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Application
form 2000

Project number:

For Research Council use

1 Project title (max. 100 characters )
Incremental and component-based software development (INCO)

2 Applicant Institution/company
responsible for the project

Project manager

Institution/
company (name)

UiO Project manager (name) Dag Sjøberg

Faculty/Institute/
Department

Department of informatics

Address P.O. Box 1080 Blindern Address Department of informatics, UiO
City and city code 0316 Oslo

Web-site http://www.ifi.uio.no/
Registration number 97 10 35 854 City and city code 0316 Oslo

Auditor Office of auditor
general

Other Position/title Professor

Administrative
responsibility (name)

Narve Trædal Academic degree PhD

Position/title Administrative Head of Department Preferred language Bokmål x Nynorsk
Phone and fax 2285 2418 2285 2401 Phone and fax 2285 2742 2284 0072

E-mail narvet@ifi.uio.no E-mail dagsj@ifi.uio.no

5 Research Council funding division
Division NT Other relevant divisions

Programme IKT-2010 Other relevant
programmes/disciplines

Discipline/
specialist field

For additional funding:
give project number.

Executive officer Activity Project type
Division BF MU MH Discipline code

IE NT KS

3 Principal objective and sub-goals (max. 100 words)
The principal objective is to advance the state-of-the-art and -practice for
incremental and component-based software development. This includes developing
or improving existing methods, models, techniques and guidelines for such
development.

Sub-goals
Build a national competence base around these themes and disseminate the knowledge gained in academia and industry:
1. At least 1 method, model, technique and guideline should be developed or improved.
2. At least 8 papers with INCO results should be published at international workshops, conferences or in journals
3. At least 3 companies should be involved in the INCO work.
4. Results from INCO should be taught in at least 1 course at UiO and 1 at NTNU in 2003 and 2004.
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4 Project summary (max. 200 words)
The high costs and high failure rate of present software projects call for better technologies and work processes for software
development and maintenance. In recent years, incremental and component-based development have been proposed as remedies –
separate or combined – to reduce development time and cost, and to increase software quality (especially usability and reliability).
However, there are few validated technologies (methods, models and tools) in these areas in industrial use today, reflecting the
immaturity of these technologies.

Ifi, UiO and IDI, NTNU will in INCO propose, refine and validate improved technologies for incremental and component-based
software development, focusing on UML and RUP with time-boxing, and COTS-based development. Technology for planning and
managing incremental and component-based software development projects will also be proposed and evaluated. Moreover, the
project will develop guidelines for how to train software developers and achieve organisational learning in incremental and
component-based development. Empirical studies will be performed both in industry and at universities.

6 Timetable for main activities in the project
Project period:             From: 01.01.2001 To: 31.12.2004 2000 2001 2002 2003 2004
Main activities over the project period 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3

1. Definition of hypotheses and planning of empirical studies in
companies, literature review/identification of related work.

2. Collection of measurements, data analysis, preliminary
results, technical reports and workshop papers

3. Revision of models/hypotheses, further measurements/
validation/results, papers, material for courses.

4. Consolidation of results: final INCO report, conference and
journal papers, final material for courses.
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X X
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X

X

X
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7 Overall costs (in 1000 NOK) 2000 2001 2002 2003 2004 Sum
Personnel costs and indirect costs 1041 1848 1591 763 5243
Purchase of R&D services
Equipment 150 120 70 70 410
Other operating costs 300 367 340 340 1347
Project total 1491 2335 2001 1173 7000

Specifications

8 Finance plan (in 1000 NOK) 2000 2001 2002 2003 2004 Sum
Own funding
EU-funding
Other public-sector funding
Other private funding
From Research Council
Project total

9 Cost code (in %) 2000 2001 2002 2003 2004
Commercial participants
R&D Institute sector
University sector
Other sectors
Project total 100 100 100 100 100
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10 Research Council application 2000 2001 2002 2003 2004 Sum
Student fellowships
Doctoral fellowships 595 1251 1251 625 3722
Post-doctoral fellowships 378 529 132 0 1039
Fellowships for visiting researchers
Overseas fellowships 0 0 140 70 210
Technical/administrative positions 68 68 68 68 272
Researcher positions
Hourly-based salary including indirect costs
Sum personnel costs and indirect costs 1041 1848 1591 763 5243
Purchase of R&D services (specified in sect. 7)
Equipment (specified in section 7) 150 120 70 70 410
Other operating costs (specified in section 7) 300 367 340 340 1347
From Research Council 1491 2335 2001 1173 7000

Specifications
- A post-doc position may be replaced with visiting researchers.
- The technical/administrative person will be responsible for maintaining web-pages, developing experiment environments, code
quality analysers, metrics collection tools, etc.
- Equipment includes PC and software  for PhD students and post-docs/visiting researchers
- Other operating costs include travel for project member and visiting researchers, and costs of developing (electronic)
teaching/presentation material.

11 Person for whom a fellowship/position is being sought
Name Personal number

(if applicable)
Type position/fellowship Period Position-%

3 PhD students, unknown at present Doktorgradsstipend -
1 post-doc or visiting researcher,
unknown at present

Postdoktorstipend -

1 person in 1/5 position, unknown
at present

Teknisk/administrativ -

Foreign institution: (name, address, country)

Travelling alone Travelling
expenses

Travelling with family

12 Partners
Norwegian companies:
Computas, Bravida, Ericsson, Genera, Icon medialab, FreightConnect, Mogul (Numerica-Taskon), Telenor, Viewpoint, Veritas

International organisations:
Universities of Maryland, Kaiserslautern, Lund, Grenoble, Milano, Glasgow, Carleton (Ottawa), and companies such as Q-labs and
VTT.

13 Project publication plan

14 List of enclosures
1. Project description
2. CVs and publication lists of the applicants

15 Signatures
Narve Trædal                                                                                 Dag Sjøberg
Date: 28 September 2000 Adm. responsible Date: 28 September 2000 Project manager Date:                              Grant applicant
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Dag Sjøberg / Reidar Conradi                                                   Oslo/Trondheim, 28. september 2000
UiO/NTNU

Norges forskningsråd
Postboks 2700
St. Hanshaugen
0131 OSLO        Oslo/Trondheim, 28. september 2000
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INCO foreslås herved av Ifi/UiO og IDI/NTNU. NFR-rammen er på 7000 KNOK over fire år, pluss 7284
KNOK dekket av kapitaliserte universitetsmidler.

Planen er et �H�9�����
�H�����>�T�
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i Norge, representert ved søkermiljøene ovenfor, med flere “ ringer i vannet”  av nasjonale deltakere,

og med internasjonale koplinger.

Vi vil tilstrebe at INCO kan ligge “ rygg til rygg”  med ett eller flere PROGIT-prosjekter, og med ulike
bedriftskontakter (15-20) både innenfor og utenfor slike prosjekter. Vi vil altså bruke industrielle
utviklingsprosjekter, både de som er koplet mot PROGIT-prosjekter og andre mer interne, som en ª «�¬H­9®
¯¢°
ª�±�²�²
²�³�´ . I tillegg vil vi utnytte våre egne studenter i småskala-eksperimenter. De mest aktuelle PROGIT-
prosjektene er PROFIT, DAIM og CoDeVer.

INCO vil nasjonalt koples til våre PROFIT-kollegaer ved SINTEF. Videre vil utnytte våre kontakter med IT-
interesseorganisasjoner som ITF, IKT-Norge, NFKL og DND. Endelig vil vi samarbeide med andre norske
utdannings- og forskningsmiljøer for spredning av resultater gjennom kurs, seminarer, web-sider osv., jfr.
avsluttet NAWUS-prosjekt (”Digitalt bibliotek for digitale læremidler” ).

INCO søkes internasjonalt koplet med vårt nett av faglige kontakter, f.eks. mot universitetene i Maryland,
Kaiserslautern, Lund og Carleton, til Fraunhoferinstituttene i Kaiserslautern og Maryland, til Q-labs, DnV
o.l. Blant annet deltar vi i nettverket ISERN (International Software Engineering Research Network, initiert
av prof. Basili og Rombach), og flere tilsvarende konstellasjoner planlegges.

Med vennlig hilsen

Dag Sjøberg og Reidar Conradi

PS
Som det fremgår av søknadsskjemaet, har nye etterprøvbare delmål blitt lagt til og budsjettet blitt nedjustert i
denne reviderte søknaden.
DS

Vedlegg:
NFR søknadsskjema
Enclosure 1: Project Description
Enclosure 2: Curriculum Vitaes and Publication Lists
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The high costs and high failure rate of present software projects call for better technologies and work
processes for software development and maintenance. Recently, incremental and component-based software
development have been proposed as remedies – separate or combined – to reduce development time and cost,
and to increase software quality (especially usability and reliability). However, there are few such
technologies (methods, models, and tools) in industrial use, reflecting the immaturity of these technologies.
For instance, incremental development needs better support on overall planning and on estimating risks and
costs. Likewise, COTS (Component-Off-The-Shelf) based development suffers from poor integration with
requirements engineering, architectural modelling and analysis, and cost/risk estimation.
�M���5���W�����W�I� �¢¡,£
¤¦¥4§

Advancing the state-of-the-art of software engineering, focusing on technologies for incremental and
component-based software development.¨ª©I«
Advancing the state-of-the-practice in software-intensive industry and for own students, focusing on
technologies for incremental and component-based software development.¬ª­I®
Building up a national competence base around these themes.¯¦°4±
Disseminating and exchanging the knowledge gained.

²�³�³�´5µW¶I·5¸�¹
1) Propose, refine and validate enhanced technologies for incremental and component-based software

development, focusing on UML and RUP with time-boxing, and COTS-based development (R1 below).
2) Derive a menu of PhD study topics in co-operation with industry serving as “software laboratory”  (R2).
3) Conduct two phases of technology development and empirical studies, at univ. and in industry (R3).
4) Assemble and disseminate the results (R4).
Close contact with Norwegian, industrial projects (especially PROFIT) is envisaged, although we can run
INCO solely based on existing industrial contacts and student projects.
º�»5¼�½�¾À¿ ¼ÂÁ

mainly as PhD theses, papers, reports, and Web material – and covering the following:Ã�Ä4Å
A set of improved technologies for incremental and component-based software development.ÆÈÇIÉ
Guidelines for training software developers and for achieving organisational learning in incremental and
component-based software development.ÊÈËIÌ
A body of experiences from empirical studies of such technologies.Í�Î4Ï
General presentation material, new/revised courses, and a new national seminar on INCO themes

Ð�ÑIÒsÓ�ÔÖÕ�Ò5×�Ø
The software engineering groups at IDI, NTNU and Ifi, Univ. Oslo both have 3-4 teachers, 4-5

PhD students and 20 MSc students involved in related education and research. The two groups have been co-
operating for over 7 years, the last 4 years on the national SPIQ and PROFIT projects (on software process
improvement), with regular project and research meetings. Both groups have extensive connections to
Norwegian industry, partly through the same projects. Together, the two groups have participated in more
than a dozen EU projects in software engineering. The groups also participated in the NAWUS project (on
software engineering education in “Norgesnettet” ) in 1998-1999.
Ù_Ú�Û�ÜWÝsÞ3ßWà�Û�áâßIà�ßIÜ Ý�á2Ý5à&Þ ã

INCO is planned for 4 years, with 3 PhD students and 1 postdoc/guest researcher
per year financed by NFR – totally 7000 KNOK (1491 in year 2001). 3 PhD students will be financed
internally by the two universities. In addition comes involvement of teachers, guest researchers and the
surrounding university environment. Total capitalised effort is estimated to 7284 KNOK from the university
side. Two main evaluations are envisaged, respectively after 2 and 4 years. Project management lies at UiO,
and four quarterly common project meetings are planned, plus monthly status meetings among the co-
ordinators.
ä�åçæ èêéIë5ìîí�ï

 Software engineering, incremental development, component-based development, software
quality, heterogeneous components (COTS), empirical studies.
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The overall INCO goals are:

ö¦÷4øKù�ú û�üIý�þ5ÿ ý �  �������	��
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– Technologies (methods) for DFE�G"H�I#J6I�E=K�L�MON)I
P)I�M�Q�R(J<I�E=K  aim to substantially reduce the costs and risks
associated with evolving requirements, due to rapid and unforeseen changes in markets or technologies.

– Technologies (methods) for S�T�U<V�T�W(X�W�Y�Z�[�\�]�X"^:^�X8_`X#a�T�V(U<X�W2Y  cover both internal components and
external COTS components, and aim to build new systems from existing parts in a more cost-effective
and reliable manner.

b�c�d�e:f�g`h�i�j�k/i�l
 m�n�o�p	m�q�m�o
r�s�t�r�m�n�o�r�u�v�q�w8m�x�w�o�x�y�p�s�t�m�z4q�v"o
r�xFy2m�o�y)p8x {`o�x�y�|�}�p�m�v
~1q�y�|4t9s�v�s�z4y4p�m�}�|(o"y2m�p���t9s,w�}(p�x�y��

s�y*m�o"w�n�y(s���s,��x�o#p-t@s�v�x�y(w�v�o��6o#y=m�q��Oq�y�|�w�s��6u)s�y�o�y=m9r���q�p�o�|�p8s�t�m�z�q�v�o�|(o
{`o#��s,u��1o�y2m��
The aim is to use our industrial contact network and our own students to perform a spectrum of
empirical studies, from formal experiments to case studies, in order to influence present and future
software practice.

