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Aufruf zur Einreichung von Beiträgen zum 1. Workshop 
„Bewertungsaspekte serviceorientierter Architekturen“  

der GI FG „Software-Messung und -Bewertung“  
am 24. November 2006 an der FHW Berlin  

 

 
MOTIVATION  
 
Glaubt man den Aussagen führender IT-Analysen, wie z.B. der Gartner-Group, so wird die 
Etablierung serviceorientierter Architekturen (kurz SOA) die Vorgehensweise bei der 
Entwicklung neuer Anwendungssysteme in den kommenden Jahren grundlegend beeinflus-
sen. In diesem Kontext wird nicht selten vom Ende der Dominanz monolithischer 
Softwarearchitekturen gesprochen. Hintergrund dieser Überlegung ist die Tatsache, dass bei 
einer servicebasierten Architektur neue Anforderungen primär auf der Basis bereits 
existierender Serviceangebote realisiert werden können. Vor diesem Hintergrund werden 
neue Bewertungsmodelle benötigt, die prozess-, produkt- und ressourcenbezogene Aspekte 
im Kontext einer SOA berücksichtigen. Der Workshop (BSOA06) wird sich unter anderem mit 
den folgenden Themen beschäftigen:  
 

- Bewertung der Mehrwertpotenziale einer SOA  

- Erarbeitung von Richtlinien zu Serviceentwicklung für eine SOA  

- Qualitätsbewertung angebotener Services  

- Mess- und Bewertungsansätze im Kontext einer SOA  

- Services Level Agreements (SLAs) und Verhandlungsaspekte  
 
 
WORKSHOP-BEITRÄGE  
 
Praktiker und Wissenschaftler, die auf dem Gebiet der Konzeption, Entwicklung und 
Management serviceorientierter Architekturen tätig sind, werden gebeten, Beiträge im doc-
oder pdf-Format einzureichen. Der Umfang der Beiträge sollte 3000 Wörter nicht 
übersteigen. Die Formatierungsrichtlinien werden in Kürze auf der unten genannten 
Webseite veröffentlicht. Angenommene Beiträge werden innerhalb eines 30-minütigen 
Vortrags präsentiert bzw. in Form eines Posters vorgestellt. Angenommene Beiträge 
erscheinen im Tagungsband (ISBN 3-929757-95-8).  
 
Bitte senden Sie ihre Beiträge per E-Mail an   

gi-bsoa@ivs.cs.uni-magdeburg.de 
 
 
TEILNAHME / ANMELDUNG  
 
Interessenten werden gebeten, sich auf der Webseite des Workshops elektronisch 
anzumelden. Bei Anmeldung bis zum 25. Oktober 2006 wird eine Teilnahmegebühr von 50,--
Euro (GI-Mitglieder: 40,--Euro) erhoben, danach 60,--Euro bzw. 50,-- Euro.  

mailto:gi-bsoa@ivs.cs.uni-magdeburg.de
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PROGRAMMKOMITEE 
 

K. Bothe, HU Berlin  

E. Dimitrov, T-Systems  

R. Dumke, Universität Magdeburg      

T. Grawe, Advicio 
W. Greis, TPS Data & CECMG 
F. Victor, FH Köln 

S. Nakonz, Bitnologie          

A. Schmietendorf, FHW Berlin            

C. Wille, FH Bingen 

M. Lother, Robert Bosch GmbH 

J. Schuck, MATERNA GmbH 

H. Pundt, HS Harz  
 
 
TERMINE  
 

25.09.2006 Einreichung von Beiträgen  

14.10.2006 Annahme/Ablehnung  

20.10.2006 finales Workshop-Programm  

04.11.2006  druckreife Beiträge  

24.11.2006 Workshop in Berlin 
 
 
WEBSEITE ZUM WORKSHOP 
 

http://ivs.cs.uni-magdeburg.de/~gi-bsoa 
 
  

http://ivs.cs.uni-magdeburg.de/%7Egi-bsoa


     Announcements 8 

 
 
 



 Position Papers 9

A Comprehensive View of the Development and Operation 
of Enterprise Information Systems (EIS) 
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Gerald Mews 1, 5,  Steffen Paschke 1, 4,  Torsten Woywodt 1,6
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2 BWS Automotive Consulting GmbH 

3 Volkswagen AG, Wolfsburg 
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6 T-Systems Enterprise Services GmbH, Erfurt 

 

Introduction 

Experience shows that the development of distributed applications in industrial 
environments is severely constrained by the choice of platform, development 
environment, as well as by the project timeframe, quality requirements and by 
budget. 

A comprehensive and valuable analysis of new possibilities offered by new 
technologies is often not done appropriately. Equally missing is an ideal model to 
measure new trends by. 

The authors create an overview of the „ideal system“; a system that is developed and 
implemented in an ideal way, and that is always secure, reliable and practical.  

Additionally, the authors examine “real systems”; systems that can be achieved using 
today’s technology, which are subject to known constraints and limitations of software 
development and the chosen platform. 

The authors create additional value with the model of the „optimal system“; a system 
that is as close as possible to the ideal system, but which has been restricted in such 
a way that development and implementation remain within the allowed boundaries for 
quality, security, time and budget. 

Overview 

Development projects for Enterprise Information Systems in industrial environments 
are always embedded in the classical constraints 

 quality 
 time 
 budget 
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It is well-known and accepted that changes to one of these factors have implications 
on the other factors. It is easily proven by practice that e.g. projects with very limited 
time frames (i.e. minimum time) either necessitate higher budgets (as more effort is 
needed), or that the quality of the product is lower (possibly whole functions missing) 
– or – worst case – both.  

Another contributing factor in this context is an increased security requirement on 
behalf of customers. As EIS usually support company critical processes through IT 
systems, this is absolutely understandable. A bank, for example, can only work 
around an IT crash for a few hours. After that, the existence of the bank is in danger. 
Even medium-sized companies with SAP-supported supply chains, are at risk if their 
IT fails for a short time. This means it is imperative to give security a high priority and 
to address security aspects as early as possible. 

Apart from the development aspects of an EIS, its Life Cycle operation is also 
affected by certain factors. These factors are described in the best-practice standard 
ITIL1. This de-facto standard of the British Office of Government Commerce (OGC) is 
often incorporated into the relevant application management and service 
management processes. 

It is important to examine closely the contractual relationship between the parties that 
are involved in the development of an EIS [5]. The relationship is defined during the 
service level management process (ITIL). The most important goal is to identify a set 
of rules, known as service level agreements, which make services measurable and 
allow a punishment, should a defined service level not be achieved. SLA2s are part of 
the contract.   

There are various implementations of such contracts:  

 The customer places an order for the development, implementation and 
operation of the EIS with one general contractor. In this case, SLAs are 
agreed only between these two entities. If the general supplier buys 
services from subcontractors, then it is in his interest to agree further rules 
with this subcontractor. These further rules may be formalised as UC 
(underpinning contracts). 

 The customer places orders and agrees SLAs with several different 
suppliers for a) development, b) implementation, c) testing and d) 
operations. The SLAs will be very different to one another. 

 Apart from SLAs with external entities, the customer also makes 
agreements with internal partners. These are formalised as OLA (operation 
level agreement).  

                                                           
1 ITIL: IT Infrastructure Library 
2 SLA: Service Level Agreement 
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One has to recognise that combinations of the above contracts can quickly become 
very complex. One of the main themes of this document will be the comparison of 
possible combinations. 

Project Management is the organisational framework around any attempt to develop, 
implement or transition of an EIS. Depending on each project’s influencing factors 
(rules of the organisation or of the client, size and complexity of the project, type of 
project), the most suitable project management methodology and a suitable 
development model should be used. 

Several de-facto standards have been established internationally for PM3: 

 PMBoK: PM Body of Knowledge, PM-Standard of the Project Management 
Institute (PMI)  

 ICB: IPMA Competence Baseline, PM-Standard of the International Project 
Management Association (IPMA) 

 PRINCE2: PRojects IN Controlled Environments, widely used method of 
the Office of Government Commerce (OGC) 

 GDPM: Goal Directed Project Management, is a milestone-oriented project 
management methodology, developed by Erling S. Andersen, Kristoffer 
Grude, Tor Haug and Terry Gibbons 

The same applies to development models, e.g.: 

 Rational Unified Process: (RUP) is a software development model, which 
can be seen as a parallel to Unified Modelling Language, developed by the 
company Rational Software 

 V-Model: IT-development standard for software development to be used 
for public sector projects in Germany 

 Extreme Programming: (XP) is an agile method in software technology, 
developed by Kent Beck, Ward Cunningham and Ron Jeffries, an iterative 
evolutionary model 

 actiF: a model for software planning and development, developed by the 
company microTOOL; based on an agile and iterative process, and which 
is firmly requirements-driven  

It will be further analysed in a comparative way which PM method is most suitable for 
which development project. 

None of the established and accepted software development and project 
management methodologies is perfect and they all need to be continually developed. 

                                                           
3 PM: Project Management 
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Furthermore, this development can only be successful if it follows a goal or, in this 
case even better, a vision. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Picture 1: Basic conditions for Development and Operation of an EIS 

The graphic shown in Picture 1 distinguishes between an ideal system (on the left 
hand side) and a real system (on the right hand side). At first, both sides seem to be 
incompatible because in practice, restrictions regarding time, budget and/or quality 
will not prevent the theoretically possible from being achieved.  

Consolidating both sides – particularly the most beneficial aspects of each respective 
side – results in a positive compromise, the optimal system. Its most important 
characteristic is that not everything theoretically possible can be achieved, but it 
shows options that could be used in practice.  

Topical Division 

To achieve an analysis as detailed as possible of the many different topics, they will 
be examined one after another. 

In order to do this, all topics will be based on a common technological basis, which 
basically consists of the development frameworks DotNet or J2EE. 



 Position Papers 13

The topics are analysed in such a fashion that they support each other and often 
directly refer to one another. By separating them in this way, the authors believe they 
can divide them sensibly to show their individual main characteristics while at the 
same time referencing the common basis: 

 Security Assessment Modelling for Enterprise Information Systems, 

 Appropriate Project Management Methods and Service Level Agreements 
for Enterprise Information Systems, 

 Decision-Matrix for optimal designed Development Methods, 

 Theoretical Evaluation and Assessment of modern distributed Enterprise 
Information Systems and 

 Analysis of existing specifications of distributed systems for usage in 
company-wide information systems. 

 Basic analysis of the influence of service oriented architectures (SOA) on 
development methods for Enterprise Information Systems  

Security Assessment Modelling for Enterprise Information Systems 

IT security has always been regarded as central cost factor that never had any 
positive influence on TCO4 considerations. In today’s world, this makes it very 
difficult to get security budgets for development projects and to justify investment in 
IT security. 

This affects not only hardware, software, personnel and services, but also training, 
processes and methods. A possible solution is one that is often used by IT security 
organisations within large enterprises: Return of Security-Investment (ROSI). 

As necessary basis it is mandatory to have and use reliable metrics and models to 
compare the company’s values to be protected (assets, information) with expenses 
for actions that protect information security. These results can then be communicated 
to highest management levels. 

Security metrics are needed to understand risks in EIS environments, to achieve 
improvements in IT security and to make these improvements verifiable and 
measurable via security assessments.  

Security assessments enable companies to control risks proactively and intelligently. 
This is the basics of a risk-based IT security management, and allows the best 
possible and effective use of technological, personal and financial resources as IT 
security investment. 

                                                           
4 TCO: Total Cost of Ownership 
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Additionally, by using security assessment models and metrics, progress in IT 
security can be quantified. 

Risk in EIS can be analysed objectively by basing it on three factors: 

 Asset values and countermeasures in place to protects these asset values.  
 Threats against these asset values. 
 Vulnerabilities that can be exploited by threats. 

One can use number based and/or story based approaches. In the past, IT security 
was mainly measured using soft measures, like the number of the IT security staff in 
relation to the annual budget, or the speed with which patches are installed against IT 
security vulnerabilities or the distribution of virus signatures. 

However, the fact that this approach does not show any cost savings created by 
preventive countermeasures, is its weakest point. A further disadvantage is its 
subjectivity. 

Using a story based approach, these gaps can be filled and it has proven itself as a 
good method for calculating IT security investments. 

By applying ROSI inspection, benefits can be calculated by comparing specific IT 
security products’ costs and benefits. Nevertheless, no one doubts that even this 
method also has its drawbacks. 

Depending on the criteria, the calculations can quickly become very complex when 
applied to EIS, which makes the results questionable. There is no industry standard 
for risk management (risk classes are not standardised, setting critical values for 
assets is not standardised). Creating an inventory of all assets and assigning them 
risks (or assessing how they influence company processes) is the basic foundation of 
the story based approach to measure risk and poses an immense time and cost 
factor. 

Only the combination of the number based and the story based approach for 
measuring IT security for Enterprise Information Systems in a suitable model can be 
a way out of this dilemma. 

Appropriate Project Management Methods and Service Level Agreements for 
Enterprise Information Systems 

Project management is often used in companies – if indeed it is used at all – far too 
strictly. This means that there is a rule to use PM. Unfortunately, often there is no 
adjustment of the PM method to the specific project and its circumstances. 
Particularly when powerful PM methods are being applied to small or not complex 
projects, this results in a massively and unproportionally large overhead for project 
management. This is at least economically questionable, because this extra effort will 
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not usually be paid for by even the most understanding customer. Moreover, this 
creates frustration with the project team members and leads to demotivation. 

The solution lies in an analysis of the project’s type and complexity before its start. To 
examine which criteria are important, is part of this task. Adjusting the PM method to 
the project can be performed in a kind of Tailoring (as known from the V-model): 
ahead of the project, static tailoring is performed during which fixed and variable 
building blocks are defined and signed off. During the course of the project, through 
dynamic tailoring, additional building blocks can be introduced or unnecessary ones 
be removed. 

As opposed to the V-model, not a method for project implementation is chosen, but a 
combination of PM methods. The PM methods, therefore, consist of a collection of 
tools, during the adjustment the suitable tools are chosen for the specific project. 
How this adjustment is to be used in the best way possible, will be examined in the 
study. 

After a hopefully successful transition of an EIS from implementation to operations, 
the service level agreements constitute the framework for a qualitative and 
quantifiable assessment of the service between client and contractor. The question 
is, however, which service level are suitable for which IT service. Many processes 
within the ITIL framework have already been automated, are based on tools and 
nearly define themselves [3], [4]. But SLA too often remain in the hands of legal 
departments. A method for deriving the relevant SLA from the specific IT service, is 
missing.  

But which criteria and parameters are the decisive ones? The specific service model 
is crucial. Indicators can be defined by it (e.g. availability, response times, MTBF and 
more). The variations of the service model can range from Blackbox (virtual servers, 
rental of memory, access and processing power) to a dedicated exclusive customer 
environment. Here, a suitable model could help make sound decisions, reduce grey 
areas and serve as a basis for a tool-supported search for SLAs.  

Decision-Matrix for optimal designed Development Methods 

The importance of software development of distributed systems has been growing in 
the last few years. Economical conditions made it increasingly difficult to complete 
development projects within the given margins. Caused by increased competition in a 
difficult economic situation, there are calls for optimizing all software development 
processes. 

In this analysis, development and operations processes will be examined specifically 
with the focus on distribution. Starting with the planning of a development project, up 
to the operational functioning, all management processes will be looked at, as well as 
their influence on the systems’ life cycle. Special points of interest are complexity, the 
initial circumstances and the resulting risks for development, implementation and 
operation of distributed systems. A further challenge is the integration into an existing 
IT infrastructure [2]. 
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There are solution approaches in computer science for general problem situations. 
The emphasis in this paper, however, is on the special conditions relating to 
developing a product. A model is needed that forms a decision-matrix and that can 
be applied intelligently to specific requirements. As the problem situations will be very 
specific and not general at all, such a matrix can only be applied by categorising 
criteria. A further part of this study will show which criteria might emerge and what 
their weighting should be. 

