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Call for Participation 

 

 

IWSM2008 
  

MetriKon2008 
 

 

 

Mensura2008 
 

17.-19. November 2008, Siemens AG, München 

 
Conference Program 

 
Monday,   November 17, 2008:     Tutorials and Workshops 
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COSMIC FFP Version 3.0 Certification  
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Tuesday, November 18, 2008: 

 09.00-10.00: Keynote I: Ludger Meyer (Siemens AG):  
     Evolving from standard metrics to productivity 

10.30-12.00:  
SESSION A1                    Estimation Models I 

Buglione et al (eng Rome, Italy) Project Sizing and Estimating: A Case Study using PSU, IFPUG 
an COSMIC 

Van Heeringen (Sogeti, 
Netherlands) 

Proposals for increasing benchmarking data quantity and quality 
of projects measured in COSMIC 

Gencel (Belckinge Institute, 
Sweden) 

How to use COSMIC Functional Size in Effort Estimation Models 

 
SESSION B1        Measurement Methodology I 

Kunz et al (Uni Magdeburg) Quality-driven Orchestration of Services 
R. Russ  (Siemens, Munich) Applying Six Sigma in the Field of Software Engineering 

Ormandjieva (Uni Montreal, 
Canada) 

Enterprise Performance Modeling and Mesurement Based on 
Category Theory 

 
SESSION C1                      Prozessbewertung 

Schackmann (RWTH Aachen) Comparison of Process Quality Characteristics based on Change 
Request Data 

Schmietendorf (FHW Berlin) Bewertung von Prozessmodellierungswerkzeugen im Kontext 
des Business Prozess Managements 

Richter (Bosch Stuttgart) Ein kausalitätsbasierter Ansatz zur Prozessmodellierung im 
Automotivbereich 

 
 13.30-15.00: 

SESSION A2                 Measurement Programs 
C.  Ebert (Vector C. Stuttgart) Measurement Support for Effective Supplier Management 
S. Schunk (Siemens) Software Measurement@ Siemens – A practical approach allows 

Best Practice Sharing of various organizations 
M. Saboo (Infosys, India) Test Metrics for Decision Makers 

  
SESSION B2                   New Approaches 

Mencke/Wille (FH Bingen) Measuring Distances for Ontology-Based Systems 
Farooq et al (Uni Magdeburg) Challenges in Evaluating SOA Test Processes 

April/Cryans (ETS Montreal, 
Canada)  

Cloud Computing Measurements: A Case Study 

 
SESSION C2                       Aufwandschätzung 

D. Simon (SQS, Köln) Transparenz bei Aufwandschätzungen durch Bottom-up 
Plausibilisierung 

T. Hampp (Uni Stuttgart)  First Steps towards Validating Cost-Benefit Model of Reviews 
and Tests 

S. Frohnhoff (sd&m Offenbach) Field Study: Influence of Different Specification Formats on the 
Use Case Point Method 

 
15.30-17.00: 

SESSION A3              Measurement Methodology II 

Ciolkowski (IESE, Kaisersl.) Towards a Comprehensive Approach for Assessing Open Source 
Projects 
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J. Ferzund (TU Graz, Austria) Analysing Bug Prediction Capabilities of Static Code Metrics in 
Open Source Software 

Longo et al (Trento, Italy)  Measuring the Impact of Different Categories of  Software 
Evolution 

 
SESSION C3                             Ausbildung 

Schmietendorf/ Mencke (FHW 
Berlin) 

Bewertungsaspekte zur nachhaltigen Integration von e-Learning 
im Bereich des Software Engineering 

DASMA-Diplompreis-Vorträge 
  

19.00: Social Event (Ratskeller Munich Town Hall) 
 
Wednesday, November 19, 2008: 

 08.30-10.00: 
SESSION A4                   Estimation Models II 

Gencel (Belckinge Institute, 
Sweden) 

How to use COSMIC Functional Size in Effort Estimation Models 

Daneva et al (Uni Twente, 
Netherlands) 

Uncertainty in ERP effort estimation: a challenge or an asset? 

Belkhouche et al (UAE) The Influence of Culture and Leadership on Cost Estimation 

 
SESSION B4            Measurement in SW Lifecycle  

F. Vogelezang (Sogeti, 
Netherlands)  

PORTFOLIO CONTROL - When the numbers really matter 

Thomas Flohr (Uni Hannover) Defining suitable criteria for Quality Gates 

M. Yoshiki  (SE Tokoy, Japan) An Empirical Study of Product Measurement in Standardized 
Requirement Definition Processes  

 
 10.30-12.00:     Special discussions in A5, B5 and C5 
 13.30-14.30:  

SESSION A6                      Size Measurement 
Ozcan Top et al (Turky) The Impact of Individual Assumptions on Functional Size 

Measurement 
B.Marin (Uni Valencia) Measuring of Functional Size in Conceptual Models: A Survey of 

Measurement Procedures based on COSMIC 
Ormandieva/ Daneva/ Buglione 
(Uni Montreal, Canada) 

Using PSU for Early Prediction of COSMIC Size of Functional 
and Nonfunctional Requirements 

 
SESSION B6                   Product Measurement  

H. Sneed (Anecon,  Austria) Measuring 75 Million Lines of Code 
Trudel/Abran (CIM  Canada) Improving quality of functional requirements by measuring their 

functional size 
Heidrich/Münch (IESE Kaisersl) Implementing Software Project Control Centers An Architectural 

View 
 
 15.00-16.00: Keynote II: Elaine Weyuker (AT&T Labs): 
    How to Predict Where Bugs Will Be .. and How Not To 
 
further Informations (Registration and hotel reservation) 
DASMA e.V.: Romy Robra       (Tel. +49 - 9126 - 29 79 576, info@dasma.org)  

      and http://www.metrikon.de 
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VORAUSSICHTLICHE AGENDA DES BSOA08-WORKSHOPS 
 

Leinfelden bei Stuttgart 
 

20. November 2008 (09:00 bis 17:30 Uhr) 
 

Gastgeber: T-Systems 
 
 
 

Eingeladene Beiträge 
 
 
Harry Sneed (Anecon GmbH) 

Static Analysis and Measurement of Web Service Interfaces 
 
Marco Mevius (FZI Karlsruhe) 

Entwicklung eines Qualitätsanforderungsmodells für IT-Dienstleistungsprozesse 
 
 

Vollbeiträge mit Präsentation 
 
 
Stephan Aier, Bettina Gleichauf (Uni St. Gallen) 

Begründung eines differenzierten Serviceverständnisses und Richtlinien für die 
Servicekonstruktion 

 

Alexander Becker, Peter Buxmann, Thomas Widjaja (TU Darmstadt) 
Nutzenpotenziale von Serviceorientierten Architekturen - Ergebnisse einer 
Expertenbefragung 

 

Niko Zenker, Frederik Kramer (Uni Magdeburg) 
Service Allocation based on Power Consumption 

 

Philipp Offermann, Marten Schönherr, Udo Bub (Technische Universität Berlin, 
Deutsche Telekom Laboratories) 
Methodenevaluierung und -konstruktion zur Konzeption einer Serviceorientierten 
Architektur 

 

Martin Kunz, Steffen Mencke, Niko Zenker, Dmytro Rud, Reiner Dumke 
(Uni Magdeburg) 

Empirical based, quality-driven orchestration of services 
 

Joerg-Oliver Vogt, Peter Stolte (T-Systems) 
Services for Automotive - In welchen automobilen Primärprozessen ist der Nutzen für 
eine Serviceorientierung am höchsten? 
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Posterpräsentationen 
 
 
Martin Fiedler (Steinbeis Hochschule Berlin) 

Vergleichende Einordnung einzelner Bewertungsansätze und Entwurf eines 
optimierten situativen Ansatzes: Situatives-SOA-Scoring-Modell (SSOAS) 

 

Andreas End, Michael Wipprecht (Hochschule Harz, T-Systems) 
Zyklische Simulation integrierter Geschäftsprozessabläufe 

 

Nassar Alexander Karim (T-Systems) 
Laufzeitenmessung in SOA Umgebungen, ein Ansatz aus der Java Enterprise Praxis 

 

Michael Amberg, Timo Holm, Kristian Dencovski, Mathias Maurmaier 
(Uni Erlangen-Nürnberg, Siemens AG, Universität Stuttgart) 

Referenzmodellunterstützte herausforderungsbasierte Evaluation von Informations-
systemen im industriellen Service 

 

Erik Nijkamp (FHW Berlin) 
Analytische Web Services bei BI-Lösungen 
 
 
 
 

weitere Informationen: 

http://ivs.cs.uni-magdeburg.de/~gi-bsoa/2008/
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Transparenz bei Aufwandschätzungen durch  
Bottom-up Plausibilisierung 

Klaus Lutterjohann, Daniel Simon 

SQS Software Quality Systems AG 
 

{Klaus.Lutterjohann | Daniel.Simon}@sqs.de 

Zusammenfassung: In diesem Erfahrungsbericht wird in einer konkreten 
Projektsituation die Plausibilisierung und Bewertung einer Aufwandsschätzung 
zur Erweiterung eines industriellen Softwaresystems beschrieben. Ausgehend 
von prozentualen Aufwandsverteilungen auf Grundlage einer Work-Breakdown-
Structure wurden mittels Top-Down- und Bottom-Up-Gegenschätzungen 
Bewertungen der einzelnen Aufwandsposten berechnet und im Anschluss zu 
einer Gesamtaussage aggregiert. Externe Constraints bezüglich der 
Informationsbasis wurden durch Einführung hypothetischer Alternativen 
adressiert. Durch unterschiedliche Aggregierungsstufen konnten neben der 
Gesamtbewertung auch ex ante feststehende Aufwandstreiber eingegrenzt 
werden. Insgesamt kann die vorgestellte Methode leicht auf andere Projekte 
übertragen werden, um selbst bei unvollständiger Kenntnis aller Parameter eine 
systematische und maximal transparente Plausibilisierung und Bewertung einer 
Angebotsschätzung vorzunehmen. 

Schlüsselbegriffe: Angebotsbewertung, Angebotsplausibilisierung, Schätzung, 
Schätztransparenz 

1 Einführung 

Die Geschichte der Software-Industrie ist nicht arm an Misserfolgen und 
Fehlschlägen von geringem bis hin zu sehr erheblichem Ausmaß. Während eine 
schlechte – funktionale wie technische – Qualität der fertig entwickelten Anwendung 
im Allgemeinen auf mangelhaftes Qualitätsmanagement zurückgeführt wird, 
erreichen viele Software-Entwicklungen aufgrund von Zeit- und 
Budgetüberschreitungen gar nicht erst den Produktstatus. Und auch bei 
Qualitätsdefiziten ist die tiefer liegende Ursache oft eine nachlässige und/oder sehr 
optimistische Zeit- und Ressourcenplanung, die Entwickler zu „Quick-and-Dirty“-
Lösungen zwingt und oft am Ende keine effektive Qualitätssicherung mehr zulässt. 
 
In der hier betrachteten konkreten Projektsituation sollte ein Auftragnehmer (AN) mit 
der Realisierung von Change Requests (CRs) zu einem Legacy-System für einen 
Auftraggeber (AG) beauftragt werden. Um den Kostenrahmen abzustecken, wurden 
auf der AG-Seite für einzelne CRs Aufwandschätzungen auf Functionpoint-Basis 
durchgeführt, so dass eine grobe Plausibilisierung aus der Erfahrung heraus ohne 
tiefere Kenntnis der technischen Realisierung des Systems möglich war. Die AN-
seitig geschätzten Aufwände konnten so gegengehalten werden. 
 



 Position Papers   10 

Die Schwierigkeit: Bei einzelnen CRs gab es Unterschiede im Preisverständnis 
zwischen Auftraggeber und Auftragnehmer im Bereich einer ganzen Größenordnung. 
Diese CRs lagen im niedrigen einstelligen FP-Zählbereich und waren damit einer 
ernsthaften Aufwandschätzung über FP nicht zugänglich. Die enorme Abweichung 
bei der Kostenschätzung seitens des AN führte dazu, dass die Aufwandschätzung 
des AN dem AG als unseriös erschien und dementsprechend forderte der AG eine 
Überprüfung des Schätzverfahrens. 

