry 
colleagues to Dekkers, 2001] 

Three leading experts share their thoughts on the impact of measurement misuse: 
1. Kaner: “Measures are not made acceptable simply because they are easy to compute and 

seem relevant. They are not valuable merely because they have something to do with the 
latest goal-of-the-week. They work when they actually relate to something we care about, 
and when the risks associated with taking the measures (the probable side effects), in the 
context of the scope of use of those measures, are insignificant compared to the value of 
information we actually obtain from them. To understand that value, we must understand 
the underlying relationship between the measure and the attribute measured” [Kaner, 
2000]. 

2. Hoffman: “It is imperative for any organization interested in quality to be alert and careful 
about metrics. Even organizations that have well established programs, especially 
organizations with long established metrics programs, ought to consider whether the 
metrics have the desired meanings and identify what side effects are caused. Where efforts 
are diverted without improving the product or its quality, some questioning should be 
made as to the appropriateness of the measures and metrics. The unintended side effects 
may be slowing rather than streamlining the organization” [Hoffman, 2000]. 

3. Lawrence: “Even simple, harmless-looking measures can be dangerous. For example, they 
can give you a nice, clear picture of an illusion. You measure because you want to make 
better-informed decisions. Do you want to base your decisions on illusions? Even worse, 
measures can have potent side effects, which may cause long-term damage to your 
organization. Be really careful when you set out to measure things” [Lawrence, 2000]. 
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Given these critical warnings, it makes sense to spend time planning a measurement 
program. In the sections that follow, we provide a brief background about measurement, 
discuss reasons that measurement in Information Technology is often (rightfully) looked at 
with disdain, and recommend steps to assess and implement measures that will succeed with 
your organization’s business goals. We’ve drawn examples from various measurement 
domains, including testing, complexity metrics, and software size (in function points). While 
each measure is distinct for a given purpose, misuse of any measure can lead to similar, 
undesirable consequences. 

 
1.1. Background on measurement 

The ability to measure properties of entities, to assign numbers to observed phenomena, to 
postulate and verify theories, and to draw informed conclusions from controlled experiments 
is essential to any scientific discipline. “In the physical sciences, measurement is usually a 
well-defined process, since fundamental attributes of interest such as mass, volume, 
temperature, etc., have been identified over the long history of the scientific method, and 
universally accepted instruments and units of measure have evolved. The degree to which a 
physical entity possesses a given attribute is usually not a matter of opinion, but is directly 
observable. On the other hand, computer software is a relatively new form of entity, and 
underlying engineering principles that apply to the software development process, especially 
those concerned with measurement of software attributes, are still evolving. Unlike physical 
objects, most interesting attributes of software are generally qualitative in nature and, as such, 
do not have precise meanings that can be described by some mathematical model” [McQuaid, 
1996]. 

There are many definitions of measures in the literature, some more theoretical than 
others, such as Fenton [Fenton, 1994]. We prefer Kaner’s more practical definition that: 
“measurement is the assignment of numbers to objects or events according to a rule derived 
from a model or theory” [Kaner, 2002]. 

Independent consultant, Esther Derby, succinctly describes a useful measurement as: “one 
that helps you understand and make decisions. The cost of gathering the information can’t 
exceed the benefit it provides, and the measurement shouldn’t have lots of unintended side 
effects” [Derby, 2000]. While this makes perfect sense and appears to be intuitively obvious, 
in practice, these guidelines are often overridden in pursuit of “technically perfect” 
measurement programs. 

So how can one get started properly with measurement? We recommend that the first 
steps, before deciding on the measures, be to research and analyze your organization’s 
measurement goals (what you hope to gain through measurement), decide what questions will 
answer whether the goals are being met, and then select the appropriate data ratio or 
measures. Ultimately, we also need to assess how acting on this data could affect the 
company’s operation, both intentionally and unintentionally. This is the basis of the GQM 
(Goal Question Metric) approach to measurement developed by Victor Basili in 1984 [Basili, 
1984]. Basili’s structured approach ensures that chosen metrics will produce meaningful 
inferences. Goals form the requirements, or targets, for measurement, the questions support 
their achievement, and the metrics (meaningful ratios of measures), provide answers to the 
questions. This provides the foundation for a software measurement program. Goodman 
defines software measurement as “The continuous application of measurement-based 
techniques to the software development process and its products to supply meaningful and 
timely management information, together with the use of those techniques to improve that 
process and its products” [Goodman, 1993]. 
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1.2. 10 Factors to Consider When Choosing a Measure  
Kaner proposes a measurement model and states that the theory underlying a measurement 

must take into account a set of ten questions as shown in Figure 1 [Kaner, 2002]. As a 
preface to the model, consider statements made by Hoffman, an independent consultant: 
“There sometimes is a decidedly dark side to software metrics that many of us have observed, 
but few have openly discussed. It is clear to me that we often get what we ask for with 
software metrics and we sometimes get side effects from the metrics that overshadow any 
value we might derive from the metrics information. Whether or not our models are correct, 
and regardless of how well or poorly we collect and compute software metrics, people’s 
behaviours change in predictable ways to provide the answers management asks for when 
metrics are applied. I believe most people in this field are hard working and well intentioned, 
and even though some of the behaviours caused by metrics may seem strange, odd, or even 
silly, they are serious responses created in organizations because of the use of metrics. Some 
of these actions seriously hamper productivity and can effectively reduce quality” [Hoffman, 
2000]. 

Kaner’s prerequisite measurement questions can also be used to design and implement a 
measurement program. We recommend that you use these questions as the basis for selecting 
each candidate measure implementing it as part of a measurement program: 

As Hoffman states, “One problem comes from a lack of relationship between the metrics 
and what we want to measure … and a second problem is the over-powering side effects from 
the measurement programs…. The relationship problem stems from the fact that the measures 
we are taking are based on models and assumptions about system and organizational 
behaviour that are naïve at best, and more often just wrong” [Hoffman, 2000]. He further 
reports, “In one case the testers withheld defect reports to befriend developers who were 
under pressure to get the open defect count down. In another case the testers would record 
defects when the developers were ready with a fix to reduce the apparent time required to fix 
problems” [Hoffman, 1996]. DeMarco [DeMarco, 1995] and Austin [Austin, 1996] also 
noted the dangers of unintended side effects. 

 
2. Common characteristics of successful measurement programs 

Grady identifies both tactical and strategic reasons for measurement. He states that project 
managers must “Define the right product, execute the project effectively, release the product 
at the right time.... Software metrics help to clarify those details,” and later, “As more people 
and organizations have adopted metrics, metric usage has evolved to become a strategic 
advantage” (through software process improvement) [Grady, 1992]. Overall, a properly 
planned and implemented measurement program allows a company to identify, standardize, 
improve and leverage their software development best practices. 

As stated previously, nearly 80% of software measurement programs fail within the first 
two years. This failure rate is consistent over the past decade, and has occurred in spite of 
increased industry expertise and the abundance of models outlining how to set up a 
technically sound software measurement programs. A survey of current software 
measurement literature reveals that there is an overwhelming focus on the technical aspects 
of implementing measurement, but very little on the cultural or human side of its 
implementation. While important, the technical design and implementation of a sound 
measurement program (technical correctness of the measures themselves and the collection 
processes), are of minimal importance when compared to the people issues. It may surprise 
you that success is not tied to massive budgets and corporate-wide initiatives, but instead 
focuses on the cultural and people issues surrounding measurement. The factors outlined 
herein were discovered through hands-on contact and observation of client organizations, in 
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conjunction with industry published literature. The remainder of this article focuses on the 
key, non-technical characteristics of successful measurement programs, those programs that 
have survived beyond two years and become integrated with system development processes. 

 
2.1. Set solid objectives and plans for measurement 

The old adage, “no one plans to fail; yet many fail to plan”, is especially true in 
measurement. While few software projects would be financed without at least sketchy 
requirements, there are many measurement programs funded without goals and objectives. 
Successful measurement programs aim to achieve firm objectives, and measurement 
facilitates tracking and control of specific processes to reach those goals. 

One of the best ways to ensure measurement program success, is to implement it as a 
development project: complete with requirements, design, and build phases, and including 
formal project management. In so doing, the software measurement program obtains the 
necessary framework to succeed. As such, the measurement program’s scope must be 
justified, formal requirements stated, affected processes analyzed and designed, and metrics 
chosen to support the program's needs. 

Companies with successful programs take metrics seriously from the start. They plan, fund 
and implement measurement as a formal project, complete with a solid combination of 
metrics targeted to their needs. Goals are set and measures are aligned to support key 
decision-making. Whatever your goals for measurement, make sure that they are the same 
goals that are important to your company. 

 
2.2.   Make the measurement program part of the process -- not a management 

“pet project” 
Companies with successful measurement programs understand what measurement can and 

cannot do. Management relies on the measurement data to make key decisions, and data 
collection is an integrated part of the software development process. As such, when there is a 
turnover in management, the measurement program is neither a peripheral pet project nor is it 
prone to budget cuts.  

How can you accomplish this in your own organization when management views 
investment in measurement as a costly program? Target your goals, questions and metrics to 
support key decision making processes and maximize the use of current data collection 
procedures to meet your needs. Measurement must be the means to an end -- the end being 
your goals of improved quality, productivity or software estimation -- not an end in itself. 
Measurement must support process improvement and provide a return on investment if it is to 
survive when times are tough.  

When we have interviewed out of work metrics practitioners about their biggest 
measurement implementation blunder --a common answer emerges: “Measurement was 
perceived as overhead, similar to training, and was cut when management needed to trim 
non-essential services”. 

While it can take upwards of eighteen months to achieve tangible results from 
measurement, targeting a few short-term deliverables in support key decision making early 
on will lead to success. Every company has development areas of “pain” where measurement 
can contribute quickly to quantify improvement potentials -- these are critical opportunities 
where measurement can deliver value, with minimal investment.   
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2.3. Gain a thorough understanding of measurement -- including benefits and 
limitations  

Managers in companies with successful measurement programs understand that process 
improvement comes about because of corrective action, not due to the act of measurement 
itself. Measured data is passive --- it simply reports the values of current data, but 
measurement is not THE corrective action. Successful companies implement corrective 
actions based on the measurement, and then go back and measure the subsequent results.  

Although they may be anxious for measurement results, there must be an appreciation that 
measurement involves a cultural shift for the business -- a shift from managing by “gut feel” 
to managing by fact. This recognition overcomes a common cause of program failure -- 
unrealistic estimates of how quickly measurement results will be delivered. (We know of 
corporate-wide measurement programs given six months in which to deliver or die, and that 
included setting the goals, program design, implementation, data capture, analysis and 
results! This is highly impractical.) 

In successful programs, metrics are used and analyzed appropriately. Measures such as 
function points are used as they were intended -- to provide a measure of the size of the 
functional user requirements, -- not misused to evaluate other areas such as individual 
productivity. There is no silver bullet or “Swiss army knife” in measurement --to succeed, 
your organization must understand this.  

We concur with the International Function Point Users Group’s (IFPUG’s) position that 
using function points (FP) to measure an individual's productivity (FPs per developer) is one 
of the cardinal sins of functional size measurement. An explicit section in the IFPUG 
publication: Guidelines to Software Measurement, is titled “Measures Processes, Not 
People”. It states: “Measurement information is used to improve software processes, not to 
measure individual performance. The program measures the process, not the people. It 
supports continuous process improvement” [IFPUG, 1999]. 

 
2.4. Focus on the cultural issues 

Measurement programs are successful because people allow them to succeed. When staff 
is involved in the overall development of the measurement program, they more readily can 
embrace the changes associated with measurement itself. As such, support is gained and 
software measurement is given the opportunity to succeed. Cultural change affects how 
people view their work, how they interact with others and how they perform their work. 
Measurement involves cultural change. 

Even though some recognize that people are the single largest determinant of software 
measurement success, corporate measurement plans commonly “gloss over” these cultural 
issues. Goodman supports this premise in the closing thoughts of his book, Practical 
Implementation of Software Metrics: “Perhaps you have been surprised by the relatively 
small part that ‘metrics’ have to play in this work, and how much the involvement of people 
can affect the success or failure of such a programme” [Goodman, 1993]. 

In North America, measurement is a part of our everyday life illustrated by sports (batting 
averages), finance (taxable income) and life in general (blood pressure, weight, age), all of 
which are predominantly related to “personal” attributes or behaviours. This carries over into 
the assumptions people hold about software measurement, and that software measures can or 
should reflect people’s performance. Wrong! Companies with this insight will provide 
training and other opportunities for people to learn the real aspects of software measures. 
Coordinators of successful measurement programs also know that new concepts are learned 
through frequent, short exposures to consistent information In addition, personal sounding 
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metrics such as “Productivity” are replaced by the more accurate term “Delivery Rate” to 
depersonalize the meaning of the metric. 

While measurement transforms an organization's business from managing by feeling to 
managing by fact, its people are forced to change their business “culture”. It is critical for 
management to accept that resistance to change is human nature and should be expected and 
tolerated if one wants to succeed with measurement. Landsbaum encountered and 
summarized this natural resistance to change by stating: “Everyone was totally in favor of 
consistency, as long as it turned out to be the way they were already doing it” [Landsbaum, 
1992]. 

Additional information describing the effects of people on a measurement program can be 
found in [Dekkers, 1999]. The article identifies and tackles common myths held by 
management and professionals about software measurement. To cite a few examples: 
• Myth: There always will be people who resist change. Just give them time and they will 

come around. 
• Myth: Teach people the basics of measurement; then they will not need ongoing 

presentations. 
• Myth: People can manage the start-up of the measurement program in addition to their 

current job. 
• Myth: Anyone who is available is a good candidate for the measurement coordinator. 
• Myth: Measurement data brings its own rewards 

It is critical to consider the impact of cultural change when planning to introduce software 
measurement in an organization. 

 
2.5. Create a safe environment to collect and report true data  

Another key in successful measurement programs is the ability to collect and accurately 
report true data. Equipped with an accurate picture of the development process, managers 
can develop corrective action that results in real process improvement. In many cases, this 
does not happen naturally because the reward or incentive systems are often at odds with the 
reporting of true data. Data is passive, and unless people can report data without being 
punished for how good or bad it may appear to be, measurement cannot succeed. Success 
comes from being able to accept the current situation (whether it is good news or bad), and 
then acting to improve on it. If people are afraid to report accurate data, measurement will 
end up masking problems, and the measurement initiative will fail because there will be no 
way to correctly analyze the data or act on its results. Predictably, there will be no way for 
measurement to deliver as planned. In simple terms, what gets rewarded gets done, and true 
support for measurement will only emerge when people are not punished with the data they 
report. Grady concurred in his recollections from Hewlett Packard: “Understand the data that 
your people take pride in reporting. Don’t ever use it against them. Don’t ever even hint that 
you might” [Grady, 1992]. 

Another important corollary to this is to provide people with access to the measurement 
data, and collect the data using consistent measurement definitions. The introduction of 
measurement implies that something requires improvement, and professionals resent the 
implications that their work needs improvement. Providing ready access to the collected 
measurement data eliminates fears of its misuse and minimizes the degree of speculation 
about management motives (outsourcing, downsizing, personal measurement). 

It is also important to audit and validate the correctness of the data. Once again, in the 
words of Grady, “you have to convince people of the importance of measurement, and you 
have to follow through by building an environment of trust with consistent, correct use of 
data” [Grady, 1992]. 
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2.6. A predisposition to change 

Organizations with successful measurement programs actively respond to what the 
measurement data tells them. If the quality decreases for a product or process being 
measured, an investigation into the root cause is launched and appropriate remedial actions 
are taken. If the quality does not increase as a result of this subsequent action, further 
investigation is done and other changes are made. Corrective action plans are implemented to 
improve one or more aspects of the development life cycle until the processes affected are 
brought under control. In organizations with successful measurement, the process 
improvement and remedial action decisions rely on the results of the measurement data. 

To succeed, there must be a commitment by management to change based on what the 
measurement results tell them. Why measure unless you intend to act on the resultant 
analysis? A measurement program whose motto is “Measurement for measurement sake” will 
not deliver value, and will become a target for early funding withdrawal. Measurement must 
provide a return on investment if it is to become an integrated part of doing business. Many 
measurement programs fail because they produce merely charts and reports and are not tied 
to process improvement or decision-making. 

 
2.7. A complementary suite of measures 

In the same way that we rely on a dashboard to operate a car, measurement programs need 
to rely on a “dashboard” of complementary measures to enable management to make 
decisions. Improvements shown in one gauge must be checked against potential detrimental 
effects on other gauges, to ensure that process changes deliver net-positive results. For 
example, while a 60% increase in productivity may appear to be desirable, if it is done at the 
expense of reducing quality and customer satisfaction by 50%, there will be a net-negative 
result, (which means things have actually degraded in the big picture).  

Because software development always involves tradeoffs between a number of factors, it 
is critical that measurement also consider these multiple factors to gain true process 
improvement. As such, in the planning and design phases of software measurement program, 
it is beneficial to select a small number of complimentary metrics to monitor and report the 
results of process improvement. Depending on the specific goals for your measurement 
program, such measures as size, effort, cost, consumed resources, quality and customer 
satisfaction are all potential candidates for the measurement dashboard. With a dashboard, it 
is easy to see visually and at a glance, what the impact of a process or product change is on 
its quality and productivity. 

 
3. Conclusion 

Software measurement is not rocket science, and yet a full 80% of measurement programs 
implemented today will be abandoned in the next two years. Part of the failures can be 
attributed to a misuse of measurement data – or to a lack of planning to address the factors 
affecting measurement success. Together with a sound technical implementation approach for 
software measurement, organizations can increase their chances of success by following the 
approaches presented in this article. While there is no guarantee that management will 
actually correctly use the data, proper planning and insight about potential problems can 
greatly increase your chances of success. We hope that your company will concentrate on 
these factors and join the elite 20% of companies that succeed with software measurement.  
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Table 1: Factors to consider when choosing a metric (measure) 
 

1. What is the purpose of this measure? What is it that you are trying to measure? (E.g., 
software size, quality, etc). This is one a central theme throughout this article.  

 
2. What is the scope of this measure? What range of applicability you want to cover 

with the method, the wider the range of issues that can be affected by the measure. 
The purpose must be closely mapped to the scope of the measure. 

 
3. What attribute are we trying to measure? You need a clear idea of the specifics of 

what you are trying to measure, so your measure will have a strong relationship to 
your purpose and scope. For example, if you need to measure software quality – 
which attribute are you after: reliability, portability, usability, functionality, etc?  

 
4. What is the natural scale of the attribute? We might measure a person’s height in 

inches, but what units should we use for extent of testing? Are the attribute’s 
mathematical properties rational, interval, ordinal, nominal, or absolute? You must 
preserve the ratio relationship to make measurement meaningful. 

 
5. What is the natural variability of the attribute? When measuring two supposedly 

identical items, some of their characteristics are probably slightly different. The 
attribute itself is likely subject to random fluctuations, so we need a model or equation 
describing the natural variation of the attribute. For example, what model can deal 
with why a tester may find more defects on one day than on another? 

 
6. What instrument are we using to measure the attribute and what reading do we take 

from the instrument? Examples include trying to measure the extent of testing with a 
coverage program, or counting the number of defects found.  

 
7. What is the natural scale of the instrument? Whether the mathematical properties of 

measures taken with the instruments are rational, interval, ordinal, nominal, or 
absolute. For example, bug counts are absolute.  

  
8. What is the natural variability of the readings? This is normally studied in terms of 

“measurement error.” We need a theory for the variation associated with using and 
reading the instrument. The act of taking measurements, using the instrument, carries 
random fluctuations, so even though you record your result as precisely as you can, 
there may be error and variability. 

 
9. What is the relationship of the attribute to the instrument? What is your basis for 

saying that this instrument measures this attribute well? What mechanism causes an 
increase in the reading as a function of an increase in the attribute? If we increase the 
attribute by 20%, what will show up in the next measurement? It might be the model 
or equation relating the attribute to the instrument. 

 
10. What are the natural and foreseeable side effects of using this instrument? When 

people realize that you are measuring something, how will they change their behavior 
to make the numbers look better or to provide you with the data you desire? For 
example, we could drive people to decrease the bug count, but it might make the 
testers much less effective.  
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Basic Measurement Implementation:  
away with the Crystal Ball 

 
Ton Dekkers 

 
Abstract 

When implementing FPA, COSMIC Full Function Points or another measurement 
program everyone is looking for best practices. Although there is a change in initiation of a 
measurement program the items relevant for an implementation did not really change. In the 
early days IT (supplier) initiated most of the time the measurement program. Nowadays 
business management (principal) shows more interest in having a measurement program in 
place. But it has to be controllable and transparent. Business is not looking for a crystal ball. 
With that the measurement program should be pragmatic, simple and give quick wins. 
Because implementations are part of the business of Sogeti Nederland B.V., we developed 
based on over 10 years of experience a model that addresses strategical, tactical and 
operational issues. MOUSE gives a helping hand for both experienced and less experienced 
professionals to do a successful implementation. 

 
1. Introduction   

An information system intends to support the business objectives. The way in which such 
a system will be designed and constructed has been standardized by the maturing field of 
software engineering. In practice most development will be organized in some form of 
project and go through a number of stages. By distinguishing the relevant stages a project can 
be divided into well-defined activities with matching milestones. In this way the development 
process is controllable and manageable.  

Every metrics professional is aware of the value metrics have in decision making. With a 
trained eye metrics can be seen everywhere [1]: many software developers use some kind of 
metric to establish the quality of the requirements or to establish whether produced code is 
ready to be tested. Effective project managers have metrics that allow them to tell when the 
software will be ready for delivery and whether the budget will be exceeded. In projects 
metrics are usually used implicitly. To convince decision makers in IT-environments that 
those metrics need to be used explicit and in an unambiguous way is often still a difficult job. 
Despite significant progress implementing a successful metrics program for software 
development is still a challenging undertaking [2]. 
 
2. Implementing a metrics program 
2.1. Setting the scope 

Just like an information system, a method, a technique, a tool or an approach is supporting 
the achievement of an objective. Following this line of thought, implementing a method, a 
technique and so on, should in many ways be comparable to the development of an 
information system. It doesn’t matter where a metrics program is positioned; implementing a 
metrics program can be seen as ‘just another’ staged project. To some extent this is a valid 
comparison. But since a metrics program is really not the same as an information system it 
requires different activities. Also the stages are somewhat different. 

Before the decision to implement a metrics program is made, goals need to be defined 
clearly that should be served by the program [3]. A good framework to decide which metrics 
are needed for the defined goals is the GQM-method [4]. Metrics can be used for various 
purposes. These goals and corresponding timeframes are the basis for the organization 
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specific elements in the implementation of a metrics program. In figure 1, the baseline for the 
project lifecycle with the names of the metric program implementation is given and in the 
following paragraph each stage is explained in detail. 
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Figure 1: The Project baseline 

 
2.2. Preparation 

As showed in figure 1 the preparation phase has two main activities: inventory and 
introduction. This phase can be compared with the feasibility study: the requirement has to be 
drawn up and presented to the stakeholders. 

During this stage an inventory is drawn up of the current working methods and procedures 
are recorded together with all aspects that might have a relation with the metrics program to 
be implemented, such as: 
• Already implemented measurements. 
• Software development methodology (staging, milestones, activities, products, guidelines 

and standards). 
• Software development environment. 
• Which project characteristics are general organization characteristics and which 

characteristics are project specific. 
• The way effort is recorded. 
• Risk management. 

 
After the analysis of the current situation, the results have to map on the objectives of the 

measurement program. The future situation and the “design” of the metrics program will 
have to be established. Now can be determined which stakeholders in which role will be 
affected by the metrics program. Those stakeholders have to be informed and when necessary 
trained to work with the metrics program. 

At the end of the preparation stage there is a documented consensus about what the 
metrics program is expected to monitor, who will be involved and in what way 
(implementation plan vs. project plan).  

 
2.3. Training  

Employees in the organization who are affected by the metrics program will have to be 
trained to use the metrics properly. Depending on the role this training can range from an 
introductory presentation to a multiple day training course. For the introduction of a metrics 
program in an IT-organization typically five categories of employees emerge: 
• Management 

The management must have and convey commitment to the implementation of a metrics 
program. The management needs to be informed about the possibilities and impossibilities 
of the metrics program. They also must be aware of the possible consequences a metrics 
program can have on the organization. It is well known that employees feel threatened by 
the introduction of a metrics program and in some cases react quite hostile. Such feelings 



  Published in the conference proceeding SMEF 2005 

 115 

can usually be prevented by open and correct communication of the management about the 
true purposes of the metrics program. 

• Metrics analysts   
The employees who are responsible for analyzing and reporting about the metrics data. 
They are also responsible for measuring and improving the quality of the metrics program 
itself. Usually they are already involved in the preparation stage and do not need any more 
training in this stage of the metrics program. 

• Metrics collectors   
The employees that are actively involved in collecting or calculating the metrics have to 
know all the details and consequences of the metrics, to assure correct and consistent data. 
If the metrics that are used in the metrics program come from activities that are already 
common practice, the training may only take several hours. If the metrics are not common 
practice or involve specialist training, for instance if functional sizes have to be derived 
from design documents, the training may take a substantial amount of time. In the last case 
this involves serious planning, especially in matrix organizations: It will not only consume 
time of the employee involved, but it will also affect his or her other activities. 

• Software developers   
Usually a lot of the employees that are involved in the software development will be 
affected, directly or indirectly, by the metrics program, because they ‘produce’ the 
information the metrics program uses. They need to have understanding of the metrics and 
the corresponding vocabulary. For them the emphasis of the training needs to be on under-
standing the use and importance of a metrics program for the organization, because they 
are usually not experiencing any benefit from it in their personal activities, but may need 
to change some of their products to make measurement possible or consistent. 

• End-users or clients  
Although a metrics program is set up primarily for the use of the implementing 
organization, end-users or clients can also benefit from it. In particular sizing metrics are 
useful in the communication between the client and the supplier: how much will the client 
get for its money. Whether this audience will be part of the training stage for a metrics 
program depends on the openness of the implementing organization: are they willing to 
share information about the performance of their projects? 
 
At the end of the training stage everyone who will be affected directly or indirectly by the 

metrics program has sufficient knowledge about this program. It may seem obvious, but it is 
essential the training stage is finished before (but preferably not too long before) the actual 
implementation of the metrics program starts. 

 
2.4. Research 

In this stage the metrics to be implemented are mapped on the activities within the 
organization that will have to supply the metrics data. The exact process of collecting the 
metrics data is determined and described so that at the start of the implementation it is 
unambiguous how the metrics data are collected. 

 
In this stage it is useful to determine what the range of the metrics data might be. A useful 

concept for this is Planguage [5]. A wrong perception of the possible result of metrics data 
can kill a metrics program at the start. It is also important to establish at least an idea of the 
expected bandwidth of the metrics data beforehand to know what deviations can be 
considered acceptable and what deviations call for immediate action. 
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At the end of the research stage all procedures to collect metrics data are described, target 
values for each metric are known and allowable bandwidths are established for each metric in 
the metrics program. 
 
2.5. Implementation 

Unless an organization is very confident that a metrics program will work properly from 
the start, it is best to start the implementation with a pilot. In a pilot metrics are collected 
from a limited number of activities. In a pilot all procedures are checked, experience is built 
up with these procedures and the first metrics data are recorded. In this way the assumptions 
about the metrics values and bandwidths from the research stage can be validated. 

 
After the completion of the pilot all procedures and assumptions are evaluated and 

modified if necessary. When the modifications are substantial it may be necessary to test 
them in another pilot before the final organizational implementation of the metrics program 
can start.  

 
The pilot and its evaluation can be considered the technical implementation of the metrics 

program. After completion of this stage the metrics program is technically ready to be 
implemented. Until now the metrics program has had little impact on the organization, 
because only a limited number of employees have been involved in the pilot. The 
organizational implementation of a metrics program will have an impact on the organization 
because the organization has formulated goals which the metrics program will monitor. These 
goals may not have been communicated before or may not have been explicitly made visible. 
Metrics will have to be collected at specified moments or about specified products or 
processes. This could mean a change in procedures. For the employees involved this is a 
change process, which can trigger resisting or even quite hostile reactions. Over 10 years of 
experience show that the most suitable organizational structure for a metrics program is to 
concentrate expertise, knowledge and responsibilities in an independent body. An 
independent body has many advantages over other organizational structures. For example, 
when activities are assigned to individuals in projects, many additional measures have to be 
taken to control the quality of the measurements, the continuation of the measurement 
activities and the retention of expertise about the metrics program. When responsibilities for 
(parts of) the metrics program are assigned to projects, additional enforcing measures have to 
be taken to guarantee adequate attention from the project to metrics program assignments 
over other project activities. Installing an independent body to oversee and/or carry out the 
metrics program is essential for achieving the goals the metrics program was set up for. This 
independent body can be either a person or a group within or outside the organization. How 
this body should operate is laid down in the MOUSE concept, which will be described in 
detail later on. 

 
At the end of the implementation stage the metrics program is fully operational and 

available throughout the organization.  
 
2.6. Use 

This stage is actually not a stage anymore. The metrics program has been implemented 
and is now a part of the day-by-day operations. The metrics program is carried out conform 
the way it is defined and is producing information that helps the organization to keep track of 
the way it is moving towards their goals. 
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A mature metrics program gives continuous insight in the effectiveness of current working 
procedures to reach the organizational goals. If the effectiveness is lower than desirable 
adjustments to the procedures should be made. The metrics program itself can then be used to 
track if the adjustments result in the expected improvement. If working procedures change it 
is also possible that adjustments have to be made to the metrics program. 

 
Organizational goals tend to change over time. A mature metrics program contains regular 

checks to validate if it is still delivering useful metrics in relation to the organizational goals. 
All these aspects are covered in the MOUSE concept [6]. 
 
3. MOUSE 
3.1. Key Issues  

Implementing a metrics program is more than just training 
people and defining the use of metrics. All the lessons 
learned from organizations like Rabobank formed the basis 
for MOUSE, a concept to help to set-up the right 
implementation and to create the environment the method fits 
in [7]. MOUSE describes all activities and services that need 
to be carried out to get a metrics program up and running. 

  
The MOUSE concepts contains all activities and services required to implement a metrics 
program successfully and lasting, clustering the activities and services into groups of key 
issues: 

Table 1: Key issues of the MOUSE concept 

 
 

In the next paragraphs the five key issues of the MOUSE concept will be explained, in 
some cases illustrated with examples of the implementation within an IT department of 
Rabobank Nederland and Sogeti’s Expertise Centre Metrics (ECM). 

 
3.2. Market view 

Communication in the MOUSE concept is an exchange of information about the metrics 
program both internally (the own organization) and externally (metrics organizations). 
Internal communication is essential to keep up the awareness about the goals for which the 
metrics program is set up. For example: Both the Rabobank and Sogeti uses company 
publications and an intranet website to share information. In addition Sogeti’s ECM uses the 
company website to communicate. 

Communication with metrics organizations is important to stay informed about the latest 
developments. Usually an important metric in a metrics program in an IT-environment is the 
functional size of software The International Function Point User Group (IFPUG) and local 
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organizations like Netherlands Software Measurement Association (NESMA) and the 
Australian ASMA are the platforms for Function Point Analysis [8]. COSMIC and NESMA 
(workgroup COSMIC) are platforms for COSMIC Full Function Points [9]. The 
implementation” of these issues depends on the organizational situation. Rabobank 
outsourced metrics experts to Sogeti. Because Sogeti has various connections with these 
organizations, the Rabobank will be informed about developments through Sogeti and does 
not need to implement specific activities to keep up-to-date. So, this option is partly 
addressed by Rabobank through outsourcing.  

 
If the independent body is located within the client’s organization (Rabobank, outsourcing 

in-house), a direct and open communication is possible with stakeholders of the metrics 
program to evaluate whether the metrics program is still supporting the goal it was set up for. 
When the independent body is positioned outside the client’s organization more formal ways 
to exchange information about the metrics program may be desirable (another bank in the 
Netherlands, outsourcing only size measurement, “offshore”). Regular evaluations or some 
other form of assessment of the measurement process works well for an open communication 
about the metrics program. 

 
The signals that the evaluations provide are direct input for continuous improvement of the 

metrics program. Depending upon the type of signal (operational, conceptual or managerial) 
further investigation may be required before a signal can be translated to measurement 
process improvement. 

 
Investigation can be both theoretical and empirical. Theoretical investigation consists of 

studying literature, visiting seminars or following workshops. Empirical investigation 
consists of evaluating selected tools for measurement and the analysis of experience data. 
Usually these two ways of investigation are used in combination. Sogeti carries out 
investigations for proprietary purposes. Results are passed on to client organizations as a 
service by Sogeti’s ECM. An example of this kind of investigation is the research of early 
sizing techniques for COSMIC-FFP [10]. 

 
3.3. Operation 

Application includes all activities that are directly related to the application of the metrics 
program. This includes activities like executing measurements (for example functional size 
measurements, tallying hours spent and identifying project variables). Within the MOUSE 
concept the client can choose to assign the functional sizing part of the operation either to the 
independent body or to members of the projects in the scope of the metrics program. 

 
The best way to guarantee quality of the measurement data is to incorporate review steps 

into the metrics program. The purpose of reviewing is threefold: 
• Ensure correct use of the metrics (rules and concepts). 
• Keep track of applicability of the metrics program. 
• To stay informed about developments in the organization that might influence the metrics 

program. 
 
During the research stage all procedures to collect metrics data are described for each 

metric in the metrics program. These procedures are usually described in a way that they 
support the organizational goal for which the metrics program was set up. Some metrics data 
can also be used to support project purposes. The independent body can then be used to give 
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advice about the use of the metrics for these purposes. For example an aspect of the metrics 
program can be the measurement of the scope creep of projects during their lifetime. 
Functional size is measured in various stages of the project to keep track of the size as the 
project is progressing. These functional size measures can also be used for checking the 
budget as a second opinion to the budget based on work breakdown structure for example. 
The independent body can give advice about the translation of the creep ratio in the 
functional size to a possible increase of the budget.  

 
During the research stage target values and allowable bandwidth are established for each 

metric in the metrics program. The independent body will have to analyze if these target 
values were realistic at the beginning of the metrics program and if they are still realistic at 
present. One of the organizational goals might be to get improving values for certain metrics. 
In that case, the target values for those metrics and/or their allowable bandwidth will change 
over time.  

 
3.4. Utilization 

Next to the basic training at the start of a metrics program it is necessary to maintain 
knowledge about the metrics program at an appropriate level. The personnel of the 
independent body should have refreshment training on a regular basis, referring to new 
developments (rules, regulations) in the area of the applied methods. The independent body 
can then decide whether it is necessary to train or inform other people involved in the metrics 
program about these developments. In the case that the independent body is outsourced, the 
supplier can be made responsible for keeping the knowledge up-to-date. 

 
To guarantee the correct use of a method, procedures related to measurement activities of 

the metrics program are necessary. They are usually initiated and established in the research 
stage of the implementation. Not only the measurement activities themselves need to be 
described, but also facilitating processes like: 
• Project management. 
• Change management control. 
• Project registration. 
• (Project) Evaluation. 

 
After the initial description in the research stage the independent body should monitor that 

that all the relevant descriptions are kept up-to-date. 
 
As stated earlier the independent body can reside within or outside the organization where 

the metrics program is carried out. The decision about this organizational aspect is usually 
combined with the number of people involved in the metrics program. If the metrics program 
is small enough to be carried out by one person in part-time the tasks of the independent body 
are usually assigned to an external supplier. If the metrics program is large enough to engage 
one or more persons full-time the tasks of the independent body are usually assigned to 
employees of the organization. Depending on the type of organization this might not always 
be the best solution for a metrics program. When the goals the organization wants to achieve 
are of such a nature that it involves sensitive information, calling in external consultants 
might be a bad option, no matter how small the metrics program might be. If employees have 
to be trained to carry out the tasks of the independent body, they might perceive that as 
narrowing their options for a career within the organization. In that case it might be wise to 
assign these tasks to an external party specializing in these kinds of assignments, no matter 
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how large the metrics program is. Outsourcing these assignments to an external party has 
another advantage: it simplifies the processes within the client’s organization. Another 
advantage of outsourcing the independent body could be political: to have a really 
independent body to do the measurement or at least a counter measurement. 

 
3.5. Service 

To support the metrics program a helpdesk needs to be instated. All questions regarding 
the metrics program should be directed to this helpdesk. The helpdesk should be able to 
answer questions with limited impact immediately and should be able to find the answers to 
more difficult questions within a reasonable timeframe. It is essential that the helpdesk reacts 
adequately to all kinds of requests related to the metrics program. In most cases the 
employees that staff the independent body constitute the helpdesk. 

 
Decisions made regarding the applicability of a specific metric in the metrics program 

need to be recorded in order to incorporate such decisions into the ‘corporate memory’ and to 
be able to verify the validity of these decisions at a later date. Usually such decisions are 
documented in organization specific guidelines for the use of that specific metric. 

 
The success of a metrics program depends on the quality of the collected data. It is 

important that those who supply the data are prepared to provide this data. The best way to 
stimulate this is to give them information about the data in the form of analyses. This should 
provide answers to frequently asked questions, such-as: “What is the current productivity rate 
for this specific platform?”, “What is the reliability of the estimations?”, “What is the effect 
of team size?”. For questions related to functional size metrics the experience database can 
usually answer most of those questions. If this is not (yet) available experience databases of 
third parties can be used, e.g. the ISBSG Benchmark [11]. 

 
Promotion is the result of a proactive attitude of the independent body. The independent 

body should market the benefits of the metrics program and should ‘sell’ the services it can 
provide based on the collected metrics. Promotion is necessary for the continuation and 
extension of the metrics program.  

 
3.6. Exploitation 

The registration part of a metrics program consists of two components: the measurement 
results and the analysis results. In a metrics program in an IT-environment all metrics will be 
filed digitally without discussion. Here a proper registration usually deals with keeping the 
necessary data available and accessible for future analysis. For most metrics programs it is 
desirable that the analysis data is stored in some form of an experience database. It this way 
the results of the analyses can be used to inform or advice people in the organization. 

Control procedures are required to keep procedures, guidelines and the like up-to-date. If 
they do no longer serve the metrics program or the goals the organization wants to achieve, 
they should be adjusted or discarded. Special attention needs to be given to the procedures for 
storing metrics data. That data should be available for as long as is necessary for the metrics 
program. This might be longer than the life of individual projects, so it is usually advisable to 
store data in a place that is independent of the projects the data comes from. 
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4. MOUSE in Practice 
Each organisation wants to implement Metrics fit for purpose. The “best practise” 

deciding on (the set of) Metrics is applying the Goal-Question-Metric Method [4]. When the 
set of Metrics related to the goal(s) are determined, the next step is to implement this metrics. 

In the examples of Rabobank and Sogeti’s ECM the primary metrics in the measurement 
program are size and effort. The implementation is set up MOUSE in mind.  

 
The table shows the activities in the main activities in the five key areas and the 

implementation within the Rabobank department and Sogeti’s ECM. ECM offers also the 
services to organisations outside Sogeti, in the table only the implementation within  the own 
organisation is taken into account. 

 
Table 2: Implementation Overview 

 Activities Rabobank Sogeti ECM 
1 Market View 
1.1 Communication 

- internal 
- external 

 
intranet 
outsourced 

 
intranet, internet 
NESMA, DASMA,COSMIC, 
ISBSG, conferences 

1.2 Evaluation survey  dashboard meetings (2 weeks) 
team sessions (quarterly) 

1.3 Investigation outsourced R & D program 
1.4 Improvement in-house outsourcing ECM 
2 Operation 
2.1 Application in-house outsourcing Estimation Street 
2.2 Review in-house outsourcing certified analysts 
2.3 Analysis 

- internal 
- benchmark 

 
projects 
(ISBSG) 

 
projects, domains 
ISBSG, ADC, partners 

2.4 Advice (project manager) bid team 
3 Utilisation 
3.1 Training 

- customers 
- managers 
- developers 
- analysts 

 
benefits, outsourced 
control, outsourced 
awareness, outsourced 
n.a. 

 
n.a. (ad-hoc) 
pm development program 
company courses 
company courses, on the job 

3.2 Procedures 
- internal 
- organisation 

 
in-house outsourcing 
advice (in-house outsourcing) 

 
ECM 
quality group (ISO, CMMi) 

3.3 Organisation independent body unit (independent) 
4 Service 
4.1 Helpdesk presence, outsourced certified analysts 
4.2 Guidelines in-house outsourcing ECM 
4.3 Information dashboard, internet, company 

publications, advice 
dashboard, internet, internet, 
company publications, advice 

4.4 Promotion internet internet, company seminars, 
competence network 
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5 Exploitation 
5.1 Registration 

- data 
 
- results 

 
SIESTA[12] 
 
in-house outsourcing 

 
SIESTA, QSM SLIM-suite, 
customer file 
QSM SLIM-suite 

5.2 Control in-house outsourcing ECM 
 

5. Conclusions  
Performing the activities involved in a metrics program will cost effort and thus time. 

Starting a metric program is one thing, surviving is another thing. When implementing a 
metrics based on MOUSE a number of critical success factors are taken care of. The metrics 
program is set up to service the organisation efficient and effective and what’s what more 
important provide added value to the organisation not only at the start but continuously 
updating the services to the changing demands. Metrics should develop according to the 
development of the organisation, use MOUSE to organise it be keep the program flexible. A 
metrics program is controllable and transparent, no crystal ball. 
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Object-Oriented Program Comprehension and Personality Traits 
 

L. Arockiam, T. Lucia Agnes Beena, Kanagala Uma, H.M. Leena 

 
Abstract 

Computer programming studies commonly view programming either as an aggregate task 
or as a set of components (sub tasks). Shneiderman and Mayer (1979) and Brooks (1977) 
made early attempts to model general cognitive processes in programming. The complexity 
of examining programming as a single problem – solving task soon become obvious and 
researchers began following early suggestion (Shneiderman 1976) in focusing intently on 
individual sub task [1]. Weinberg also suggested that different aspects of software 
development require different abilities [3]. To examine this, a study was carried out to 
discover if there were any factors which tended to perform better at one specific task, in this 
case comprehension. The factors taken for this study were the gender and personality 
characteristics of the respondents. This study investigated if there was any effect between the 
gender and the comprehension of the respondents and found that there was a relationship 
between them. The study also found that male respondents with cooperativeness, high 
emotional stability performed significantly better than the female respondents on the task. 

 
Key words: Object-oriented programming, Comprehension, Personality traits. 
 

1. Introduction 
Software development is not strictly dependent on the technical knowledge of the persons 

producing it. It is influenced by their individual performance. Therefore, it is necessary to 
assess a human behaviour and its relationship with the computer programming. Weinberg in 
his book “Psychology of computer programming” suggests different aspects of software 
development require different abilities [3]. There is no one personality which is better 
overall. 

Modern software approaches do not attempt to measure programmer’s personalities. Any 
software engineer knows that metrics are critical to improving the software process, but if 
metrics have not been established to measure the programmers themselves, then 
complementary teams cannot be intentionally formed. It would be advantageous to identify 
types of programmers, and to suggest management techniques that potentially predict and 
assemble quality teams.  