The Best Practices of the IT Infrastructure Library do offer an approach, as they 
entail a collection of important tips for operations, but they do not cover the 
development process and do not offer a model for this. Here, a comprehensive 
model will be provided that was derived from comparing real systems with ideal 
systems. The resulting optimal system provides the model for this paper. 

Theoretical Evaluation and Assessment of modern distributed Enterprise 
Information Systems 

The goal of this study is an evaluation of the currently available development platform 
DotNet with regards to a few select principles of distributed systems in order to use 
the outcome to determine some areas of possible application. 

The basic principles, sometimes paradigms and features, will initially be introduced, 
e.g. openness, interoperability, scalability, transparency and robustness, and they will 
be related to the DotNet framework. Following, the most important models of 
communication, like messenges, events, remote calls and data streams, will be 
explained in the same way. Next will be a short look at elementary algorithms for 
creating characteristics of distributed systems (order, synchronisation, consense), 
also using the DotNet standard. 

The deliberations will lead from a (very short) look at mobile code to a more 
elementary discussion of the word “Distribution” itself, to finally lead to a new way of 
distribution that has up to now neither be examined nor has it been believed practical. 

An outlook at future possible real applications of this distribution, including a 
description of approaches for solutions for overcoming expected difficulties, will round 
off this paper. 

Analysis of existing specifications of distributed systems for usage in 
company-wide information systems  

In the past, various paradigms, specifications and near standards for distributed 
systems have made their way into software development. After CORBA could not 
assert itself on the whole in the 90s, there are now mainly two specifications to chose 
from: for the Java community it is the J2EE specification, for the Microsoft world, it is 
the DotNet framework. This does not mean that there is no area of application for 
CORBA; on the contrary, this question will also be raised during the analysis. 
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Java-2 Enterprise Edition (J2EE) 
The term J2EE encompasses a number of specifications for developing company 
wide applications using the programming language Java. Apart from standards for 
development of graphical user interfaces (Swing, as well as servlets/Java Server 
Pages) this especially contains the “Enterprise Java Beans” – component model 
(EJB) for the development of middleware-supported, distributed applications.  

Subsequent to the first version of the EJB specification being more like an evaluation 
platform, starting from version 2, larger software projects have been undertaken 
using this near standard. EJB is said to lift the burden on software development by 
providing automated support for standard services, for example: 

 Transactions 
 Security 
 Nameservices 
 Databaseconnections 
 And many more. 

At this point, it is easily forgiven for being reminded of CORBA, which also provides 
similar services. 
 
Nowadays, a series of assumptions exists and is accepted within the Java 
community, for example: 

 Multi-layered architectures are the key to implementing distributed 
systems. 

 The use of application servers frees the developers from having to deal 
with the above standard services. 

 For modelling such applications, there are tried and tested templates 
available, which simply need to be implemented correctly. 

 The objects are kept in persistency-layers which can be implemented using 
existing frameworks; therefore, the developer does not need to worry about 
the persistency any more. 

During observation of such projects in industry, it seems that many such projects fail, 
and failing may mean dramatically exceeding in time or in budget, or completely 
failing to deliver. The author of these lines has seen both himself. 

One has to wonder whether the EJB model really – as promised – simplifies the 
development of company wide, distributed applications, or whether, on the contrary, it 
introduces a degree of complexity into software development that can not be 
overcome any more. By now, there is such a large number of specifications, design 
templates, implementation guides, mixed with “best practices” from various sources, 
that probably no developer knows them all, never mind understands them all. 
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Another question to be raised is whether it is really possible with one programming 
language – Java in this case – to equally cover all requirements for distributed 
systems. If not, then the limitation of the EJB model to only one programming 
language is not an advantage but a hindrance. In that case, a programming 
independent specification, like CORBA, would be a serious alternative again. 

Considering all this is not meant to doubt the usability of the EJB model itself in 
practice. From the author’s viewpoint, there is currently merely a practice-driven 
doubt about whether this model may be unsuitable for the development of distributed 
applications for company wide usage. Whether this is true will be subject of this 
paper. 

Basic analysis of the influence of service oriented architectures (SOA) on 
development methods for Enterprise Information Systems  

With increasingly global and changing markets, companies need to adapt their 
processes and IT infrastructures faster. Company success is nowadays often based 
on the ability to design, implement and, if necessary, adapt them quickly, simply and 
efficiently. That means that companies must be able to design all their processes 
flexibly around the markets’ and their customers’ needs. 

A requirement for this is an organisational change away from product and department 
oriented structures to customer oriented, cross-departmental business processes. 

Up to now, business processes in enterprises have often been adjusted to fit the 
existing IT systems. Even though business requirements may be reflected 1:1 by 
business processes, but often they can not be fully implemented by IT systems. The 
development and application of the business processes with different IT systems and 
their integration in the background often turns out to be difficult and expensive. 

An important approach to this organisational change, the overcoming of integration 
problems and, at the same time, the creation of possibilities to innovate business 
processes, is the development and introduction of a much more flexible architecture: 
a service oriented architecture, SOA. 

Based on this service oriented architecture, we have on one hand software 
applications, and on the other hand business processes that they put into place. This 
constitutes a move from an originally pure technical challenge to a tactic with a more 
architectural style. 

But there are new challenges here as well. Strategic management of an enterprise, 
meaning the staff that deal with process design, now need to get together 
constructively with IT specialists. 

This strategy of service oriented architectures (SOA), known already since the middle 
of the 90’s, has been growing in importance for many enterprises for the reasons 
above and is now considered of high value. The core component of a service 
oriented architecture is the service. Under technical aspects, SOA is considered a 
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system architecture concept that delivers expert services and functionality as a 
number of independent services. In this context, a service describes a piece of 
functionality that can be called or used via standardised interfaces. By chaining 
several service calls, complex business processes can be realised, or “orchestrated”. 
Therefore, program logic is not contained within one single program, but is spread 
out over several indempendent services. 

On the basis of currently available technical foundations of network-based 
technology, inexpensive IT infrastructures, and the existing wide acceptance of the 
internet, there is now the chance of realising service oriented architectural goals like 
distribution, process orientation, modulisation, encapsulation and recycling in order to 
enable an integration of complex IT landscapes. 

One of the most important principles in this is to achieve the highest degree of 
flexibility for integration with the lowest possible expense. This is why efforts for 
standardisation of SOA in the context of Web services are very important. 

Integration work does not end however, when a service oriented architecture has 
been chosen as a strategic goal. Now comes the question of efficiently migrating the 
existing system environment to a service oriented architecture to achieve the 
integration of existing applications, and to offer applications to a higher-level process 
as a resource (service). 

In the SOA concept, the main point of technological thoughts is automated 
communication. Even if in the end, humans are beneficiaries, in an SOA concept this 
is “only” true indirectly. 

Outlook 

Judging by the continuing research activities into distributed systems over the last 
years, distributed systems have spread within application development sufficiently to 
speak of a near-standard. There is currently no basically different architecture 
paradigm for the development of Enterprise Information Systems. 

The shown technologies offer a large number of new usage areas, only some of 
which can be examined more closely. 

The attentive reader may get the impression that these systems are uncontrollably 
complex. However, this has been overcome effectively by using strict methodology 
and disciplined process management throughout. 

It has been shown clearly that the key to control even highly complex systems lies in 
the areas of modelling and processes. That is why great more efforts are needed 
within Software Engineering to master these challenges in an appropriate and 
creative way. 
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Zusammenfassung: Die Schätzung des Aufwands gehört zu den Schlüsselprozessen 
im Projektgeschäft. Zu wissen, was den Aufwand beeinflusst und wie hoch der Input in 
einzelne Arbeitspakete ist, vermag den Angebotsprozess zu optimieren und Risiken in 
der sich anschließenden Projektdurchführung zu minimieren.  

Wir vertreten die Meinung, dass sich mit Hilfe von Regressionsansätzen der 
Gesamtaufwand von Einführungsprojekten modellieren lässt. Wir untersuchten dazu 
geeignete Projekte der SIV.AG in Rostock mit dem Ziel, Einflussfaktoren aufzudecken 
und eine Schätzgleichung auf Basis der linearen multiplen Regression zu erstellen. Die 
SIV.AG entwickelt und vertreibt eine ERP- (Enterprise Resource Planning) Software für 
Versorgungs- und Entsorgungsunternehmen.   

Der Modellierungsansatz ist auf die Prognose des Customizingaufwands ausgerichtet, 
der bei der Einführung einer ERP-Lösung entsteht. Der Customizingaufwand wird 
dabei ganzheitlich betrachtet und spiegelt den intern zu veranschlagenden Aufwand 
auf Auftragnehmerseite bis zur Produktivstellung des Systems wider. 

Die Erhebung abgesicherter Aufwandsdaten, der Aufbau einer Projektdatenbasis, die 
Identifikation von Einflussfaktoren sowie die Evaluation von Regressionsansätzen 
bilden die Schwerpunkte dieses Artikels. 

WWW-Präsentation: Ansatz zur Modellierung des Customizingaufwands von ERP-
Einführungsprojekten mit dem Ziel, Einflussfaktoren aufzudecken und mittels einer 
Schätzgleichung den Aufwand zu modellieren.  

Stichworte: Aufwandsschätzung, ERP-Einführungsprojekt, Customizing, 
Kostentreiber, lineare multiple Regression 

 

Abstract. Cost estimation is a key process in project business.  If one  knows  which 
influences change the costs and which input is necessary in a task,  one can optimize 
the  bidding process and minimize the risks during the project realisation.  

We believe that the total cost s  of a implementation project  can be modelled with the 
help of regression analysis.  We  therefore  researched projects  at  SIV.AG , an 
enterprise in  Rostock  ,  with the intention   of  finding  cost drivers and developing  a 
formal estimation model on the basis  of linear multiple regression. SIV.AG develops 
and markets an ERP- (enterprise resource planning) system. 

The approach is targeted  at estimating  the customizing effort, which occurs during the 
introduction of a ERP-system.  We contemplate here the total customizing effort as a 
whole from the point of view of the contractor during the whole customizing phase.  

The main points of the article are: the accurate measurement of the effort, the 
configuration of the project data base,  the definition of influence parameters and the 
evaluation of the formal estimation model. 

mailto:Axel.Buhl@fh-stralsund.de
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1.  Einleitung 
 
Die Aufwandsschätzung von Projekten im IT-Bereich ist für viele Unternehmen ein 
Schlüsselprozess im Projektgeschäft. Die wesentlichen Kostentreiber zu kennen und 
den erforderlichen Input für die anliegenden Projektaufgaben abschätzen zu können, 
erleichtert den Angebotsprozess wesentlich und minimiert die Risiken in der 
anschließenden Projektdurchführung. Unzureichende Projektplanung und schlechte 
Ressourcenplanung sind Hauptgründe für die Überschreitung der Termine und 
Kosten und auch für das Scheitern von Projekten [1]. 
 
Aufwandsschätzung ist nach wie vor ein riesiges Problem. Das Problem resultiert im 
Wesentlichen aus der Komplexität dieser Aufgabe. Diese Komplexität resultiert aus 
der großen Anzahl von Einflüssen und deren schlechter Vorhersagbarkeit und 
Berechenbarkeit. 
 
Wenn man über Projekte im IT-Bereich redet, dann gibt es schon hier eine größere 
Anzahl von Projekt- und Produktarten: Urentwicklungsprojekte, Weiterentwicklungs-
projekte, Wartungsprojekte, Einführungsprojekte, Migrationsprojekte, Integrations-
projekte sowie ERP-Systeme (Enterprise Resource Planning), Real-Time-Systeme, 
Internet-Anwendungen usw. In Abhängigkeit von diesen Projekt- und Produktarten 
treten ganz unterschiedliche Kostentreiber auf und Schätzansätze können nicht von 
einem Typ auf den anderen übertragen werden. In der wissenschaftlichen 
Behandlung der Aufwandsschätzung wird dieser Umstand berücksichtigt. In der 
Literatur werden deshalb Schätzverfahren für unterschiedliche Projekt- und 
Produktarten beschrieben [2, 3]. Der Aufwand mit dem eine Aufgabe bewältigt wird, 
hängt von der Produktivität der eingesetzten Ressourcen ab. Ist die Produktivität = 
Produktivitätseinheit/Arbeitseinheit (z.B. 40 LOC pro MitarbeiterStunde) bekannt und 
ist bekannt, welchen Umfang an Produktivi-tätseinheiten eine Aufgabe hat, kann der 
Aufwand berechnet werden.  
 
In vielen Unternehmen sind weder geeignete Produktivitätseinheiten definiert noch ist 
die Produktivität bekannt. Die Aufwandsschätzung wird vielfach durch Experten, auf 
Grund von Erfahrungen und auf der Basis von Analogiebetrachtungen durchgeführt.  

 
Die Entwicklung von Schätzgleichungen basiert auf empirischen Daten. Bevor eine 
Schätzgleichung entwickelt werden kann, muss im Unternehmen ein zweckmäßiges 
Controlling aufgebaut und Daten über Kostentreiber und Aufwände für eine 
Modellbildung gesammelt werden.  
 
Schätzgleichungen müssen drei wesentlichen Qualitätsansprüchen genügen, wenn 
sie sinnvoll nutzbar sein sollen: 

1. Der oder die Kostentreiber müssen dem Produkt- und Projekttyp entsprechen 

2. Kostentreiber müssen früh schätzbar sein, denn man braucht die 
Aufwandsschätzung schon vor oder unmittelbar nach dem Projektstart  
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3. Die Gleichung muss kalibrierbar sein, da die Produktivität von Organisation 
zu Organisation und auch innerhalb einer Organisation schwanken kann. Das 
Einstellen der Kalibrierungsfaktoren muss unterstützt werden (durch Tabellen 
usw.) 

 
Die bekannte Schätzgleichung für Software-Entwicklungsprojekte zur Bestimmung 
des Aufwands in Mitarbeiter Monaten (MM) von Barry Boehm [4] verdeutlicht das: 
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A, B, EM und SF sind Faktoren, mit denen die Produktivität abgebildet wird und die in 
einer Kalibrierungsphase angepasst werden müssen. Als wesentlicher Kostentreiber 
wird die Größe (in LOC) des zu erstellenden Produkts angenommen. Aufgrund der 
guten Kalibrierbarkeit kann diese Gleichung für viele Entwicklungsprojekte 
angewendet werden. Die Kalibrierung an sich ist aber ein sehr aufwändiger Prozess. 
Die Anzahl der Lines of Code ist in frühen Projektphasen schlecht schätzbar – man 
sieht an diesem Beispiel, wie schwer es ist, eine Schätzgleichung zu erstellen, die 
einen großen Anwendungsbereich hat und auch noch handhabbar bleibt. 

 
Dieser Artikel möchte einen Beitrag liefern für den Aufbau einer 
Schätzgleichung für den Customizingaufwand von ERP-Systemen. 
Dargestellt werden die Ergebnisse eines gemeinsamen Projekts 
der FH Stralsund und der SIV.AG aus Rostock. 

 
In der SIV.AG, einem mittelständischen Unternehmen aus Rostock, werden zwei 
Arten von Softwareprojekten abgewickelt: Entwicklungsprojekte für die strategische 
Entwicklung des Programms kVASy® und Einführungsprojekte, um kVASy® beim 
Kunden einzuführen. Bei dem Programm kVASy® handelt es sich um eine 
Branchenlösung, die bislang bei mehr als 140 Unternehmen der Elektrizitäts-, Gas- 
und Wasserwirtschaft erfolgreich implementiert wurde. Die Aufwandsschätzung für 
die Einführungsprojekte wird seit mehreren Jahren mit Hilfe so genannter 
Rasterschätzungen durchgeführt. Dafür wird eine Matrix verwendet, die auf der einen 
Seite die einzelnen Features (auch Lizenzen) und auf der anderen Seite die 
einzelnen Projektphasen beinhaltet. Der Aufwand wird dann für ein Feature über die 
Phasen hinweg geschätzt. 
 