���������)�F�������(�����������������,�(�����"���6�(�
�����(�������������������)���*���(�����������#�<���� 
The aim is to strengthen the Norwegian academic and industrial IT community in the areas of
incremental and component-based development.

¡£¢B¤�¥:¦/§�§�¨#©6¦/ª(«B¬�¦�ª�­�«�ª�®�¨
¯)°"±�«�ª�­�¦Fª�­²¬�±�¨�³�ª)´�µ4¶F¨�®�­,¨.­�«,¦�ª(¨�®�·
The aim is to disseminate PhD theses, papers, reports, educational and presentation material etc. through
the Web, in own education, and at appropriate national and international fora.

Note that research activities will have first priority, although we will need (and have) a tight coupling to
industry to perform realistic studies and field work. Such practical work may be carried out in other projects
under NFR's PROGIT program, or by company-internal projects.

¸ ¹»º½¼.¾²¿ÁÀ�¼
The following results are planned:

Â:ÃBÄÆÅÈÇ�É
Ê�Ë�Ì�ÍFÎ6Ï)Ð�Ë�Ñ`É�Ò*Ê�É�Ó�Ô)Õ�Ë�Ö�Ë�×�Í�É�ÇØÌ9Ë�Ð�Í�Õ�Ó#Ð"É#Î6É�Õ2Ê�Ù�ÖOÙ,Õ�Ò�Ó#Ë�Î1Ï�Ë�Õ)É�Õ2Ê�Ú�Û�Ù,Ç8É�Ò�Ç�Ë�Ì�Ê�Ü4Ù�Ð"É�Ò)É
Ñ)É�Ö�Ë�Ï(Î<É�Õ=Ê�Ý
The results will be three-fold:

• ÞÆß`à�á#â�ãFã ä%å<â�æ�â�ç�à"á#è�â�ãFé  Improved methods and techniques for planning, risk analysis, effort
estimation, and management of incremental and/or component-based software projects.

• ê*ë"ì�í�î�ï�ì#ð,ñFò  Improved methods and techniques for requirement engineering, architectural modelling,
design, implementation, and testing in incremental and/or component-based software development.

• óõô
ö�÷�ø�ù(ø,ú�ø�û�ü�ý�þ�úOÿ���þ���ö�ú �����  Improved or annotated research methods for software engineering in
general, as a side effect of trying out the above methods.

Such technologies include process models (methods) and guidelines, architectural models/taxonomies,
and cost/risk estimation models. An underlying platform of UML/RUP and COTS is assumed. Note,
that there is a strong interaction between incremental and component-based approaches, and between
these and requirement engineering / project planning.

These technologies will contribute to reach goal 	�
  on advancing the state-of-the-art, and ��
 on
developing a national competence base.
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The results are two-fold:

• Guidelines for applying the R1 technologies for incremental and/or component-based software
development, both in an industrial and educational context.

• Guidelines for how to train software developers and to achieve organisational learning in
incremental and component-based development.

These guidelines will be synthesised from the outcomes of empirical studies (see R3 below), and be
targeted both towards industrial developers and own students.

The guidelines will contribute to reach goal M�N on advancing the state-of-the-practice, and O�P on
developing a national competence base.

Q�R�S�TVU�W�X�YZW�[]\_^�`�\�a3b�\�c�d3\�e#[%a�W�fg\3f@`�b�a3b6d�h�i=e1j�k�X�b�\�e8W�[le.k,d�mnj�\3dAm�c�W�i�W�o�b�\�e.p
The empirical studies will involve industrial case studies in the 10-20 companies that we now work
with, and more formal experiments involving our own students (2-3 relevant courses at each partner).
These studies must be carefully planned and carried out (cf. R2). The raw data and derived
experiences/models will partly reside in company-internal q5rts8qtuBv�q5wIx�qzy�{;|}qt|  and partly in central Web-
bases at the universities.

The experiences will give feedback to results R1 and R2 above, and contribute to goals ~�����~�� and �����
���;� ���A���������=�,���A�_���K���)�������F���)���3�3�����������t���%���_�����.���F�������3�<���.�������2�-���t�����)�)�����������.�3�@�6�������.�3�������.�

This presentation and educational material will have the form as course notes, presentation foils,
exercises, repeatable experiments etc. It will be used towards own and other students and towards
industry. It will be presented at regular and external courses, workshops and conferences, seminars and
specialist meetings. Most material will be available from an INCO �¡ �¢2£.¤ ¥<   that will be continuously
updated.

A new, semi-annual, national seminar on INCO themes and ¦�§J¨�©�ª3©6«�¬�­=®_¯�°G±D²2¬�ªA¦z¦A³�´�©�³,¦�¦�ª3©6³�´  will also
be arranged, partly in conjunction to the annual PROFIT seminars.

These results contribute to goal µ�¶  and to goal ·�¸ on dissemination.

¹�º�º}»�¼,½�¾�¿�À;Á�½�Â�½3Ã<Ä�º »�Ã�ÅFÆ�º�º�¿�½�Ç�½3º�Æ ÁI½AÂ�½�ÇF¾�Ã8È�¾�Â5»�ÃÉÀ�ÊÌËz¼KÍV¾�Î�Ç�ÏÑÐ�ÒÓ»<¼�½�Ã_½�Ã.Ô�È�Ä�¿,º�Æ�Ã.¼�½AÇFÈ�¾�È,½�Â�Ã.Ô�ÂA½�È�À�Ât»�Ã<Ô
½5Õ�È�½�Â�Æ6½�Î�Ò3½�Â�½�È�À�Â_»<Ã.Ô�½�Ç�Ä�Ò3¾;»<Æ�À�Î�¾�ºÌ¾�Î�ÇFÈ�Â�½3Ã.½�ÎB»�¾3»<Æ�À�ÎFÖ@¾;»<½�ÂAÆ�¾�º=½t»�Ò�×)ØJÖ@À�ÃÙ»<ºÛÚZ¾�ÒAÒ�½�Ã_Ã.Æ�¿,º6½zÀ)ÁÜ½�Â(»)¼�½#ÝÞ½�¿�×
It is hard to quantify the economic value of these results, as INCO is meant to be a PhD-type research
project. However, considering 60,000 software developers in Norway – if INCO results are influencing 1000
of these and with a 10% “ improvement”  (which can itself be subject to INCO studies!), the overall effect
may be substantial. The indirect results on end-users that rely on working IT systems come in addition.

Further, there is a huge, indirect and long-term benefit by giving more relevant education in and exposure to
novel software technologies for university students.

A remark on terminology: when we later say “development” , we will assume “software development” ,
unless another meaning is explicitly stated.
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The table below shows the resources applied for. The units are PY (person-years) and KNOK (1000 Nkr).
The effort and thus the resources will roughly be divided equally between NTNU and UiO. The applied
amount from NFR is 7000 KNOK. In addition, 7140 KNOK are covered by the university partners on INCO
related work. Standard NFR rates have been applied on wages.

êìë}íïî�ðAñ}ò<ó ô}õAõ=ö ô}õAõ}ô ô}õAõ}÷ ô}õAõAø ù�úÌûýü�þ ù�úÌûýÿ�����ÿ
3 PhD fellows 1,5 3 3 1,5 9
1 Post-doc/guest researcher 0,75 1 0,25 0 2�����	��
���
�������������� � � � � ���
Wages PhD students 595 1251 1251 625 3722
Wages post-docs/guest res. 378 529 132 0 1039
Overseas fellowship 0 0 140 70 210
Technical/administrative position (1/5) 68 68 68 68 272
Guest res./postdoc, travel 0 67 40 40 147
Travels 300 300 300 300 1200
Equipment 150 120 70 70 410 �!�"	#�$�%�#�&�$�'�(�)+*�,�-�. /�0�12/ 3�4�4�5 3�6�62/ /�/87�4 7�6�6�6
3/4 of 4 PhD fellows 3 3 3 3 12
PhD advisors 1 1 1 1 4
Guest res., part-time 0,25 0,25 0,25 0,25 19�:�;=<�>�?�@�A�BDC�EGF+H�I�JLK�E M�?GN�O M�?GN�O M�?GN�O M�?PN�O Q�R
9�:�;=S�T�U�S�?V@�A�BWC�EPF�H�I�J�K Q�X�N2Q Q�X�N2Q Q�X�N2Q Q�X�N2Q R�N�X�M

The technical/administrative person will be responsible for maintaining web-pages and developing
experiment environments, code quality analysers, data capture tools etc. Equipment includes PCs and
software for PhD students and post-doc/visiting researchers. Other operating costs include travel for project
member and visiting researchers, and some costs of developing (electronic) teaching/presentation material.
Candidates for post-docs may be our present PhD students or those of our colleagues.

As shown, NTNU and UiO each expects to have two additional PhD students financed by internal funds on
the INCO topic. They are already in place in Oslo, and scholarships are being advertised at NTNU, thus 3/4
research share for 4 students. One post-doc is also included for two years. Marginal extra costs for guest
researchers (two per year and 5 weeks per visit) are also included. The 3 PhD students are each expected to
stay abroad for 6–8 months, and extra overseas fellowships of 70.000 KNOK per student are included.

Included in the budget are the contributions by academic employees (prof., assoc. prof.) who supervise PhD-
students and conduct own research related to the project. The effect of mobilising own MSc students is not
counted, but is expected to be considerable (“ light-house effect”  of a factor 2-3). No direct support from
industry is included.
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This section describes state-of-the-art, previous own work and research trends of respectively incremental
development, component-based development, software process improvement and relevant research methods.

l�mon poqkr�sutwvxtyq2z|{w}�~�t���ty}g�k�kvxtwq^z
In incremental development several, smaller parts (increments) of the application system is released instead
of one “big bang” . Each increment delivers a portion of the functionality of the overall system. Incremental
development projects are usually conducted in an evolutionary, that is, non-serial manner. For simplicity, in
this application we use the term � �������V�������o�������]���V���d���������  to denote development projects that are �������
incremental and evolutionary.

Incremental development has been proposed as an efficient way to deal with risks such as new technology
and imprecise or changing requirements [Boehm88]. The main idea is to resolve risks early by incrementally
evolving the system towards completion instead of relying on the waterfall approach [Royce70]. Thus, an
important objective of incremental development is to identify the “ real”  needs of the customer as the system
evolves, cf. �������  ¡����¢�£o¢�£ ¤���� ¥�¦ . While experience reports show some success in the application of incremental
development [Gilb88]  [Zamperoni95], for example, Rational’s Unified Process (RUP) is being adopted by a
growing number software development companies, there are unfortunately few empirically based guidelines
on how to apply such processes in different development contexts.

Incremental development may also mean §o¨o©�ª]«|¬�­`®�¨ ¯�°f±  typically with 4–6 months intervals, cf. the DSDM
method. Many companies already practice some kind of incremental development, e.g. Computas (using
DSDM) Telenor, Cap Gemini, etc. That is, more and more application owners now feel the impact of “new”
and rapidly evolving IT technologies, constantly wetting the appetite for new and revised services and
products – cf. the mobile phone market. Thus, “ Internet time”  means that everything changes much faster,
both apply to technology and markets. Carefully drafted requirements tend to become obsolete after just a
few months. This means a massive amount of changes, both during and after initial development. Time-
boxing is an attempt to “ freeze”  the technology and requirements, at least for a few months, so that we can
have a semi-orderly development.

Consider also the “project triangle” , with functionality/quality, schedule and effort, respectively, in the three
corners. Schedule is often sacred, so the two other corners must adjust. Traditional Telecom has so far
escaped these effects, but hardly anymore. Capers Jones estimates from (old) data that requirements “ rot”  by
1-1.5% per month, so after 3 years about half of the original requirements are gone. “Better”  requirements
engineering in the first place could not have remedied this, cf. the failed Iridium project which started in
1988 and was delivered in 1998, and that 1/3 of all software developments end up in “dead-before/dead-
upon-delivery” .

²´³¶µ·³¶¸�¹�º¶¸�µ¼»oµ�½V¹]¾V¿À¾Vµ�ÁLÂ�Ã2Ä�¾�Å�¾VÃo¸�Æ�¿Ç¾Vµ�ÁLÈ
The Oslo group initiated and managed the interest group on incremental development in the SPIQ project
[Dybå00]. The Trondheim group was also active in the interest group. In SPIQ the Oslo group worked
closely with the companies Genera, Mogul (Numerica-Taskon) and Ericsson on incremental development
[Arisholm98, Arisholm99a, Arisholm99b, Arisholm00a]. Controlled experiments with students at different
levels have also been conducted [Arisholm00b].
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• Estimation, risk analysis, contract specification, project management and configuration of such processes

• Planning and making a stable design/architecture that is suited also for the next set of semi-planned and
delayed deliveries

• Prioritisation of requirements

• Down-scaling the large number of prescribed deliverables, roles and activities in RUP to be practical for
use in relatively small development projects

• Studies of actual evolution, both in requirements and designs: cause, effect, when, by whom, with what
cost

Ý�Þ ß à�ákâäãbákå^æyå^çØè|é�ê�ë�æwìîí�æ�ï�æyðgákãkâxæwå^ç
ñiò�ó�ô�ò]õ�ö�õ�÷�øúùüû`ý�ö�þ ÿ¼ö � ö����dô�ó�ö�õ�÷  covers both reuse of traditional libraries and object-oriented frameworks, as
well as program/product families and COTS (Commercial-Of-The-Shelf). Cf. also the emergence of software
architecture and domain-specific design patterns as a separate branch of software engineering.