One of the most important processes in software development is maintenance. 
Maintenance has two sub tasks. They are comprehension and debugging. The objective of 
this study is to investigate if there are any personality traits that influence comprehension. To 
examine this, a study using final year post graduate students of computer science discipline 
was carried out. It includes an analysis of their performance in comprehension task, an 
assessment of their personality and the relationship between them. 

 
2. Object-oriented programming 

Today, the need for efficient programming methods is more important than ever. The size 
of the average computer program has grown dramatically and now consists of hundreds of 
thousands of code lines. With these huge programs, reusability is critical. Again, a better way 
of programming is needed and that better way is object-oriented programming. In 1967 the 
first OOP language, SIMULA-67, was introduced which had several unique ways of coding 
subroutines with improved potential for reuse. Current OOP languages such as C++, Java 
(derived from C++) and Smalltalk share commonalities with traditional structured 
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programming languages such as C and COBOL. Despite the many commonalities, object-
oriented programming is significantly different from structured programming.  

The object-oriented paradigm --- especially the concepts of object-oriented 
decomposition, inheritance, specialization, and polymorphism --- are particularly well suited 
for application programming because [5]:  
• Object-oriented decomposition leads to meaningful abstractions that allow to construct 

and handle composed media objects conveniently,  
• Polymorphism and inheritance hide specific details of particular hardware devices from 

the rest of the program,  
• Specialization offers the flexibility necessary for adding support for new hardware devices 

easily.  
Taking into account the various advantages of Object-oriented programming, C++ has 

been selected as the language to test the comprehension level of the respondents. 
 

3. Comprehension 
Since comprehension is key in maintenance, and maintenance is significant in software 

engineering, more research is needed in the area of program comprehension. Different 
researchers give different definition for comprehension. This paragraph discusses some of the 
important definitions. Keith Bennett defines comprehension as “examining static 
descriptions” to “understand dynamic behaviour”. In the learning point of view, - von 
Mayrhauser and Vans defines comprehension as a process that uses existing knowledge to 
acquire new knowledge.  

Deimel and Naveda explain in his document “Reading computer programs: Instructor’s 
Guide and Exercises”, comprehension as “a process in which programmers takes a computer 
source code and understand it” [2]. In cognitive aspect Brooks identifies that the program 
comprehension process is one of reconstructing knowledge about distinct domains and the 
relationship among them. 

The ability to read and understand a computer program is a critical skill for the software 
developers; therefore efforts have been taken through this study to understand the 
comprehension level of the students of computer science. 

 
4. Personality  

According to Adams [4] personality is “I”. Adams suggested that one get a good idea of 
what personality is by listening to what one say when one use "I". When you say I, you are, 
in effect, summing up everything about yourself - your likes and dislikes, fears and virtues, 
strengths and weaknesses. The word I is what defined you as an individual, as a person 
separate from all others [4]. 

Personality characteristics play a critical role in determining interaction among 
programmers and in the work style of individual programmers. The personal qualities 
highlight the type of individual qualities of a computer science graduate that are important to 
the development of a good information system. It appears that both the business community 
and the academic are of similar opinion that personality qualities of the computer science 
graduate are important. Recognizing the need of the day, this study focused on the 
comprehension process and the influence of personality traits on it. 

 
5. Design of the study 

The main objective of this study is to find the influencing factors on comprehension of 
object-oriented systems of students of Computer Science. 
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5.1. Sub objectives 
• To study the relationship between the Personality traits and Comprehension level of 

students of Computer Science. 
• To study the effect of gender and Personality characteristics of students of Computer 

Science. 
• To study the effect of gender on comprehension level of students of Computer Science. 
 
5.2. Limitations of the Study 
• The area of study is limited to nine dimensions of personality characteristics. 
• The study concentrates only on the comprehension of the respondents.  

 
5.3. Methodology 
5.3.1. Instruments used 

In order to collect the relevant information for this study, two different instruments were employed. They 
were: 
1. Rajan’s 12 Personality Trait Inventory 
2. Questionnaire to test the knowledge of participants in C++. 

 
5.3.1.1. Rajan’s 12 Personality Trait Inventory 

A scale developed by Dr.S.Sathiyagiri Rajan of Thyagaraja College, Madurai to measure 
the various dimensions of the Personality of the students of computer science. This inventory 
was used to measure the various dimensions of the Personality. Each item is rated on a four 
point scale (Always, Frequently, Rarely, Never). The inventory has 48 questions relating 12 
different dimensions of the personality. Among them 9 traits were appropriate to the students 
of computer science. They were Self-confidence, Persistence, Cooperativeness, Emotional 
stability, Sense of responsibility, Sociability, Leadership, Initiative and Attitude of self. 
Based in these 9 traits, further 36 questions were prepared. It was scored as mentioned in the 
scale. 

 
5.3.1.2. Questionnaire to test the knowledge of participants in C++ 

The Comprehension task consists of 8 C++ programs; each program has total lines ranges 
between 45 and 60. These programs were based on the three subtasks of comprehension such 
as Documentation (2 programs), Program structure (2 programs) and Programmers 
knowledge (4 programs). To test the comprehension level of the students, 35 questions based 
on the 8 programs were prepared in a questionnaire form with multiple choices. Among them 
10 questions are assigned for the subtask Documentation, 10 for program structure and 15 for 
programmer’s knowledge. For the subtask documentation, the same program in 2 formats one 
with comments for each class, method and the other without comments was designed. For 
program structure the program 3 in two different formats, one without indent and the other 
with indentation were given. To test the programmer’s knowledge, 4 programs concentrating 
on the OOPS concepts such as Multiple Inheritance, Function overloading, Operator 
overloading and Library functions were included. With regard to the score, for each correct 
answer the student was awarded one mark and the total score was calculated out of 35. 
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5.3.2. Sample 
The subjects were selected based on the criteria that they must have the knowledge of 

object – oriented programming in C++ prior to this study. According to the above criterion 
100 participants from the Computer Science department of Holy Cross College, Trichy and 
49 from St. Joseph’s College, Trichy were selected. Among the 149 participants, 100 were 
female and 49 were male. All the 149 participants completed both the stages of the study. 

 
5.3.3. Procedure 

The two instruments were administered on the same day in succession in one hour 
duration. The participants were assured that their data would be confidential. Participants 
were informed that this was an individual task and were asked not to talk to one another. 
They were also asked to spread themselves out as much as possible in their own class room. 
The first 20 minutes were allotted for the Personality Trait Inventory. The researcher was 
available to clear any doubts regarding the inventory. The participants were instructed to read 
a program and to answer accordingly. In the next 40 minutes the participants completed the 
comprehension process.  

 
5.3.4. Results 

In order to examine the possible relationship between the Personality traits and 
comprehension ability (score), Karl Pearson’s co-efficient of correlation was used. The 
relationship between comprehension score and various dimensions of personality traits for 
male and female were included in Table 1 and Table 2 given below respectively. 

 
Table 1:  

The Relationship between Comprehension and Various Personality Traits of Male 
Respondents 

 
S. 
No 

Variables Correlation 
Value 

1 Self Confidence and score -0.107 
2 Persistence and score 0.203 
3 Cooperativeness and score 0.009 
4 Emotional Stability and 

score 
0.342 

5 Sociability and score -0.056 
6 Sense of Responsibility 

and score 
-0.170 

7 Leadership and score -0.168 
8 Initiative and score 0.093 
9 Attitude to Self and score -0.049 

10 Overall and score 0.017 
 
From the Table 1 it was found that there were significant correlation between persistence 

and comprehension, Emotional stability and comprehension, Initiation and 
comprehension of the male respondents. 
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Table 2:  
The Relationship between Comprehension and Various Personality Traits of Female 

Respondents 
S. 
No 

Variables Correlation 
Value 

1 Self Confidence and score 0.108 

2 Persistence and score 0.105 
3 Cooperativeness and score 0.110 
4 Emotional Stability and score -0.057 
5 Sociability and score 0.056 
6 Sense of Responsibility and 

score 
0.142 

7 Leadership and score 0.065 
8 Initiative and score 0.209 
9 Attitude to Self and score -0.034 
10 Overall and score 0.150 

 
The above table describing Karl Pearson’s co-efficient of correlation showed that the only 

trait that influenced the comprehension level was initiation.  
Further examination of data revealed that there was a significant relationship between the 

comprehension score and the respondent’s sex. This was statistically proved by applying ‘t’ 
test which is given in table 3. 

 
Table 3:  

The Effect of Gender on Comprehension 
S. 
No Sex X  S.D. Statistical Inference 

1 
 

2 

Male 
 
Female 

21.76 
 

19.76 

3.95 
 

4.14 

t = 2.805 
P < 0.05 

 
 

 ‘t’ test was carried out to study the effect of the respondent’s gender and personality 
traits. Table 4 given below depicts the result of the test. It was found from the Table 4 that 
there were significant differences between the male and female respondents with respect to 
the personality traits, Cooperativeness and Emotional Stability. 
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Table 4: 
The Effect of Gender and Personality Traits of Students of Computer Science 

S. 
No 

Sex X  S.D. Statistical 
Inference 

1 Self Confidence  
Male 
Female 

 
7.43 
7.00 

 
2.02 
1.98 

 
t = 1.233 
P > 0.05 

2 Persistence  
Male 
Female 

 
7.43 
6.92 

 
1.80 
2.00 

 
t = 1.506 
P > 0.05 

3 Cooperativeness  
Male 
Female 

 
7.43 
8.21 

 
2.51 
2.07 

 
t = 2.018 
P < 0.05 

4 Emotional Stability  
Male 
Female 

 
6.69 
5.57 

 
2.27 
2.37 

 
t = 2.758 
P < 0.05 

5 Sociability  
Male 
Female 

 
7.84 
7.62 

 
1.89 
1.88 

 
t =0.661 
P > 0.05 

6 Sense of Responsibility  
Male 
Female 

 
8.76 
8.97 

 
2.26 
2.30 

 
t = 0.538 
P > 0.05 

7 Leadership  
Male 
Female 

 
7.96 
7.41 

 
1.97 
2.03 

 
t = 1.569 
P > 0.05 

8 Initiative  
Male 
Female 

 
8.86 
8.74 

 
1.78 
2.08 

 
t =0.338 
P > 0.05 

9 Attitude to Self  
Male 
Female 

 
8.00 
8.14 

 
2.25 
2.07 

 
t = 0.377 
P > 0.05 

10 Overall  
Male 
Female 

 
70.387 
68.580 

 
10.459 
9.642 

 
t =1.045 
P > 0.05 

 
6. Discussion of Findings 

The results obtained from various tests revealed that there were certain Personality traits 
such as Persistence, Emotional Stability, and Initiation influenced the comprehension of 
the respondents. One significant characteristic that is common to both male and female 
respondents was the Initiation. This particular characteristic showed that the student with 
good initiation of any sex can comprehend well. With respect to sex it was found that the 
male respondents comprehend well than the female respondents. It was further found that the 
personality traits such as Cooperativeness and Emotional Stability have high influence on 
the male respondents than the female respondents. 
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7. Conclusion 
From this study, it can be concluded that certain personality traits influenced 

comprehension process. Also male respondents comprehend in a better way than the female 
respondents. 

Weinberg indicates in his book “The psychology of computer programming” that each 
part of the programming process has a specific task to be completed which requires specific 
“combinations of skills and personality traits” [3]. Thus it would be useful to look at the other 
stages of the programming process and the personality types involved. This is suggested as 
one particular avenue of future research. 

It also worth remembering that this comprehension task was performed based on the 3 
subtasks documentation, programmer’s knowledge and program structure. But only one 
aspect i.e., the overall performance on comprehension is taken for this study. Therefore 
further research can be carried out at various aspects of the comprehension in future. It would 
also be advantageous to examine performance on comprehension with the most widely used 
personality assessments Mayer Briggs Type Indicator (MBTI) with increased sample size. 
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Practical approaches for the utilization of Function Points 
in IT outsourcing contracts 

 
Monica Lelli, Roberto Meli, Guido Moretto 

 
Abstract 

This paper presents a methodological approach resulting from the analysis of real 
contractual issues regarding the use of software metrics in the outsourcing of development 
and maintenance activities. The paper starts from the observation that conventional contract 
agreements still present some weaknesses that may originate from a poor understanding and 
definition of user requirement, as well as from a low level of customer-supplier sharing of 
knowledge and understanding as to what is to be considered satisfactory level of 
performance against the products or services to be delivered. Function Point metrics proves 
to be particularly useful in solving such a situation of the past as customer and supplier 
goals and perspectives are part and parcel of the contractual variables. The paper illustrates 
different ways to contractually specify how to assess measured change requirements and 
evaluate unexpected performance trade off and associated risks.  

Finally a set of lessons learned and conclusions would give useful indications for 
organizations that would consider approaching Function Point metrics in contracts.  

  
1.   The customer - supplier relationship and conventional software 

contracts. 
The customer-supplier relationship is based upon the provision of a product/service in 

exchange for a price paid by the customer. The supplier makes a profit which corresponds to 
the balance between the selling price and the total product design and marketing cost. An 
added value will accrue to the customer from the use of the product. 

 A customer-supplier transaction occurs when both parties have a perception of equity. 
This means that the transaction can take place even when one of the parties or both parties 
fail to be fully aware of all the “real” economic implications of such a transaction. In ICT 
industry how many times suppliers have sold products unaware of the transaction margin of 
profit and how many times customers have purchased systems they never used? What is also 
true is that whilst on the one hand the individual transaction can take place in the absence of 
real equity, on the other this occurrence cannot possibly affect all transactions involving two 
parties. When faced with unfair transactions, the customer will not be happy to see he was 
“misrepresented”, and subsequently can agree to become an insolvent debtor or scrap the 
contract altogether and discredit the supplier in the business market. When faced with unfair 
transactions, the supplier will suffer an economic loss which could lead to financial 
difficulties and delivery delays, increased supply risk, reduced focus on product quality and 
after-sale product quality support. These factors help put future transactions back into an 
equity perspective. In the presence of a supply-driven or demand-driven unbalanced market 
we might have to wait a long time before market balance is restored and possibly this can 
never occur because of the emergence of new customers or new suppliers who perpetrate 
behaviours that show substantial lack of equity. In this case the market is unable to find out 
the tools to strike a balance.  

In the definition and management of software contracts, the use of metrics adds to the 
objectivity of the rules which apply to the price-fixing process and makes sure that the risk is 
equally distributed between the customer and the supplier. 
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This study introduces some practical approaches to the utilization of Function Point 
metrics in IT contracts based upon project features and contract categories. 

In particular, the following contract categories will be looked at:  
• Turn-key contracts are featured by a single all-in price which is not broken down into 

resources and amounts of products delivered.  
• Time & Material e Body Rental: this type of contract describes the amount of resources 

used up to the price threshold immediately above. 
• Size-based contracts: this contract refers to the amount of software delivered based on the 

cost of software unit produced (Function Point). It can be provided with a higher price 
threshold.  

 
2.   Incorporation of Function Points in different contractual frameworks, 

not simply price/FP. How to identify the convenient approach  
To start with, a general synopsis describes the various contract categories looking at the 

level of operational complexity, the price-fixing modality and the most recurrent criticalities.  
 

Table 1: Contract categories 
Contract 
Categories 

Contract 
Operation 

Price Criticalities 

Turn-key  Very easy All-inclusive Economic fairness 
Time & Material 
and Body Rental  

Simple Final compilation of 
man/day used 

- There is no correlation between 
resources used and amount of 
products delivered;  

- Volatility of main criticalities to 
monitor;  

- In case of miscalculation the cost 
is to be incurred by the customer.  

Sw Size based 
contracts 

 
  

Complex Based on the type of 
contract metrics: 
- final measurement 

of FP delivered or 
- level of project 

productivity 

Risk-sharing criterion 
 

 
 To make an in-depth analysis of the features of each contract category, other distinctive 

issues will have to be focused. The outcome of our analysis is reported in a synopsis which 
helps understand how each feature should be interpreted both individually and collectively. 

In the first place we looked at the contracts without metrics and later we analyzed 
contracts with in-built metrics.  

 In all cases the type of supply referred to in the analysis involve software development 
products the size of which can be measured using the Function Point metrics. Our analysis 
does not look at other types of products.  

 
The synopsis outlines the following features:  

1. Contract title, in other words the way in which the contract is normally described.  
2. Requirements specifications.  
3. Organization of production factors (logistics, material resources and human resources) 

between customer and supplier.  
4. Business risk-sharing.  
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5. Price-fixing procedure/modality. 
6. Management of change request while the contract is under way.  
 
2.1. Conventional contracts, without software metrics  

 
Table 2: Synopsis showing contracts without metrics 

1. 
Contract 

title  

TURN-KEY 
or 

LUMP 

TIME 
& 

MATERIAL 

BODY RENTAL 

2.  
Requirements 
specification  

  

Requirements need to be 
defined together with the 
project and be part of the 
terms of contract which are 
legally binding.  
Requirements need to be 
clarified and detailed to 
avoid litigations while the 
contact is in force or prior 
to contract termination.  

T&M is a more flexible 
form of contract, compared 
with Turn-Key contracts, in 
terms of variations in 
project specifications.  

 

Refers to provision of staff 
over a period of time. It is a 
term contract the object of 
which is the provision of a 
professional service. 
Project specifications are 
not significant for the 
provision of the service. 

3.  
Economic 

amount 

The price is fixed and on a 
lump-sum basis. 

 

The price is related to the 
amount of work 
commitment required by 
the project.  

Directly linked to the 
duration of the provision.  
For example amount of 
man/days.  

4. 
Organisation 

of production 
factors  

Organization and 
monitoring of production 
factors falls on the supplier. 

Organization and 
monitoring of production 
factors falls on the supplier 

Organization and 
monitoring of production 
factors falls on the 
customer.  

 
5.  

Business risk 
sharing  

Business risk and business 
opportunities are the 
responsibilities of the 
supplier.  

Supplier’s production 
inefficiencies backfire on 
the customer automatically. 

This falls on the customer 
as the final outcome falls 
on the customer as well.  

6.  
change 

request when 
the project is 

under way 

Possible changes taking 
place while the contract is 
under way will be regulated 
under specific clauses of 
the contract or may call for 
contract extension.  
Changes taking place while 
the contract is under way 
will be valued separately 
from the main contract 
body.  

Changes taking place while 
the contract is under way 
lead to additional work, 
hence increase in resources 
(man/day) and pay.  

 
  
  

It is not applicable as this is 
a short-term supply 

 
2.2. Contracts with software metrics.  

The body rental contract is not analyzed in greater detail because the metrics is not 
applicable and its objective cannot be measured in terms of activities carried out by 
individuals.  

Turn Key and Time & Material contracts are instead described in terms of possibility of 
introducing software metrics. In addition a special contract is analyzed as being entirely 
based upon metrics; this contract is described as a made-to-measure contract with product-
based metrics”.  



  Published in the conference proceeding SMEF 2005 

 134 

Table 3: Synopsis of contracts with metrics  
1. 

Contract 
title  

TURN-KEY 
supply 

TIME &  
MATERIAL 

metrics 

with 
product size-based 

metrics 
2.  

Requirements 
specification  

  

Requirements need to be 
defined together with the 
project and be part of the 
legally binding terms of 
Contract.  
Requirements need to be 
clarified and detailed to 
avoid litigations while the 
contact is in force or prior 
to contract termination.  

Change requests will be 
monitored based on a 
requests baseline which 
will be used when the 
project is already under 
way. 

Refers to provision of staff 
over a period of time. It is a 
term contract the object of 
which is the provision of a 
professional service. 
Project specifications are 
not significant for the 
provision of the service. 

3. 
Organization 
of production 

factors  

Management of production 
factors is entirely the 
supplier’s responsibility as 
it is considered part of the 
outsourcing process.  

Management of production 
factors is entirely the 
supplier’s responsibility as 
it is considered part of the 
outsourcing process.  

Management of production 
factors is entirely the 
supplier’s responsibility as 
it is considered part of the 
outsourcing process.  

4.  
Business risk 

sharing  

Before business risk and 
business opportunities were 
up to the supplier, while 
with this form of contract it 
is possible to balance the 
changes based on the 
amount of measurable sw. 

The level of productivity is 
measured and outlined in 
the contract (days/men/ 
amount of sw delivered).  
Production inefficiencies 
can now be measured.  
 

With the made-to-measure 
contract, it is possible to 
balance the changes based 
on the amount of 
measurable sw.  
  

5.  
Price 

The overall price is on a 
lump-sum basis. 
.  

The overall price is related 
to the amount of work 
required by the project.  
It is possible to include 
productivity threshold 
which may lead to 
performance rewards and 
penalties alternatively.  

The overall price is made 
up by the average price 
corresponding to the 
amount of work delivered. 
Similarly the price of a 
single product unit can be 
considered on a lump-sum 
basis.  

6.  
Management 

of  
change 

request when 
the project is 

under way  
 
 

Changes should be managed 
as elements that enhance the 
scale and economic value of 
the main contract.  
Unlike mainstream turn-key 
contracts, this form of 
contract can manage change 
requests that are made while 
the contract is already in 
force.  
Change requests will be 
monitored against a request 
baseline which will be used 
when the project is already 
under way. 

Changes taking place while 
the project is under way 
involve duplication of work 
hence increased resources.  
 
Work duplications lead to 
FP size increase both 
factors are incorporated 
into the evaluation of the 
project productivity.  
 Change requests will be 
monitored against a request 
baseline which will be used 
when the project is already 
under way.  

Work duplications lead to 
FP size increase.  
 
Change requests will be 
monitored against a request 
baseline which will be used 
when the project is already 
under way. 
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3.   Fundamentals to define and share a common agreement on the 
performance trade-off.  

In the customer/supplier relationship it is useful to refer to a standard upon which 
transactions should be based and supply management and monitoring criteria should be 
agreed. As to the definition and management of outsourcing contracts it is possible to 
highlight three key stages: 
• Contract start up. 
• Contract enforcement.  
• Contract termination.  

 
In the start up period, it is necessary to evaluate the contract in terms of its specific 

economic potential whereas in the termination period the focus will be more on price auditing 
procedure. During contract enforcement it is important to define the criteria to track and 
measure changes while the project is under way. 

In light of the economic evaluation of sw (supply) performance, it is critical to define what 
the contract provides for in terms of software quantity. In this paper the software is referred 
to in terms of software released and software delivered/worked. The amount of software 
released is linked to the amount of functionality as measured upon delivery, whereas the 
amount of software delivered is that amount of sw that incorporates change requests while 
the project is already under way (extensions, modifications, cancellations) and the level of 
implementation reuse. 

 
3.1.   Start up and termination of the contract: price economic evaluation and 

revision  
In order for the contract to increase its economic value it is necessary to define the 

economic criterion upon which each contract is valued, as well as the relative added value 
provided for by the software metrics which help overcome the above-mentioned main 
criticalities in contracts (see Table 1). 

 
3.1.1. “ Time & Material with sw metrics” contract: 

The increased economic value of the contract is the criterion upon which mainstream 
Time & Material contracts are evaluated in the early stage in terms of overall supply 
resources/ effort and, in a later stage, in terms of recurring job-card monitoring of the amount 
of commitment/effort required for each project activity. The reference unit is given by the 
number of resources used in a given time unit, for example number of people per day. 
Significantly enough, time is the key variable in software development and is related to the 
amount of effort rather than material. 

The introduction of the Functional Point metrics in mainstream Time & Material contracts 
makes it possible to measure the overall resources/effort against the amount of work 
delivered, namely monitor the overall supply productivity. The marker of productivity can be 
inferred from the ratio between effort and amount of product delivered/worked or 
alternatively between effort and product released. By way of illustration, an example of 
productivity marker can be the Product Delivery Rate, PDR, given by days/men/FP. 

 
Contract value definition:  
Given a set of project features, it is possible to anticipate the overall effort required as well 

as the total FP size. These two findings give evidence of the level of expected productivity. 
As a function of the type of resources at stake and their cost it is possible to define the 
financial support of the contract. 
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Economic review:  
The economic review is a procedure that takes place when the contract draws to a close. It 

is based upon a comparison between the level of expected productivity and the level of actual 
and measured productivity. The review procedure looks at various levels of contract-based 
productivity agreed upon by the parties, called contract franchise, which is defined in terms 
of percent of expected productivity variance, as shown on Figure 1. Project track records or 
reliability rate of early estimations can be used to work out the franchise value. Franchise 
values above or below the average values may fail to be symmetrical. 

 
Figure 1 

 
 An economic criterion will be defined based upon project features and customer-supplier 

relationship to evaluate productivity levels above the agreed franchise threshold. An example 
of economic criterion is shown below: 

Percent adjustment to be applied to the overall supply amount. 
• Productivity values 5% below the agreed productivity average account to a 0.5% decrease 

in the total amount for each percent point of variance and up to a maximum value of 10%. 
• Productivity values 5% above the agreed productivity average account to a 0.10% bonus 

for each percent point of variance up to a maximum value of 10%. 
 
In order for the “Time & Material with sw metrics” contract to be properly enforced it is 

necessary to provide for the following features:  
• Initial product size estimation.  
• Final size estimation of released product. 
• Measurement of the amount of product re-worked (adjustments, cancellations while the 

project is under way).  
• Final overall effort. 

 
3.1.2. “Turn-key with metrics” contract 

The key features of “turn-key metrics” contract overlap with those of mainstream Turn-
Key contract, in particular the overall economic assessment of the supply made on a lump-
sum basis. The use of size estimation metrics proves quite useful in monitoring overall cost-
effectiveness. In any event it is necessary up front to agree on a variation range (min and max 
values) within which allowance is made as to the difference between sw released/delivered 
and initial sw size estimation. 

Such a variation range takes stock of the fact that when the early estimation is made it is 
only possible to estimate the final worked sw size, therefore the introduction of a size range 
within which the price is kept unchanged makes up for the possible lack of accuracy of early 
size estimation.  

 

Expected 
Average of PDR  Franchise 

value above

Franchise 

value below 

% %
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Contract value definition:  
When the project variables have been agreed upon in terms of size estimation, effort and 

cost it is necessary to agree upon expected physiological variability range, as shown on 
figure2.  

The ratio between the supply cost and the early size baseline gives the unitary value of 
each “software unit” (FP). Such a value can be used to define the price of that supply fraction 
that exceeds the franchise threshold. 

 
Economic review:  
The price remains unchanged if the released software size falls within the size leeway 

agreed upon under the contract. 
The economic criterion shall come into effect as soon as one of the agreed franchise levels 

is exceeded and shall be defined on the basis of the amount of software released or the size of 
the software delivered/worked. Generally speaking, this concept will be described in terms of 
final software amount, final FPs.  

 
Figure 2 

 
The following rules apply when estimating price variation: 
 

Table 4: Turn-Key metrics contract: contract economic criteria  
If  

final amount < estimated amount 
This may be due to the high number of 
functionalities initially estimated and 

eventually cancelled  
  

If  
Final sw amount > estimated sw amount 

This may indicate that the amount of software 
being processed exceeds what initially 

estimated  
 

Make sure you do not exceed the franchise 
value below average  

 
In this case the amount of sw to be 

eliminated > 0 

Make sure you do not exceed the franchise 
value above average  

 
In this case the amount of sw to be 

 added > 0 
Amount of sw to be eliminated = 

Amount estimated * (1 - below franchise ) 
– amount of final sw  

Amount of sw to be added = 
Amount of final sw – amount of estimated 

Sw. *(1 + above franchise) 
Economic reduction =  

Amount to reduce * unitary cost; to be 
deducted from the amount agreed upon.  

Economic increase = 
Increased amount * unitary cost; to add to 

the amount agreed upon. 
In order to be properly applied the “Turn key with metrics” contract needs to provide for 

the following features:  
• Initial product size estimation. 

Estimated 
FP  

Franchise 
value above 

average 

Franchise 
below 

average  

% 

Final 
FP

%

Final 
FP
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• Final size estimation of released product. 
• Measurement of the amount of product re-worked (adjustments, cancellations while the 

project is under way).  
 
 “Turn key with metrics” contracts mimic mainstream conventional “Turn key” contracts 

as long as no significant change calls for the implementation of the economic criterion. In the 
latter case the economic value ascribed to the variation is similar to the “Product metrics 
made- to- measure” contract.  

  
“Product size-based contract”  
The product size-based contract focuses on product quantity and its price is built up into 

product units. By analogy this contract can be considered like a turn-key for product unit 
contract, in that when the price per supply product unit has fixed with equity, Function Point 
price (€/FP), the overall value is given by the amount of software delivered times the agreed 
unitary price (FP * €/FP). This approach needs to rely upon an agreed framework from which 
the FP unitary price value can be inferred, this however falls out of the scope of the paper. 
Clearly it will be necessary to use an estimation model which allows calibrating average 
values based on the features of each specific supply.  

  
3.2. Unstable requirements, how to deal with it?  

During the execution of a contract, the customer may wish to introduce new functionalities 
or change old ones initially agreed upon by the parties. In this event, it is essential to rely 
upon a formal procedure managed and agreed upon by the parties, which regulates any 
change request made while the contract is in force. Change requests made while the contract 
is already in force shall be measured by applying the approach described [under 1] which in a 
nutshell consists of:  

 
Acronyms: 

ADD - change requests that add new functionalities 
CHG – change requests that change existing functionalities  
DEL – change requests that cancel existing functionalities  

 
Size: 

• Added functionalities, ADD  
Software size exceeding agreed IFPUG standard baseline. 

• Change to existing baseline functionalities, CHG.   
Size of software subject to change, this refers only to existing baseline functionalities. 
This software size is adjusted according to the change request working stage, Life Cycle 
Progress (LCP), and the impact of the change request, Change Level (CL).   
The change estimation formula being: CHG * CL * LCP;  

• To delete functionalities selectively, DEL.   
For contractual purposes in case of functionality deletion special attention should be paid 
to the processing /working stage of the deletion request at the time the request is made, 
LCP. The amount of software to be discounted is equal to sw still to be processed/worked. 
If the deleted function has already been processed/worked it will not be possible to 
eliminate such function altogether.   
The size estimation formula which applies in this case being:   
DEL * (1-LCP)  
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By way of illustration hereafter are some examples of LCP and CL values. 
 

Table 5: Life Cycle Progress 
LCP -  
Development 
stage 

Description  
% 

effort 
made 

Specification
s The request still needs to be formalized in the specifications report. 20% 

Technical 
planning 

The request was formalized in the specifications report and the 
procedure for inserting the request into the technical design in under 
way. 

40% 

Code  The request was inserted and is part of the Technical Planning 
Report. The coding procedure is under way. 

80% 

Integration The request is available in an integration environment. 90% 

Release  The request was already released. 100% 
 

Table 6: Change Level 
CL 

Change  
Level Work saved through function implementation  Reuse level 

% 
savings or
estimated 

0,2 Work efforts kept to minimum thru use Very high  >75 
0,5 Work efforts halved through reuse High 51 – 75 
0,7 Reuse will produce significant savings Moderate 25 –50 
0,9 Reuse will produce minimum savings  Low <25 
1 No reuse.  Null  0 

 
4.  Lessons learned and conclusions  
• In the real business world the “technical management” and the “accounting management” 

need to rely upon objective reference points in order to share project managerial 
information. 

• The variable-fee contract as developed through Time & Material contracts (with or 
without metrics) is frightening accounting managers. Therefore it is most advisable to 
provide some level of certainty and opt for the lump-sum turn-key contract. If the turn-key 
metrics contract is to be used there will be more certainty in terms of cost of variations 
emerging from the contract still in progress. 

• The supplier can be perplexed because he is not able to monitor the measuring method as 
efficiently as he is able to control the man/day parameter of material contracts, largely 
used in Time & Material (T&M) contracts.  

• The Time & Material (T&M) with metrics contract protects the customers against possible 
supplier–related inefficiencies strongly affecting production. 

• The new monitoring parameter in the customer-supplier relationship cannot be introduced 
as a leap into the dark. Prior to introducing the new monitoring parameter it is therefore 
necessary to inform and sensitize both parties as to the nature of methods and approaches. 

 
• The introduction of the new metrics into software supply contracts involves: 

- The parties’ awareness of the bottlenecks of conventional software supply contracts. 
- The parties’ determination to optimize their own performance. 



  Published in the conference proceeding SMEF 2005 

 140 

- Support methodologies need to be known and shared by the parties in all customized 
forms. 

- The parties’ determination to utilize the new metrics. 
• The contractual relationship should also be cemented by a sound spirit of trust between the 

two parties, which stems from hand-on experience and indirect knowledge (a business 
long operating in the market place was faced with other contractual relationships). 
 
Generally speaking, software outsourcing contracts involve complex issues which need to 

be approached straightforward; otherwise they might lead to numerous misunderstandings 
between the customer and the supplier. 

 
The new metrics does not eliminate all the possible problems which emerge in this type of 

relationship, however it provides an additional parameter which makes it possible to rely on a 
more objective relationship in a software supply environment, hence a better control of 
outsourcing projects. 
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Evaluating Economic Value of SAP 
 

D.Caivano, G. Chiarulli, V. Farinola, G. Visaggio 
 

Abstract 
It is well known that a best practice of software engineering is documentation of a 

software system. Nevertheless, the state of practice of software documentation is not 
reassuring and quite different from its state of art. Production of documentation, necessary 
for documenting changes made on a software system has a cost that, although not 
quantifiable a-priori, is often considered as “too much”.  

In this context, ABACO (an Italian SME) has quantified the economical value of 
documentation in ERP maintenance projects. More precisely, this work aims to present the 
collected experiences of ABACO in four maintenance project applications in SAP. For each 
one, metrics have been collected, analyzed and commented.  
 
1. Introduction 

A well known best practice of software engineering is documentation. It is of primary 
importance for understanding the requirements and the system’s architecture as well as for 
transferring knowledge and know-how among practitioners responsible for developing and 
evolving the system itself. A large part of business in ABACO (an Italian SME) derives from 
maintenance of ERP SAP systems implemented for numerous customers nation wide. For 
this type of activity the ability of understanding in little time both requirements and structure 
of the system to maintain is essential in order to allow developers to be immediately 
productive in executing the maintenance requests [3]. Nevertheless, the state of practice of 
software documentation is not reassuring. In fact, ABACO’s experience in maintaining SAP 
solutions with their customers points out that in the best of cases, when documentation exists 
it seldom corresponds to the actual structure of the system, it is obsolete and, in the worst 
cases doesn’t exist.  

Production of the documentation, necessary for documenting changes made on the 
software system has a cost that, although not quantifiable a-priori, is often considered as 
being too much. In general, code is directly produced, without “wasting time” in 
documenting it, because a developer that “produces paper” rather than “code” is considered 
as being non productive.  

Given this general scenario, ABACO has quantified the economical value of 
documentation in ERP maintenance projects. More precisely, this work aims to present the 
collected experiences of ABACO in four maintenance project applications in SAP. We 
illustrate and discuss: 
1. The importance of maintenance projects compared to development ones. 
2. The cost of training on job in order to overcome missing documentation of software 

systems and face turn over of personnel assigned to projects.  
 

2. Context 
An ERP product can be briefly defined as a software application made up of various 

subsystems aiming to manage all business processes (finance, production, sales, and 
marketing) in a single integrated environment where data collection of information within a 
process has immediate effects on the correlated processes [1]. An ERP can be seen as a 
general framework that must be specialized each time according to the requirements to 
satisfy. ERP packages provided by vendors are usually structured in modules that carry out 
the applications according to the functions of the company. This division allows enterprises 
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to only implement the necessary modules with respect to their specific needs. Also, some 
vendors offer predefined solutions for various industrial areas, identified as “industry 
solutions”.  

One of the most accredited ERP systems on the market is SAP R/3. More precisely, SAP 
R/3 is an example of ERP application having a business architecture made up of numerous 
components, such as: 
• Financial Accounting (FI): includes specific and general financial modules (e.g. customer 

and supplier); 
• Control Management (CO): allows direct and in direct cost analysis, profit analysis etc. 
• Treasury (TR): dedicated to cash flow management, fund management. 
• Materials Management (MM): includes management functions for inventory, sales, 

invoices. 
• Production Planning (PP): can be configured in order to manage repeated production on 

request and process oriented. 
• Human Resources (HR: implements functions of presence management, finance, pay 

checks, hiring. 
• Sales and Distribution (SD): implements the functions for sales, invoice, stock 

management. 
 

The implementation of a product and its maintenance in SAP can be of four types [2]: 
1. Customization or parameterization. It consists in personalizing the product by setting 

specific configuration parameters. It determines how the system will react to the customer 
input and allows to define the so called business rules;  

2. Enhancement: predisposition, within the standard code, of available plug-in for 
personalization. SAP offers plug-ins that can be considered as a differentiation from 
standard modules where code can be inserted. Their use consists in writing new code that 
can be directly written in ABAP (SAP proprietary language) or through calls to external 
functions (remote function call), through other development languages. Examples of 
enhancement are: exit menu, exit screen that allow to extend standard user dialogue menu 
and screen; 

3. Customized development: made according to the customer requirements implementing the 
SAP solution. In this case, the standard and customizing versions are not enough to face 
customer requests. In order to do so, a complete development environment is provided, 
ABAP Workbench, ABAP dictionary etc. where it is possible to define new elements of 
the data dictionary, programs, interfaces for data acquisition, transactions etc. 

4. Modifications to the standard: consists in rewriting, all or part of, the code of the standard 
SAP transactions.  
 
In SAP, the phases that involve the highest amount of project decisions during the 

implementation process are customizing and enhancement. During product implementation, 
two types of problems are faced:  
1. There often is no documented schema that supports the choice of the parameter values. 

Given a specific configuration choice it is not possible to immediately verify its impacts. 
In fact, this remains an internalized part of the consultant’s experience. In other words, it 
is tacit knowledge and therefore difficult to transfer. Starting from a customization choice, 
the software objects (tables, transactions, programs, module pole, etc.) implied in the 
changes are not evident. It is clear that this knowledge increases importance as the number 
of customizations increase. As counter part, this increments the differences with the basic 
distribution of the product.  
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2. Each function provided to the user is included in a process flow and each action carried 
out by the system is characterized by preconditions that determine its success and a set of 
consequences deriving from the operation. The effects impact on the company functions 
involved.  
 
Therefore, no explicit and documented procedures that point out how two or more 

functions, belonging to the same module or to different modules, share and integrate 
information from a single process compared to various possible configuration alternatives. 
This lack of documentations, determined by a common modus operandi and partially from 
the two previous described characteristics of SAP, makes so that knowledge transfer 
necessary for acquiring the requirements that an ERP system implements is done orally, 
through training on job. This has a strong impact on maintenance costs of a SAP system. 
Such costs can be overcome by a good documentation.  

 
3. Facts Elicitation 

Table 1, shows data related to development and maintenance costs of four SAP projects. 
For each project the following metrics were collected: 
• The Implementation Effort in man days, i.e. the effort spent for the system development. 
• The Maintenance Effort in man days, i.e. the overall effort spent for system maintenance 

after the system development. This includes all the type of maintenance activities 
(corrective, adaptive, perfective maintenance).  

• The % of Maintenance Effort vs Implementation Effort:  
(Maintenance Effort)/(Implementation Effort)*100. 

• The System Age, i.e. the number of solar years from system release. 
 

Table 1: metrics for each SAP project 
 
 
 
 

 
 
 
 
 
 

 

The values reported represent a rough estimation that points out how the maintenance 
activity is generally comparable with development (Figure 1). Note that these data refer to a 
period of time of three years and therefore it is estimated that maintenance costs and effort, in 
brief, will greatly exceed the development ones.  

 

Project 
Implementation 

Effort  
(Man days) 

Maintenance 
Effort  

(Man days) 

% Maintenance 
Effort vs 

Implementation 
Effort 

System age (Solar 
Years) 

Prj 1 1600 2450 153,13% 1,5 
Prj 2 1260 750 59,52% 0,8 
Prj 3 962 1890 196,36% 3 
Prj 4 3840 2400 73,53% 1 
Total 7662 7490 101,37% na 
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Figure 1: implementation vs. maintenance effort 

 
Further considerations can be made with refer to Table 2 that points out other details on 

effort and costs for carrying out maintenance activities. In fact, for each project, the 
following metrics are reported: 
• The Productive Man Days, i.e. the man days spent by the developer in maintenance 

activities; 
• The Non Productive Man Days, i.e. the man days spent by developer in training on job in 

order to transfer/acquire the knowledge about the application to maintain. Typically this is 
due to the turn over of the developers on the project. Each time a new developer is 
involved in the project, he needs to know the value of the system parameters that result 
from system customising activities, to understand the system requirements (in case of a 
functional profile) or system structure (in case of technical profiles) such as ABAP 
programs. Such information should be transferred by using system documentation. 
Nevertheless, they are transferred by socialization between the developers (old and new) 
involved in the project. This value can be assumed as an approximation of the cost 
sustained for the lank of documentation of the system, and thus as the documentation’s 
economic value. 

• The % of Non Productive Man days vs Productive Man days, that can be interpreted as the 
percentage of maintenance effort spent due to lack of system documentation.  
 

Table 2: effort and cost metrics for SAP Projects 
 

 
 
 
 
 
 
 
 
 

 
 
The following figures report, for each project, respectively: 

• Division of man/days for maintenance activities presented in Figure 1, in Productive and 
Non-Productive (Figure 2).  

• % of Non Productive Man days vs Productive Man days. 
 

Project Productive 
Man days 

Non 
Productive 
Man Days 

% non productive 
vs Productive 

Prj 1 2156,0 294 13,64% 
Prj 2 592,5 157,5 26,58% 
Prj 3 1549,8 340,2 21,95% 
Prj 4 2184,0 216 9,89% 
Total 6482,3 1007,70 15,55% 
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Figure 2: productive and non-productive man days 

 
4. Conclusions 

The percentage of maintenance costs attributable to the lack of documentation, as it can be 
seen, varies between 9,89% and 26,58%. Overall, on the analyzed projects 13% of the 
maintenance costs are attributable to knowledge transfer activities (Figure 3) and, therefore, 
could have been reduced if a good level of documentation were available and allowed a better 
understanding of the system. Another interesting consideration is that projects 2 and 3, with 
highest percentage of maintenance costs attributable to missing documentation, are the oldest 
ones. This suggests that with time, systems degrade and become progressively more difficult 
to understand. Therefore, maintenance becomes onerous due to difficulty of transferring 
knowledge related to the system.  

 

 
Figure 3: costs per man days 

 
Thus the cost sustained for training on job in order to transfer system knowledge increased 

as the system aged.  
This means that the documentation production has a good economic value and, therefore, 

allows a short return of investment (ROI). 
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MECHDAV: a quality model for the technical evaluation of 
applications development tools in visual environments 

 
Laura Silvia Vargas Pérez, Agustín Francisco Gutiérrez Tornés 

  
Abstract 

There are diverse standardized models that serve as a guide for organizations in the 
measurement of characteristics that allow them to achieve a quality level in their software 
products. It is necessary to adjust them, theoretical and practically, to obtain a qualimetric 
model for the purpose of evaluating and measuring the determined software quality 
characteristics. Often, these models are used with a different purpose in mind, such as 
buying, renting, using, etc. In these cases a comparative analysis of several products is made 
to decide which will be selected.  

This paper presents a model, MECHDAV, based upon the ISO/IEC 9126 and ISO/14598 
standards, as well as in the MECA model, that will allow the comparative analysis of 
applications development tools in visual environment based upon the fulfilment of the 
following characteristics: functionality, reliability, usability, efficiency and portability as 
well as that of quality in use. 