Die SIV.AG möchte diesen Schätzprozess um ein statistisch abgesichertes Modell 
ergänzen und verfolgt damit im Wesentlichen zwei Ziele: 

1. Die Ergebnisse der Rasterschätzung absichern (vgl. Bild 1). 

2. Eine höhere Kundenakzeptanz der Angebote durch die Transparenz, die 
eine algorithmische Schätzgleichung liefert. 
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Aufgrund eines stabilen Projektumfelds, eines hinterlegten und etablierten 
Vorgehensmodells für Einführungsprojekte und eines ausgefeilten Controllings bietet 
die SIV.AG beste Ausgangsbedingungen für die hier vorgenommenen 
Untersuchungen. 
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2. Kostentreiber bei der Einführung von ERP-Systemen 
 
Die Identifikation von Kostentreibern ist ein entscheidender Punkt für den Aufbau 
einer guten Schätzgleichung. Es müssen das Produkt (das ERP-System) und der 
Prozess (hier der Einführungsprozess) analysiert werden, um produktabhängige und 
prozessabhängige Kostentreiber zu identifizieren. Neben dem Produkt und dem 
Prozess sollte auch der Kunde, bei dem dieses System eingeführt wird, analysiert 
werden, um kundenabhängige Kostentreiber aufzudecken. 
 
2.1 Prozessabhängige Kostentreiber 
 
Einführungsprojekte von ERP-Systemen lassen sich in mehrere Teilprojekte 
zerlegen: 

 die Datenmigration – also die Übernahme von Altdaten in das Neu-System, 

 das Customizing – die Anpassung des eingekauften „Standardproduktes“ 
an die eigenen Bedürfnisse, 

 die Individualentwicklung – die Beauftragung nicht enthaltener 
Funktionalitäten des ERP-Systems und 

 Schulungsmaßnahmen. 
 
Customizing gilt bei der Einführung von ERP-Systemen als besonders kritisches 
Teilprojekt. Dieser Prozess ist für die Umsetzung der kundenspezifischen 
Anforderungen zuständig und ist aufgrund der erfolgskritischen Anforderungsanalyse 
sehr personalintensiv und risikoreich [10]. Die Schätzung dieses Teilprozesses wird 
hier einmal gezielt vorgestellt, da er wesentlicher Bestandteil jeder größeren ERP-
Installation ist und bisher mit Aufwandsschätzverfahren nur unzureichend abgebildet 
wurde. Fallstudien und geeignete Schätzverfahren für andere Projektarten werden 
ausführlich in [2] vorgestellt. 
 
Die SIV.AG nutzt für ihre Implementierungen ein eigens für sie angepasstes 
Softwareeinführungskonzept – nachfolgend kVASy®-ASI genannt. Es orientiert sich 
prinzipiell an den bekannten Vorgehens- und Phasenmodellen. 
 
Das Customizing wird in mehrere Phasen (vgl. Bild 2) zerlegt. Die Phasen 
(Initialisierung, Konzeption, Realisierung, Produktionsvorbereitung, Produktion) 
werden in der Regel auf jede lizenzierte Programmkomponente abgebildet. Die dazu 
notwendigen Tätigkeiten sind im unteren Teil der Grafik für jede Phase beispielhaft 
aufgeführt.  
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Dieser Prozess ist in unserem Beispiel standardisiert, d.h. die Projekte durchlaufen 
alle Phasen mit gleicher Intensität. Eine Berücksichtigung als Kostentreiber ist 
deshalb hier nicht möglich, da wir keine Variabilität bei den Prozessparametern 
zwischen den Projekten bei der vorliegenden Datenbasis messen konnten. Dieser 
doch sehr streng realisierte Prozess ist sicherlich nicht immer typisch für die 
Einführung von ERP-Systemen. Insofern ist eine Untersuchung dieser Kostentreiber 
grundsätzlich sehr ratsam. Dazu ist es aber erforderlich, den Umfang der Tätigkeiten 
in den Phasen zu protokollieren und dann zu klassifizieren. Durch die Klassifizierung 
kann man dann eine Messgröße definieren. 
 
2.2 Produktabhängige Kostentreiber 
 
Die Produktgröße gilt bei vielen Aufwandsschätzverfahren aus dem Bereich der 
Software-Entwicklung als Hauptkostentreiber. Das Cocomo-II-Verfahren [4] und auch 
das Function-Point-Verfahren, etwa nach Ifpug [siehe 5, 6, 7] basieren auf der 
Bestimmung der Produktgröße. Die eingesetzten Basisgrößen - wie etwa Lines of 
Code oder Function Points - mögen für Prognosen im Bereich der Software-
Entwicklung geeignet sein, ihre Zweckmäßigkeit bei der Schätzung des 
Einführungsaufwands musste aber hinterfragt werden. 
 
Um das für Function Points tatsächlich nachzuweisen, wurden zunächst 25 
Einführungsprojekte der SIV.AG untersucht und ein Modul der Anwendung kVASy® 
mit Hilfe von Function Points (Ifpug Zählweise) bewertet. Zur Berechnung der 
Function Points mussten mehr als 300 Formulare ausgewertet werden. Der 
Einführungsaufwand gemessen in Stunden für dieses Modul wurde aus der 
bestehenden Datenbasis ermittelt. 
 
Zur Modellbildung wurde das statistische Verfahren der linearen multiplen 
Regression benutzt, mit dem der Einfluss von Kostentreiber auf den 
Einführungsaufwand untersucht werden kann. Die Variable Function Points hatte 
danach keinen signifikanten Einfluss auf den Einführungsaufwand. Der reine 
Funktionsumfang ist auch nach Ansicht in der Literatur als Kostentreiber für ERP-
Einführungsprojekte schlecht geeignet [8]. 
 
In einer weiteren Untersuchung wurde die Verwendbarkeit von Lines of Code geprüft. 
Dazu wurden die Lines of Code der kVASy® -Forms ausgezählt und untersucht. Ein 
signifikanter Einfluss konnte auch hier nicht nachgewiesen werden. 
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Die Produktgröße wurde letztendlich über die Anzahl der eingeführten kVASy®-
Module bestimmt. Die Auszählung der Module bis auf Teilmodulebene ergab eine 
einfach zu erhebende Größenmetrik, die signifikanten Einfluss hat.  
 
Zusätzlich zu dieser Anzahl wurden die Module selbst als Variablen eingeführt und 
untersucht. Diese Variablen können nur den Wert 0 oder 1 annehmen (eingeführt 
oder nicht eingeführt). Es hat sich gezeigt, dass es Module mit signifikanten Einfluss 
gibt. 
 
2.3 Kundenabhängige Kostentreiber 
 
Eigenschaften des Kunden spielen bei Einführungsprojekten von ERP-Systemen 
eine entscheidende Rolle. Wir haben deshalb zwei Ebenen betrachtet - 
Unternehmensgröße und -struktur sowie Mengengerüste des Kunden.  
 
Größere Unternehmen bestehen aus einem oder mehreren Betrieben. Betriebe 
werden gebildet, um ortsbezogene Leistungsangebote zu erbringen oder um 
Unternehmenssparten sinnvoll zu verwalten. Betriebe und Sparten müssen in ERP-
Systemen abgebildet werden. Damit sind die Betriebe als auch die Sparten als 
Kostentreiber zu betrachten. 
 
Funktionsbezogene Strukturen wie Rechnungswesen, Personalwirtschaft, 
Beschaffung usw. müssen auch im System abgebildet werden. Dieser Kostentreiber 
wird aber schon über die Produktgröße sprich Anzahl der Module berücksichtigt. 
Module korrespondieren im Allgemeinen mit Funktionseinheiten.  
 
Ein wichtiger Kostentreiber sind die einzurichtenden Arbeitsplätze, d.h. die Anzahl 
der Mitarbeiter, die mit dem System arbeiten werden. 
 
Auch Mengengerüste können Einführungsaufwand verursachen. Solche Mengen, die 
in der Software zu verwalten sind, betreffen z.B. die Anzahl von Produkten in den 
Sparten. Im Fall der SIV.AG, die Unternehmen im Bereich der Elektrizitäts-, Gas- und 
Wasserwirtschaft betreut, sind das beispielsweise die Anzahl der Zähler in den 
Sparten Strom, Gas und Wasser. Oder es betrifft die Anzahl der zu erstellenden 
Rechnungen bzw. Mahnungen in einem Quartal. 
 
2.4 Fazit Kostentreiber 
 
Aus der Analyse von Prozess, Produkt und Kunde wurden die folgenden 
Kostentreiber identifiziert: 
 
 
 
 
 

Auswertungsziel 
Nachweis einzelner Kostentreiber aus Projektmanagementsicht, die 
Einfluss auf den Implementierungsaufwand in kVASy® Einführungsprojekten 
haben. 
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Fragestellung Hat die Größe des einzuführenden ERP-Systems Einfluss auf den 
Customizingaufwand im Einführungsprojekt? 

Metrik Kürzel Skala Beschreibung. 
Anzahl der 
implementierten 
Module 

M kardinal spiegelt Lizenzumfang wider 

Implementierung 
von Modul X Mx = 1/0 nominal Einfluss bestimmter Module modellieren 

Fragestellung Hat die Unternehmensgröße, -struktur des Kunden Einfluss auf den 
Aufwand im Einführungsprojekt? 

Metrik Kürzel Skala Beschreibung 
Anzahl der 
Mitarbeiter MA kardinal Benutzer des ERP 

Anzahl der 
abgebildeten 
Betriebe 

B kardinal Abbildung der Unternehmensstruktur 

Anzahl der Sparten S kardinal Unternehmensfelder wie Strom, Gas, Wasser 
Implementierung 
von Sparte X Sx = 1/0 nominal Einfluss bestimmter Sparten modellieren 

Fragestellung Haben Mengengerüste des Kunden Einfluss auf den Aufwand im 
Einführungsprojekt? 

Metrik Kürzel Skala Beschreibung 
Anzahl Zähler Z kardinal Stromzähler je Sparte oder gesamt 

Tabelle 1: Metriken zur Bemessung der Kostentreiber 

Die identifizierten Kostentreiber ließen sich schon in der Phase der 
Angebotserstellung bestimmen und sie konnten auch aus den empirischen Daten 
sehr genau ermittelt werden.  
 
Es fehlen, wie schon diskutiert, prozessabhängige Kostentreiber.  
 
In einer Untersuchung von S. Koch [9] wurden mehrere der hier vorgestellten 
Kostentreiber ebenfalls verwendet, so dass ihre Relevanz im ERP-Umfeld durchaus 
als gefestigt gelten kann. Bei gegebener Übereinstimmung über Produkt und 
Anbietergrenzen hinweg (SAP, Baan, Navision) ist der erste Schritt hin zu einem 
allgemeingültigen Ansatz für Einführungsprojekte von ERP-Systemen möglich. 
 
3. Erhebung der Daten  
 
Für die Modellierung einer Schätzgleichung müssen die Einflussfaktoren mit 
entsprechenden Aufwänden in Bezug gebracht werden. 
 
3.1 Aufwandsdaten 
 
Je feiner die Erfassung der Aufwandsdaten erfolgt, desto größer sind die 
Möglichkeiten bei der späteren Modellierung. Liegen Daten auf phasenbezogenen 
oder tätigkeitsbezogenen Ebenen vor (vgl. Abbildung 2), kann auch eine 
Modellierung des Aufwands auf Phasen- oder Tätigkeitsebene erfolgen und können 
entsprechende Kostentreiber untersucht werden. Aufwandsdaten können, je nach 
Stellung des Controllings im Unternehmen, aus unterschiedlichen Quellen bezogen 
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werden. Protokolle in Form eines Tätigkeits- bzw. Arbeitszeitnachweises bis hin zur 
computergestützten Projektkostenauswertung sind denkbar.  
 
Es ist weiterhin sinnvoll, den entstehenden Aufwand unterschiedlichen Arbeitsarten 
zuzuordnen. Mit Hilfe von Arbeitsarten kann Aufwand dann inhaltlich definiert 
werden. Eine Sonderstellung nehmen Fahrzeiten ein. Da Fahrzeiten zwar einen 
Aufwand darstellen, aber mit einem wesentlich geringeren Stundenlohn fakturiert 
werden, sollten sie separat ausgewiesen werden. Eine pauschale Abgeltung oder 
eine Schätzung auf Basis der benötigten Fahrten und der Entfernung zum Kunden ist 
hierbei der übliche Ansatz. 
 
Problematisch sind Aufwandsdaten speziell dann, wenn sie: 
 

 nur die unvollständige Umsetzung von Anforderungen widerspiegeln 

 einem außergewöhnlichen Kosten- oder Termindruck ausgesetzt wurden 

 nicht verursachungsgerecht erfasst und zugeordnet wurden 

 
Die SIV.AG nutzt eine auftragsbezogene Erfassung des Aufwands. Aufträge werden, 
auf Basis der im ASI-Modell festgelegten Phasen, einzelnen Tätigkeiten zugeordnet. 
Zu jedem Auftrag wird zudem auch das Modul hinterlegt, was somit eine phasen- und 
modulbezogene Betrachtung des Aufwands sowie der durchgeführten Tätigkeiten 
erlaubt. Aufwände werden ferner nach Arbeitsarten getrennt erfasst, was eine 
detaillierte Analyse des Aufwands gestattet.  
 
Die Aufwandsdaten, die der Modellbildung zugeführt werden, wurden entsprechend 
der Zielstellung aufbereitet und spiegeln nur den reinen Customizingaufwand, der im 
Bereich des Consulting im Einführungsprojekt anfiel, wider. Es wurde dazu über alle 
eingekauften Module und die ASI-Phasen I bis IV (Initialisierung, Konzeption, 
Realisierung und Produktionsvorbereitung) der direkte Customizingaufwand im 
Einführungsprojekt abgebildet. Aufwandsdaten, die der Datenmigration, 
Schulungsmaßnahmen oder Individualentwicklungen zugeteilt sind, wurden nicht mit 
einbezogen.  
 
3.2 Einflussfaktoren 
 
Die Einflussfaktoren wurden bei unseren empirischen Untersuchungen aus der 
Projektdokumentation bzw. aus Interviews mit den entsprechenden 
Projektverantwortlichen gewonnen.  
 
Diese Einflussfaktoren sind auch für zukünftige Projekte leicht schätzbar, da sie sich 
bereits aus ersten Gesprächen des Vertriebs mit dem Kunden ergeben. Die frühe 
Verfügbarkeit der Einflussfaktoren ist ein wesentlicher Erfolgsfaktor von Schätzungen 
in diesem Umfeld. 
 
Die systematische Erfassung und Ablage potentieller und nachgewiesener 
Einflussfaktoren wird mit stetig steigender Projektzahl immer wichtiger. 
Möglichkeiten, diese konsistent mit den Aufwandsdaten abzulegen, sind in der Regel 
vorhanden, müssen aber konsequent genutzt werden. 
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4. Generierung einer Schätzgleichung 
 
4.1 Datenbasis 
 
Wir konnten auf 69 Implementierungsprojekte zurückgreifen, die innerhalb der letzten 
36 Monate durch die SIV.AG realisiert wurden. Die Datenbasis setzt sich sowohl aus 
Großprojekten als auch typischen Standard-Implementierungen der eigenen 
Branchenlösung kVASy® zusammen. Die Auswahl der Projekte erfolgte nicht zufällig. 
Das Alter der Projekte als auch die Verfügbarkeit der Projektunterlagen waren für 
den Auswahlprozess entscheidend. Die Projektunterlagen weisen durchweg eine 
gute Qualität auf. 
 