The reusable components may be any software artefacts: requirements and analysis documents, software
architectures, detailed designs, code (source and binary), test data, and documentation.

The main ���
	��
����� �  of reuse are more standard solutions and architectures, shorter time-to-market, higher
productivity, and better reliability (i.e. lower defect rates). All these benefits have been demonstrated
industrially over the last 10 years, see e.g. [Basili91] [Lim94] [Reifer97] [Morisio99]. Typically, a reusable
component “earns”  its value after 2-4 years, by being reused at least twice. The net economic savings are
considerable, typically a 20-80% return on initial investments.

Reuse often implies, that ����������������� ������ �� (e.g. what libraries/components to possibly develop or reuse) and!�"�#�$�% !�"�&'"
(�) *,+�"�-.%
*/%�01(�*  (e.g. what new functionality should be prioritised and when) become entangled. That
is, we need a 2�3.4�5
6/3
78793.4�3.:�;=<?>'3
@�AB<92�;DC�3E6E6DFD;.2G2/3/H16�3 , with feedback loops to handle project risks, scheduling
and decision making.

Classic software (code) reuse assumes IKJ�L�M�N.OQP�R.S  reuse, where reusable artefacts (libraries, OO frameworks)
are compiled into the application code. A common approach has been on developing own or sharedT�U�V9W,U.X9Y
X�Z�[�Y�W,U1\/]�Z�U�[�]�Y
\ , where potential reuse candidates are classified, stored, and later searched for,
fetched, and possibly modified. However, the repository-based reuse approaches have had limited success
[Poulin95], unless being integrated into a larger reuse process.

Furthermore, attempts at reusing components across product families and/or projects have revealed serious
problems of ̂._�`.a�b�c�d�`.c�e1_�^Df  and g1hBi�j1k�l m�j�n�l�g1k�jDo prq�s�g1k�g�tul�s�jDo  nature. First, a component needs an overall
architecture (perhaps its own API) to relate to, i.e. which “slot”  it is filling. Second, reuse means investingv9w1x  in more generalised components (and in infrastructures such as component repositories), that may not be
(re)used at all y�z�{�|E} . Thus, a cost/benefit assessment for reuse must be made. Lastly, Ralph Johnson has
emphasised that reusable components are "not (pre)planned, they are discovered (gradually later)"
[Gamma95].

Work in the new area of ~������
���������������D�����.���������
~  has focused on �9�
�/� �����,�������
�E���  [Gamma95] [Hofmeister00],
architectural styles, connector semantics and special architectural description languages [Shaw96]
[Garlan00]. However, the area must still be considered immature. On the other hand, recent work on reuse
across pre-planned �����1�9�D������  ¡�¢
£  [Jazayeri00] seems to have been successful.

Recent advances in middleware [Emmerich00] (with COM- or CORBA-style wrapping, or via Web servers)
have made ¤�¥�¦¨§
©¨ªQ¤�«1¬ reuse increasingly more attractive. This, again, has made COTS a popular target for
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component-based development. But again, but COTS-based reuse has proved very, very hard [Garlan95]
[Carney97] [Boehm99] [Morisio00]. This is because,, as for classic reuse above, there is no standardised
development process for COTS, no shared architectural modelling base, and no applicable cost/risk models
[Boehm00]. The extra ­�®�¯�°
±K²�³�°  to make individual COTS components play together, may be considerable.
Further, we have no control over COTS risk factors, such as incompatible and unexpected “upgrades” ,
vendor delays, or inadequate documentation.

Lastly, in all this, we have to consider normal software configuration and maintenance aspects [Lientz81]
[Nosek90].

´�µ·¶¸µ·¹�º/»·¹¨¶½¼�¹¨¾À¿Á¹�¶ÃÂ/¶ÅÄÇÆÉÈÃÊ�ËEÂ/Ì·Ì�Â
Í9Â.Î�¹�¿Á¾ÏÂ�¶�ÄÉÐ
NTNU/SINTEF work on component-based development started in the REBOOT/SER EU projects in 1990-
95 [Karlsson95] and in an accompanying national strategic technology project (STP) on software reuse. In
these two EU projects, 13 empirical studies were performed [Paci97]. See the NTNU publication list for
more references, and e.g. [Conradi97] and [Larsen98] on versioning and [Conradi96a] on feedback in reuse
processes.

NTNU also participated in the RENAISSANCE EU project in 1996-98 on reengineering legacy software.
This project developed a tailorable method, where software reuse was a key element in cost/risk decisions,
and where UML was used to describe system architectures [Warren98].

There are also the industrial NFR-projects MAGMA in 1997-99 [Dahle96] and DAIM in 2000-02 [Dahle99],
involving a future NTNU colleague, Tor Stålhane (an ex-SINTEF researcher), and many NTNU students
supervised by Reidar Conradi. The MAGMA project has developed a standard application architecture and
guidelines for business domain models, collected in a method book (see under www.ikt-norge.no).

Work at University of Oslo includes work done at Det norske Veritas (DnV) on versioning of component-
based development [Arneberg98], on architecture recovery [Bratthall99], and many empirical studies on
software evolution/maintenance [Bennett99] and on cost/risk estimation models [Jørgensen95a]
[Jørgensen95c] [Jørgensen97] [Jørgensen99].

See also the publication lists for both partners (enclosed).

Ñ½Ò�ÓBÒ�Ô¨Õ.Ö�×�ØÉÕ.Ò�ÙÃÚÃÓGÛQÜ�Õ�Ö.Ü�ÝÏÞÃÜ�ÙÁÒ�ÙDØÇßÉàÃÔ�ÓEÒ�ÚáÚÃÒEâ9Ò.ã�Ü�ÞÁÝÏÒ�Ù�ØÉä
• development models for COTS and reuse development.
• cost/risk estimation models for COTS and reuse development.
• architectural modelling of COTS and reuse software.
• studies of RUP-based development vs. traditional development.
• actual evolution and maintainability of e.g. OO frameworks over time.
• studies of actual evolution and maintainability of web-based solutions.

åÃæ�ç èêé�ëQìÇí·îðïòñôó?ïõé÷öÅñÃøÃøôù�úüû÷ïõé�ýÁñ�úþñGÿ ì
������� �
	���
���������
�����������������
���
����

 (SPI) has been put on the industrial and research agenda for the last 10 years,
with many national and international projects and initiatives established – cf. lists in Section 9 and the "!$#%!�&('*)�'*+ ,.-/!�+*0213'*+ ,4-6527�8�):9; <-=-?>

 effort from Software Engineering Institute (SEI) [Paulk95]. The
underlying hypothesis is that @*A�BDC�E�F�G*H*@ IKJ*L4FNM�OPJ2Q�E(R�@PO3BSLTG*B�R�@ U�@�A�B�M�O�J�RPB�U�U�VWI.X
A�H*R�A4H�@PXYF2UZQ�B�[�B�G�J�M%B�Q�\  Since
the current software process often is chaotic, a more “structured”  process is thought to lead to “better” , i.e.
more predictable products with respect to end-user quality, cost, or delivery time.

Horror stories about the ]�^*_�`baYc�d�egf�d�h ]�h ]  are exemplified by e.g. the Standish report of 1995, claiming that
31% of all custom-tailored software development projects in the US are stopped before completion (“dead
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before delivery” ), with annual losses of 81 bill. $ or 1% of GNP (cited in the PITAC report, see
www.hppc.org).

Many SPI method frameworks have been proposed. Many of these have borrowed concepts from the Total
Quality Management (TQM) method [Deming84] [Aune95], originally intended for large manufacturing
companies. TQM emphasises long-term management commitment, involvement of all employees, a
pervasive focus on end-user quality, and organisational learning (see also below for the latter).

Some SPI frameworks, like CMM, SPICE [Dorling93] and BOOTSTRAP[Haase94], require that a company
undergoes a “staged”  improvement, typically in five levels, accompanied by regular process assessments to
ensure “correct”  level number. Each stage may take 2-3 years. ISO-9001 [Ince94] has only one level, and
requires that a “certified”  quality system (mostly in the form of documented process models) is put in place.
All these frameworks have a top-down and management-heavy character.

In contrast, there is the Quality Improvement Paradigm (QIP), developed at the NASA Software Engineering
Laboratory (NASA-SEL) with heavy involvement from University of Maryland. QIP, and the associated
Experience Factory (EF) [Basili94b] and Goal-Question-Metric (GQM) [Basili94a] methods, has more a
bottom-up and developer-oriented focus, and emphasises organisational learning. The EF is an
“ improvement organisation”  within the organisation, although it may be implemented distributedly.

The reason for mentioning SPI in the INCO proposal is that many attempts to introduce incremental or
component-based technologies are often part of a company SPI program. Furthermore, the problems with
introducing a new technology and in demonstrating its effects are shared with SPI. For instance, there may
be no clear baseline to compare with, results may come late or are unconvincing, the current product delivery
suddenly gets priority and all “experimentation”  is postponed or forgotten, management is semi-committed,
or too dependent on local champions. In addition comes the usual organisational and technological
turbulence in a highly evolving business place.

Related to SPI is active use of i�j�k%i�l�m�i�n�oPiqp�r�s�i�s  (cf. EF above) to promote t2u�v�w2x�y z�w�{*y|t�x�w�}~}���w�u�x�y x(v
[Nonaka95] [Senge95]. That is, experiences should be systematically collected, refined and generalised, e.g.
into guidelines for new work practices, and injected back into the organisation. However, the challenge is to
have the new ���(�����������*� �����  models to become � ���|���������*� �3���  (ingrained) into the workplace. That is, how to
avoid that an experience base turns into an “ information graveyard” . However, new Web-technologies have a
potential for supporting light and incremental realisation and introduction of such experience bases.

�g���������P���(�����T�*�;�� ���¡g¢£���(¤�¡����Z¥�¦§¢£����¨�¡�¦§¡��3��©
Both INCO partners are or have been involved in the industrial, NFR-supported SPIQ [Ulsund96] and
PROFIT [Ulsund99] projects in, respectively, 1997-99 and 2000-02. In both SPIQ and PROFIT, about 10
companies have been or are participating – and with SINTEF, NTNU and UiO as research partners. In SPIQ,
a down-scaled and pragmatical SPI framework was defined as part of the SPIQ Method Handbook (in
Norwegian) [Dybå00]. The Handbook attempts to combine TQM ideas with QIP/EF/GQM. Over 20 small
SPI efforts were performed in the participating companies during 3.5 years. Two of them were on
incremental development. One was in component-based development, but was stopped by the actual
company before getting started, due to local personnel shortage.

Also as part of the SPIQ project, experience bases in four companies were launched, and two have proven
successful [Conradi00]. The critical success factors were found to be organisational stability, cultural
changes, business value, and an incremental approach [Conradi+00b].

ª�«�¬�«�­(®�¯�°Y±²®�«�³�´�¬Zµ·¶�®D¬�¶Tµ¸±;¹º­T®�«g»£®�¶�¯P«�¬�¬½¼|¾§»£®�¶2¿�«�¾§«�³3±"À·«�Á�¯P«�®�»Â±;Ã²Ä
• Scaling down and operationalising SPI method frameworks for SMEs.
• Incorporating novel approaches, such as incremental/component-based development, in SPI efforts.
• Studying and managing success factors for SPI/experience bases.
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• How to develop successful experience bases as part of learning organisations.

Å�Æ Ç È%É�Ê�É�ËZÌ�Í�ÎÐÏ?É£Ñ²ÎNÒNÓ£Ê=Ô²ÒNÌ"Õ|ÖNÍ£Ì×É½Ø=É½Ö~Ñ·Ë½ÙÂËZÖNÓÐÚ�ÒÛØÝÜNÒNÖ:ÉZÖ:Ñ²Þ·ß%Ë�Ê�É½Óáà%É�â£É½Ù�ÒNÜNØ=É½Ö:Ñ
The two most relevant research methods for studies on incremental and component-based development are
variants of observation and experimentation, see [Cook79], [Brooks80], [Lee89], [Basili86], [Yin94] and
[Wohlin00]. Indeed, a new research field, ãqä�å%æ ç3æ*è�é�ê�ë�ì�íTî ïYé�ç�ð½ãÛñ�ò�æ ñ�ð�ð�çPæ ñ�ò�ó  is emerging. This is especially
due to the work of Victor Basili in Maryland and Hans-Dieter Rombach in Kaiserslautern, both with applied
research institutes affiliated, and a long shared history for using the NASA-SEL as a “software laboratory” .

Observation of real software development work has the advantage of being realistic regarding scale and
environment, but there are difficulties due to lack of control of variables, i.e. cause-effect analyses are hard.
A spectrum of empirical techniques are available, e.g. formal experiments, case studies, retrospective
analysis, even literature studies etc. [Zelkowitz98].

Experiments may have control of variables, but have shortcomings with respect to realism, e.g. unrealistic
small software development tasks. We therefore need a combination: To establish reasonable, validated
results, we should both carry out research in a controlled environment (as realistically as possible) and in a
realistic environment (as controlled as possible). For projects like INCO, it is advisable to combine
observation of real projects (often case studies) with “ laboratory”  experiments (often on own students). A
typical research process will be:

1. Formulate research hypotheses and questions based on interviews with software professionals and
previous research results.

2. Carry out experiments testing the hypotheses.
3. Carry out observational studies of several industrial projects (introducing measurement and check-points

in the development process if necessary) to investigate the validity of the results from the experiments.
4. Discuss the findings with software professionals.
5. Carry out new experiments.
6. Etc.