Finally a guideline for the concrete instrumentation of the evaluation, such as ranking, 
presentation and documentation procedures, is giving.  

 
Key words: software quality model, technical evaluation, visual environments. 
 

1. Introduction 
In order to improve any software it is required to measure its attributes, by means of a set 

of significant metrics, and use them to provide indicators that lead to a strategy of technical 
evaluation of product quality. These metrics will serve to measure those attributes established 
in a qualimetric model, that indicates the requirements and values that must be fulfilled. It is 
important that software product measurements can be done easily, and that the results can be, 
in the same way interpreted.  

 
The first step in establishing a qualimetric model is the determination of important 

technical properties that identifies quality components and their interrelations. Its objective is 
to facilitate their quantitative and qualitatively evaluation. Usually these models have three 
levels: characteristics (properties), sub characteristics (factors) and attributes (metrics) [8,9]. 

 
The ISO/IEC 9126 series provides a quality model of general intention that describes six 

characteristics: functionality, reliability, usability, efficiency, maintainability and portability. 
A fairly new characteristic is added: quality in use. This series also proposes a handful of 
internal and external metrics to facilitate its evaluation. This process can be done using 
different tools. One of the mostly used is that of checklists or technical revisions [10,11]. 

 



  Published in the conference proceeding SMEF 2005 

 148 

1.1. Types of measures 
When evaluating a software product, two types of objectives can be targeted: to identify 

problems that can be rectified or to compare product quality in alternative products or against 
requirements (which can include certification). This paper supports this last viewpoint. 

 
The type of required measurements will depend on the intention of the evaluation. It is 

important that evaluation specifications are determined by a precise qualimetric model that 
must include methods of measurement, scales, and rank of levels for each metric.  

 
2. Proposed evaluation model  

The proposed qualimetric model for the evaluation of applications development tools in 
visual environments, is based upon the ISO/IEC 9126 [6] and 14598 series [7], which are 
being compacted in the SQUARE PROJECT [14] whose architecture is shown in Figure 1. 
Also the model presented is based upon the MECA model [ 10,11]. 

 
It is necessary to stress that software products for whose this technical evaluation model is 

designed, that is applications development tools packages in visual environments, are 
available in the market, and so they are already in the operation stage. In addition, 
commercial products do not have available information concerning their development. This 
forces to carry on the evaluation through the operation scope, using only external metrics. 
Also metrics connected to the quality in use characteristic will be proposed [14]. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: Architecture proposed in MECHDAV  
 
Quality in use is the combined effect of software quality characteristics from the user point 

of view. Those attributes related to quality in use will have a particular importance. The 
relationship of quality in use with other software quality characteristics depends on the type 
of user. 
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The evaluation process is described like a procedure of prudent steps. Its five stages are 
described in Figure 2. 

 
 

Figure 2: Evaluation process used in the proposed model [7]. 
 

2.1.   An specific quality model for the technical evaluation of applications 
development tools in visual environments 

The qualimetric model presented has also three levels. In the first level quality 
characteristics are located. These are software product properties that allow its quality 
description and evaluation. A quality characteristic can be refined into many sub 
characteristics to demonstrate their capacity to satisfy requirements pre-established implicitly 
by the producer and explicitly by the client or user. Attributes are the evaluation elements of 
the lowest level of refinement, which allow to measure, classify and determine the quality 
level reached by a specific software product.  
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The model proposed in this paper is presented in Figure 3. Here one can see the 
characteristics and their sub characteristics. As you can notice we have six characteristics in 
the model. After a study, we have dropped maintainability from the ISO/IEC 9126 proposal. 
Also we dropped reusability proposed in MECA.  

 

 
 

Figure 3: MECHDAV - qualimetric model for the technical evaluation of the applications 
development tools in visual environments 

 
In Figure 4 a compacted presentation of the model up to its third (and four levels): 

attributes and its metrics, is given. In order to evaluate product quality, the results of different 
characteristics need to be summarized. The evaluator must prepare a procedure for it, 
separating criteria for different quality characteristics. The evaluation procedure will include 
other aspects such as time, number of attempts, insolvent as much successful results, some 
operations that have to be made, all contributing to the evaluation of software product quality 
in a particular environment. 
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Characteristic/ Sub Characteristic/ Attribute/ Metric 
1.1.1.1. Functionality/ Completeness/ Total contain/ metric  
1.2.1.1. Functionality/ Consistency/ Vocabulary, symbols and others used conventions uniformity/ 

metric  
1.2.2.1. Functionality/ Consistency/ Structure, content and components elements uniformity/ metric  
1.2.3.1. Functionality/ Consistency/ Processing return uniformity/ metric  
1.3.1.1. Functionality/ Correction/ Correct utilization of language / metric  
1.3.2.1 Functionality/ Correction/ Correct operation / metric  
1.3.3.1. Functionality/ Correction/ Correspondence of descriptions with objects / metric  
1.4.1.1 Functionality/ Integrity/ Auto check/ metric  
1.4.2.1 Functionality/ Integrity / Security / metric  
1.5.1.1 Functionality/ Interoperability/ Data exchange/ metric 
1.5.2.1 Functionality/ Interoperability/ Components and interfaces exchange/ metric 
1.6.1.1  Functionality/ Standardization/ Vocabulary standardization/ metric 
1.6.2.1 Functionality/ Standardization/ Symbols standardization/ metric 
2.1.1.1. Reliability/ Recoverability/ Options to recover itself / metric 
2.2.1.1. Reliability/ Tolerance of errors or failures/ Errors processing/ metric  
2.2.2.1  Reliability/ Tolerance of errors or failures/ Degraded processes/ metric 
2.3.1.1  Reliability/ Maturity/ Time between failures/ metric  
3.1.1.1  Usability/ Understandability/ Terminology in agreement to user / metric  
3.1.2.1 Usability/ Understandability/ Adequate user interface/ metric  
3.1.3.1. Usability/ Understandability/ In line aid/ metric  
3.2.1.1. Usability/ Learnability/ Demo/ metric  
3.2.2.1 Usability/ Learnability / Demo efficiency/ metric  
3.2.3.1. Usability/ Learnability / Tutorial / metric  
3.2.4.1  Usability/ Learnability / Tutorial efficiency/ metric 
3.3.1.1. Usability/ Operability/ Help utility/ metric  
3.3.2.1  Usability/ Operability/ Help operability/ metric  
3.4.1.1 Usability/ Attraction/ Successful recovery/ metric  
3.4.2.1. Usability/ Attraction/ Attractive interaction/ metric  
3.4.3.1 Usability/ Attraction/ Time of operation/ metric  
3.5.1.1 Usability/ Diffusion/ Amplitude/ metric  
3.5.2.1. Usability/ Diffusion/ Frequency of operation/ metric  
4.1.1.1 Efficiency/ Use of time/ Efficiency in time/ metric  
4.2.1.1. Efficiency/ Use of resources/ Efficiency in resources/ metric  
4.3.1.1. Efficiency/ Scalability / Availability/ metric  
5.1.1.1. Portability/ Instalability/ Installation module/ metric  
5.1.2.1  Portability/ Instalability/ Configuration module/ metric  
5.2.1.1. Portability/ Adjustability/ Independence of the hardware environment/ metric 
5.2.2.1 Portability/ Adaptability/ Independence of software environment/ metric  
6.1.1.1 Quality in use/ Effectiveness/ Tasks effectiveness/ metric  
6.1.2.1 Quality in use/ Effectiveness/ Tasks performance/ metric  
6.2.1.1 Quality in use/ Productivity/ Productive proportion/ metric  
6.2.1.2 Quality in use/ Productivity/ User relative efficiency/ metric 
6.3.3.1 Quality in use/ Satisfaction/ User favourite psychological effects/ metric  

 
Figure 4: MECHDAV - compacted model 
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3. Evaluation scale  
Attributes are quantitatively measured using metrics. The results (measurement value), are 

mapped upon a scale. This value does not show, in itself, the same satisfaction level of the 
requirements. For this purpose, the scale has to be divided into ranks pertaining to different 
degrees of satisfaction. This concept is presented schematically in Figure 5.  

 
 best case   1.0 
       Exceeds requirements    
planned level  0.8 
             
             satisfactory 
measured value   
        Target range 
current level  0.6         

        Minimally acceptable  
             
worst case    0.5      

        
    unsatisfactory 

       Unacceptable     
             

  measurement scale   ranks of levels  
 

Figure 5: Metrics ranks of levels. [7] 
 
As we can see the scale is divided into two categories: unsatisfactory and satisfactory. 

Then these are subdivided into four obligatory categories: best case, planned level, current 
level and worst case. The present level is situated to control that new systems does not 
deteriorate in the present situation. Planned level is what is able to be reached with available 
resources. The worst case level is a limit for acceptance by the user. The best case level is 
what would be ideal to achieve. According to the value obtained metrics are ranked following 
the table shown in Figure 6.  

 
VALUE % FULFILLMENT MEANING / INTERPRETATION   

 1.0 90-100  Excellent / Always A 
 0.8 70-89  Satisfactory / Almost always B 
 0.6 50-69  Acceptable / Regularly C 
 0.4 30-49  Deficient / Sometimes D 
 0.0 0-30  Unacceptable / Never or rare times E 

Figure 6: Evaluation and ranking table 
  
 
4. Metrics definition and description 

A software metric is defined as a quantitative measure of the degree in which a system, 
component or process possess an attribute [2]. In our model there is a metric for each 
attribute. A collection of 44 metrics are used and documented following the format shown in 
Figure 7.  
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Characteristic:  1.  Functionality.  
Sub characteristic: 1.2 Consistency.  
Attribute:  1.2.3 Uniformity in processing returns.  
Metric: 1.2.3.1 Proportion of adequate functions re-establishment from any 

  depth level.  
Method:   Knowledge of functional performance. 
Formula:  X =  1 - (A / B)  
    A =  Number of functions changed after introducing operations 
     during a specific period. 
    B = Number of specific functions. 
Interpretation:  Stability of functional specifications objective 
   0 < = X < = 1; the closer to 1 the better. 
Source of reference: MECA, ISO/IEC 9126 

Figure 7: Documentation of a metric 
 

5. Execution and presentation of results 
Expressing results, partial and totally, is not an easy task. Understandable and simple 

formats should be selected to obtain a fast and reliable evaluation of quality for different 
representations of software. For that reason, the formats chosen are verification lists 
(checklist) and control matrices. 

 
The verification lists (checklist) are questionnaires where questions (or assertions) are 

expressed. They should be answered (or confirmed) expressing one of the values in the 
agreed scale. In Figure 8 a sample of such a form is presented.  

        
           Answer Evaluation 
           (rank) A (rank) 

6.3.1.1 Software responds quickly to entries. 
6.3.1.2 Software is recommendable for colleagues 
6.3.1.3 Instructions and warnings are useful 
6.3.1.4 Software does not stop or paralyzes unexpectedly 
6.3.1.5 To learn how to operate the software is not very problematic  
6.3.1.6 The following step to carry out is always known  
6.3.1.7 The work sessions are enjoyable  
6.3.1.8 The information given is very useful  
6.3.1.9 If software stops, is easy to resume it  
 

Figure 8: Part of a verification list 
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A matrix of control is a complementary tool that serves to plan and to summarize content 
and development of a control system. In Figure 9 a fraction of such a matrix is shown.  
           
 Tools 

Model 

 A  B  C   D  E  F  G  H  I  J  K Record 

1. Functionality  

1.1.1 

  
 1 

 
 1 

 
 0.8 

 
 0.8 

 
 1 

 
 1  

  

 0.8  

 
 0.8  

 
 0.8 

 
 1 

 
 1 

 
 1 

1.2.1  1  1  1  1  1  1   1   1   1   1   1  1 

1.2.2  1  0.8  1  0.8  1  1  0.8  0.6  0.6   0.8   0.8  0.8 

 ... ... ... . ... ... ... ... ... ... ... ... ... 

 .... ...  ... ... ... ... ... ... ... ... ... ... ... 

1.5.1   1  1  1  1  0.8  1  0.8  0.8  1  1  0.8  1 

1.5.2  1  1  1   0.8  1  1  0.8  1  1  1  0.6  1 

1.6.1  1  1  1  0.6  1  1  0.8  1  0.8  1  0.8  1 

1.6.2  0.8  1  1  0.8  1  1  0.8  1  0.8  1  0.8  0.8 

Average  1  1  1  0.8  1  1  0.8  0.8  0.8  1  0.8  1 

Figure 9: Part of a control matrix 
 

6. Conclusions 
Frequently software tools and packages need to be evaluated in order to make a selection 

among several proposals. Models such as the one here presented can give technical guidance 
to help making the final choice. Of course, other criteria will also be taken into account, such 
as economical, environmental, etc. The model presented is quite general and could be used to 
evaluate not only applications development tools in visual environments, but other software 
products as well.  

 
This article is part of an investigation that is carried out at the Computing Investigation 

Center of the National Technical Institute in Mexico that will culminate with a thesis of 
Master in Computing Sciences.  
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Decision tables as a tool for product line comprehension 
 

M.T.Baldassarre, M. Forgione, S. Iachettini, L. Scoccia, G. Visaggio 
 

Abstract 
LEGOM is an application, on the market from three years, that supports the legal office of 

a bank or an insurance company in solving credit return problems related to high risk 
customers. Its application domain is characterized by conceptual differences among its set of 
interested stakeholders. For this reason, once on the market many specializations have been 
done, leading inevitably to many versions of the application. In this context, the application 
itself became difficult in terms of configuration management, maintenance and identification 
of the most appropriate “existing version” suitable for customer needs. So, the SME decided 
to migrate the application to a product line characterized by a core common part and a set of 
variants, each identified by a set of parameters. It was therefore possible to formalize all of 
the existing versions of LEGOM. Once identified all parts, the relations between parameters, 
common and variant parts were formalized in a decision table. The efficacy of such a 
decision tool was then evaluated.  

Moreover, after transforming the versions of LEGOM into a product line, the SME 
submitted a survey to their stakeholders with the aim of verifying whether the decision table 
was able to identify all of the specializations and variants requested by each stakeholder. 
Results of the survey show how the product line version of LEGOM is comprehensible for 
developers in the SME and for stakeholders in that it explicitly formalizes its components and 
easily leads to identification of the variant parts that make up the final product.  
 
1. Introduction 

LEGOM is an application of Cartesio S.p.A, an Italian SME, that has been on the market 
for 3 years. It supports the legal office of a bank or an insurance company in solving credit 
return problems related to high risk customers. A national norm defines legal actions that can 
be engaged with respect to such customers. In each case, the aim of any institution is to avoid 
legal actions that damage the relation with the customer in order to maximize the amount of 
credit retrieved for each customer in risk.  

With respect to the norms that regulate this area, each bank adopts a specific approach, 
based on past acquired experience, with their customer. For national banks, such decisions 
must take into account and therefore adapt to the various territorial and economical contexts 
(i.e. north Italy has a strong industrial economical reality, central Italy has a manufacturing 
economical reality, south Italy is mostly based on primary production and services) with 
different cultures, and therefore different ways of facing the initiatives to undertake. Many 
institutions also rely on external attorneys  that are authorized in adapting credit retrieval 
procedures to their experience. These represent the stakeholders of LEGOM. Obviously, 
when such experience changes in time, the procedures also tend to change.  

 
For what concerns the application domain, it is characterized by conceptual differences 

among customers and by being often volatile. In fact, after putting an application on the 
market, Cartesio had to customize it. Some customers requested specializations, in different 
versions, able to satisfy their stakeholders within the financial institution. For example, a 
bank that adopts the application may need five different specializations for five different 
attorneys with different experiences that work for the financial institution. A total of 5 
products (LEGOM System) were sold from Cartesio. These generated 23 versions of the 
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application which are the result of 23 specializations of the system in order to satisfy all 
stakeholders. 

Cartesio was aware of these difficulties when they decided to develop the application. For 
this reason, development was carried out in a process oriented environment. Both 
development and modifications to the application were quick.  

More precisely: 3 man/years of effort for the development and about 5 man/years for 
specialization of the system to the customer needs were required. Specialization requests 
range from a minimum of 1 man/month, to a maximum of 9 man/months, with an average of 
2,6 man/months. Data is summarized in the table below: 

 
Table 1: Effort in man/months for Specialization 

Minimum effort 1 man/month 
Average effort 2,6 man/months 

Maximum effort 9 man/months 

 
However, the previously described scenario, has determined some problems: 

• Configuration management of the application was costly. To give an idea, each time a 
defect in a component was identified, it was necessary to trace all the applications that 
contained that component. 

• Maintenance was costly. Each time a component must be modified it is necessary to 
verify the correctness of the change according to the aims of the component in the 
specific application and the relations it has with components of each version. 

• It was difficult to identify, among the existing versions, the one that satisfied or 
corresponded to the requirements of the customer. This was due to the fact that there were 
many customers and that often developers could not remember the distinguishing 
characteristics across different versions.  

 
2. Product Line Approach 

In order to face this situation, Cartesio transformed the application in a product line [3, 
4]. To obtain this goal the following steps were carried out:  
1. Analysis of existing versions in order to point out: 

a. Communalities; 
b. Variants of each single version. 

2. Distinction of parameters that characterize each version. 
3. Formalization of the relation between characterizing parameters, application of the 

product line and variances that specify each product. 
Step 1 required both comprehension of the operating versions and, in some cases, 

restructuring of some components. In fact, due to lack of information hiding, some 
components had such an extended scope that they differed from one version to another. These 
components were further divided by isolating the parts that differed and classifying them as 
variants, while the remaining part was considered as a commonality.  

The parameters that distinguish the applications of the product line are all expressed with 
typical concepts of the application domain. In this way, each stakeholder identifies the 
application according to the value of these parameters.  

Some examples of parameters are:  
1. Must accounting imports be specified? 
2. Is event management on goods necessary? 
3. Is return plan management following the termination of a work necessary?  
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The relation mentioned in activity 3 has been carried out with a decision table [1, 2]: in the 
top left quadrant the parameters that characterize the applications are listed; the top right 
quadrant contains the values of the parameters that identify an application; in the bottom left 
quadrant all the components that are needed to specialize the applications are listed; finally, 
the bottom right quadrant identifies, for each combination of parameter values, a set of 
variants that are included in the products. In the following, a portion of the decision table of 
Cartesio’s product line is shown: 

 

 
 Figure 1: Example of Decision Table 

 
So, for example, the case where parameter1 = “Y”; parameter2 = “N”; and parameter3 = 

“Y” corresponds to the combination nr.3, in other words it leads to an application of the 
product line made up of the “core asset” and the following variant components:  1, 4, 5, 6, 
and 7.  

At the moment the entire decision table contains:  
• 41 parameters; 
• 67 components for defining variants; 
• 241 potential applications. 

 
Furthermore, the “core asset” of the product line is made up of 128 components. At the 

moment, a total of 256 applications, of the 241 potential applications that make up the product 
line, are actually  applicable.   

This means that by following the previously outlined steps and by formalizing their 
representation in a decision table, application domain experts of Cartesio have noted that 
there are combinations of parameter values that can be instantiated in the application domain 
although they have not been explicitly requested by any of the stakeholders yet. This suggests 
a high configurability of the application.  

 
3. Experience 

After having transformed the versions of the applications in a product line, Cartesio 
interviewed its stakeholders through a survey. They assigned appropriate values to the 
parameters in order to express the requirements of each application. It resulted that: 
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• 16 stakeholders correctly identified, in the decision table, the application that 
corresponded to the version they were using. 

• 7 stakeholders identified applications that didn’t correspond to their version. 
It is interesting to note that 3 stakeholders, of the 7 previously mentioned, changed the 

application they were using with the one identified in the decision table. In other words, the 
parameters used in the table pointed out better solutions that the product line could offer. This 
induced some stakeholders to change their applications.  

Also, after defining the product line, other 3 LEGOM system were sold by Cartesio, 
leading to other 17 specializations. Of these 12 were included in the product line and 5 led to 
the definition of new variants, and therefore extended the product line. In brief, the ratio 
between number of specializations and sold products increased from  4,6 (i.e. 23/5) before the 
product line, to 5 ( i.e. 40/8) after the product line.  

For completeness, maintenance of the applications, before the product line required 5 
Man/Years for producing 23 specializations of the LEGOM System. After building the 
product line, 2 Man/Years were spent to develop further 17 specializations.  

Specialization effort required ranges from a minimum of 0,5 man/months, to a maximum 
of 4 man/months, with an average of 1,4 man/months. Data are summarized in the table 
below: 

 
Table 2: Effort in man/months for Specialization 

Minimum effort 0,5 man/month 
Average effort 1,4 man/months 

Maximum effort 4 man/months 

 
4. Conclusions 

The collected data and considerations made in the previous sections suggest that LEGOM 
in its product line version is comprehensible for users and for developers. Moreover, it is 
more maintainable than in the past.  

For what concerns configuration management issues, we have not collected any significant 
data yet because people implied in this activity remained the same before and after 
introducing the product line. Details have been omitted in that they go beyond the aims of 
this paper.  

To conclude, in this first year, use of both product line and decision table as means for 
improving stakeholder comprehension has led to positive results. In fact, Cartesio intends to 
define an experimentation on this product line in order to calibrate the techniques so the 
acquired experience can be transferred to other application domains.  
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Functional size measurement of processes  
in Software-Product-Families 

 
Sebastian Kiebusch, Bogdan Franczyk 

 
Abstract 

This article explains a Function- Point oriented method to measure the size of process 
focused Software- Product- Families. After a brief introduction of this new software 
engineering paradigm, we look at the synergies to the area of Workflow Management. 
Subsequent to this Introduction six process categories are identified according to aspects of 
reuse and locality. A technique to weight the complexity of these processes is derived from an 
empirical database. The following step transforms variable and common processes into an 
unadjusted size measure. All combinations of variabilities and commonalities are converted 
into units of a temporary size measure. Finally this new approach considers aspects with an 
important influence to the functional size like facets of complexity, locality, reuse and 
historical experiences. Based on these investigations a hypothetical case study shows how 
this new measurement mechanism basically works. 

 
1.  Introduction 

The concept of Software- Product- Families (SPF) originates mainly from the method of 
product lines1 in the manufacturing industry. Within this framework a development of 
common shared platforms has helped the automobile industry to overcome the business crisis 
of the 1980s and leads this branch back to successful commerce [3]. 

A SPF is a “… collection of products that share common requirements, features, 
architectural concepts, and code, typically in the form of software components” [8]. This 
modern software engineering paradigm is a promising solution for the current requirements 
of software products, consisting of high functionality and flexibility in combination with low 
costs. 

Ten years ago there was a shift from individual software engineering to the predomination 
of standardized software products. This change was based on lower costs of development, 
purchase, introduction and maintenance because of mass production.  

The disadvantages of standardized software are a lack of adjustment possibilities as well 
as a restricted availability in special domains like the automobile industry [2]. Hence the 
approach of SPF includes the potential to trigger a substantial movement in the area of 
software engineering like the paradigm of standardized software has done before. 

The synergetic areas of SPF and Workflow Management need to be considered as an 
entire part of software development across numerous application domains. For instance the 
cross branch workflows of dynamic organizations in a global marketplace require careful 
attention in the area of electronic Business (eBusiness) [9]. Furthermore the description of 
dynamic and variant rich processes in SPF would help to manage the complexity of 
variabilities during an efficient development of software for the automotive domain. A size 
measure for both application fields will be developed within further activities of investigation 
in a research project about process family engineering in service- oriented applications 
(http://www.pesoa.org) supported by the German federal ministry of education and research. 

The following explanation of a technical independent method to measure the functional 
size of processes in SPF originates from the Function- Point (FP) Analysis which is explained 
in [11] and [5]. Additionally, the subsequent exposition is based on the requirements of an 
   
1 In this elaboration Software- Product- Lines and Software- Product- Families will be considered synonymous. 
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estimation model for process focused SPF [6]; [7]. Furthermore it completes the adoption of 
the first three FP steps in [6] and [7] as a part of the Process- Family- Points (PFP) approach 
to estimate the effort in process orientated SPF [4]. 

 
2. Process functions 

A process is to be identified as a sequence of events with a definite beginning and a 
distinct ending. The activities in the process progression transform an object to a desired 
achievement [1]. Independent from the level of detail, a process is characterized by the 
factors of input, processing and output [10]. 

The redesigning of the transactional functions from the FP analysis results in process 
functions which are described in Table 1. This PFP matrix separates the process functions 
depending on if they are a part of the variabilities or commonalities in a SPF. In addition, 
taking in the consideration of locality, this separates them whether the input or the output 
factor is inside or outside the application boundary. 

 
Table 1: Process functions to measure the size of a SPF 
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variable internal process 
(PVI, germ. Prozess-  
Variabel- Intern) 

X - - - X X 

X - - X X - variable unidirectional process  
(PVU, germ. Prozess-  
Variabel- Unidirektional) X - X - - X 
variable bidirectional process  
(PVB, germ. Prozess- 
Variabel- Bidirektional ) 

X - X X - - 

common internal process 
(PGI, germ. Prozess- 
Gemeinsam- Intern) 

- X - - X X 

- X - X X - common unidirectional process 
(PGU, germ. Prozess- 
Gemeinsam- Unidirektional) - X X - - X 
common bidirectional process 
(PGB, germ. Prozess- 
Gemeinsam- Bidirektional) 

- X X X - - 

 
The process functions in Table 1 are based on the following assumptions: 

• The processing of the process is always inside the application boundary. 
• An implemented process with an external input and an internal output is characterized by 

the same functional size like a process with an internal input and an external output, if 
both processes have the same complexity. 
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• External processes are indicated through their directionality. Unidirectional processes 
contain an external input or an external output. Bidirectional processes include an external 
input as well as an external output. 

• Process functions are separated into a homogeneously (horizontal) and a heterogeneously 
(vertical) structure regarding to their variable and common parts. 

• All processes must be logical coherent and defined from the view of the consumer. 
 

3. Complexity weighting 
This step of the PFP approach determines the complexity of the process functions which 

are identified before. 
The PFP complexity matrix is based on generic process elements to support different 

modelling techniques. Nodes, edges and operators characterize the universal intersecting set 
of conventional process models. The number of edges depends on the quantity of nodes as 
well as on the amount and class of operators. For this reason and to ease the PFP complexity 
weighting, process edges are not regarded and classes of process operators (AND, OR and 
XOR) are summarized together. 

 
Table 2: Complexity matrix to rate process functions 

 nodes 
operators 2 ≥ 9 10 ≥ 19 > 20 

0 low low average 
1 ≥ 5 low average high 
> 5 average high high 

 
The numerically restrictions in Table 2 are extracted out of a database with 55 enhanced- 

Event- driven- Process- Chains (eEPC) from the areas of Business to Business, Business to 
Consumer and electronic Procurement. These eEPC describe the standardized Officeland 
Implementation of the eBusiness software product Intershop Enfinity 
(http://www.intershop.com). At this stage it is necessary to mention that further 
investigations which refer direct or indirect to this eEPC- database are not universally valid 
for the entire domain of eBusiness. 

 
4. Horizontal perspective 

A horizontal process describes variable or common functionalities of a software product 
in a homogeneous manner. Even after an optional increasing of the granularity level, 
horizontal processes contain only process elements as a part of variable or common assets in 
a SPF. Figure 1 visualizes the various types of homogeneous processes in a SPF from a 
horizontal viewpoint. These horizontal processes can possibly be the consequence of an 
optional variability capsulation inside a process orientated SPF. 

 

 
Figure 1: Horizontal process structures 
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The next two chapters describe an approach to transform horizontal variable and 
horizontal common processes in unadjusted PFP with consideration of complexity 
weightings, locality, reuse as well as historical experiences in SPF development. 

 
4.1. Variabilities 

The PFP conversion factors for PVI, PVU and PVB are related to the data oriented PFP 
conversion factors to achieve an internal cohesion of the PFP analysis [6]: 
• The action to address an internal variable file (DVI, germ. Datenbestand- Variabel- 

Intern), within a framework of process orientation, is characterized by a PVI (internal 
input and internal output). A PVI is comparatively easy to develop because of its internal 
implementation and therefore attached to the lowest factors for a data oriented variability 
conversion {5; 7; 10}. 

• A process orientated access to an external variable file (DVE, germ. Datenbestand- 
Variabel- Extern) is indicated by a PVB (external input and external output). The difficult 
realization of a PVB considers the critically requirements of variable interfaces and 
gateways. Consequentially the PVB conversion values are similar to the three highest data 
focused transformation factors for variable assets {7; 10; 15}. 

• The abstract of a PVU does not correspond with a single data oriented concept. Hence the 
PVU conversion factors have to be created by using the linear independent, cubic formula 
1 for an interpolation. 
 

3 21 1 7y x x x 3
6 2 3

= × − × + × +  (1) 

 
This function reflects the authentic FP conversion factors for data functions {5; 7; 10; 15} 

and describes a mathematical way to enlarge the original FP counting matrix [6]; [7]. By 
using this third degree function it is possible to calculate the additional conversion factors for 
PVU which are situated between PVI and PVB with the same complexity. This special place 
of PVU, regarding to the cubic equation 1, is found on the heterogeneous locality attributes 
of these partly external processes.2 

Horizontal variable process functions are reused relying on their product independent 
implementation frequency (IH, germ. Implementierungshäufigkeit). Hence the amount of 
unadjusted PFP for a PVI, PVU or PVB is inversely proportional to their individual IH. 

Historical experiences in SPF development vary between different organizations. In 
consequence complexity dependant correction factors for variabilities (KV, germ. 
Korrekturfaktor- Variabilität) are required to supplement the PVI, PVU and PVB conversion 
factors. If the complexity repercussions are not sufficiently covered by the conversion 
factors, an empirical determined KV substitutes the standard KV value [4]. A detailed 
derivation of the standard value and the adjustment action as well as the updating procedure 
is explained in Figure 2. 

 

   
2 Functional size: PVI (internal input and internal output) < PVU (external input and internal output or internal 
input and external output) < PVB (external input and external output). 
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Figure 2: Determination of correction factors 

 

 
To sum up the reflections of horizontal variable process functions, formula 2 describes the 

generic conversion quotient to transform them into unadjusted PFP. 
 

g / m / h varKV conversion factor
IH

×
 (2) 
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The matrix in Table 3 expresses the nine conversion quotients for PVI, PVU and PVB 

which are derived from formula 2. Therefore this transformation table takes account of 
complexity (low/ medium/ high), locality (bidirectional/ unidirectional/ internal), reuse (IH) 
and historical experiences in SPF orientated development (KVg/m/h). 

 
Table 3: Transforming complexity weighted, horizontal variable process functions 

unadjusted PFP complexity PVI PVU PVB 

low  
(g, germ. gering) 

gKV 5

IH

×  gKV
155
16

IH

×
 

gKV 7
IH

×  

average (m, germ. 
mittel) 

mKV 7
IH

×  mKV
58

16
IH

×
 

mKV 10
IH

×  

high  
(h, germ. hoch) 

hKV 10
IH

×  hKV
312

16
IH

×
 

hKV 15
IH

×  

 
4.2.  Commonalities 

Within the high requirements of quality and modular interfaces for a generic component 
implementation, the horizontal common processes are extremely critical. For that reason the 
complexity dependant conversion factors for PGB, PGU and PGI are higher than their 
counterparts which transform the horizontal variabilities. 

In terms of going forward, the conversion factors for horizontal common processes rely 
also on the data oriented conversion factors for commonalities in [6] and [7]: 
• The action of addressing a common internal file (DGI, germ. Datenbestand- Gemeinsam- 

Intern) is equal to the behaviour of a PGI. Like the relationship between a PVI and the 
variable data perspective, the PGI conversion values are identical to the lowest factors for 
a data oriented transformation of common assets {10; 15; 23}. 

• A PGB is characterized by an external input as well as an external output and describes 
the access to a common external file (DGE, germ. Datenbestand- Gemeinsam- Extern). 
The consideration of common interface and gateway requirements increases the 
implementation size of a PGB. For this reason a PGB matches the manner of the highest 
transformation values for commonalities, which are available {15; 23; 35}. 

• A single data focused complement for the PGU concept does not exist. Therefore it is 
necessary to interpolate additional transformation values. 
By utilization of equation 1 it is possible to calculate the conversion factors for PGU 

which are situated in the middle of similar complex PGI and PGB. This location of the PGU 
is justified in that this special process function is a mixture of PGI and PGB. 

The PFP- transformation factors are visualized by the left side of figure 3 as a part of a 
linear independent, cubic function. Additionally the same values are assigned to categorized, 
complexity weighted common and variable process functions on the right side of Figure 3. 
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Figure 3: PFP- transformation values 
 

A horizontal common process is reused in every product of a SPF. Therefore the absolute 
amount of unadjusted PFP for PGB, PGU and PGI is inversely proportional to the number of 
generated products (PA, germ. Produktanzahl) out of the SPF. 

Additionally it is important to consider the aspects of domain specific languages, 
generative programming and other qualities of SPF development. Consequently it is 
necessary to have a complexity dependent correction factor for horizontal common processes 
(KG, germ. Korrekturfaktor- Gemeinsamkeit) [4]. The determination of this supplementary 
KG value is identical to the derivation of the KV and illustrated in figure 2. 

Formula 3 describes a mathematical abstraction regarding the assumed influences of an 
unadjusted size measure for PGB, PGU and PGI. 

 
g / m / h comKG   conversion factor

PA
×

 (3) 

The transformation quotients in Table 4 enable the final calculation of unadjusted PFP for 
horizontal common process functions in SPF with consideration of complexity (low/ 
medium/ high), locality (bidirectional/ unidirectional/ internal), reuse (PA) and historical 
experiences (KGg/m/h). 

 
Table 4: Transforming complexity weighted, horizontal common process functions 

unadjusted PFP complexity PGI PGU PGB 

low 
(g, germ. gering) 

gKG 10

PA
×  gKG

312
16

PA

×
 

gKG 15
PA

×  

average 
(m, germ. mittel) 

mKG 15

PA
×  mKG 1

98
16

PA

×
 

mKG 23
PA

×  

high 
(h, germ. hoch) 

hKG 23

PA
×  hKG 28

7
16

PA

×
 

hKG 35
PA

×  
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5.  Vertical perspective 
A vertical process describes variable and common functionalities of a software product in 

a heterogeneous manner. After an optional increasing of the granularity level, vertical 
processes can possibly split into horizontal variable and horizontal common processes of a 
SPF. 

Figure 4 illustrates the different versions of heterogeneous processes in a SPF from a 
vertical point of view. To count these combined processes we separate them in variable and 
common assets with dependence on the Roman strategy: divide et impera - divide and rule. 

 

 
Figure 4: Vertical process structures 

 
The following sections illustrate a method to convert vertical variabilities and vertical 

commonalities in unadjusted PFP with respect on complexity, locality and reuse in addition 
to historical experiences of SPF development. 

 
5.1.  Variabilities 

Vertical variable processes contain a preponderance of variable functions. Consequently 
the formula 2 for calculating horizontal variabilities is also the main foundation to count 
vertical variable processes. 

In addition to the previous investigations we consider now the heterogeneity of vertical 
variable assets. According to this it is necessary to determine the share of common elements 
(G, germ. Gemeinsamkeiten) in this vertical variable process like it is illustrated in Table 5. 

 
Table 5: Calculating the proportion of common elements in a vertical variable process 

purpose calculation interpretation 

How high is the share of 
common nodes and 
operators in this vertical 
variable process? 

BG
C

=  

B = Amount of common 
elements in this process. 
C = Amount of all elements 
in this process. 

10 G
2

≤ ≤  

Closer to ½ means more 
common elements in this 
vertical variable process.  

 
The common nodes and operators which are represented via G have to be removed from 

the variable oriented calculation of formula 2 like in the first fraction of formula 4. 
Afterwards these excluded elements must be counted like horizontal commonalities based on 
formula 3. This is accomplished by the second part of formula 4. 

 

( ) g / m / h var g / m / h comKV conversion factor KG conversion factor
1 G G

IH PA
× ×⎛ ⎞ ⎛ ⎞

− × + ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 (4) 
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The complete formula 4 denotes a generic function to transform vertical variable processes 
into units of unadjusted PFP. The usage of these quotients results in a PFP conversion matrix 
which is a combination of Table 3 and Table 4 [4]. 

 
5.2.  Commonalities 

As the opposite of vertical variabilities, vertical common processes include a majority of 
common functions. Hence formula 3 as a procedure to count horizontal commonalities is also 
the main step to measure vertical commonalities. 

The next stage will involve the clarification of the share of variable nodes and operators 
(V, germ. Variabilitäten) in vertical common processes according to the model in Table 6. 

 
Table 6: Calculating the proportion of variable elements in a vertical common process 

purpose calculation interpretation 

How high is the share of 
variable nodes and operators 
in this vertical common 
process? 

BV
C

=  

B = Amount of variable 
elements in this process. 
C = Amount of all elements 
in this process. 

10 V
2

≤ ≤  

Closer to ½ means more 
variable elements in this 
vertical common process. 

 
After the identification of variable elements through V, it is essential to remove these 

nodes and operators from formula 3 like it is shown in the initial section of formula 5. For a 
holistic representation of a vertical common process it is indispensable to add the variable 
elements by using formula 2 as it is realized in the last fraction of formula 5. 

 

( ) g / m / h com g / m / h varKG conversion factor KV conversion factor
1 V V

PA IH
× ×⎛ ⎞ ⎛ ⎞

− × + ×⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 (5) 

 
Finally the formula 5 is the mathematical foundation of a matrix to convert variable 

common processes into unadjusted PFP. Due to the fact that this matrix is an amalgamation 
of Table 4 and Table 3, a detailed illustration is not necessary in this article but demonstrated 
in [4]. 

 
6.  A theoretical example 

A briefly case study with the following attributes describes a hypothetical SPF process for 
a transformation into units of unadjusted PFP: 
• The process consists of 37 nodes and 13 operators. 
• Out of all 50 nodes and operators, 20 elements are variable and 30 are common. 
• Both, the input side and output side of the process are external. 
• All variable elements of this process are included in two variants of the focused SPF 

which embrace all together five products. 
• The organizational specific, empirical derived KVh is 4/5 and the KGh is 6/7. 

According to Table 2, the process is weighted with a high complexity. Furthermore a 
minority of variable nodes and operators characterizes this process as vertical common with a 
V of 2/5. Therefore the vertical common process is a combination of PGB and PVB because 
of an external input and an external output. With this information and formula 5 it is possible 
to calculate six unadjusted PFP for this vertical PGB according to equation 6. 
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6 435 152 27 56 1
5 5 5 2

⎛ ⎞ ⎛ ⎞× ×⎜ ⎟ ⎜ ⎟⎛ ⎞= − × + ×⎜ ⎟ ⎜ ⎟⎜ ⎟
⎝ ⎠⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 (6) 

 
Liberated from the data oriented view in [6] and with the following sums of unadjusted 

PFP for the single processes categories, a process focused SPF project would have a 
functional size of 162 unadjusted PFP like it is illustrated Table 7. 

 
Table 7: Functional size of a theoretical SPF project 

processes functional size in unadjusted PFP 
PVB 13 
PVU 28 
PVI 18 
PGB 34 
PGU 27 
PGI 42 
Σ 162 

 
7.  Conclusion and further research 

The technological independent matrix of this article accomplish an unadjusted functional 
size measurement for processes in SPF and is based on the data oriented counting in [6]. For 
that reason and because of the practical derived complexity restrictions, this part of the PFP 
analysis is focused on the domain of eBusiness. 

Figure 5 illustrates the entire PFP concept to estimate the effort for process oriented SPF 
in multiple domains. A coarse research work for every dark grey coloured component is 
finished and published in [6], [7] as well as in [4]. Each module with a light grey emphasis is 
elucidated in this article and also concluded in terms of investigations for the present 
moment. The derivation of a micro analysis for technical domains is under development and 
will be supplemented by the other white sections which are focused in future scientific 
exertions. 

Critical elements of the actual PFP version are the standardized correction factors which 
are momentary not based on historical experiences. Additional research is also essential to 
identify and adapt different aspects of techniques like the ISO/ IEC 14143 and the Full 
Function Point (FFP) method from the Common Software Measurement International 
Consortium (COSMIC).  
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Figure 5: The PFP approach to estimate the effort in process oriented SPF 

 

 
A complemental examination of the following methods is additionally intended: Mark II 

Function- Point- Analysis, NESMA Functional Size Measurement, Function Bang, (SPR-) 
Feature Points, 3-D Function Points, Data Points, Object Points and Widget Points. 

In the end an empirical case study of both application domains is planned to calibrate the 
individual steps of the PFP approach. In addition to this attunement the derivation of a 
regression function is required to estimate the effort of products and projects in process 
oriented SPF. 
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Scenario-based Black-Box Testing in COSMIC-FFP 
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Abstract 
A functional size measurement method, COSMIC-FFP, which was adopted in 2003 as the 

ISO/IEC 19761 standard, measures software functionality in terms of the data movements 
across and within the software boundary. It focuses on the functional user requirements of 
the software and is applicable throughout the development life cycle, from the requirements 
phase up and including to the implementation and maintenance phases. This paper extends 
the use of COSMIC-FFP for testing purposes by combining the functions measured by the 
COSMIC-FFP measurement procedure with the black box testing strategy. It leverages the 
advantage of COSMIC-FFP, which is its applicability during the early development phase 
once the specifications have been documented. This paper also investigates the applicability 
of Entropy measurement in terms of its use with COSMIC-FFP for assigning priorities to test 
cases.  

 
1. Introduction 

Testing represents a major effort within the whole of the software development cycle. The 
Guide to the Software Engineering Body of Knowledge (SWEBOK) [7] provides an 
overview, including references, of the basic and generally accepted notions underlying the 
Software Testing Knowledge Area. It describes testing as an activity performed for 
evaluating product quality, and for improving it, by identifying defects and problems. The 
definition of testing provided in [7] is as follows: “Software testing consists of the dynamic 
verification of the behaviour of a program on a finite set of test cases, suitably selected from 
the usually infinite executions domain, against the specified expected behaviour.” 

The underlined terms are key concerns in software testing and we must explain them 
briefly prior to introducing COSMIC-FFP [1] into the testing context.  

The term dynamic means that, when we want to test a program, we can execute it with 
differently valued inputs. The valued input not only means the input value alone, but also the 
specified input state. The input value alone is not sufficient to determine the outcome of a 
test. For example, a non deterministic system may react to the same input with different 
behaviours, depending on the system state. The non deterministic system described in Figure 
1 may go from state S2 to either state S3 or S4 while reading a as an input value. The input 
state is also necessary in order for the system to decide where to go. However, this is a design 
issue and outside the scope of this paper. 

Figure 1: Example of a Non Deterministic System  
 

Finite means having a test set (which includes test cases) while testing the system. In 
practice, an exhaustive test set can generally be considered infinite, even in simple programs. 
For example, a small program comparing two integers and returning the smaller number may 
require that the set of integers constitute the infinite test set. This is what makes testing a long 

a 

a 

a 
b 

S2 

S3 

S4 

S1 
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and expensive and process. Testing implies a trade-off between limited resources and 
schedules, and inherently unlimited test requirements. As a result, we need a finite test set 
with which enough testing is conducted to obtain reasonable assurance of acceptable 
behaviour. 