4.2 Regressionsverfahren 
 
Ziel der Regressionsverfahren ist die Analyse von Zusammenhängen zwischen 
Kostentreibern und Aufwand sowie die Vorhersage des Aufwands aus den 
Kostentreibern. Das eingesetzte lineare multiple Regressionsverfahren versucht 
anhand mehrerer Kostentreiber eine möglichst hochwertige Vorhersage des 
Aufwands zu modellieren. Dazu werden in einem mehrstufigen Selektionsprozess 
Kostentreiber analysiert und bewertet.  
 
Der hier vorgestellte Ansatz bedient sich der Regressionsmodelle, indem er sie 
entscheiden lässt, welche Kostentreiber für die Modellierung des Aufwands relevant 
sind. Dazu werden die Kostentreiber, etwa mit dem Step-Wise-Verfahren, der Reihe 
nach auf ihren Einfluss hin untersucht und gegebenenfalls aussortiert. Das 
ausgewiesene Modell enthält dann nur noch Kostentreiber, die auf dem vorher 
festgelegten Signifikanzniveau zur Erklärung des Modells beitragen. Die 
Modellvoraussetzungen für den Einsatz dieses Regressionsverfahrens sollten dazu 
im Vorfeld geprüft werden.  
 
4.3 Schätzgleichung 
 
Mittels multipler linearer Regressionsmodelle wurde der Aufbau der Modellgleichung 
vollzogen. Alle Voraussetzungen und Tests zur Absicherung des 
Modellierungsansatzes wurden erfüllt bzw. erfolgreich durchlaufen. Die Modellierung 
wurde über alle 69 Projekte und anschließend für eine Gruppe mit 48 Projekten, 
allesamt Multi-Utility-Unternehmen, wiederholt. Mit Rücksichtnahme auf die 
Wettbewerbssituation erfolgt die Darstellung der Ergebnisse nur verkürzt, die 
eigentliche Schätzgleichung darf hier nicht veröffentlicht werden. 
 
Die Ergebnisse der Regressionsanalyse über alle 69 sich in der Datenbasis 
befindenden Projekte sind in Tabelle 2 dargestellt. Die Größenmetrik (Anzahl der 
Module) konnte als Einflussfaktor auf den Aufwand nachgewiesen werden. Es 
wurden insgesamt fünf Einflussfaktoren für das Modell vorgeschlagen. Von den fünf 
Faktoren liegt die Größenmetrik auf dem zweiten Platz, was ihren Beitrag zur 
Varianzerklärung betrifft.  
 

 Bestimmtheitsmaß 

Modell R R² R² korrigiert 

1 0,905 0,818 0,804 
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Tabelle 2: Modellzusammenfassung für alle Projekte der Datenbasis 

 
Die Varianz des Customizingaufwands der in der Datenbasis enthaltenen Projekte 
kann mit diesem Modell zu circa 80 Prozent erklärt werden. Für die gesamte 
Datenbasis ein Wert, der als gut bewertet werden kann. Die Analyse der 
Vorhersagegenauigkeit von Einzelwerten war hingegen nur als befriedigend zu 
werten, da die mittleren Abweichungen doch noch zu hoch für den Alltagsbetrieb 
waren. 
 
Tabelle 3 stellt die Modellzusammenfassung der Regressionsanalyse von 48 Multi-
Utility-Unternehmen dar. Multi-Utility-Unternehmen decken mehrere Sparten ab und 
sind in unserer Datenbasis als Stadtwerke klassifiziert. Auch dieses Modell nutzt fünf 
Einflussfaktoren zur Modellbildung. Sie sind jedoch bis auf zwei Ausnahmen nicht 
identisch mit denen aus dem ersten Modell. Die Größenmetrik wurde aber auch hier 
zur Modellbildung genutzt. In der Rangfolge zur Varianzerklärung liegt sie ebenfalls 
wieder an zweiter Stelle. 
 
 

  Bestimmtheitsmaß 

Modell R R² R² korrigiert 

2 0,957 0,915 0,903 

 
 
 
 
 
 

Tabelle 3: Modellzusammenfassung für Multi-Utility-Unternehmen 

 
Die Varianz des Customizingaufwands der in der Datenbasis enthaltenen Multi-
Utility-Projekte kann mit diesem Modell zu circa 90 Prozent erklärt werden. Ein für die 
Praxis sehr hoher Wert. 
 

 



 Position Papers   32 

4.4 Validierung der Schätzgleichung 
 
Mit 9 in 2005 realisierten Projekten wurde eine Validierung der Schätzgleichung 
vorgenommen. Die Projekte decken das mittlere Spektrum an Einführungsprojekten 
ab. Zur Verdeutlichung der Prognosegüte wurden die prozentualen Abweichungen 
der Prognosedaten von den Echtdaten in Abbildung 3 dargestellt.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Diskussion der Ergebnisse 
 
Der statistische Nachweis mutmaßlicher Kostentreiber ist erfolgreich verlaufen. Die 
Hypothese, dass sich mittels Kostentreibern und Regressionsanalysen der 
Gesamtaufwand im Einführungsprojekt modellieren lässt, kann bestätigt werden. Der 
Nachweis zahlreicher Einflussfaktoren auf den Gesamtaufwand in 
Implementierungsprojekten ist gelungen. Die Vorgehensweise hat sich bewährt. Die 
Ergebnisse verschiedener Modellierungsansätze zeigen deutliche Abhängigkeiten 
zwischen Einflussfaktoren und Aufwand im Gesamtprojekt. Einflussfaktoren, die 
bereits im Vorfeld der Modellierung als potentielle Kostentreiber vermutet wurden, 
tragen signifikant zur Erklärung der Varianz bei. Die Bestimmtheitsmaße von 80 bis 
90 Prozent übertreffen die Erwartungen. 
 
Die Validierungsergebnisse weisen aber auch darauf hin, dass die Schätzgleichung 
noch ergänzt werden muss. Es gibt noch Verbesserungspotentiale in den Bereichen: 

 prozessabhängige Kostentreiber - diese sollten näher untersucht werden, 
insbesondere was die Umsetzung von Arbeitspaketen in den 
Prozessphasen angeht, 

 produktabhängige Kostentreiber - eine detailliertere Größenmetrik, die den 
Einführungs- bzw. Customizingaufwand besser abbildet und 

 nichtlineare Regressionsansätze.  



 Position Papers 33

Die Übertragbarkeit der Ergebnisse auf Produkte anderer Anbieter wie SAP, Baan 
oder etwa Navision ist mit dem vorgestellten Ansatz noch nicht gegeben. Um die 
Schätzgleichung zu verallgemeinern muss die Datenbasis erheblich erweitert 
werden. Der gewählte Ansatz bietet die Basis und das Potential, weitere 
Forschungen auf diesem Gebiet voranzutreiben. 
 
Wir suchen auch auf diesem Weg Kontakt zu anderen Anbietern von ERP-Lösungen, 
um unsere Untersuchungen weiter auszudehnen. 
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6 References  
Abstract. The following paper describes the area of software measurement from a 
formal point of view as a basic for application of software metrics in the different fields 
of software engineering. At first, we discuss the measurement background addressing 
the different parts of software engineering as software product, software process and 
software resources. A short overview of existing formal approaches of software metrics 
and software measurement helps to motivate our general formal description. This 
formalization supports the evaluation of the metrics or measurement level themselves. 
A short summary describes the benefits and open tasks in software measurement 
formalization and application. 

 
 
1 Introduction 
 
The formal description of software measurement and evaluation combines some 
existing formal approaches like  
 

• Descriptive techniques of program construction 

• Software modelling based on the graph theory including semantic networks 

• Software engineering modelling based on the empirical approaches 

• Foundations of descriptive and operative statistics 

• Basics of the set theory and algebra 

• Finally, the measurement theory itself. 
 
In following we will use some of these formal techniques in order to describe the 
fundamental aspects of the software measurement. On the other hand, this 
formalization can be helpful to discuss some kinds of interpretations, of application 
and of misinterpretations also – as pitfalls in the field of software evaluation 
techniques. 
 
2 The Software Measurement Background 
 
2.1  Software Engineering 
 
Basically, we should formulate the general background on software measurement as 
the software engineering itself. The following definition is the classical IEEE 
description of software engineering in the following form [IEEE 90]: 
 

„Software engineering is the application of a systematic, disciplined, 
quantifiable approach to the development, operation, and maintenance of 
software; that is, the application of engineering to software. “ 

 
This definition leads us to the simple visualization of the software engineering 
components in the following manner ([Dumke 03], [Marciniak 94], [Pfleeger 98]).   
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Figure 1: Basic characteristics of software engineering 
 
Considering this characterization, we can formulate in the following simple structure 
of the software engineering SE  area as a system in general: 

 
SE = (MSE, RSE) = ({SE-Methods, CASE, SE-SystemOfMeasures1, SE-Standards,                    
(2.1) 

SE-SoftwareSystems, SE-Experience, SE-Communities}, RSE ) 
 
where RSE  represents the set of all relations between the elements of the set MSE 
where the elements of MSE mean in detail  
 

SE-Methods: “Structured approaches to software development which include 
system models, notations, rules, design advice and process guidance.” 
[Sommerville 04] 
 
CASE: (Computer-Aided Software Engineering) “Software systems which are 
intended to provide automated support for software process 
activities.”[Sommerville 04] 
 
SE-SystemOfMeasures: A set of metrics and measures in order to measure and 
evaluate all aspects, components and methodologies of the software 
engineering areas. [Zuse 98] 
 
SE-Standards: The software engineering standards are a set of rules and 
principles as a foundation of control and examination of components achieving 
special defined characteristics certified by an consortium like IEEE or ISO. 
[Dumke 03] 
 
SE-SoftwareSystems: A software system respectively a software product “is a 
purposeful collection of interrelated components that work together to achieve 
some objectives” and requirements. It includes the computer programs and the 
associated documentation. [Sommerville 04] 
 
SE-Experience: The experience summarizes the general aspects of laws, 
principles, criterions, methodologies and theories in software engineering in the 

                                                           
1 We use this kind of notification adapted from the OO area for more mnemonics. 
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different forms of aggregation, correlation, interpretation and conclusion based 
on a context-depended interpretation. (derived from [Davis 95]) 
 
SE-Communities: The software engineering community involves the poeples, 
organisations, events and initiatives in which interpersonal relationships made 
an integral part considering aspects or paradigms in software engineering. 
[Figallo 98] 

 
Based on (2.1) we can formulate the following examples, components and elements 
of RSE: 
 

• The process of producing new or extended experience in software 
engineering: 

r  ∈ R)ExperienceSE(
SE

−
SE: SE-Methods × CASE × SE-SoftwareSystems → SE-Experience                   

(2.2) 
 
• The general activities in order to define new standards in the SE: 

r  ∈ R)dardstanSSE(
SE

−
SE: SE-Methods × SE-SoftwareSystems × SE-Communities → SE-Standards     

(2.3) 
 

• The process of extension the set of measures during the software 
development, maintenance or application : 

r ∈R)asuresSystemOfMe(
SE SE:SE-Methods×SE-SoftwareSystems ×systemOfMeasures→systemOfMeasures´(2.4) 

 
• The characterization of the software quality personnel as following: 

r  ∈ R)( tySQACommuni
SE SE: SE-Communities × systemOfMeasures → measurementStaff      

(2.5) 
 
2.2  The Software Product 
 
The main intention of software engineering is to create/produce software products 
with a high quality for the customers. A software systems or software product SP 
was developed by the software process SD and is based of the supporting 
resources SR. 
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Figure 2: The general software development process 

At first, we will define the software product as a (software) system as 
 

SP = (MSP, RSP) = ({programs, documentations}, RSP)                       
(2.6) 

 
where the two sets are divided in the following elements or components (without 
achieving the completeness) 
 

programs ⊆ {sourceCode, objectCode, template, macro, library, script, plugIn, setup, demo}       
(2.7) 
 

documentations = {userManual, referenceManual, developmentDocumentation}                  
(2.8) 
 
and RSP describes the set of the relations over the SP elements.  
 
 
The given subsets could be described in following 
 
 

developmentDocumentation = {documentationElements} ={productRequirements,       
(2.9) 

productSpecification, productDesign, implementationDescription}   
 

 documentationElements ⊆ {model, chart, architecture, diagram, estimation, review,    
(2.10) 

audit, verificationScript, testCase, testScript, pseudoCode, 
extensionDescription, qualityReport } 

 
 productRequirements = systemRequirement ⊆ {functionalRequirements, qualityRequirements,    
(2.11) 

platformRequirements, processRequi rements} 
 
 functionalRequirements ⊆ {execution, mapping, information, construction, controlling,     
(2.12) 
    communication, learning, resolution, cooperation, coordination}2

 
 qualityRequirements ⊆ {functionality, reliability, efficiency, usability, maintainability,    
(2.13) 
    portability}3

 
 platformRequirements ⊆ {systemSoftware, hardwareComponent, hardwareInfrastructure,   (2.14) 
    peripheralDevice, host} 
 
 processRequirements ⊆ {developmentMethod, resources, cost, timeline, milestone, criticalPath,   
(2.15) 

developmentManagement, lifecycleModel} 
 
 

                                                           
2 The kind of the functional reuqirements depends on the kind of the software system which we 

characterize later. 
3 This set of quality characteristics is related to the ISO 9126 product quality standard. 
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A simplified view of the software product shows the following Figure 3 of the product 
aspects during the development and application that must be defined through the 
product requirements. 
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Figure 3: Simplified visualization of the product characteristics 

 
This visualization could help us for further investigations of the detailed component 
and aspects of a software product. The software product is related to the application 
domain which we explain later. Here, we can define a software product as a software 
system as following ([Chung 00], [Dumke 03], [Horn 02], [Maciaszek 01], [Marciniak 
94], [Mikkelsen 97]) 
 

SE-SoftwareSystems ⊆ {informationSystem, constructionSystem, embeddedSystem, 
  communicationSystem, distributedSystem, knowledgeBasedSystem}    
(2.16) 

 
Some of the examples of the relations in RSP could we deriving as following 
 

• The process of the software testing on some software product components: 

r  ∈ R)test(
SP SP: sourceCode × verificationScript × testScript→ testDescription                  

(2.17) 
 
• The elements of the product design considering the necessary components: 

r  ∈ R)design(
SP SP: architecture × review × template × library × pseudoCode→ productDesign              (2.18) 

 
• A special kind of a programming technique could be defined as following: 

r  ∈ R)gTechniqueminprogram(
SP SP: template × macro → sourceCode                   (2.19) 

 
• The process of the software testing on some software product components: 

r  ∈ R)tionimplementa(
SP SP: coding × unitTest × integrationTest → implementation                  

(2.20) 
 
 
The following figure summarizes the components and elements of the software 
product described in the text above. 
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Figure 4: Components of the software product 

 
2.3  The Software Development Resources 
 
In order to develop a software product we need resources such as developer, CASE 
tools and variants of hardware. Therefore, we define the software development 
resources SR as following 
 
 SR = (MSR, RSR) = ({personnelResources, softwareResources, platformResources}, RSR)               
(2.21) 

  
where the software resources play a dual role in the software development: as a part 
of the final system (as COTS or software components) and as the support for the 
development (as CASE or integrated CASE as ICASE). The following Figure 5 shows 
a possible distribution of the different characteristics addressed to the main parts of 
the software development resources. 
 

     personnel resources  software resources  platform resources 
     characteristics:   aspects:     characteristics: 
 

    skills                  communication       compatibility             paradigm        reliability                         availability  
 
              (mobile) 
   user          customer           COTS           ICASE   computers              peripherals 
             (hosts)                    
 
 development team 
     (test team) 
     system software                    networks 
 maintenance team     architectures 
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productivity   performance    performance  