2 Ausgangslage 

2.1   Einordnung des Schätzverfahrens 

Die weitaus am häufigsten verwendete Schätzmethode ist die „Ad-hoc“-Schätzung 
auf Gesamtprojekt-Granularitätsebene, bei der die Höhe des Projekt-
Gesamtaufwands anhand von Erfahrungswerten „über den Daumen“ gepeilt wird. 
Diese Methode ist jedoch nach Capers Jones [1] im Vergleich die ungenaueste, und 
im Wesentlichen ungeeignet zur Ermittlung belastbarer Schätzwerte. Für 
zuverlässige und belastbare Zahlen führt demnach kein Weg an einer feingranularen, 
auf einzelnen Aktivitäten basierenden Schätzung vorbei. Nach der Erstellung eines 
hinreichend feinen Projekt-Strukturplans (engl. work breakdown structure, WBS) 
werden die Aufwände für jeden Posten einzeln geschätzt und erst zum Schluss 
aufsummiert. Idealerweise werden dabei alle Einzelschätzungen im Team 
abgeglichen und bestätigt. Für eine Klassifizierung der unterschiedlichen Klassen 
von Verfahren für die Aufwandsschätzung vgl. Abbildung 1. 
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Bild 1. Einordnung der verschiedenen Klassen von Aufwandsschätzverfahren 

Im vorliegenden Fall wurde seitens des AN eine solche Aufwandsschätzung auf der 
Grundlage einer WBS durchgeführt und als Ausgangspunkt der Aufwandsschätzung 
für den AG verwendet. Um Unterschiede in den Wahrnehmungen bei AG und AN 
hinsichtlich den geschätzten Gesamtkosten aufzuklären und eine generell 
verbesserte Transparenz sowohl bei dem Angebot als auch der dazugehörigen 
Aufwandsplanung zu schaffen, wurde eine externe Plausibilisierung zur Bewertung 
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des Angebots und des beim AN eingesetzten Schätzverfahrens beauftragt. Neben 
einem Review des Aufwandsschätz-Prozesses selbst beim AN wurden auch die dem 
Angebot zugrunde liegenden Aufwandsschätzwerte einer Analyse und Bewertung 
unterzogen. Zusätzlich wurden die Verteilungen der Aufwände auf die 
Entwicklungsphasen anhand von Referenzwerten aus dem Industriedurchschnitt 
plausibilisiert [2]. Gegenstand der folgenden Abschnitte ist die angewendete 
Methodik, um auf Basis der gegebenen Eingangsparameter eine systematische und 
nachvollziehbare Bewertung der Aufwandszahlen vornehmen zu können. 

2.2 Verfügbare Informationen für (Gegen-)Schätzungen 

Wie im vorangehenden Abschnitt ausgeführt, sind feingranulare 
Aufwandsschätzungen im Sinne einer WBS auf Arbeitspaketebene die 
Voraussetzung für belastbare Schätzungen des Gesamtaufwands. Diese 
Strukturierung wird im Folgenden auch für die Plausibilisierung der 
Aufwandsschätzung herangezogen. 
 
In der besonderen Situation einer externen Überprüfung mussten für die 
Plausibilisierung Einschränkungen in der Verfügbarkeit von Informationen 
berücksichtigt werden. Ein AN, der Projekte für einen Festpreis durchführt, ist meist – 
aus verständlichen Gründen – nicht gewillt, seine genaue interne Kalkulation offen zu 
legen. Daher können im Fall einer unabhängigen externen Bewertung auch 
wesentliche Informationen durch den AG explizit von Erhebung und Nutzung 
ausgeschlossen und dann durch Schätzwerte ersetzt werden. Im Fall der diesem 
Beitrag zugrunde liegenden Bewertung waren die folgenden Informationen gegeben: 

• Liste der zur Realisierung des Angebots vorgesehenen Aktivitäten 

• Geschätzte relative Anteile jeder Aktivität am geschätzten Gesamtaufwand 

• Stundensatz des AN 

• Kontextinformationen, erhoben durch Workshops und Experten-Interviews 
 
Zwischen AN und AG bekannte, aber für die extern durchgeführte Bewertung nicht 
zur Verfügung stehende Informationen: 

• Geschätzter absoluter Gesamtaufwand der Lieferung (z.B. in Personentagen) 

• Geschätzte Absolutaufwände der Aktivitäten 

• Kalkulierter Preis der gesamten Lieferung oder einzelner Aktivitäten 
 
Gerade diese fehlenden Informationen dienen jedoch üblicherweise als Grundlage 
für die Bewertung einer Angebotsschätzung. Um die geplanten Aufwände dennoch 
im Einzelnen benennen und bewerten zu können, wurde die im Folgenden erläuterte 
Modellrechnung aufgestellt. 
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3 Top-Down-Schätzung 

3.1   Konkretisierung anhand hypothetischer Gesamtpreise 

Um vergleichsfähige Absolutaufwände aus den relativen Aufwandsanteilen der 
Einzelaktivitäten zu gewinnen, wurden diese in Beziehung zu hypothetischen 
Gesamtaufwänden gesetzt. Als Eingangsparameter wurden drei verschiedene 
Optionen für den Gesamtaufwand gewählt und mit dem AG und AN als 
Rechenhypothese  abgestimmt, die jeweils einen hohen, mittleren bzw. eher 
niedrigen Gesamtpreis für den geplanten Auftrag repräsentieren. Zusätzlich wurden 
als Rahmenparameter Prozentsätze für Fixkosten, die Gewinnmarge sowie den 
Risikopuffer des AN aufgenommen. Unter Fixkosten können die anteiligen 
unternehmensweiten laufenden Kosten sowie nicht in der Planung enthaltene Kosten 
im Projektkontext berücksichtigt werden. Zu unternehmensweiten Kosten zählen 
insbesondere Verwaltung und Infrastruktur, zusätzliche Projektkosten können 
beispielsweise Projekt- und Ressourcenmanagement sein. Mit Gewinnmarge und 
Risikopuffer können zusätzliche kaufmännische Angebotsparameter zur 
Verbesserung der Ergebnisqualität mit in die Rechnung einbezogen werden. 
 
Im konkret betrachteten Fall wurden die Eingangsparameter der Modellrechnung in 
Absprache mit dem AG wie folgt gewählt: 
 

Optionen für Gesamtpreis (Pgesamt) • Hoch: 1.000.000 € 
• Mittel: 500.000 € 
• Niedrig: 250.000 € 

Tagessatz (PTag) 664 = 8*83 € 

Fixkosten pauschal (K) 10 % 

Gewinnmarge (G) 10 % 

Risikopuffer (R) 0 % 

Tabelle 1. Verwendete Eingangsparameter der Modellrechnung 

 
Nach Festlegung der Rahmenparameter und unter Einbeziehung des gegebenen 
Tagessatzes PTag kann der Aufwand Ai der einzelnen Aktivitäten leicht aus seinem 
relativen Anteil am Gesamtaufwand αi berechnet werden als: 

Ai = αi * Pgesamt * (1 – K – G – R) * 1/PTag 
Die berechneten Aufwandswerte Ai können nun in Beziehung zu absoluten 
Gegenschätzungen der einzelnen Aktivitäten gesetzt werden. 
 
Die Ergebnisse dieses Schritts werden in der untenstehenden Abbildung am Beispiel 
des konkreten Projekts veranschaulicht. Bereits die Ermittlung von absoluten 
Aufwandswerten für einzelne Aktivitäten erhöht die Anschaulichkeit der bei einer 
detaillierten Planungsschätzung sehr abstrakten und schwer fassbaren 
Prozentangaben. 
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3.2 Aufwandsbewertung einzelner Arbeitspakete 

Als Bewertungsmaßstab diente eine unabhängige Schätzung des Absolutaufwands 
für jede der in der Planungsschätzung enthaltenen Aktivitäten durch externe 
Experten. Der bei externer Beurteilung geplanter Aktivitäten zwangsläufig 
vorhandenen Restunschärfe wurde durch Schätzung in Intervallform Rechnung 
getragen. So wurden etwa für die anteiligen Aufwände laufender Anpassungen im 
bestehenden Build Management (ANT Skripte) zwischen Amin = 1 und Amax = 3 
Personentage veranschlagt. 
 
Ein durch den AN geschätzter und errechneter Einzelaufwand Ai wird im Verhältnis 
zur Gegenschätzung auf einer Likertskala mit Noten von 1 bis 5 bewertet. Die 
folgende Tabelle beschreibt den Bewertungsschlüssel und die Bedeutung der 
Notenwerte. Dabei sind Amini und Amaxi die Intervallgrenzen der jeweiligen 
Gegenschätzung zu einem bestimmten Einzelaufwand Ai. 
 

Wertebereich Note Bedeutung 

• 0 < Ai ≤ Amini 1 sehr günstig 

• Amini < Ai ≤ Amaxi 2 plausibel 

• Amaxi < Ai ≤ 2*Amaxi 3 hoch, aber u.U. noch 
zu rechtfertigen 

• 2*Amaxi < Ai ≤ 4*Amaxi 4 zu hoch 

• 4*Amaxi < Ai 5 viel zu hoch 

Tabelle 2. Bewertungsschlüssel 

 
Aus diesem Bewertungsschlüssel ergeben sich Einzelbewertungen für jede Aktivität, 
jeweils für jede Gesamtpreis-Option. Die folgende Abbildung zeigt die Bewertung der 
Arbeitspakete für die drei Gesamtpreis-Optionen. 

 
Bild 2.  Errechnete Absolutaufwände auf Basis von prozentualen Schätzwerten, Bewertung 

auf Arbeitspaketebene 
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Durch dieses Vorgehen werden Bewertungsgrundlage und Bewertungsverfahren klar 
voneinander abgegrenzt. Externe Einschätzungen und Expertise sind in der oben 
vorgestellten Gegenschätzung und nur dort konzentriert. Die konkreten Bewertungen 
der einzelnen Aktivitäten ergeben sich systematisch aus der ursprünglichen internen 
sowie der externen Gegenschätzung und dem vorgestellten Bewertungsschlüssel. 
Auf diese Weise kann der zwischen AG und AN vorhandene Diskussionsbedarf 
konstruktiv auf die Inhalte bzw. Gegenstände der Einzelposten in der Schätzung 
gelenkt werden. 

3.3 Aggregierung der Einzelergebnisse 

3.3.1  Gesamtbewertung 
 
Um über die einzelnen Bewertungen der Arbeitspakete hinaus einen Gesamtblick auf 
das Projekt zu gewinnen, können die Einzelbewertungen entlang der WBS aggregiert 
werden. Durch die Teilsummenbildung der prozentualen Anteile getrennt nach Note 
bzw. Bewertung können die drei Gesamtpreis-Optionen einander gegenübergestellt 
werden. Durch dieses Vorgehen ist gewährleistet, dass die einzelnen 
Aufwandsposten gemäß ihrem Anteil am Gesamtaufwand und damit ihrer Relevanz 
in die Aggregierung eingehen. Die folgende Abbildung zeigt die oberste 
Aggregationsstufe der Bewertung der drei hypothetischen Gesamtpreise im 
konkreten Fall. 
 