The term selected refers to the way in which the finite test set has been chosen. The most 
difficult problem in generating the test cases is finding a test selection strategy that is both 
valid and reliable [8]. The power of a test case generation technique for detecting faults in an 
implementation is referred to as fault coverage [10]. Many different test methods exist (e.g. 
formal methods based on Finite State Machines (FSMs) and Extended Finite State Machines 
(EFSMs) [6]), which are all assumed to generate test suites containing test cases especially 
likely to reveal failures. These test methods can be compared according to their respective 
fault coverage. One method is considered more powerful than the other if it has better fault 
coverage.  

Finally, to make the testing process useful, it must be possible, even though not always 
easy, to decide whether or not the observed outcomes or observed outputs of program 
execution are acceptable. This describes the term expected in the testing definition. It must be 
possible to determine whether or not the observed behaviour is in conformity with user 
expectations, specifications, anticipated behaviour requirements or reasonable expectations. 
The test pass/fail decision is, in the testing literature, commonly referred to as the “oracle 
problem” [6][7] (see Figure 2).  

Expected Output

User Expectations, Specification, 
anticipated behaviour requirements 

or reasonable expectations 
Program Under Test

Observed Output

Fault is detected

 No  Yes 

Test Set

Do they 
conform?

Conform

 
Figure 2: Oracle Methodology 

 
In this paper, we investigate the use of the COSMIC-FFP method in the context of black-

box use-case-driven testing using the Oracle methodology. In section 2, related work on 
scenario-based black-box testing is reviewed. Section 3 introduces the COSMIC-FFP 
method, and links it to the use-case technique. Our testing approach is introduced in section 
4. The conclusions and directions for future work are outlined in section 5.  
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2. Related Work on Scenario-based Testing 
There are three main testing strategies available: white-box testing, black-box testing and 

grey-box testing. In white-box testing, the test suite is generated from the implemented 
structures. In black-box testing, the structure of the implementation is not known, and the test 
cases are generated and executed from the specification of the required functionality at 
defined interfaces. In grey-box testing, the modular structure of the implementation is known, 
but the details of the programs within each component are not. 

Scenario-based testing is a typical black box testing methodology at the system level, in 
which the scenarios depict the sequence of executions of the system, and the test cases can be 
derived from the use-case model and its corresponding UML diagrams [4][5]. UML is the de 
facto industrial standard for modelling object-oriented software systems [13]. UML has 12 
kinds of diagrams in 3 categories: structural diagrams (including class diagrams), behavioural 
diagrams (including use-case diagrams, interaction diagrams (e.g. Figure 5), activity 
diagrams, collaboration diagrams and state-chart diagrams) and model management 
diagrams.  

In [4], a use case is defined as a collection of related scenarios describing actors and 
operations in a system, and these use cases can be organized hierarchically. Specifically, the 
root of the tree is the main use-case diagram, the middle branches are the low-level use-case 
diagrams, and the leaves are the sequence diagrams for each use case in the low-level use-
case diagram. However, the main use cases may be at too abstract level to derive test cases. 
The authors propose transforming a use case into scenarios, then from a scenario into thin 
threads, and, finally, from thin threads into test cases – Figure 3. 

 
Figure 3: Testing with UML 

 
A scenario is a specific sequence of actions and interactions between actors and the system 

[4]. A thin thread is a minimum-usage scenario in a software system. It is a complete 
data/message trace using a minimally representative sample of external input data 
transformed through an interconnected set of the system (architecture) to produce a 
minimally representative sample of external output data. The execution of a thin thread 
demonstrates that a method performs a specified function [4]. 

Our scenario-based testing approach differs from the related work in important ways, and 
is aimed at creating an optimal set of test cases in the context of the COSMIC-FFP method 
introduced in section 3. 

 
3. COSMIC-FFP – ISO 19761 

A functional size measurement method, COSMIC-FFP, which was adopted in 2003 as the 
ISO/IEC 19761 standard, measures software functionality in terms of the data movements 
across and within the software boundary. It focuses on the functional user requirements of the 
software and is applicable throughout the development life cycle, from the requirements 
phase up to and including the implementation and maintenance phases. 

 
3.1. COSMIC-FFP overview 

A key aspect of COSMIC-FFP [1] is the establishment of what is considered to be part of 
the software and what is considered to be part of the software’s operating environment. 

Use cases Scenarios Thin threads Test cases 
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Figure 4 below illustrates the generic flow of data from a functional perspective from which 
the following observations can be made [1]: 
•  Software is bounded by hardware in the “front-end” and “back-end” directions. In the 

first, or front-end, direction, the software used by a human user is bounded by I/O 
hardware such as mouse, keyboard, printer or display, or by engineered devices such as 
sensors or relays. In the second, or back-end, direction, the software is bounded by storage 
hardware like a hard disk and RAM and ROM memory. 

• Four distinct types of movement can characterize the functional flow of data attributes. In 
the front-end direction, two types of movement (ENTRIES and EXITS) allow the 
exchange of data with the users across a “boundary”. In the back-end direction, two types 
of movement (READS and WRITES) allow the exchange of data attributes with the 
storage hardware. 

 
Figure 4: Generic flow of Data Attributes through software from a functional perspective [1] 

 
3.2. COSMIC-FFP and scenarios 

As with all functional size measurement methods, the design and rules for these methods 
are independent of technologies and development approaches. When measuring the 
functional size of software documented using a specific notation such as UML, it is necessary 
to establish how the generic measurement concepts are mapped into any notation. The 
mapping of COSMIC-FFP concepts into UML has been documented in [12]. Six COSMIC-
FFP concepts (boundary, user, functional process, data movement, data group and data 
attribute) have direct UML equivalents (use-case diagram, actor, use case, operation, class 
and data attribute) - see Table 1. 

 
Table 1 : COSMIC-FFP concepts and their UML equivalents 

COSMIC-FFP Concepts UML Equivalents 
Boundary Use-case diagram 
User Actor 
Functional process Use case 
Data movement Operation (message) 
Data group Class 
Data attribute Class attribute 
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In measuring software functional size using the COSMIC-FFP method, the software 
functional processes and their triggering events must be identified [1, 11]. The functional process 
is an elementary component of a set of user requirements that is triggered by one or more 
triggering events, either directly or indirectly, via an actor. As also discussed in [2], one 
functional process corresponds to a scenario (an instance of a use case) which has a set of events. 
For example, in Figure 5, the functional process includes the set of the following events {e2, e3, 
e4, e4.1, e4.2, e6}. The functional process is initiated by triggering events. A triggering event is 
an event that occurs outside the boundary of the measured software and initiates one or more 
functional processes. According to Figure 5, two events are triggered by the user which are 
outside the boundary of the software and initiate the above-mentioned functional process.  

In COSMIC-FFP, the unit of measurement is a data movement, which is a base functional 
component moving one or more data attributes belonging to a single data group. Data 
movements can be of four types: Entry, Exit, Read or Write. The sub processes of each 
functional process are sequences of events, and the functional process comprises at least two data 
movement types: an Entry plus at least either an Exit or a Write. An Entry moves a data group, 
which is a set of data attributes, from a user across the boundary into the functional process, 
where an Exit moves a data group from a functional process across the boundary to the user 
requiring it. A Write moves a data group lying inside the functional process to persistent storage, 
and a Read moves a data group from persistent storage to the functional process. In Figure 5, the 
sub process for the functional process in this scenario is the set of the events. 

 
Figure 5: COSMIC-FFP overview 

  
 
In black-box testing, the details concerning the way in which the data are transformed and 

manipulated in the scenarios are dropped, since this is a detail design issue (in design phase, 
the detailed information related to how the data are transformed corresponds to the data 
structures and algorithms). This data transformation information is equivalent to the data 
transformation information in COSMIC-FFP. The COSMIC-FFP measurement method 
recognizes only the data movement type of sub process and includes an approximation 
assumption whereby each data movement is associated with an average quantity of data 
transformed (and whereby its true value does not deviate significantly from such an average).  
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4. Our Testing Approach 
One of the greatest benefits of the use-case technique is that it provides testers with a set 

of assets which can directly drive the testing process. An instance of a use case – a scenario – 
can be seen as a use-case execution that can be tested. Therefore, use cases are sources of 
potential test cases.  

 
4.1. Test Case generation 

The procedure for generating test cases takes the use-case model as an input. For each 
scenario identified in the use-case model, we derive a test case through mapping the 
scenarios to a sequence of events in time (or data movements in COSMIC-FFP), as described 
in the scenarios. Next, the specific conditions that would cause the test case to execute are 
identified, and real data values are supplied.  

One of the most significant challenges with system testing is the large number of specific 
scenarios that must be tested to ensure that the system behaves in accordance with its 
requirements. Our testing approach targets this problem through reducing the number of test 
cases while keeping the highest test coverage within given budgetary constraints. 

Effective management of the test coverage is the biggest challenge in the testing activity. 
For the application domains to which the COSMIC-FFP method is applicable, such as real-
time, embedded and MIS software, the use cases can drive a significant number of test cases, 
testing all of which may not be feasible. In this paper, we propose to manage the test 
coverage by partitioning the generated set of test cases into equivalent classes, prioritizing 
the test cases within the equivalence classes based on the amount of information they 
process, and selecting the most critical test cases based on a balance between cost and 
priority. 
 

4.2. Related work  
 Weiss & Weyuker [14] have partitioned the input domain into some equivalence classes 

with respect to the behaviour of the system under test. This approach mainly reduces the 
number of test cases with respect to the input domain.  

Davis & LeBlanc [9] have discussed partitioning of the input domain applying entropy-
based software measures at a higher level by considering chunks of code. For example, a 
single statement, a block of code or a module itself can be considered as a chunk of code. 
Groups of chunks may form an equivalence class if they have the same number of in-degrees 
and out-degrees. In Figure 6, A and C belong to the same equivalence class. The entropy is 
therefore computed with respect to the chunks that are in the same equivalence class, as 
follows (FC being the Entropy-based functional complexity measure): FC = FC1 +FC2 + … 
+ FCp. 

 
Figure 6: Example of an equivalence class 

 
 In the following subsections, we explain in detail our strategy for selecting the optimal set 
of test cases, given certain resource restrictions, characterized by the highest test coverage. 
 

B A C 
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4.3. Partitioning into Equivalence Classes 
One of the problems that accompanies the identification of equivalence classes in 

COSMIC-FFP is how to organize the scenarios into equivalence classes where each 
equivalence class is characterized by a distinct functionality. Determination of the 
equivalences classes themselves can be a tedious and rather time-consuming process. We 
propose an automatic extraction of equivalence classes from the scenario descriptions. The 
following research problems have been targeted by our approach: 
1. Defining criteria for partitioning the set of scenarios into equivalence classes of test cases 

based on their similarity; 
2. Determining the partitioning of the input domain into equivalence classes by the sets of 

input events corresponding to the set of scenarios in the equivalence classes iE ; 
3. Prioritizing, within each equivalent class, the corresponding test cases based on their 

functional complexity values (in descending order) – see section 4.3 to calculate the 
functional complexity measurement. 

 
Partitioning algorithm. We have adopted a strategy similar to that used in [3] with some 
changes. Our approach is summarized in Figure 7.  

V
Test Selection Domain

STC
Generated Test Set

Test Case Generation Algorithm

Metric-Based Test Set Partition Algorithm

Equivalence Classes TS1, ..., TSi, ...

 
Figure 7: Test Set Partitioning Strategy 

 
This approach would allow the use of a metric-based algorithm to partition the set of 

generated test cases STC from the test selection domain V. Before applying such an 
algorithm, the test set STC is generated from V by using the test case generation algorithm. 
This algorithm is simply applied so that each scenario constitutes one test case, as described 
above.  

Next, in order to select the subset of test cases to be included in one equivalence class, the 
following constraint must be satisfied to execute the second algorithm:  

The distance ε between any two selected test cases should not be greater than a given 
constant value εmax. 

 The metric-based test set partitioning algorithm described in Figure 8 will be executed to 
create the equivalence classes until STC = ∅. This algorithm divides STC into equivalent 
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classes, where each equivalent class TSi will include test cases with similar functionality and 
based on having short distances between test cases in one equivalence class. Every time the 
algorithm is executed, one equivalence class TSi will be created. We stop executing the 
algorithm when STC contains no more test cases. It should be noted that we do not choose the 
final set of test cases here, we only partition STC. 

 
 
 
 

 
 
 

Figure 8: Metric-based Test Case Partitioning Algorithm 
 

Now, we have to explain how the distance between the two test cases, t1 and t2, is 
calculated. The same formula that was used in [3] will also be used here: 

td ( t1, t2) = similarity (t1 , t2) * dissimilarity (t1 , t2) *  e ^ l 
 

Remember that t2 is the test case that will be chosen for the second algorithm. l can be 
calculated as follows: -(length (t1)/length (ts)).  

The similarity (t1 , t2) = 2  (- length (LCP ( t1, t2) ), where LCP is the longest common prefix of 
the two test cases. The range of the similarity measure is between 0 and 1.  

The dissimilarity measure between the two test cases, t1 and t2, is calculated as the 
number of elementary transformations minimally needed to transform the string (t1/LCP ( t1, 
t2)) into the string (t2/ (LCP ( t1, t2)). For example, the distance between the following two 
test cases: e1.e2.e3.e4.e1 and e1.e1.e1.e2.e1 = ½ * 3 * e ^ -1. The distance formula td ( t1, t2) 
indicates that the more distance there is between two test cases, the more they will differ. 
 
4.4. Priority of Test Cases  

For large systems, there may be a very large number of test cases, and a priority has to be 
assigned to them to help increase the testing coverage within the given budgetary constraints. 
Prioritization of test cases is an important issue in software engineering because of the 
limited testing budget, and is usually performed manually. 

Precondition :{   
STC ≠ ∅ ∧ 
εmax > 0 ∧  
∀ i • TSi  = ∅} 

- sets εmax (predefined value based on experimental work) 
 
While STC ≠ ∅ 
 { 

- selects the longest test case t in set STC 
-  
- sets ε to 0 

- moves t from the set STC to the set TSi  
While ( STC ≠ ∅ ∧ (  ε < εmax)   { 

- chooses a test case t in set STC whose distance to the set TSi is 
minimal in order to put similar test cases into one equivalence 
class sets ε to the distance between t and TSi 

- if ε < εmax then t is moved from STC to set TSi 
 } // equivalence class  TSi is created 
i=i+1; 

 } 
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In our approach, the Functional Complexity (FC) measure is used to prioritize test cases 
[2]. Intuitively, more, and diverse, functionality of the system would lead to a bigger portion 
of the system being involved in that usage. The entropy calculated on a sequence of events 
abstracting a scenario quantifies the average information interchange for a given usage of the 
system. Therefore, it should correlate with the error spans during testing. The formula used to 
calculate functional complexity is as follows [2]: 

)/(log)/( - 
1

2 NEfNEfFC
n

i
ii∑

=
=  

The probability of the ith most frequently occurring event is equal to the percentage of total 
event occurrences it contributes, and is calculated as ip = if / NE, where if  is the number of 
occurrences of the ith event and NE is the total number of events in the sequence.  

The priority assignment should be done automatically.  
 
4.5. Test Selection Algorithm 

It is to be noted that total testing process resource consumption is directly proportional to 
the number of the test cases selected. As a result, the total cost of the test set is calculated by 
multiplying the number of selected test cases with C, where C is a positive constant scalar 
denoting the cost of one test case. In order to select the optimal subset of test cases that will 
be characterized by the highest test coverage, we balance the budget and the priority of the 
test cases as follows: 

 
For all non-empty equivalent classes TSi 
 Step 1. Choose the highest-priority test case from the equivalence class TSi; 
 Step 2. Add the chosen test case to the Optimal Set and remove it from the equivalence class TSi 
 Step 3. Increase the total testing cost in C 
 
  If  (The total testing cost exceeds a given budget Cmax) 
  End the algorithm 
End For 

 
5. Conclusion and Directions for Future Work  

The paper has explored an interesting linkage between the 2nd functional size measurement 
method, namely “COSMIC-FFP”, and testing. It has described the development of a model 
for scenario-based black-box testing, in which the scenarios are derived using the COSMIC-
FFP method for identifying functionality. Based on that model, the mechanisms of both test-
case generation and their prioritization are elaborated to ensure high level fault coverage in 
black-box testing. First, the set of scenarios in the COSMIC-FFP context represents the set of 
test cases required to form the generated test set. Second, that set of test cases is partitioned 
into equivalence classes. Third, the test selection algorithm is run on the set of non-empty 
equivalence classes. The result is a set of selected test cases affording the best possible 
coverage (i.e. the test case with the highest FC value, from each equivalence class). However, 
we cannot claim the full fault coverage since this algorithm is maximizing the test coverage 
within the limits of a given budget.  

The partitioning of the input domain into equivalence classes would also open up a new 
direction in the future towards enabling the reliability estimation of software. With each 
equivalence class comes its operational profile, that is, the probability that the inputs will 
really derive from normal operation of the system. By using the input reliability model, 
which stems from a functional view of software as operating on a certain input domain 
(sequences of events in our case) and producing results within a given output domain where 
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we realize the software failures, we can select test cases over the input domain, perform 
software testing and then compute the reliability estimation. 

In a future paper, it would be also be of interest to apply our testing strategy as described 
in this paper to real case studies in order to validate and verify the results of the strategy. 
Rational Unified Process (RUP) [15] case studies would serve as a good choice to begin with, 
since they provide a clear description of some software specifications and the detailed use 
cases and scenarios that correspond to them.  
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Fault Prevention and Fault Analysis for a Safety Critical EGNOS 
Application 
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Abstract 

EGNOS (European Global Navigation Overlay System) is a satellite and ground based 
system that augments the existing satellite navigation services provided by the American 
Global Positioning System (GPS) and the Russian Global Navigation Satellite System 
(GLONASS). CPFPS (Central Processing Facility Processing Set), the core of EGNOS, is the 
application in charge of computing the EGNOS messages. CPFPS is a safety critical hard 
real time distributed application of 120 KLOC of source code. This paper describes the 
challenges of the CPFPS requirements and the decisions in terms of processes, methods and 
tools put into practice for the prevention of faults in the CPFPS. An analysis of the faults 
appearing during the validation of the CPFPS is made based on the fault sources and on the 
correlation of validation test faults with project metrics. 

 
1. EGNOS and the CPFPS  

EGNOS (European Global Navigation Overlay System) is a satellite and ground based 
system that augments the existing satellite navigation services provided by the American 
Global Positioning System (GPS) and the Russian Global Navigation Satellite System 
(GLONASS) for those users who are equipped with an appropriate receiver. 

The EGNOS System is defined around four Segments: 
• A Ground Segment that determines integrity and error correction message, which includes 

a network of RIMS (Ranging Integrity Monitoring Station), a set of redundant control and 
processing facilities called MCC (Master Control Center), and a set of NLES (Navigation 
Land Earth Station). All these elements are connected through the EWAN (EGNOS Wide 
Area Network). Each MCC contains a CPF (Central Processing Facility). 

• A Space Segment based on Geostationary satellites (GEO) which provides the Signal In 
Space (SIS). 

• A User Segment that supports the navigation service using the GEO SIS, GPS and 
GLONASS signals. 

• A Support Segment, which includes facilities necessary to support the operational System 
(from its development to its operations). 
RIMS collect the GPS, GLONASS and GEO data at widely dispersed sites. These data are 

forwarded to CPF. Each EGNOS message is sent to the NLES to be up-linked to EGNOS 
GEO satellites for onward transmission to the users. 

There are several redundant CPF to achieve the required overall EGNOS availability and 
continuity performance. These CPFs are located close to CCFs (Central Control Facilities) to 
share communication lines, and at all sites they will be active. The selection of the CPF 
channel to use as the user data message provider will be carried out at the NLES. A CPF 
channel is made of one CPF Processing Set and two CPF Check Sets. 

The CPF Processing Set (CPFPS) [1] is the element of EGNOS responsible for the 
computation and preparation of all information being transmitted to the EGNOS users. 

The Central Processing Facility Processing Set is probably the most critical element to 
achieve the ultimate goals of EGNOS [2]: to provide a reliable augmentation and integrity 
service to the navigation community, particularly to civil aviation users, down to the stringent 
requirements of a precision approach Cat I. 
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The development of the CPFPS started in March 1999; the project is currently under 
maintenance, after the preliminary acceptance in the summer of 2003. 
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Figure 1: Ground segment overview 
 

2. CPFPS Requirements 
CPFPS, being the core of EGNOS, has a very demanding set of requirements that from the 

point of view of the Software development may be outlined as follows: 
• Critical safety-of-life Software Development following the RTCA DO-178B standard [3] 

level C categorization. 
• Hard Real Time requirements to provide the navigation signal every second. 
• Complexity and size of the CPFPS algorithms. 
• High processing capability required for producing the EGNOS messages. 
• Flexibility requirements to cope with expansion and algorithm changes. 
• Need of reliable, non-proprietary HW design based on existing COTS (Commercial Off 

The Shelf) elements. 
• Complex CPFPS operational interfaces. 

CPFPS Operational Software is categorised at level C according to RTCA/DO-178B. This 
means that demands in Software development and especially in verification are very high. 
Stringent requirements for development and especially for verification processes dramatically 
decrease productivity, leading for example to reported productivities of 0.3 LOC/h for 
RTCA/DO-178B level B projects. Tools used operationally (e.g. OS) have certification 
requirements similar to those of the developed application. 

CPFPS has to produce EGNOS messages every second. For every second cycle, CPFPS 
has to produce the EGNOS messages in 695 ms after the data from the last RIMS is received. 
Furthermore, some computations are to be implemented every second where others are 
carried out in longer cycles of 15-30 minutes. 
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CPFPS Software size is 120.000 lines of code. Although this figure was accurately 
estimated at project start, there was some uncertainty in the estimations done for RAM and 
CPU at project start. Furthermore, requirements were stated for a scalable approach to ensure 
enlargement of the system (e.g. to double the number of RIMS). CPFPS algorithms 
processing needs were high enough so that a single board was not enough to cope with them. 

 
3. Processes, Methods and Tools 

Faults in a SW application may be minimised by processes, methods and tools used in the 
development and by the verification activities to ensure that faults will not go undetected. A 
study on Software fault tolerance techniques is presented in [4]. 

Several means were put in practice to minimise the appearance of faults: 
• Definition of CPFPS user requirements by CPFPS algorithms prototyping and 

experimentation 
• Simulation with EGNOS wide simulators 
• Final experimentation and tuning with the operational CPFPS 
• Safety and Dependability Analysis 
• Usage of safety project standards for requirements analysis, design and coding 
• Usage of reliable languages and COTS 
• HW and SW design simplicity 

 
CPFPS algorithms are fairly complex, being in many cases state of the art in the satellite 

navigation field. Algorithms were divided into ten groups and then definition of the 
algorithms was accomplished by a set of three consecutive prototyping developments of each 
algorithm group. Each prototype was completed by an experimentation activity to 
demonstrate compliance to the intended objectives. 

Prototypes were used for a final experimentation with the EETES (EGNOS End To End 
Simulator), an EGNOS wide simulator developed also by GMV in a previous EGNOS 
project. Results of these prototyping and experimentation activities were the definition of the 
CPFPS operational Software algorithms, containing the mathematical formulation of the 
algorithms and a test suite to demonstrate the correct implementation in the operational 
Software. 

A final experimentation was also conducted during the validation of the Operational 
Software to demonstrate the correctness of the developed models using the complete CPFPS 
operational system. Experimentation was also used for confirmation of the performances to 
be achieved by the algorithms. 

Safety and Dependability Analysis were performed during the CPFPS prototyping 
activities to drive the algorithms design in the avoidance of failure conditions and later during 
the CPFPS operational Software implementation to monitor the correct implementation of the 
safety recommendations identified. 

Standards were defined for the project for requirements definition and analysis, design and 
programming. Standards enforced the application of a set of rules to ensure proper definition 
of the SW requirements, avoidance of fault prone design constructs and avoidance of fault 
prone coding features. For example, design standards defined the set of UML constructs 
allowed for design and the automatic mapping between design and code. 

HW architecture is driven by the CPFPS requirements of computation needs, MTBF 
(Mean Time Between Failures) of 20.000 hours (Bellcore Siemens scale), communication 
facilities (Ethernet port), local disks and IRIG-B time synchronization boards needed. CPFPS 
HW design is composed of seven high-performance PowerPC computational boards; each of 
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these boards provides a last-generation PowerPC 750 processor, plus their own boot and 
RAM memory and peripherals. They are interconnected through a VMEx64 bus backplane. 

Programming language chosen was C. A trade off was performed between C and Ada, 
other languages being discarded very early in the process, and finally C selected due to its 
wider usage and tool support. It is to be highlighted that the DoD dropped the Ada mandate 
for any kind of software in 1998, but reports from the AdaIC (Ada Information 
Clearinghouse) state that Ada was not the dominant language for Weapon Systems already in 
1994, with C and Ada used to the same extent. Selection of C also provided a wider range of 
possibilities in HW, OS, compilers and tool selection compared to Ada. 

With C being the chosen programming language, enforcement of the proper programming 
practices by definition of a Safe C programming standard based on the MISRA C standard 
[5], and selection of a tool to detect all run-time C problems (memory leaks) that cannot be 
detected statically [6]. LDRA Testbed, qualified in the EFA project for use in safety critical 
avionics Software, was selected for enforcing the MISRA Safe C programming rules and 
Insure to detect memory leaks. The CPFPS development and its HW and SW architecture are 
described in detail in [7]. 

At the time of tools selection, 5 embedded OS cope 90% of the embedded OS market 
share, being LynxOS the only solution meeting the two requirements of CPFPS of providing 
RTCA DO-178B certification package and a TCP/IP stack over Ethernet. LynxOS was the 
second in market share of embedded OS after VxWorks. LynxOS is a real time POSIX OS. 
This means that every processing board running LynxOS looks like a real time UNIX 
workstation to developers.  

LynxOS development environment for C is based on GNU tools, so that gcc was selected 
as C compiler. RTCA DO-178B standard also requests that 100% statement coverage is 
achieved by testing; after gcc selection, it follows that the appropriate choice to measure 
statement coverage is gcov, also part of the GNU C tools. RTCA DO-178B standard requests 
that qualified tools be used for verification of properties like statement coverage. To achieve 
this DO-178B goal, coverage was also measured using LDRA Testbed that is qualified for 
DO-178B critical software of the same level of criticality as CPFPS. Gprof, also from the 
GNU C tool set, was selected as CPU profiler. 

The CPFPS Software must be distributed amongst the processing boards and the CPFPS 
SW design must cope with the corresponding collaboration functionalities for the distribution 
to work properly. Distribution was implemented by means of a configuration file that allowed 
the CPFPS application to dynamically decide on the distribution at every application start up. 
This feature provided great flexibility during development and testing to fit the application in 
the available HW during all development design and changes. Furthermore, selection of a 
POSIX UNIX based solution allowed also the development team to compile and test using 
other UNIX platforms with little or no modification at all done when porting the developed 
code to the LynxOS environment. In particular, extensive use of Linux was done to test and 
simulate parts of the CPFPS. 

 
4. CPFPS Verification Activities 

RTCA DO-178B standard does not define a Software Life cycle to be followed but instead 
the requirements (objectives in DO-178B terminology) to be met for a Software application 
to be used in a safety critical environment are outlined. 60% of DO-178B objectives are 
about verification activities to ensure faults will not go undetected. 

CPFPS verification activities were automated whenever possible, like coding standards 
enforcement. Automated verification activities were complemented by manual activities like 
inspections and reviews using DO-178B compliant checklists. 
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CPFPS verification activities include: 
• Inspections and reviews of documents and code to ensure properties like correctness, 

consistency, etc. 
• Design budgets analysis, integration tests profiling and system tests profiling to ensure 

resources fit with available CPU, RAM/ROM, disk and communication channels. 
• Code static analysis to demonstrate compliance to coding standards. 
• Unit tests for demonstrating that classes conform to their specification. 
• Unit tests statement coverage to demonstrate that 100% of the statements were executed. 
• Unit tests dynamic analysis to ensure absence of memory leaks. 
• Integration tests for demonstrating that classes conform to their design. 
• Validation tests to demonstrate that the product meet their requirements. 
• Validation tests dynamic analysis to ensure absence of memory leaks. 
• Validation tests statement coverage to demonstrate that 80% of the statements were 

executed on the validation campaign. 
• Final experimentation / validation to ensure that the integrated operational SW behaved as 

expected at algorithms experimentation. 
DO-178B compliant checklists were used for verification of documents and code that 

could not be automated. Specific checklists were prepared for every item to be reviewed. 
Checklists for every item were prepared to check consistency, ambiguity, completeness, 
overwork, verifiability, traceability, correctness, redundancy, format and DO-178B 
compliance. Most of the documents were independently reviewed several times before 
release. Some 10000 pages of documentation (excluding informal documents like reports and 
technical notes) were produced. The collection of filled checklists is compiled in 500 pages 
of documentation. 

HW resources were limited for the CPFPS in terms of CPU, RAM/ROM, disk and 
communication channels (both the internal bus and the external Ethernet connection). Design 
budgets analysis was performed at architectural design level with the support of prototypes. 
Integration tests profiling and later system tests profiling were used to ensure used resources 
were appropriate. Profiling tool used was gcov. 

Code static analysis was to demonstrate compliance to coding standards. Some 150 C 
coding standard rules were analysed mainly by LDRA Testbed, complemented by additional 
analysis of coding rules done by the tools CodeWizard, gcc, lint and Splint. 

Unit tests demonstrate that every class specification is correctly implemented by test cases 
covering nominal use cases, limit use cases and erroneous conditions. Unit tests are 
performed in a black box approach, where white box tests are allowed only in a minimum 
number of cases. Unit tests of every class are performed using a standard test driver and a set 
of automated tests scripts for every unit tests. Unit tests are run periodically to ensure non-
regression during development. 5000 unit tests were defined. Debugger scripts and LDRA 
Testbed were both used for unit tests automation. 

Unit tests were used to demonstrate the 100% test statement coverage objective required 
by RTCA DO-178B standard. This is achieved by batch running the automated unit tests with 
gcov or LDRA Testbed instrumented versions of the tested classes. 

Memory leaks analysis was also performed for the unit tests by batch running the 
automated unit tests with Insure++ instrumented versions of the tested classes. Some 50 
different types of memory leaks were analysed by Insure++. Several hundred memory leaks 
were detected by Insure++ that went unnoticed after running unit tests against their 
specifications and with 100% statement coverage. 
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In order to isolate the propagation of possible faults in the verification tools, unit test of 
class specifications, unit tests memory leaks analysis and unit tests statement coverage 
analysis, were performed in different batches. 

Integration tests proceeded to integrate classes into the CPFPS application following the 
CPFPS design. Integration tests were not automated for regression purposes as once the 
elements are integrated; the regression of unit tests and validation tests was considered 
enough. 750 integration tests were defined. 

Validation tests do demonstrate that specifications are met. Validation tests were 
performed by means of shell scripts to ensure that regression is possible. 200 validation tests 
were defined. 

Most validation tests were instrumented with Insure++ to perform memory leaks analysis. 
Several dozens memory leaks were still found during validation tests. 

Coverage was also analysed during the validation tests campaign to ensure that validation 
tests achieved 80% statement coverage.  

Validation was complemented by a final experimentation against user requirements and 
test data derived from the algorithms prototyping activities. 

Validation and experimentation environment for CPFPS is very complex, where tools 
developed in previous EGNOS projects, like CPF-AIVP (Central Processing Facility – 
Assembly, Integration and Verification Platform) and EETES were used to simulate the 
testing environment and to generate test data. Apart of those tools, several other tools were 
developed for the validation environment in the frame of the CPFPS project. Validation tools 
developed during the CPFPS project were similar in source code size as the CPFPS itself. 

 
5. A Software Fault Taxonomy 

In essence, the basic patterns to classify software faults are: 
• Software component: 
- Documentation; 
- Code; 
- Tests. 

• Activity: 
- Definition; 
- Implementation; 
- Support; 
- Usage. 

• Software item: 
- Data; 
- Operation. 

• Software function: 
- Data management; 
- Calculation; 
- Logic; 
- Interface. 

• Fault type: 
- Missing; 
- Not needed; 
- Incorrect; 
- Untimely. 
 



  Published in the conference proceeding SMEF 2005 

 189 

From these basic patterns, faults can be classified according to different viewpoints. A 
Software Fault Taxonomy (SFT) includes: 
• SFT overall view (Internal & External faults): 
- Fault location. 

• SFT closer view (Verification & Validation faults): 
- Fault Validation; 
- Fault Verification. 

• SFT deeper view (Implementation faults): 
- Qualifier; 
- Data; 
- Operation. 

• SFT based on time of: 
- Creation; 
- Detection. 
 
For example, an overall view of the software faults distinguishes between external and 

internal faults. Then internal and internal faults are categorised according to the following 
figure: 
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Figure 2: Faults location 

 
Different types of faults may be created and should be detected during different software 

life cycle activities. A complete software fault taxonomy helps the identification of potential 
faults that could go otherwise undetected. 

However this particular paper will focus only on the timely viewpoint including the 
particular software life cycle phase where the fault is created and the phase where it is 
detected. 

 
6. Analysis of CPFPS Validation Test Fault Sources 

Validation tests started shortly after the end of the unit tests, with a minimum integration 
activity taking place between unit and validation tests. More than one year was devoted to the 
validation tests, including experimentation with the operational CPFPS, of the 4 years time 
span of the CPFPS. 
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Few faults were found during the validation process. Only 632 faults were discovered 
during the one year validation tests campaign, which accounts for a fault every 200 LOC. 

Every fault is an indication that the fault prevention means were not enough to avoid or 
detect the problem in the source of the fault. Fault source can be traced as being the user 
requirements (most notably the algorithms specification), the Software requirements, the 
Software design or the code implementation. 

Every fault was analysed first for fixing it in the code and related documents, and then the 
source of the fault was identified as the highest level document that needed to be modified. 
For instance, an fault implying a change of code, design and Software requirements is not an 
fault in the Software coding and Software code verification process but on the Software 
requirements production and Software requirements verification process. 

Faults can be traced to their source as shown in the following table: 
 

Table 1: Fault Sources 
Fault Source Fault Percentage 

Algorithms definition (user requirements) 22% 
System Requirements (user requirements) 0% 
Software requirements 0% 
Software design 19% 
Software code 59% 

 
Faults in the algorithms definition include both modification of the algorithms and fine 

tuning according to the operational CPFPS validation / experimentation results. Percentage of 
faults associated to the algorithms definition is in any case higher than expected. It was 
envisaged that after the CPFPS operational Software implementation a consolidation and 
fine-tuning of algorithms would take place by experimentation with the CPFPS operational 
Software, but some of the changes could have been anticipated with a longer initial 
experimentation. A lesson learnt from this analysis is therefore that a longer experimentation 
period should have been taken place before entering in the definition of the user requirements 
and the development of the operational Software. In fact, experimentation period was initially 
planned to be longer and completed much before the start of the operational Software 
development; program schedule constraints forced the start of the operational Software 
development earlier than envisaged. 

System requirements were very stable throughout the whole validation campaign. Only 1 
fault was found in the system requirements, regarding the interfaces between the CPFPS 
Operational Software and the rest of the EGNOS system. 

Software requirements were also very stable, to the point that only 1 fault was found 
during the validation. Low number of faults associated to the Software requirements is 
explained by the close link between Software requirements and algorithms definitions, 
meaning that most of the changes to the Software requirements were caused not by faults in 
the Software requirements but by changes to the algorithms definition. 

Effort spent in the coding process was about 4 times the effort spent in the design process. 
It could be expected that the number of faults attributed to the code should be about four 
times the number of faults attributed to design. Figures for the number of faults attributed to 
code and design are 59% and 19%, which confirms the expectations. This means that 
activities of fault prevention in both phases seem to be balanced. 

Now the question is whether any of the software design and coding activities could have 
been enhanced from the point of view of fault prevention. This needs a closer look into the 
design and coding activities in isolation. Faults may be correlated to project metrics 
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characterising the software design and coding activities. This correlation may reveal 
deficiencies in one particular activity.  

 
7. Correlation of CPFPS Validation Test Faults and Project Metrics 

Metrics were collected about Software development processes and data generated by the 
processes. Software project metrics have been linearly correlated to the faults reported. 

Linear correlations between faults and software project metrics have to be analysed case 
by case to see whether there are reasonable alternative or additional fault prevention means to 
be applied to the element measured by the metric. As an example, a linear correlation being 
found between cyclomatic complexity and faults found may mean that a reasonable policy of 
fault prevention is to decrease the cyclomatic complexity. 

The CPFPS is made up of 11 major components of around 11.000 LOC each. The 
correlation is performed between the values of software project metrics and faults for those 
11 components. For 11 points, 0,8 can be considered a loose linear correlation and 0,9 is 
considered a strong linear correlation. 

Validation faults have been correlated to: 
• User / Software requirements: requirements for the algorithms specification and Software 

specification; pages of the algorithms specification. 
• Software design: components (*.c plus *.h) in the design, pages of the design. 
• Software code: LOC, LOC of *.c files, LOC of *.h files, LOC plus comments, cyclomatic 

complexity. 
• Unit tests: number of unit tests, LOC of code developed for unit tests, length of unit tests 

specifications and procedures, faults found during unit tests. 
• Manpower: manpower in coding and unit testing, total manpower. 
• Validation tests: number of validation tests, LOC of code developed for validation tests, 

coverage achieved during validation tests, length of validation tests specifications and 
procedures. 
The majority of the metrics were not correlated at all with the faults found during the 

validation. The most significant results obtained are shown in the following table: 
 

Table 2: Correlation of validation faults and project metrics 
Metric Design faults Code faults Design + Code faults 

Design pages 0,81 0,97 0,94 
LOC 0,43 0,79 0,67 
Cyclomatic Complexity 0,38 0,65 0,57 
Number of Unit Tests 0,72 0,88 0,84 
LOC of Unit Tests 0,17 0,59 0,45 
Length of Unit Tests 
Specification and Procedures 

0,31 0,53 0,46 

Faults found during Unit test 0,25 0,16 0,00 
Manpower in Coding and 
Unit Testing 

0,56 0,86 0,75 

Total Manpower 0,70 0,94 0,87 
 
Some figures have to be highlighted: 

• There is a loose linear correlation (0,81) between faults associated to Software design and 
the number of pages of the Software design. 
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• There is a strong linear correlation (0,97) between faults associated to Software code and 
the number of pages of the Software design. 

• There is a loose linear correlation (0,79) between faults associated to Software code and 
LOC. 

• There is a strong linear correlation (0,88) between faults associated to Software code and 
the number of unit tests. 

• There is no linear correlation (0,16) between faults associated to Software code and faults 
found during unit tests. 

• There is a strong linear correlation (0,86) between faults associated to Software code and 
the manpower spent in coding and unit testing. 

• There is a strong linear correlation (0,94) between faults associated to Software code and 
the total manpower. 

• There is no linear correlation between faults and size of validation tests. 
Faults do not seem to be correlated to size of the documentation, tests or code except to 

the number of pages of the Software design and the number of unit tests. The number of 
pages of the software design for a software component is related to the software component 
size (LOC) and the software component difficulty. The number of unit tests depends on the 
software component size (LOC), software component complexity (cyclomatic complexity), 
and the software component difficulty. Faults are loosely correlated or not correlated to LOC 
and Cyclomatic complexity. It follows that the correlation between faults and number of unit 
tests and number of design pages is in fact a correlation between faults and software 
components difficulty. 

There is a correlation between the total manpower and the faults found in Software code. 
Manpower was analysed for correlation with all the others project metrics and a strong linear 
correlation between manpower and LOC was found. There is also a strong linear correlation 
between manpower and the number of pages of the software design. There is no linear 
correlation between manpower and the other metrics; in particular, there is no correlation 
with cyclomatic complexity. Being cyclomatic complexity a good indicator of Software code 
complexity, it follows that complexity was not the cost driving factor but size. 

Results should be confirmed with additional measures in similar projects. 
 

8. Conclusions 
CPFPS is a very complex application due to its nature of being safety critical, hard real 

time, distributed, and its size. Effort spent in the implementation of the CPFPS application 
has been as foreseen. Results achieved demonstrate that the decisions taken for development 
processes, methods, tools and verification activities have been correct. 

A huge effort has been spent in verification activities, both manually through checklists 
according to RTCA DO-178B and automatically with the selected tool suite. Results of these 
verification activities demonstrate that the defined checklists and selected tools met their 
objectives.  

Low number of faults generated during the operational Software validation tests indicates 
that the operational Software development approach was the appropriate for a safety critical 
application. 

Algorithms defined are state of the art in the satellite navigation field, so that final 
corrections and tuning with the CPFPS operational Software were expected. The approach 
proposed for the project for algorithm development by prototyping and experimentation, 
followed by final experimentation and tuning with the operational CPFPS proved to be the 
right approach as the major source of changes during validation were the algorithms 
specifications. 
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Some of the changes derived from the algorithm specifications could have been 
anticipated with a longer initial experimentation. A lesson learnt from this analysis is 
therefore that a longer experimentation period should have been taken place before entering 
in the definition of the user requirements and the development of the operational Software. 
This initial experimentation should not be reduced for a cost effective fault prevention 
process in similar projects. 

Project metrics have been linearly correlated to faults found during validation tests. Faults 
do not seem to be in general related to size of the documentation, tests or code except to the 
number of pages of the Software design and the number of unit tests. This seems to indicate a 
correlation between faults and software modules difficulty. There is also a correlation 
between manpower and code and design size and no correlation between manpower and other 
project metrics. Results should be confirmed with additional measures in similar projects. 

Lessons learnt from the fault prevention policy of the CPFPS development will be applied 
not only to the EGNOS maintenance and evolution, but also for the development of the 
operational elements of the Galileo programme. Similar fault analysis can be performed after 
the completion of the Galileo programme. 
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Relevance of the Cyclomatic Complexity Threshold for the  
Java Programming Language  

 
Miguel Lopez, Naji Habra 

 
Abstract 

Measurement can help software engineers to make better decision during a development 
project. Indeed, software measures increase the understanding a software organization has 
concerning its projects. Measures can give answers to lots of questions, that is, how much 
are we spending on software development, what are the error (reliability) characteristics of 
software in our organization? Nevertheless, generating a set of measurement data is not 
enough to make good decisions. In fact, the interpretation of a measurement can be difficult, 
since the meaning of a numerical value that characterizes given software attribute 
(reliability, coupling …) is still hard to understand without any strong reference. 

One major problem met during software measurement process is related to the 
determination of measure thresholds. Thresholds are numerical bounds associated with a 
given measure, which allow identifying weak portions of the code. In other words, bounds 
help the measurer identifying attributes that are outside an acceptable range.  

To illustrate our approach, we will work on the Mc Cabe’s cyclomatic complexity number. 
The upper bound established by McCabe for its complexity measure in the context of 
procedural programming equals 10. Is this value absolute? How can we adapt this numerical 
value to other programming contexts? In other words, is the cyclomatic complexity threshold 
independent of the programming language or other context factors? In order to answer these 
questions, the paper proposes to check the relevance of cyclomatic complexity threshold for 
an object-oriented language, i.e. Java. A sample of 694 Java products has been measured. 
Some descriptive statistics have been computed in order to better understand the relevance of 
the cyclomatic complexity threshold. The first goal of this work was to build the frequency 
distribution of the cyclomatic complexity number. And, based on this distribution, the 
relevance of the threshold suggested by McCabe has been analyzed.  