Figure 5: Simplified visualization of the resources characteristics 
We continue our definition as following 
 

softwareResources = {COTS} ∪ {ICASE}                      
(2.22) 
ICASE = CASE ∪ CARE ∪ CAME                       
(2.23) 

 
where CARE stands for computer-aided reengineering and CAME means computer-
assisted measurement and evaluation tools. Considering the WWW aspects and 
possibilities for software development infrastructures based on CASE environments, 
the set of CASE tools could be divided as following 
 
 

 CASEinfrastructure = { ( {UpperCASE} ∪ {LowerCASE} )environment   }                   
(2.24) 

 
 
Further, we can define 
 

 UpperCASE = {modellingTool, searchTool, documentationTool, diagramTool, 
  simulationTool, benchmarkingTool, communicationTool}                   
(2.25) 
 
 LowerCASE = {assetLibrary, programmingEnvironment, programGenerator,  

 compiler, debugger, analysisTool, configurationTool}                                 
(2.26) 

 
 
Especially, we can describe the following uncompleted list of personnel resources as 
 

personnelResources = {analyst, designer, developer, acquisitor, reviewer, programmer, tester,   
(2.27) 
 administrator, qualityEngineer, systemProgrammer, chiefProgrammer, customer} 
  
SE-Communities = {personnelDevelopmentResources, ITadministration, softwareUser,     
(2.28) 
 computerSociety} 

 
 
Accordingly, some of the examples of the relations in RSR could we deriving in the 
following manner 
 

• The process of building an appropriate development environment: 

r  ∈ R)devEnv(
SR SR: ICASE × platformResources → developmentEnvironment                              

(2.29) 
 
• The defining of software developer teams for the agile development:  

r  ∈ R)agile(
SR SR: programmer × programmer × customer → agileDevelopmentTeam                 

(2.30) 
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Now, we summarize the different elements and components of the resources as the 
basics of the software development and maintenance in the following figure. 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Components of the software development resources 
 
2.4  The Software Development Process 
 
Now, we will define the software development process SD itself (note, that the 
concrete software process is known as software project). At the beginning we will 
show the general process aspects in the following Figure 7. 
 

software lifecycle        software management        software methodology 
components:       aspects:         characteristics: 
 

       milestones     controlling                        versioning     suitability           support 
        
 problem definition        project management           ap-      develop-     upper 
 requirement analysis/                        proach   ment me-     CASE 
     specification       quality            configu-        thodology 
 design        manage-         ration ma-       para-       
        ...    implementation       ment               nagement       digm    implemen-    lower 
 field test        maintenance management       tation me-    CASE 
              thodology 
   phase aspects   evaluation    
   workflow          efficiency 
 

Figure 7: Simplified visualization of the process characteristics 
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So, we can define the software process SD as following (including the essential 
details of every development component) 

 
SD = (MSD, RSD) = ({developmentMethods, lifecycle, softwareManagement} ∪ MSR, RSD)                 
(2.31) 
 

developmentMethods ⊆ {formalMethods, informalMethods} = SE-Methods                  
(2.32) 
 
formalMethods ∈ {CSP, LOTOS, SDL, VDM, Z}                     
(2.33) 

 
We can see a plenty of “classical” informal development methods as structured 
methods SAM. Actually, the informal methods are based on the objects OOSE, the 
components CBSE, or the agents AOSE. Therefore, we can define 
  informalMethods ∈ {SAM, OOSE, CBSE, AOSE}         
(2.34) 
 
and especially 
  
 SAM ∈ {SA/SD, Jackson, Warnier, HIPO}                      
(2.35) 
 
  OOSE ∈ {UML, OMT, OOD, OOSE, RDD, Fusion, HOOD, OOSA}     
(2.36) 
 
  CBSE ∈ {DCOM, EJB, CURE, B-COTS, SanFrancisco}       
(2.37) 
   
  AOSE ∈ {AAII, AUML, DESIRE, IMPACT, MAS, MaSE, MASSIVE, SODA}    
(2.38) 
 
The life cycle aspects could be explained by the following descriptions 
 
  lifecycle = {lifecyclePhase, lifecycleModel}        
(2.39) 
 
  lifecyclePhase ∈ {problemDefinition4, requirementAnalysis, specification, design,  
   implementation, acceptanceTest, delivering}      (2.40) 
 
  lifecycleModel ∈ {waterfallModel, Vmodel, evolutionaryDevelopment, prototyping, 
   incrementalDevelopment, spiralModel, …, winWinModel}     
(2.41) 
 
Finally, the software management component of the MSD could be described in the 
following manner 
 
  softwareManagement = developmentManagement ⊆ {projectManagement, 
   qualityManagement, configurationManagement }    (2.42) 
 
Note that the software development process could be depended or addressed to a 
special kind of a software system. Hence, we can make the following characterization 
  

SDinformationSystem  ≠  SDembeddedSystem  ≠  SDdistributedSystem  ≠  SDknowledgeBased System      
(2.43) 

 
                                                           
4 Problem definition is a verbal form of the defined system or product requirements. 
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Furthermore, some of the examples of the relations in RSD could we deriving in the 
following manner 

• The process of building an appropriate life cycle model: 

r  ∈ R)lifecycle(
SD SD: lifecyclePhase

1i
 × … × lifecyclePhase  → lifecycleModel    

(2.44) 
ni

• The defining of software development based on the waterfall modell:  

r  ∈ R)waterfall(
SD SD: problemDefinition × specification × design      

(2.45) 
× implementation × acceptanceTest → waterfallModel  

• The defining of software development based on the V modell:  

r  ∈ R)elmodV(
SD SD: (problemDefinition, softwareApplication)       

(2.46) 

     × (specification, acceptanceTest) × (design, integrationTest), 
× (coding, unitTest) → Vmodel  

• The characterization of the tool-based software development based on UML:  

r  ∈ R)UMLdev(
SD SD: UML × developmentEnvironmentUML × systemOfMeasuresUML    

(2.47) 
           × experienceUML × standardUML → developmentInfrastructureUML  
 
These descriptions lead us to the following general model of the software engineering 
considering the three dimensions of the software methodology, the software 
technology and the related application domains or kinds of systems. 
 

 
   

Figure 8: Dimensions of the software engineering 
 
Finally, the components and aspects of the software development process are shown 
in the following Figure 9. 
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Figure 9: Components of the software process 
 
2.5  The Use of the Software Product 
 
After the software development, the software product goes in two directions: at first 
(the original sense of a software product) to the software application SA, second in 
the software maintenance SM. We define the different aspects in following 
 
        SA = (MSA, RSA) = ({applicationTasks, applicationResources, applicationDomain} ∪ MSP, RSA)   
(2.48) 
 
where means 
 

applicationTask ∈ {delivering, operation, migration, conversion, replacement}     
(2.49) 
 

 applicationResources = {applicationPlatform, applicationPersonnel, applicationDocuments}   
(2.50) 
 
 applicationPersonnel ⊆ {customer, user, operator, administrator, consultant, trainer}    
(2.51) 
 
 applicationDomain ⊆ {organisationalDocument, law, contract, directive, rightDocument}           
(2.52) 
 
 applicationDocument ⊆ {userManual, trainingGuideline, acquisitionPlan, setup,                  
(2.53) 

damageDocument, troubleReport}  
 
Based on these definitions, some of the examples of the relations in RSA could we 
deriving in the following manner 

• The process of the first introduction of the software product as deliveration: 

r  ∈ R)deliver(
SA SA:            

(2.54) 
SP  × trainer × applicationPersonnel × applicationPlatform → deliveration 

• The defining of software migration based on essential requirements:  

r  ∈ R)migration(
SA SA: productExtension × SP  × migrationPersonnel→ migration    

(2.55) 

• The characterization of software operation:  
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r  ∈ R)operation(
SA SA: applicationPersonnel × applicationPlatform × SP      

(2.56) 
× user → operation 

• The defining of the outsourcing of the software operation by extern IT 
contractors:  

r  ∈ R)goutsourcin(
SA SA: systemInputs × contractors × systemFeedback → outsourcing   

(2.57) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10: Components of the software product application 

 
2.6 The Software Maintenance 
 
The different aspects and characteristics of the software maintenance are 
summarized by the following formulas 
 
 SM = (MSM, RSM) = ({maintenanceTasks, maintenanceResources} ∪ SP)     
(2.58) 
 
where means  
 
  maintenanceTasks = {extension, adaptation, correction, improvement, prevention}   
(2.59) 
 
  maintenanceResources = ICASE ∪ {maintenancePersonnel, maintenancePlatform}   
(2.60) 
 
  maintenancePersonnel = {maintainer, analyst, developer, customer, user}    
(2.61) 
 
 
Accordingly, some of the examples of the relations in RSM could we deriving in the 
following manner 
 

• The process of building the extension activity of the maintenance: 
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r  ∈ R)extension(
SM SM: SP × functionalRequirements → SP(extended)     (2.62) 

 
• The defining of software correction:  

r  ∈ R)correction(
SM SM : SP × qualityRequirements → SP(corrected)      

(2.63) 
 
• The defining of software adaptation:  

r  ∈ R)adaptation(
SM SM : SP × platformRequirements → SP(adapted)                   

(2.64) 
 
• The defining of software improvement:  

r  ∈ R)perform(
SM SM : SP × performanceRequirements → SP(improved)     

(2.65) 
 

• The defining of software prevention:  

r  ∈ R)prevention(
SM SM : SP × preventionRequirements → SP(modified)     

(2.66) 
 
• The characterization of a special kind of software maintenance as remote 

maintenance:  

r  ∈ Rint)remoteMa(
SM SM : ICASEremote × maintenanceTasks       

(2.67) 
 × maintenancePersonnel → remoteMaintenance  
 
 
 
 
 
 
 
 
 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11: Components of the software maintenance 
 
2.7  Software Probabilities and Causalities 
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At the end of this section we will establish some special experience for motivating the 
software measurement intentions ([Basili 01], [Boehm 00a], [Clark 02], [Davis 95], 
[Dumke 03], [Dumke 95], [Dumke 98], [Dumke 98a], [Endres 03], [Herbsleb 03], 
[Jones 91], [Kitchenham 02], [Kitchenham 97], [Pfleeger 98], [Putnam 03], [Zuse 91]). 
 

• Problems of software management and application: 
 

o #(development method)IT area >> 1: leads to the problem in managing the 
software process including the software personnel and CASE. But, we do 
not know the thresholds for the acceptability. 
 

o More than 99 percent of all executing computer instructions come from 
COTS products. And, the average COTS software product undergoes a 
new release every eight to nine months, with active vendor support for 
only its latest three releases. 
 

o Nondevelopment costs, such as licensing fees, are significant, and 
projects must plan for and optimize them.  

 
o The complexity of IT projects is divided in organizational complexity 

(structural and dynamic) and in technological complexity (structural and 
dynamic) [Xia 04] and must be considered in this context. 

 
o Note that the software product depends on the different development 

aspects such as the kind of the development method m, the product class 
p, the variant of the process f, the type of (basic) platform b, and the kind 
of the development team e. Hence, we can formulate the software product 
elements in the following detailed form  

MSP (p,m,b,e,f) = ⊔ i {programi(p,m,b,e,f)} ∪  ⊔ j{documentationj(p,m,b,e,f)}    
(2.68) 

 
 

• Probabilities in software development: 
 

o Product specification → formal product implementation: would be achieved 
with few or more effort as verification. But the principles of customer 
satisfied development expressed by the implication product requirements 
→ product implementation is not kept automatically. That means that the 
probability p(validation) << 1 should be the usual situation.  
 

o Applied test cases << all possible/necessary test cases: this well-known 
situation implicates an effect of probability as p(correctness) << 1. 

 
o Probability of errors in programs: Halstead estiamtes that professional 

software includes three errors per 1 KLOC source code (see [Halstead 
77]). 
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o Schedule probability curve: “The basic idea is to use the probability curves 
to let us back off from the planned schedule for enough to provide the risk 
protection we need. Our work plan must always be located on the time-
effort trade-off line.” [Putnam 03] 

 
o Limitations of direct model checking: “Model checking and verification are 

usually performed on a model of the verified system, rather than being 
applied directly. One reason for this is that without introducing some 
abstraction, the amount of detail we need to consider quickly becomes 
extremely large.”[Peled 01] 

 
o Process modelling by Bayesian networks: The characteristics of 

probabilistic networks like Baysian entwroks are helpful in order to 
modelling software quality aspects and process-related structures. [Fenton 
02] 

 
• Causalities in software engineering (cited from [Davis 95]): 
 

o General principles: “Productivity and quality are inseparable.” 
“Communicate with the customers/users.” “Change during development is 
inevitable.” “Technique before tools.” “Most cost estimates tend to be low.” 
“What applies to small systems does not apply to large ones.” “A system 
that is used will be changed.” 

 
o Software specification:”Prototypes reduce risk in selecting user interfaces.” 

“Requirement deficiencies are the prime source of project failures.”  
 

o Software design: “Design for change, maintenance, and errors.” 
“Hierarchical structures reduce complexity.” “Architecture wins over 
technology.” “Software reuse reduces cycle time and increases 
productivity and quality.” 

 
o Software coding and testing: “Don’t test your own software.” “Don’t 

integrate before unit testing.” “Instrument your software.” “Don’t errors 
personally.” “Online debugging is more efficient than offline debugging.” 

 
o Software measurement: “Measurements are always based on actually 

used models rather than on desired ones.” “Empirical results are 
transferable only if abstracted and packaged with context.” “Measurement 
requires both goals and models.” 

 
o The following cause-and-effect diagram shows the classification of some 

aspects of the software process [Florac 99]. 
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Figure 12: A process classification cause-and-effect diagram 
 
In the following section we will discuss about the current existing formal approaches 
of software measurement and a system approach of software measurement itself. 
 
3  Some of the Existing Formal Approaches of Software Measurement 
 
Formal approaches for the software measurement frameworks can be divided in 
algebraic approaches, axiomatic approaches, functional approaches, rule-based 
approaches, structure-based approaches and information-theoretic approaches. 
Note, that this classification could be involved some effects of covering or subjective 
interpretation. 
 
In following we explain some examples of these measurement approaches. The 
software measurement itself is directed at the process, product, and resources. 
These components were characterized by internal and external attributes, and the 
measurement includes also the assessment and the prediction. The areas of 
software measurement are the cost and effort estimation, the productivity measures, 
the quality control and assurance, the data collection, the quality models and 
measures, the reliability models, the performance evaluation, the 
algorithmic/computational complexity, and the structural and complexity measures.  
 
 
 
3.1  Algebraic Approaches of Software Measurement 
 
One of the well-known example in the metrics community is given by Shepperd in 
[Shepperd 95] and includes the general formal description as 
 

• an algebraic description of the measured model (mod stands for module) 
                   new: → design             
(3.1) 
                    add: mod ×  design → design 
 

• a general description of a metric 
        

 metric: design → nat                          
(3.2) 

  
• a special description of a concrete metric (e. g. module counting) 
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 m: mod              
(3.3) 
 D: design 
 metric(new) = 0 
 metric(add(m,D)) = 1 + metric(D) 

 
In [Shepperd 95] is given a full description of a module-based system design metric 
including the fan-in and fan-out characteristics. 
 
Hastings and Sajeev use an algebraic specification language for software design 
and derive a Vector Size Measure (VSM) [Hastings 01]. The vector consists of two 
fundamental size attributes, i. e., functionality and problem complexity. Functionality 
could be measured by the Halstead’s intention of the number of operands and 
operators (Ops). The problem complexity of an ADT (abstract data type) is defined as 
the distinct number of nonredundant semantic properties measured as the sum of the 
Ops in the semantic section of the ADT. Hastings represents software size as a two-
dimensional vector which has both magnitude and direction. Using plain vector 
algebra, magnitude m is defined as 

m = 22 cf +            
(3.4) 

 
where f is the functionality and c the problem complexity. The magnitude is the 
measure that takes problem complexity and functionality into account in a balanced 
and orthogonal manner. The gradient defined as 
 

g = 
f
c

            

(3.5) 
 
is a ration of problem complexity and functionality which tells us about the relative 
dimensions of systems, i.e., the characteristics of software systems. 
 
