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NTNU

Norway

1. My recent background

» ESPRIT sw.eng. projects in 1990-1999: reuse,
configurations, reengineering, process modeling, ...

» Nat'l SPI projects: SPIQ 1997-99, PROFIT 2000-02.

» Sabbatical stay at Univ. Maryland and Politecnico di
Milano, 1999-2000.

» Visits and contact with |ESE, Kaiserslautern.

* Workshopsin 2000: EWSPT, PROFES, Learning
Software Organizations and FEAST.

» Discussions at ISERN research network meeting
(Basili/Rombach et Co.), Oct. 2000, Hawaii.

* Some contact with Q-labs, Univ. Lund, and VTT.
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NTNU

2a. PITAC: President’s IT
Advisory Committee

» Fina recommendation Feb. 1999, www.hpcc.gov:
— Software -- “no surprise” software, empirical work
— Scalable Software Infrastructure -- “too fragile’
— High End Research
— High End Applications
— Socioeconomic Factors
» Doublefundsfor basic research in IT, to 2 bill. $.

e NSF hasinitiated first “I TR” projects, 100 mill. $,
50 projects accepted out of 1500 applications!

 First projects started Sept. 2000, including CeBASE.
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I 2b. Univ. Maryland / prof. Basili

» World famous for its SPI work with the NASA-SEL in
1976-2000:
— Quality Improvement Paradigm (QIP)
— Experience Factory / Experience Bases
— Goal Question Metrics method (GQM)
— Inspection techniques (perspective-based reading)
— Empirical methods (contextual factors)
— Some COTSwork

* Projectswith NASA, Motorola, DaimlerChrysler,
Telcordia, Lucent, consortium of local SMEs €tc.

* Univ. Maryland and its new FC-MD Fraunhofer
institute: 20 researchers/PhD students.

| worked on experience bases, OO reading, COTS.
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2¢. NASA Software Engineering
Laboratory

e » Goddard Space Flight Center, 270 software developers,
9000 people. Unmanned spacecrafts, geophysical data.

* Project size: 30 person-years over two years.
Technology: FORTRAN, later Adaand C++.

* NASA-SEL: coop. by NASA, CSC, U. Maryland.
Tracked 150 projects, testing different technologies.

* Results in 1976-96: reduced defects in operation to 1/4,
2X productivity, more complex projects.

* Most important technology: software reuse by domain-
specific frameworks -- from 25% to 80% reuse.

» “Egoless” approach: measuring/learning in the culture.
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2d. CeBASE project

» New CeBASE (“Center of Empiricism”) NSF-PITAC
project from 15. Sept. 2000, www.cebase.org.

we o V.Badli, B.Boehm (USC), U. Nebraska, U. Tennessee.
o 1.2mill. $ per year for two years + three more years:
— Inspections (Maryland)
— COTS (USC)
— Empircial methods (al)
— Experience Bases, with contents (U. Nebraska)
— Software Engineering Education (U. Tennessee)
» Slogan: FAD-based => empirically-based =>
science-based => engineering-based.
* Manifest of Understanding:U.Maryland & NTNU/UiO.
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NTNU

2e. IESE, Kaiserslautern, prof. Rombach

» |ESE: Fraunhofer Institute, Germany, applied research
» Area Experimental Software Engineering.
Established in 1995, made permanent in 1998.
Close to 100 persons, ca. 40% government funded.
— SPI and software quality

— Software product lines and reuse

— Inspections

— Experience bases using Case-Based Reasoning

— Software Engineering Education: SW Academy
Sister institute in Maryland from 1998.

NTNU PhD student Dingseyr: at |ESE, Spring 2001
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2f. ISERN, Int’l Sw.Eng. Research Network

* “Club” around Basili/Rombach from1992, 20 members.
NTNU amember since 1997, UiO will apply.
Meetings:Oct. 2000 on Hawaii, Aug. 2001 in Glasgow.
Topics.

— Ingpections, e.g. for OO (Maryland, Vienna, NTNU)
— Technology transfer

— Empirical methods, practical experiences

— Repeatable experiments: planned for OO design

— Shared repository for experiments (Conradi ed.)