Experiment results are unexpected! Indeed, more than 90% of the measured methods have 
a complexity less than 5. Complexity threshold suggested by the state of the art seems 
irrelevant, since most methods are simple. In this case, using a threshold of 10 could lead the 
measurer to make wrong decisions. 

This illustrates the fact that measure thresholds are context dependant; and that any 
metric-based decision model has a limited validity context which must be explicitly 
determined and stated. 

 
1. Introduction  

Even though measuring correctly a given attribute of given software product is difficult 
and complex, it is not enough for making good decisions. Other difficulties arise during the 
interpretation phase where those values that should be considered as acceptable have to be 
precisely defined.  

In fact, maximum and minimum threshold values must be specified precisely for each 
measure, before measurement application, in order to help decision making during the result 
exploitation. However, determining such thresholds on a sound basis is far from being an 
obvious task. Going beyond an ad-hoc choice of thresholds based on the experience would 
only necessitate to manipulate significant data sample which is usually hard to collect and 
costly to deal with. 
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In addition, it seems obvious that these maximum and minimum threshold values depend 
on several factors that can modify them. Nevertheless, when the thresholds are provided with 
a given measure, the using conditions of these values are seldom specified. 

The current paper attempts at clarifying the question of the relevance of thresholds on the 
case of a very famous software attribute, i.e., complexity measured by the McCabe 
cyclomatic number. This measurement method is proposed with a maximum threshold equal 
to 10 and no restricting conditions of such a limit are given. The paper is based on an 
empirical study involving 695741 measurement results; a huge amount of data which leads us 
to question seriously the soundness of McCabe threshold value of 10 or at least the 
conditions of its use. 

According to [1], the cyclomatic complexity of a software module is calculated from a 
connected graph of the module or a method in the case of a Java program (that shows the 
topology of control flow within the program): 

 
Cyclomatic complexity (CC) = E - N + p 

 
Where E is the number of edges of the graph, 

N is the number of nodes of the graph, and 
p is the number of connected components. 

 
The paper is organised as follows. Section 2 develops the problem with threshold in 

general and Section 3 presents some related works about threshold fixing in the case of 
McCabe number. The main part of the work is Section 4 which describes the empirical study. 
Section 5 discusses the result obtained by this study and Section 6 gives some concluding 
remarks. 

 
2. Problem Statement 

Measurement in software engineering remains an arduous activity. Different kinds of 
difficulties arise in the different phases of the measurement lifecycle, from the measurement 
design to the results exploitation. Several previous works highlight difficulties related to the 
design phases where it is not obvious to ensure that a measurement method measures what it 
purport to measure, that the scale is correct, etc [1][4][5]. But, even when all these difficulties 
are fixed, the exploitation of a given measurement result remains a problem rarely addressed 
in literature.  

In fact, the exploitation of a specific measurement result leads the measurer to analyze the 
concerned value and to make decision on basis of his analysis; this determinant activity is 
still quite difficult. As a simple example, how can the measurer conclude that a given O.O. 
software having, say 100 classes, is a big software or a median one? More precisely, the 
question is to know on which basis he should make such a judgement. What is the relevance 
of an estimation based only on his/her own experience? 

So, one important issue of the measurement exploitation phase, which is seldom 
investigated in scientific literature, is the threshold fixing. And, different questions are related 
to this issue:  
• How to fix thresholds delimiting acceptable values for a given software measurement 

method?  
• Are those thresholds context-dependent?  
• If we admit they are context-dependent, how to define the parameters impacting the 

context in order to determine whether using given thresholds are still meaningful or not? 
These questions are both crucial and hard to answer.  
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The questions are crucial. In fact, answering these questions determines the reliability of 
the decisions being made and thereby the soundness of the whole measurement process. In 
other words, lack of confidence about the rationale of a given threshold can prevent the use 
the measurement result. Practically, in actual software projects, an unfounded threshold can 
lead the measurer to consider the measurement result as useless and to look for a "better 
measure", even though the measurement design and the measurement application fulfil all the 
required validity conditions. 

The above questions are also hard to answer. In fact, the most usual way to determine 
thresholds is to choose them simply on basis of experience. But, is that possible to imagine 
another way of identifying such values? Another approach might be, to compare individual 
values against an empirical frequency distribution of a given measure and to pay attention to 
those cases which differ dramatically from the mean. This approach is time and effort 
consuming, since the production of a representative sample remains a difficult task.  

In addition, checking the relevance of thresholds within a data set presents two practical 
difficulties according to [6]. On the one hand, software engineers do not measure their 
projects; software measurement is still a rare activity within software projects. On the other 
hand, even when those data exist, they are often considered as confidential. And, so building 
a representative sample of real software systems remains an arduous task.  

Despite the above difficulties, our belief is that suggesting a repeatable and reproducible 
method to identify thresholds could facilitate the exploitation of measure, improve their 
validity and thereby increase their potential use. 

 
3. Related Works 

Two main methods for identifying the cyclomatic complexity number thresholds are 
described in the literature. 
1. According to the first method, the threshold of the complexity attribute is determined in 

relation with two other attributes. Indeed, the cyclomatic complexity number is studied in 
terms of the attribute testing effort and the attribute bug density or problem amount 
[15][16][17][18][19][20]. This method is three-fold.  
Firstly, a set of programs is measured in terms of cyclomatic complexity. Secondly, the 
testing effort or the problem amount met during testing is collected. Finally, the 
correlation is computed between these measures. When the testing effort or the problem 
amount is considered too heavy by the decision makers, the corresponding cyclomatic 
complexity value is labelled as too complex. In that case, a rework of the code is 
recommended [1][3].  
The main problem with such kind of studies remains in the conditions under which the 
experiments have been run, i.e. the context. Indeed, factors like programming languages 
and programming paradigms, developer skill level, tester skill level or development model 
(collaborative development, iterative, …) are not taken into account. Therefore, the 
relevance of the complexity number is seriously questionable in that paper. Is this 
meaningful to specify thresholds without specifying external factors that can influence 
their values? In other words, it can be assumed that complexity of object-oriented 
programs is not captured by such a measurement method. In that sense, it could be 
interesting to specify those influent factors and their impact on the value of the threshold. 

2. According to the second method [7], an empirical study shows the frequency distribution 
of the cyclomatic complexity number computed within a sample of 16 products; and 
threshold is determined on basis of the distribution. Three languages are represented in 
this sample. Nevertheless, only one type of programs is considered in the study. In other 
words, the factor ‘programming language’ is not considered as influent. This work 
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indicates that 50% of the functions have a complexity less than 10 and 90% less than 80. 
Based on these data, three categories of complexity are defined (< 10, >= 10, and > 80). 
Moreover, this study briefly explains investigations on correlations with the number of 
problem reports and the maintenance effort. For these investigations, the experimental 
conditions are not specified. 
 
Nevertheless, studying the correlations between cyclomatic complexity number and other 

measures is a quite important task that must be realized. Moreover, such information can help 
making decisions with measures. 

 
Current work suggests considering the cyclomatic complexity number without any 

supposed related measures. Indeed, the main goal of this paper is to evaluate the relevance of 
the cyclomatic complexity threshold suggested in [1] by verifying the percentage of Java 
methods that have a complexity number greater or equal than 10 within a representative 
sample.  

 
4. Empirical Study Description 
4.1. Sample Description 

In this work, we build a sample of 694 software Java projects. Most of the products (691) 
are coming from the Open Source community, i.e. Sourceforge [8]; and a very low number of 
products (3) are coming from the industry. So, the projects that populate this sample are real 
software systems and in that sense, it can be argued that we have a representative sample. 

But, which population does this sample represent exactly? Before answering this question, 
it is important to solve the three following problems. 

Firstly, which is the entity related to cyclomatic complexity? According to [1][4], the 
McCabe cyclomatic complexity related entity (i.e. the entity being measured) for Java 
programs is the “method within a class”. Concretely (at the measurement tool level), the 
Cyclomatic Complexity number is related to a method. In that sense, the population studied 
here is the population of Java methods.  

Secondly, most of the products of the sample are labelled in the Sourceforge website as 
production software. That is, these products are mature enough to be deployed in a 
production environment. Actually, this quality of the software products is not considered as 
relevant, since the own members of the project freely assign the production label to their 
product. In that context, the verification of such quality remains difficult. 
 Thirdly, the open source characteristic can be considered as a weakness of the sample. 
Indeed, it is often accepted that open source and closed source (industrial) software are two 
different types [12][13] of software. Both projects are so different in terms of process that the 
resulting products cannot be regarded as similar software. This implies that mixing both 
“types” can lead us to draw incorrect conclusions. Basically, in the scope of current paper, it 
is assumed that this distinction (close source vs open source) is not relevant. In other words, 
close and open source programs belong to the same category in terms of cyclomatic 
complexity. It is accepted that the independent variables close source and open source do not 
have any impact on the dependent variable cyclomatic complexity number.  

So, our sample represents a population of Java methods. The "maturity level" of the 
product and the "open source label" are not seen as qualities of the entity method that can 
have a serious influence on the cyclomatic complexity number. Both working assumptions 
are set up in order to facilitate the current work. 
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Table 1 shows a summary of the Java methods sample. The methods considered in this 
sample are the method with a non-empty body. A method with a non-empty body is a method 
whose Halstead program length is greater than 0. The Halstead program length takes into 
account the number of operators and operands [9]. 

Only concrete methods with a non-empty body have been considered in this study. Indeed, 
empty methods would seriously enhance the proportion of the method with a cyclomatic 
complexity number of 1, whereas the real cyclomatic number value of such methods would 
have to be non-applicable. 

Table 1 
Number of Products 694 
Number of Classes 80136 

Number of Non-Empty Methods 695741 
Proportion of Non-Empty Methods 100% 

 
4.2. Empirical Study Procedure 

The current empirical study is organized in 5 steps: 
• Automatic download of the 694 software products from SourceForge done by a python 

script: each project is copied into a directory whose name is the name of the product. 
• Computing of the cyclomatic complexity number: a python script launches the tool such 

that, for each product, the cyclomatic complexity number is computed. The measurement 
tool JStyle [10] can be launched with a command line interface. 

• JStyle generates a text file, which contains the measurement result. So, each file 
corresponds to one software product. 

• Another python script merges all the text files into one single file. 
• The merged file is loaded in R software [21] wherein the frequency distribution of the 

cyclomatic complexity number is computed. 
  

4.3. Results 
Current section gives the results of the computing in statistical software R. Table 2 shows 

the results of the frequency distribution for the cyclomatic complexity number. The value 
zero does not exist because the counting of the decision nodes always starts at 1 [1][2].  

The first column shows the value of the Cyclomatic Complexity Number (CCN). The 
second column shows the percentage of methods with a CCN less than the value of the first 
column. The frequency column is the percentage of methods with a CCN that equals the 
value of the first cell in column CCN. The last column shows the percentage of methods with 
a CCN strictly greater than the corresponding CCN value.  

So, reading this table teaches us that the value 10 has a frequency of 0,39%. In other 
words, 0.39% of the methods have a cyclomatic complexity number that equals 10. While 
only 2,01% has complexity greater than 10. 
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Table 2  

 
Moreover, 94% of the methods have a complexity number between 1 and 5. And only 

33,27% have complexity number greater than 1. 
 

5. Results Discussion 
The results present in Table 2 are quite surprising, since most of the methods (95%) have a 

complexity between 1 and 6. And, only 2% of the methods have a complexity greater than 
10. If the rule of thumb suggested by McCabe [1] is applied, only these 2% of the methods 
must be reworked in order to reduce complexity. Moreover, 94 % of the methods can be 
considered as simple, that is, reworking is not necessary. And, 66% of the methods have a 
complexity number that equals 1. 

The observation made upon this sample is that methods are mainly simple in terms of 
complexity (≤ 5). And, a minority of these methods are complex (2%). In other words, if a 
method is randomly taken out of the sample, the probability that this method is complex 
equals 2%. So, this probability is very small.  
It seems that in this population, methods are simple and developers take into account the 
complexity problem in terms of cyclomatic complexity. The question is now: how can we 
explain such a low level of cyclomatic complexity? Three assumptions can be set in order to 
answer this question. 
1. Firstly, the label Production of all the open source software of the sample can eventually 

considered as reliable. Indeed, the empirical study shows that the maturity level of these 
products is quite high in terms of cyclomatic complexity. Therefore, we observe a 
majority of simple methods (cyclomatic complexity number ≤ 5). As mentioned in Section 
4.1, the team members freely give the "production" label to software, and, for that reason, 
we do not take into account this label. However, the results could lead us to infirm the 
assumption of non-relevance of the Production label. 

2. Secondly, the open source development is currently investigated in order to find out its 
specificities [11][12][13][14]. A main characteristic of such a development model is the 
distributed environment features. In open source projects, the team often stands in several 
physical sites and therefore must share source code which is supposed to be analysable, 
modifiable, testable, and finally maintainable. So, since the state of the art teaches us that 

CCN 
Cumulative 

Frequency <=
Frequency Cumulative 

Frequency > 
1 66,73 66,73 33,27 
2 80,73 14,00 19,27 
3 87,60 6,87 12,40 
4 91,45 3,85 8,55 
5 93,85 2,40 6,15 
6 95,31 1,46 4,69 
7 96,35 1,04 3,65 
8 97,07 0,72 2,93 
9 97,60 0,53 2,40 

10 97,99 0,39 2,01 
20 99,45 1,46 0,55 
30 99,75 0,30 0,25 
40 99,86 0,11 0,14 
50 99,91 0,05 0,09 
60 99,93 0,02 0,07 
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the cyclomatic complexity is related to maintainability and testability 
[3][15][16][17][18][19][20], it could be possible that the distributed context of open 
source software actually represents a constraint, which forces the software, i.e. the 
methods, to be as simple as possible.  

3. Thirdly, the Object-Oriented paradigm can be a factor that influences the threshold. 
Indeed, the cyclomatic complexity number was designed for Fortran programs, and the 
programming language of the current sample is Java. Maybe, due to some Object-Oriented 
features, the complexity of such source code is not captured enough.  
 

6. Conclusion  
The third assumption above leads us conclude with the following question: "is the 

threshold of 10 for McCabe number significant for O.O programs?".  
In fact, as the cyclomatic complexity number was designed for imperative programming 

paradigm where the concept of "decision point" corresponds to a "node" in the flow graph, 
one can argue that in O.O. "decision points" are not really captured by the graph. In that 
sense, polymorphism can be one of the rationales for the low frequency of complex methods 
(66% of the methods with a complexity number that equals 1). In fact, overriding methods 
allow the developer to embed decision points in different implementations of the same 
method signature. It is possible that this kind of idiom is often used in Java programming, 
and therefore can explain the low amount of complex methods. 

Whatever is the explanation, our empirical study showed that the thresholds associated to 
McCabe cyclomatic number is not discriminating enough to make good decisions. By 
analogy, 2% of the human beings have a height greater than 2,10m. If we decide that 2,10m 
is a good threshold to identify a given person as big, then a woman with 2m is not big. This 
last assertion is a non-sense, because a woman whose height is 2m cannot be considered as 
not big. In this analogy, it is obvious that the threshold depends in particular on the gender. 
So, the height threshold is context-dependent.  

Finally, it seems important, for any thresholds proposed with a given measurement, to 
determine the contextual parameters that influence those thresholds, and thereby to delimit 
the context of their usability. According to the result of the frequency distribution of the 
cyclomatic number in our empirical study, one parameter that seems to have an influence of 
the threshold value has been identified, i.e. programming paradigm. It could be interesting to 
verify these assumptions, and to find out the other parameters. 
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Divide et Impera 
Learn to distinguish project management from other 

management levels 
 

Pekka Forselius 
 

Abstract 
Most of software development “projects” are far too complex to manage and measure 

today. It’s an old truth that “what you can’t measure, you can’t improve”. In most of 
organisations there still exists a real need to improve project management. In this article the 
author introduces the concept of 5 software development management levels and the rational 
behind it. This kind of concept related to software development and measurement has not 
been published before. This presentation should give several good ideas for the participants 
how to improve their own software development management processes 

 
Key words: Project management, Portfolio management, Organisational learning, 

Benchmarking, Productivity measurement 
 

1. Outline   
Software development industry has no tradition of predictable, high quality projects. 

Actually, its reputation is very bad. All international and national success surveys published 
during last three decades have reported huge cost and schedule overruns, poor quality and 
missing functionality. Current industry trends and practices including large ERP 
implementations, multi-site and multi-tier applications and incremental development 
approaches haven’t made it easier. We can see that software development management has 
not improved as much as technological opportunities and user needs have increased. Modern 
“mega-scope” projects have shown signs of worse-than-ever scope management, record-
breaking economical losses and unprecedented delays. Even the suppliers, but especially the 
customers, want to stop now. They need a break.  

 
Finnish Information Processing Association FIPA, a network of 25 000 individual and 700 

company members, hired two consulting companies and invited ten different member 
organisations to start a collaborative project to develop new ICT project management models 
at December 2003. This project made fundamental work to define the most important 
concepts of ICT development management and particularly project management models for 
all different ICT project types. The framework for this work was combination of Project 
Management Body of Knowledge, the PMI’s standard, and experiences of all participants 
coming from different business areas and representing both suppliers and customers. The 
most important finding from this FIPA endeavor was probably the clear definition of separate 
management levels. The other break-through result was definitions of seven ICT project 
types. ICT development programs are large and often long improvement undertakings, 
consisting of several projects of different types, where at least one is ICT project. Starting the 
development program and initiating measurable and manageable ICT projects is the greatest 
challenge of our industry, but successing there, the development programs will be successful. 
Vice versa, if any of the projects fail, it’s difficult to make the program success. 

 
The most important concepts of FIPA ICT development management framework are 

introduced. After discussing the problems and benefits of this approach, some results will be 
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presented. Results from benchmarking databases, how productive the multi-language, multi-
platform and multi-application projects have been compared to corresponding single-projects. 
Based on evidence so far, organisational learning seems to be more effective when the 
development is made in smaller pieces. It’s easier to manage several small projects than one 
mega-hydride. Old Roman management concept, Divide et Impera; seems still be going 
strong, at least in our business. 
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Multidimensional Project Management Tracking & Control – 
Related Measurement Issues 

 
Luigi Buglione, Alain Abran 

 
Abstract 

Managers involved in “tracking & control” activities in projects are most often concerned 
with only two dimensions, that is, time and cost to the exclusion of other dimensions, such as 
quality, in the broader sense, as well as risk. Unfortunately, these other dimensions are often 
not explicitly taken into account in terms of their relative priorities in software measurement 
plans. It is therefore quite challenging to implement multiperspective performance models 
such as Balanced Scorecards (BSC) in software organizations.  

This paper presents a procedure called BMP (Balancing Multiple Perspectives), which is 
designed to help project managers choose a set of project indicators from several concurrent 
viewpoints. 

 
1. Introduction 

Nowadays there is interest in integrated software measurement [15, 20], and some 
controversy about it as well. Models such as the Balanced Scorecard (BSC) and other 
frameworks such as EFQM (European Foundation for Quality Management) and MBQA 
(Malcolm Baldrige Quality Award) take into account multiple dimensions for analysis 
purposes; however, there are still few documented industrial implementations in the software 
engineering domain from the Project Manager (PM) viewpoint. Measurement programs in 
industry often remain focused mostly on time and cost, to the exclusion of other dimensions 
(such as quality, in the broader sense, as well as risk), which are not explicitly taken into 
account in terms of their relative priorities in a measurement plan.  

The motivation for this paper derives from observations and feedback received at several 
training sessions given to project teams over the past few years: the measurement culture is 
rather limited in many software engineering organizations and, where it exists, the focus is 
often on minimizing measurement costs, including those incurred at the project control level. 
In such a culture, measurement at the project level must not decrease the required business 
markup or the business profits for a project. In such a context, it is therefore very challenging 
to implement improved measurement programs while at the same time taking into account 
additional factors to develop multiperspective analysis. 

A procedure called BMP (Balancing Multiple Perspectives) is presented in this paper to 
help project managers and team members involved in measurement activities to implement 
and leverage multiperspective analysis within their measurement program. 

Section 2 presents the rationale for multidimensional analysis, with some examples of 
models recommended to the software industry, as well as the “why” and “how” of the 
application of multidimensional analysis in a project management context. Section 3 
illustrates the four-step BMP procedure to be performed to achieve an instantiation with four 
basic perspectives. Section 4 presents the conclusions and suggests the next steps in BMP 
usage. 
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2. Multidimensional analysis in Project Management 
2.1. Why is it needed? 

One of the frequent causes of failure in project management is the loss of project control 
due to inadequate project tracking [9]. To prevent such failures, the content and quality of 
project tracking must itself be scrutinized: for instance, is it being performed with the 
appropriate number of measures, and are those measures properly integrated such that the 
interrelationships across the various project processes can be analyzed?  

The identification and selection of the required number of viewpoints for representing a 
project more adequately is an issue which needs to be addressed in planning a measurement 
program: “Did we plan and gather data from an appropriate number of indicators?”  
Buglione et al. discuss these aspects in detail in [3], and illustrate this issue using as an 
analogy the Egyptian painting in Figure 1. Knowing that its source was a 3D figure, even a 
casual observer is aware that something is missing in the painting, that is, the depth of the 
image. 

 
Figure 1: Egyptian painting - a 3D concept fitted into a 2D representation 

 
Project management, whatever its application domain, should report on several 

perspectives, since the use of only two dimensions (usually time and cost) represents an 
overly simplified view of a much more complex reality.  To concurrently handle multiple 
project dimensions (or perspectives) including, for instance, quality and risk, a 
multidimensional project management approach is needed. 

 
2.2. Some examples of multidimensional models 

Some integrated models applying several perspectives simultaneously are well known in 
other management domains (Table 1). All these models can handle more than three 
dimensions at the same time (or at least three, plus the financial one as a derived dimension). 

The higher the number of perspectives handled, the greater the number of measures to be 
collected and also the wider the range of candidate causal explanations across the variables 
measured within the project. When properly used, the main strength of these integrated 
models is that they measure, analyze and manage with multiple perspectives. Of course, with 
a larger number of measures comes a much more complex model, which can itself become a 
risk with associated costs if not adequately understood and managed. 

 
2.3. What should be measured and analyzed? 

Each type of integrated model proposes its own way of measuring the performance of the 
system/project, and of analyzing the measurement results. An extension of the usual IPO 
(Input-Processing-Output) taxonomy into the STAR taxonomy (Software TAxonomy 
Revised) was proposed in [5]: it adds two upper-level entities (Project and Organization), as 
in Figure 2. 
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Table 1: Multidimensional models for performance management 
INTEGRATED MODEL 

TYPES SOURCE # 
DIMENSION DIMENSIONS/VIEWPOINTS 

Balanced Scorecards (BSC)  

Balanced Scorecard (BSC) [12] 
[13] 

4 • Financial, Customer, Process, Learning 
& Growth 

Balanced IT Scorecard 
(BITS) 

[8] 5 • Financial, Customer, Process, People, 
Infrastructure & Innovation 

AIS Balanced Scorecard [7] 5 • Financial, Customer, Internal Business 
Process, Employee, Learning & 
Growth 

JUSE Deming Prize [10] 7 • Systematic Activities, carried out by 
the entire organization, to effectively 
and efficiently achieve Company 
Objectives, Provision of Products and 
Services, Quality, Customer 

Malcolm Baldrige - MBQA  

Malcolm Baldrige (MBQA) 
– Business 

[16] 7 • Customer, Product-Service, Financial-
Market, Human Resources, 
Organizational Effectiveness, 
Governance and Social Responsibility 

Malcolm Baldrige (MBQA) 
– Health Care 

[17] 6 • Health Care, Patient-Customer, 
Financial-Market, Staff-Work System, 
Organizational Effectiveness, 
Governance and Social Responsibility 

Malcolm Baldrige (MBQA) 
– Education 

[18] 6 • Student Learning, Student-Stakeholder, 
Financial-Market, Faculty-Staff, 
Organizational Effectiveness, 
Governance and Social Responsibility 

European Foundation for 
Quality Management 
(EFQM) 

[6] 4 • People, Customer, Society, Financial  

QEST/LIME    

QEST 3D [3] 3 • Economic, Social, Technical 

QEST nD [4] N • Not predefined  
 
 

 
Figure 2: The STAR Taxonomy 
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Some solutions have been proposed to handle measures and indicators from several 
perspectives simultaneously: 
• Performance management models such as Baldrige, EFQM and Deming, assess specific 

aspects in the model directly, assigning points within a predefined range; the final result is 
expressed, therefore, in absolute and percentage values (e.g. EFQM has a maximum of 
1000 points achievable for the 9 criteria proposed). 

• A Scorecard approach [13] suggests the use of the relationships among values from 
indicators for the different perspectives in a causal way, but does not provide a 
consolidated value. BSC recommends analyzing the impact chain for improving the final 
perspective (usually the financial one) designed in the Strategic Map, but does not spell 
out how this can be done. 

• The QEST model [3] [4] presents a technique for consolidating values from several 
indicators within each of the selected perspectives, summarizing the final value on a ratio 
scale. Its usage within the BSC has been presented in [1]. 

 
2.4. Which set of indicators to select? 

A manager’s typical question is: What is the right number of indicators to use? In some 
Software Engineering sub-domains, a rule of thumb is used at times: e.g. 7 ± 2 [14] for the 
right number of fields in RDBMS tables or the number of items in a navigation menu on a 
Web page. 

Wiegers [22], referring to the well-known analysis by Rubin [21], also reports that one of 
the most common pitfalls to avoid in measurement is the “misbalance” in selecting the 
measures critical to success. Wiegers’ recommendation is “to select a small suite of key 
measures that will help you to understand your group’s work better, and begin collecting 
them right away”, but this must be a balanced set “measuring several complementary aspects 
of your work, such as quality, complexity, and schedule.”  

 
3. BMP: Balancing Multiple Perspectives 

In practice, how can a proper balance of perspectives and indicators be selected when 
managing a portfolio of projects? In this section, we propose a procedure, referred to as 
Balancing Multiple Perspectives (BMP), to help project managers manage with multiple 
concurrent dimensions (for instance: time, cost, quality and risk). 

 

PEANUTS © United Feature Syndicate, Inc. 

Figure 3: Linus’ famous blanket 
 
Controlling one project variable might degrade another project variable: as we illustrate 

using a metaphor, it is possible to associate simultaneous project controls to the blanket that 
belongs to Linus, one of the Peanuts' characters – Figure 3): when the child grows up, his 
blanket will retain the same dimensions, but might then cover his head and leave his feet 
uncovered. Similarly, if someone takes more than his share of the blanket, then his partner 
might not be completely covered.  
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In project management, it might be easy to control and optimize one, two or three 
dimensions simultaneously, but it is always much more challenging to do so without 
negatively impacting other dimensions. How can this be done? 

 
3.1. Proposed measurement procedure 

This section proposes a measurement procedure for controlling multiple concurrent 
dimensions. It consists of four steps, which could be performed jointly by a project manager 
and his quality assurance assistant: 
1. Determine the dimensions of interest in the project: at least three dimensions – four or five 

- would be a good idea, such as in EFQM, Baldrige, BSC. 
2. Determine the list of the most representative measures associated with each dimension. 
3. For each of the measures selected, identify which other control variables might be 

impacted negatively (e.g. counter-productive impacts: for instance, higher quality will 
often mean a greater initial cost or longer project duration; the same applies to cost and 
risk. 

4. Figure out the best combination of indicators and the causal relations between them in 
order to build a measurement plan for the project. 

 

 
Figure 4: A generic four-dimensional BMP 

 
Figure 4 presents an example using four generic dimensions, where the main impacts are 

summarized with green ( ) and red ( ) arrows, explaining which dimension (“Dim_XX”) 
will be verified and tracked. For instance, if we move the “blanket” towards “Dim_03”, the 
impacts will be: 
• Increased attention1 to the “Dim_03” dimension. 
• No particular impact for the “Dim_02” and “Dim_04” dimensions. 
• Decreased attention to the “Dim_01” dimension. 

   
1 Interpret the word “attention”, and also budget, resources, etc. 
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If, by contrast, we move the blanket in a south-westerly direction, mid-way between the 
“Dim_02” and “Dim_03” dimensions, the impact will be: 
• Increased attention to the “Dim_02” and “Dim_03” dimensions. 
• Decreased attention to the “Dim_01” and “Dim_04” dimensions. 

 
3.2. A four-dimensional instantiation 

This section presents an example of our proposal, using the four steps previously listed.  
1. Determine the dimensions of interest in the project: in this example, four dimensions 

have been chosen: Time, Cost, Quality & Risk.  
2. Determine the indicators associated with each dimension: an initial list of indicators2 

per perspective chosen is proposed in Table 2: 
 

Table 2: Initial list of measures for building indicators with related causal effects 
Perspectiv
e/ 
Dimension 

Indicators Questions  Measures used to build related 
indicators 

GT1 – Milestone 
Performance 

• QT11 – Is the project 
meeting scheduled 
milestones?  

• QT12 - Are critical tasks or 
delivery dates slipping? 

• MT11 Milestone Dates 
• MT12 Critical Path   

Performance 

GT2 – Work Unit 
Progress 

• QT21 – How are specific 
activities and products 
progressing? 

• MT21 Requirement Status 
• MT22 Problem Report Status 
• MT23  Review Status 
• MT24  Change Request 

Status 
• MT25 Component Status 
• MT26 Test Status 
• MT27 Action Item Status 

GT3 – Incremental 
Capability 

• QT31 – Is capability being 
delivered as scheduled in 
incremental builds and 
releases? 

• MT31 Increment Content – 
Components 

• MT32 Increment Content – 
Functions 

Time (T) 

GT4 – Personnel  • QT411 – Is effort being 
expended according to 
plan? 

• MT41 Effort 
 

Cost (C) GC1 – Financial 
Performance 

• QC11 – Is project spending 
meeting budget and 
schedule objectives? 

• MC11 Earned Value 
• MC12 Cost 

GQ1 – Functional 
Correctness 

• QQ11 – Is the product 
good enough for delivery 
to the User? 

• QQ12 – Are identified 
problems being resolved? 

• MQ11 Defects 
• MQ12 Technical 

Performance 

Quality 
(Q) 

GQ2 – Process 
Effectiveness 

• QQ21 – How much 
additional effort is being 
expended due to rework? 

• MQ21 Defect Containment 
• MQ22 Rework  

   
2 For the sake of standardization, an excerpt from the PSM Guide [19] has been considered, applying the Goal-
Question-Metric (GQM) technique [2]. The Questions are those proposed in Part 2, while the definitions of 
those Measures are proposed in Part 3.  
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GR1 – Personnel • QR11 – Is there enough 
staff with required skills? 

• MR11  Staff Experience 
• MR12 Staff Turnover 

GR2 – Functional 
Size and Stability 

• QR21 – How much are the 
requirements and 
associated functionalities 
changing? 

• MR21 Requirements 
• MR22  Functional Change 

Workload 
• MR23 Function Points 

Risk (R) 

GR3 – Environment 
& Support 
Resources 

• QR31 – Are needed 
facilities, equipment and 
materials available? 

• MR31 Resource Availability  
• MR32 Resource Utilization  

 
3. Note down the counter-productive impacts: Figure 5 shows the effects in balancing 

these four perspectives. 

 
Figure 5: BMP: an example with four dimensions 

 
4. Figure out the best combination of indicators and the causal relations connected with 

them: starting with the initial list of indicators taken into account by dimension, we have 
to filter them and select only those critical to our project. The final list, based on the notes 
documented in Table 2, is presented in Table 3. 
 

Table 3:  Final list of indicators with related causal impact 
Perspective/
Dimension 

Measures Indicators and related impact 

Time • MT11 Milestone Dates 
• MT22 Problem Report 

Status 
• MT24 Change Request 

Status 
• MT26 Test Status 

Referring to GT1, the most important thing to track is 
respect for scheduled dates for the project, with an impact 
on Costs (C). The other three indicators selected are the 
main ones for determining the eventual amount of rework 
or additional work to perform, with an impact on 
scheduled dates and therefore also on the EV.  

Cost • MC11 Earned Value 
• MC12 Cost 

The Cost perspective, as in most BSCs, is the final 
dimension, where all the others converge. 
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Quality • MQ11 Defects 
• MQ21 Defect 

Containment 
• MQ22 Rework 

The Quality perspective is usually associated with 
defectiveness and the capability of removing defects. 
Indicators on rework and reuse are therefore an input for 
planning (T) and for budgeting the effort (C) for the 
project. 

Risk • MR11 Staff 
Experience 

• MR12 Staff Turnover 
• MR22 Functional 

Change 
Workload 

• MR32 Resource 
Utilization 

The Risk perspective is a cross-influence perspective, 
since it provides input information on the probability of 
occurrence of several factors. The first two indicators 
relevant to us in this exercise concern the probability of 
staffing with the right people in terms of experience and 
with a proper turnover ratio. Looking at people issues, the 
% of resource utilization is also useful to the PM for 
allocating the proper amount of physical resources to the 
project for the Cost (C) dimension. 

 
To take into account the multiple perspectives, a strategic map must be built, for instance 

using the Balanced Scorecard technique [11, 12, 13], and include the chosen perspectives – 
see Figure 6. 

 
Figure 6:  Indicators by perspective and causal impacts 

 
After gathering data from the indicators defined in the previous steps, project managers 

can use the BMP procedure to identify and balance the corrective/improvement actions 
selected from among the several perspectives that need to be addressed in any single project. 
Of particular importance is to manage the counter-productive impacts of each possible action 
to be undertaken. 

 
3.3. Measuring project performances from multiple viewpoints 

Those familiar with scorecards will readily understand the use of BMP as a tool for 
considering the counter-productive impacts of a possible control action in a project. But what 
about the measurement of the overall project value? A BSC can help in managing multiple 
perspectives independently, but does not provide the integrated measurement results.  

This is why a family of models called QEST/LIME is introduced in Table 1 to measure the 
project’s performance from multiple viewpoints. Initially created for concurrently managing 
three dimensions [3], it has been extended to n possible dimensions [4] and illustrated for its 
use within a BSC framework: it allows the extraction and calculation of the project 
performance level against expected thresholds as a dashboard to be continuously monitored 
during the project’s lifetime [1]. 
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4. Summary 
Managers involved in “tracking & control” activities in projects are most often concerned 

with only two dimensions, that is, time and cost to the exclusion of other dimensions, such as 
quality, in the broader sense, as well as risk. Unfortunately, these other dimensions are often 
not explicitly taken into account in terms of their relative priority in software measurement 
plans. It is therefore quite challenging to implement multiperspective performance models 
such as Balanced Scorecards (BSC) in software organizations.  

As reported in several studies, there is no magic number of indicators which will ensure 
that software project control will be successful: this number depends on the characteristics 
and nature of the individual project. This paper has presented a procedure, called BMP 
(Balancing Multiple Perspectives), to select an appropriate balance of indicators from the 
various perspectives taken into account (e.g. time, cost, risk and quality) and focus on the 
core indicators from each of them, thereby helping the project manager in tracking and 
control activities. 

Due to its multidimensional nature, a future joint usage, with methodologies, tools and 
frameworks taking into account concurrent dimensions such as the ones listed as well as 
QEST/LIME, must still be investigated. 
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A Worked Function Point model 
for effective software project size evaluation 

 
Luca Santillo, Italo Della Noce 

 
Abstract 

This work explains the Worked Function Point model for effective software project size 
evaluation. This model was originally proposed in a contractual framework of fixed cost per 
function point, in order to achieve a more significant “worked size” to be correlated with 
development effort and cost. The model is suitable also for internal development estimation, 
wherever an average productivity is applied to a large set of non-homogeneous software 
projects. The model structure is based upon measurement of software reuse, replication, 
complexity, and change request impact during the project lifecycle; specific metrics are 
proposed for such aspects, and a overall combination of those is suggested to move from 
standard functional size measures to effective worked size measures. Reuse and replication 
adjustments include consideration of functional as well as technical “similarity” among 
functions, over the same or distinct platforms, respectively. Complexity adjustment takes into 
account both base components internal complexity and external (overall) system complexity; 
a weighting profile scheme, or worked size mask, is eventually proposed to take into account 
the intrinsic differences when evaluating complexity for different system types or domains. 
The change request evaluation is based on an enhancement-like approach, as applied to an 
on-going project. Specific experimentation and case-studies are carried out in a public 
administration contractual framework, upon projects extracted from the software portfolio 
management of the Provincia Autonoma of Trento. 

 
1. Introduction 

Trento’s Autonomous Province (“PAT” hereafter) is a government agency which, together 
with Bolzano’s Autonomous Province, forms the Trentino – Alto Adige Region. The Italian 
legal system grants a special autonomy to both the Region and to the two Provinces (a unique 
case in Italy) from 1948. A special charter, which was reviewed in 1972 and updated in 2001, 
mainly assigns the two Provinces the right to issue their own laws in a broad number of areas 
and to execute the relative administrative functions. In other words the Autonomous Province 
is a partial replica on a local scale of the nation's complex administrative structure. PAT is 
composed of 67 different service areas, distributed over 15 departments [1]. 

Obviously, PAT needs to be provided with several software applications to manage a 
broad variety of data, at a central level, at single offices’ level throughout the territory and at 
the institutional counterparts level (such as schools, public bodies and local authorities). The 
software supply is governed by specific contractual agreements and to-date this is executed 
almost exclusively by a single software house, controlled partially by public participating 
interest (PAT itself): Informatica Trentina (“IT-supplier”) [2]. 

The number of managed software application is over 100 systems, 58% of which are of 
the “4GL” type, corresponding to a (declared) total of 64,000 IFPUG unadjusted Function 
Points, and 42% of which are of the “3GL” type, representing a (declared) total of 48,000 
“equivalent” Function Points (obtained from the Source Lines of Code using a contractually 
defined conversion factor) (early 2004). PAT’s specific Information & Organisation Service 
(“SOI”) area structure, among other aspects, is responsible for the following activities: 
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• To promote and coordinate implementation of the provincial IT system and to define the 
IT needs, also on the basis of specific requests made by others provincial structures. 

• To manage relations with the companies that provide the IT services, as well as checking 
and monitoring the aspects relating to the supply of the services. 
Finally, at the end of 2002, SOI hired Data Processing Organisation (“DPO”) as a 

consulting partner in relation to the Function Point assessment of the software applications 
and projects. On a regular basis, based on end users requirements and requests, a number of 
new development and enhancement software projects are started and installed - upon 
approval by SOI – by the IT-supplier. Excluding some exceptions (e.g. legacy systems and 
data warehousing) such projects are measured in IFPUG Function Point and acquired by PAT 
through a fixed cost per function point mechanism, which has been set up by early versions 
of the contractual agreement among customer and supplier. Following a first step focused on 
the software application assets [3], more recent analyses showed that the fixed cost per 
function point approach leads very often to cases where the supply results over-paid or under-
paid with respect to the real extent and scope of the software project being realized. 

 
2. Functional size versus effective size 

The effort needed to release a given software project depends on the number and intrinsic 
nature of the technical items that should be designed, built and tested, more than on the 
logical functionalities that those items aim to implement. This is why functional measures 
alone are not particularly well correlated to effort, e.g. as it may be seen from the ISBSG 
software benchmarking database. A clear evidence of the previous statement is reached when 
we consider the practice of reusing software items as module libraries, components 
catalogues and the like; the effort needed to realize the overall system is not proportional at 
all to the logical “services” required (Function Points), but it will be proportional to the 
number and nature of the new items to be build and to the number and difficulty of the 
integrations of already available, reused items that should be carried on in the general system 
architecture. 

Basically, the effort needed to complete the early phases of the software life cycle is 
expected to be more closely proportional to the functional software size (the weight of 
requirements), whereas the effort for the remaining phases should be more proportional to 
“technical” sizes [4]. 

Using a single fixed cost per (functional) size unit to price the supply in an open multi-
project contract determines a subtle and dangerous problem. Due to the desired uncertain 
nature of the open contract in terms of requirements (what, how, when and how much) useful 
to maximize the flexibility of the outsourcing choice, there is no guarantee that the final mix 
of actual required projects be the same as the estimated one on which the productivity and 
cost averages have been originally calculated and agreed upon. Consequently, the initial 
economical consistency validation – made on the basis of a “wrong” project portfolio – might 
be invalid for the actual project portfolio. In other words, it is paid a wrong price for the right 
things or the right price for the wrong things! 

 
2.1. From Released Size to Worked Size 

 
In order to avoid the problems of the fixed unitary cost for the whole software contract in 

case of a multi-project open supply, it is possible to use the following scheme, including the 
concepts of Released FP and of Worked FP (Figure 1). 
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Figure 1: Released vs. Worked FP in a “fixed cost per FP” contractual framework. 

 
The key points are the following: the Released FP (measured according to the standard 

counting rules) are not always corresponding to the actual extent of the “worked” portions of 
software. There are two main reasons for that: the reuse practice and the need to replicate the 
same logical functionalities in different technological environments [5]; it seems more 
appropriate to evaluate the impact of these factors on the functional size (involved by the 
reuse or by the replication) instead than on the unitary or global cost per FP; for this reasons 
the “Worked Function Points” are no more a pure functional measure but a “productivity 
contaminated” measure useful to produce the cost evaluation in specific cases. 

The next relevant productivity factor to be taken into account is complexity [6]. 
Historically, one of the possible reasons for initial resistance to the introduction of functional 
measurement methods in the industry was the fact that another important productivity factor 
– the intrinsic, non-functional complexity of software systems – seems to be not enough 
taken into account; this led to the introduction of some general system characteristics, such as 
complex processing, in the VAF factor of the IFPUG method, or the CPLX adjustment factor 
of COCOMO-like estimation models, which are not measured differently within the set of 
software items being developed. Besides that, it is also debated the fact that the functional 
complexity measured by the IFPUG measurement method is bounded in its values (Low, 
Average, High), resulting in underestimated sizes for “extra large” software objects. In the 
WFP approach, a practical attempt is made to consider complexity as another adjustment, or 
weighting, factor, for effective size of the software functions. Briefly, the complexity 
adjustment expresses the relative variation in productivity per WFP with respect to the 
specific analysis and realization “difficulty”. 

Finally, considering the way software requirements are often found to be incomplete or 
evolving through all the project lifecycle, a third class of adjustment is being considered in 
the WFP model for the PAT contractual environment: the change request. The standard 
measurement methods cannot still adequately express the so-called “scope creep”: often, the 
difference between initial and final counts is not a good measure of change request, since old 
requirements can be simply replaced by new ones, and the rework activities are not visible 
through this simple metrics. A change request approach is developed to measure the scope 
creep adequately. 

 
The WFP result is a “functional productivity contaminated” measure that is simply 

multiplied by the originally fixed unitary cost to give the final cost of any single project in 
the multi-project contract. Using this approach is possible to keep the simplicity of a fixed 
unitary cost approach and the fairness of an articulate and situational costing approach. A 
good example of the advantages of this kind of approach is provided by the assessment of an 
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enhancement project that takes reuse into account. A change that involves adding a field in a 
template and the implementation of a new function would be considered equivalent in 
economic terms in the case of an agreement based on a fixed price per FP. Whereas, the 
considerations regarding reuse assign the correct weight to the two projects based on the 
worked FP’s. Another advantage provided by the WFP approach is that in the on going 
negotiation, attention of the parties tends to focus on aspects relative to productivity, rather 
than on size in FP terms, which once again represents an objective aspect in the case of 
disagreement as regards the economic assessment of a given project. 