As a generalized algebraic approach we can consider the measurement approach of 
Whitmire [Whitmire 97]. He defines a theory of objects based on categories and 
derives the possible or appropriate measures and metrics. This helps to evaluate the 
object-oriented development process itself. Most of the measures are based on a 
distance-based approach using the measurement theory by Krantz (see [Krantz 89]). 
 
A special approach by Wang and King uses the process algebra based on the CSP 
(communicating sequential processes) description [Wang 00]. This approach 
considers the different process quality standards: CMM, ISO 9001, Boostrap and 
SPICE. Examples of the CSP-based model description are 
 

• CMM: The Capability Maturity Model description includes the different CMM 
levels (CLi) based on the typical key process area (KPAj,k) in the following 
manner: 

 
CL1 ≜ ∅                           
(3.6) 
 
CL2 ≜ KPA2,1 ∥ KPA2,2 ∥ KPA2,3 ∥ KPA2,4 ∥ KPA2,5 ∥ KPA2,6 
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CL3 ≜ KPA3,1 ∥ KPA3,2 ∥ KPA3,3 ∥ KPA3,4 ∥ KPA3,5 ∥ KPA3,6 ∥ KPA3,7 

 
CL4 ≜ KPA4,1 ∥ KPA4,2 
 
CL5 ≜ KPA5,1 ∥ KPA5,2 ∥ KPA5,3 

 
These basic process descriptions are used in order to define the algorithms of 
CMM evaluation which are estimated in their performance themselves. 
 

• ISO 9001: This process evaluation is based on different subsystems (SSi) 
which include the evaluated main topic areas (MTAj,k)  

 
SS1 ≜ MTA1,1 ∥ MTA1,2 ∥ MTA1,3 ∥ MTA1,4 ∥ MTA1,5 ∥ MTA1,6 ∥ MTA1,7                     
(3.7) 

 
SS2 ≜ MTA2,1 ∥ MTA2,2 ∥ MTA2,3 ∥ MTA2,4 ∥ MTA2,5
 
SS3 ≜ MTA3,1 ∥ MTA3,2 ∥ MTA3,3 ∥ MTA3,4 ∥ MTA3,5 ∥ MTA3,6 ∥ MTA3,7 ∥ MTA3,8 

 
In the same manner like in the CMM performance evaluation, the general 
evaluation algorithm is defined and is used to compare the ISO 9001 
evaluation with the other ones. 

 
• BOOTSTRAP: This evaluation considers three process areas (PAi) divided in 

nine process categories (PCj,k) based on 35 process evaluations (PRl,m,n). The 
first simple evaluation level can be characterized as 

 
PA1 ≜ PC1,1 ∥ PC1,2             
(3.8) 

 
PA2 ≜ PC2,1 ∥ PC2,2 ∥ PC2,3 
 
PA3 ≜ PC3,1 ∥ PC3,2 ∥ PC3,3 ∥ PC3,4 

 
The PC2,2 for example consists of the process sequence PC2,2,1 ∥ PC2,2,2 ∥ … ∥ 
PC2,2,10.  The algoithmic-based description helps to estimate the evaluation 
performance effort. 
 

• SPICE: The SPICE process evaluation considers the process catergories 
(PCi) divided in customer supplier criteria (CUSi,j), engineering criteria (ENGi,j), 
project criteria (PROi,j), support criteria (SUPi,j), and organization criteria 
(ORGi,j). The evaluation can be described as 

PC1 ≜ CUS1,1 ∥ CUS1,2 ∥ CUS1,3 ∥ CUS1,4 ∥ CUS1,5 ∥ CUS1,6 ∥ CUS1,7 ∥ CUS1,8      
(3.9) 
 
PC2 ≜ ENG2,1 ∥ ENG2,2 ∥ ENG2,3 ∥ ENG2,4 ∥ ENG2,5 ∥ ENG2,6 ∥ ENG2,7 

 
PC3 ≜ PRO3,1 ∥ PRO3,2 ∥ PRO3,3 ∥ PRO3,4 ∥ PRO3,5 ∥ PRO3,6 ∥ PRO3,7 ∥ PRO3,8
 
PC4 ≜ SUP4,1 ∥ SUP4,2 ∥ SUP4,3 ∥ SUP4,4 ∥ SUP4,5

 
PC5 ≜ ORG5,1 ∥ ORG5,2 ∥ ORG5,3 ∥ ORG5,4 ∥ ORG5,5 ∥ ORG5,6 ∥ ORG5,7 
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In the same manner are defined general algorithms for the application of the different 
process evaluation standards which help to compare the efficiency of the different 
approaches. 
 
3.2  Axiomatic Approaches of Software Measurement 
 
A (classical) axiomatic approach is given by Prather in [Prather 84]. The basic idea is 
the restricted program constructs of the structured programming (the sequence, the 
selection, and the repetition). On this basis was defined a (complexity) measure as 
 

• measure(sequence) = term1,          
(3.10) 

  
• measure(selection) = term2, 
  
• measure(repetition) = term3 . 

 
The description of the measures includes the measure value for a simple statement. 
The measure value of a program was executed by use of the three axioms above. 
This approach can also be used for the classification of the software measures which 
consider the characteristics above [Tian 95]. 
 
Another axiomatic approach is given by Zuse ([Zuse 89], [Zuse 91] and [Zuse 92]) 
and was the first application of the measurement theory consequently. The main idea 
is the definition of an empirical relational system and a numerical relational system. 
Software measurement is a homomorphism as (see also [Poels 99] and [Whitmire 
97]) 
 
             object1    ≥empirical   object2     ⇔  measure(object1)  ≥numerical   measure(object2)      
(3.11) 
 
 
The axioms of the weak order, the weak associativity, the weak commutativity, the 
weak monotonicity, and the Archimedean axiom help to determine the scale types of 
a concrete software measure. The following figure shows the ZD-MIS-Tool from Zuse 
that includes more than thousand metrics description and can be used for teaching of 
measurement theoretic based software metrics analysis [Zuse 98]. 
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Figure 13: The Zuse-Drabe measurement information system 

 
This approach supports the full characterization of a measure including the correct 
application of statistical analysis methods ([Dumke 94], [Zuse 03]). 
 
Poels argues in the same manner and prefers the distance-based measures based 
on the mathematical meaning of metrics spanning a metric space [Poels 99]. See the 
following definition: Let X be a set. The function δ: X × X → ℝ is a metric if and only 
if: 
 

1. ∀ x,y ∈ X: δ(x,y) ≥ 0   non-negativity       
(3.12) 

2. ∀ x,y ∈ X: δ(x,y) = 0 ⇔ x=y  identity 
3. ∀ x,y ∈ X: δ(x,y) = δ(y,x)   symmetry 
4. ∀ x,y ∈ X: δ(x,y) ≤ δ(x,z) + δ(z,y)  the triangle inequality 

 
If δ: X × X → ℝ is a metric than (X, δ) is a metrics space. Poels especially consider 
the measurement of object-oriented software systems. 
 
3.3  Functional Approaches of Software Measurement 
 
The notion of functrional measurement approaches intends to the description of the 
formulas which will be the conclusion of measurement-based experience and/or laws. 
 
A lexical analysis of source code was intended by Halstead [Halstead 77]. He 
consider the tokens with a value are operands denoted by η1 as the number of 
unique operators and the algorithm operators denoted by η2 as the number of unique 
operands in a programming language. The other direct measures are the N1 as the 
total usage of all of operators and the N2 as the total usage of all of operands 
appearing in that implementation. Based on these characteristics and the measure of 
vocabulary 
 
    η  = η1 + η2          
(3.13) 
 
Halstead defined the following formulas of software characterization for instance 
 
  Program length:   N = N1  + N2         
(3.14) 
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  Program volume: V = N 2log η          
(3.15) 
 

  Program level:  
V

*VL =          

(3.16) 
 
with V* as the minimal program volume assuming the minimal set of operands and 
operators for the implementation of a given algorithm 
 
  Program effort: E = 

L
V

          

(3.17) 
 

  Difficulty of implementation: D = 
2

21

2η
η N

        

(3.18) 
 

  Programming time in seconds: T = 
S
E

        

(3.19) 
 
with S as the Stroud number (5 ≤ S ≤ 20) which is introduced from the psychological 
science. Note that the Halstead metrics leads to some difficulties considering the 
empirical-based scale characteristics. 
 
The COCOMO of Boehm (see also [Boehm 00b]) is an example of a functional 
measurement approach. The preprocess of measurement is used for estimation of 
development effort based on the main formula  
 
                                     effort = α LOCβ           
(3.20) 
 
α and β have special values for special project characteristics. The problem is to 
estimate the lines of code (LOC). The formula is a summarizing of experience of the 
software development effort. A special form of the COCOMO formula is for the 
personal effort in month (PM) for instance  
 
     n 

PM = A × SizeE ∏  EMi + PMAuto        
(3.21) 

                i=1 

 
EM and E are scale factors and Auto stands for the part of reused code. Today, 
some of interesting versions of COCOMO exist like COPSEMO (constructive phased 
schedule and effort model), CORADMO (constructive rapid application development 
cost model), COCOTS (constructive COTS cost model), and COPROMO 
(constructive productivity cost model) [Boehm 00b]. Interesting kinds of cost 
estimation analysis are the investigation of the  sensitivity(δPM/δEM) by Musilek et 
al. [Musilek 02] and the use of genetic programming by Dolado [Dolado 01]. 
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Another functional approach of software measurement is given by Ejiogu in [Ejiogu 
91] and is based on the problem refinement shown in the following Figure 14. 
 
                                                          problem definition        
(3.22) 
 
                         subproblem1          subproblem2       .   .  .         subproblemn
 
                     subsubproblem1     subsubproblem2     .  .  . subsubprobleml       .   .   . 
 
                                           .   .   . 
 
                      module1          module2            .  .  .              modulek
 

Figure 14: Hierarchical problem refinement by Ejiogu 
 
The functional approach consists of the definitions of the measures as formulas such 
as height of the tree, and characterizes the monadicity, the entropy, the cohesion and 
coupling of the modules, the degree of refinement, the modularity, the maintainability, 
the test coverage, the reliability, and the level depended productivity. 
 
A further functional approach of measurement is the function point method of 
Albrecht (see also in the discussion by Jones in [Jones 91]) that was based in the 
execution of the unadjusted function points (UFP) 
 
                                  UFP = a × inputs + b × outputs + c × requires +       
(3.23) 

d × internal data + e × external data 
 
with the factors divided in “simple”, “average” and “complex” as a ∈ {3,4,6}, b ∈ 
{4,5,7}, c ∈ {3,4,6}, d ∈ {7,10,15} and e ∈ {5,7,10} for every (software) component. 
The final calculations with adjustment factors such as communication intensity, 
embedded characteristics, large data base etc. leads to the final function points. This 
function points can be mapped to the personal month (effort) of the software product 
development with the approximative execution of the personal month PM related to 
the function points FP by Bundschuh [Bundschuh 00] as 
 

PM ≈ 0.015216 FPP

1.29         
(3.24) 

 
Today, some versions of this approach exist especially for simplification of the 
counting such as the COSMIC Full Function Point (FFP) standard [COSMIC 03]. 
 
Another well-known functional approach considers the whole software life cycle as 
the software lifecycle management (SLIM) by Putnam ([Putnam 78], [Putnam 03]) to 
the following formula for effort E estimation 
 

E(t) = 
2

2

2
2

dt
t

d

te
t
K

−

          

(3.25) 
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with K as effort for the whole life cycle in personnel month (PM), td as the duration of 
the system development in years, and t as the time point of estimation during the life 
cycle. 
 
The measurement intention of monitoring for the specification of real-time systems 
was described by Peters and Parnas in a formal manner [Peters 02]. A real-time 
system can be specified by an environmental state function based on the quantities 
Qi 
 

S: Real → Q1 × Q2 × . . . × Qn        
(3.26) 

 
defined on all intervals of system operation, the monitored state function as the time t 
as 
 

mt: Real → Q1 × Q2 × . . . × Qi        
(3.27) 

 
is derived from the environmental state function, by including only the monitored 
quantities, the controlled state function 
 

ct: Real → Qj × Qj+1 × . . . × Qn        
(3.28) 

 
describes the controlled quantities, the input state function 
 

it: Real → I1 × I2 × . . . × In                         (3.29) 
 
representing the values of the input quantities during the system operation, and the 
output state function 
 

ot: Real → O1 × O2 × . . . × Om        
(3.30) 

 
representing the values of the output quantities during system operation. Considering 
that M summarizes the mt , I the set of the functions it, C the set of the functions ct, O 
the set of the functions ot, and the relations IN ⊆ M × I and OUT ⊆ O × C it was 
create a software monitor that directly observes the target system software input and 
output variables as INmon as follows 
 

INmon = {((mt , ct), (it , ot)) | IN(mt , it) ∧ OUT(ot , ct)}                   
(3.31) 

 
Furthermore, a system monitor is a monitor that observes (mt , ct) using its own input 
devices. 
 
The idea of Munson in his formal description of the program operation [Munson 03] 
can also be considered as a functional approach. Based on the user operations O 
are implemented software functions F described in the following formula 
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  }{ )f,o(IMPLEMENTSF:fF )o( ∀=         
(3.32) 
 
We assume a module structure of the software system S and can describe the 
common modules Mc which are involved in all of the functionality of S as following 
 
  Mc = }{ )m,f(ASSIGNSFfM:m •∈∀         
(3.33) 
 
Especially, the set of modules for the operation oi is: 
 
  { }1=∈= )m,f(c,FfM:mM )o()o(

u
ii         

(3.34) 
 
The relation c shows the set of functions in a module. So we can derive the user 
operation profile and the system functional profile which help us to consider the 
appropriate test strategies. 
 
 
3.4  Rule-Based Approaches of Software Measurement 
 
One example of this approach is given by Hausen in [Hausen 91] and is based of the 
definition of rules for the given (software) product in the form 
 
               IF     predicate1   predicate2    .  .  .  predicatel   activity  estimationexpert   predicate    (3.35) 
 
              THEN    volumecomponent   predicate 
 
 
where the rules was defined for the component as activities, objects, functions, data, 
procedures, and variables. In the same manner was defined the quality rules related 
to the special software components.  
 
Another rule-based approach consists of the formal language rules by Jacob and 
Cahill in [Jacob 92] as attribute grammar approach. The metrics rules are defined in 
the attributes and the underlying semantic functions. Such attributes are for example 
 
            statement counting:     p → statementincrement scount        
(3.36) 
 
            decision counting:       p →  if-statementincrement dcount
                                               p →  while-statementincrement dcount  
                                               etc. 
 
The semantic function includes the final execution of the defined metric (for example 
as multi-dimensional form etc.).  
 
3.5  Structure-Based Approaches of Software Measurement 
 
McCabe investigated the flow graph G in order to estimate the test paths including 
the test effort [McCabe 76]. He use the cyclomatic number as 
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   V(G) = #edges - #nodes – 2 × #connectedComponents     
(3.37) 
 
The connectedComponents consider a module-based software structure and could 
be simplified as 1 for a first approximation of determination of the independent text 
paths in a software (flow) structure. The McCabe approach is well-known and exists 
in different variants for call graph, object-oriented structures and general design 
structures. 
The approach of Fenton and Pfleeger in [Fenton 97] is based on the flow graphs 
based on the following Dijkstra structures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

.  .  .