We have to be very careful in describing the context of the studies, ensuring proper extrapolating of the
results only to contexts similar to the contexts studied.

ôgõ�ö�õ�÷�øPù�÷(ö�ø�úPû*ú�ü�ý�öÂþÿø�ú���úPý�ø������=ú�þ���÷	�
���
We have carried out a number of observational and experimental studies on software development where
results on research method have been a major component (see references in Sections 5.1-5.3).

UiO has published some papers on research methods [Arisholm99a] [Anda00] and [Jørgensen00], and been
responsible for several seminars on research methods. In addition, UiO has implemented a measurement
program in a large Norwegian software company to assess the impact of incremental development on
productivity, time-to-market and delivery precision.

UiO has been working closely with prof. Welland and prof. Atkinson at Glasgow for many years on
empirical studies of database schema evolution and the application of persistent language technology.
Recently, UiO has also been working with Dr. Lionel Briand at Carleton University, Ottawa on empirical
evaluation of metrics for object-oriented systems.

NTNU has for five years used own students in running experiments in a software quality course [Jaccheri00].
It has run many case studies in co-operation with industry, see e.g. the one project evolution [Nguyen97] and
on inspections in Ericsson [Conradi99] as part of the SPIQ project. There is also ongoing, joint work with
University of Maryland on how to represent repeatable experiments, and in running repeatable experiments
on own students [Conradi+00a]. Much empirical work, especially around testing and SPI, has also been done
at SINTEF by future NTNU-colleague Tor Stålhane, see [Haugrud95] [Staalhane97] and the publication list.
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������������������������������	������ !�#"$�	�%�&�����#����������'(�)�������
��*
There is no clear trend in how software development is studied, and we need several approaches. But we
need to understand better their appropriateness for the actual work.
• How to describe and control “context variables”?
• How to combine quantitative and quantitative techniques?
• How should experiences and repeatable experiments best be represented and be available to others (e.g.

in experience bases)?

+ ,.-0/�132546-87:9;-<46=;>(?6?6@A26-8B8C

D�EGF HJILK0I�MON<PRQ8S<T�U0V(NLK<WYX6S0V�Z [\ZGS8K

The implicit goal of INCO is increased software quality, both on products and processes. The research focus
of the project is to apply more rigorous (i.e. scientific) methods to study the effect of incremental and
component-based software development.

It has recently been shown that published papers in computer science and software engineering rely on
empirical studies to a much less degree than in other disciplines. [Tichy96] have found that only 15% of the
research papers in some journals contain any practical validation. Recent studies in 1998 by [Tichy98] and
[Zelkowitz98] corroborate these findings. That is, we rely too much on intuition and self-esteem, not
scientific probing of stated hypothesis. The same is valid in industry: few companies have any organised
recording and synthesis of experiences gained in order to achieve “organisational learning” .

For instance, after almost 35 years of object-orientation, there is hardly any empirical paper to assess its
advantages and disadvantages in a “controlled'' development and maintenance situation over 4–5 years.
Recently, UML-related methods, of incremental and component-based software development are among the
“ in-methods” , but strict validation is again lacking.

However, the lack of reproducible and stable “experiments'' (projects) is a fundamental problem for software
engineering. Thus, TQM principles [Deming84] of Statistical Process Control (SPC) may be applied to
manufacturing with stable production lines, but not to software or design work. That is, software
development is characterised by unique and highly evolvable projects – with little repetition and stability.
We therefore also need to refine our research methods, e.g. in how to define effective and perhaps “soft”
metrics and to manage non-repetitive projects. Here, methods from statistics, data mining and social sciences
(e.g. [Levin98]) may be applied.

]�^	_A`�acbed	f�g�_h`ifAj(k�l$m�n opnGgpbrqskpt�b	qG_	bruGn!f�jvf!dwu!k�gp^Aj$frqGfAx�y8d	fhoin jRg#ozk�lik{j$u|brqsb�j	}�gpf	l$m~fAjRk#j$u!���	bA`pk#}�`�f!d	u ��bhozk
}$k�t�k�qGf{m~lik)jRu0n `ifGd�li_	uG_	brq0�	k{jck�drn!uOd	fhoib	g�bA}Rk�l�nGb�b�j	}(n j	}$_A`pu o�yc�

���G� �.�8�6���
���8�8����� �������<�#�

Both the Oslo and Trondheim research groups have emphasised empirical studies in their former work on
incremental and component-based development and on software engineering in general, cf. the SPIQ Method
Handbook. We have also been working on guidelines for empirical studies [Arisholm99a] – see also other
references to own work in Section 5. In INCO we will keep up our focus on performing solid empirical
studies – including formal (controlled) experiments, case studies, interviews and observations (think-aloud
protocols, etc.) and “software archaeology” .

Among the other relevant work in this area are:

• Methods for empirical studies in software engineering, as in [Basili86] and [Zelkowitz98].
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• The database of experimental methods and experiments, found at Univ. Maryland and Univ.
Kaiserslautern, see http://www.cs.umd.edu/projects/SoftEng/*  and the affiliated Fraunhofer institute of
Empirical Software Engineering (IESE), see http://www.iese.fhg.de and http://wwwagse.informatik.uni-
kl.de/ISERN/isern.html.

• A textbook in Experimental Software Engineering, edited by prof. Claes Wohlin at Univ. Lund. See
http://www.tts.lth.se [Wohlin00].

• Summaries found at European Software Institute (ESI) in Bilbao, e.g. at http://www.esi.es/VASIE.
• Textbooks on how to perform case studies [Lee89] [Yin94], and apply statistics [Miller98].

���G� �i 8¡G¡ ¢�£8 8¤O¢
¥�¦| 8§¨£0©�¥Oª«©�©L§(¬®­r¢L¯0©L°�¦ ¢±¢L§<¯¨²G§8¯8³
´�¥\¤Oµ

INCO will be conducted in close co-operation between academia and industry to give a strong focus on
practical application of the methods and empirical feedback. Much of the academic work will be done as part
of PhD degrees, where each candidate typically will work with one or two specific “case'”  companies. The
candidates will gather valuable practical experience and empirical data to test the research hypotheses of
their theses in a sound way. The companies will achieve better understanding and improvement of their own
software development processes, and hence increased competitiveness.

We will also continue our tradition in using MSc students to work together with researchers and PhD
students in such empirical work. In addition, each partner has 3-4 courses where more controlled
experiments have been carried out for more than 5 years (see T4.3).

INCO intends to create and utilise a synergy with related projects. In addition to working together with
software producers on concrete cases, technology transfer to Norwegian organisations will be ensured
through “normal”  means, as explained in Section 4.

¶ ·¹¸6ºA»8¼6½:¾8¿

The project consists of two research groups at NTNU and UiO that constitute a virtual centre for
experimental software engineering. Three PhD students, two advisors, ca. 10 MSc students and part-time
guest researchers and a shared post-doc (not placed) will have their daily work.

We foresee two one-month visits per year by international researchers, and that the PhD students spend 6–8
months abroad during their study.

At any time we will conduct ca. 5 empirical studies towards our industrial contacts, including formal
experiments, case studies / pilot projects, and interviews. The themes (see below) will be research-oriented,
thus supplementing the more pragmatic pilots in PROGIT-projects.

There will be joint project meetings every 3rd month. We will also arrange a new national seminar series on
INCO themes every six months, co-ordinated with e.g. the ones by the PROGIT-projects PROFIT, DAIM,
and similar.

The research will be made available in PhD and MSc theses, reports, internationally published articles,
seminar presentations, and in revised university courses (including NAWUS and EEU-courses). A web-node
will be present the activities and results of the project.

À�ÁGÂ ÃJÄLÅ0Ä�ÆOÇ<ÈRÉ8Ê
Ç�Ë<ÌGÅ8Í(ÇLÅ8Î«ÏÑÐ�Æ�Ò®Ë
Ó�Æ\Ô8Õ�Ó�Ô8ÆOÄ

The workplan consists of four major phases:

ÖØ×�ÙrÚ�Û�Ü�Ý�Þ±Ùrß|à�á â(Þ(ã	à%ä�×�ÜAåcærçAè$é	é	Ühêhë
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Definition of hypotheses and planning of empirical studies in companies, including experiment design,
literature review/identification of related work.

ìØí�îrï�ðLñvò�ó±îrô|õ�ö ÷(ó(ø	õ%ù�í�ú	û�ñRü	ü	ý5ù�ø�óþø	õ%ù�í�ÿrûAñcü	üAñ����
Collection of measurements, data analysis, preliminary results, technical reports and workshop papers������	�

������������� ���������������! #"$���%"&���&�������#�'�%"( %"$���#��)+*
Revision of models and hypotheses, further measurements/validation/results, workshop and conference
papers, produce material for industrial and academic courses.,�-�.�/�021&3�4�.�5�6�7 8�4�9�6�:�-�;%<(;#=$>%=$?�?�1A@+B
Consolidation of results: final INCO report, conference and journal papers, presentation of final results,
final material for industrial and academic course.

In practice, these phases will be partly overlapping in time because the PhD students may start at different
times, the empirical studies will have varying length, etc.

The workplan consists of four workpackages, WP1-WP4, each composed of tasks named Tn.m:

• CED�F�G!D�HAIAJ�KALNM(OQP�R�P!S�KAT�KURVM  (UiO coord.)
• WEXZY\[^]'_a`\bdc�_UegfQ_ih�j\k�e�cml�k�nZoqp�rUnA_Us�_Up�h�t�uvt�p�e�wxk�szy�k�p�_{pVh�|�}&t�ca_{eg~�_N`\_Uudk�y�sz_UpVh  (NTNU coord.)
• �E�Z�\�^�g�z���d�A�d�U���v���+�\���d�A�  (UiO coord.)
• �E�����^�'���+���A�������A�+�d �������¡�¢A ����#��¢N�  (NTNU coord.)

£�¤d¥ ¦Q§©¨�ª
§¬«�­q®°¯
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WP1 covers project coordination and reporting:

The groups at Trondheim and Oslo have both demonstrated ability to run international and national research
projects (see Section 8 and the CVs in Enclosure 2). They have also demonstrated ability to collaborate, cf.
the SPIQ and PROFIT projects, and in many less formal contexts. The project manager prof. Dag Sjøberg
and the NTNU contact person, prof. Reidar Conradi, have both been managers of former successful research
projects (see CVs).

Ä$Å Æ(ÅÈÇ ÉmÇ�ÅÊÇÌËÁÍ�Î�ÏÑÐ!Ò�Ó\Ò�Î�ÔÕÎ
Í�Ö
×ÊØ�Ù�Óa× Î
Ø
There will be monthly status meetings among the project coordinators, four annual common internal
review/planning meetings.ÚqÛ�Ü�ÝUÞ{Û�ß�àvá�ÝUà�â ã$ÝUÞAß!ä�àdÝAå

: Internal reports, work notes, drafts of technical reports and articles, presentations.

æ$ç è(ç è émê�ç è�ëÁì�í�îÑï!ð�ñmì�ï$ò�íóì�ñaôÈõ�ö
This will be done formally towards NFR each year, and informally towards Norwegian IT-industry (see also
WP3).

÷qø�ù�úUû{ø�ü�ý þÿú���ù�ú{ûUø�ü�ý���úAý�� �$ú{ûUü���ýdú
	��
 Status reports, news sheets – mainly on the Web (T4.4).


���� ��������������� ���� "!#��$&%('( ��*)&',+�-�.(/�+0��12��.3$54�674�.� "89'(1;:('(.���.<$>=5?�4����@ BA����3�@6�'(:(1C��.<$ED5F�GHFJI
/�'(=5'(+K (�ML(DN)&',+E+0�3��O(6 $P�9Q�L

RTSHU�VXW�Y[Z]\ ^`_baXW�^dceVXW�c f[Zbg
Zih0jkc�U7\ W�YCZ
l ^dZP\ ^`mXW[_dZnhocMV�\ W@R
, Disraeli (after memory).

This work package will revise and supplement methods for incremental and component-based development,
and their interaction. As for other INCO work, we will have a preliminary method revision ready after 0.5
year, and two major revisions after respectively 2 and 4 years. This workpackage will have a strong interplay
with WP3 on empirical studies, and partly with WP4 on dissemination.
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p[q rkqts u�v[qwsyxkz�{k| }�z�~"�Pz��i����~�}������,�w���[��z[��z[�����k���kz�{�z[� ������z[�����i��| �`�
The revised methods from this task will be validated in T3.2.

Incremental software development needs to be explored regarding:
• When should a project use incremental development, and when are other development methods better?
• What is an adequate process of determining the increments to be delivered?
• Which techniques, processes and tools should be used when applying incremental development?
• How should an organisation apply previous experience to improve the incremental development process?

The three main activities in INCO are:

• �����������
�*�b���� 7¡£¢�¤b 
¥K�b¦n�&§�¨���§i�b©ª ��¬«���¦d¤
�b�C�b���>�7­<©���®��b­� �¢3�¯�b���&°  These activities will focus on how to
decide on an optimal software development method (e.g. should incremental development be used) and
how to plan software projects based on incremental development. Important issues will be: Risk analysis,
cost estimation, project planning.