0%

20%

40%

60%

80%

100%

1.000.000 € 500.000 € 250.000 €

Bewertung der Absolutaufwände

sehr günstig plausibel
hoch, aber noch zu rechtfertigen zu hoch
stark überzogen

 
Bild 3. Aggregierung aller Einzelbewertungen 

In diesem Fall kann ein Gesamtpreis von 1 Million Euro als hoch gewertet werden, 
während ein Volumen von 250.000 € im Wesentlichen angemessen erscheint. Unter 
Berücksichtigung projektspezifischer Sonderbelastungen kann auch noch ein Preis 
zwischen 250.000 und 500.000 € akzeptiert werden. 
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3.3.2 Identifikation von Kostentreibern durch Wahl der Aggregationsstufe 
 
Durch Wahl der gewählten Aggregationsstufe in der WBS können zusätzliche 
Informationen über ex ante feststehende Aufwandstreiber gewonnen werden. 
Ebenso können zu diesem Zweck weitere von der WBS unabhängige 
Aggregationskriterien gewählt werden. So können etwa die Entwicklungsphasen oder 
auch vorhandene Teilprojekte einander gegenübergestellt werden und es besteht die 
Möglichkeit, Aufwände entlang Cross-Cutting Concerns zu betrachten. In der 
geeigneten Übersicht lassen sich anschließend Bereiche mit Optimierungspotential 
oder sogar -bedarf identifizieren, die einer tiefer gehenden Analyse zu unterziehen 
sind. 
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Bewertung der Absolutaufwände: 500K €

 
Bild 4. Aggregierung der Einzelbewertungen nach Entwicklungsphasen 

Die vorstehende Abbildung zeigt exemplarisch anhand der konkreten Fallstudie die 
Plausibilitätsbewertungen aggregiert nach den drei in der WBS verwendeten 
Entwicklungsphasen „System Design“, „Realisierung“ und „Test“. Von den drei 
untersuchten Optionen für den Gesamtaufwand wurde zur Veranschaulichung dieser 
Aggregationsstufe die mittlere ausgewählt. Wie der Aggregation zu entnehmen ist, 
sind die Aufwände im Test weitestgehend einheitlich bewertet. Die Aufwände in der 
Realisierung sind demgegenüber geringfügig heterogener bewertet: es gibt hier 
erkennbare Unterschiede bei Einzelbewertungen. Einen deutlichen Unterschied im 
Vergleich zu den beiden anderen Phasen in der Bewertung weist die Phase „System 
Design“ auf. Ungefähr 80% der Aufwände in dieser Phase sind als „zu hoch“ 
bewertet. Diese Phase empfiehlt sich somit als Ansatzpunkt für weitergehende 
Untersuchungen, um schon zum Planungszeitpunkt feststehende Aufwandstreiber 
und Optimierungspotentiale zu identifizieren. 

4 Bottom-Up-Schätzung 

Über die auf der WBS basierende Plausibilisierung des vorigen Abschnitts hinaus 
standen weitere Schätzdaten des Auftragnehmers zur Verfügung, die zur Bottom-Up-
Aufwandschätzung herangezogen wurden. Durch eine technische Impact-Analyse 
wurden in der Architektur und in der Software selbst die Stellen identifiziert, die durch 
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die beauftragte Änderung angepasst werden müssten. Auf der Basis der Impact-
Analyse wurde eine Schätzung für die Änderungsaufwände durchgeführt und entlang 
den gegebenen relativen Aufwandsschätzungen des Auftragnehmers entlang der 
WBS extrapoliert. Die Eingangsparameter dieser Rechnung sind in der folgenden 
Tabelle aufgeführt. 
 

Impact gemäß Analyse durch AN 1119 Codestellen 

Aufwand pro Codestelle (geschätzt) Ca. 1 Stunde/Stelle 

Zusätzlich:  30 % Entwicklertest 

Anteil der Realisierung an  
Gesamtaufwand (gemäß WBS)  

34,19 % 

Stundensatz 83 € 

Tabelle 3. Eingangsparameter für Top-Down Schätzung 

 
Insgesamt lässt sich so ein Aufwand von (1.119 * 1h * 1,3) / 0,3419 = 4.255 Stunden 
extrapolieren. Mit den geschätzten Tagessätzen als Eingangsparameter ergibt sich 
hieraus ein Gesamtpreis für den CR von 353.144 €. 

5 Round-Trip Schätzung: Top-Down- und Bottom-Up-Werte 

Der letzte Schritt der Plausibilisierung besteht nun darin, den gemäß Bottom-Up-
Ansatz aus der Impact-Analyse extrapolierten Gesamtpreis in die Top-Down-
Schätzung als zusätzlichen hypothetischen Gesamtpreis einzubringen und die 
Bewertung wiederum entlang der Aggregationsstufen zu visualisieren. Die Bewertung 
der Plausibilitätsbewertungen unter Annahme von Pgesamt = 353.144 € ist in der 
folgenden Abbildung visualisiert. 
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Bild 5. Plausibilitätsbewertung bei Gesamtpreis aus Bottom-Up-Schätzung 
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6 Zusammenfassung und Fazit 

In diesem Papier wurde ein Verfahren vorgestellt, um Aufwandsschätzungen 
geplanter Softwareentwicklungs-Projekte systematisch plausibilisieren und bewerten 
zu können. Bestehenden Informationsdefiziten bei den Parametern der Rechnung – 
seien sie durch fehlende Verfügbarkeit oder projekt-politische Rahmenbedingungen 
gegeben – kann durch Parametrisierung und Einführung hypothetischer Alternativen 
begegnet werden. 
 
Die Aufteilung der Gesamtbewertung in Gegenschätzung und Urteilsberechnung 
gewährleistet ein systematisches, transparentes und nachvollziehbares Verfahren. 
Wahrnehmungsdifferenzen im Bezug auf die Bewertungen müssen am Objekt der 
Gegenschätzungen diskutiert werden, womit der Fokus konstruktiv auf die relevanten 
Inhalte des Projekts und der Planschätzung gelenkt wird. 
 
Die beiden Richtungen der Plausibilisierungsschätzung lassen sich im Round Trip 
zusammenschalten und untermauern so weiter die Expertenschätzungen für die 
Einzelaufwände. Auch das Vertrauen in die Validität sowohl der Top-Down als auch 
der Bottom-Up-Plausibilisierungen wird gestärkt. 
 
Durch die feingranulare Bewertung auf Aktivitätenebene schließlich können 
Aggregierungsstufen flexibel gewählt werden, um wahlweise einen Gesamtüberblick 
zu erhalten oder Teilbereiche des Projekts auf ex ante feststehende Kostentreiber hin 
zu analysieren. 
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Abstract. The paper gives implementers’ approach to make metrics program 
useful for the test managers, program managers & CIO. It will have far reaching 
impact on bringing predictability & reliability to software projects. Expected 
benefits of the approach are: 
• Structuring test metrics to give key information required to track project 

progress 
• Correlating test metrics to arrive at sound analysis of the situation 
• Using test metrics to convey meaningful, actionable information about project 

status as on today & future trends 
• Using current test metrics to estimate future project effort & improved planning 

Keywords: Software metrics foundation, Practical measurement application, 
Measurement acceptance, Metrics for software testing, Measurement experience 
& guidance 

 

1  Introductions 

Let’s accept it, management loves numbers & the team is busy giving management 
what they love. Spread sheets loaded with numbers, presentation with colourful 
attractive graphs are way of life in meetings.  
 

But, do these numbers convey the message?  
 
Do they ring the warning bells about problems that might come up in future? 
 
Do these metrics help in charting out more reliable plan for future projects? 

 
In the paper “Test Metrics for Decision Makers”, we would like to revisit the whole 
approach to measurement & revamp the metrics reporting to make the numbers work 
for manager. We’ll be explaining the steps which transformed our project status 
reports from “impressive looking” to “Valuable & point blank”.  
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2 Methodology Applied  

 
 

First thing 
first 

- 
Get the 

goals right 
 

EXPLORE 

EVALUATE 

ELECT 

COLLET 

CONVEY 

COLLECT 

 
Fig 1 - The Methodology 

2.1 First thing first: Get the goals right 

Before you start the metrics journey jot down all the possible purpose for which these 
metrics will be used. This is very important step to avoid spending effort on collecting 
data which is of no relevance to the project monitoring & control or never used for 
current or future projects. To avoid information explosion, we need to “count only 
those things which count”.  
 
For testing projects the typical goals are related to: 
 

* Project status – Management would like to understand status of the project 
w.r.t. schedule, cost. The metrics should be able to give progress vis-à-vis 
planned timelines, cost variance. If the project has to adhere to SLAs then even 
those will require monitoring.  

 
*  Project quality – Test metrics should provide objective information on 

application quality. The test manger should be able to use metrics to respond to 
the questions like “Is the application reliable?” “How far are we from meeting 
exit criteria or quality goal?” There are times when an application release has to 
be postponed because of low test coverage, test cases blocked because of  
defects or open defects in high risk (frequently used functionality or features 
which have high impact to business) area of an application. Under such 
circumstances, objective data in form of correct metrics is essential to 
substantiate the recommendation. Right metrics presentation is extremely 
useful tool in test manager’s armor when he/she is attending meetings for 
crucial decision making. 
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*  Aid in deciding corrective actions – The metrics should help the management to 
decide on corrective action by giving indicator about possible root cause for 
deviation from plan. It could be about schedule & cost variance or risk of not 
meeting the quality targets. Extrapolation of data collected over a period of time 
can be used to identify trend which can be a leading light, giving early indicator 
of trouble. 

 
*  Use the data for future project estimation – the metrics collected for a project 

can be used to improve predictability & accuracy of future effort estimates. The 
organization process capability baselines which are derived from metrics 
collected for each project form the base for estimating effort and cost of future 
projects. So, sometimes, the metrics which may not be used for the project 
related decisions are also collected for use in organizational metrics database. 
This is important for taking the organization to higher level of process maturity. 
In future decision makers may use this data for comparing project performance. 

 

2.2  Explore, Evaluate, Elect  

2.2.1   Explore 
 
For each goal listed in the previous step, brainstorm on all the possible metrics which 
will give necessary information. You should have more than handful options for each 
goal.  
 
Consider the examples given below:  (not an exhaustive list) 
 
Project Status: schedule variance, cost variance, earned value, Effort variance,  
 
Application quality:  Defects logged, severity index trend, mean time between failure 
trend, open defects trend, average defect age, test coverage, show stopper & critical 
defects open, schedule variance 
 
Aid decisions about corrective action: defects logged based on functionality, defects 
root case analysis, defect density, defects leakage, and defect to remark ratio, defect 
rejection rate, average defect age, schedule variance, effort variance, and cost of 
quality 
 
For organizational baseline: test cases executed per hour, test case designed per 
hour, defects logged per man day, test case failure rate, defects in each phase of 
testing, cost of quality, root cause of defects logged, defect injection phase 
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2.2.2  Evaluate 
 
Analyze the options gathered during brainstorm w.r.t..: 
 
Ability to collect the reliable data: if the data you collect is not consistent across 
people, projects, duration then the data will do more harm than use. Say, if the 
severity attached to defect is not consistent across testers then, severity will give 
misleading indicator. 
 
Data collection overhead: Sometimes the data is not readily available and it takes 
huge management effort to extract the meaningful numbers. Sometimes the data 
collection might need help from people outside the testing team. Unless its part of the 
SDLC process, it might be difficult to get this data. For example, a tester may not be 
right person to comment on root cause for a defect and hence, unless developer or 
architect do not categorize defects, getting metrics on root cause of defects may not 
be possible. Also, many times the analysis & categorization of data can be time 
consuming and people may not be willing to take up these activities during SDLC 
peak. 
 
Process & tool suitability to extract necessary information: There are times when the 
mechanism for data collection is not available or the data itself is not easy to extract. 
For example, defect age can’t be reliably calculated unless the defect life cycle is 
defined to support this data capture and people change defect status at appropriate 
time. 
 
Duplication of information: some times same information is captured in 2 different 
metrics. This is frequently observed for complementary metrics e.g. defect slippage 
and test effectiveness. Where test effectiveness measures total number of defects 
logged in a test phase & subsequent phases of SDLC v/s number of total defects 
logged during a test phase. Defect slippage is measures as defects which were 
identified after a test phase v/s total defects logged. Usually, tracking any one of 
these will be sufficient. 
 