P1              D0                       D1                   D2              D3                D4                  Cn

if then           if then else            while            repeat             exit                case

Figure 15: The Dijkstra flow graphs for the structured programming 
 
 
Based on this, it was defined an embedded metrics extension in the following manner 

• a prime-based definition of program components, e. g. the Dijkstra graphs 

• the metric execution for the sequencing of primes  

• the metric execution for the nesting of primes 
 
These axioms was put in a language form as a kind of definition for new metrics 
based on chosen prime structures as following 
 

metric <name>           
(3.38) 
    define <equations as user definition (optional)> 
    m1 <prime definitions>  
    m2 <sequence definitions> 
    m3 <nesting definitions> 

                                  end 
 
 
Another point of view is the derivation of analysable (graph) structures from the 
software specification or implementation themselves. Whitty consider the formal 
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specification language Z [Whitty 90] and suggests such of the following kinds of 
graph interpretation for instance: 
 
              P = ∃ x.(A(x) ∧ B(x) ∨ C(x))              P = ∀x.(A(x) ∧ B(x) ∨ C(x))      
(3.39) 
 
 
 
 
 
 
 
                              A                                                            A 
 
                              ∧                                                             ∧ 
  
 
                              B                                                             B 
 
                              ∨                                                             ∨ 
 
                              C                                                            C 
 
                               ∃                                                            ∀ 
 
 
 

Figure 16: Graph interpretations of logical expressions 
 
The approach of Baudry et al. is directed on class/objects structures [Baudry 02]. At 
first he define the potential class interaction from a class A to a class B iff ∃i and j, i ≠ 
j, such as A ℜi B and A ℜj B. The real object interaction is explained as the same 
characteristic over the instantiated objects o1 and o2 from the classes A and B. 
Further it was defined the following kinds of complexities:  
 

Complexity of interaction: Let P1, …, Pn be different paths 
correspond to a class interaction CI. The complexity of the 
interaction is linked to the complexity of the different paths: 
 
  complexity(CI) =      

(3.40) 

))P(complexity)P(complexity(
ij

j
n

i
i ∑∑

>=1

 
Complexity of a path in a class interaction: Let P be a path 
involved in a class interaction. IHi, …, IHk be the inheritance 
hierarchies crossed by P, the complexity of P is given as 
followed: 
 
  complexity(P) =        

(3.41) 

)P,IH(complexity
k

i
i∏

=1
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Complexity of a path going through an inheritance hierarchy: 
Let IH be an inheritance hierarchy and P be a path crossing IH. 
The complexity of IH for P is the addition of the complexity of 
dp1, …, dpm, the descendents-path in IH influencing P’s 
complexity. 
 
  complexity(IH,P) =        

(3.42) 

)dp(complexity
m

i
i∑

=1

 
Complexity of a descendents-path: Let dp be a descendent-
path and h be the height of dp, the complexity for dp is: 
 
  complexity(dp) = h(h-1)         
(3.43) 

 
Baudry shows that these complexity metrics are helpful in order to improve the 
characteristic of design testability in object-oriented software systems. 
 
3.6  Information-Theoretic Approaches of Software Measurement 
 
Khosghoftaar and Munson are some of the pioneers in the application of 
information theory in software measurement ([Khosghoftaar 92], [Khoshgoftaar 02], 
[Munson 03]). The basic idea is the application of the entropy definition combined 
with the appropriate metrics in a dynamic manner. 
 
For a discrete random variable x distributed according to a probability mass function 
p the entropy is defined as  
 
   H(x) =            

(3.44) 

)plog(p l

n

l
l

x
−∑

=1

 
where l is an index over the domain of x and nx is the cardinality of the domain of x. 
H(x) is the average information per sample measurement object from the distribution. 
When all logarithms are base two, the unit of measure is a bit. Because 
communications systems are an important application of information theory, many 
results are concerned with finding optimal ways to code information for efficient 
transmission. 
 
On the other hand, the notion of entropy can be a very helpful consideration the 
dynamic software measurement. Basically, the program execution could be 
considered as a stochastic process [Munson 03]. Here, the probability mass function 
p is determined by the situation of the executed operations or functions in a software 
system. 
 
As a kind of measurement the graph abstractions of software Allen use the 
information theory in order to evaluate the size, the length, the complexity, the 
coupling and the cohesion of such a software structure [Allen 02]. The defined 
formulas are 
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   Coupling(mk | MS) = Complexity(mk | MS*)       
(3.48) 
 

   Cohesion(mk | MS) = 
) MS| (mComplexity

) MS| (mComplexity
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k
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(3.49) 
 
where S is the software system, MS the modular system, S# the edge-only system 
graph, , MS* the intermodule-edge graph, MS° the intramodule-edges graph of the 
software system, and p(…) the special probability characteristics. 
 
Chapin introduces an entropy-metric in order to evaluate software systems that are 
based on COTS components [Chapin 02]. Basically, he defines a L-metric in the 
following manner 
 
   L-metric = L(S) =        

(3.50) 

)S(H)m(L
M

i
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where S stands for the software system, mi means a system component, and H(S) 
represents the base-level entropy of the system. L(S) is the entropy loading of the 
system itself. This approach is very helpful in order to analyse the maintenance 
characteristics of a COTS-based software system. 
 
3.7  Methods of Statistical Analysis 
 
A statistical analysis approach can be characterized by the following general scheme 
of Evanco and Lacovara for the data collection and analysis ([Evanco 94], see also 
[Foltin 98]): 
 
 
             Software                                  Development Environment Data 
            Development                    (e.g. requirements volatility, reuse capabilities) 
            Organization 
                                               Project Data (e.g. faults, maintenance effort) 
                 Software                                                                                                                                       Project 
                   Project                                                                                                                Utilities            Data 
                                              Code, Design, Artefacts               Software                                                 Base 
                 Software                                                                        Analyzer 
                 Artefacts 
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Figure 17: Infrastructure of data collection and analysis 
 
The most used statistical methods are given in the following table (see also [Dao 02], 
[Dumke 04], [Fenton 02], [Han 94], [Hanebutte 00], [Juristo 03], [Kitchenham 01], [Lei 
03], [Pandian 04], [Singpurwalla 99]). 
 

Type of methodology Application 
Ordinary least squares regression models Subsystem defects or defect densities 
Poisson models Library unit aggregation defect analysis 
Binomial analysis Defect injection probabilities 
Ordered response models Defect proneness 
Proportional hazards models Failure Analysis incorporating software characteristics 
Factor analysis Evaluation of design languages based on code 

measurement 
Bayesian networks Analysis of the relationship between defects detecting 

during test and residual defects delivered 
 

Table 1: Examples of methods of statistical analysis 
 
In order to use statistical methods it is necessary to know the scale type of the 
measurement data. For the correlation methods we must guarantee the following 
relations 
 

scale type correlation coefficient 
ordinal scale type Kendall or Spearman correlation 
interval scale type Pearson or multiple correlation 
ratio scale type Pearson, multiple, and variance 

 
Table 2: Appropriate correlation coefficient for the different scale types 

 
Other approaches include the use of classification methods such as pareto 
classification, factor-based discriminant analysis, fuzzy classification or neural 
network approaches ([Ebert 96], [Koshgoftaar 94]). 
 
The main methods of statistical data analysis could be classified as [Pandian 04] 
 

• data analysis in frequency domain,        (3.51) 
 
• data analysis in time domain, 

 
• data analysis in the relationship domain. 

 
The statistical process control is an essential application area of statistical methods. 
The following Figure 18 shows the main components in this field relating to the 
Capability Maturity Model CMMI [Dumke 04]. 
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Figure 18: SPC considering the CMMI approach 

 
 
Note that an essential aspect of the (statistical) measure analysis is given by the 
metrics validation as a statistical or application validation and as a predictability 
validation [Shneidewind 95]. 
 
 
 
3.8  A Short Summary 
 
We can establish in the formal approaches the situation which is simplified presented 
in the following table ([Dumke 04], [Henderson 96], [Kitchenham 95] and [Zuse 98]). 
 

approach benefits weakness 
algebraic a well-defined metrics algebra no independence of the development 

paradigm 
axiomatic an exact definition of the metrics 

characteristics 
only few practicable results 

functional compact definition of experience problem in their use for new 
development paradigms 

rule-based a well-defined metrics language only few empirical evaluation 
structured-based helpful formalization of interaction and 

structure-based dependencies 
sometimes only considered few 
(structural) aspects in the necessary 
abstraction process 

information-
theoretical 

helpful consideration of system 
structures and component interaction 

less experience data for system 
comparison and analysis 

statistics essential methods in order to keep the 
metrics application through the mapping 
to the empirical aspects 

sometimes only few knowledge about 
the statistical background (distri-butions 
and scale types) 

 
Table 3: Benefits and weaknesses of formal measurement approaches 

 
Finally, we summarize the different formal approaches including the researchers in a 
following mind map overview. 
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Figure 19: Different kinds of formal measurement approaches 
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Büren, G.; Bundschuh, M.; Dumke, R.: 
MetriKon 2005  –  Praxis der Software-Messung 

Shaker Verlag,Aachen, November 2005 (299 Seiten) 
ISBN 3-8322-4615-0 
 
The book includes the proceedings of the DASMA Metric Conference MetriKon 2005 
held in Kaiserslautern in November, 2005, which constitute a collection of theoretical 
studies in the field of software measurement and case reports on the application of 
software metrics in companies and universities. 
The contents are described by the listing of the paper abstracts in this Metrics News. 
 

Abran, A.; Dumke, R.: 
Innovations in Software Measurement 

Shaker Verlag, Aachen, September 2005 (456 Seiten) 
ISBN 3-8322-4405-0 
 
The book includes the proceedings of the 15th International Workshop on Software 
Measurement (IWSM2005) held in Montreal in September, 2005, which constitute a 
collection of theoretical studies in the field of software measurement and case reports 
on the application of software metrics in companies and universities in Argentina, 
Australia, Austria, Bahrain, Belgium, Brazil, Bulgaria, Canada, Finland, France, 
Germany, Ghana, Italy, Netherlands, Poland, Slovenia, Spain, Switzerland, UK, USA 
and Vietnam. 
The contents are described by the listing of the paper abstracts in this Metrics News. 
 

Kandt, R.K.: 
Software Engineering Quality Practices 

Auerbach Publications, 2006 (256 Seiten) 
ISBN 3-8493-4633-9 
 
Software Engineering Quality Practices describes how software engineers and the 
managers who supervise them can develop quality software in an effective, efficient, 
and professional manner. This volume conveys practical advice quickly and clearly 
while avoiding the dogma that surrounds the software profession. It concentrates on 
what the real requirements of a system are, what constitutes an appropriate solution, 
and how you can ensure that the realized solution fulfils the desired qualities of 
relevant stakeholders. The book also discusses how successful organizations attract 
and keep people who are capable of building high-quality systems. 
The author succinctly describes the nature and fundamental principles of design and 
incorporates them into an architectural framework, enabling you to apply the 
framework to the development of quality software for most applications. The text also 
analyzes engineering requirements, identifies poor requirements, and demonstrates 
how bad requirements can be transformed via several important quality practes. 
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Ebert, C.: 
Systematisches Requirements Management 

Anforderungen ermitteln, spezifizieren, analysieren und verfolgen 
dpunkt.verlag, August 2005 (320 Seiten) 
ISBN 3-89864-336-0 
 
Projekte scheitern häufig wegen unzureichendem Requirements Management. Meist 
waren schon zu Beginn die Anforderungen nicht ausreichend geklärt und damit 
konnte auf deren Änderungen auch nicht richtig reagiert werden. Das Buch bietet 
einen Überblick über Theorie und Praxis des Requirements Management. Es 
beschreibt, wie Anforderungen entwickelt, gesammelt, dokumentiert und im Projekt 
verfolgt werden. Die grundsätzlichen Methoden, Verfahren, Werkzeuge und 
Notationen des Requirements Management werden übersichtlich behandelt. Sie 
werden durch konkrete Beispiele aus der Projektarbeit illustriert. 
Als Beispiel einer modernen Methode der Anforderungsbeschreibung werden Use-
Case-Szenarien in der UML-Notation verwendet. Praktische Fallstudien unterstützen 
die konkrete Umsetzung. 

Leser: Produktmanager, Projektleiter, Softwareentwickler 
Weitere Informationen finden Sie unter  

http://www.dpunkt.de/buch/3-89864-336-0.html 

 

Sneed, H.M.: 
Software-Projektkalkulation – Wissen was Projekte wirklich kosten 

Hanser-Verlag, 2005 (228 Seiten) 
ISBN 3-446-40005-2 
 
Wer einmal die Kosten oder die Zeit für ein Software-Projekt falsch kalkuliert hat, 
weiß, dass kein Unternehmen sich das öfter leisten kann. Projektkalkulation ist eine 
Überlebensfrage der Software-Industrie. Für Auftragnehmer wie für Auftraggeber ist 
die richtige Kalkulation unabdingbar für den Projekterfolg. 
Die meisten Techniken für Aufwandsschätzung, die in der Praxis verbreitet sind, 
eignen sich nur bei IT-Projekten für eine Neuentwicklung. Geht es in Ihrem Projekt 
jedoch um Wartung, Migration, Integration oder Sanierung, so müssen Sie darauf 
abgestimmte Methoden einsetzen. Dieses Buch zeigt, welche Techniken der 
Aufwandsschätzung für welche Art von Projekten zu nutzen sind. 
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Deek, F.P.; McHugh, J.A.M.; Eljabiri, O.M.: 
Strategic Software Engineering 

Auerbach Publications, 2005 (333 pages) 
ISBN 0-8493-3939-1 
 
Strategic Software Engineering: An Interdisciplinary Approach presents software 
engineering as a strategic, business-oriented, interdisciplinary endeavour, rather than 
simply a technical process, as it has been described in previous publications. 
The book addresses technical, scientific, and management aspects of software 
development in a way that is accessible to a wide audience. It provides a detailed, 
critical review of software development models and processes, followed with a 
strategic assessment of how process models evolved over time and how to improve 
them. The authors then focus on the relation between problem-solving techniques 
and strategies for effectively confronting real-world business problems. They also 
analyze the impact of interdisciplinary factors on software development, including the 
role of people and business economics. The book concludes with a brief look at 
specialized system development. 
The diverse backgrounds of the authors, encompassing computer science, 
information systems, technology, and business management, help create this book’s 
integrated approach, which answers the demand for a comprehensive, 
interdisciplinary outlook that covers all facets of how software relates to an 
organization. 

Contents: 
Provides a detailed, critical review of software development models and processes, 
introduces and critiques the basic software development process and key risk-
reduction models, Examines the theme  of process improvement and explores recent 
trends in software process models, relates classic problem-solving concepts to 
software development and addresses how software tools influence problem-solving, 
explains how the focus of development has shifted from technical to business 
contexts, discusses people-related drivers for development, focuses on the role of 
costs and economics in software engineering. 

 
 



  New Books on Software Metrics 76 

El Emam, K.: 
The ROI from Software Quality 

Auerbach Publications, 2005 (279 pages) 
ISBN 0-8493-3298-2 
 
The ROI from Software Quality provides the tools needed for software engineers and 
project managers to calculate how much they should invest in quality, what benefits 
the investment will reap, and just how quickly those benefits will be realized. This text 
provides the quantitative models necessary for making real and reasonable 
calculations and shows how to perform ROI analysis before and after implementing a 
quality program. The book demonstrates how to collect the appropriate data and 
easily perform the appropriate ROI analysis. 
Taking an evidence-based approach, this book supports its methodology with large 
amounts of data and backs up its positioning with numerous case studies and 
straightforward return-on-investment calculations. By carefully substantiating 
arguments numerically, this volume separates itself from other works on ROI. 

Contents: 
Explores options that allow managers to prioritize in pursuit of quality, enables quality 
benchmarking by including referenced examples of quality practices and 
implementations, explains in detail how to justify ROI calculations, delivers concrete 
data on the benefits of specific software engineering practices, provides a 
comprehensive analysis of the quality and security of open source software (OSS), 
includes implementation guidelines for using ROI within a software development 
organization, contains more than 200 tables for easy reference. 
 