• ±o²*³3´�µd²Cµb¶�·&¸>·>¹Mº�¶ª¸�¶�»ª¼�½iµPº�¾k¹�¶�¿
Àbµ
²¯µb¶�·&¸7´�»�µnÁ[µd´Mº�³�²Cµb¶7·�¹�¶ª½�º7¾M·ÃÂ¬¸�À
µP³�Àbº>Ä>µb¿n·&½�Å Different processes,
techniques and tools support incremental development to different degrees. This activity aims at testing
and improving the usefulness of existing processes, techniques and tools for incremental development,
and to develop and test new ones.

• ÆoÇ*È�ÉdÊ>Ë[Ì
Ç*ÌbÍ7Î�Ê7Ï�Î&Ð�Ì]Ñ�Í�ÒdÉ
ÌbÇ*ÌbÍ�Î>Ó7Ô<Õ�Ì�Ë�ÌbÔ�Ê�È3Ç¯ÌbÍ�Î�È�ÉbÊ7ÒbÌdÖiÖ An incremental development process opens for
learning from each increment, i.e. more frequent feedback compared to a traditional waterfall-process.
We will try to instrument the incremental development process with better feedback mechanisms and
learning opportunities compared to what is usual today. In addition, we will try to measure the impact of
training and education on the quality of the processes and the products.

For all these activities, we will have to consider interplay with component-based methods (T2.2), and in how
to manage requirement engineering. The work will further have a focus around UML and in applying and
refining RUP.

×oØ�Ù&ÚbÛdØ3Ü�Ý�Þ3ÚbÝMß à[ÚbÛ
Ü�á�Ý�Ú
â�ã
 Work notes, preliminary reports and papers etc.ä�å7æ&çbèbé�ê�ë�ì�ç
ë�í î�çbèdê�ï3ë�çbðiñ
 Published articles, MSc and PhD theses, final technical reports etc.òôóbõ�ó�ök÷�ø�ù�úbó
û�ób÷7úbüdý¬üdý�÷7õMõ�óbø�þ�ó
û�ÿ

• How be to combine previous research, the research carried out in INCO and “best practice”  in industry to
improve the methods for incremental software development.

��������� �	��
 �
������� �����������������	��� �"!$#%�"&('��*)���)�� +-,/.�������0����1��2 �*'�&3��)���4�5��*5%6�7
The revised models from this task will be validated in T3.3.

Reuse is maybe the most potent of all software engineering technologies, not at least regarding. time-to-
market. However, both classical reuse of source code and component-based reuse based on wrapped (COTS)
components have faced unexpected and persistent obstacles, especially regarding risks
In INCO, we will have a focus on COTS, using UML and middleware integration techniques à là
COM/CORBA. For instance, DnV is already having a component-based framework called Brix for
engineering software, using COM.

In addition, we will combine the REBOOT and RENAISSANCE work on component classification and
especially on cost/risk models and revised development processes, and some of the MAGMA work on a
standard system architecture. We also expect to exchange calibrated cost/risk models for COTS development
with University of Maryland working with NASA (Vic Basili), and with University of Rönneby (Jan Bosch).

In addition, we need to work on:
• More advanced risk/cost models for COTS-based development, especially for estimation.
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• Architectural modelling for documentation, analysis and configuration, preferably using UML, but we
foresee experimenting with research languages like ADL or DARWIN (but no own contribution here).

• The interaction with incremental development (T2.1), and also with requirement engineering and project
planning. Here, it is imperative to limit the scope and clarify responsibilities between the methods.

• If we have the capacity: study the impact of product lines in connection with this (depends on industrial
opportunities)?

8:9<;>= ?	9�@<A�BC;>9<D�E
 as for T2.1.

F:G<H>G-I�J�KMLON<GQPRG<J/N<S�TUS�T�J/HVH>G<K�WXGQPRY
• What is the relation between reuse and incremental development (T2.1)?
• What is an operational cost/benefit metrics for reuse?
• What is the relation between reuse and OO/software architecture?
• How to predict architectural discrepancies and the middleware needed to bridge these?

Z�[ \ ]_^O`�a"b%cedgfVhif>j�kml	nporqgspf t�uwvyxzfV{|j	}g}ghRsg[V~mv��r}phOh�t	u"qgl o���`C�	d�k"h o�l �e�z��~
This work package consists of four tasks: T3.1 to define a set of suitable research methods, T3.2 and T3.3 for
field studies of the two previous WP2 methods, and T3.4 for refining experiences in an experience base to
promote organisational learning. The work will run in two major phases of 1.5 year each: one to apply the
initial methods after 0.5 year, and one to use the refined methods after 2 years. Thus, there is a strong
interaction with WP2, and some with WP3 on dissemination.

We will conduct ����������� �����/�$� �M�>�/� �  (mostly as case studies), as well as more �������z�����-���%�����>�z�- 	¡�¢  using own
students. We cannot know in advance £�¤/¥>¦<¤ companies and/or study profiles that will emerge in 1-2 years
from now. However, we feel confident that the relevance of these topics and our previous working relations
with industry will secure a good work mode with industry. So, to avoid loosing time, we will have a
continuous dialog with relevant companies from the start of the project about possible study themes – finding
compromises between hypotheses coming out of WP2/T3.1 and industrial needs and availability.
As mentioned, there is also half a dozen university courses, being candidates for more formal experiments,
but we have to plan and make the exercise material almost from scratch.

§�¨ ©�¨«ª ¬	­�¨®ª°¯�±�²�±�³µ´V¶�·(¸�±�¹�·�º�»	²�¼ º"´p½®¾�¶�´�±�¿3±�¾�¹ ³�ÀQ³�¾�»(Á%º"¿(Â�º"¾�±�¾/¹ÄÃ�Å�³�²X±X»ÇÆ�±XÈX±�À º"Â�¿3±�¾�¹
The methods from this task will mainly be used in T3.2 and T3.3.

This task seeks to define and improve how we systematically can study the impacts of our revised
development methods on software processes and products. Planned activities are:

• ÉËÊ�Ì>Í�Î�ÏVÌ>Ð�Î<Ñ*ÒyÓ�Ô�Õ<Ó�Ð�ÖiÎ�×/Ö%Ó/ÒpÔQÎ�ÑRÊCÏ ÖrÑRØ The empirical research methods need guidelines and/or frameworks
on how to describe the context of the results. Currently, it is not unusual that development studies only
provide a few lines about the organisation and type of project. This lead to the unfortunate situation that
the empirical results with data from one organisation cannot be used by another organisation without a
high degree of uncertainty regarding the similarity of the project and the organisation. A better
description of the context will improve the reuse of the results from empirical software studies.

• ÙËÚ�Û>Ü�Ý�ÞVÛ>ß�Ý<à*á�ß(â�á�ãåärá�æ<Ý<ç�áXæ�ä%Ü	è�ärè°é�Ú�è/Þ>Û äyê
á/ëµæ<ÝQàRÝ�è�æQì<â(à ärÚ�Ü�Û�ÝQà . We need better guidelines on how to
report different levels of data quality and methods on how to deal with this difference. This is
particularly important since the most commonly used statistical techniques within empirical software
engineering studies assume the same level of data quality. For example, [Jørgensen95b] showed that the
poor quality of questionnaire based data led to very biased answers regarding software maintenance
information.

Even if this task is an auxiliary task, we expect also to do research contributions here.
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í�î�ïrð<ñ�îCò�ó�ò�î�ôUð-õ/ïrð<ñ<î	ò/ó$ô	ðQó>ö ÷	ð<ñ<òXøCó>ð<ù
: Several versions of such methods – as work notes, technical reports,

articles, etc.

ú�û�üþý�ÿ<ý��iý���ÿ����������	�
��ý����/ý���

• How to accumulate and represent current knowledge? How to investigate possible cause-effect analyses,

considering context variables? How can we know which research method is “best”  for a certain
technology and study context?

• How different are the research methods (qualitative/quantitative) for formal experiments vs. industrial
studies?

��� ��� � ����� ����������� � !#"�$�%�&('*)+� ,	-/.�0+1324!��5,��6,�2*&7"�$�%�.�08&79:"��5,�;�,	<#,�$ .+���=,�24&�>@?A� BDC
This task will try to validate the revised methods from T2.1 and to use research methods from T3.1, giving
results to T3.4.

Evolutionary, incremental development processes that integrate object-oriented methods and tools have
recently become popular, e.g. Rational Unified Process (RUP), which is becoming a de-facto standard.
Unfortunately, there are few scientific, empirical studies on when such a process is suitable, the
consequences of adopting such a process, and how it should be adapted to a particular company. The
interplay with requirement engineering (e.g. observing the actual change rate of requirements or other change
requests) and with component-based approaches both add to the complexity of such studies.

EGF�H5I J�FLK�M	NOH5F�P(Q
Plans including metrics for studies, data from studies (raw and processed), technical reports,

and published papers.

R�S	TVUXW�U�YZU�[	W�\�]�\�]�[	^
^_U�`�a4U�Y�b
• What are the consequences of introducing evolutionary incremental processes on project organisation,

customer relation, contracts, effort estimation and risk analysis? (To our knowledge, there are no
empirical studies on the consequences of implementing such processes that could result in guidelines for
companies that wish to change their process.)

• Does evolutionary, incremental development result in customer satisfaction? Does lead to faster
development of “ right product”? How important is to focus on uses and to prioritise changed
requirements from the users? Does early implementation of such changed requirements affect the
stability of the architecture, which in turn may result in more expensive maintenance?

• Does the use of evolutionary incremental processes imply particular requirements on the robustness of
the architecture?

• What is the appropriate size of the increments? Do small increments result in code that later is removed,
which in turn affects the productivity and product quality? Or does shorter deadlines lead to increased
motivation and productivity among system developers?

• How should requirement analysis, design, coding and testing be prioritised? Is it more efficient to
emphasise testing early to reduce error correction, or does such an approach result in unnecessary quality
assurance of code that eventually will be removed?

• How should configuration management tools and processes be adapted to the continuous changes that
occur in evolutionary incremental processes?

• How should tools, e.g. those supporting reverse and forward engineering, be integrated in the process to
help ensure up-to-date documentation and consistent code?

c�d e�d f g�f�d f�h�i�j�k�l k m#n�o�p�q(r*s+k t	u/v�w�xAv+iyj*v{z4t�z*q7|(}�n	u	t	s�~�t	��t�o v+j�i=t�z*q��(��g{�A�A�#�Ak �D�
This task will try to validate the revised methods from T2.2 and to use research methods from T3.1, giving
results to T3.4.

Such studies are hard to carry out from a university perspective, since we often will need a time horizon of 2-
3 years. On the other hand, COTS-based development (and couplings to incremental development in T2.1
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and T3.3) has a very large industrial attention. We will (as mentioned) run a continuous dialog with industry
on possible themes and project opportunities. A handful companies have already expressed interest, both for
COTS-based development and for product lines/families (partly PROFIT and DAIM participants).

As for T3.2, the interaction with incremental development, and with requirement engineering, is very
challenging to test in practice. We will also try out modest component repositories, using Web technologies.
At the same time we will seek suitable student projects involving software architectures, reuse, and
evolution.

Also, as mentioned, we will seek to carry out two phases of studies, both for students and towards industry.
We also envisage to exchange student experiments with University of Maryland, Lund and Rönneby, and to
provide such experiments to our NAWUS partners in Norway.

�G���5� ���L���	�O�5���(�
 similar as for T3.2.

���	�V�X�����Z���	�����������	�
�_�����4�����
• Assessing the actual risks and cost/benefits of component-based development, using COTS?
• How tight is the connection between requirement engineering and COTS selection?
• Can existing architectural languages be used in industry?
• What is an operational structure of a component-based repository, e.g. Web-organisation, keyword-

based?

 �¡ ¢�¡ ¢ £�¤�¡ ¢/¥A¦+§�§ ¨	©	ª(«3¬*­�®°¯�±*¨�²³« ¨�¬*©	¨�´6µ�¬*¶�·4¨	µ�² ¬�«3¬*­y¸@²5¦+¹»º3¬*©�²
¨�¹6¨�¬4ª8µ�§�µ�¬*¶y¥A¦+¹y±*¦+¬*¨�¬*ª8¼(½*µ	´�¨	¶
¾ ¨	¿#¨�§ ¦+±�¹=¨�¬4ª+À�²
¦	ÁÂ¨	©#ª8´ÄÃÆÅÈÇÊÉËÉÂÌ�Í{ÎÊÏ ÐXÑ:Ò�Ó

Knowledge management and organisational learning by experience bases is gradually getting into use. This
task tries to make the total experiences from INCO available both to industrial developers, researchers and
students. The focus should be on learning. This means that the material in the experience bases must be used
actively in own and industrial courses, in industrial seminars, ingrained in new work practices etc.

We envisage that the collected experiences from the empirical studies in T3.2 and T3.3 will reside in
(modest) company-internal experience bases. A subset of the same information, representing aggregated and
generalised data across companies, courses and studies, will also reside in the INCO Web site (T4.4.),
accessible by both UiO and NTNU, and partly by any Web user. This means that strict rules for
confidentiality must be observed. Some of the company experience bases will be part of SPI efforts in these
companies, and currently we have about five companies in the PROFIT project working on experience bases.

Regardless of where the knowledge is stored (INCO Web site, company-internal experience bases), this task
will define and promote simple guidelines for how this kind of knowledge should come into practical use.
Ideas from the Experience Factory and similar approaches will be used as a starting point.