The two Function Point assessments will then be available for given software project: 
• The result obtained by applying the IFPUG standards and corresponding to the actual 

software services usable by the users (Released FP’s). 
• The result that provides an assessment of the “worked” functionalities and therefore the 

effective size of the project that has been implemented (Worked FP’s). 
 

3. The WFP Model Instance in the PAT Environment 
Due to overlapping of factors, and the fact that the IFPUG General System Characteristics 

are not applicable to specific software functions or subsystems, but only to the overall 
software system being developed, the WFP approach takes as an input only the Unadjusted 
size, or UFP. In the following sections, the specific adjustment factors are provided. 

 
3.1. Software Reuse Impact 

Functional reuse may be defined as the re-utilization of user recognizable and existent 
logical data structures and functionalities to build up new logical features. Depending on the 
particular architectural environment, we might have an extreme situation in which the 
functional reuse is very high but the technical capability of reusing existing “physical” 
software items is very low: we must re-build the desired logical item almost by scratch. This 
is the case, for example, when, in a multi level client-server architecture, we want to deliver a 
functionality logically similar to an existing one, but in a technical environment completely 
different from the original one. Functional reuse means possible (likely) exploitation of pre-
existing requirement documentations, analysis and design models and schemes, and the like. 

 
The functional reuse size adjustment factor fR is evaluated for every function based on 

the following cases, for both transactional and data functions (Table 1, next page). Specific 
PAT guidelines are provided to identify the correct case, based on DET/FTR similarity of the 
functions being examined (not shown here). The proposed adjustment values derive, with 
some variations, from the NESMA enhancement approach [7]. Here, the approach is applied 
also in case of internal reuse for a new development project. 

 
Table 1: Functional reuse adjustment coefficients by case. 

Oper. Case fR Note 
ADD New function 1  
 Imported/copied from another system 

or subsystem. 
 

0,25 
 

CHG A small amount of data elements, 
referenced files, or processing logic is 
changed. 

 
0,25 

Also for imported functions, where
some data elements or references are
added or removed. 

 A significant amount of data elements, 
referenced files, or processing logic is 
changed. 

 
0,60 

Also for imported functions, where
many data elements or references are
added or removed. 
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 The amount of changes to the functions 
is so high to require a total re-analysis 
and re-design of the function. 

 
1 

Also for imported functions, where
most data elements or references are
added or removed. 

DEL Simple deletion of function. 0,10  
 Function deleted and replaced with a 

similar one. 
0,25 The adjustment applies to the newly

added function (as per add-by-import
functions). The deleted function is
assigned a null coefficient. 

 
Technical reuse may be defined as the re-utilization of existing physical data structures 

and software items (modules, objects, programs etc.) in order to build up new technical items 
to be used in the construction of new logical features. Depending on the particular functional 
requirements, we might have an extreme situation in which the functional reuse is very low 
but the technical capability of reusing existing “physical” software items is very high: we can 
build the desired new logical feature using almost effortlessly some existing technical 
“items”. This is the case, for example, when we want to deliver a set of functionalities to 
manage (CRUD ) a number of logical files which are similar in structure (i.e. unique id., 
description, numerical values) but different in contents (i.e. money conversion table, time 
conversion table, length conversion table etc.). 

 
The technical reuse size adjustment factor tR is evaluated for every transactional function 

based on the following cases (Table 2, below). Specific PAT guidelines are provided to 
identify the correct case (not shown here). This approach is applied also in case of internal 
reuse for a new development project (exploitation of code from one function to another, e.g. 
insert, update and delete elementary processes over the same logical file). 

 
Table 2: Technical reuse adjustment coefficients by case 

Level Case tR Note 
High No new source code is developed with 

respect to the selected existing 
function. 

0,05 Includes component selection, non-
significant source code adaptation and
minimal test. 

Average Less than 25% new code developed or 
modified for the function. 

0,40 Includes component selection, small
source code adaptation and base test
activities. 

Low 25% to 50% new code developed or 
modified for the function. 

0,70 Includes component selection, normal
source code adaptation and typical test
activities. 

Null More than 50% of code is developed 
or modified for the function. 

1 Includes component selection,
significant source code adaptation and
massive test. 

 
3.1.1. Phase coefficients and final reuse impact 

In order to combine the functional and technical reuse impacts for each function, 
weighting phase coefficients are fixed for a generic waterfall model: 
• a = 0,15  for analysis tasks. 
• d&b = 0,55  for design and building tasks. 
• t = 0,25  for test tasks. 
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For the ith function impacted by the development or enhancement project, the overall reuse 
impact factor IR is obtained combining the previous factors with the following formula: 

 
IRi = (a + ½ t) × fRi + (d&b + ½ t) × tRi 
 

3.2. Software Replication 
Software replication means porting the same functionality (one or more transactional and 

data functions) from one platform/technical environment to another (or more). Exactly the 
same considerations as for the software reuse can be made for software replication, if we 
denote the second, third, nth replica as reused with respect to the first, original version of 
functionality involved. So exactly the same aspects, factors and cases as for reuse are applied 
in case of replication. An index is added to the reuse factor IR to distinguish every 
platform/environment copy of functions: IR2, IR3, and so on. By definition, the first 
platform/environment cannot be assigned any replication correction, but it already may have 
some reuse corrections. Please note that often the most reuse in replication is functional and 
not technical (no new functionality has to be analysed and designed, but the source code have 
to be adapted – possibly heavily – to perform on different platforms/environments). 

 
3.3. Software Complexity Impact 

We distinguish a concept of complexity, which is applicable to the software system, from 
the complexity of the software development process; the latter could be related to the 
different phases, methodologies, team composition and coordination factors, which are 
applicable when executing the software project – those factors are process factors and are not 
included when evaluating the software system complexity: in the actual approach such 
process complexity is averaged in the contractual unitary cost per FP and, however, is 
basically under control of only the supplier/developer. 

 
For transactional functions, the IFPUG method provides size values that depend on the 

type (EI, EO, EQ: external input, output, or inquiry). Moreover, IFPUG values are upper-
bounded, so that extremely complex processes are not adequately differentiated from not-so-
complex processes. The last question is solved by means of extended complexity matrices, or 
equivalently of functional complexity (fC) adjustment factors depending on data element 
types and file type referenced by the processes [Tables 3, 4, next page]. 

 
Table 3: Extended IFPUG functional complexity matrix (left) and adjustments coefficients 

and unadjusted function point values (right) for EI functional processes 
   DETs’    CPL

X 
fC UFP (EI) 

FTRs’ 1-2 3-4 5-15 16-30 31+  VL 0,5 1.5 
0-1 VL L L A H  L 1 3 
2 L L A H H  A 1 4 

3-4 L A H H VH  H 1 6 
5-7 A H H VH VVH  VH 1,67 10 
8+ H VH VH VVH VVH  VVH 3,0 18 
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Table 4: Extended IFPUG functional complexity matrix (left) and adjustments coefficients 
and unadjusted function point values (right) for EO and EQ functional processes 

   DETs’    CPL
X 

fC UFP (EO) fC UFP (EQ) 

FTRs’ 1-3 4-5 6-19 20-40 41+  VL 0,5 2 0,5 1.5 
0-1 VL L L A H  L 1 4 1 3 
2-3 L L A H H  A 1 5 1 4 
4-6 L A H H VH  H 1 7 1 6 

7-10 A H H VH VVH  VH 1,57 11 1,67 10 
11+ H VH VH VVH VVH  VVH 2,86 20 3,0 18 
 
Similarly, the IFPUG method shows upper-bounded ranges for files; similarly, extended 

experimental matrices and values are provided (Table 5, below). Low ranges are provided in 
order not to oversize trivial cases, such as reference tables made of just code and description 
fields. Highlighted portions are the extensions to the original IFPUG values. 

 
Table 5: Extended IFPUG functional complexity matrix (left) and adjustments coefficients 

and unadjusted function point values (right) for Internal and External logical files 
   DETs’    CPL

X 
Adj. UFP (ILF) fC UFP (EIF)

RETs’ 1-5 6-19 20-50 51-90 91+  VL 1,75 4 1,67 3 
1 VL L L A H  L 1 7 1 5 

2-3 L L A H H  A 1 10 1 7 
4-5 L A H H VH  H 1 15 1 10 

6-10 A H H VH VVH  VH 1,67 25 1,5 15 
11+ H VH VH VVH VVH  VVH 3,0 45 2,5 25 

 
Regarding technical (algorithmic) complexity, which actually does apply for transactional 

functions only, we recall that the IFPUG method (release 4.1 and higher) makes use of 13 
actions to assist in classifying the function type; these actions may be included in some or all 
of the processing logic of elementary processes. The technical complexity (tC) adjustment 
factor is evaluated, based on whether the given process performs “creation”, “check”, or no 
specific action type, and adjustment coefficients are proposed based on the range of 
utilization of such types of actions in every transactional function (Tables 6-7, next page). 
These adjustment coefficients are firstly obtained by heuristics and values from literature 
(e.g. De Marco’s Bang complexity weighting factors [8]); they are under validation and can 
be agreed upon in the contractual framework. No technical complexity adjustment is 
considered for data function types (logical files). 
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Table 6: Summary of processing logic actions that may be performed by EIs’, EOs’, and 
EQs’. The 13 actions do not by themselves identify unique elementary processes 

Legend: c = “can be performed”, m = “mandatory”, m* = “mandatory at least one”, n = 
“cannot be performed”, ILF = “Internal Logical File”, EIF = “External Interface File” 

 Action EI EO EQ Type 
1 Validations are performed c c c Check 
2 Mathematical formulas and calculations are performed  c m* n Creation 
3 Equivalent values are converted c c c Check 
4 Data is filtered and selected by using specified criteria 

to compare multiple sets of data 
c c c Check 

5 Conditions are analyzed to determine which are 
applicable 

c c c Check 

6 One or more ILFs’ are updated m* m* n Creation 
7 One or more ILFs’ or EIFs’ are referenced  c c m - 
8 Data or control information is retrieved c c m - 
9 Derived data is created by transforming existing data to 

create additional data 
c m* n Creation 

10 Behaviour of the system is altered m* m* n Creation 
11 Prepare and present information outside the boundary c m m - 
12 Capability exists to accept data or control information 

that enters the application boundary 
m c c - 

13 Data is resorted or rearranged c c c - 
 

Table 7: Technical complexity adjustment 
coefficients for transactional functions. 

tC  Check Types in Function 
  0 1 2+ 

0 0,75 0,75 1,00 
1 1,00 1,00 1,25 

Creation 
Types in 
Function 2+ 1,25 1,50 1,75 

 
The overall complexity impact factor for each function (IC) for a given function is simply 

given by the product of the two described adjustments (functional extension for both 
transactional and data functions, and technical complexity for transactional functions only): 

 
 IC = fC × tC 
 

3.4. Change Request Impact 
Once a requirements and measurement baseline has been established for the project, any 

Change Request to this baseline should be evaluated in terms of impact on the existing and 
future systems, measured, managed as if it was a functional enhancement maintenance 
request issued when the product is not completely done (see later). The sizing of the CR’s 
allows to reconsider economical rewards towards the supplier and/or requirement process 
improvement actions towards the users who initially formulated the requirements [9]. 

 
The proposed approach is to measure the CR size (FPCR) for those CR’s that are issued 

during the development stage as if they were enhancement requests upon the system being 
developed as it was already completed. Such measure is to be corrected by some adjustment 
factors to keep into account the reuse level (for reworking the same functions) and/or the 
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waste of effort due to the changed or abandoned requirements. The FPCR amount may be 
derived for both development and enhancement software project types. 

In order to count the FPCR for a given ongoing project, an initial count is required, that 
corresponds to the initial view of logical files and elementary processes that should be 
delivered at the project completion. This initial count is assumed as the baseline for the 
evaluation of the subsequent possible CR’s. Each time a single relevant CR or a set of CR are 
issued, they will be analysed in terms of functional impacts they have on the baseline using 
the following formula: 

 
FPCR = FPADD + Σi (FPCHGA,i × CLi × LCPi) + FPCONV + Σj (FPDEL,j × LCPj) 

 
where: 

• FPADD (Added Function Point) is the total contribution of any data or transactional 
function that is to be added to the baseline for the CR to be implemented. 

• FPCHGA,i (Changed After Function Point) is the contribution from the ith data or 
transactional function that is already present in the baseline and is to be modified for the 
CR to be implemented. 

• CLi (Change Level) is a number between 0 and 1 (or 0%-100%) representing the relative 
amount of logical change required on the ith data or transactional function that is already 
present in the baseline, for the CR to be implemented – a value of CLi close to 0 is 
associated to a situation where the proposed changes are impacting in a marginal way the 
existent functionality; a value of CLi close to 1 is associated to a situation where almost 
nothing could be reused to implement the change. 

• LCPi (Life Cycle Progress) is a number between 0 and 1 (or 0%-100%) representing the 
relative weight of the life cycle phase of the project in which the CR is issued. 

• FPCONV (Conversion Function Point) is the total contribution of any data or transactional 
function that is to be developed, but used only once (una tantum) for the CR to be 
implemented. 

• FPDEL,j (Deleted Function Point) is the contribution from the jth data or transactional 
function that is to be deleted for the CR to be implemented (a Life Cycle Progress factor 
applies to deletions, as well). 
 
When any CR should have been accepted and incorporated into the overall development 

or enhancement project, the baseline project size should be updated using the standard 
IFPUG approach. Any new CR should be measured using the same technique described 
previously starting from this updated baseline (i.e. the project count goes through several 
releases, before being completed, depending on how many CR’s are proposed and approved). 
At the very end of the project, the sum of all the occurred CR’s produces the overall size of 
occurred change request for that project (Total FPCR). This amount represents an addition to 
the WFP of the project, to be recognised as the scope creep with respect to the initial measure 
for the project. 

Moreover, if we normalize the size of the CR to the total number of Released Function 
Point for the project, we can quantify the requirements turnover, or “project turbulence”, and 
the extent of some of the risks correlated with that. 
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4. Overall WFP Formula and conclusions 
Combining the factors that are illustrated in the previous sections, we obtain a formula for 

the calculation of the Worked Function Point amount for given software project: 
 

WFP = Σi,j (FPi × IRi
j × ICi) + Tot.FPCR  

 
where the index i runs over all the functions involved and identified for the project, and the 
index j denotes all the platform/environments eventually involved for replication of 
functionality (2, 3, and so on). 

 
As stated in section 2, the number of Worked Function Points is expected to be better 

correlated to effort & cost for a software project than the Release Function Points, that is the 
standard “functional only” size which is so far involved in so many open contract 
frameworks with fixed unitary cost. Of course, an extended study must be performed to 
validate the heuristic coefficients that have been proposed in the current work as a correction 
from standard to effective size, and to eventually improve the correlation. PAT and DPO are 
developing an extensive validation process, based on real cases from the large scale software 
delivery agreement, eventually involving the IT-supplier. 

 
Possibly, future works on this subject will provide improved values and formulas within 

the overall stated framework for an effective use of functional metrics for effort and cost 
estimation and correct payment process. 

 
It is worth note that many aspects of the proposed model are not set towards a reduction, 

or limitation, of the size amounts and measures; rather, the WFP approach helps distribute in 
a more agreeable and realistic way the weight of a fixed cost per size unit over a large and 
varying project portfolio. So, “small” projects with heavy intrinsic complexity, or excessive 
requirement volatility, thus requiring more effort than other even “larger” projects, will be 
recognized and treated with more attention from both the economical and the management 
perspectives, with higher satisfaction of both the customer and the IT-supplier involved areas. 
Conversely, “large” projects made by trivial, “all-the-same” functions, will be recognized as 
not-so-heavy projects, and the counterparts will be able to redistribute part of their previously 
allocated budgets to other and more relevant projects or activities. Moreover, the change 
request measurement could permit do discover, analyse and improve critical aspects in the 
negotiations of the software requirements and of the software projects, in general. 

 
Nowadays, the desire to oversimplify the content of any agreement is strong, but the 

problems overlooked at the negotiation and contractual phase will always explode in the 
implementation phase, leading to illegal practices or damaging conflicts. This work proposed 
a useful approach to improve the management of an existing long-term software contract 
based on fixed cost per size unit, with the primary purpose of “lower[ing] the level of 
litigation and continuous negotiation experienced in the final years of the past century!” [3] 
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Early estimating using COSMIC-FFP 
 

Frank Vogelezang 
 

Abstract 
One of the prerequisites for introducing the COSMIC-FFP functional size measurement in 

organisations is the quality that it is suitable for early estimation. This paper will explain 
that the early estimation techniques using COSMIC-FFP can be used in the early stages of 
software development or maintenance. 

Two early estimation techniques have been developed based on COSMIC-FFP: 
approximate COSMIC-FFP and the refined approximate technique. The use of these two 
techniques has been investigated in four different commercial sectors. The investigated early 
size estimation techniques appear to be environment dependent. This paper will explain how 
the values for these figures can be derived. Furthermore the precision of these techniques 
have been investigated to establish that they give a good estimate, compared to a detailed 
size measurement in a later stage of the software development. 

Finally the use in early cost estimation is described. 
 

1. The need for (early) estimating 
Estimates help development organizations make good business decisions. They help 

determine the feasibility of completing projects within the time, cost, and functionality 
constraints imposed by customers and the organization's own resources [1]. They help to 
avoid developing software with a low probability of meeting the organization's goals. 
Estimates can also help to set expectations about achievable development schedules in terms 
of time and cost. Time and cost are usually important figures in a business case and to most 
people; estimation is usually associated with time or cost rather than with size. Time and cost 
estimates are functionally dependent on effort estimates. Effort estimation consists of two 
elements: the project size in some quantifiable unit and the rate at which an organization can 
deliver one of those quantifiable units. Thus, projects cannot be accurately estimated 
consistently without a gauge on size [2]. The main part of this article will deal with size 
estimation. 

Estimates are made throughout the complete lifecycle of an information system, from 
before the development begins, through the development process, during the transition of the 
system to the customer and while the software is being maintained [3]. The most important 
estimates are made in the early stages of the lifecycle when the decision has to be made 
whether development of an information system is possible within the constraints of the 
business case [4]. In those early stages little detail is known, but the impact of the decision is 
large. An estimate of the size of the software to be developed has to be made with as little 
information as possible and as much accuracy as possible. There are a number of techniques 
to do this already (see section 2). This paper will deal with two early size estimating 
techniques based on COSMIC-FFP. 
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2. Early size estimating 
Techniques for early size estimating are derived from experience about what aspects of an 

information system can predict size in an early stage of development. A number of 
techniques have been developed, including: 
• Fuzzy logic is a way of systematizing comparisons with past work. It was first introduced 

by Zadeh [5] and adapted to the field of software sizing by Putnam and Myers [6]. 
Previously built systems are subdivided into six categories based on size. Within each size 
category there are four ranges representing quartiles. Comparing a new information 
system with projects done in the past yields an estimate of the size of this system and a 
probability range. This method is also a subjective method because it relies on experts to 
compare a new project to projects done in the past. 

• Standard-component sizing identifies a number of key components which can be 
compared to historical data about such components [6]. Based on the number of needed 
key components, the average and extreme (low and high) size for each component a size 
estimate can be produced. This method relies on data of previous projects. 

• Proxy-based Estimating assigns a size range to each conceptual method within the 
software to be sized using historical data for such methods [7]. With the ProBE method a 
prediction interval for a desired accuracy can be calculated. This method too relies on data 
of previous projects. 

• Wideband-Delphi, where a number of experts individually estimate the size of a new 
information system based on the requirements [8]. A moderator calculates the average size 
estimate and returns it with all the other estimates to the experts for re-estimation. This 
process continues until the estimates are close enough together. It is a time-consuming 
method which relies on a number of experts within the organization. 

• FPAi contains a number of approaches to estimate the functional size [4]. Next to some 
form of fuzzy logic and standard-component sizing it also contains an approach that can 
be seen as a compromise between the Delphi method and Early & Quick. In this approach 
a number of estimators establish the weight of a number of requirements. To each weight a 
minimum, a most likely and a maximum estimate have been assigned. The approach is less 
sophisticated than E&Q, but less time-consuming than Delphi. 

• Early and Quick Function Point Analysis provides estimators with an early forecast of 
the functional size that can be used for preliminary managerial decisions [9]. The method 
is based on identifying software objects at different levels of detail. For each type of object 
there is a minimum, a most likely and a maximum estimate where the degree of 
uncertainty is higher for more superficial objects. This method is fairly objective because 
it only relies on the skill of the estimator to correctly identify and assess the software 
objects, which should be objective to a large extent. The original method was based on 
IFPUG function points. Later the method has been adapted to express the functional size 
based on the COSMIC-FFP method [10]. 
 
Depending on the type of software that has to be produced and the environment in which it 

has to be developed all of these methods can be useful, but almost all of these methods rely 
on expert experience and knowledge about past projects and thus are in some way subjective. 
Another way of making early size estimates is by simplifying detailed objective size 
estimation techniques. 
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2.1. Early size estimating using function points 
Several early estimating techniques have been derived from function point analysis [11]: 

• The first simplification is when you do know the detailed elements, but do not know 
exactly their size: take the average value for the EI, EO and EQ (because usually there are 
as much low as high complexity functions) and take the low complexity for ILF and EIF 
(because more than 90% of the files will have this complexity). This simplification - also 
known as FPS (Function Points Simplified) - can have an accuracy range within 5% [12]. 

• A further simplification is the fact that there is usually a linear relation between the 
number of logical files and the number of functions working on that files. So if there is 
already a data model available in third normal form factors can be used to estimate the 
expected number of function points associated with the software based on this data model. 
For each ILF entity type 25 function points are counted1 and for each EIF entity type 10 
function points are counted. 

• If only a conceptual model of the data is known a similar approximation can be used to 
make a ballpark estimate of the size. For each ILF conceptual entity type 35 function 
points are counted and for each EIF conceptual entity type 15 function points are counted. 
Deviations of up to 50% have been recorded, so this kind of estimation should only be 
used as a first estimate. 
 
These early sizing techniques based on function point analysis are environment 

independent; in all environments where function point analysis can be applied these early 
sizing techniques work in the same fashion. Presumably this is the case because of the fact 
that function point analysis works with distinct sizing classes, but as far as I have been able to 
trace this assumption is not really supported with evidence. 

 
2.2. Early size estimating using COSMIC-FFP 

In environments where function point analysis cannot be applied there may be an alter-
native. For a number of these environments the COSMIC-FFP functional size measurement 
method has been designed [13]. In the measurement manual of this method two techniques 
for early size estimation are described [14]. At this moment little practical experience with 
these techniques has been reported. 

 
2.3. Approximate COSMIC-FFP 

The approximate technique uses an average value for the size of a functional process. In 
the very early stages of software development only the number of functional processes is 
known. To estimate the size of an application the number of functional processes can be 
multiplied by the average size of a functional process.  

The measurement manual gives an example, based upon the development of avionics 
software for a military aircraft, where the average size of a functional process is 8. 
Experience from the Dutch Rabobank shows that in their development environment the 
average size of a functional process is 7,2 [15]. This difference suggests that approximate 
COSMIC-FFP may be environment dependent, although both experiments are based on too 
small a number of projects to draw conclusions on. 

 
2.4. Refined approximate COSMIC-FFP 
   
1 From our own experience we learnt that this factor is a function of the total size of the information system and 
that the value of 25 function points for each ILF entity type is only valid if the total size of the information 
system is less than 10 logical files. If the number of logical files is 10-25 a factor of 28 should be used and if the 
number of logical files is greater that 25 a factor of 35 should be used. 
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In a later stage of the development process there is enough information about the 
functional processes to classify them into different categories. The refined approximate 
technique as described in the Measurement Manual to classify functional processes uses four 
categories: 
• Small  e.g. retrieval of information about a single object of interest. 
• Medium e.g. storage of a single object of interest with some extra checks. 
• Large e.g. retrieval of information about multiple objects. 
• Complex.  

 
To each of these categories average values can be assigned by dividing the number of 

functional processes into four quarts and computing the average size of a functional process 
in each of the quarts. During research on the original data it was discovered that there was a 
discrepancy between the way the measurement manual describes the way in which the quarts 
should be computed and the way the numbers for the example in the manual were actually 
computed : 
• Dividing the total size of the software by four and establishing the average size of the 

quarts, containing the functional processes sorted by size (Method 1) is the method that 
has been described. 

• Dividing the number of functional processes by four and establishing the average size of 
the quarts, containing the functional processes sorted by size (Method 2) is the method 
that has been used. 
Previous research upon a sample of eleven projects showed that the first method seemed to 

yield more precise results [16]. Furthermore the different classes could be better 
distinguished with the first method than with the second. The table below sums up the results 
from that research: 

 
Table 1: Comparison of results from different environments 

Method 1 Method 2 Quart 
Average 
Rabobank 

Size range 
Rabobank 

Average 
Avionics 

Average 
Rabobank 

Size range 
Rabobank 

Small 4,0 cfsu ≤ 5 cfsu 3,9 cfsu 3,6 cfsu ≤ 4 cfsu 
Medium 6,2 cfsu 5-8 cfsu 6,9 cfsu 4,4 cfsu 4-5 cfsu 
Large 10,8 cfsu 8-14 cfsu 10,5 cfsu 6,3 cfsu 5-8 cfsu 
Complex 24,7 cfsu ≥ 14 cfsu 23,7 cfsu 14,9 cfsu ≥ 8 cfsu 

 
Since both sources contain just a small number of projects further investigation on the 

subject was necessary to conclude whether early size estimation with COSMIC-FFP is 
environment dependent or not. 

 
3. Early size estimating figures in different environments 

Since the end of 2003 all of Sogeti's internal projects and more and more projects of our 
customers are being sized with COSMIC-FFP. A number of these projects were selected for 
an investigation to what extent early size estimating figures are environment dependent. 
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3.1. Project selection 
Most of Sogeti's projects are in the domain of business application software [17]. From 

that domain 47 projects have been selected. From those projects 11 were already used in an 
earlier investigation [15]. The selected projects can be divided into four sectors: 
• Banking    2 clients. 
• Government   5 clients. 
• Insurance   4 clients. 
• Logistics   5 clients. 

 
3.2. Figures for approximate COSMIC-FFP 

In the table below the characteristics of the four sets of projects are presented: 
 

Table 2: Figures for approximate COSMIC-FFP 
Sector Project Functional process 
 number total size average size number average size 
Banking 26 12.375 cfsu 476 cfsu 1.345 9,2 cfsu 
Government 8 3.845 cfsu 481 cfsu 838 4,6 cfsu 
Insurance 6 3.305 cfsu 551 cfsu 342 9,7 cfsu 
Logistics 7 3.766 cfsu 538 cfsu 321 11,7 cfsu 
   
Total 47 23.291 cfsu 496 cfsu 2.846 8,2 cfsu 

 
Although the average project size for each sector is of the same order of magnitude, the 

average size of a functional process for each sector is quite different. The size of an average 
functional process in the banking sector in this sample (9,2 cfsu) is significantly higher than 
the average size reported earlier (7,3 cfsu) for the same sector [15]. There is also a significant 
difference in the average project size of this sample (476 cfsu) in comparison with the earlier 
sample (339 cfsu). 

Further investigation into the details of the projects is necessary to find an explanation for 
these findings. The samples for the non-banking sectors are quite small, but the difference 
between government projects and the other sectors are quite striking. The fact that the 
average value for the related sectors banking and insurance are close together supports the 
idea that there might be a relation between the sector and the average size of a functional 
process. 

 
3.3. Figures for refined approximate COSMIC-FFP 

In the tables on the next page the figures for the refined approximate COSMIC-FFP are 
presented from the projects reported in section 3.2. The first table contains the figures that 
have been derived using Method 1 (based on size, see section 2.4). The second table contains 
the figures that have been derived using Method 2 (based on numbers of functional 
processes). 

Table 3: Figures per quart (size) per sector 
Banking Government Insurance Logistics Quart 

Method 1 Range Average Range Average Range Average Range Average 

Small ≤ 7 4,2 ≤ 4 2,3 ≤ 7 5,9 ≤ 9 5,0 
Medium 7-10 8,4 4 4,0 7-10 8,2 9-16 11,9 
Large 10-31 16,4 4-11 6,9 10-16 12,7 16-39 24,1 
Complex ≥ 31 51,6 ≥ 11 20,5 ≥ 16 23,6 ≥ 39 58,8 
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Table 4: Figures per quart (numbers of functional processes) per sector 

Banking Government Insurance Logistics Quart 
Method 2 Range Average Range Average Range Average Range Average 

Small ≤ 4  3,4 ≤ 2 2,0 ≤ 7 5,1 ≤ 4  3,4 
Medium 4-6 5,2 2-4 2,7 7 7,0 4-7 5,6 
Large 6-8 7,6 4 4,0 8-10 8,8 7-12  9,8 
Complex ≥ 8  24,8 ≥ 4 9,6 ≥ 10 17,6 ≥ 13  28,0 

 
As observed earlier, the size ranges for small, medium and large are close together in the 

figures from Method 2 [16]. The quarts based on the number of functional processes give 
ranges that cannot be distinguished by an estimator and are therefore not useful for early 
estimation. The distribution of the functional processes over the quarts is represented 
graphically in the figures below to illustrate this: 
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Figure 1: Distribution of functional process size per quart (Method 1) 

0

20

40

60

80

100

120

140

Cfsu

banking government insurance logistics

Small Medium Large Complex

 
Figure 2: Distribution of functional process size per quart (Method 2) 

 
4. Indication to the precision of the method 

To get an indication of the precision of the derived figures we recalculated the size of all 
projects by substituting the real size for each functional process with the corresponding early 
estimating figure. This is a fairly good test of the precision since the number of functional 
processes is usually quite stable from the early stages of development. In future the precision 
has to be tested by using the obtained figures for early estimating purposes and comparing 
them to the detailed measurement results. 
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The indication of the precision has been calculated in two ways [16]: 
1. The overall deviation of the total number of projects for each sector (in which an under-

estimation in one project can be compensated by an overestimation in another project 
within that sector) as a percentage of the measured size of all projects. 

2. The weighed average absolute deviation for each project. 
The results for the approximate method and both versions of the refined approximate 

method are presented in the table below: 

 
Table 5: Precision of the different techniques per sector 

Approximate Refined (M1) Refined (M2) Sector Overall Per project Overall Per project Overall Per project 
Banking 30% 32% 11% 11% 4% 10% 
Government 6% 37% 16% 16% 18% 19% 
Insurance 26% 26% 7% 8% 11% 13% 
Logistics 53% 53% 0% 8% 2% 7% 

 
5. Usability of early size estimating using COSMIC-FFP 

Based on the results of our experience as presented in this paper we conclude that early 
size estimating using approximate COSMIC-FFP techniques is possible. Based on the 
presented results we have to conclude that these techniques are dependent on the 
development environment. To use these techniques with acceptable precision the early 
estimation figures of the development environment need to be known. The use of these 
techniques does not rely on expert knowledge of the software to be sized and do not 
necessarily need knowledge of past projects of the organization if figures for the right sector 
are available. 

 
6. Using size estimations for time and cost estimation 

This paper has dealt primarily with size estimation. Project managers are usually more 
interested in time and cost estimates. As stated earlier these are functionally dependent on 
two elements: the project size in some quantifiable unit and the rate at which an organization 
can deliver one of those quantifiable units [2].  

 

 
Figure 3: Estimation model 
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In the above figure the relation between size estimation, effort estimation and the time and 

cost estimate is shown. Time and cost estimation are not a simple function of the effort 
estimate, but require input (and choices) from a risk analysis. This is the main reason that size 
estimation and cost or time estimation are not interchangeable. 
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From narrative user requirements to Function Point  
 

Monica Lelli, Roberto Meli 
 

Abstract 
In any software production environment there is the need to estimate software projects at 

the most early stage. It is also known that well-defined user requirements are critical to the 
overall success of a software project but quite often they are not so well defined at the initial 
stage. In addition, in order to support project estimation and planning, effective requirements 
management should involve selective requirements measurement in order to support project 
estimating and planning. This paper explores the synergic relationship existing between 
requirements and Function Point Analysis in order to better illustrate how to read and 
estimate functional size in relation to overall specifications. To improve human capability of 
functional size estimation, some new techniques and tools prove to be quite useful, indeed. In 
this paper we will briefly present a Function Point estimation technique called Early & 
Quick Function Point Analysis and a tool called RequEstiMate. 

  
1. Critical aspects of software estimation  

Which are the key factors affecting software projects estimation?  
 This is far from being a recent question as software estimation is part of software 

engineering within which relatively sophisticated estimation techniques and models have 
been studies and developed ranging from direct estimation methods based on direct hands-on 
experience, to planning models based on statistical and mathematical applications. Planning 
models in particular made it possible for the estimation process to be more objective and 
compatible thus bearing out the importance of functional dimension, one of the model 
variables. 

However it is also true that in the “high” stages of the software life cycle, namely when 
estimation is required, the software functional size is quite difficult to estimate, whereas as 
soon as it is possible to estimate the functional size with some level of accuracy, its use 
becomes less valuable for planning purposes. This situation can be described as the size 
paradox as illustrated in the picture below.  

  

 
 

Figure 1 
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Given the criticality of the functional dimension among the variables key to software 
project estimation, it is advisable to fully explore the conditions that affect the sizing process 
as early as the project’s initial stage. These conditions that impact on the sizing process are 
clustered into two macro-categories, namely:  
1. Conditions to be ascribed to the requirements engineering area: 

- Requirements definition level;  
- Requirements in-depth description level;  
- Stakeholders’ degree of knowledge of the required functionality as from the project’s 

early stage;  
- Parties representing large interest groups who fail to fully and deeply understand key 

functionalities at the project launch; 
- Possibility to set up requirement-driven groups.  

2. Conditions affecting the use of methods, techniques and tools supporting early size 
estimation:  

- Knowledge of early software size estimation methods and practices; 
- Estimator’s level of expertise in the use of early estimation practices;  
- Availability of support tools;  
- Availability of information required for making comparisons with different systems 

and/or prototypes;  
- Availability of project track records.  
 
In order to interpret user requirements specifications when functionalities fail to be 

defined in greater detail and produce a reliable size estimation for planning purposes, it is 
necessary to rely upon user-friendly supporting tools and techniques in order to foster and 
promote the use of project estimation planning models. 

  
2. The Software Requirements Specification structure and life cycle  

Under [1], “Software Requirements Specification (SRS) applies to one or a set of software 
products, programs that operate a number of specific functions in a specific environment. 
SRS may be written by one or more supplier representatives, one or more customer 
representatives or both. A requirement specifies an externally visible system function or 
attribute. SRS should specify what functions are to be performed, on what date, what results 
should be produced, at what location and for whom. Requirements should consist of 
requirement specifications, as well as ancillary sets of information that help manage and 
interpret the requirements. This should include the various requirement size classifications.”  

 
SRS often provides for a wide spectrum of requirement details ranging from general text-

based requirements to specific graphics-based requirements part of the semi-formal 
representation models; and finally from structured requirements expressed in terms of formal 
procedural or non-procedural languages to visual language prototypes. This makes the 
application of functional sizing methods a more difficult task. 

In addition, it should be noted that however decisive at the early stage, the requirement 
management process goes hand in hand with the entire project life cycle and therefore the 
software size may undergo some changes over time.  

Requirements grow richer in details as the project life cycle goes along, at the same time 
they become more focused and their features more developed changing direction compared 
with the early stage, thus becoming more measurable.  
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Figure 2 describes the various stages of a project life cycle and the type of estimation 
approach ranging from approximate to accurate approach, applicable to the various project 
stages. 

 
Figure 2: approximate estimation and accurate measurement of the project life cycle 

 
Managing the requirements means to systematically operate the requirements in order to 

identify, organize, document, communicate and manage changing software application 
requirements over time. Standard tools and methods are available for increasing requirement 
management efficacy and efficiency, improving the capacity to set “equitable” project targets 
for project planning purposes and mitigate the impact of changes called for while the project 
is already under way thanks to a higher understanding of the full impact of the changes over 
the overall project. Old requirements can go hand in glove with new ones; they can be 
completely changed or even deleted if necessary. Figure 3 shows the relationships existing 
between the key project stages and the requirement management process.  

 

 
 

Figure 3: project life cycle and requirements management process  
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Requirements and overtime changes affecting requirements can bear upon the resources at 
stake for project development. Requirement management is a twofold process: technical and 
managerial. Changing the requirements often leads to changing the technical nature of the 
system to be implemented as well as changing the size and allocation of the resources 
required to help the project draw to a close. In this respect, rapid and approximate sizing 
techniques of under-way changes help support planning and evaluating the impact on 
resources use and allocation. Therefore it is necessary to quantify the percentage of reuse and 
re-work amount required to express them at functional dimension level [2].  

 
3. The synergy between FP Analysis and User Requirements Management 

The basic concepts of software functional size measurement have been standardized [3], 
among them we find:  
• “Functional User Requirements (FUR): a sub-set of the user requirements.” 
• “The Functional User Requirements: represent the user practices and procedures that the 

software must perform to fulfil the users’ needs. They exclude Quality Requirements and 
any Technical Requirements.” 

• “Base Functional Component (BFC): an elementary unit of Functional User Requirements 
defined by and used by a Functional Size Measurement (FSM) Method for measurement 
purposes.” 
 
IFPUG Function Point Analysis identifies its own BFCs’ as the elementary processes 

(external inputs, outputs and inquiries) and the logical files (internal and external). An 
example of Functional User Requirement might be "Maintain Customers" which consists of 
the following BFCs: "Add a new customer", "Report Customer Purchases", and "Change 
Customer Details".  

 
Figure 4: IFPUG BFC’s - processes & files 
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Table 1 
Requirements FP IFPUG basic process units  
1. Inputs acquired by the application External Input (EI) 
2. Outputs delivered by the application  External Output (EO) 
3. Logical data or entities to manage  Internal Logical File (ILF) 
4. Entities and their relations  Internal Logical File (ILF) o  

External Interface File (EIF) 
5. Required inquiries  External Inquiry (EQ) 
6. Interfaces  External Interface File (EIF) 
7. Algorithms and business rules  Not directly subject to size estimation  

 
Such compatibility shows the synergy existing between requirements and Function Point 

Analysis and is extended to include as part of the requirements groups of functions which are 
not necessarily specified or defined in greater detail. In these cases, functionality groups can 
be associated to functionality categories comparable to functionality groups of similar 
applications. 

The synergy existing between requirements and Function Point Analysis can be 
maximized through the use of support management /document software methods and tools, 
both to improve the corresponding SRS and perform early and quick size estimation 
techniques.  

 
4. Functional size estimation 

Researchers and professionals have released a wide spectrum of quick size estimation 
techniques of software functional metrics. An in-depth comparative analysis of the main 
features, as well as qualities and liabilities of the most recurrent methods is provided under 
[4]. 

Any early and quick size estimation of functional software metrics shall be based upon an 
integration perspective combining analytical and analogical approaches. The former approach 
is based upon the use of standard measurement methods, such as IFPUG FPA, the latter 
approach instead involves reasoning by analogy with one or more completed software 
applications to relate their actual values to an estimation of a similar new application. An 
analogy can be drawn between high or low level software application components.  

 
4.1. Three-point estimation technique 

This is a technique designed to improve direct estimation when more values are provided 
by estimators. 

Given the Minimum, the Most Likely, and the Maximum Value for the size, the estimate 
is: 

Estimated Value = (Min + 4×MostLikely + Max) / 6 
with standard deviation: 

s = (Max - Min) / 6 
 

4.2. Non-structured analogy methods 
The most common way to apply Simple Analogy Estimation to software is to look for the 

historical data of a known system that is "similar" (in analogical sense) to the application 
under estimation. The derived implemented system provides a quick estimate of the new 
project value. Further investigation is likely to lead to Structured Analogy (see next section). 
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4.3.  Structured analogy methods 
The structured analogy method is a more formal approach compared to the Non-structured 

Analogy Method. The estimator compares the proposed application to one or more existing 
applications: s/he typically identifies the type of application, makes an early prediction, and 
then finalizes the prediction within the original range. Passing from a Non-structured to 
Structured Analogy methods, a number of differences and similarities can be identified and 
used explicitly in a mathematical model to adjust the estimate. The concept of “distance” 
existing between the systems can be defined and used to prioritise choices.  

 
4.4. Early & Quick Function Point estimation  

The Early & Quick (E&Q) functional size estimation technique is a consistent set of 
concepts and procedures which, even though applied to a non-detailed information system or 
project information set, maintains the overall structure and the essential concepts of standard 
functional size measurement methods. 

 
 The technique combines different estimation approaches in order to provide for more 

accurate software system functional size estimation: it applies analogical and analytical 
function classifications (transactions and data). It is possible to use available SRS 
information at different approximation levels and on different system branches (the so-called 
multilevel approach).  

 
This type of estimation is based on the following supporting strategies: 

• Analogy-based classification: similarity by size and/or overall functionality between new 
and existing software objects. 

• Structured aggregation: a given amount of low level software is clustered and aggregated 
into a higher level software. 

• No given function/data fixed ratio: data and transactional components are assessed 
autonomously. 

• Multilevel approach means that no detail should be discarded, if available – and no detail 
should be required, if unavailable. 

• Use of a derivative table: each software item at each detail level is assigned a size value, 
based on an analytically / statistically derived table. 
 
As shown in the following figure based on the identification of Functional User 

Requirements, E&Q FPA traces a map of items subject to size estimation, at different levels 
of detail accuracy and based upon FPA criteria, thus clustering functions analytically or 
analogically (data and transactions) from those implicitly or explicitly part of SRS functions.  
Consequently, measurable items can be size estimated on the basis of function-based 
categories, the value of which is statistically inferred from the standard IFPUG method and 
expressed as a set of three figures, namely minimum; most likely and maximum value. For 
further details on the method see reference [5].  
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Figure 6: Early & Quick FP estimation process 

 
Examples of some E&Q FP-classified items following SRS structured aggregation criteria:  

 
 

Figure 7: example of functional structure of E&QFP items  
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Table 2: E &Q FP functional objects 
Acronym Description Brief definition 
MP Macro Process A set of two or more average GP’s. It can be likened to a 

relevant sub-system, or even a bounded application, of an 
overall Information System. Its size is evaluated based on 
the (estimated) quantity of included GP’s. 

GP General Process A set of two or more average FP’s. It can be likened to an 
operational sub-system, which provides an organised whole 
response to a specific application goal. Its size is evaluated 
based on the (estimated) quantity of included FP’s. 

TP Typical Process A particular GP case: the most frequent set of operational 
transactions of a data group or a small set of data groups. 
Usually associated with the term “Management of [object of 
interest]”. Basically, it can be found in two “flavours”: 
CRUD (Create, Retrieve, Update and Delete), or enlarged 
management (CRUD plus List – CRUDL – and a standard 
Report with total values). 

FP Functional 
Process 

The smallest software process with autonomy and 
significance features. It allows the user to achieve a unitary 
business or logical objective at the operational level. 