 
 
 
 
Ebert, C.; Dumke, R.; Bundschuh, M.; Schmietendorf, A.: 

Best Practices in Software Measurement 
Springer Publ., 2004 (320 pages) 
ISBN 3-540-20867-4 
 
The software business is challenging enough without having to contend with 
recurring errors. One way repeating errors can be avoided is through effective 
software measurement. In this book is offered a practical guidance built upon insight 
and experience. The authors detail knowledge and experiences about software 
measurement in an easily understood, hands-on presentation and explain many 
current ISO standards (see also http://metrics.cs.uni-magdeburg.de/).  
 
 
 
 



New Books on Software Metrics   77

Preprints/Technical Reports: 
 
 
Dumke, R.; Schmietendorf, A.; Zuse, H.: Formal Description of Software 

Measurement and Evaluation. University of Magdeburg, 2005 
 
Braungarten, R.; Kunz, M.; Dumke, R.: An Approach to Classify Software 

Measurement Storage Facilities. University of Magdeburg, 2005 
   
Dumke, R.; Braungarten, R.; Blazey, M.; Hegewald, H.; Reitz, D.; Richter, K.: 
Software Process Measurement and Control – A Measurement-Based Point of View 
of Software Processes, University of Magdeburg, 2006 
 
 
 
see as pdf files: 
http://ivs.cs.uni-magdeburg.de/sw-eng/agruppe/forschung/ 
Preprints.shtml 

 

http://ivs.cs.uni-magdeburg.de/sw-eng/agruppe/forschung/
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IASTED SE 2006: 

 
IASTED International Conference on Software Engineering 2006 
February 14-16, 2006, Innsbruck, Austria 
see: http://www.iasted.org/conferences/2006/innsbruck/se.htm

   
SEPG 2006: 

 
18th Software Engineering Process Group Conference 
March 6-9, 2006, Nashville, Tennessee 
see: http://www.sei.cmu.edu/sepg/index.html 

   
CSMR 2006: 

 

10th European Conference on Software Maintenance and 
Reengineering 
March 22-24, 2006, Bari, Italy 
see: http://serlab.di.uniba.it/csmr2006/

   
EASE 2006: 

 

10th International Conference on Empirical Assessment in 
Software Engineering 
April 10-11, 2006, Staffordshire, UK 
see: http://ease.cs.keele.ac.uk/

   
PQST 2006: 

 
International Conference on Practical Software Quality & Testing 
May 1-5, 2006, Las Vegas 
see: http://www.psqtconference.com/2006west/ 

   
SPICE 2006: 

 

6th International SPICE Conference on Process Assessment and 
Improvement 
May 3-5, 2006, Luxembourg 
see: http://www.ifi.uni-klu.ac.at/Conferences/SPICE2005 

   
SMEF 2006: 

 
Software Measurement European Forum 
May 10-12, 2006, Rome, Italy 
see: http://www.iir-italy.it/smef2006/

   
WWW 2006: 

 
15th International World Wide Web Conference 
May 23-26, 2006, Edinburgh, UK 
see: http://www2006.org/ 

   

http://www.sei.cmu.edu/sepg/index.html
http://serlab.di.uniba.it/csmr2006/
http://ease.cs.keele.ac.uk/
http://www.psqtconference.com/2006west/
http://www.ifi.uni-klu.ac.at/Conferences/SPICE2005
http://www.iir-italy.it/smef2006/
http://www2005.org/
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ICSE 2006: 

 
International Conference on Software Engineering 
May 20-28, 2006, Shanghai, China 
see: http://www.isr.uci.edu/icse-06/

   
PROFES 2006: 

 

6th International Conference on Product Focused Software 
Process Improvement 
June 12-14, 2006, Amsterdam, Netherlands 
see: http://www.cwi.nl/events/2006/profes/

   
ESEPG 2006: 

 
11th European Software Engineering Process Group Conference 
June 12-15, 2006, Amsterdam, Netherlands 
see: http://www.espi.org/sepg/ 

   
IWPC 2006: 

 
14th International Workshop on Program Comprehension 
June 14-16, 2006, Athens, Greece 
see: http://www.icpc2006.uwaterloo.ca/

   
SIGMetrics 2006: 

 
ACM SIGMetrics - Performance 2006 
June 26-30, 2006, Saint-Malo, France 
see: http://www.cs.wm.edu/sigm06/

   
ASQT 2006: 

 
Arbeitskonferenz Softwarequalität und Test 2006 
September 2006, Klagenfurt, Austria 
see: http://www.ifi.uni-klu.ac.at/Conferences/ASQT2006/ 

   
PROMISE 2006: 

 

2nd International Workshop on Predictor Models in Software 
Engineering 
September 24, 2006, Philadelphia, USA 
see: http://promise.unbox.org/Promise2006

   
QEST 2006: 

 

3rd International Conference on Quantitative Evaluation of 
SysTems 
September 11-14, 2006, Riverside, California, USA 
see: http://www.qest.org/ 

   

http://www.isr.uci.edu/icse-06/
http://www.cwi.nl/events/2006/profes/
http://www.espi.org/sepg/
http://www.icpc2006.uwaterloo.ca/
http://www.cs.wm.edu/sigm06/
http://www.ifi.uni-klu.ac.at/Conferences/ASQT2006/
http://promise.unbox.org/Promise2006
http://www.qest.org/
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PSQT 2006 North: 

 
International Conference on Practical Software Quality & Testing 
September 11-15, 2006, Minneapolis, USA 
see: http://www.PSQTConference.com 

   
QATWBA 2006: 

 

 2nd International Workshop on Quality Assurance and Testing of
 Web-Based Applications 
 September 18-21, 2006, Chicago, USA 
 see: http://conferences.computer.org/compsac/2006/ 

QATWBA2006cfp.htm 
  

ISESE 2006: 

 

ACM-IEEE 5th International Symposium on Empirical Software 
Engineering 
September 21-22, 2006, Rio de Janeiro, Brazil 
see: http://www.cos.ufrj.br/~ght/isese2006 

   
CONQUEST2006: 

 
9. Interntinal Conference on Software Quality 
September 27-29, 2006 in Berlin, 
see: http://www.isqi/isqi/deu/CONF/CONQUEST2006 

   
UKSMA 2006: 

 

17th Annual UKSMA Conference - Managing your Software 
(through Measurement) 
October 11-12, 2006, London, UK 
see: http://www.uksma.co.uk/ 

   
IWSM 2006: 

 
16th International Workshop on Software Measurement 
November 1-3, Potsdam, Germany 
see: http://iwsm2006.cs.uni-magdeburg.de 

   
MetriKon 2006: 

 
DASMA Workshop 
November 1-3, 2006, Potsdam, Germany 
see: http://www.metrikon.de 

   
MENSURA2006: 

 

International Conference Software Process and Product 
Measurement  
November 6-8, 2006 in Cardiz (Spain), 
see: http://mensura2006.uca.es/  

http://www.psqtconference.com/
http://conferences.computer.org/compsac/2006
http://www.cos.ufrj.br/%7Eght/isese2006
http://www.isqi/isqi/deu/CONF/CONQUEST2006
http://www.uksma.co.uk/
http://iwsm2006.cs.uni-magdeburg.de/
http://www.metrikon.de/
http://mensura2006.uca.es/
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BSOA2006: 

 
1. Workshop Bewertungsaspekt service-orientierte Architekturen
24. November 2006 in Berlin, 
see: http://ivs.cs.uni-magdeburg.de/~gi-bsoa/ 

   
QFD 2006: 

 
18th Symposium on Quality Function Deployment 
December 2, 2006, Austin, Texas 
see: http://www.qfdi.org/call_for_papers.htm 

   
 
 
 
 
 
 
 
 
 
 
see also: OOIS, ECOOP and ESEC European Conferences 
 

http://ivs.cs.uni-magdeburg.de/%7Egi-bsoa/
http://www.qfdi.org/call_for_papers.htm
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Other Information Sources and Related Topics 
 

• http://rbse.jsc.nasa.gov/virt-lib/soft-eng.html 
  Software Engineering Virtual Library in Houston 
 
• http://www.mccabe.com/ 
  McCabe & Associates. Commercial site offering products and services 

for software developers (i. e. Y2K, Testing or Quality Assurance) 
 
• http://www.sei.cmu.edu/ 
  Software Engineering Institute of the U. S. Department of Defence at 

Carnegie Mellon University. Main objective of the Institute is to identify 
and promote successful software development practices.  

  Exhaustive list of publications available for download. 
 
• http://dxsting.cern.ch/sting/sting.html 
  Software Technology Interest Group at CERN: their WEB-service is 

currently limited (due to "various reconfigurations") to a list of links to 
other information sources. 

 
• http://www.spr.com/index.htm 
  Software Productivity Research, Capers Jones. A commercial site 

offering products and services mainly for software estimation and 
planning. 

 
• http://www.qucis.queensu.ca/Software-Engineering/ 
  This site hosts the World-Wide Web archives for the USENET 

usegroup comp.software-eng. Some links to other information sources 
are also provided. 

 
• http://www.esi.es/ 
  The European Software Institute, Spain 
 
• http://www.lrgl.uqam.ca/ 
  Software Engineering Management Research Laboratory at the 

University of Quebec, Montreal. Site offers research reports for 
download. One key focus area is the analysis and extension of the 
Function Point method. 

 
• http://www.SoftwareMetrics.com/ 
  Homepage of Longstreet Consulting. Offers products and services and 

some general information on Function Point Analysis. 
 
 
 
 
• http://www.utexas.edu/coe/sqi/ 
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  Software Quality Institute of the University of Texas at Austin. Offers 
comprehensive general information sources on software quality 
issues. 

 
• http://wwwtrese.cs.utwente.nl/~vdberg/thesis.htm 
  Klaas van den Berg: Software Measurement and Functional 

Programming (PhD thesis) 
 
• http://divcom.otago.ac.nz:800/com/infosci/smrl/home.htm 
  The Software Metrics Research Laboratory at the University of Otago 

(New Zealand). 
 
• http://ivs.cs.uni-magdeburg.de/sw-eng/us/ 
  Homepage of the Software Measurement Laboratory at the University 

of Magdeburg. 
 
• http://www.cs.tu-berlin.de/~zuse/ 
  Homepage of Dr. Horst Zuse 
 
• http://dec.bournemouth.ac.uk/ESERG/bibliography.html 
  Annotaded bibliography on Object-Oriented Metrics 
 
• http://www.iso.ch/9000e/forum.html 
  The ISO 9000 Forum aims to facilitate communication between 

newcomers to Quality Management and those who have already made 
the journey have experience to draw on and advice to share. 

 
• http://www.qa-inc.com/ 
  Quality America, Inc's Home Page offers tools and services for quality 

improvement. Some articles for download are available. 
 
• http://www.quality.org/qc/ 
  Exhaustive set of online quality resources, not limited to software 

quality issues 
 
• http://freedom.larc.nasa.gov/spqr/spqr.html 
  Software Productivity, Quality, and Reliability N-Team 

 
• http://www.qsm.com/ 
  Homepage of the Quantitative Software Management (QSM) in the 

Netherlands 
 
• http://www.iese.fhg.de/ 
  Homepage of the Fraunhofer Institute for Experimental Software 

Engineering (IESE) in Kaiserslautern, Germany 
• http://www.highq.be/quality/besma.htm 
  Homepage of the Belgian Software Metrics Association (BeSMA) in 

Keebergen, Belgium 

http://www.qsm.com/
http://www.iese.fhg.de/
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• http://www.cetus-links.org/oo_metrics.html 
  Homepage of Manfred Schneider on Objects and Components 
 
• http://dec.bournemouth.ac.uk/ESERG/bibliography.html 
  An annotated bibliography of object-oriented metrics of the Empirical 

Software Engineering Research Group (ESERG) of the Bournemouth 
University, UK 

 
 
News Groups 
 

• news:comp.software-eng 
 

• news:comp.software.testing 
 

• news:comp.software.measurement 
 

 
Software Measurement Associations 

 
• http://www.dasma.org 
  DASMA Deutsche Anwendergruppe für SW Metrik und Aufwands-

schätzung e.V. 
 
• http://www.aemes.fi.upm.es 
  AEMES Association Espanola de Metricas del Software 
 
• http://www.cosmicon.com 
  COSMIC Common Software Measurement International Consortium 
 
• http://www.esi.es 
  ESI European Software Engineering Institute in Bilbao, Spain 
 
• http://www.mai-net.org/ 

Network (MAIN) Metrics Associations International 
 
• http://www.sttf.fi 
   FiSMA Finnish Software Metrics Association 
 
• http://www.iese.fhg.de 
  IESE Fraunhofer Einrichtung für Experimentelles Software 

Engineering 
• http://www.isbsg.org.au 
      ISBSG International Software Benchmarking Standards Group, 

Australia 
 
• http://www.nesma.nl 
  NESMA Netherlands Software Metrics Association 

http://dec.bournemouth.ac.uk/ESERG/bibliography.html
news:comp.software-eng
news:comp.software.testing
http://www.dasma.de/
http://www.aemes.fi.upm.es/
http://www.cosmicon.com/
http://www.esi.es/
http://www.mai-net.org/
http://www.sttf.fi/
http://www.iese.fhg.de/
http://www.nesma.nl/
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• http://www.sei.cmu.edu/ 
  SEI Software Engineering Institute Pittsburgh 
 
• http://www.spr.com/ 
  SPR Software Productivity Research by Capers Jones 
 
• http://fdd.gsfc.nasa.gov/seltext.html 
  SEL Software Engineering Laboratory - NASA-Homepage  
 
• http://www.vrz.net/stev 
  STEV  Vereinigung für Software-Qualitätsmanagement Österreichs 
 
• http://www.sqs.de 
  SQS Gesellschaft für Software-Qualitätssicherung, Germany 
 
• http://www.ti.kviv.be 
  TI/KVIV Belgish Genootschap voor Software Metrics 
 
• http://www.uksma.co.uk 
   UKSMA United Kingdom Software Metrics Association 

 
 
Software Metrics Tools (Overviews and Vendors) 
 
Tool Listings 
 

• http://www.cs.umd.edu/users/cml/resources/cmetrics/ 
  C/C++ Metrics Tools by Christopher Lott  
 
• http://mdmetric.com/ 
  Maryland Metrics Tools  
 
• http://cutter.com/itgroup/reports/function.html 
  Function Point Tools by Carol Dekkers  
 
• http://user.cs.tu-berlin.de/~fetcke/measurement/products.html 
  Tool overview by Thomas Fetcke 
 
• http://zing.ncsl.nist.gov/WebTools/tech.html 
  An Overview about Web Metrics Tools  
  
 

Tool Vendors 
 

• http://www.mccabe.com 
  McCabe & Associates  
 

http://www.sei.cmu.edu/
http://www.spr.com/
http://fdd.gsfc.nasa.gov/seltext.html
http://www.vrz.net/stev
http://www.sqs.de/
http://www.ti.kviv.be/
http://www.uksma.co.uk/
http://mdmetric.com/
http://www.mc/
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• http://www.scitools.com 
  Scientific Toolworks Inc.  
 
• http://zing.ncsl.nist.gov/webmet/ 
  Web Metrics  
 
• http://www.globalintegrity.com/csheets/metself.html 
  Global Integrity 
 
• http://www.spr.com/ 
  Software Productivity Research (SPR) 
 
• http://jmetric.it.swin.edu.au/products/jmetric/ 
  JMetric  
 
• http://www.imagix.com/products/metrics.html 
  Imagix Power Software  
 
• http://www.verilogusa.com/home.htm 
  VERILOG (LOGISCOPE) 
 
• http://www.qsm.com/ 
  QSM 

http://www.qsm.com/
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