In contrast, WP4 (and T4.4 on the INCO Web site) has a much more modest scope, focusing on information
flow ÔÖÕØ×	Ù  the project. Here, the information flow ultimately will go Ú Û#ÜLÚ Ý�Þ  a ß_à�áÖâ�ã�ä ã	å�æÈâ�å�áÖã�ä çØá4è5ä
æ�ã .

éGê�ë5ì í�êLî�ï	ðOë5ê�ñ(ò
 Filled-up experience bases with experimental data and aggregated models, some

presentation/educational material, guidelines to promote a learning organisation.

ó�ô	õVöX÷�ö�øZö�ù	÷�ú�û�ú�û�ù	ü
ü_ö�ý�þ4ö�ø�ÿ
• How can we promote learning in the real process – a prerequisite to learn from experience?
• How can we best focus on learning opportunities?
• How much organisational stability is needed to achieve learning?
• How can information overload (“ information graveyards” ) be avoided, e.g. by Web-technology?



Sjøberg/Conradi: ONCO – Incremental and Component-based Development           page 23 of 52, 28.09.2000

����� ���	��
���
 ��������
�������
������������ �����!��"$#&%('*)+'-,."�����/0����1�%324�5/6/7��8�9�: #<;*��=�>���/?#4:A@B; C�1
The material to be dealt with in WP4 mainly comes from WP2 and WP3, typically as published articles,
technical reports, internal research notes, and processed experimental data. This workpackage may do some
additional packing and classification of such material, and also produce new presentation material or
educational material.All this material will be stored in the project Web site (T4.4), covering all relevant
INCO documents. WP4 covers activities on conferences/travels (T4.1), courses (T4.2), a new semi-annual
seminar series on INCO-related themes (T4.3), and a Web site (T4.4).

DFE GHEJI KMLFENIPOJQSR?TFUVQSWXRZY [�Q\WF]_^X[�Q\R`Wa^XRcbMd�U3TXeaTFQSR?WXRZY [�Q\eFf_gHY eFY R`ehWHQSijRcU�WXgkTF] e
 Our research papers will regularly be presented at scientific seminars, workshops, specialist meetings etc.

 Both research groups have a wide collegial network around the research themes of INCO (see Section 9). We
expect that the INCO results will be used to consolidate and expand our research network in related areas,
and thus improve our standing internationally. The planned guest researchers / postdocs may come from such
collegial environments.

 
lnmSo4prqsmutXv�wuprv3x yFprqztk{�v�pz|

: Regular travel reports.}6~\�4�r�r�M�X�����z��� �M�r�s�X�u���r�
: Articles and reports from WP2 and WP3.

�F� �H� � �M�F� ���H�X���S�X�Z� ���\�F�J�z�X�F�j� �?�F���M�S�H�_�k�F���J�\�F ��X�	 !� �X�h���j�J�\¡F ��H�-�H�S�`�H� ¢N¡X���j£S���S�F�S�?�c¤\�X�X�X¥
¥��X¦k�H� ��£M�-�H�S���F�S¥j�F�j£��N §� ¡X�H�z�X��¨?�?� �F 3�P�F�\©��J�\�X�H V�J�S©

 Such a semi-annual (twice per year) workshop series will be sought established with other researchers within
the IKT-2010 program, and possibly with foreign research groups. It may partly be co-located with the
planned, annual IKT-2010 event.

 
ªn«S¬4­r®s«u¯X°�±u­r°3² ³F­r®z¯k´�°�­zµ

: Meeting summaries, agendas.¶6·\¸4¹rºr»M¼X½�¾�¹z½�¿ ÀM¹rºs¼XÁu½�¹rÂ
: Semi-annual seminar presentations.

ÃFÄ ÅHÄ Æ ÇMÈFÄ Æ�ÉHÊXËÍÌFÎSÏ�Ð3ÊXÑ	Ò ÓkÊXÏjÊXÏ�ÔSÕaÌXÖcÒ ×�ÎSÌHØXÙÚÌXÖ7ÊFÐ!Ò ÌFØ_ÌHÎSÏ�ÕX×�Ô�Ð�ÓXÊkÓ
The experiences and new knowledge gained through INCO will be disseminated in several (upgraded)
courses in software engineering and remote education given at NTNU and UiO (half a dozen relevant
courses) and towards industry (although assuming extra resources from 3rd parties). We can mention courses
in software engineering, software quality, object-oriented methods, and software architecture (new one at
NTNU). NTNU has also special project courses in the 4th year of the engineering study, covering half a
semester, and these project courses can be used for more special studies. There is also a NAWUS
“Norgesnett for software engineering education” , with UiO and NTNU as the prime partners (see Section 9).
We also have an ambition to make a new MSc/PhD-level ÛrÜkÝ�Þrß0à<á�âjàzãåä�á3Þsá3ÛræXçèß0Ü\éëê(ìjæ\Þrà&àsâ�íXá3â�àràsÞzá�â�í , with
emphasis on research methods – possibly in co-operation with Univ. Lund and Maryland.

In general: software engineering education needs interaction with software industry. Software engineering
topics, in general, and software quality and improvement ones, in particular, cannot be thought in the same
way as programming languages or logic. When teaching programming languages, the model can be: teach a
construct; show examples; assign exercises; provide solutions, and iterate. When teaching software
engineering, examples and exercises cannot be invented by teachers but must be elicited from real world
projects. Moreover, software engineering educational projects can be regarded as experimental laboratories
for assessing software technologies in semi-real contexts. The advantages of using student projects instead
than real industrial settings are that we have more control on independent variables, such as resource
allocation, tool and process choice etc.

î6ï\ð4ñròróMôXõ�ö�ñzõ�÷ øMñròsôXùuõ�ñrú
: New courses and presentation material, on a regular basis.
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Establish and maintain a Web-based, project- and document archive – the INCO Web site. This will store all
project material, both for internal and external use. Actual filling-up is mostly done elsewhere, such as WP2-
3 and T4.1-4.3. As mentioned in T3.4, we have excerpts from the empirical studies available, with
aggregated models and summaries. Further, we want to build up some bibliographies and Web pages with
references to other research groups. That is, the Web site is considered an important result of the project,
intended to be used by the partners also afterwards. Technically, we will reuse some of the Web structures
set up in the NAWUS project, and in the work on Experimental packages done at University of Maryland.

��������� �"!
#%$"��#�& '(���)!�*+#,�)-
: Web archive templates and guidelines, overall Web structure..0/21�3�4�5�6
7%8+3)7,9 :�3�4 6
;"7,3�<
: Actual Web contents (mostly from other workpackages and tasks).

= >�?A@CB)D0EA@�FGEIHKJA@MLONPBMLOQ0D
The partners involved in INCO are:

• R SUTIVXWGT�Y[Z]\  Oslo, and
• ^`_a^abXcad0c�eaf�g  Trondheim.

The prime contractor of INCO will be Ifi (prof. Dag Sjøberg), with prof. Reidar Conradi as the NTNU
contact.

The Oslo group has been working of persistent languages, schema evolution in databases, software
maintenance, incremental development, estimation, software quality, and software process improvement.
See Section 8.1.

The NTNU group has previously been working on software reuse, configuration management, software
engineering databases, process modelling, software process improvement and software quality, and software
engineering education. See Section 8.2.

These two research groups involved have had informal and formal project co-operation for over seven years.
We can mention the national SPIQ project in 1997-99 [Ulsund96] [Conradi96b] and PROFIT in 2000-02
[Ulsund99], both on software process improvement, and on the
NAWUS [Sjøberg98] project in 1998-99 on “Norgesnett”  for software engineering education. Both groups
are membes of the International Software Engineering Research Network (ISERN).

As mentioned, INCO will involve several companies where most of the concrete empirical studies will take
place. A list of co-operating companies, many of them SMEs, is listed in Section 9. We also co-operate
closely with the IT interest-organisations ITF, IKT-Norge, NFKL, and DND.

See Enclosure 2 for Curriculum Vitaes and publication lists.

h+i,j k lnm,oqpam�rGs"tvu+w,x"y+z|{�}"z+y|u+{~m,�"�nm,xA�
The Department of Informatics, University of Oslo, has had a group in software engineering and databases
for several years. Recently, the two applicants have formed a new research group, “ Industrial Systems
Development” , which focuses on empirical studies of system development in industry. The main competence
of the new group is on (empirical studies of) methods, techniques and tools for software maintenance and
evolution, software processes and effort estimation.

The PhD students in the group are partly funded internally and partly funded externally (the NFR projects
SPIQ and GOODS). They already focus on topics that are related to INCO and will thus form a stimulating
research environment for new PhD students in INCO. Both the applicants and their students have close
contacts with, and conduct studies in collaboration with, companies such as Genera, Numerica-Taskon,
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Ericsson, Storebrand, Telenor, Computas and Viewpoint. See also Section 9.

The group hosted NWPER’20000 (The Ninth Nordic Workshop on Programming Environment Research at
Lillehammer in 28-30 May 2000 and will host POS9 (The Ninth International Workshop on Persistent
Object Systems) in 6–8 September 2000.

�+�,� �,�a�,�q�����a�a�������,�%�+�|�K�%�+�|���`�,�I���,���
IDI has had a software engineering group for almost 15 years.

The NTNF-supported EPOS project (1986–91) had software process as one of the foci the last 3 years of the
project. IDI has further participated in many international projects (REBOOT, SER, ASSET, PROTEUS,
partly PERFECT, RENAISSANCE, PROMOTER, PROMOTER-2, CMEX, AMEX) where process and
quality have been a relevant component. Good synergy is planned with PROFIT (SPIQ successor) and
related projects (DAIM, CoDeVer).

Both internally and externally financed PhD students already work on topics related to the proposed INCO.
We are performing studies in co-operation with companies such as Computas, Ericsson, ISI, Storebrand,
Telenor Novit and Telenor 4tel. These studies have provided valuable feedback and experiences. Further
opportunities for case studies are being investigated, also in other companies than the above.

The group has acquired much competence and has an internationally acknowledged position in software
engineering. It has close contacts with Norwegian software producers and end-users, and with international
colleagues. It has arranged international workshops on software configuration management in 1991 (SCM'3)
and in process modelling in 1992 (EWSPT'92), and the group leader has been program chair for similar
workshops in 1997 (SCM'7) and 2000 (EWSPT'2000). Thus, we feel that the proposed INCO project in
2001–2004 is an excellent way to carry this competence further with the desired result.
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In addition to this INCO proposal and associated, university-funded research activities, we will try to co-
ordinate INCO with some of the following ongoing and planned initiatives:
• PROFIT project, under the industrial PROGIT program at NFR.

Co-ordinator: Tor Ulsund, Bravida. 6–8 MNOK per year for 2000–2002.
• Other NFR industrial projects, like DAIM and partly CoDeVer, both co-ordinated by SINTEF.
• Other Norwegian universities and colleges, e.g. through the existing NAWUS Norges-nettverk for

education in software engineering [Sjøberg98].
• New international projects, especially within ESPRIT and ESSI. (Almost 10 EU projects have been

conducted by NTNU in related areas since 1990).
• Internal SPI projects in software–producing organisations, such as Computas, DnV, EDB/Telenor 4tel,

Ericsson, Genera, IBM, ISI, Kongsberg-Ericsson, Kongsberg-Spacetec, Mogul (Numerica-Taskon),
Telenor Novit, SDS, Siemens, Statkonsult, Storebrand, Telenor Geomatikk etc. Links to all of these
companies are already established, and the companies welcome further co-operation.

• Other international software engineering institutions and activities: FC-MD in Maryland, IESE in
Kaiserslautern, ISERN network node in Kaiserslautern, …

• National projects and networks (e.g. SPINs) abroad, especially in Sweden (NUTEK projects in Lund and
Linkøping). Furthermore, several countries have recently initiated large SPI projects, e.g. Canada,
Australia, Denmark, Sweden, Germany, and partly USA (PITAC report)

• General academic exchange, by international co-operation and exchange, e.g. with the Universities of
Maryland, Aachen, Kaiserslautern, Lund, Manchester, Grenoble, Lancaster, Pisa, Milano, Torino,
Aarhus, Berlin, and Glasgow. In addition, we have ongoing contacts with international companies such
as Q-Labs, Bull, Siemens, Matra, Cap Gemini, ICL, and Intecs.
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Note that INCO is able to deliver relevant results, regardless of the mentioned industrial projects (e.g.
PROFIT), but the total effect will be greater if we can involve more actors of this kind.
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          (SPACE) (1996-1998).

- Research Council of Norway and British Council, Evaluation Methodology for Software
     Maintenance Technology, University of Oslo, Norwegian Telecom, University of Glasgow, UK,
     University of Central Lancashire/University of Lancaster, UK (1995-1996).

ÁWÁWÂ[ÃÅÄCÆEÇGÈ8É�ÊÌËLÍ8Î/ÏqÐLÑ�ÉTÍ/ÏLÎ/ÒWÏÓÎ.ÔuÕYÖj×
Ø^Ù5ÚaÛcÜeÝWÞhß[àjÞ=á

 Magne Jørgensen, born 1964

ânã=äqåsæ=çuçWè5åaécéyê
 Statsråd Ihlensv. 14A, 2010 Strømmen, Phone:  22.311314.

ë3ìWíWîaï5ðGñjò=óWô
    -  PhD thesis: “Empirical studies of software maintenance” ,
        University of Oslo Norway, supervisor Arne Maus, 1994.

õ^ö5÷aøc÷�ù�ú�û�ü=ý#þeùWÿ���ü=ö���þ=ÿWÿuö5÷aøyø��
 Associate Professor at Dept. of

      Informatics, University of Oslo, Email magnej@ifi.uio.no.

