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Introduction
- some highlights

— 1968: IBM software study - including
— 1969: report
— 1971: First of software process as a
— 1974-86: of Software Evolution
- 1979:
— 1989: Principle of
— 1993: hypothesis
— 1996 to 2001: and /2 projects
- studies - Feedback, Evolution And Software Technology
of on global software and on of its
— in collaboration with , , , , ,
of systems of sizes, application areas, development environments,
processes
— explore FEAST concepts and results in context of : : based systems
— develop of software processes
— Initiate development of of software process evolution
over a 30 year period support generality of continuous evolution
of systems in distinction to systems, by definition
are these software ?
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S-type Systems

Definition, Properties
 Program properties to:
— prevent ambiguity
— facilitate reasoning
— demonstrate correctness

— etc., efc.
* Criterion of IS relative to specification
behaviour/results in execution after verification implies
incorrect or inappropriate
e System a matter of opinion/judgement assumption - beauty contest

* Fixing a program found to be unsatisfactory in use requires change to
followed by derivation of 3 by definition
even when obtained by modification of original code

programs as bricks for construction of software systems

in the
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E-type Systems

Definition
solving or addressing in real world
Properties
W.r.t.
and/or of determine
of is ultimate of validity
« System a of real world of
 Real world dynamic with application and operational : and

of user community,

 Requires continuing system to maintain system :

WHEIRE ?
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General Definition

 Evolution is a process of change over time in the
characteristics, attributes or properties of some material or abstract, natural
or artificial, entity or system or of a sequence of entities or systems

« Changes are progressive when they result in definable of, for example,
value, precision, fit to a changing domain or
context

- Entities include objects or population (collection) of objects such as natural
species, societies, cities, artefacts, concepts, theories, ideas or systems
of these

« Whether any pair of these entities share common evolution features apart from
those listed in definition, is not addressed here

 Change process will, in general, be continuous with relatively rate of
change, or discrete with individual changes, relative to
entity as a whole

Further discussion limited to
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Areas of Evolution

« Many of evolution in software context
| Ab initio of a system or, for example, implementation of
to produce a maintenance or upgrade release
Il Sequence of or of, for example, a software system over its
lifetime
1l
\Y of an application - impact on relevant evolution process
V Software evolution in, for example,:

area | - for system development, area Il - for release planning and management

\4 domains - e.g. organisational, market place, technology - their impact on
relevant evolution process

VIl Software process

« Lista simplified

We focus on area 2 sub-area - of in active use
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Programs in the Real World

operational domain is model of a derived by process
of

reached by a process of , also a of that specification

of a program
may be possible in

or in
° Bﬁth . anc: abstydction
ave, in general, TN
addressed remeE]l
by /,,»’\‘_ /,_/"\\
must be relative \) ,"
to real world I/ ‘\,
The real world - relationship
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Some of their Properties

 Universe, with its number of attributes, is ultimate
of E-type systems

e Actual is a sub-domain of the universe and also has an
number of

Is equally in the number of its potential

between finite E-type system and its unbounded
bridged by assumptions
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Crucial Role of Assumptions

* Assumptions are of
specification, program accepted
as valid reflections of real
world properties

. Must_belcaptured and abstration
periodically reviewed

/ ‘e
compatible with 4
over : 4
system life time / s
I
\ 7
\ zl

Assumptions and, hence, program must reflect real world as it
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Adoption of Assumptions

 Adopted global development and usage processes
by during
— corporate management — conception — integration
— local management — verbalisation — release
— marketeers — requirements statements — installation
— vendors — specification — usage
— users at all levels — designs at all levels — etc,, etc.
— etc., etc. — validation at all levels
 Adoption may be by or , or ,
or or
* Individual assumptions as occur in
, : etc.
« Software maintains of and, thereby,

satisfaction

Such maintenance at of system process
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E-type System Evolution Process

ol§ for whatever reason
/ / not satisfied by current system
, generally broad, of required or
- new or changed and/or

* In general, concept and domains initially:

— il

— not fully or precisely

— not explicitly
* Authoritative provides base for process evolving proposed

change, providing, inter alia, initial functional and for

a critical and continuing process

Continuing throughout ,
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Bounding Process

: , , restricted, biased views of individual stake holders:
— all levels of

— organisational and individual, direct or indirect
; personnel
— domains and application
— system, software :
— efc,, etc.
blends , determines , agrees assumptions
to consensus changes :
v
to consensus changes :
First step in E-type evolution - and -
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High Level View of E-type Process

: e S ™ Exogenous
Series of and steps N | cheras
\ | Application | )
Y | cemesst | :‘ i
e Culmination: I‘. Application domain /
J — :' WETS
{ = /,:' i
o I . I AN /_ /,/I Evolving
Final step: Wgllelg I ....... N understanding
ChangeS and o : I and structure
3 omputationa
which changes orocedures v
and Theories, models
algorithms procedures, laws
. . . of application and
« Allin Changlng domain system domains
Program | Requirements J
definition analysis
and introduction into closes major that drives
to sequence of to users
Driver of software
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More Realistic Picture