Separate data from information: Don’t get confused with data and information or 
between measures and metrics. Defects logged may not give any actionable 
information. But, if it’s clubbed with severity of defect or defects logged per days of 
effort spent on test execution or with defects logged v/s number of test cases 
executed or defects categorized based on functionality the data becomes a valuable 
input for decision makers. 
 
Ease of presentation to the audience & relevance to the audience: Choice of metrics 
to track also depend on audience who is going to receive these metrics. If they are 
used to working with certain set of metrics then, introducing a new metrics without 
substantial reasoning for the change will add an overhead for the audience who will 
struggle to understand the metrics definition instead of concentrating on message 
conveyed using the metrics. So, to avoid loosing focus on the information & 
message, consider existing set of metrics used before introducing new ones. You 
might like to consider phased approach for the metrics change.  
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2.2.3  Elect 
 
Once the probable metrics are evaluated, its time to take decision on final set of 
metrics to track. From the super set, eliminate the ones which are not feasible at all 
to collect. From the remaining select the metrics with which the goal can be tracked 
most effectively. Sometimes just one metric will not be sufficient to give complete 
picture or arrive at a decision, in such case, pick up 2 or 3 metrics which can be 
correlated to give accurate picture to the management.  
 
Avoid the “too many” trap: Sometimes, people go in for tracking “all” the metrics 
applicable for a goal. Believing - “more the merrier”. But, unnecessary or duplicate 
info is more distracting and is an overhead on system. Say, if someone who wants to 
know height increase in a year, there is no need to give 3 cm /year as well as 1.2 
inch/year. Both numbers convey same information. Based on the frequently used 
unit, either cm/year or inch/year can be tracked. 
 
Apply “dash board” thumb rule: Say, in your car, there are so many parameters which 
can be tracked say, wheel air pressure, fuel remaining, fuel used, last filled fuel, fuel 
efficiency. But, your car dashboard does not track all of these. It has only few meters 
which give just enough info which is essential to have while driving & taking key 
decisions. Similarly, the metric report for decision makers must fit on a screen and 
should give relevant information in a glance. This is also important when it comes to 
correlating the metrics. Unless the metrics are seen together, visually, it’s difficult to 
correlate the metrics. There is a tendency to not do things which are not easy. In the 
process, some important facts may slip attention and key decisions may go wrong. 
 

 
 

Fig 2 - “The dashboard” to indicate test case design & test execution progress 
 
“As on today” v/s “Trend over a period of time”: In certain circumstances, when I try 
to arrive at conclusion from metrics, I feel severally handicapped if I have only the “as 
on today” snap shot. I prefer to see the trend over a period of time to arrive at 
conclusion. For example, Logged 30 defect this week is not sufficient information. 
But, if I know the trend and it shows that there is sudden increase in number of 
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defects logged, it will give me clue about going in for more detail analysis of the 
situation or if the trend shows that over a period of time the number of defect have 
reduced, it will take it as an indicator of improvement in code quality. 

2.3  Collect, Collate, Convey 

2.3.1   Collect  
 
Decide on easy to use data collection mechanism. Tools might be required to reduce 
data collection overhead. Sometimes, tool may be available already but, configuring 
the tool to extract accurate data directly makes a difference. Understanding of tools 
capabilities and customization helps to improve data collection efficiency. The more 
easy data collection is, more reliable it will get.  
 
Many times, when I talk to team members, team leads & Project managers I realize 
that the individuals have their own interpretation of the data element. Say, some of 
them may consider time for data set up also in time spend on test execution. For 
some, test execution means only the time spent on actual execution of test steps; it 
does not involve time required for updating the test management tool with “actual 
results”. For some of them, test execution time includes time to log defect in the 
defect tool. Here, I wouldn’t go in for discussion on whose understanding is correct. 
However, it extremely important that all the stakeholders have uniform understanding 
of what, who, how, when of data collection. Unless this is done, rest assured the data 
will be engineered not real. 
 
Apply your experience (or should I say, Common Sense?)- When you see the raw 
data, it should make sense. Anything which is extra ordinary should be double 
checked. If sudden variation appears in data, data reliability should be checked. For 
example, if I observe sudden increase in test execution productivity, I would go for 
subjective analysis which should give plausible explanation of why it might have 
happened.  It might me a situation where - a new team member is included in team 
who does know exactly what should be included in the “test execution time” or 
someone has not updated the effort data while, correct test execution data is pulled 
by tool. On the other hand, it might be a case where changes in the test execution 
process (introduction of a tool or configuring system to reduce lag time) have indeed 
improved the test execution time. 

2.3.2  Collate 
 
It’s a nightmare to be thrown into maze of numbers, trying to make sense out of all 
the data collected from different systems.  
 
Resist the temptation to look at each metric in isolation & get carried away by just 
numbers. The metrics should be correlated with one another to see whether the 
pieces fit in & complete picture is emerging. It’s time to do subjective analysis of the 
metrics.  
For example – Correlating Defect Severity index trend, defect detection rate & defect 
age trend should be able to give correct picture of the quality of the application. There 
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is a possibility that if defect detection rate has gone up then inference is code quality 
has deteriorated. But, if correlated with severity index, if the index has reduced 
substantially, it means though number of defect logged has increased, they are of 
lower severity. Meaning, code is more stable now and show stoppers/critical defects 
have reduced. This can be further analyzed w.r.t. defect age. If the number of defects 
logged has increased and defect age has also increased, defect severity index has 
reduced over a period of time then, the might mean developers are finding it difficult 
to fix even simple defects. They should be given support /information. 
 

 
 

Fig 3 - Colleting defect metrics to decide on code quality 
 
Compare the collected metrics vis-à-vis organizational baseline or the metrics from 
similar projects executed in past. This gives insight into what can be expected in 
future or what can be improved instead of getting complacent.  
 
Once in one of my project, during testing phase the defect density at a point was 
about 16 defects/KLOC. So, we were getting close to the organizational baseline of 
about 18 defects/KLOC. Under normal circumstances, if we are about to complete 
the test phase & the defect density is reasonable, it should increase confidence level 
of testing effectiveness. But, the same developers working in same technology in a 
previous module had delivered code with defect density of 32 defects/KLOC. I had no 
reason to believe that their code quality will go up substantially to reduce the defect 
density. Considering the time left in testing phase and considering the expected 
defects, we decided to include more testers in the test team. The project was 
completed as scheduled. Final defect density was 28 defects/KLOC!! This is also a 
good example of how the metrics from previous projects can be used to project 
trends in similar current projects. Analysis of metrics is an effective way to identify 
risk in project. For example, in Fig 3, if the severity index and defect age remain high 
even in 9th week and the test cycle is only 11 weeks then, it indicates risk of schedule 
deviation due to inability to complete test execution & defect retesting with in 
schedule. 
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2.3.3  Convey  
 
Now comes the single most difficult test of your test metrics program. Ability to 
present the data which is easy to understand & act upon is an art. Before deciding on 
the content of metrics report, decide on the audience, their interests & goals, their 
sphere of control/influence. Don’t try to share every metrics to everyone. Adopt 
minimalist approach towards metrics. Select the metrics which match audience 
interest & guide the audience to take right decisions about the project. For example, 
Program manager may be interested in knowing defect age, test manager may be 
interested in defect to remark ratio while CIO may be interested in open defects 
trend.Even the granularity of information will vary depending on audience. A test 
manager will be interested in defects logged per module and severity of defects in 
each module. But, for CIO defects logged at application level will suffice. 
 
Presentation of data is as important as data itself. First select the right type of graph / 
chart to suit the information conveyed. Right usage of stacked bar, pie, line, bar 
graph is essential to represent the metrics. 
 
If you present a “good” number is red color, it might give a negative connotation! Use 
right colors, highlight decisive information. Usually, red and green colors have 
specific meaning & should be used carefully. Mark out the important points on a 
graph with arrow or circle. Add corresponding value explicitly instead of leaving it to 
audience to check it from graph. Make it easy for audience to grasp the information. 
In the test report, wherever applicable, extrapolate the trends which might support 
the decision making. For example, test coverage can be projected based on 
expected productivity. This will help in taking decisions about test optimization/risk 
based testing/addition of resources. 
 

 
 

Fig 4 – conveying the message – easy to understand format 
Consider the time you have for getting the message across. You might have to 
prepare adequately so that the key message is conveyed in few minutes. Don’t ever 
get tempted to send the data, trends, and charts without adding your analysis & 
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inference from the data. If you already spent time on understanding the data, doing 
subjective analysis – don’t expect the audience to reinvent wheel. Clearly state your 
observations & recommendations. Don’t leave it to the audience to arrive at inference 
which you have already worked out yourself. This will reduce the time spent on data 
analysis during discussion. Instead the focus will be on decisions about corrective 
action or next steps. 
 
The data is as good as the message it conveys. Smart presentation and analysis give 
you power to steer the management to take timely action on defect fixing efficiency & 
effectiveness, adding members to testing team, getting test tools to improve 
efficiency & effectiveness, change go live timelines, raise an early alarm to support 
risk management. 

3  Results  

Some of the results achieved by implementing the test metrics approach: 
 

• Metrics helped us to predict risk of high defect density. Management decided to 
add testers & also relooked at the defect fixing plan. This helped us to complete 
the project as per schedule. 

• Using the status report we could point out the issues with certain functionality 
which had higher defects & management revamped the dev team for that 
functionality. This ensured improvements in quality of the application. 

• The defect metrics, productivity metrics helped us to improve estimates for next 
project. We could also bring in predictability w.r.t. defect density & effort. 

 
 
Note: the paper is representation of author’s experience from the projects executed. 
No other material / website were referred for writing this paper. 
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Abstract. This paper includes a causal-based modelling of software 
measurement processes in order to clarify the real situations in the software 
metrics application field. A first overview about existing causal network 
approaches shows the problems and possible benefits using these formal 
techniques in the software engineering area. The definition and extension of the 
causal modelling using causal networks helps to understand the relationships 
between the different measurement artefacts and their causalities. The 
description of first applications of our approach for CMMI demonstrates the 
empirical reasoning of the software improvement processes in an explicit 
manner. 

 
 
1  Causal Models and SE-based Causal Networks 
 
1.1  Causal Model Definition by Pearl 
 
We will start with a general description of causalities summarizing in a model view. A 
causal model is a triple M = 〈U, V, F〉, where [Pearl 2000] 

• U is a set of background variables, (also called exogenous), that determined 
by factors outside the model; 

• V is a set {V1, V2,…, Vn} of variables, called endogenous, that are 
determined by variables in the model – that is, variables in U ∪ V; and  

• F is a set of functions {f1, f2,…, fn} such that each fi is a mapping from (the 
respective domains of) U ∪ (V\Vi) to Vi and such that the entire set F forms a 
mapping from U to V. In other words, each fi tells us the value Vi given the 
values of all other variables in U ∪ V, and the entire set F has a unique 
solution V(u). Symbolically, the set of equations F can be represented by 
writing  

vi  = fi(pai, ui), i=1, . . ., n, 
where pai is any realization of the unique minimal set of variables PAi in V\Vi 

(connoting parents) sufficient for representing fi. Likewise, Ui ⊆ U stands for 
the unique minimal set of variables in U sufficient for representing fi. 
 

 
This causal model could be used in order to do the following considerations and 
further derivations [Pearl 2000]: 

 Submodel of M: A submodel Mx  of M is the causal model Mx = 〈U, V, F〉 where 
Fx = { fi : Vi ∉ X } ∪ {X = x }. 
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 Effect of Action: Considering X as a set of Variables in V of the causal model 
M and x as a particular realization of X, then the effect of action do(X = x) on 
M is given y the submodel Mx. 

 Potential Response: The potential response of Y to action do(X=x), denoted 
Yx=(u), is the solution for Y of the set of equations Fx where X, Y ⊂ V. 

 Counterfactual: The counterfactual sentence “The value that Y would be 
obtained, had X been x” is interpreted as denoting the potential response 
Yx=(u). 