MDG Multiple Data  
Group 

A set of two or more LDG’s. Its size is evaluated based on 
the (estimated) quantity of included LDG’s. 

LDG Logical Data  
Group 

A group of logical data attributes, representing a conceptual 
entity which is functionally significant as a whole for the 
user. 

 
5. Effective application of size estimation strategies  

The Early & Quick size estimation method calls for the acquisition of the following 
capabilities:  
• The capability of the estimator to model and make appropriate logical partitions of a given 

software item.  
• The capability of the estimator to “recognize” new software items as similar to other 

existing software items that are already classified.  
• Estimator’s expertise in using FPA to measure software items.  

 
The analogy may be developed with respect to different target objects: a general 

archetypal model or a concrete software item. In the former case, the estimator is required to 
compare the new software item (or its requirements) to a set of general standard abstract 
items, for example the E&Q ones, like: Typical Process, Functional Process, General Process 
etc. based on the estimated makeup of subcomponents. In the latter case, the estimator is 
required to compare the new software item (or its requirements) to a set of concrete and 
existing classified and measured software items. The comparison makes it possible to identify 
the software items belonging to the same class as the known item and those belonging to a 
different class. 
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The Early & Quick technique has proved quite reliable in terms of approximation with real 
values resulting from accurate measurement of a given software application. The following 
figure shows the correlation existing between estimated and measured FPs, for software 
systems developed for an Italian software company. 
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Figure 8  

 
5.1. The use of software supporting tools.  

The use of natural-language SRS documents to store functional and non-functional 
requirements, business requirements, and manually managed use cases may present numerous 
limitations, as: 
• Difficulty of updating and synchronizing documents.  
• Difficulty of preserving “requirement track records” during the project life cycle and their 

related attributes. 
• Tracking requirements can be a very demanding process. 

 
There are many commercial Requirement Management tools for this purpose: one of them 

is known as “Requisite Pro” and made by Rational Software IBM. To make software size 
estimation as user-friendly and practical process at the time requirements are agreed upon by 
the parties, an add-in software module called ReqEstiMate was developed by DPO Srl to be 
used together with the RequisitePro tool. The features of the innovative software product are: 
• Size is defined as an attribute of one requisite or a cluster of requisites. 
• It is based on the Early & Quick Function Point Analysis Technique. 
• It is flexible and parametric. 
• Value tables are customizable. 
• It has Excel-based Reporting & Exporting capabilities. 
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The following figure shows the relationships existing between items and requirements 
management tools.  
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Figure 9  

 
Starting from the User Requirements Specification (Step 1) it is possible to highlight the 

various steps corresponding to each requirement to be transformed into Requisite Pro data 
base items. Subsequently requirements are classified based on the Early & Quick FP (step 
2&3) method. FP estimations can be provided for each application (step 4). For further 
information it is possible to download the RequEstiMate demo from www.dpo.it.  

Figure 10: Step 1  
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Figure 11: Step 2 & 3 
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 Figure 12: Step 4  
 

6. Lessons learned and key conclusions  
• Measuring is important! 
• Estimating is even more important! 
• E&Q estimation: sizing more with less (information, detail, time, effort). 
• E&Q Reliability linked to ability, but…… even most novice users get ±10% precision 

with 50% to 90% cost/time savings. 
• Tools as RequEstiMate facilitate Size Estimation techniques, like E&QFPA.  
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Navigating the Minefield -- Estimating Before Requirements 
 

Carol A. Dekkers, CMC, CFPS, P.Eng. 
 

Abstract 
Sophisticated parametric-based project estimating models are becoming the norm in IT 

(information technology) industries providing increasingly realistic estimates of cost and 
schedules.  At the same time, however, agile and other eXtreme development methods 
challenge the traditional waterfall assumptions of estimating models by pushing back the 
requirement for project estimates much earlier in the software life cycle. What happens when 
project estimating moves back a full phase from after to before requirements?  How can 
acquisition managers, contractors, auditors and financial analysts develop and support 
estimates based on yet to be named projects with virtually unknown requirements?  This 
paper outlines how one can create auditable estimates based on identifying and documenting 
assumptions.  The process outlined creates a logical and traceable project floor plan and 
maps potential “landmine” locations (calculated risks) that further substantiate the 
preliminary estimates.  Whether you are an experienced estimating professional or contract 
manager, this paper provides a basis to support your work and provides the basis for dialog 
and discussion of early estimates among project participants. 

 
1. Introduction   

Estimating the effort, duration or cost of a software project is often a daunting task, 
especially considering the myriad of estimating models and tools available. Complicating 
matters are up to 200 input variables depending on the model chosen, and these cover the 
entire spectrum of functional, quality, design, and technical drivers for an estimate.  Despite 
these complexities, software project managers and cost estimators do a fairly good job of 
estimating development projects, when the requirements are done well. 

This paper presents an overview of the following topics: 
• Cost estimating challenges (after requirements). 
• Project requirements categorized. 
• Estimating before or during  requirements. 
• Recommendations and what you can do when estimating Before requirements. 

As one of the first authors to recognize that software engineering differs from traditional 
engineering, David Card stated, “Engineering projects usually can wait until after design to 
provide an estimate, while software engineering requires an estimate before design.”  In the 
author’s experience, software projects can be even worse -- some projects need estimates 
before requirements!  

 The folly of management demands for project estimates, sometimes even fixed price 
estimates, often disables a project before it is even named.  To illustrate, consider these 
fictional dialogues: 

 
Dialogue 1: home construction example 

• Potential homeowner: How much would it cost to build me a house with three bedrooms 
and two bathrooms? 

• Builder: Well that depends…. Hmmmm. 
• Potential homeowner: Depends on what? 
• Builder: On the size of the house, style (single or two stories), amenities and desired 

rooms, and what you want to have included. 
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• Potential homeowner: Ok, I don’t have time for this – give me a ballpark figure. 
• Builder: Ok, anywhere from $100K to $500K assuming that it will be built during the 

summer in NYC. 
• Potential homeowner: Can’t you be more specific than that? 
• Builder: Not without a floor plan! (i.e., requirements and design!) 

 
Dialogue #2: Software Project  

• User Manager: How much would a new software system cost me – it has to produce a pile 
of financial reports and do some up-to-the-minute financial processing? (I won’t hold you 
to the estimate…) 

• Software Project Manager: Well that really depends on a bunch of factors like the 
language we use, the skills, and how much functionality you need in the first release. 

• User Manager: Just give me a ballpark figure – you should be able to do that quickly. 
After all, you’ve built lots of software. 

• Software Project Manager: Without requirements or any understanding about what we 
will build, I can’t really give you an estimate – I can barely give you a guesstimate. 

• User Manager: Ok. I’ll take that. 
 
One of the most daunting challenges of software projects is arriving at reasonable and 

defensible estimates of project duration, work effort and cost – once the requirements are 
known. 

 
2. Cost estimating challenges (after requirements) 

While software estimating is easier once the requirements are known, the following 
challenges still prevail: 
• Accuracy: (How accurate are the productivity and cost driver inputs? Estimates are only as 

accurate as +/- 50% of the least accurate input variable) 
• Availability: (Can all input variables even be provided to any reasonable level?) 
• Applicability of historical data: (If historical data is available, how applicable are the data 

points?  How can one be sure to ensure an apples-to-apples comparison?) 
• Completeness: (How complete are the requirements?  Do project costs include or exclude 

hardware acquisition, software tool purchases, and other costs – or simply the software 
development labor costs?)   

• Risks: (Have risk factors been considered and evaluated?  Are they even included in the 
project?  Risks must be calculated and predictive.) 

• What: (What work effort tasks are included /excluded, and whose time is included?) 
 
In spite of these challenges, cost estimators do produce estimates of duration, cost and 

work effort which becomes the input for project schedules.  Estimates made early in the 
software development life cycle are subject to large variations due to factors mentioned 
above.  While it should be obvious that estimates based on guessed values of input variables 
are unreliable, many managers and users give them undue weight and treat the estimates as 
predictive project forecasts.  In the US, part of our American culture is that if something is 
too good to be true, it probably is – yet we have an insatiable optimism that maybe, “just this 
once” it might come true.  Time and time again over-optimistic estimates are self-fulfilling as 
dates slip, functionality is reduced and project budgets surpassed.  We would all do well to 
remember several key points related to project estimates: 
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• An estimate is only as good as its least reliable input variable 
• Garbage entered into an estimating tool produces a garbage estimate 
• Even if the corporate desire is for faster, better, and cheaper software development – an 

overoptimistic estimate won’t make it happen 
• Just because a cost estimator provides an estimate does not mean that it is realistic or 

achievable, When estimates are based on flawed data, they generate a false sense of 
security that the estimate is reality.  This in turn gives rise to pressure on the cost estimator 
and project team to “prove” the goodness of the estimate by working desperately to meet it 
– even if it is grossly in error. and to make it come true. 
 
Table 1 provides a few easy estimating equations that can be used as part of the estimating 

process.  
Table 1: Estimating equations 

Project Cost Ratio 
(completed projects) 

$ / FP  
(or SLOC) 

(Total Hours * Hourly Cost) + Other Costs 
Project Functional Size 

Support Cost Ratio $ / 1000 FP  
(or FTE / app) 

(Support Hours * Hourly Cost) + Other Costs 
Application Functional Size 

Repair Cost Ratio  $ / FP  
(or per fix) 

(Repair hours * Hourly Cost)                     
Functional Size of Repair 

 
3. Project requirements categorized 

Given that project requirements are the source of project rework (up to 45% according to 
the Software and Systems Technology Conference of the US Department of Defense, 2002), 
it makes sense to examine what can be improved in the requirements process – and thus 
improve the estimating process(es).  In many organizations, project requirements are as 
elusive as icebergs – consisting of known-known requirements (the obvious functions of a 
type of software, such as the requirement to store account information for a banking system),  
known unknown requirements (those functions that always arise during a project based on 
corporate history with similar projects), and unknown-unknown requirements (the 
unpredictable requirements that cannot be anticipated yet lurk dangerously below the project 
surface like the submerged part of an iceberg).  The requirements discovery and articulation 
processes strive to maximize the known requirements while managing to minimize the 
unknowns (risks). 

Project requirements can be easily broken down into three distinct types to increase 
understandability with users and the project team.  The three types of requirements are:  
• Functional requirements   

These represent the business processes performed by or supported by the software, (e.g., 
record ambient temperature) and include what functions the software must do.  These 
requirements are part of the users’ / customers’ responsibility to define.  Functional 
requirements can be thought of similar to the software’s Floor Plan.  Functional 
requirements can be documented with Use Cases, sized by FP, and Costed by $/FP. 

• Non-functional requirements  
These represent how the software must perform once it is built. These include the 
“ILITIES”: (Suitability, Accuracy, Interoperability, Compliance, Security, Reliability, 
Efficiency, Maintainability, Portability, and Quality in Use) as described by ISO 
standards ISO/IEC9126 series.  While these requirements are also the responsibility of 
users / customers to ensure proper definition, they are often not articulated explicitly (or 
at all) but rather are “sprinkled” throughout requirements documents in dribs and drabs. 
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Using a construction analogy, the non-functional requirements are similar to the 
contracted specifications for software.  Non-functional requirements are NOT part of Use 
Cases (they are documented as part of ‘Supplementary Specifications’).   

• Technical (build) requirements  
These types of requirements address how the software will be developed or “built” and 
includes tools, methods, work breakdown structure, type of project, etc.  This is where 
most software developers have the most affinity with the requirements as the overall 
project requirements (the two above) are combined and a sort of software “blueprint” is 
delivered. 
Modern software development approaches such as use cases and agile development 

attempt to keep these three types of requirements distinct and separate—when used correctly.  
Unfortunately in a manner similar to the contractor who only has a hammer and everything 
looks like a nail, some software developers cannot overcome the need to insert technical 
requirements into modern method deliverables such as use cases and agile user stories. 

 
4. Estimating before requirements  

When a cost estimator or project manager is asked for estimates BEFORE they have 
access to solid requirements, guesses take the place of solid information.  What types of 
challenges arise when doing this type of “estimating”: 
• Pre-functional requirements   

Often cost estimators or project managers may be asked for an estimate based on 
functional requirements scrawled on paper napkins or other informal, non-standard 
presentation media.  One can only guess at what the software really will do based on 
assumptions such as: Kind of sort of like… (another system); or rough “ideas” that are 
conceptual at best. 

• Pre-nonfunctional requirements  
Assessment of the “ilities” of how the software will be required to perform can be done 
based on comparing them to other projects already completed for the same project 
department or business area.  Unless there are major influences across the gamut of these 
non-functional requirements, they are not often seen as required input parameters needed 
to increase estimate accuracy.  To overcome this flawed assumption, cost estimators and 
project managers often underestimate the complexities that the project will bring.   

• Pre-technical requirements  
In many software development shops today, IT project teams use a standard suite of 
software development toolsets and technology aids.  The technical requirements area is the 
least dangerous of the three areas in project estimating.  Assumptions are generally made 
that the development platform is pre-selected along with other technical aspects of the 
project. 
 
When faced with the daunting task of producing an estimate for a  project for which there 

is little or no known input variables, what are the options for an ethical cost estimator?  
He/she could attempt to do one of the following, however, the response from management 
would likely be negative and could cost the estimator his/her job: 
• Refuse to do an estimate (too early). 
• Delay estimate repeatedly until requirements are at least partially done. 
• Wild guess. 
• Use “Kind of sort of” actuals as estimate. 
• Cite “professional” ethics and hide out … OR…(and this is the preferred method).  
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• Document assumptions and use them together with the estimate (guesstimate) to 
substantiate the estimation results.  
 
When addressed and documenting the unknown aspects of functional requirements, they 

can still be sized using Function Points by indicating that each maintained entity in the 
software will typically follow the Add, Update, Delete, Inquire and Output (the AUDIO) 
profile given that the functionality is updating / maintaining the particular data. 

For non-functional requirements, documented assumptions are critical here too.  
Overlooking or underestimating the complexity of the non-functional project requirements 
can cause major problems in keeping to the original estimates produced – because they would 
have emerged without documented and defensible assumptions. 

For technical requirements, it is important to document novelty items (methods, tools, lack 
of skills, etc) for the technical aspects of the project.  The impact of good or bad personnel 
skills on project teams can increase or decrease morale and project productivity (thereby 
altering the delivery speed and project completion either positively or negatively). 

  
5. Recommendations for estimating before requirements 

The following list re-emphasizes the advice provided in this paper when a cost estimator 
or project manager is faced with having to produce and estimate before the requirements have 
been fully fleshed out: 
• Document all of your assumptions (and then don’t forget to validate them again later on 

the project for future releases and associated pre-requirements estimates). 
• Separate and document project requirements as the three distinct requirements types. 
• Create a range of  “guesstimates” when there isn’t enough information to generate an 

informed and reliable estimate.  (AND, ensure that the implied accuracy of an estimate is 
not misconstrued – just because your project estimating software includes numbers with 
decimal places in the results, use common sense and realize that the estimate is only as 
good as its least input. 

• Ensure you use standard estimating models that are proven for your environment. 
• Label results as “Preliminary”. 
• Level with your Customers – there is no magic estimating wizard who will direct the 

project (no “Magic”)  -- ensure that they understand that an “estimate too early in the life 
cycle” cannot remain fixed throughout the project, nor can it be accurate. 

• Despite your best wishes, Cost Estimators cannot create estimates out of “ether”. 
• However, (gu)esstimates based on documented assumptions are a step forward. 
 
5.1 What can you do to improve project estimation at your company? 

In summary, project estimating can get better if you follow some simple advice: 
• Document as many of your assumptions about the project as you can, and revise them and 

the estimate according to the same assumptions to establish estimate traceability. 
• Document the requirements clearly and objectively: 

- Divide into 3 types; 
- Consider recommendations; 
- Consider FP as a measure of functional requirements size. 

• Practice, document, follow-up, learn from prior “guesstimates”. 
• Join free networking groups such as the Quality Plus Measurement Forum:  

www.groups.yahoo.com/group/quality_plus_measurement_forum. 
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Measurement of OOP size based on Halstead’s Software Science 
 

Victoria Kiricenko, Olga Ormandjieva 
 

Abstract 
Size of the various products in the software development process is among the most 

important product attributes because it contributes too many other product, process and 
project measures, and is an essential component of many prediction systems. Measuring the 
size of software products should be straightforward, relatively simple and consistent with 
measurement-theory principles. However, in practice, size measurement presents great 
difficulties. With the shift towards object-oriented design and programming paradigm, the 
measurement of the size of products in the software process has become even more difficult 
task.  

In this work we propose a measurement of an aspect of size based on Halstead’s Software 
Science that is specifically tailored to measuring the length of programs in object oriented 
software development. We begin by defining a model of object oriented programs such that it 
allows us to concentrate on only those aspects of a program that contribute to the program 
length. We model a program as a set of classes. For the purposes of measurement of length 
of a class, we abstract each class data member as an operand and each method as a set of 
operands and operators. We then define a mapping between the empirical world entities 
(classes) and numerical world entities (integers) that is based on Halstead’s classical length 
measurement. We evaluate our proposed measurement from the point of view of the 
representational theory of measurement, and conclude that it is theoretically valid and is at 
least on the ratio scale – the most useful scale of measurement. This finding allows as to 
derive a length measure applicable to the program as a whole. The new measure described in 
this paper is compared to the existing size metrics, and advantages of our measure are 
discussed. 

 
1. Introduction  

Object oriented programming has become a standard practice in the today’s world. The 
process of software development in this paradigm is well defined and the quality 
measurement practices are becoming a standard of the software engineering process. Let us 
examine one important attribute of any computer program – its size. There is no need to 
argue why size is important: it contributes to a great deal of other product, process, and 
project measurements; it is used to normalize other measurements; it contributes too many of 
prediction systems; etc. How do we measure size of object oriented programs? 

It seams that everybody has agreed that no single measurements can be used to evaluate 
the size of the program. The most accepted such model defines size based on the three 
attributes: length, functionality, complexity. These attributes are fundamental in the sense 
that each attribute captures a key aspect of a software product. Length is the physical size of 
the product, functionality measures the functions supplied by the product to the user, and 
complexity is viewed as one or the combination of problem complexity, algorithmic 
complexity, structural complexity, and cognitive complexity.  

Number of different measurements is applied to determine the length of object oriented 
programs. Most commonly, all or some combination of the following measurements is used: 
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• LOC. The LOC is a standard measurement for the length of a program. Unfortunately, 
under the object oriented paradigm the meaningfulness of the LOC measurement is even 
more questionable than in case of functional programming.  

• Number of classes. Some times number of base classes, derived classes, reused classes, 
etc. is used instead. Does not really measure the length since it tells nothing about length 
of each class. Often used in combination with the measurements presented bellow. 

• Data members per class. This measurement also gives only partial information as the data 
members themselves can be very different. This measurement could be inversely related to 
the number of classes. 

• Number of methods per class. The same observations as for the data members per class 
measurement.  

• WMC (weighted methods per class). This measurement is concerned with complexity and 
not the length for a class. Complexity might be indirectly related to the length but should 
not be confused with it. There is also a problem with accessing complexity of a class. 
Usually cyclomatic complexity measure [11] is used; however, it’s well known that it does 
not really measures the complexity but the testability of the code. The scale type of this 
measurement has to be carefully assessed. 
 
Looking at the above measurements we have to agree that there is an urgent need for a 

measurement of length of object oriented programs that is both practical and theoretically 
valid. 

In this paper we present a new measurement that can be used for quantifying the length of 
programs developed under the object oriented paradigm based on the classical Halstead’s 
software science length measure. Originally, Halstead software science measures have been 
created for (and applied to) structural programming. While some of the Halstead measures 
raised many debates, Software Science length measurement was said to be a reasonable 
measurement of the length of the actual code, since it does not contradict any intuitively 
understood relations among programs and their length [6]. 

The outline of the paper is as follows. In the next section we present Halstead’s classical 
length measure. In the section 3 give our new proposed measure along with the validation 
used and illustrative examples. Section 4 concludes.  

 
2. Halstead’s models of software metrics  

Halstead, in his Software Science theory, directly measured the number of symbols N, the 
number of sorts of unique operators η1, the number of sorts of unique operands η2, and the 
number of modules M, deduced a set of metrics such as program volume V, language level L, 
etc, and estimated programming effort E and implementation time T. Halstead tried to 
explain all programs at the height of language level. In our work we considered only the 
program length, for review of applicability of other Halstead measures to object oriented 
programs see [5]. 

 
2.1. Program length 

Although there are thousands of programming languages in the world, each language has a 
variety of distinct symbols. But when they are studied under the point of view of Halstead’s 
Software Science, the sorts of symbols in a language are astonishingly few – only 2, namely, 
operators and operands. Let’s denote η1 the number of unique operators and η2 the number 
of unique operands in a language. Therefore we get the total vocabulary of language L as 
follows: 

η = η1 + η2    (1) 
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Based on these 3 very basic counts, Halstead implemented his method of measuring size 
of programs in terms of their length. 

 
Halstead has defined the following direct measures: 
f1,j = number of occurrences of the jth most frequently used operator, while j = 1,2, ... , η1, 

f2,j = number of occurrences of the jth most frequently used operand, while j = 1,2, ... , η2. 
N1 = total usage of all of operators appearing in that implementation. 
N2 = total usage of all of operands appearing in that implementation. 
 
Then the following relations are derived: 

∑
=

=
1

1
1

η

j
ijfN

   (2) 

∑
=

=
2

1
22

η

j
jjN
  (3) 

and the length N of the program is: 

∑∑
= =

=+=
2

1 1
21

i j
ij

i

fNNN
η

 (4) 
 
The program length as defined in the Software Science is clearly conceptually very close 

to the other well known length measure – count of executable statements, which is considered 
to be a theoretically valid and commonly used in practice today. More over, classical 
Software Science length measure, despite its simplicity, achieves more than just counting 
number of executable statements; it reflects more accurately difference between complexities 
of short and long statements. While some of the Halstead measures raised many debates, 
Software Science length was said to be a reasonable measure of the length of the actual code, 
since it does not contradict any intuitively understood relations among programs and their 
length [6] and satisfies formal properties that any valid length measure has to exhibit [2]. 

 
3. Halstead’s length applied in object oriented environments  

In this paper we propose a measurement of the length of OO programs inspired by the 
Halstead’s Software Science methodology. The unit of object-oriented program is a class, 
therefore our fundamental (direct) measurement Length of Class (LC) is quantifying length 
of a class in terms of class data members and class methods. We also propose a derived 
measure of length for the whole OO program, that is, we apply the length measure to each 
class and then add up the results to quantify the length of the program. The length and 
volume measures of Halstead are theoretically valid and could be more useful then the LOC, 
number of executable statements, and the questionable WMC measures. The mapping from 
FOP to OOP is straight forward and we discuss it in the next subsection. 

 
3.1. Length of Class (LC) Measurement 

Since we want to measure length of classes in a valid way, we have to construct a 
theoretically valid measurement model that captures the attribute length.  

According to the representational theory of measurement [6], a theoretically valid measure 
is modelled as a mapping from the empirical world to the numerical world with clearly 
defined rules that preserve the empirical world relations into the numerical world relations. 
For the purposes of a direct measurement of the attribute length of an OO class, we define the 
empirical world as a set of classes (belonging to a given program), the numerical world as the 
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set of Integer numbers, and the empirical relation “class A longer than class B” is mapped to 
the numerical relation “LC(A) greater than LC(B)”. For the purposes of measurement of 
length of a class, we abstract each class data member as an operand and each method as a set 
of operands and operators. The rules of the mapping LC are applied to the above abstraction. 
We have used the reasonably simple list of syntax oriented counting rules that we first 
introduced in [5]: 
• User-defined items are operands: 
- That includes data members of the class as well as all of the data used locally by the 

methods. For example, consider: 
  public class Scribble extends Applet { 
  private Button clear_button; 

 . . . 
 public boolean mouseDrag(Event e, int x, int y) 
   { 
  Graphics g = this.getGraphics(); 
  . . . 
  return true; 
   } 
 . . .  
 } 
The “clear_button”, “g”, and “true” are all operands.  

• If two symbols always occur together, count them as one operator: 
- For example, in  
 this.getGraphics(); 
 “(“ and “)” are counted as one operator. 

• If there are two different structures that are semantically the same, still count them as two 
different operators: 
- For example while two different looping constructs might be doing the same job they 

should be considered as two different operators.  
• Operators are basically keywords, language specific operators, function calls, etc. 
- Some examples of operators include: “+”, “panic()”, “new”, “while”, etc. 

• Count everything that is necessary for expressing the program in a given language: 
- Count declarations, I/O, etc.   
 
Despite their simplicity the set of rules are enough to ensure unambiguous measurement. 

We claim that our measure of length is at least on the ratio scale – the most useful scale of 
measurement that would allow for a meaningful applicability of all arithmetic operations. 

 
3.2. Validation of the LMC 

Validation of the software measure is the process of ensuring that the measure is a proper 
numerical characterisation of the claimed attribute. In order to be useful the proposed 
measure has to be validated based on the measurement theory. One of the suitable methods 
for such validation is the method that was first proposed by Alain Abran [1] for validation of 
software measurements. The method is based on the following criteria: 
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1. Representation condition.  
The representation condition asserts that a measurement mapping M must map entities into 
numbers and empirical relations preserve and are preserved by the numerical relations. 
When we deal with length of programs the relation between length of two pieces of code 
“≥” (longer then) is mapped to the numerical relation “≥”.   
Discussion: In case program A involves more operands and/or operators than B, we say 
from the empirical point of view that “A is longer than B”. If the difference is even one 
more operator or operand, then obviously LC(A) ≥LC(B)  

2. Attribute validity.  
The fact that the attribute is exhibited by the object measured.   
Discussion: we certainly target a valid attribute of a class, namely, its length 
characterizing the size of a class and exhibited by any class to be measured. 

3. Numerical assignment rules.  
The definition of the measurement mapping M.  
Discussion: the rules for unambiguous mapping have been discussed above. They also 
prove to be theoretically valid as the rules conform to the set of axioms of the attribute 
length, as defined below. 

4. Meta-model.  
The precise representation of the objects being measured also given above.   
Discussion: the abstract model of a class on which our LC measurement is based has been 
described above. 
 
The representation theory of measurement requires a valid measure to satisfy not only the 

representation condition, but also a set of axioms formalizing the properties of the attribute 
we want to measure. The formal properties of the attribute Length [13] are summarized in the 
following list: 

 (We denote LC of an element A as LC(A).) 
1. LC is nonnegative:   

LC(A) ≥ 0  
Discussion: the mapping rules would not allow for a negative value of the measure LC.  

2. LC can be null:  
A =  ∅ ⇒ LC(A) = 0  
Discussion: Consider a class A without data members and methods, obviously the LC(A) 
= 0 

3. LC of combined classes is determined by the standard set union operation [2] 
a LC is additive for disjoint classes.   

A1 ∩ A2 =  ∅ ⇒ SMC(A1 ∪ A2) = SMC(A1) + SMC(A2)   
Discussion: to see that this property indeed holds consider classes A1 and A2 with 
different data members and methods. 

b LC follows the sieve principle in general  
LC(A1 ∪ A2 ∪ … ∪ An) = α1 – α 2 + α 3 – … + (–1)n-1 α n ,  
where α i is the sum of the LCs of the intersections taken i at a time.  
Discussion: we have abstracted the data members and methods as sets of elements; 
therefore, based on this abstraction, we can claim that the sieve principle holds. 

4. Adding a new element cannot decrease the LC:  
A1 ⊆ A2 ⇒ LC(A1) ≤ LC(A2)  
Discussion: Consider adding a new method to a class A1, applying LC to the class thus 
obtained, A2, will result in the measurement at least as big as LC(A1) in case LC(M) = 0 or 
greater if LC(M) > 0, as LC cannot be negative. 
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5. Merging elements does not exceed the sum of two  
A = A1 ∪ A2 ⇒ LC(A) ≤ LC(A1) + LC(A2)  
Discussion: The fact that this property holds follows from the argument similar as the one 
above. 

6. LC forms a weak order:  
A1 ≥ A2 ∨ A2 ≥ A1   
A1 ≥ A2 ⇔ LC(A1) ≥ LC(A2)  
This is essentially a different way to restate representation condition already discussed 
above. 

 
In conclusion, the representation condition and the axioms for the attribute length hold for 

our LC measurement, therefore, LC is a theoretically valid measure. 
 

3.3.  Measuring the Length of OO Program (LP) 
We can model an object-oriented program as a set of classes, each of with is a set of 

methods and set of data members. We define our derived measure LP of a length of OO 
Program as a sum of the lengths LC of program’s classes. The ratio scale of our measurement 
LC allows for addition, thus justifying the theoretical validity of the derived measure. The LP 
measurement would objectively quantify the length of the whole OO program. 

 
4. Discussion and Conclusion  

Our model is based on the set theoretic approach. We model OO programs as sets of 
objects and operations (relations) between them. We define empirical system of all OO 
programs as a set of object entities and a set of operations that we can apply to those objects. 
The relationships we are interested in when ordering the empirical entities in terms of length 
is “longer than”, and the operations include union and concatenation. We define a set of rules 
based on the measurement of length in Halstead’s software science that allow us to map the 
elements of this empirical relational system to the formal (numerical) relational system. We 
use a set of axioms to verify that empirical relationships are preserved by the defined 
mapping. We also discuss the scale type and the set of allowable operations for this 
measurement.  

Several researchers have recommended properties that software metrics should posses to 
justify their use. We use the method first proposed by Alain Abran [1] which is based on the 
following criteria: (1) representation condition; (2) attribute validity; (3) numerical 
assignment rules; and (4) meta-model, that is precise representation of the objects being 
measured.  

Given the fact that here is an urgent need for a measurement of length of object oriented 
programs that is both practical and theoretically valid, we propose our LC measurement 
because of the following advantages of its use: 
• Theoretical validity. We proven that the measurement is theoretically valid. 
• Ease of use. The rules are well defined and the counting task can be easily automated. 
• Practical. More meaningful then any other measurement that are currently used to measure 

the length of OOP. 
 
Our future work directions include the extension of the LC model to measuring the length 

of the OO designs. 
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 Web design quality analysis using statistical techniques 
 

 L. Arockiam, S.V.Kasmir Raja, P.D Sheba, L. Maria Arulraj 
 

Abstract 
The phenomenal growth of the Internet in the last few years facilitated the sharing of 

various resources all over the world, thereby changing the organizational activities to a 
greater extent. Websites which are group of web pages enable information sharing by 
various organizations. Hypertext mark-up language is widely used for the design of web 
pages or HTML documents. The basic components of HTML documents are the HTML tags, 
embedded scripts and other files. The size of the document is measured by counting these 
components.  The composition of these elements contributes to the design quality of the 
documents. In this paper, a new software tool developed for the generation of size metrics is 
described. The web metrics data collected from a large number of web pages drawn from 
popular websites are classified, grouped and analyzed using statistical tools.  This paper also 
analyses the correlation between download time and the size metrics and interprets the 
quality of web design.  

 
Key words: Web design, Statistical analysis of web design, web metrics 
 

1. Introduction  
The internet has matured over the years and it has become so large and complex that it’s 

well beyond the comprehension of single human being. Internet is a collection of thousands 
of networks spanning the globe. The internet evolution has revolutionalised the life style of 
human beings. Today, most of the information dissemination is through the Internet in the 
form of web pages. Every organization tries to create its own website, which is a collection of 
web pages for information sharing. The contents have to reflect the information to be 
disseminated in a precise and  effective manner. 

 
Web metrics are used to assess the effectiveness of the web pages constructed. General 

interest in web metrics and evaluation is increasing among a wide range of commercial, 
academic, research user and Internet provider organizations.   The key aspects of web metrics 
are usage, evaluation and performance. Usage metrics measure various aspects of frequency 
and types of uses of websites. Evaluation metrics focus on customer utility, usability and 
satisfaction. Performance metrics measure the speed and efficiency of providing the 
information, whether displaying a page, down loading a file or performing a transaction.  

 
The user will be interested to view the web page only if the time taken to view the 

contents and the cost incurred are reasonable. This paper analyses  the effect of performance 
measures like  size and  link complexity on download time and hence interprets the quality of 
web design. The size metrics considered  are Total Lines of code (TLOC), Total number of 
blank Lines (TBLN), Number of  Bytes (NBYT), Number of Comment Lines (NCLN) and 
Number of Images (NIMG). The link complexity metrics considered is Number of  Links 
(NLNK). The direct measure of efficiency of design considered in this study is download 
time (DTIM). Section 2 of this paper traces some of the related works. The design of 
experiment is described in section 3. In section 4, findings are summarized and concluded. 
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2. Related work   
Measurements have been widely used in software engineering to estimate the effort,  time 

and cost, to predict error proness of modules and assess the quality of software design[2]. As 
McBride points out in relation to service level management “What cannot be measured 
cannot be managed”[4].Web engineering is a popular area of software engineering in web 
development. Australian web measurement standards and guidelines [6]  identify a set of web 
measurement standards and guidelines to assist in the application and understanding of web 
traffic measurements. The site-centric, user-centric, ISP centric approaches to measuring web 
site in Australia are described in this paper.  

 
Internet manager need a clear understanding of what it means to measure the performance 

of a web site. Web site performance is more than just the speed with which the home page 
shows up on a user’s screen. It is the total quality of user’s experience – including  
transactions, navigation and downloads. It is affected by their perceptions and expectations. 
And it must always be assessed in the context of business value. Internet Quality 
measurement is too critical business discipline to be conducted in a haphazard manner. The 
challenge for internet managers is to choose the right set of metrics and to make sure that 
they are measured in the most effective manner. The various measurement tools and services 
available today tend to focus on specific aspects of performance[7]. 

 
End to end response time which is defined as the time between the start of users’ request 

and time when the user can use the data supplied in response to request. There are several 
ways in which transaction-based end to end response time may be measured. McBride 
proposed one such. Snell identified three types of ETE RT measurement tools. In 
1998,Tsykin and Langshaw expanded and modified Snell’s classification [8]. 

 
Like in all other engineering and software engineering areas, quality is a central aspect for 

processes and web engineering. Quality can be measured on products and enforced by 
procedures to be pursued along the entire development process and should address all 
artefacts produced during the development of web applications. It is believed that different 
development techniques improve different product quality attributes which can be measured 
via a number of indicators whose combination will provide a comprehensive assessment of 
quality [8]. 

 
Some usability guidelines to consider as suggested by [9] include Pages should be 3-5 

screens maximum unless content is tightly focused on single topic. If larger, provide internal 
links within a site. Pages should be as browser-independent as possible, or pages should be 
provided or generated based on browser type. All pages should have links external to the 
page; there should be no dead-end pages. The page owner, revision date, and a link to a 
contact person or organization should be included on each page. [10] Discusses a tool, which 
helps to identify site defects, Design effectiveness, search ability issues etc.   

 
3. Design of study 

A systematic approach was adopted in the conduct of experiment. Our measurement 
activity was developed according to Fenton Pfleeger’s conceptual framework for 
measurement [3]. The entities considered in the study are TLOC, TBLN, NBYT, CLIN, 
NIMG, NLNK ,DTIM and COMP. The model diagram of the experimental design is 
depicted in Figure 1. 
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Figure 1:  Flow diagram of Design of Study 
 

3.1. Objectives and hypotheses 
Our measurement goals were documented using Goal-Question-Metric (GQM) model [1]. 

The main goal of the study was to find out the quality of web design by studying design of 
the internal entities. The sub objectives of the study were: 
1. To understand the relation between the internal design metrics.  
2. To relate design metrics with down load time and understand the influencing design 

factors. 
3. To interpret the quality of design with respect to comprehension, debugging and extension 

efforts from the design metrics data collected. 
 
The hypotheses framed were:  

H0: There is no relation between the internal design metrics. 
   There is no relation between the design metrics and down load time. 

The basic research questions were:  
1. What is the average number of lines of code, comment percentage, bytes occupied, blank 

lines, links, and images? 
2. What is the relation between these design entities? 
3. What is the relation between the design metrics and the down load time?  
4. Which are the most influencing entities on download time?  
5. Are the html files  designed for ease of comprehension, debugging and extension? 

 
3.2. Tool design 

To facilitate the collection of metrics data from the html files, a software tool namely Web 
Analyzer was developed using JAVA. It contained modules for input file specification and 
options for selective web metrics data generation. The output was displayed on an applet 
using graphical user interface components. Figure 2 depicts the flow of data in the tool . 

 
 

 
 
 
 
 
 

 
 

 
Figure 2: Flow of Data in the Web Analyzer 
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3.3. Population and data collection 
The success of any measurement experiment depends on the careful choice of data source. 

[5] Recommends to collect data from a single source rather than from different sources. The 
data site considered for the study had to satisfy the following criteria: 
1. Data source should be a large size project containing few hundreds of web pages. 
2. The code should be a working product and widely used. 
3. The code should be available in the internet for downloading.   

 
Based on the above criteria, Tamil Nadu Government’s Tamil virtual university website 

was chosen for our study [11].  Web pages from the website were down loaded using 64kbps 
line with a computer containing Pentium processor with 233 MHz speed, 32 MB RAM. The 
browser used was Ultra browser. 

 
3.4. Analysis and interpretation 

The data collected from the html files were classified and tabulated. The summary of 
statistics collected is presented in Table 1. The minimum, maximum, mean and standard 
deviation values were calculated using the statistical functions available in MS-Excel 
package. 

 
Table 1: Summary of Statistics collected 

 MIN MAX MEAN STDEV 

TLOC 
61 1036 431.6207 247.113 

NCLN 0 4 1.931034 1.167725 
NIMG 0 8 2.396552 1.213082 
NBYT 1622 36137 9018 5447 
BSPA 0 116 10 19.7342 
NLNK 0 12 4.706897 2.809811 
DTIM 0.02 2 0.190862 0.268023 
COMP 0 5.479452 0.610251 0.874064 

 
From the Table 1, it is inferred that the programs are designed with very few comments, 

which is associated with high effort for maintenance, comprehension and debugging.  A huge 
variation in TLOC indicates that the files are designed unevenly. Number of images in a web 
page is an indicator of complexity of design. It varies from 0 to 8. The larger variation in 
number of bytes is due to the variation in TLOC. The presence of Blank Lines increases the 
comprehending capability. Though the minimum number of blank Lines is zero, the average 
is normal.  
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Table 2: Correlation Analysis of data 
 

TLOC NCLN NIMG NBYT TBLN NLNK DTIM 
TLOC 1 0.156402 -0.16722 0.756778 -0.07087 -0.32497 -0.12648 
NCLN  1 ---------- ----------- ----------- ----------- -
NIMG   1 -0.09954  0.503079 -
NBYT    1 0.161795 -0.07943 -
TBLN     1 ----------- -0.04511 
NLNK      1  
DTIM       1 

 
The correlations between the internal entities of the html files and download time are 

presented in Table 2. It was observed that there is a positive correlation between number of 
links and down load time, number of images and number of links, line of code and comment 
lines and number of bytes and blank Lines. 

 
4. Conclusion 

The study reveals that there is a weaker positive correlation between the number of links, 
images and the down load time. It is suggested to limit the number of links to a minimum. 
Though the images increases the presentation quality, a care in its use is needed. Further 
studies may be conducted on the cognitive difficulty of the web design and the effect of 
dynamic content in the page such as scripts on the down load time. A study of user 
interactiveness and design complexity may be conducted. 
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An Evaluation of Productivity Measurements of Outsourced 
Software Development Projects: An Empirical Study 

 
Bahli Bouchaib, Real Charboneau 

 
Abstract 

Productivity of software development projects that were outsourced to a third party is an 
important issue within the information systems research. Organizations are more and more 
attracted to outsourcing their IT projects but whether this governance arrangement is more 
productive than the in-house one is still unanswered. This is the motivation of this paper. A 
comparison of productivity indices of both in-house developed software projects with the 
ones outsourced to a third party is performed. A sample of 1085 projects developed 
worldwide was used. The results show that there is no significant difference between 
developing software projects in-house and outsourcing them to an external vendor. 
Implications of these findings to both researchers and practitioners are discussed.  

 
Keywords: Offshore Outsourcing, Software Development Projects, Productivity 
 

1. Introduction  
Information Technology (IT) outsourcing is the process of entering into a relationship 

with an external organization who will provide information technology related products and 
services. As it has been mentioned repeatedly in previous research, information technology 
outsourcing is a very important issue for research because of the prevalence of this trend in 
business and the large amounts of money involved in outsourcing transactions (Lacity and 
Willcocks, 1995; Willcocks et al., 1999; Kern and Willcocks, 2002). The IT outsourcing 
market was estimated at 76 billion $US market in 1995 and 140 billion $US in 2002 (IDC, 
2002). IT outsourcing is such an important topic, that it is now an issue in the US presidential 
election campaign (Flynn, 2004), and since politicians are concerned with topics that many 
people care about because they want to maximize their votes, this is a clear indication of the 
very high importance that IT outsourcing has for both businesses and individuals. It is clear 
that there is still a lot of research work to be done in respects to IT outsourcing. Software 
development is a very lucrative and large industry that has built up huge and rich companies 
such as Microsoft, Oracle, SAP, and has contributed to the wealth of many other companies 
such as IBM. The global software market was estimated at 90 billion $US in 1997 and is 
expected to grow to 950 billion $US in 2008 (Nasscom-McKinsey, 1999). There is a strong 
trend of not only software development outsourcing, but also of offshore software 
development outsourcing to countries such as India and other low-cost providers (Audirac, 
2003; Jennex and Adelakun, 2003; Palvia, 2003). This points to the importance of additional 
research in respects to software development outsourcing. 

This paper is organized as follows: Section 1 describe the theoretical foundation upon 
which this research is built. Section 2 discusses the research hypotheses. Section 3 presents 
the data analysis and results. Section 4 discusses these results and outlines their implications 
for both researchers and practitioners. Finally, further research areas are discussed. 
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2. Theoretical Background 
The notion of productivity has been widely discussed in a variety of contexts. The 

following section discusses some of the most debated areas including firm productivity, 
organization productivity, software productivity and performance productivity (see Appendix 
1 and 2). 

 
2.1. Firm Productivity 

The relative productivity in an industry has evolved into a significant determinant of the 
competitive position for a firm. Chen et al. (1996) suggested that a productivity diagnosis 
process for a firm on the basis of the productivity characteristics of an industry to gain an 
insight into the firm's relative productivity. A business unit can be diagnosed through fuzzily 
classifying its productivity features in a particular feature space and productivity indications 
can be furnished based on the associated productivity characters.  

Based on the productivity frontier constructed from the surveyed firms, Kao et al. (1995) 
confirmed that at a given combination of the levels of technology and management, a firm 
may not be able to achieve the expected maximum productivity due to inefficient utilization 
of the input factors. One approach, the efficiency approach, for improving productivity which 
does not require the consumption of extra resources is to efficiently utilize the input factors. 
Another approach, the effectiveness approach, is to adjust the levels of technology and 
management toward the best combination to accomplish the highest productivity.  

Using a closed-form analytical model, Thatcher and Oliver (2001) demonstrated that that 
investments in certain efficiency-enhancing technologies may be expected to decrease the 
productivity of profit-maximizing firms. More specifically, it is demonstrated that 
investments in technologies that reduce the firm's fixed overhead costs do not affect the firm's 
product quality and pricing decisions but do increase profits and improve productivity. 