ESERNET: network of excellence proposal in EU, Nov.
2000 (NTNU participates).
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3.1a Incremental and
component-based development

» Lead-times shrinking: one Internet-year a“dog-year” (7
years) in other businesses.
 Strict waterfall model is not functioning anymore:
— approaches, having continuous
dialog with customer, reduce risk. Ex. RUP, Genova.

- approaches, reusing parts of
existing solutions or ready-made components (COTS).

— , iIf needed component is
not yet available, but increased dependency on other
actors (higher risk).

. : need models to reason about and
balance e.g. time/quality trade-offs, market-value models.
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3.1b Barry Boehm’s COCOMO-II

* Incremental development using COTS.
Initial, iterative steps e.g. to scale and refocus project.

Clear separation between Everything connected

reguirements and design

Stable requirements Rapid requirements change
(50% change per 3 year)

Technica solutions are COTS influence requirements

Separate

Mostly in-house and No control over COTS

controllable parts evolution

>2 year projects Ever-decreasing lead times

Repeatable, mature models | Adaptable process models
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3.1¢ INCO project: Incremental and
Component-Based Development

Newly accepted NFR basic R& D project, 2001-2004.
UiO and NTNU. 2 PhDs and one postdoc.

* Need arevolution in project models -- waterfall is dead,
“internet” time, extend RUP and similar models.
Rgmts <=> design: a negotiation!
» Component-based development, using
-- but how to manage the risks?
* Reuse through mature ?
» Empirical studiestowards Norwegian IT industry.

* Proposers: Dag Sjaberg, Univ. Oslo (coord.) and Reidar
Conradi, NTNU.
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3.2a New network technologies: revolution
in sw.eng. applications and solutions!

— 300 mill. mobile phones in Jan. 2000,
3 hill. in 2005 and 10% with powerful PCS/PDAS?

— Entry ticket to become a global (virtual?) company:
reduced by factor 100 in recent years.

— Enormous dynamics: 3C convergence, liberalization
— New work modes: RAD, nomadic, 100% on-line.

— “Deluge”: www, IP, Java, CORBA, XML, applets/
servets/ displets, agents = active html pages?, ...
— E.g. XML used for sending phone bills to bank,
XML/Javatoolsto make graphical editors.
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3.2b MOWAHS project: Mobile
Work Across Heterogeneous Systems

» Newly accepted NFR basic R& D project, 2001-2004.
IDI SU and DB group. 2 PhDs and one postdoc.

» Software infrastructure for mobile agents that can move
across fixed and portable PCs, PDAS etc.

» Novel transaction models to regul ate access and updates
to partly shared data.

» Try out for software engineering and teaching
* Internationalization, Telenor and other cooperation?

 Proposers: Reidar Conradi (coord.) and Mads Nygard,
NTNU.
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3.3a Inspections

» By Michael Fagan at IBM, 1976; refined by Tom Gilb.

» Established gains, finds 2/3 of defects at 1/3 of price,
saves 15-20% of total effort.

 Still challenges:

— - different checklists for
different readers (customer, designer, tester) to find
complementary defects.

— : which defects by which
technique; cf. Cleanroom.

— find “ defect-prone” modules?
- follow-up, prevention?
— for UML, for architecture?
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3.3b Ericsson data, 95-97
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3.3c Ericsson data, 95-97

Study 1- number of defectsin field-use ver sus statesin a module

The number of system failuresincreases with increasing number of states (complexity).
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3.3d OO Reading of UML Documents

Requirements Use-Cases
Descriptions
________________________ oofrs 40T A odkns
"""""" . 2 S P
C!ass Class State Seguence
Diagrams Descriptions || Diagrams Diagrams
| OORT-4 ‘ | OORT-2 | OORT-3 |

OORT-1
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3.3e OO Reading of UML (cont’d)

» How to read graphical diagrams, not linear text?

. (OORT1-4) within a phase
captures mainly inconsistencies.
. (OORT5-7) across phases captures

mainly omissions and wrong facts.

» Easy to spot simple defects, what about deeper
comments wrt. architecture and maintenance?

» Tried at Maryland and NTNU.