 Probabilistic Causal Model: A probabilistic causal model is a pair 〈M, P(u)〉 
where M is a causal model and P(u) is a probability function defined over the 
domain of U. 

 Causal Diagram/Network: Causal network visualization could be based on a 
directed acyclic graph (DAG) where the nodes are the considered aspects U 
and V and the edges implements the causalities F. 

 
The following figure 1 shows a simple example of a causal diagram or network for 
dynamic process controlling [Pearl 2000]. 
 

 
 
Figure 1: An example of a causal diagram for process controlling 

 
We will use this formal background in order to define our causal process network 
approach described in the section below.  
 
 
 
 
1.2  Causal Networks in Software Engineering 
 
Causal networks as a special kind of semantic networks are very expressive in order 
to see or analyze the relationships between process activities, areas and indicators in 
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a logical manner. Typical results of such a modelling are ([Fenton 2001], [Pearl 
2000]) 

• The consequence of process activities to other ones involving different quality 
characteristics like correctness, completeness etc. 

• The repercussion of the chosen approaches for process evaluation and 
improvement 

• The overview about strong and weak process connections in order to keep 
quality improvements 

• The application of (causal) model-based principles in order to reduce the 
process complexity and involvements. 

 
In a general manner a causal network “is a directed acyclic graph arising from an 
evolution of a substitution system, and representing its history” [Weisstein 2006]. The 
process evolution involves causal relationships between events, states, entities, 
objects, artefacts etc. which could be based on a special kind of empirical reasoning. 
 
We will start with a first simple example considering the five core metrics of Putnam 
[Putnam 2003]. The definition of the relationships between these metrics leads us to 
the following simple causal process network of dependencies.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2: Causal process network of the Five Core Metrics of Putnam and Myers 
 
 
 
 
The network of individual cause-effect relationships (so-called base mehanism) of the 
system dynamics in a generic process from Müller and Pfahl is given in following 
[Müller 2008]. 
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Figure 3: Base mechanism as causal network 

 
 
Another kind of causality as an impact trace is defined in [Emmerich 2007] which 
considers the different relationships between any approaches, publications, 
standards and technologies. The following figure shows an example of this kind of 
causal network. 
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Figure 4: Impact trace of the definition of SOAP 
 
Further examples of causal networks in software engineering you can find in [Deek 
2005], [Dumke 2006a], [Dumke 2006b], [Dumke 2006c], [Dumke 2005a], [Emam 
1998], [Ferguson 1998], [Florac 1999], [Keyes 2003], [Laird 2006], [Richter 2005] and 
[Royce 1998]. 
 
 
2  Causal Network-Based Process Model (CNPM) 
 
2.1  The CNPM Approach 
 
The causal network based process model (CNPM) concept is defined in the following 
parts and components of this approach: 

(M1) The causal network model MCNPM
  is based on the following software process 

ingredients and involvements: 

MCNPM = 〈UCNPM, VCNPM, FCNPM 〉 ,  
where 
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• UCNPM is a set of background variables that is determined by objects 
o CNPM

iu,  (i ∈ {1,2,…,m}) as software process artefacts outside the 
considered model 

• VCNPM is a set {V CNPM
1 , V CNPM

2 ,…, V CNPM
n } of variables that are 

determined by objects o CNPM
iv,  (i ∈ {1,2,…,n}) in the model – that is, 

variables or objects in UCNPM ∪ VCNPM; and  

• FCNPM is a set of functions {f CNPM
1 , f CNPM

2 ,…, f CNPM
n } such that each 

f CNPM
i  (i ∈ {1,2,…,n}) is a mapping from (the respective domains of) 

UCNPM ∪ (VCNPM\V CNPM
i ) to V CNPM

i  and such that the entire set FCNPM 
forms a mapping from UCNPM to VCNPM. In other words, each f CNPM

i  tells 
us the value V CNPM

i  given the values of all other variables in UCNPM ∪ 
VCNPM, and the entire set FCNPM has a unique solution VCNPM (o). 
Symbolically, the set of equations FCNPM can be represented by writing  

o   = f  (r CNPM
i , o , o ), i,j =1, . . ., n, i≠ j CNPM

iv,
CNPM
i

CNPM
jv,

CNPM
ju,

where r CNPM
i  is any realization of the unique minimal set of variables as 

roles1 R  in VCNPM\V  sufficient for representing f .  CNPM
i

CNPM
i

CNPM
i

The following figure shows two examples of a simple CNPM model in 
different kinds of representation2 in following. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Simple examples of CNPM models 

Considering the different levels of causality as dependencies, 
improvements and quality-based leeds to different kinds of analysis and 
interpretations. 

                                                           
1 Against the causality in natural science, software processes are based on activities of subjects. Therefore, we 
use a description of subjects as roles. Note that the roles define the causal heuristics addressed to the 
considered/presented function in the set of the software process artefacts. 
2 Note that the first kind of CNPM presentation is based on the typical cause-effect description. But we will use the 
second kind of presentation for our CNPM model visualization. 
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(M2) The MCNPM
  can be modified in the following manner considering the typical 

causal relationships between software process artefacts: 
 

• Union or summarizing of CNPM models: this kind of modification 
exists in different variants based on the given situation between the 
considered CNPM models such as equivalent functions or equivalent 
(set of) roles, equivalent inputs or outputs. We will describe a simple 
example for CNPM model unification based on the equality of functions. 
The union of two CNPM models could be described in f CNPM

funcjoin  as 
following 

f  :   M  × M   M CNPM  CNPM
funcjoin

CNPM
x

CNPM
y xy

where the models M CNPM und M are defined by x
CNPM
y

M CNPM  = < U CNPM , V , F  > x x
CNPM
x

CNPM
x

with the function f CNPM
i ∈ F , the outputs V CNPM  and the inputs 

U  and 

CNPM
x x

CNPM
x

M  = < U CNPM , V , F CNPM  > CNPM
y y

CNPM
y y

with the function f ∈ F , the outputs V CNPM  and the inputs 

U . The function f  represents the common function in both 
CNPM models with the following characteristics 

CNPM
i

i

CNPM
y y

CNPM
y

CNPM

M CNPM :   f CNPM
i  : U  × V CNPM \V   V   x

CNPM
x x

CNPM
i

CNPM
i

where V  ∈ V  CNPM
i

CNPM
x

M :   f CNPM
i : U  × V \V CNPM   V   CNPM

y
CNPM
y

CNPM
y j

CNPM
j

where V  ∈ V  CNPM
j

CNPM
y

Hence, the derived CNPM model M CNPM  has the following 
characteristics: 

xy

M CNPM  = < U CNPM , V ,F  > xy xy
CNPM
xy

CNPM
xy

with the function f  ∈ F , the inputs V  = V CNPM  ∪ V  

and U CNPM  = U CNPM  ∪ U   and  

CNPM
i

CNPM
xy

CNPM
xy x

CNPM
y

xy x
CNPM
y

 

f  :   U CNPM  × V \V   V CNPM
  

CNPM
i xy

CNPM
xy

CNPM
k k



 Position Papers   34 

with U CNPM  = U CNPM  ∪ U , V  = V CNPM  ∪ V , V  = 

V  ∪ V . 
xy

j

x
CNPM
y

CNPM
xy x

CNPM
y

CNPM
k

CNPM
i

CNPM

 
 
The following figure shows a simple example of the application of the 
function f CNPM   using the both diagrams in figure 5. funcjoin

 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 6: Simple example for f  application CNPM

funcjoin

 
• Partitioning of a CNPM model consists of building sub models and special 

parts of models. The partitioning function f CNPM
part builds new CNPM models 

using the existing elements or components and could be characterized as 
 

f  : M   M CNPM  × M  CNPM
part

CNPM
xy x

CNPM
y

That means that the CNPM model M = <U , V CNPM , F > with 

the inputs U CNPM , the outputs V CNPM and the causal functions F CNPM
k  ⊆ 

F : U  × V \V   V  would be divided in the two sub 
models M CNPM = <U , V , F CNPM > with the function F ⊆ 
F , the outputs V  ⊆ V , the inputs U CNPM ⊆ U CNPM and F CNPM

i  

⊆ F CNPM : U CNPM  × V \V CNPM
i   V CNPM

i  and M = <U , V , 

F > with the function F CNPM ⊆ F CNPM , the outputs V ⊆ V CNPM , the 

inputs U ⊆ U  and F  ⊆ F : U  × V \V   

V . In practice it would be helpful to ensure that the sets of causal 

functions F  and F  are disjunctive. We will show a simple 
example again in the following figure which used the CNPM model from 
figure 6 in order to build any two sub models. 

CNPM
xy

CNPM

x

xy
CNPM
y

CNPM
xy

x
CNPM
y

CNPM
y

xy

xy

CNPM
y

y

CNPM
xy

x

CNPM

xy
CNPM
j

xy

x

CNPM
x

xy

k
CNPM
xy

CNPM
xy

x
CNPM
y

CNPM
j

CNPM
xy

x

CNPM
y

CNPM
xy

CNPM
x

CNPM
x
CNPM
x

CNPM
xy

CNPM
k

x

y

j

CNPM
y

CNPM

CNPM
xy

CNPM

CNPM

CNPM
yy

CNPM
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Figure 7: Simple example for f  application CNPM

part

 

• Restructuring of a CNPM model is reasonable in different practical 
situations. Formally, it could be an extension or reduction of the different 
sets of UCNPM, VCNPM and FCNPM. That means an addition or extraction of 
any objects o CNPM

iu, or o CNPM
iv, , roles r CNPM

i  or functions f CNPM
i . Semantically, it 

is based on changing the functional background as a change of the 
causality. In following we will consider some special cases of restructuring 
using the CNPM model description M CNPM

x  = < U CNPM
x , V CNPM

x , F CNPM
x  >  

with the inputs U CNPM
x , the outputs V CNPM

x  and the causal functions F CNPM
x . 

(1) Addition/extraction of a function: In principle, the addition or extraction 
of a causal function could be characterized as a summarizing or 
partitioning of two causal models. This is reason for the key aspect of the 
function as kernel of the CNPM models.  

 
(2) Addition/extraction of a role: The role as a causal indicator extends the 
causality characteristic of any function in the CNPM model. The addition or 
extraction of a role extends or reduces the input set U  and would be 
explained also in the next section.  

CNPM
x

 
(3) Addition/extraction of an input: Considering the characterized CNPM 
model M CNPM  above, a new model was built M in the following 
manner: in the case of addition the derived model M  = <U CNPM , 
V , F CNPM > includes the outputs V , the modified inputs U  
and the functions F ⊆ F : U CNPM  × V CNPM \V CNPM

i   V  where 
U = U CNPM ∪ {u CNPM

i }. In the case of extraction we establish U CNPM  × 
V \V CNPM

i   V  where U = U \ {u }. Note that in both 
cases the set of functions F  is addressed to u  only. The other 
functions in F CNPM  would be not changed using this kind of restructuring. 

x

x

x

x

CNPM
x'

x'

CNPM

CNPM
i

CNPM
x'
CNPM
x'

'

CNPM
x

CNPM
x'
CNPM
x

CNPM
x

CNPM
x

CNPM
i'

CNPM
i

CNPM
x

CNPM
i'

x'

CNPM

x
CNPM
i

x

x' i

 
(4) Addition/extraction of an output: These kinds of operations of 
restructuring could be described in the same manner like (3) considering 
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the output set V CNPM  modified to V CNPM . We obtain M CNPM  = <U , 
V , F > includes the inputs U , the modified outputs V CNPM  
and the functions F : U  × V \V CNPM

i   V CNPM
i  where V CNPM = 

V ∪ {v CNPM
i } and V CNPM ⊆ V CNPM  and in the case of extraction V CNPM = 

V \ {v CNPM
i }. 

x

CNPM
x

x'
CNPM
x

CNPM
x'

x'
CNPM
x

x'

x'

x'

CNPM
x'

CNPM
x
CNPM
x

CNPM
x

CNPM
x

x

' '

x'

 
 
A simple example of restructuring based on the CNPM model from figure 6 
by addition of a role and extraction of an object for function 2 is given in 
the following figure. 