 
2.2. Organizational Productivity 

Cardinali (1998) reviewed the methodology and the value added to performance with the 
implementation of technology to achieve productivity gains. There is a strong correlation that 
exists between technology implementation, people and productivity. The author concludes 
with a view of the importance of understanding risk factors involved in the implementation of 
technology to achieve added productivity gains. While the evolving capabilities of emerging 
IT are evident, the association between technological diffusion and increased productivity has 
not been readily demonstrated in terms of corporate repositioning or scholarly research 
findings. Grover et al. (1998) suggested that one possible source of this paradox is the 
absence or presence of business process redesign in positioning the organization to assimilate 
and leverage technological innovation. A study empirically examines the nature and 
magnitude of relationships between IT diffusion, perceived productivity improvement, and 
process redesign. The findings suggest that process redesign and IT have a complex 
relationship with productivity, and that these can be represented by a mediating or 
moderating model for different technologies. 

 
2.3. Software Productivity 

Klepper and Bock (1995) used data from business application systems developed by 
information system professionals in the McDonnell Douglas Aerospace Information Services 
Co. of the McDonnell Douglas Corp. were collected and analyzed. The results confirm that 
system development based wholly or partially on 4GL technology enjoys higher productivity 
during the design phase of the development process than development entirely in a 3GL, and 
it provides another measure of this effect. In addition, productivity gains are still attainable 
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when 4GLs are used in combination with 3GLs to build a system, and these gains can be 
significant.  

Basili, Briand, Melo (1996) tested the impact of reuse on quality and productivity in 
object-oriented systems. Significant benefits were found from reuse in terms of reduced 
defect density and rework as well as increased productivity. These results can also help 
software organizations assess new reuse technologies against a quantitative and objective 
baseline of comparison. Software reuse is the process of using existing artefacts instead of 
building them from scratch.  

Cusumano and Kemerer (1990) used data from on the relative performance of US and 
Japanese software development projects. The e analyses indicate that Japanese software 
projects perform at least as well as US counterparts in basic measures of productivity, 
quality, and reuse of software code. The data make it possible to offer models that explain 
some of the differences in productivity and quality among projects in the US and Japan. 

Anselmo and Legard (2003) proposed a framework that is essential for making 
improvements in software productivity. A figure depicts 2 characteristics that can be used to 
derive a measure of the productivity of a software development environment. The top 
characteristic shows an investment curve for development and support of software. The area 
under the curve represents the product of time and cost per unit time, yielding the total dollar 
investment to build and support a piece of software.  

Francalanci and Galal (1998) shifts the focus toward the organizational imperative, which 
views returns on IT investments as a result of the alignment between technology and other 
critical management choices. Specifically, the study focuses on the alignment between IT 
investments and worker compensation, measured in terms of relative numbers of clerical, 
managerial, and professional positions to the total number of employees. The business value 
of information technology (IT) has been debated for a number of years. While some authors 
attributed large productivity improvements and substantial consumer benefits to IT, others 
report that IT has not had any bottom-line impact on business profitability. The focus is on 
the fact that, while productivity, consumer value, and business profitability are related, they 
are ultimately separate questions. Applying methods based on economic theory, the relevant 
hypotheses for each of these 3 questions are defined and examined, using recent firm-level 
data on IT spending by 370 large firms (Hitt and Brynjolfson, 1996). The findings indicate 
that IT has increased productivity and created substantial value for consumers. However, 
evidence is not found that these benefits have resulted in supranormal business profitability. 
It is concluded that, while modelling techniques need to be improved, these results are 
collectively consistent with economic theory. Thus, there is no inherent contradiction 
between increased productivity, increased consumer value, and unchanged business 
profitability.  

 
2.4. Performance Productivity 

Cook, Seiford, Zhu (2004) used mathematical programming models for use in 
benchmarking where multiple performance measures are needed to examine the performance 
and productivity changes. The standard data envelopment analysis method is extended to 
incorporate benchmarks. The models are applied to a large Canadian bank where some 
branches' services are automated to reduce costs and increase the service speed, and 
ultimately to improve productivity. The empirical investigation indicates that although the 
performance appears to be improved at the beginning, productivity gain has not been 
discovered. The finding can facilitate the bank in examining its business options and further 
point to weaknesses and strengths in branch operations.  
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Harel and McLean (1985) compared a third-generation procedural computer language 
with a fourth-generation nonprocedural language and assess the impact of language selection 
on programmer productivity and program efficiency. Programmers at the Administrative 
Information Services Department at the University of California (Los Angeles) were given 
simple and complex applications to program in COBOL, a third-generation language, and 
FOCUS, a more English-like fourth-generation language. Results indicated that the fourth-
generation nonprocedural language was better than COBOL in terms of programmer 
productivity. Productivity was measured by the time needed to design, program, and test 6 
common business applications. Beginning programmers were more productive with FOCUS 
than with COBOL. However, procedural times for FOCUS were much longer than those for 
COBOL. Fourth-generation languages may be most beneficial when used by beginning 
programmers or by end users for relatively simple applications.  

Das (2001) examined the process of technical support work and the role of knowledge in 
enhancing the productivity of such work. It develops the concepts of problem-solving tasks 
and moves to describe technical support work, while using call resolution time and problem 
escalation as measures of productivity. Using hierarchical log-linear modelling, the link 
between problem-solving moves and productivity is established. It finds that the mix of 
moves exercised in technical support strongly depends on the formulation of tasks by those 
requesting support. Because the formulation of tasks is performed by users, knowledge 
management initiatives must target users as well as support providers to have the desired 
impact on productivity. 

 
3. Research Model and Hypotheses 

Because of the importance and scale of IT outsourcing, there has been much research on 
whether to outsource or insource IT projects (Earl, 1996; Yang and Huang, 2000; Roy and 
Aubert, 2002; Hormozi et al., 2003). Usually, these outsourcing decision models involve cost 
reductions and many actual outsourcing decisions are driven by cost reduction reasons 
(Lacity and Willcocks, 2000). To have a better understanding of the cost reduction benefits of 
outsourcing software development, it is important to further analyze the determinants of the 
software development costs and why an outsourcing provider would have a cost advantage. 
Software development projects are highly labor intensive and therefore most of the costs are 
labour related. Since actual labour costs are easily observable and variable, it is important to 
further study software development productivity to have a better understanding of the total 
cost of software development projects. Higher productivity leads to lower costs since the 
same amount of work can be done with less labour, and therefore less cost, making software 
development productivity a very important topic.  

Much work has previously done to research software development cost, productivity and 
quality metrics (Conte et al., 1985; Cusumano and Kemerer, 1990; Jones, 1991; Krishnan et 
al., 2000). Considering the importance of productivity within the context of software 
development project costs, it is surprising that there has not been much research about the 
difference between productivity levels of insourced and outsourced software development 
projects. Some work has been done to understand the factors that affect productivity, and this 
analysis was done on the perceptions of the client and the outsourcer (Petkova et al., 2003), 
but it does not cover the issue of whether an outsourcer is more productive at software 
development than in-house development. Another research paper mentions that “Labour costs 
for employing qualified programmers are five to ten times lower in Asia and efficiency and 
productivity are generally higher (Yourdon, 1996, p. 12)” (Yang, 2001). Since this would 
seem to refer to regions that are commonly used as offshore outsourcing providers, which 
implies that, on average, outsourced software development would be more productive. There 
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are no definite answers to our research question is the current literature. In some cases it 
would seem logical that based on the concepts of specialization of tasks, division of labour 
and firm boundaries that the software development outsourcer should have a productivity 
advantage. On the other hand, other research tends to indicate that the insourcing would have 
a productivity advantage since “when internal and external developers have identical cost 
functions, internal development definitely wields the larger net value” (Wang et al., 1997), 
and (Earl, 1996) is presents the same position. Unfortunately, these papers do not go into 
details about impacts or related productivity levels, therefore these claims may indicate that 
the internal developer is producing more value at the same cost, therefore higher overall 
productivity or it may only be because of transaction costs. Measuring the complete costs of a 
software development project including transaction cost and indirect management costs is not 
within the scope of this research, we will only be looking at the direct costs are recorded by 
project management standards, therefore we will only examine the direct labour productivity 
of software development projects. Since outsourcing is fundamentally based on division of 
labour, specialization and firm boundaries, we would expect that outsourced software 
projects should be more productive than insourced ones. This leads us to the following 
hypothesis:  

 
H1:  The productivity of outsourced software development projects is higher than  

insourced ones 
 
To test this hypothesis, we must first define software development productivity and define 

an outsourced software development project. The software development productivity rate is 
essentially the hours worked divided by the amount of functionality provided. More 
specifically the actual measure that will be used is the “Normalised Productivity Delivery 
Rate (adjusted)” (ISBSG, 2003) which is defined as the “Project productivity delivery rate in 
hours per function point calculated from Normalised Work Effort divided by Adjusted 
Function Point count” (ISBSG, 2003). The Normalised Work Effort is, “For projects 
covering less than a full development life-cycle, this value is an estimate of the full 
development life-cycle effort. For projects covering the full development life-cycle, and 
projects where development life-cycle coverage is not known, this value is the same as 
Summary Work Effort” (ISBSG, 2003) and the adjusted function points count is the function 
points as observed and then multiplied by the value adjustment. The value adjustment is 
defined as “The adjustment to the function points, applied by the project submitter, that takes 
into account various technical and quality characteristics e.g.: data communications, end user 
efficiency etc” (ISBSG, 2003). To determine if the project is outsourced or not, we use the 
data of question 68 of the version 5.8.6a of the Development Questionnaire. The question is 
“What was the relationship between the project’s customer, end user and development team” 
and the possible answers are listed below (ISBSG, 2003): 
• Customer, end user & development team all in the same organization. 
• Customer & end user in one organization, development team in another organization(s). 
• Customer & development team in one organization, end user in other organizations. 
• Customer, end users and development team each in different organization(s). 

 
Outsourcing is generally defined as having a good or service provided by an external 

organization. Previous work has used definitions such as "the purchase of a good or service 
that was previously provided internally" (Lacity and Hirschheim, 1993) and as “allotting 
work to suppliers and distributors to provide needed services and materials and to perform 
those processes that the organization does not perform itself” (Krajewski and Ritzman, 2002). 
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Based on these definitions of outsourcing, projects with the answer category 1 are considered 
insourced and projects with the answer category 2, 3 and 4 are considered as outsourced. 

 
4. Data Analysis and Results 

The data used to answer our question about outsourcing software development 
productivity comes from the ISBSG Repository 8 (ISBSG, 2003). The repository contains 
2,027 projects from 20 different countries that span many different types of projects 
developed on various platforms and programming languages. A broad overview of the project 
top nominal category distributions is presented in Table 1, which permits an overview of the 
data to determine the scope and potential generalization power of the data. 

 
Table 1: Overall Project Distributions for Top Nominal Levels (ISBSG, 2003) 
Variable Name Nominal Levels Percentage 

Australia 21% 
Japan 20% 
United States 18% 
Netherlands 10% 

Country 

Canada 7% 
Telecommunications 29% 
Banking 13% 
Insurance 13% 

Organization Type 

Finance 9% 
Enhancements 56% 
New Development 41% 

Development Type 

Re-Development 3% 
3GL 64% 
4GL 30% 

Development Language Type 

Application Generators 5% 
Cobol 20% 
C/C++ 17% 
Visual Basic 7% 
Cobol II 7% 

Development Language 

Oracle  7% 
Mainframe 60% 
Microcomputers 23% 

Development Platform 

Midrange 17% 
 
Since both the outsourcing of the software development project and the productivity were 

required to perform the t-test, approximately half of the observations (942 observations) had 
to be dropped because of null values. This leaves 1085 observations that had the required 
data, for which the outsourcing distribution is presented in Table 2. A histogram of the 
overall, outsourced and insourced productivity rates distributions are presented in Table 3. 

 
Table 2: Outsourcing distribution 

Variable Name Nominal Levels Samples Percentage 
Yes 566 52.17% Outsourced 
No 519 47.83% 

Total  1085  
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Table 3: Productivity rate distributions 
Overall Outsourced Insourced 

Productivity Freq. Cumul. 
% 

Freq. Cumul. 
% 

Freq. Cumul. 
% 

10 575 53.04% 282 49.82% 294 56.65% 
20 308 81.46% 161 78.27% 147 84.97% 
30 103 90.96% 59 88.69% 44 93.45% 
40 50 95.57% 31 94.17% 19 97.11% 
50 18 97.23% 8 95.58% 10 99.04% 
60 12 98.34% 11 97.53% 1 99.23% 
70 8 99.08% 8 98.94% 0 99.23% 
80 5 99.54% 3 99.47% 2 99.61% 
90 1 99.63% 0 99.47% 1 99.81% 

100 0 99.63% 0 99.47% 0 99.81% 
More 4 100.00% 3 100.00% 1 100.00% 

 
To determine if outsourced development projects are more productive than insourced 

ones, a t-test was performed between the productivity rates of both types of projects. The t-
test is a two-sample student’s t-test and assumes unequal variance between the samples 
(heteroscedastic t-test). The results of the t-test shows that the productivity of outsourced 
software development projects is higher than insourced ones since we must reject the null 
hypothesis (p=0.000221), the details are presented in Table 4. The average productivity of an 
outsourced software development project is 26.24% higher than an insourced one. 

 
Table 4: Outsourcing Productivity t-test results 

 Insourced Outsourced 
Mean 11.71445 14.78852 
Variance 134.5661 283.5576 
Observations 519 566 
Hypothesized Mean Difference 0  
df 1007  
t Stat -3.52558  
P(T<=t) one-tail 0.000221  
t Critical one-tail 1.646367  
P(T<=t) two-tail 0.000442  
t Critical two-tail 1.962321  

 
5. Discussion and Conclusions 

Information Technology outsourcing has been seen as an undeniable trend since Eastman 
Kodak signed total outsourcing agreements with three large external IS providers. This event 
has been seen as the beginning of the IT outsourcing phenomenon by considering the number 
of both private and public organizations that opted for this practice. Many large organizations 
decided to outsource significant parts of their IT functions. North America has been 
considered as the leader in IT outsourcing, major companies such as Bank of America, 
Canadian Post Office, Chase Manhattan Bank, Continental Airlines, Continental Bank, J.P. 
Morgan or Xerox signed major agreements. However, IT outsourcing is still seen as a 
controversy among business as well as researchers. This study contributes to the debates by 
shedding light on the productivity side of IT outsourcing. 
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The result that outsourced software development projects have higher productivity than 
insourced ones has many implications for research and practitioners. In general this means 
that additional cost savings will come from higher specialization and higher productivity 
from software development services offered by an outsourcing provider in addition to any 
cost savings related to lower labour costs. While outsourcing information services has been a 
popular topic for both researchers and practitioners since the Kodak effect, we should not 
take the findings of this study as a suggestion that when an organization outsource its 
software development projects, productivity will automatically increase. This research covers 
only productivity and decision factors relating to outsourcing software development. It is 
important to note that even though productivity for outsourced software development is 
higher and even in cases where labour costs for the outsourcer are much lower, the decision 
must also take into account transaction cost which may be larger than the cost savings. 
Therefore it cannot be directly concluded from this research that software development 
projects should always be outsourced, this requires case-by-case analysis. 
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Appendix 1 
Authors Main constructs 

(Independent and 
dependent 
variables) 

Object of 
interest 

Source of data 
and sample 
(respondents) 

Research 
Method 
(survey, case 
study, etc.) 

Results 

Firm Productivity 
Chen, Kao, 
Kuo, 
Wang 
(1996) 

Ind: Productivity 
characters 
Dep: Productivity 

firm’s 
Productivity 
process 

23 machinery 
firms 

Survey Capital inputs do not 
guarantee productivity 
High efficiency in labour 
input is necessary for 
productivity 

Kao, Chen, 
Wang, 
Kuo 
(1995) 

Ind: Technology, 
Management 
Dep: Productivity 

Firm’s 
Productivity 

15 machinery 
firms 

Survey, 
letters, 
questioners 

Levels of technology and 
management as well as 
efficiency improve 
productivity 

Thatcher, 
Oliver 
(2001) 

Ind: IT 
investments 
Dep: Firm 
productivity 

Firms 
productivity 

 Statistical 
Analysis 

Investments in IT that 
reduce the firms fixed 
overhead costs do not 
affect the firms product 
quality and pricing 
decisions but do increase 
profits and improve 
productivity 

Organizational Productivity 
Mahmood 
(1997) 

Ind: IT resources 
Dep: 
Organizational 
performance 

Organization
al 
productivity 

 Literature 
review of case 
studies 

IT resources positively 
linked to performance  

Cardinali 
(1998) 

Ind: Performance, 
productivity 
Dep: Technology 
implementation 

Organization
al 
productivity 

 Information 
economics 

technology 
implementation is 
correlated to productivity 

Grover 
(1997) 

Ind: IT diffusion  
Dep: Productivity 
improvements 

Organization
al perceived 
productivity 

900 executives Survey IT diffusion lead to 
perceived increase in 
productivity 

Software Productivity 
Klepper, 
Robert, 
Bock, 
Douglas 
(1995) 

Ind: 4GL 
technology  
Dep: System 
productivity 

System 
development 
productivity 

All new 
business 
system 
completed 
since 1986 

Survey, Field 
based research 

4GLs increase 
productivity when used 
in combination with 
3GLs 

Basili, 
Briand, 
Melo 
(1996) 

Ind: Size, amount 
of use 
Dep: productivity, 
defect density 

Software 
productivity  

24 students 
3 teams, 8 
students each 

Empirical 
study 

Strong impact of reuse 
on product productivity 

Cusumano, 
Kemerer 
(1990) 

Ind: time of 
coding, reuse 
Dep: software 
productivity 

Software 
development 
projects 

24 U.S. 
16 Japanese 
 

Quantitative 
data analysis 

Japanese projects 
perform at least as well 
as U.S. projects in terms 
of productivity, quality, 
and reuse. 

Anselmo, 
Ledgard 
(2003) 

Ind: 
Independence, 
understandibility, 
Flexibility, 
Visibility, 
Abstraction,  
Dep: Productivity 

Software 
development 

 Literature 
review 

We can measure 
productivity using a 
large number of small 
experiments that will 
represent the 
productivity of a 
development 
environment  
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Francalanci, 
Galal (1998) 

Ind: IT 
investments & 
worker 
composition 
Dep: 
productivity of 
life insurance 
companies 

IT 
productivity 

52 life 
insurance  

Data analysis increases in IT expenses 
are associated with 
productivity benefits 
when accompanied by 
changes in worker 
composition 

Hitt, 
Brynjolfsson 
(1996) 

Ind: IT 
investments 
Dep: 
Productivity 

Value of IT 
investment 

370 Large 
firms 

Survey IT increased productivity 
and created value for 
customers 

Performance Productivity 
Cook, 
Seiford, 
Zhu, (2004) 

Ind: e-branches 
Dep: 
Productivity 
changes 

Performance
, 
Productivity 
change  

12 branches Bench-
marking e-
branches to 
best practice 

Productivity gain has not 
been discovered in e-
branches 

Harel, 
McLean 
(1985) 

Ind: source of 
language used, 
type of 
application, 
programmer 
expertise 
Dep: 
Programmer 
productivity, 
program 
efficiency 

Programmer 
productivity 

12 
programmers 

Field 
experiment 

Focus is superior to 
COBOL in terms of 
productivity 

Panko 
(1991) 

Ind: output per 
hour 
Dep: 
Productivity 

Office 
productivity 

 Literature 
review 

office productivity is not 
stagnant 

Das (2003) Ind: call 
resolution time, 
extent of 
escalation 
Dep: 
productivity 

Technical 
support 
domain 

454 calls Hierarchal log 
linear 
modelling 

Knowledge management 
initiatives must target 
users and support 
providers to have an 
impact on productivity 

Byrd, 
Marshall 
(1997) 

Ind: Access to 
IT  
Dep: Labour 
Productivity 

Labour 
Productivity 

350 Public 
companies 

Structural 
equation 
analysis 

Extent to which users 
have access to IT was 
positively related to sales 
by employee 
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Appendix 2 
Domain Conceptual definition Operational definition Authors 

Firm Productivity 

Firms 
productivity 

Productivity is considered a 
measure of the efficiency in 
converting inputs to outputs 

Fuzzy clustering analysis  
Fuzzy classification 

Chen, Kao, Kuo, 
Wang (1996) 

Productivity 
frontier 

The highest possible limit on 
the productivity that a firm can 
hope to achieve with a certain 
combination of the attributed 
factors 

Ratio of actual productivity to the 
expected productivity. 

Levels of technology and 
management 

Kao, Chen, Wang, 
Kuo 
(1995) 

Firms 
Productivity 

Productivity is defined as the 
quantity of output per quantity 
of related input 

Sales dollars or value to customers 
divided but the cost to producer 

Thatcher, Oliver 
(2001) 

Organizational Productivity 

Organizational 
productivity 

Productivity is the ratio of 
output to input 

Tons per employee, checks per 
hour, pages per secretary, 

Cardinali (1998) 

Organizational 
productivity 

Perceived productivity gain IT diffusion, perceived process 
change 

Grover (1997) 

Software Productivity 

System 
productivity 

Productivity is a function of the 
number of lines of source code 
in a program relative to the 
number of programming hours 
or months required to produce 
the system 

Validity, reliability, independence, 
meaningfulness, usefulness, and 
automated collection. 

Klepper, Robert, 
Bock, Douglas 
(1995) 

Productivity of 
Software reuse  

Productivity is considered an 
exponential function of software 
size  

Number of lines of code delivered 
at the end of the lifecycle, number 
of codes reused , reuse rate, effort 
 

Basili, Briand, 
Melo (1996) 

Software 
development 

Productivity is defined as a 
noncomment Fortran-equivalent 
source lines of code per work 
year 

Percentage of time in coding phase, 
Percentage of code reuse 

Cusumano, 
Kemerer (1990) 

Software 
development 
environment 

Productivity is a measure of 
functionality, complexity, and 
quality 

Productivity is inversely 
proportional to the costs incurred 
and the development time 

Anselmo, Ledgard 
(2003) 

IT productivity family of ratios of output 
quantity to input quantity 

premium income per employee and 
total operating expenses to 
premium income 

Francalanci, Galal 
(1998) 

Business value 
of IT 

Production of more output for a 
given quantity of input 

Total IT Stock, Non-Computer 
Capital, and Labour to firm Value 
Added. 

Hitt, Brynjolfsson 
(1996) 

Performance Productivity 

Performance 
and 
productivity 
changes 

Multiple performance measures 
to examine performance and 
productivity change 

Variable benchmarking model 
Fixed benchmarking model 

Cook, Seiford, Zhu, 
(2004) 

Programmer 
productivity 
and 

Programmer productivity is a 
function of application 
complexity, and programmer 

Program design time, programming 
time, testing and debugging time 

Harel, McLean 
(1985) 
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performance expertise 

Office 
Productivity 

How much output can be 
produced with as few inputs as 
possible 

Dividing all outputs per all inputs 
Output per hour 

Panko (1991) 

Productivity of 
technical 
support 

Productivity is related to the 
tasks and the problem solving 
moves applied to these tasks 

Call resolution time, and problem 
escalation 

Das (2003) 

Byrd, Marshall 
(1997) 

N/A Sales by total assets, sales by 
employee. 
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COSMIC Full Function Points 
The next generation of functional sizing 

 
Frank Vogelezang 

 
Abstract 

Function point analysis is a very solid method for measuring the functional size of a 
complete data-driven information system. It is a proven method for a quarter of a century 
and will still be useful for many years. But more and more we can see a trend that software 
developments do not deliver complete systems anymore but are becoming an assembly of 
components. We also see more and more devices with event-driven software instead of data-
driven software. This asks for a next generation of functional sizing techniques to deal with 
this kind of software with a different nature than the software Albrecht designed function 
point analysis for. One of the more promising next generation techniques for functional 
sizing is the Full Function Point-method of COSMIC, the COmmon Software Metrics 
International Consortium. In this article the method will be described in brief and the 
advantages and disadvantages of this next generation technique will be explained to give you 
a clear picture when it is useful to deploy COSMIC Full Function Points instead of function 
point analysis. 

 
1. Historical perspective  

Function point analysis is a very solid method for measuring the functional size of a 
complete data-driven information system. No method lasted for so long and gained such 
widespread acceptance. That's why function point analysis has celebrated its 25th anniversary 
last year. But the field of software engineering has made a tremendous progress in these 
years. Today we see for example information systems that are composed of smaller 
components instead of being built as complete systems, embedded software in devices that is 
event-driven instead of data-driven, web-based software that only presents information 
without direct data-related functionality and hybrids of all kinds. Nowadays a lot of software 
is being built by entirely different principles than for which Albrecht designed function point 
analysis in 1979. 

In 1994 a working group of ISO/IEC was set up to establish an international standard for 
functional size measurement. In 1997 this working group produced ISO/IEC standard 
14143-1 which covered the general concepts of software functional size measurement. In a 
later publication (14143-3:2003) criteria were added to verify if proposed functional sizing 
methods were compliant with this generic standard. The current NESMA method for function 
point analysis is recognized as a valid functional sizing method in the ISO/IEC standard 
24570 [1], the same applies to the Mark II method and the current IFPUG method. 

In late 1998, some members of this working group decided to develop a new functional 
sizing method, starting from basic established software engineering principles. This method 
should be equally applicable to data-driven business application software, real-time event-
driven software and to infrastructure software and was aimed to be compliant with ISO/IEC 
14143 from the outset.  

The development of this new method resulted in the foundation of COSMIC, the 
COmmon Software Measurement International Consortium. The first public version of the 
method, COSMIC-FFP v2.0, was published in October 1999. Extensive field trials were 
carried out in 2000 and 2001 [2]. COSMIC published its latest definition of the method, v2.2, 
in January 2003. 
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Figure 2: 
COSMIC software 
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2. A next generation functional sizing method 
Within the 1980’s and 1990’s, researchers have documented a number of theoretical flaws 

in function point analysis. These studies had little impact on the practical value of the 
method, but it discredited function point analysis as a valid scientific research topic. 
COSMIC Full Function Points (or COSMIC-FFP for short) is the first so-called next 
generation functional sizing method that is specifically designed to meet the generic scientific 
principles of ISO/IEC 14143 [3]. Its development started from basic established software 
engineering principles instead of empirical models and does not contain the theoretical flaws 
found in function point analysis. It was designed to be able to meet the constraints of the 
many new (and complex) types of data-driven and event-driven software as well as the type 
of software served by first generation functional sizing methods. For example COSMIC-FFP 
is able to recognize the use of different layers in software and is able to measure functional 
size from different measurement viewpoints, thus helping to overcome the uncertainty on 
what is meant by ‘functional’ in the user requirements. It has also been designed to be easy to 
train, understand, and use with consistency without recourse to inter-related rules and 
exceptions. In the design of COSMIC-FFP also some of the concepts of metrology were 
introduced, such as the introduction of a fairly clear defined unit of measurement. In addition, 
all the definitions within COSMIC-FFP are aligned with the international metrology 
vocabulary, as well as with measurement related standards defined by ISO. 

 
3. The basic principles 

As prescribed by ISO/IEC 14143 
COSMIC-FFP derives the functional size 
of a piece of software from its functional 
user requirements. These are the part of the 
user requirements that represent the user 
practices and procedures that the software 
must perform to fulfil the users need and do 
not include technical and quality 
requirements. Functional user requirements 
are known before the software engineering 
starts and are therefore a good starting 
point for estimation. They can be broken 
down into a number of functional processes 
that are independently executable sets of 
elementary actions that the software should 
perform in response to a triggering event. 
The elementary actions that software can perform are either data movements or data 
manipulations.  

As a reasonable approximation COSMIC-FFP assumes that each data 
movement has an associated constant average amount of data 
manipulation. This approximation means that COSMIC-FFP is not 
suitable for algorithmic software because of the manipulation-rich nature 
of such software. For the vast majority of the currently developed 
software this is a valid approximation. With this approximation the 
COSMIC-FFP model of software is now that the functional user 
requirements can be broken down into a number of functional processes, 
which in turn can be broken down into a number of data movements.  

The data movements are the base functional components that will be 

Functional user requirements

Functional
processes

Software to be measured

Data
movements

Data
manipulations

AND

Sub-process typesSub-process types

Figure 1:  Generic software model 
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used for establishing the size of the software. A data movement moves a unique set of data 
attributes (data group) where each included data attribute describes a complementary aspect 
of the same, single thing or concept (object of interest) about which the software is required 
to store and/or process data [4]. 

 
COSMIC-FFP distinguishes four different types of data movements: 

• Entry 
An entry is a data movement that moves a data group from a user across the software 
boundary into the functional process where it is required. An entry does not update the 
data it moves. An entry is considered to include certain associated data manipulations (for 
example validation of the entered data). 

• Write 
A write is a data movement that moves a data group lying inside a functional process to 
persistent storage. 

• Read  
A read is a data movement that moves a data group from persistent storage within reach of 
the functional process, which requires it. 

• Exit 
An exit is a data movement that moves a data group from a functional process across the 
software boundary to the user that requires it. An exit does not read the data it moves. An 
exit is considered to include certain associated data manipulations (for example formatting 
and routing associated with the data to be exited). 
 
The value of a functional process is determined by the sum of the constituting data 

movements. The smallest functional process consists of two data movements: an Entry – 
containing the triggering event – and either a Write or an Exit – containing the action the 
process has to perform. Every identified data movement receives the value of 1 cfsu 
(COSMIC functional sizing unit). The size of the smallest functional process is 2 cfsu and 
increases with 1 cfsu per additional data movements to an unlimited number. This is a great 
advantage over function point analysis where all base functional components have an upper 
size limit. 

COSMIC-FFP counts in base 
functional components that are directly 
related to the size units. This is 
slightly different from function point 
analysis, which counts at an 
abstraction level that can be compared 
to the level of the functional processes 
in COSMIC-FFP.  

In function point analysis there is a 
weighing function between the base 
functional components and the size 
units. Figure 3 shows the relation 
between the base functional 
components of COSMIC-FFP and 
those of function point analysis. From 
this figure it is evident that both 
methods have a different approach to measuring the functional size of software. 

 

Data Software

ew
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Users

EI

EQ

EO

ILF

EIF

Figure 3: Base functional components from 
function point analysis and COSMIC-FFP 
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4. Measurement viewpoints 
Function point analysis measures software on functionality that can be seen from outside 

the software: data structures that can be used to store or retrieve data and functions that can 
bring data into the data structures, can manipulate data that already has been stored or 
retrieve data from the data structures. There is no discussion of what should (not) be counted: 
if it is not visible outside the software it should not be counted. 

COSMIC-FFP counts the user practices and procedures that the software must perform to 
fulfil the users need. Since users can be either human users or software users, the users need 
can be at very different levels of abstractions. For instance: A human user will define its 
needs to word processing software in terms of spell-checking or changing the appearance of 
the typed words from a normal font to bold. The operating system will define its needs in 
terms of knowing to what device it should send the bit streams that it receives. Both ways of 
looking to the actions the software should perform are valid, but lead to a very different 
sizing value. 

In COSMIC-FFP it is therefore essential to record the viewpoint with which the software 
is measured. The viewpoint is a form of abstraction achieved using a selected set of 
architectural concepts and structuring rules, in order to focus on particular concerns within 
the software to be measured. In the measurement manual the two most commonly used 
viewpoints are defined: 

The end-user measurement viewpoint only reveals the functionality of application 
software that has to be developed and/or delivered to meet a particular statement of 
functional user requirements. It is the viewpoint of users which are either human who are 
aware only of the application functionality they can interact with, or of peer application 
software that is required to exchange or share data with the software being measured, or of a 
clock mechanism that triggers batch application software. It ignores the functionality of all 
other software needed to enable these users to interact with the application software being 
measured. 

The developer measurement viewpoint reveals all the functionality of each separate part 
of the software that has to be developed and/or delivered to meet a particular statement of 
functional user requirements. For this definition the User whose requirements must be met is 
strictly limited to any person or thing that communicates or interacts with the software at any 
time. 

The effect of both viewpoints can be illustrated with these two message sequence 
diagrams, where the downward arrow represents a functional process and the horizontal 
arrows represent data movements. 

 
 FP

User

Entry

Exit

Read

Application layer

FP

Application
layer

Entry

Exit
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Device driver layer

Figure 4: Functionality revealed by 
the end-user measurement viewpoint 

Figure 5: Additional functionality 
revealed by the developer measurement 

viewpoint 
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Both diagrams represent a functional process that retrieves data from some kind of data 
storage. From the end-user measurement viewpoint we only see the functionality of the 
application software: 
• The functional process receives a trigger from the User (E). 
• It reads the required data from the data storage (R). 
• It displays the retrieved data to the User (X). 

The size of this functional process is 3 cfsu from this viewpoint1. From the developer 
measurement viewpoint there is a second layer of functionality involved: the device driver 
which communicates with the data storage. The Read data movement in the application layer 
corresponds with a functional process for the device driver that is similar to the functional 
process in the application layer: 
• It the functional process receives a trigger from the application layer (E); 
• It retrieves the required data from the data storage device (R); 
• Communicates the retrieved data to the application layer (X). 

The size of this functional process is also 3 cfsu. The same functional user requirement is 
thus 3 cfsu in the end-user measurement viewpoint, but 6 cfsu in the developer measurement 
viewpoint. This may look confusing at first, but can be very helpful if we take into account 
what use both viewpoints have. 

The end-user measurement viewpoint will be the designated choice for measuring 
software from a 'human' perspective, being either business application software or real-time 
software that can interact with humans. This measurement viewpoint is the viewpoint from 
which first generation functional sizing methods such as the IFPUG or NESMA method were 
designed to measure a functional size. This is important to realize if one wants to compare 
COSMIC-FFP measurements with measurements done with first generation functional sizing 
methods. 

The developer measurement viewpoint may see that more than one separate component 
has to be developed and/or delivered. This can arise if parts of the software have to be 
developed using different technologies, or will execute on different processors or belong to 
different layers of a given architecture. This measurement viewpoint will be used for 
measuring software from a 'technology' perspective. 

Since both viewpoints represent a different view on measuring software they cannot be 
compared. Although there may be a relation between measures in a very strictly defined 
software environment, this relation cannot be translated into a general formula to translate a 
functional size in the end user measurement viewpoint to a functional size in the developer 
measurement viewpoint. Other than the sort of functionality that is revealed by the 
measurement the choice of viewpoint has no consequence for the application of the 
COSMIC-FFP method. In the following, any statement about the COSMIC-FFP method in 
the rest of this article can apply to any viewpoint. 

 
5. Measuring enhancement projects 

Most software projects are enhancements to existing software. In the early nineties a 
working group of NESMA first proposed a method for measuring enhancement using 
function point analysis [5]. In 1998 this method was published as a professional guide, not as 
a part of the NESMA standard. This method uses the change in the data element types and 
file types referenced rather than the absolute number to calculate a factor that can be applied 
   
1 In the end-user measurement viewpoint this function can have a size of 4 cfsu, because by convention all 
software messages generated without user data are counted as a single additional exit. Introducing this 
convention in the main text might confuse readers who are not familiar with the details of the COSMIC-FFP 
method. 
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to the weight of a function to calculate the enhancement value of this function. For changed 
functionality this factor ranges from 0,25 to 1,50 (in steps of 0,25). For deleting and retesting 
existing functionality this method also contains rules. The NESMA method distinguishes 
between project size (which can have a fractional value) and application size (which is 
always a whole number). This method has substantial acceptance in the Netherlands, but very 
little acceptance in the rest of the world, where the IFPUG view on measuring enhancement 
projects is most common that does not work with an enhancement factor. 

In COSMIC-FFP measuring changed functionality is part of the method. Section 4.3b of 
the measurement manual [4] describes that the size of a changed functional process is an 
aggregation of the number of modified data movements (added, modified and deleted). As 
with new functionality this results in a size of a whole number of cfsu, with only one 
difference: the smallest changed functional process can have a size of 1 cfsu. Dividing the 
size of the changed functional process by the original size results in a factor. This factor is 
usually in range with the NESMA factors, but can theoretically be any factor greater than 
zero. 

Measuring changed functionality is not quite the same as measuring enhancement projects. 
Enhancement projects usually also contain deleting functionality and retesting existing 
functionality that is linked to the changed and/or deleted functionality. Not everyone will 
agree that the last aspect should be accounted for in a functional size measurement. 
COSMIC-FFP has no rules about how to deal with retesting existing functionality that is 
linked to the changed and/or deleted functionality because in its definition retesting existing 
functionality has nothing to do with functional size. 

Strict application of the description on how to deal with changed functionality means that 
deleting a functional process has the same impact on the functional size as creating new 
functionality. For the application size this is obviously true, but for the project size it will 
overestimate the corresponding work effort if a single project delivery rate is used for the 
total project size. For deleting functionality a different project delivery rate should be used. 
This is not a size estimation problem, but a cost estimation problem [6]. 

 
6. Estimation 

Developing software is for most organizations no longer an independent software project, 
but is part of a business case which includes all disciplines involved. This means that the cost 
of building the software must be balanced by a profit somewhere else in the organization. So 
organizations want to have a good estimate of the effort of developing and/or delivering the 
software as early as possible. 

The NESMA method [1] contains, in addition to the detailed method, a rough estimation 
technique and an indicative estimation technique, which can be used if not all detailed data 
are known yet. The early estimation techniques draw on long years of experience with the 
detailed method. Next to the official method NESMA published a handbook for estimation in 
the very early stages of software development [7]. 

Since COSMIC-FFP is a fairly new method there is no early estimation technique that can 
draw upon long experience with the detailed method. In the measurement manual two 
techniques for doing early COSMIC-FFP are described: the approximate technique 
(comparable to NESMA's indicative technique) and the refined approximate technique 
(comparable to NESMA's rough technique). In the approximate technique the average size of 
a functional process is multiplied with the number of functional processes the software 
should provide. In the refined approximate technique the functional processes to be provided 
can already be classified as small, medium, large or very large, each with its own average 
size. 
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The average numbers have to be established first. Since functional processes do not have a 

fixed range for their size, early estimation can lead to different values in different 
environments. For example: in a banking environment the average size of a functional 
process can be 7,3 cfsu and in an avionics environment it can be 8,0 cfsu [8]. This may seem 
a little difference, but in projects with a large number of functional processes this will lead to 
significant different estimates. By using the refined approximate technique the differences 
only increase. For the average value of large and very large functional processes the 
differences between banking (6,3 cfsu and 14,9 cfsu) and avionics (10,5 cfsu and 23,7 cfsu) 
are nearly a factor two. 

The precision of the COSMIC-FFP approximate technique is good enough with less than 
10% deviation on a portfolio and less than 15% on a project within a specified environment 
[8]. There is a drawback in applying early COSMIC-FFP. The values for approximate 
estimation must be determined for any different environment. 

 
7. Benchmarking 

More and more software developers have to prove their value for money. This is the effect 
of the fact that software development is no longer an isolated project, but part of a business 
case where the cost of developing and/or delivering software must be justified. One of the 
ways of proving value for money is comparing productivity with external standards. 

For projects sized with function point analysis or lines of code there are enough 
benchmarks available. Since 2003 the ISBSG-repository also accepts data from projects sized 
with COSMIC-FFP. At the moment the repository is still in its early days for COSMIC-FFP 
and the values resulting from it should not yet be relied on as benchmarks to the same extent 
as the first generation functional sizing methods [9]. ISBSG has established that there is an 
interesting take-up of COSMIC-FFP, with a balance between application domains that only 
can be sized with next generation functional sizing methods (real-time, message switching, 
infrastructure) and business application software, which can also be sized with first 
generation functional sizing methods. 

Benchmarking directly against projects sized with COSMIC-FFP will be possible in the 
near future. At the moment however there is no solid benchmark. If there is a need for 
benchmarking other sizing methods should be used or COSMIC-FFP size figures must be 
converted to size figures from a method with a solid benchmark. 

 
8. Converting function points data  

As part of the implementation of COSMIC-FFP at Rabobank the possibility of converting 
functional size values of NESMA function point analysis and COSMIC-FFP has been 
investigated for eleven projects [10]. To ensure that this conversion exercise could lead to 
useful results only projects were taken into account that could be counted without 
'interpretation' of the counting rules for both methods and were counted with a comparable 
view on the functionality, using only the end user measurement viewpoint for COSMIC-FFP 
measurements. From this small number of projects a conversion formula could be derived: 

 
Y(cfsu) = -87 + 1,2 X (fp) 

 
Comparison with a similar study gave similar results, only with a different offset in the 

formula which may be caused by the effect of ILF and EIF on the function point values [11]. 
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For projects with a certain size (approximately 300-600 points in both methods) size 
values can be converted. In this way existing sizing figures can be reused when converting 
from function points to COSMIC-FFP as the standard functional sizing method. On the other 
hand COSMIC-FFP size measurements can be converted to function points to use 
benchmarks with a large number of projects. Since there is only a minimal difference 
between the NESMA method and the most recent IFPUG method [12] the above mentioned 
formula should be valid for both methods. 

 
9. Future developments  

COSMIC-FFP made a lot of progress in a short time, but there is still work to be done to 
be ready to be a mainstream functional sizing method: 
• Although the design of the method is very simple, translating the principles into a 

functional size measurement requires thorough understanding of those principles. 
COSMIC is working on several guidelines for applying COSMIC-FFP in different 
domains. The first guideline, for business application software will be available early this 
year. 

• Some concepts of the method need improved definition to be unambiguous in all domains. 
COSMIC will release method update bulletins for these concepts. Two method update 
bulletins are already planned: the first on the concept of layers and the second on the 
concept of data groups.  

• COSMIC-FFP should be integrated within the education infrastructure of software 
engineers so that all software engineers will graduate with a working knowledge of 
measuring functional size with COSMIC-FFP. 

• Techniques for early size estimation must be developed further to better equip those 
responsible for estimating software projects. 

• The ISBSG-repository should contain considerably more projects to serve as a good 
benchmark. 
 
One promising advantage of the simplicity of the design of COSMIC-FFP is the 

possibility of automated sizing. The University of Quebec already demonstrated a fairly good 
working prototype plug-in for the Rational suite that can size the design directly. 

 
10. Will COSMIC-FFP replace function point analysis  

COSMIC-FFP has made an enormous progress over a limited amount of time. Is the 25th 
anniversary of function point analysis the last anniversary to be celebrated? I don't think so. 
Function point analysis has proven to be a valuable tool for developers of business 
application software and will remain to be that for a number of years to come. 

COSMIC-FFP development started to serve those areas of software engineering that could 
not be served by function point analysis such as event-driven and real-time software 
development. The method was designed to serve the type of software served by function 
point analysis as well, so that hybrid software could be served with one functional sizing 
method. For application software that can be counted completely with function point analysis 
there is no need to abandon that method. But today we see more and more software being 
built by principles that cannot be served with function points. For that software COSMIC-
FFP can be used. 
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Today we can see a trend towards information systems that are composed of smaller 
components, which might in part be of a nature that cannot be served with function point 
analysis. Since COSMIC-FFP is designed to meet the sizing demands of most of the current 
software I expect a slow migration towards the use of COSMIC-FFP, unless a better option 
will be available soon. I'm convinced function point analysis will also celebrate its 30th 
anniversary as an actively used standard. About the 35th anniversary I'm not so sure. 
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