* Now emphasis on simple defects.
Need to refine and extend before industrial use.

Sandefjord, 22 Nov. 2000 (rev. 28. Nov 2000) Keynote at IT-PRO 19

4a. Knowledge Management,
Experience Bases

Systematize own experiences as

Problems:
— Few, representative observations
— Few hard data, mix of quantitative/qualitative data
— Reference point/baseline often missing

— Vulnerable to short-time project pressure, even
cancellations -- asin SPI and reuse

. apply methods from
Knowledge Engineering and/or Socia Sciences?

Novel investment models, reward systems?
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4b. NASA Experience Factory

Software Development Project
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4c. The “Knowledge Spiral”

TR ¥
A,

Sandefjord, 22 Nov. 2000 (rev. 28. Nov 2000) Keynote at IT-PRO 22




4d. Externalization and

Internalization
. (work skills) and (written).
. [Nonaka90]:

(tacit => formal): write post-mortem.

(formal => more formal): generalize

post-mortems.
(formal => tacit): attending a course.

(tacit => tacit): integrate in daily work.

. achieve 3.-4. (real changes),
not only 1.-2. (piles of models or |essons-learned);
similar in reuse -- avoid “white elephants’.
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4e. Attitudes to quality system routines,

study of 23 sw people in 5 companies,

NTNU student project Spring 1999

Developers 9
Managers 3
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4f. Four success factors for
Software Experience Bases

Based on eight studies, half in Norway
(presented at ICSE’ 2000, PROFES' 2000):
-- for organization and local champion.

becoming alearning
organization, sharing in an egoless way, rewards?

-- no fancy database/Ul etc.,
integrate in work processes using normal documents.

-- no “big bang”, e.g. start
slowly with low-key web system?
=> Treat accumul ated knowledge as other investments!
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S5a. General SPI observations

» Usual assumption: (Process) [ (Product).

» Choose proper SPI framework, strategy, and plan -- given:
- (TQM: stable, large companies) vs.
(RUP, DSDM: Internet startups)
- work (testing) vs. work (design).
— (CMM for risk reduction) vs.
(TQM for product quality).

» Have we given the “wrong” medicine?
Ex. Nokiaat CMM level 1, Motorola at level 5:
who is “best”?
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Sb. SPI framework selection

» Different emphasisin current SPI frameworks -- TQM,
CMM, BOOTSTRAP, SPICE (ISO/IEC 15504), 1SO
9001, EQM, QIP, “SPIQ".

» How select the “right” one?

* Proposed NTNU taxonomy for SPI framework
characterization, with five main categories:

— Generd
— Process

— Organization

— Quality
— Result
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U.S./World U.S./World
TQM, SPC Partly TOM
Since 1986 Since 1976
Top (esp.inU.S) Medium
Yes Yes

Both Descriptive
Limited Yes

Org. maturity None
Internal and externa NA

IDEAL QIP

Top-down

Iterative bottom-up

M anagement processes

Experience reuse

Assessment GQM

guestionnaires

M anagement Experience factory,
project organization

Large All

Internal

Internal




I

Meregarat All

Sl Cotiruous

( o ( )0

( ) ( )0

( )0 ( )

( )

Yes netuity led No

Pracessinprovenat, Qrganiztion goadfic

i cgility

detemirgion

Fracessdoocurantaion, Expaiaoepadkas

seaTEt et QM nrocds

No No

Snesadceeduwes | Bxpaimetd adcae
dudes

S5c¢. Causal Relations in SPI Frameworks

— Quality indicators NO(tappﬁcable =
— Multi-factor problem: ( )0
( )0 ( )
( yo
( )0 ( )
Experiment D( ( -
Personalities Organization ( e
¥ ( ( )D)Ij ( )
[Qualltylndlcator P;oce‘sss Product] ( 0 ( )
0
Technology ~ Customer ( ( )D) (
( o« ) O
( ) O ( )0 ( )

Sandefjord, 22 Nov. 2000 (rev. 28. Nov 2000)

Keynote at IT-PRO

30




6a. SFF-Fornebu: Center of Excellence in
Software Engineeering

* Proposed by Ifi/UiO (Dag Sgberg) and IDI/NTNU
(Reidar Conradi), July 1999

» Accepted part of SFF-Fornebu, per Nov. 2000

e Decentralized: Fornebu, Oslo, Trondheim

» Budget of 16 mill. NOK per year (?).