 
 

 
 
 
 
 
 
 
 
 

 

 
Figure 8: Simple example for restructuring of a CNPM model 

 
 

(M3) The MCNPM
  can be analyzed considering the typical causal relationships 

between software process artefacts in the following manner. The CNPM 
model could be considered as a directed graph where every node has some 
predecessors and any successors. Hence, it is possible to analyze or count 
these elements for a first level of CNPM analysis and evaluation. For 
instance, we obtain the number of all roles in the CNPM, the number of 
derived objects etc. Based on this idea, we can define the following function 
f  of CNPM analysis as CNPM

inputextract _

 

f CNPM : M  × f   U  inputextract _
CNPM
x

CNPM
i

CNPM
i

where M  = <U CNPM , V CNPM , F CNPM > , f  ∈ F , U CNPM
i  ⊆ U CNPM  

and  

CNPM
x x x x

CNPM
i

CNPM
x x

U  = { u CNPM
i  :  u = predecessor(f )}.  CNPM

i
CNPM
i

CNPM
i

Extracting the roles r CNPM
i  could be based on the counting of their causal 

aspects because of their actor characteristic. That could be expressed by 

U CNPM
i  = { u CNPM

i  : u  = predecessor(f ) ∧ actor(u CNPM
i ) = “yes”}. CNPM

i
CNPM
i
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In the same manner we could analyze the expected results and outputs 
based on the function f CNPM  as following: outputextract _

f : M  × f CNPM
i   V  CNPM

outputextract _
CNPM
x

CNPM
i

 
where M CNPM  = <U , V , F CNPM >, f  ∈ F CNPM , U  ⊆ U  
and  

x
CNPM
x

CNPM
x x

CNPM
i x

CNPM
i

CNPM
x

V CNPM
i  = { v  :  v = successor(f )}.  CNPM

i
CNPM
i

CNPM
i

 
 
Applying these functions to our described examples of CNPM models we 
can derive the following characteristics: 
 

• predecessor(f CNPM_M2
1 )     = {‘Role 1’, ‘Object 2’} 

• predecessor(f CNPM_M3
1 ) = {‘Role 1’, ‘Object 1’} 

• successor(f CNPM_M3
2 )    = {‘Object 3’} 

 
 

(M4) The MCNPM
  can be evaluated in the following manner considering the typical 

causal relationships between software process artefacts. The CNPM model 
could be characterized as empirical evaluation that requires the 
identification of the empirical aspects explicitly. Such empirical characteristic 
for objects could be process artefact level, artefact quality or process 
artefact performance. From this point of view, the CNPM model evaluation 
could be performed as following: 

 
• causal coverage analysis of the fulfilled requirements from a special 

software process point of view, 
 
• causal trace analysis of the successful consideration of process flow 

based requirements, 
 

• causal achievement analysis of the derived results and outputs in 
different parts on the CNPM model. 

 
In order to explain some of these kinds of analysis we will consider the 
CPNM model M  describing the empirical-based process aspects 
mainly and the CPNM model M CNPM  describing the causal basics in 
general. On that we characterize a simple causal coverage analysis as 

CNPM
x

y

   coverage = ∑(|F CNPM |+|U CNPM |+|V CNPM |)/ 

∑(|F |+|U CNPM |+|V |) 

CNPM
My y y y

CNPM
x x

CNPM
x
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where F  ⊆ F CNPM , U  ⊆ U CNPM , V  ⊆ V CNPM . Therefore we 
can establish that the best value of causal coverage would be achieved as 
coverage =1. On the other hand, percentage-based kind of 
presentation would be obtained by 

CNPM
x

CNPM
My

y
CNPM
x y

CNPM
x y

coverage[%] = coverage  * 100 . CNPM
My

Considering the different variables or objects and roles we can define 

  coverage = ∑ |F CNPM | / ∑ |F | CNPM
Myfunction _ y

CNPM
x

  coverage = ∑ |U | / ∑ |U CNPM | CNPM
Myinput _

CNPM
y x

  coverage = ∑ |V | / ∑ |V | CNPM
Myoutput _

CNPM
y

CNPM
x

Furthermore, in the case of coverage lower 1 we have the situation of any 
missing objects. That could be characterized in the following manner 

  F = { F  \ F  : F CNPM  ⊆ F } CNPM
nctionmissing_fu

CNPM
x

CNPM
y y

CNPM
x

  F = { U  \ U  : U CNPM  ⊆ U CNPM } CNPM
putmissing_in

CNPM
x

CNPM
y y x

  F = { V CNPM  \ V CNPM  : V CNPM  ⊆ V } CNPM
tputmissing_ou x y y

CNPM
x

For the causal trace analysis and achievement analysis the existing graph 
algorithm and methods of evaluation can be used that would not be 
considered here. 
 

 
2.2  CNPM-Based Software Process Analysis 
 
One of the possible uses for the CNPM model is the mapping of process standards. 
This shall be described by example of the key process area „Organizational Training“ 
(OT) of the CMMI (see [Kulpa 2003] and [SEI 2002]). Also it will be considered that 
specific practices of this model give a hint for the implementation of a CMMI 
conformant process environment. The specific practice (SP) 1.1 will be used as an 
example for the implementation of a CNPM network. 
 
SP 1.1 – Establish the Strategic Training Needs 
This practice contains the following sub practices: 
 

• Analyze the organization’s strategic business objectives and process 
improvement plan to identify potential future training needs. 
 

• Document the strategic training needs of the organization. 
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• Determine the roles and skills needed to perform the organization’s set of 
standard processes. 
 

• Document the training needed to perform the roles in the organization’s set of 
standard processes. 
 

• Document the training needed to maintain the safe, secure and continued 
operation of the business. 
 

• Revise the organization’s strategic needs and required training as necessary. 
 
To create a network it is necessary to split the text into tasks, objects and roles. This 
decomposition leads to the following elements: 

Objects: 

• Strategic business objectives 

• Process improvement plan 

• Set of standard processes 

• Training needs for roles and skills 

• Training needs for business 

• Needed roles 

• Needed skills 

Functions: 
• Analyse 

• Document strategic training needs 

• Determine roles and skills 

• Document training needs to perform standard processes 

• Document training needs for safe, secure, continued business 

• Revise if necessary 

Roles: 
The text of the CMMI contains no detailed information about the role executing 
the task. But it gives the general definition, that the management is 
responsible for all quality activities. So for the following networks the 
management will be used as executing instance of this task. 

The resulting network is shown below: 
 



 Position Papers   40 

 
 

Figure 9: Organizational Training - SP 1.1 – first approach 
 

A deeper analysis of the objects contained in this network shows, that there is no 
Task, creating the objects „training needs for roles and skills“ and „training needs for 
business“. This shows the incompleteness of the CMMI in some detailed views. 
 
The inserted processes are the following: 

• Determine training needs for roles and skills 

• Determine training needs for business 
 

Furthermore, it can be seen, that the network contains two functions for documenting 
two different types of training needs. Giving credit to the fact that the documentation 
of training needs doesn’t depend on the type of the training need that is to be 
documented, both functions can be combined to a single one. 
 

• Document training needs 
 
The network constructed by these changes is shown in the following figure: 
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Figure 10: Organizational Training - SP 1.1 - restructured 
 

To create the other specific practices some adaptations of the CMMI-text are 
necessary. For example, the fact, that the object “Satisfaction approaches” of OT-SP 
1.4 is not used as an input object for any of the other contained sub processes. 
Furthermore it isn’t a work product of the process area, what makes it necessary to 
insert the impact of this object in later functions. 
 
Abstaining from showing the detailed description of the creation of the diagrams the 
following figures show the text and the final networks of the specific practices 1.2 to 
2.3. 
 
SP 1.2 - Determine which training needs are the responsibilities of the 
Organization 

 
• Analyze the training needs identified by the various projects and support 

groups. 
 

• Negotiate with the various projects and support groups on how their specific 
training needs will be satisfied. 
 

• Document the commitments for providing training support to the projects and 
support groups. 
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Figure 11: Organizational Training - SP 1.2 
 
SP 1.3 – Establish an organizational training tactical plan 
 

• Establish plan content 
 

• Establish commitments to the plan 
 

 

 
 

Figure 12: Organizational Training - SP 1.3 
 
 
 
SP 1.4 - Establish training capability 

 
• Select the appropriate approaches to satisfy specific organizational training 

needs. 
 

• Determine whether to develop training materials internally or acquire them 
externally 
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• Develop or obtain training materials 
 

• Develop or obtain qualified instructors 
 

• Describe the training in the organization’s training curriculum 
 

• Revise the training materials and supporting artifacts as necessary 
 

 

 
 

Figure 13: Organizational Training - SP 1.4 
 
SP 2.1 – Deliver training 

 
• Select the people who will receive the training necessary to perform their roles 

effectively. 
 

• Schedule the training, including any resources, as necessary (e.g., facilities 
and instructors) 
 

• Conduct the training 
 

• Track the delivery of training against the plan 
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Figure 14: Organizational Training - SP 2.1 
 
 
SP 2.2 – Establish training records 

 
• Keep records of all students who successfully complete each training course 

or other approved training activity as well as those who are unsuccessful 
 

• Keep records of all staff who have been waived from specific training 
 

• Keep records of all students who successfully complete their designated 
required training 
 

• Make training records available to the appropriate people for consideration in 
assignments 

 

 
 

Figure 15: Organizational Training - SP 2.2 
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SP 2.3 – Assess training effectiveness 
 

• Assess in-progress or completed projects to determine whether staff 
knowledge is adequate for performing project tasks 
 

• Provide a mechanism for assessing the effectiveness of each training course 
with respect to established organizational, project or individual learning (or 
performance) objectives 
 

• Obtain student evaluations of how well training activities met their needs 
 
 

 
 

Figure 16: Organizational Training - SP 2.3 
 

 
Using the methods described above, the shown networks can be combined to show 
the complete picture of the tasks fulfilling the requirements of key process area 
“organizational training”.  
 
 
The combination is executed by a mapping over the role “management” and some 
output objects, being input objects in other CNPM networks. The following figure 
shows the overall process network of this process area. 
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Figure 17: Organizational Training - complete network 
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3  Conclusion and Future Work 
 
The presented CNPM-based approach was applied in practice in order to transform 
the textual CMMI standard in a causal network based form. This implies the chance 
of explicit description of the CMMI process evaluation from an implicit one. Otherwise 
it allows to consider other causalities and empirical relationships in the software 
process area depending on concrete industrial situations and methodologies.  
 
In our further research different process evaluation approaches would be compared 
in order to understand, classify and improve the software process management level 
in the IT practice. The concrete application of our CNPM approach in practice was 
described in a separate PhD thesis in our software engineering group. 
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Abstract. A major difference between a “well-developed” science such as civil 
engineering and the less “well-developed” sciences such as enterprise 
engineering is the degree to which non-functional requirements (NFRs) are 
integrated into the design and development process and their satisfaction 
controlled by theoretically valid measurement procedures. This paper introduces 
the preliminary results towards a concise formal framework for enterprise 
performance modeling, measurement, and control during enterprise integration 
activities. The novelty of this research consists in employing the mathematical 
category theory for modeling purposes which is broad enough to capture formally 
heterogeneous requirements such as structural, functional and nonfunctional by 
employing the constructs from the graphical categorical formal language. 

Keywords: Performance modeling and measurement, enterprise integration, 
category theory 

 

 

 
1  Introduction 
 
Enterprise integration occurs when there is a need for improving interactions among 
people, systems, departments, services, and companies (in terms of material flows, 
information flows, or control flows). Enterprises typically encompass hundreds, if not 
thousands, of applications (comprising of packaged solutions, custom-built, or legacy 
systems), some of them being remotely located. The research work presented in this 
paper is motivated by the need to build performance requirements into the enterprise 
models, a need rooted in the current industrial trend toward developing complex 
integrated enterprises. The importance of enterprise integration compliance with the 
imposed performance requirements requires continuous control of the performance 
indicators in real time, which brings up another important research issue, namely, 
understanding the complex and frequently ill-defined nonfunctional requirements 
(such as performance), their roles and inter-relations in increasing complex large-
scale enterprise integration systems. 
 