���
	��

��
�
���������������
 Norwegian, English and German.

��������� �!��"#���%$�&�'("#��)��+*
      Empirical studies in software Engineering, and software process improvement.
      More than 10 international, refereed publications.

,.-
/�021�354�6�7
    -  1989 - 1998 Research scientist and group leader at Telenor R&D.
    -  1998 - 1999 Technical manager at Storebrand in software process improvement.
    -  1995 -   Assoc. prof. at University of Oslo

8%9�:!;=<5>�?=@�A
-   Norwegian national project SPIQ (Software Project Improvement for better Quality) (from 1997).
-   National project NAWUS education network for System Development., w/ prof. Reidar Conradi, NTNU
(1998-1999).

B�B�C�DFE2GIH=JLKNM2OQP�R�SQKNE�JUTLKVSQRUP�W.X2YZX�[
\L]N^`_�acb�d�eZf�d`g

 REIDAR CONRADI, born 23 July 1946, Oslo. Norwegian

hji�kmlonqp�p�r�l�s�s�t
 Skule Bårdsons gate 11, N-7052 Trondheim, Norway. Phone +47 73.935862.

uNv�w`x2yqzN{}|c~��
 M.Sc. (1970), Ph.D. (1976) – both from NTH (now NTNU),Trondheim.

  Courses in Didactics and Technical writing, 1972-1985.

�L�����(�N�����.�����
�������c�c�������q���������
  Professor at Dept. of Computer Science and Informatics (IDI).
  Norwegian University of Science and Technology (NTNU)
  N-7491 Trondheim, Norway
  Phone +47 73 593444, Fax +47 73 594466, Email conradi@idi.ntnu.no
     Leads software engineering group of 10 people at IDI.

�N���`���q���������` ��N����¡
 Fluent in Norwegian and English, good in German,

      passable in French, some Italian from summer courses in Perugia 1992-94.
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¢�£2¤�¥N¦q§N¤�¨L¤ £ª©Q«­¬�¨L¤�®Z¥�¯
Programming languages, software engineering, database support for CASE, configuration management,
software process modelling, software process improvement, software quality, object-orientation and reuse,
architecture of distributed software systems.
150.000 lines of pograms written in Fortran, Algol, Simula, Mary, Bliss, Ada, Chill, C/C++, and Java.
Per April 2000: ca. 130 int’l published papers, 20 nat’l ones,
    textbooks and 13 booklets, over 20 compendia, almost 100 technical reports.

°.±�²´³qµ­¶Z·N¸º¹
»�¼½³�¾N¿�À½³�¿c²ZÁ`±�¿�¸`Â
    1972–75  Research scientist at SINTEF, Trondheim.
    1975–79  Assistant professor at NTH, Trondheim.
    1979–85  Associate professor at NTH.
    1980–81  Visiting scientist at CMU, Pittsburgh.
   (1981–83  Partly sick due to a back problem.)
    1985-        Full professor at NTH.
    1985–87  Head of new Dept. of Computer Systems and Telematics (IDT), NTH.
    1990         Guest researcher at U. of Pisa and at ENSIMAG,  May-June 1990.
    1997–98  Head of new Dept. of Computer and Information Science (IDI), NTNU.
    1999-2000 Sabbatical at U. of Maryland and Politecnico di Milano.

ÃLÄ`Å�ÆQÇ�È�È É}Å�Ê�Ë�Ì�Ä�Ç�È Ã�ÅcÊ`È(É�ÍNÉ�ÌNÉ�ÎZÉ�Ç�È�Ï
     1976-       Member of IFIP WG2.4 on Programming Technology (prev. Systems Programming
Languages).
     1984–86  Work to initiate Norway's IT-program in 1987–90.
     1985–99  Representative in the Norwegian Informatics Council.
     1986        Organizer of International Workshop on Advanced Programming Environments,
                     Trondheim, 16-18 June 1986.
     1988–90  Program chair for 1st, 2nd, 3rd Norwegian Informatics Conf.
     1990–93, 95-96 Chair for Norwegian Informatics Council.
     1991      Conf. chair 3rd Int'l SCM Workshop, Trondheim,12-14 June 1991.
     1991      Co-arranger of 1st European SW Process Workshop, Milan, 30-31 May 1991.
     1992      General chair for 2nd European SW Process Workshop, Trondheim, 7–8 Sept. 1992.
     1997      Program chair for SCM'6 in Boston, May 1997.
     1997–    Member of ISERN, research network on Software Experimentation, coord. by U. Kaiserslautern.
     1998–99 Nat'l NAWUS educ. network for System Dev., w/  prof. Dag Sjøberg, Univ. Oslo.
     1999      Member of NFR committee to plan new, strategic IT program.
     2000      Program chair for EWSPT'7 in Salzburg, Feb. 2000.
PC member of many workshops/conferences, e.g. the series SCM, EWSPT, SSR, partly ICSE, SIGSOFT and
ESEC – usually 4–5 memberships per year. Also in many univ. and nat'l committees.

ÐLÑ`Ò�ÓÕÔ�Ö2×�Ø½ÙÛÚ=Ü+Ý
    1972–99 Textbooks and teaching. Tutored 180 M.Sc. and 12 Ph.D. stud.
                   Responsible for 2 MSc courses and 2 PhD courses.
    1972–78 MARY programming language and its operating system.
    1980–81 Production Quality Compiler-Compiler (PQCC), and SPICE at CMU.
    1983–86 FORTRAN VERIFIER for error diagnosis and documentation of  F-77 programs,
                    NTNF-supported.
    1986–90 Project leader EPOS project with Veritas Research/Norsk Data, NTNF-supported.
    1990–92 Bilateral ACM project NTH and LGI-ENSIMAG.
    1991–94 Program leader of REBOOT National Strategic Technology Program in Norway.
    1990–95 ESPRIT projects REBOOT, SER, PROTEUS, PROMOTER BRA and ASSET.
    1996–99 ESPRIT projects PROMOTER2, CMEX, AMEX, and RENAISSANCE.
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    1996–99 Nat'l CAGIS basic R&D project on distributed information systems, coordinator.
    1996–99 Nat'l SPIQ pre-project and main project on software process improvement, initiator.
    1998–2002 Nat'l CSE-project on supercomputing,  w/ OO modelling aspects, PhD advisor.
    1999–2002 Nat'l KVALIS-project on quality of medical journal systems, co-worker.

Þ�ßcà�áZâ`Þ2á�ã�ä
           Especially with U. Karlsruhe, RWTH Aachen, U. Manchester,  U. Linkøping, U. Lund, U. Grenoble,
           U. Pisa, P. di Milano, CMU, U.Maryland, and BPU in Beijing through guest researchers and students.
           Also good contact with int'l companies, e.g. Bull, Siemens, Cap, Qlabs, and Intecs.
           Many Norwegian industrial contacts in SPIQ project.

å�å�æ çéè2êIë=ìLíïîZìUíZðòñ=ó�ô�õ÷öùø÷úLû�ü�ý�üþû�ÿ2îZÿ��
�������
	

Tor Stålhane.

�
���������������������
1944.

 �!#"�$�%'&(!�)�$ "+*
: Norwegian.

,.-�/10 2304-�5�/
:

  Principal Research Scientist, SINTEF Telecom and Informatics.
  Adjunct Professor of Computer Science at the Stavanger College since 1997.
  Soon to become full professor at IDI, NTNU (Autumn 2000).

687(9(:�;=<�>@?�A(B
M.Sc. Technical University of Norway,

            Dept. of Electrical Engineering,
            Group for Physical Electronics, 1969.

         Ph.D. Technical University of Norway,
            Dept. of Mathematical Sciences,
            Group for Mathematical Statistics, 1988.

            Basic training in Quality Audits, Norwegian Association for Quality
            (NFK), 1992.

CED�F�G
H+F@I�J4K(LNM�HPO�M'Q�R�ITS�I
G�O�I�U

V M�H@SXWYD�Z=I\[�Z�M�O�I�L1L^]
Q_R(Z�M#`^I=Q_I�GaS�U
My work in this area includes participation in ESPRIT projects - PERFECT and Telmet plus improvement
projects for several Norwegian companies, such as Norsonic, NFT-Ericsson, Kongsberg Aerospace and
Alcatel Telecom. The work has been focused on software measurement. Its practical applications have been
process description, definition of improvement experiments, data collection, statistical data analysis and
process improvement proposals.

b(c�d@eXfYg�h=i�b(g�d+iTe+jkg�l(m8n�i
o@p�g�q�p�o@p erj�s
My work in this area includes work for several Scandinavian companies in the area of safety and reliability
assessment and estimation. The systems have mainly been transport control systems for road, railway and air
traffic. The work related to safety has included modeling, fault tree analysis, failure mode and effect analysis
and HazOp analysis of software intensive systems. The work related to reliability has included testing, test
plans and reliability estimation based on test results and system analysis.

t�u�vwu�x'y=z�{Y|�}a~�u�y=u�vX~3vw�
Improvement of the software development process,
Software Reliability Analysis and Estimation,
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Risk Assessments for Software Intensive Systems,
Testing, Debugging, Validation,
Software Certification,
Quality Assurance in software development and maintenance,
Investment problems in software development and use.

�.�����+�=�3�w�@���(�������=�_�(�=���w�����(�1�
  Member of IEEE, Reliability;
  Member of Society of Reliability Engineers (SRE);
  Member of Norwegian Statistical Society;
  Member of the editorial board for ”The Journal of Software Testing,
  Verification and Reliability” ;
  Member of the board for ITUF - The Information Technology Development
  Forum 1990 - 1996;
  Referee for IEEE Transactions of Software Engineering;
  Referee for the Scandinavia Journal of Statistics;
  Referee for Engineering and Physical Sciences Research Council, UK;
  Member of the organizing committee and technical committee for the
  EuroSPI conference since 1997.

�����(�����4���(���=�

2000-2002: Software process improvement for Norwegian industry - PROFIT,
          PROcess improvement For IT industry.
2000: Software process improvement for DnB – major Norwegian bank.
1999-2000: Use of case-based reasoning (CBR) in process improvement.
1999: Use of UML for describing and analysing a safety critical system.
1999:  Guidelines for Validation of Functional Safety for Systems containing
     COTS component for the Nordtest organization (project leader).
1999-2000: Procedure for developing IEC 61508 conform component for
     Siemens Oil and Gas Division.
1998-2000: QIS – Quality in Scandinavia: ESPINODE for project
          experiments in Norway and Sweden (project leader).
1998: KPB-92 – Technical advice in law suite.
1998: Guidelines for Validation of Functional Safety according to IEC
     61508 for the Nordtest organization.
1998: Basic Test methods for Safety Control Systems for the Nordtest organization.
1997-1999: Safety assessment for the SLS-system, a GPS based landing
          system for NAVIA AVIATION.
1997-1999: Software process improvement for Norwegian industry - SPIQ.
1997-1998: ESSI software process improvement for MaXware - QARI.
1997-1998: ESSI software process improvement for NAVIA AVIATION - AMPIC.
1996-1998: Process improvement at Nera Tele Scada (Bergen) - TELMET.
1997: Methods and standards for safety assessment of railway signaling
     systems - the ACRUDA project.
1997: Safety assessment for an ILS system.
1997:  Process improvement through root cause analysis for Kongsberg Aerospace.
1996: Collection and statistical analysis of software metrics for ESA.
1996: Safety assessment of changes in train radio system for NSB.
1995-1996: SISU - Handbook for integrated software development, including process improvement.
1995-1996: Development of Quality Assurance Manual and course material
          for subcontractor software development for Securitech.
1995-1996: Process improvement for Norsonic.
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1994-1996: PROFF - a research project focusing on certifying software
          quality according to customer needs and preferences.
1995: Process improvement for NFT-Ericsson.
1995: Safety assessment for an ILS system.

�(�(����� �¢¡�£¥¤�¦§��¨�©�ª�« ¬�« ­_®(­¥¯(¯(°±©²¤w«@³�´ µ¶´¸·
¹.º=»�¼w½'¾(¿�À�Á@¿�Â

 Maria Letizia Jaccheri, born 24 February 1965, Pisa, Italian.

ÃÅÄ�Æ§Ç�È�É�É(Ê=Ç�ËwË1Ì
 Osloveien 6, N-7018 Trondheim, Norway. Phone +47 73.537573.

Í8Î(Ï(Ð�Ñ=Ò�Ó@Ô�Õ(Ö
 –     Master thesis: “Software Development Environment: A Conceptual
        Model Representing Software Systems”  University of Pisa, Italy,
        Department of Computer Science, February 1988, supervisor Prof. Vincenzo Ambriola.
 –     PhD thesis: “Software Process Modeling and Evolution” ,
        Politecnico di Torino, Italy, supervisor Prof. Silvano Gai, January 1994.

×.Ø=Ù�ÚwÙ
ÛaÜÞÝàß�á�â'Û(ã�äYß�Ø�åYâ�ã(ã�Ø=Ù�Ú1Úwæ
      Associate Professor at Dept. of Computer and Information Science (IDI),
      Norwegian University of Science and Technology (NTNU), N-7491 Trondheim, Norway,
      Phone +47 73 593469, Fax +47 73 594466, Email letizia@idi.ntnu.no.

Language skills: Italian mother tongue, Norwegian and English proficiency.