« 25 teachers, researchers and PhD students,
30-40 M Sc students.
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6b. SFF and cooperating partners

Int’| contacts
SINTE /

DnV, Telenor, ... ___~» ISERN netwoOrk

o~ :
...> 20 Norwegian " Other projects
companies, partly in

PROFIT/DAIM
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6¢. SFF- Scientific Profile

Six themes:

Object-oriented devel opment and
mai ntenance

D . S§adberg

Incremental and component-based
development

R. Conradi, D . §dberg

Methods to achieve quality of L. Jaccheri
Web-based, digtributed systems
Estimation, planning and risk M. Jargensen

evaluation of software projects

Generd software process
improvement and qudity work

R. Conradi, T. Skramstad

Empirical software engineering
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6d. SFF: Industry is our lab!

« Both IDI, NTNU and Ifi, UiO has had an industrial
focus over some time. We expect that SFF-Fornebu will
offer even better possibilities for industrial cooperation.

» Since 1993 we have published the following published
papers, 1/3 based on industrial cooperation:

NTNU 150

30

10

uio 60
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Professor Chunnian Liu, dr.ing. (NTH 1983). Beijing Polytechnic University, PBR China,
Area: software engineering, process support, distributed systems.

Professor Alfonso Fuggetta, Politecnico di Milano, Italy, Area: software engineering,
software architecture, feature engineering, middleware.

Professor dr. Claes Wohlin, Telecom, Lund Techn. Univ., Sweden, Area: software
engineering, testing, requirement analysis, software process improvement (SPI), metrics.
Professor dr. Hans-Dieter Rombach, Univ. Kaiserslautern and Fraunhofer Inst. for
Experimental Software Engineering (IESE), dir. at IESE. |IESE areas: SPI and software
quality, reuse, component-based sw.eng., metrics, empirical studies, experience bases.
Prof.sdr.sVictor R. Basili and Marvin Zelkowitz, Univ. of Maryland, with a sister
ingtitute of IESE in software engineering (FC-MD). Area: SPI and software quality,
inspection techniques, COTS, experience bases, metrics, empirical studies.

Associate Professor Lionel C. Briand, Ph.D. (Paris, France), Carleton Univ. (Ottawa),
Area: Inspections and testing in OO software. Software quality assurance and control.
Project planning and risk analysis. Technology evaluation, Experimental SW engineering.
Professor Ray Welland, Head of Computing Science Department, University of Glasgow,
Area: software engineering, Web application development, software tools, design methods.
Professor Malcolm Atkinson, University of Glasgow, Area: Persistent programming,
language design, (distributed) information systems, software engineering.
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7. Empirical Software Engineering

* Notyeta scientific/engineering discipline.
» Recent criticism that we are a“ stone-age” field,
with scant scientific methods [Tichy98] [Zelkowitz98].

* Much less practical In our written scientific
papers than in other science/engineering fields
- both in SW development and research?

* Butvery ,
no time to stahilize:

— how (when) to measure, assess, reflect, and learn?
— how (when) to practice “SPI”?
Need tradition and training in empirical methods:
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8a. Future SPI challenges

» SPI frameworks must allow

— both refinement and innovation

— both traditional technologies and network ones

— both evolutionary and revolutionary changes (“A” size)
* Need approach.

 SH : need novel market-value and
amorization models, balance short/long term aspects.

» SPI assumes -- need expertise from
social sciences.

» SPI isabout -- not control asin QA.
» Have “soft” start with , €.0. on web.
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8b. PROFIT national SPI project
2000-02

Emphasis on three factors:
1.
2.
3.
These factors need to be combined!

Cooperation between research (SINTEF, NTNU, UiO) and
ca 10 companies.

9 ongoing pilot projectsin SPI.

. between companies for:

— Experience bases for better estimation

— SPI in “dot.com” companies

— Model-based development and process control
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8c. On Quality and Change
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