The goal of this research is to formalize entreprise integration methods and 
performance measurement techniques in a single formal framework broad enough to 
encompass all practical requirements. The developed framework will allow to 
measure performance on all levels of performance indicators: integration, enterprise, 
process, function, project and product. Our approach is to develop an enterprise 
modeling and measurement framework based on category theory. A measurement 
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model decomposes performance into a hierarchy of measurable characteristics in 
line with enterprise strategy and objectives. Through the application of category 
theory we seek to avoid the undesirable results of informal and sometimes arbitrary 
assignment of numbers as proposed by many measures [1, 2, 3]. Using the 
categorical theoretical framework we will analyze the mathematical mappings from 
the empirical world into numbers and the properties of those mappings. The 
importance of the mappings are at least threefold: (1) understanding mathematical 
properties of mapping, (2) detecting undesirable properties of mapping, and (3) 
correctly using the resulting numbers in statistical and related performance analysis 
required for decision-making. 
 
The rest of the paper is organized as follows. Section 2 introduces the related work in 
performance modeling and control in enterprise integration. The proposed enterprise 
architecture performance model is outlined in Section 3. Section 4 explains the usage 
of category theory constructs for building performance into the overall enterprise 
architecture model and the theoretical basis for enforcing performance indicators in 
enterprise integration. The paper concludes in Section 5 with a discussion of the 
approach and the outline of future work directions. 
 
 
2  Related Work 
 
The background to this research extends back to the mid-1980s when the need for 
better-integrated performance measurement systems was identified [4, 5, 6, 7, 8]. 
Since then there have been numerous publications emphasizing the need for 
relevant, integrated, balanced, strategic and improvement-oriented performance 
measurement systems. None of the existing studies [9, 11, 12, 13, 14, 15, 16, 17] 
consider performance qualitative modeling and quantitative control from an enterprise 
integration perspective. In order to identify the most appropriate performance 
measurement system for enterprise integration, a review of performance 
measurement systems in supply chains, extended enterprises and virtual enterprises 
was conducted [1, 18, 19, 20]. Majority of the measurements proposed are in the 
same areas as measures traditionally used in a single enterprise organized to 
correspond to supply chains (i.e. plan, source, make, deliver, etc.). 
 
The research presented in this paper differs from the existing work in the area in 
important ways: 
 

(i) the proposed work takes advantage of the formal representation of 
components, measurement procedure and indicators as categories within the 
same formal framework so that the achievement of the requirements can be 
verified and monitored automatically; 

 
(ii)  from the perspective of the integrated enterprise system as a whole, we can 

establish how overall system behavior depends on the performance 
indicators. 
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3  Enterprise Performance Measurement Model (EPMM) 
 
To describe a complex system it is necessary to abstract features from it. Such 
abstraction is a modeling process. A model is a conceptual representation of a given 
entity of interest, involving the association of a subject of discourse with the object. In 
this section we present a model for enterprise performance decomposed into a 
hierarchy of measurable indicators in line with enterprise decision-making strategy 
and objectives. 
 
The most difficult question in developing such a model is deciding what to measure 
and how to measure it. In our research we used the goal-driven approach to 
decompose the performance of enterprise integration into eight qualitative 
performance factors; the factors are further refined into quantitative indicators derived 
from measurement procedures (the lowest hierarchical level) as illustrated in Figure 1 
is the example of dependability. 
 

 
 

Figure 1: Enterprise Performance Measurement Model (EPMM). 
 
A major application of the representational theory of measurement is to facilitate 
decision-making. Making judgments based on performance indicators should satisfy 
certain conditions (axioms) about an individual’s judgments, such as preferences, 
under which the measurement is possible. To accomplish a measurement, we start 
with an observed or empirical relational structure E representing entities to be judged 
(like, for instance, enterprise architecture) and we seek a mapping (here, 
performance measurement) to a numerical relational structure R which “preserves” 
all the relations and operations in E. A mapping from one relational structure to 
another which preserves all relations is called a “homomorphism”. 
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To achieve the goal above, enterprise architecture modeling needs a mechanism to 
acquire and represent empirical structure of enterprise components and their 
interrelations, and map them onto performance measurement indicators. Category 
theory is a branch of mathematics which is supremely capable of addressing 
“structure”. This consideration is the main motivation behind this research: structure 
emerges from interactions between elements as captured by arrows, and not 
extensionally as in set theory. Thus, it is suitable for formalizing system-level 
integration through interactions between enterprise components, and controlling 
system behavior’s conformance to nonfunctional requirements, such as performance, 
for enterprise integration quality control and trade-of decisionmaking purposes. The 
approach is explained in the following section. 
 
 
4  Categorical Framework 
 
To develop a model of a complex system, the first problem is to derive a framework 
for discussion. Formal frameworks treat the system as a collection of mathematical 
objects where the behavior of each object could be described by different models 
such as automata, Petri-nets, set theory and process algebra, to name a few. Such 
formal modeling may be seen as a multidisciplinary field that requires a sound 
scientific and theoretical basis, where system specifications, designs and 
implementations are treated as mathematical objects; system properties can be 
investigated by formal analysis. 
 
In this work, a number of important enterprise modeling concepts are given a 
category theoretic foundation. Informally, a category is a collection of heterogeneous 
objects and morphisms modeling the social life of these objects, that is, their 
interactions. Details on category theory can be found in [22, 23, 24]. The concepts of 
soundness and completeness do not arise in categorical specification because it 
does not explicitly treat rules of deduction but rather uses algebraic theories. A 
category can be defined as zero or more objects bound together, where each object 
may be either a primitive or a category. A category may be produced by explicitly 
listing functions and objects or by invoking a function which returns a category. A 
category may also be augmented, diminished or joined with other categories to 
produce a new category. Morphisms can be used to define interconnection within the 
enterprise itself or between enterprises. 
 
The morphisms are represented graphically as arrows (see, for instance, Figure 2). 
The categorical rules require the presence of i) the identity morphism, ii) the operator 
composition of morphisms, and iii) the associativity law. 
 
Due to the lack of space we only give a high level sketch of the framework and omit 
category theory basics that are assumed for understanding of the model developed. 
We model enterprise architecture and performance indicators as categories. Arrows 
in the category are structure-preserving homomorphisms representing measurement 
procedures as categorical arrows from an empirical structure category (enterprise 
architecture and/or its components) to Numerical Structure (performance level 
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indicator), which is justified by the representational theory of measurement. A generic 
example illustrating a categorical modeling is presented in Figure 2. 
 

 
 

Figure 2: Representing Measurement in Category Theory. 
 
 
Category BusinessProcess. Business process of an Enterprise Architecture EA can 
be described in terms of its properties and its behavior. The properties of a business 
process are independent of their values at any given point in time. The business 
process state is the set of (usually static) properties plus the current (usually 
dynamic) values of each property. The business process behavior is how the 
business process acts and reacts, in terms of state changes and events being raised. 
A property is the name of a set of potential values, which is called a property domain. 
The business process policies may impose direct limitations on the possible values of 
a property. We call these limitations collectively as process invariants. The process 
invariant is a set of conditions taken in conjunction that must be satisfied by every 
process in any steady state of the process. An event causes a process to transition 
from one state to another or possibly to the same state as determined by its behavior 
if the source state satisfies the pre-conditions of the event E then the business 
process will change state if and only if postconditions of the event E are satisfied by 
the destination state. The category BusinessProcess consists of eight types of 
objects (Enterprise Architecture EA, Process Domain PrDom, Process Invariant 
PrInv, Control Indicator CI, Business Process State BPState, Business Process 
Event BPEvent, Range Range, Performance Performance) and ten morphisms 
(arrows) defined as follows: property: EA  PrDom, policy: PrDom   PrInv, steady: 
BPstate  PrInv, behavior: EA  BPEvent, control: PrInv  CI, satisfy: CI  Range, 
Performance Modeling: EA  Performance, Verify Performance: Performance  
Range, postcondition: BPEvent  BPState, precondition: BPState  BPEvent. 
 
The diagram commutes as shown in Figure 3 which ensures the preservation of the 
empirical relational structure (EA and properties) in numbers (Range) by the 
performance modeling and measurement; the Identity morphisms are omitted from 
the Business Process category to simplify the presentation. 
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Figure 3: BusinessProcess Category. 
 
Combining BusinessProcess Categories of an Enterprise. When two business 
processes are combined, the states for both processes are combined as if a natural 
join is preformed on tables formed by the two state spaces. The rows in the new 
state space are created by combining rows in the two merged state spaces in which 
common attributes have the same values. The process invariants are joined by 
logical conjunction. If the two invariants contain conflicting conditions such that the 
combination resolves to false (no states are possible) the business processes are 
deemed incompatible. The combined invariant is applied after two unconstrained 
state spaces are joined. Event arrows are drawn between every pair of states for 
which the source state satisfies the preconditions and the target state satisfies the 
post conditions while duplicate arrows are dropped. Definitions for the resulting 
category are straight forward and are omitted. 
 
The semantics of enterprise architecture can be captured in terms of a categorical 
framework and consequently the formal functionality of the system can be specified 
using a language derived from the categorical framework. It is now acknowledged by 
computer theoreticians that category theory is a very powerful mathematical theory 
that is likely to have increasing importance for computer science. However, it is not 
immediately obvious which parts of category theory should be utilized for modeling 
large complex systems in general or enterprise integration in particular. 
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5 Conclusions and Future Work 
 
To conclude, this paper reports on the first results toward a formal and 
comprehensive performance measurement framework for enterprise integration 
founded on a solid mathematical theory, namely, the category theory. The basic 
building blocks of an Enterprise Integration can be provided by the categorical 
notions of objects and morphisms. This research work will continue exploring the 
semantic properties of category theory formal framework to define a categorical 
specification language constructs for enterprise integration modeling. The basic 
constructs will include the categorical rules, basic primitives and operators, and 
communication primitives for specifying processes. The appropriateness of the 
categorical objects and morphisms would become apparent when modelling 
enterprises’ interactions and relations such as recursive hierarchies and cooperative 
networks. The equivalence of the categorical framework and the categorical 
language will be established formally and illustrated through selected examples. 
 
The presented research differs from the existing work in the area in at least two 
important ways: (i) it uses formal representation of components, measurement 
procedure and indicators as categories within the same formal framework which 
makes it possible to monitor satisfaction of requirements automatically; (ii) it 
establishes how overall system behavior depends on performance indicators from the 
perspective of the integrated enterprise system as a whole. 
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Bundschuh, M.; Dekkers, C.: 
The IT Measurement Compendium 

Springer-Verlag Berlin Heidelberg, 2008 (643 Seiten) 
ISBN 978-3-540-68187-8 
e-ISBN 978-3-540-68188-5 
 
The first step towards success in a software project is to ensure a professional setup. 
This includes a metrics-based formal estimation process to ensure a solid foundation 
for project planning. Accurate estimates require quantitative measurements, ideally 
tool based. In addition, software project managers must also monitor and update 
these estimates during the project’s lifecycle to control progress and assess possible 
risks. 
Based on their many years of practical experience as software managers and 
consultants, Manfred Bundschuh and Carol Dekkers present a framework of value to 
anyone involved with software project management. They present all five ISO/IEC-
acknowledged Functional Sizing Methods, with variants, experiences, counting rules 
and case studies, and they use numerous practical examples to show how to use 
functional size measurement to produce realistic estimates. 
Written in a highly practical style, including checklists, templates, and hands-on 
advice, and backed up with many pointers to both national and international metrics 
and standards organizations, this book is the ideal companion for the busy software 
project manager or quality assurance manager. 