ç(è�é�ê�ëaìàé@í+é�è.î(ï�ð�í+é@ñ�ê
ò
  Software Engineering and particularly in software process modelling, and Software engineering education.
  37 international refereed publications.

ó^ô�õ(ö ÷(ø=ù�ú�û
 – Last position (from January 1993 to June 1997):
    Assistent Professor at Politecnico di Torino, Italy (tenure from 1.1.1996).
 – From 1988 to 1989: programmer and designer at Tecsiel S.P.A., Pisa Italy.

ü.ý�þàÿ����������
 – EPOS (from 1989 til 1992): Software Process Modeling and
        Execution Environment based rule-base techniques. At NTH, Trondheim, Prof. Reidar Conradi.
– E3 (from 1992 to 1998): Software Process Modeling Environment based on object-oriented modeling,
      at Politecnico di Torino, Italy
 – Italian National Project ex 40% (from 1994 to 1998)
        Methodologies for Verification and Validation of Software Product and
 – Process Promoter ESPRIT BRA 7082 (from 1992 to 1995)
        Promoter ESPRIT Working Group “European Research Working Group
        on Software Process Technology”  (from 1996 to 2000)
 – ACTS AC003 VITAL Validation of Integrated Telecommunication
        Architectures for the Long term (1995-1998). The project had the goal
        of validating the TINA (Telecommunication Information Network Architecture) architecture.
 – Norwegian national project SPIQ (Software Project Improvement for better Quality) (from 1997).

�	�	
���
���� �	���������������� �!"���# �$��&%('�$�)*�	+	+-,".�/	0	0�01'�$�)32�4*576	2 '� �6-58 �9
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1. Magne Jørgensen:
”Software maintainability -- on purpose or accidentally?” ,
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Technical Journal of Norwegian Telecom, No. 1, p. 150-156, 1993.

2. Sigrid Steinholt Bygdås and Magne Jørgensen:
”Software development methods and life cycle models” ,
Technical Journal of Norwegian Telecom, No. 2/3, p. 44-51, 1993.

3. Magne Jørgensen and Arne Maus:
”A case study of software maintenance tasks” ,
Norwegian Informatics Conference (NIK'93), p. 101-112, Nov. 1993.

4. Malcolm P. Atkinson, Dag Sjøberg and Ron Morrison:
”Managing Change in Persistent Object Systems” ,
In: Proceedings of the First JSSST International Symposium on Object Technologies for Advanced Software
(Kanazawa, Japan, 4th-6th November 1993), pp. 315-338, Springer LNCS 742, Springer-Verlag, 1993.

5. Dag I.K. Sjøberg:
”Quantifying Schema Evolution” ,
Information and Software Technology, Vol. 35, No. 1, pp. 35–44, January 1993.

6. Dag Sjøberg:
”Thesaurus-Based Methodologies and Tools for Maintaining Persistent Application Systems” ,
PhD Thesis, University of Glasgow, July 1993.

A<B<B<C<D

7. Magne Jørgensen:
”A comparative study of software maintenance effort prediction models” ,
5th Australasian Conference on Information Systems, Melbourne, Australia, 1994.

8. Magne Jørgensen:
”Empirical studies of software maintenance” ,
Thesis for the dr.scient.-degree, Research Report No. 188, University of
Oslo, Department of Informatics, Oct. 1994.

9. Magne Jørgensen:
”Prediction of software maintenance effort” ,
Norwegian Informatics Conference (NIK'94), p. 81-92, Nov. 1994.

10. Dag I.K. Sjøberg:
”Managing Change in Information Systems: Technological Challenges” ,
In Proc. 17th Information systems Research seminar In Scandinavia (IRIS'17),
Syte, Finland, 6th–9th August, 1994, pp. 838–851, University of Oulu, 1994.

11. Dag Sjøberg, Malcolm P. Atkinson, Joao Lopes and Phil Trinder:
”Building an Integrated Persistent Application” .
In: Proceedings of the Fourth International, Workshop on Database Programming Languages (Manhattan,
New York City, USA, 30th August – 1st September 1993), pp. 359–375, Springer-Verlag and British
Computer Society, 1994.

E<F<F<G<H

12. Magne Jørgensen:
”An Empirical Study of Software Maintenance Tasks” ,
Journal of Software Maintenance, Vol. 7, No. 1, pp. 27–48, January–February 1995.
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13. Magne Jørgensen:
”Experience with the Accuracy of Software Maintenance Task Effort Prediction Models” ,
IEEE Transactions on Software Engineering, August 1995, pp. 674-681.

14. Magne Jørgensen:
”Empirical evaluation of CASE Tool efficiency” ,
Sixth Int. Conf. on applications of Software Measurement, Orlando, p. 207-230, 1995.

15. Magne Jørgensen, Sigrid Steinholt Bygdås and T. Lunde:
”Empirical evaluation of CASE tools” ,
Norwegian Informatics Conference (NIK'95), p. 71-82, Nov. 1995.

16. Dag I.K. Sjøberg:
”Towards a Methodology for Evaluating Software Maintenance Technology” ,
In Proc 18th Information systems Research seminar In Scandinavia (IRIS'18),
Aarhus, Denmark, 11–13th August, 1995, pp. 653–663.

17. Dag Sjøberg, Quintin Cutts, Ray Welland and Malcolm P. Atkinson:
”Analysing Persistent Language Applications” ,
In: Sixth International Workshop on Persistent Object Systems (Tarascon, Provence, France, 5th–9th
September, 1994), pp. 235-255, Workshops in Computing, Springer-Verlag and British Computer Society,
1995.

18. Dag Sjøberg, Malcolm P. Atkinson and Ray Welland:
”Thesaurus-Based Software Environments” ,
Workshop on the Intersec tion Between Databases and Software Engineering (WIBDSE'94), Sorrento, Italy,
16th-17th May, 1994, pp. 41-46, IEEE Computer Society Press, 1995.

I<J<J<K<L

19. Dag Sjøberg, Ray Welland, Malcolm P. Atkinson, Magne Jørgensen, Martinussen and Arne Maus:
”Evaluating Software Maintenance Technology” ,
In: Sixth International Workshop on Persistent Object Systems. Also in: Norwegian Conference in
Informatics, Alta, Norway, 18-20 November, 1996, pp. 49-61, TAPIR, 1996.

20. Dag Sjøberg, Ray Welland, Malcolm P. Atkinson, Paul Philbrow, Cathy Waite and Stewart Macneill:
”The Persistent Workshop - a Programming Environment for Napier88” ,
In: 7th Nordic Workshop on Programming Environment Research (NWPER'96), Aalborg, Denmark, 29–31
May, 1996, pp. 37-52.

M<N<N<O<P

21. Magne Jørgensen:
”Measurement of software quality”
First Int. Conf. Software Quality Engineering, Udine, Italy, pp. 257-266, 1997.

22. Magne Jørgensen:
”An empirical evaluation of the MkII FPA estimation model” ,
Norwegian Informatics Conference (NIK'97), Voss, Nov. 1997, pp. 7-18.

23. Dag Sjøberg, Ray Welland, Malcolm P. Atkinson:
”Software Constraints for Large Application Systems” ,
The Computer Journal, Vol. 40, No. 10, pp. 598–616, 1997.

24. Dag Sjøberg, Ray Welland, Malcolm P. Atkinson, Philbrow and Waite:
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”Exploiting Persistence in Build Management” ,
Software - Practice and Experience, Vol. 27, No. 4, pp. 447-–480, April 1997.

25. Dag Sjøberg, Ray Welland, Malcolm P. Atkinson, Philbrow, Waite and Macneill:
”The Persistent Workshop - a Programming Environment for Napier88” , Vol. 4, pp. 123-–149, 1997.

Q<R<R<S<T

26. Gunnar Arneberg, Knut Sagli and Dag Sjøberg:
”Configuration Management in Component-Based Development Projects” ,
Workshop on Component-Based Information Systems Engineering (CBISE'98),  John Grundy (editor), 8–9
June 1998, Pisa, Italy, pp. 94–-100.

27. Stein Grimstad, Dag Sjøberg, Malcolm P. Atkinson and Ray Welland:
”Evaluating Usability Aspects of PJama based on Source Code Measurements” ,
In Third International Workshop on Persistence and Java (PJW3), Tiburon, California, 1–3 September, 1998,
pp. 307-321.

28. Magne Jørgensen, Dag Sjøberg and Reidar Conradi:
”Reuse of software development experience at Telenor Telecom Software” ,
European Software Process Improvement Conference (EuroSPI'98),
Gothenburg, Sweden, pp. 10.19–10.31, 16–18 November 1998.
Also presented at NIK'98, Kristiansand, Nov. 1999.

29. Dag Sjøberg:
”Software Constraints in Integrated Data Environments” ,
In: Fifth Integrated Data Environments Australia Workshop (IDEA5),
Fremantle, Australia, 7–10 February, 1998, pp. 65-68.

U<V<V<V<W

30. Magne Jørgensen:
”Software quality according to measurement theory” ,
Telektronikk, Vol. 95, No. 1/99, pp. 12-17.

31. Magne Jørgensen, Dag Sjøberg, Reidar Conradi:
”Reuse of software development experience – a case study” ,
Telektronikk, Vol. 95, 1/99, p. 48-53 (special issue on Software Quality in Telecommunications),
Also as NTNU/SU-report 12/99.

32. Magne Jørgensen and Sigrid Steinholt Bygdås:
”An empirical study of the correlation between development efficiency and software development tools” ,
Telektronikk, Vol. 95, No. 1/999, pp. 54-62.

33. Lars Bratthall and Per Runeson:
”Architectural Design Recovery of a Family of Embedded Software Systems – An Experience Report” ,
Proc. TC2 First Working IFIP Conference on Software Architecture (WICSA'1), Feb. 1999, Kluwer
Acacdemic Publishers, Norwell, Massachusetts, USA, pp. 3-14, 1999.

34. Erik Arisholm and Dag Sjøberg:
”Empirical Assessment of Changeability Decay in Object-Oriented Software” ,
Proc. ICSE'99 Workshop on Empirical Studies of Software Development and Evolution, pp. 62-69, Los
Angeles, CA, 18 May 1999.

35. Erik Arisholm, Bente Anda, Magne Jørgensen, and Dag Sjøberg:
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”Guidelines on Conducting Software Process Improvement Studies in Industry” ,
Proc. 22nd IRIS Conference (Information Systems Research Seminar In Scandinavia), Keuruu, Finland, 7-10
August 1999, pp. 87-102.

36. Lars Bratthall and Per Runeson:
”A Taxonomy of Orthogonal Properties of Software Architecture” ,
Second Nordic Workshop on Software Architecture, Aug. 1999. (no pages numbers in proc.).

37. Erik Arisholm, Jon Skandsen, Knut Sagli, and Dag Sjøberg:
” Improving an Evolutionary Development Process - A Case Study” ,
EuroSPI'99, Pori, Finland, 25-27 October 1999, pp. 9.40-9.50.

38. Amela Karahasanovic and Dag Sjøberg:
”Supporting Database Schema Evolution by Impact Analysis” ,
Norsk informatikk-konferanse (NIK'99), Nov. 1999, Trondheim, pp. 303-314.

39. Magne Jørgensen:
”Software quality measurement” ,
Advances in Engineering Software, Vol. 30, No. 12, December 1999, pp. 907-912.

40. K. Bennett, E. Burd, C. Kemerer, M. M. Lehman, M. Lee, R. Madachy, C. Mair, Dag Sjøberg, S.
Slaughter:

”Empirical Studies of Evolving Systems” ,
Empirical Software Engineering, 4 (4), pp. 370-380, December 1999.

41. Lionel Briand, Erik Arisholm, S. Counsell, Frank Houdek, P. Thevenod:
”Empirical Studies of Object-Oriented Artifacts, Methods, and Processes: State of the Art and Future
Directions”,
Empirical Software Engineering 4 (4), pp. 387-404, December 1999 (also available as ISERN TR 99-12).

X@Y<Y<Y<Z

42. Lars Bratthall, Per Runeson, K. Adelsword, W. Ericsson:
”A Survey of Lead-Time Challenges in the Development and Evolution of Distributed Real-Time Systems” ,
Accepted for Information and Software Technology, 2000.

43. Knut Kjetil Holgeid, John Krogstie and Dag Sjøberg:
”A Study of Development and Maintenance in Norway: Assessing the Efficiency of Information Systems
Support Using Functional Maintenance” ,
Information and Software Technology, To appear September 2000.

44. Magne Jørgensen, Dag Sjøberg and Geir Kirkebøen:
”The prediction ability of experienced software maintainers” ,
4th Europan Conference on Software Maintenance and Reengineering, Jurgen Ebert and Chris Verhoef
(editors), IEEE Computer Society, pp. 93-100, Zurich, Switzerland, Feb 29 - March 3, 2000.

45. Amela Karahasanovic:
”SEMT - A Tool for Finding Impacts of Schema Changes” ,
Proc. Ninth Nordic Workshop on Programming and Software Development Environment Research
(NWPER'2000), Lillehammer, Norway, 28-30 May, 2000.

46. Magne Jørgensen, Geir Kirkebøen, Dag Sjøberg, Bente Anda, Lars Bratthall:
”Human judgement in effort estimation of software projects” ,
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Beg, Borrow, or Steal Multi-Disciplinary Workshop at International Conference on Software Engineering
(ICSE’2000), June 5, 2000, Limerick, Ireland.

47. Bente Anda, Magne Jørgensen:
”Understanding Use Case Models” ,
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