• Explains ISO/IEC standards specific to software measurement and Functional 
Size Measurement (the 14143 series) 

• Details the five most popular and ISO/IEC accepted Functional Size 
Measurement standards including: IFPUG, COSMIC, FiSMA, Mark II, and 
NESMA 

• Presents various other software sizing methods including use case points, 
object points, and academic approaches 

• Complete, with many real-world examples and hands-on checklists 
• Provides many pointers to internet resources and international metrics 

organizations 
 
Büren, G.; Bundschuh, M.; Dumke, R.: 

MetriKon 2007  –  Praxis der Software-Messung 
Shaker Verlag, Aachen, November 2007 (350 Seiten) 
ISBN 978-3-8322-6703-2 
 
The book includes the proceedings of the DASMA Metric Conference MetriKon 2007 
held in Kaiserslautern in November, 2007, 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. 
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Schmietendorf, A.; Mevius, M.; Dumke, R.R.: 
2. Workshop Bewertungsaspekte serviceorientierter Architekturen 

(BSOA 2007) 
Shaker Verlag, Aachen, November 2007 (132 Seiten) 
ISBN 978-3-8322-6716-2  
 
The book includes the proceedings of the 2. Workshop Bewertungsaspekte 
serviceorientierter Architekturen BSOA 2007 held in Karlsruhe in November, 2007, 
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. 
 
Ebert, C.; Dumke, R.:  

Software Measurement 
 Establish - Extract - Evaluate - Execute 

Springer-Verlag Berlin Heidelberg, 2007 (561 Seiten)  
ISBN 978-3-540-71648-8  
 
Our world is shaped by software. Since software is so ubiquitous, we need to stay in 
control. Software measurement is the discipline that assures that we stay in control. 
In this volume, Ebert and Dumke provide a comprehensive introduction to software 
measurement. They detail knowledge and experiences about software measurement 
in an easily understood, hands-on presentation. 
Brief references are embedded from world-renown experts such as Alain Abran, 
David Card, Robert Glass, Peter Liggesmeyer, Charles Symons, and many more. 
Examples and case studies are provided from Global 100 companies such as 
Alcatel-Lucent, Atos Origin, Axa, Bosch, Deloitte, Deutsche Telekom, Shell and 
Siemens. 
This combination of methodologies and applications makes the book ideally suited for 
both professionals in the software industry and for scientists looking for benchmarks 
and experiences. Besides the many practical hints and checklists readers will also 
appreciate the comprehensive reference list. Further information, continuously 
updated, can be found on the book’s Web site: http://metrics.cs.uni-
magdeburg.de/. 
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Jones, C.:  
Estimating Software Costs: Bringing Realism to Estimating,  

Second Edition 
Mc Graw Hill Publ., 2007 (644 Seiten)  
ISBN: 978-0-07-148300-1 
 
Get a clear, complete understanding of how to estimate software costs, schedules, 
and quality using the real-world information contained in this comprehensive volume.  
Find out how to choose the correct hardware and software tools, develop an 
appraisal strategy, deploy tests and prototypes, and produce accurate software cost 
estimates. Plus, you’ll get full coverage of cutting-edge estimating approaches using 
Java, object-oriented methods, and reusable components. 

• Plan for and execute project-, phase-, and activity-level cost estimations 
• Estimate regression, component, integration, and stress tests 
• Compensate for inaccuracies in data collection, calculation, and analysis 
• Assess software deliverables and data complexity 
• Test design principles and operational characteristics using software 

prototyping 
• Handle configuration change, research, quality control, and documentation 

costs 

Selby, R.W.:  
Software Engineering 

Barry W. Boehm’s Lifetime Contributions to Software Development, 
Management, and Research 

IEEE Computer Society Publ., 2007 (818 Seiten)  
ISBN: 978-0-470-14873-0 
 
This book presents forty-two of Barry W. Boehm’s best articles on software 
engineering, organizes them into nine chapters with newly written summaries by nine 
of his colleagues, and concludes with a new chapter on Barry’s “thoughts for the 
future.” The book chapters address: 

• Software Architecture and Quality 
• Software Economics 
• Software Tools 
• Software Process: Early Spiral Model 
• Software Risk Management 
• Software Process: Emerging Extensions 
• Software and Systems Management 
• Software Engineering State of the Art and Practice 
• Value-Based Software Engineering 
• A Software Engineer in the Software Century 
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This book is recommended as a guide and resource for software engineers, project 
managers, and technology executives as well as a textbook for advanced 
undergraduate and graduate courses.  
 

Basili, V.R.; Rombach, D.; Schneider, K.; Kitchenham, B.; Pfahl, D.; 
Selby, R.W.:  

Empirical Software Engineering Issues 
Critical Assessment and Future Directions 

Springer-Verlag Berlin Heidelberg, 2007 (192 Seiten)  
ISBN-10: 3-540-71300X, ISBN-13: 978-3-540-71300-5  
 
This book constitutes the thoroughly refereed post-proceedings of the International 
Dagstuhl-Seminar on Empirical Software Engineering, held in Dagstuhl Castle, 
Germany in June 2006. The purpose of this workshop was to identify the progress of 
empirical software engineering since 1992, to summarize that state-of-the-art in ESE, 
to summarize the state-of-the-practice in ESE in industry, and to develop an ESE 
roadmap for research, practice, education and training. 
 
 

Preprints/Technical Reports: 
 
 
Kunz, M.; Dumke, R.: Empirische Grundlagen zur COSMIC-FFP-Anwendung für die 
Aufwandsschätzung, University of Magdeburg 2007 
   
Mencke, S.; Dumke R.: Agent-Supported e-Learning, University of Magdeburg 2007 
 
Frohnhoff, S.; Kehler, K.; Dumke, R.: Modellbezogene Use-Case-Identifikation für 
die UCP-basierte Aufwandsschätzung. University of Magdeburg 2007 
 
Farooq, A.; Dumke, R.R.: Evaluation Approaches in Software Testing. University of 
Magdeburg 2008 
 
Richter, K.; Dumke, R.R.: The Causal-Based Software Process Modelling. 
University of Magdeburg 2008 
 
 
 
 
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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SMEF 2008: 

 
Software Measurement European Forum 
May 28-30, 2008, Milan, Italy 
see: http://www.iir-italy.it/smef2008eng/ 

   
PROFES 2008: 

 

9th International Conference on Product Focused Software Process 
Improvement 
June 23-25, 2008, Rome, Italy  
see: http://profes08.uniroma.it/ 

   
WOSP 2008: 

 
6th International Workshop on Software & Performance  
June 23-27, 2008, Princeton, NJ, USA 
see: http://www.wosp-conference.org/  

   
EASE 2008: 

 

11th International Conference on Empirical Assessment in Software 
Engineering 
June 26-27, 2008, University of Bari 
see: http://ease.cs.keele.ac.uk/ 

   
UKPEW 2008: 

 
21th Annual United Kingdom Workshop on Performance Engineering  
July 3-4, 2008, London, UK 
see: http://ukpew.org/  

   
QSIC 2008: 

 
8th International Conference on Software Quality 
August 12-13, Oxford, UK 
see: http://cms.brookes.ac.uk/staff/HongZhu/QSIC2008/  

   
PSQT 2008 North: 

 
International Conference on Practical Software Quality & Testing 
September 8-12, 2008, Minneapolis, USA  
see: http://www.PSQTConference.com  

   
ASQT 2008: 

 
Arbeitskonferenz Softwarequalität und Test 2007 
September 10-12, 2008, Klagenfurt, Austria 
see: http://conf.ifit.uni-klu.ac.at/asqt  

   
QEST 2008: 

 
5rd International Conference on Quantitative Evaluation of SysTems 
September 14-17, 2008, Saint Malo, France  
see: http://www.qest.org/qest2008/   

http://www.iir-italy.it/smef2008eng/
http://profes08.uniroma.it/
http://www.wosp-conference.org/
http://ease.cs.keele.ac.uk/
http://ukpew.org/
http://cms.brookes.ac.uk/staff/HongZhu/QSIC2008/
http://www.psqtconference.com/
http://conf.ifit.uni-klu.ac.at/asqt/
http://www.qest.org/qest2008/
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CONQUEST 2008: 

 
11. International Conference on Software Quality  
September 24-26, 2008, Potsdam, Germany 
see: http://www.conquest-conference.org/  

   
ESEM 2008: 

 

International Symposium on Empirical Software Engineering & 
Measurement 
October 9-10, 2008, Kaiserslautern, Germany 
see: http://www.esem-conferences.org/  

   
UKSMA 2008: 

 

19th Annual UKSMA Conference - Managing your Software (through 
Measurement) 
October 16 , 2008, London, UK 
see: http://www.uksma.co.uk/  

   
QFD 2008: 

 
20th Symposium on Quality Function Deployment 
October 20-31, 2008, Santa Fe, USA  
see: http://www.qfdi.org/  

   
IWSM/MetriKon/Mensura 2008: 

 
Common international Conference on Software Measurement 
November 17-19, 2008, Munich, Germany 
see: http://iwsm2008.cs.uni-magdeburg.de  

   
BSOA 2008: 

 
3. Workshop Bewertungsaspekte service-orientierte Architekturen 
20. November 2008, Leinfelden bei Stuttgart 
see: http://ivs.cs.uni-magdeburg.de/~gi-bsoa/  

   
IASTED SE 2009: 

 
IASTED International Conference on Software Engineering 2009 
February 17-19, 2009, Innsbruck, Austria 
see: http://www.iasted.org/conferences/home-642.html  

   
SEPG 2009: 

 
21th Software Engineering Process Group Conference 
March 23-26, 2009, San Jose, CA, USA 
see: http://www.sei.cmu.edu/sepg/2008/news_2009.html 

   
CSMR 2009: 

 
13th European Conference on Software Maintenance and Reengineering 
March 24-27, 2009, Kaiserslautern, Germany  
see: http://csmr2009.iese.fraunhofer.de/  

http://www.conquest-conference.org/
http://www.esem-conferences.org/
http://www.uksma.co.uk/
http://www.qfdi.org/
http://iwsm2008.cs.uni-magdeburg.de/
http://ivs.cs.uni-magdeburg.de/%7Egi-bsoa/
http://www.iasted.org/conferences/home-642.html
http://www.sei.cmu.edu/sepg/2008/news_2009.html
http://csmr2009.iese.fraunhofer.de/
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ASWEC 2009: 

 

20th Australien Software Engineering Conference 
April 14-17, 2009, Gold Coast, Austalia 
see: http://aswec2009.itee.uq.edu.au/ 
  

ICSE 2009: 

 
International Conference on Software Engineering  
May 16-24, 2009, Vancouver, Canada  
see: http://www.icse-conferences.org/ 

   
ICPC 2009: 

 
17th International Conference on Program Comprehension 
May 17-19, 2009, Vancouver, Canada 
see: http://icpc.csi.muohio.edu/ICPC_2009.html 

   
SQS 2009: 

 
Software Quality Systems Conference 
May 27-29, 2009, Düsseldorf, Germany  
see: http://www.sqs-conferences.com/de/deutsch/start_d.htm 

   
SPICE 2009: 

 
SPICE Conference  
June 2-4, 2009, Turku, Finland 
see: http://www.spice2008.com/ 

   
  
 
 
 
 
see also: OOIS, ECOOP and ESEC European Conferences  

 

http://aswec2009.itee.uq.edu.au/
http://www.icse-conferences.org/
http://icpc.csi.muohio.edu/ICPC_2009.html
http://www.sqs-conferences.com/de/deutsch/start_d.htm
http://www.spice2008.com/
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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/ 
  Software Quality Institute of the University of Texas at Austin. Offers 

comprehensive general information sources on software quality 
issues. 
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• 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.cetus-links.org/oo_metrics.html 
  Homepage of Manfred Schneider on Objects and Components 
 

http://www.qsm.com/
http://www.iese.fhg.de/
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• 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/


   Metrics in the World-Wide Web 68 

• 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  
 
 
  
 

 

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/
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Tool Vendors 
 

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