 Previous diagram )( TiEese ~
d - ;_ ™~ —
o . -~ Marketeers "";h,
« More realistic picture 7 e, Corporate. = _
J Ugﬁrs / Y \ M anagement ’ \
’ User Support ‘% \ “ \ ” l
 Process Ve | = cEaE e « - N
\ Change =~ | ! Concent | v S
. | -~ -vﬁ- T o Views \
* Not just ~ ] _ g@ (Precictive) \
[ > Operationa |~
/ _ﬁ_ - =1 Program N\ — F:I_H r
Project & \;""ﬁ-k
— / Process I 4_4_: ->u- S Evolving | \
4 Managers ] A0 Understanding \
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The Global Process

effect of that , , ,
resources into executable and other
* Involves many : , with diverse

: , possibly time varying, loop

« Satisfies engineering of - or
of its
* All these influence & & and must
be considered when , , evolution
 These and other in generalisations relating to
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The Laws and Their Observational Base

formulated 1996)

NoO. Brief Name Law Support
Continuing An E-type system must be else it yes
Change [pecomes progressively in use
Increasing As an E-type system is evolved its yes
Complexity lunless to maintain or reduce it (indirect)
Self Regulation [Global E-type system evolution processes are yes
Conservation of in an E-type process tends to yes
Organisational over system lifetime or segments of that lifetime
Stability
Conservation of In general, the (growth rate yes
Familiarity trend) of E-type systems tends to
Continuing The of E-type systems must be yes
Growth continually enhanced to over

system lifetime
Declining to take into account changes in| theory
Quality the operational environment, the quality of an E-type system| based
will appear to be asitis
Feedback System |E-type evolution processes are multi-level, multi-loop, multi- yes
(Recognised 1971, lagent (indirect)

What
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Sources of Empirical Observations

and /2 long delayed follow up of 1968 study
Objectives
- |dentify, assess, model, analyse and of and
Approaches
and modelling of attributes - such as growth, change rates,
incremental growth - Of industrial

— empirical investigation

— metrics based

— product evolution trend indicators
— system dynamics models

Industrial Collaborators - BT , DERA, ICL, Logica, Matra- BAe Dynamics
 Provided data on a of differing in application and market areas,
Size, evolution domains, organisational structure and so on

Some of the
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Continuing Growth - Linear or Inverse Square?

Size 0S/360-370
relative  Sjze in Modules over Releases @
to RSN 1 and Linear Growth Tr.egd

growth to release 19
- instability leading to

1960s-70s linear growth beyond
sustainability?

Size _Operating System Kemel Size Very Large Real-Time System S/81 Information System
Size in Modules over Releases

12 1 relative and Inv. Sauare Trends relative  Size in Modules over Releases Size in Modules over System Age
10 - toRSN1 - >4 to RSN 1 and Inv. Square Trends and Inv. Square Trends o

+ Segmented :S,,; =S, +E/S2 (1=i<n-1)
— where | are (rsn) of the n for which is available
* Indication of constrained growth?
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Model Precision
(MRE) and

— MRE = |actual_size - predicted_size|/actual_size
— pred(T%) = k/n, where T is selected threshold for MRE, k is number of points for which MRE
IS less or equal to T and n is total number of data points

System Model MRE Pred[10%] Pred[20%)]
Ve Ve Ve
IBM OS/360 Linear 9.6 73 92
Operating Syst. Kernel - Seg. 1 Inv. Sq. 8.6 o8 92
Operating Syst. Kernel - Seg. 2 Inv. Sq. 3.7 93 100
V. L. Real Time Syst - Seg. 1 Inv. Sq. 10.0 88 88
*Staring at rsn 2 (3.5%) 100 -
V. L. Real Time Syst - Seg. 2 Inv. Sq. 9.2 100 -
Information System - Seg. 1 Inv. Sq. 4.2 100 -
Information System - Seg. 2 Inv. Sq. o5.7 83 100
 Remarkable for process involving and
activity for , and
* Indicates presence of : : ?
How many releases are required for to ?
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Model Precision
(MRE) and

— MRE = |actual_size - predicted_size|/actual_size
— pred(T%) = k/n, where T is selected threshold for MRE, k is number of points for which MRE
IS less or equal to T and n is total number of data points

System Model MRE Pred[10%] Pred[20%)]
% % %
IBM OS/360 Linear 9.6 73 92
Operating Syst. Kernel - Seg. 1 Inv. Sq. 8.6 o8 92
Operating Syst. Kernel - Seg. 2  Inv. Sq. 3.7 93 100
V. L. Real Time Syst - Seg. 1 Inv. Sq. 10.0 88 88
*Staring at rsn 2 (3.5%) 100 [ -
V. L. Real Time Syst - Seg. 2 Inv. Sq. 9.2 100, / -
Information System - Seg. 1 Inv.Sq. 4.2 100\ [ -
Information System - Seg. 2 Inv.Sq. 5.7 83 \\!///' 100
* Remarkable precision Pred[x%] = y indicates that prediction is within and
activity f yyor of actual size for y% of all data points
* Indicates presence of : : ?
How many releases are required for to ?
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Predictive Power of Growth Models

* Only required to achieve a good predictive model

60 § MMRE % IBM 0S/360-370
over full Linear Model estimated
dataset over RSN 2 to

MMRE % Operating System Kernel
over Seg. 2 Segment 2 - RSN 14-29
Inv. Square Model estimated
over RSN 14 to j

RSN
j

oo 0o 0000 ¢ 0
RSN
j

MMRE % Very Large Real Time System
over Seg. 1 Segment 1
Inv. Square Mode.I es.timated
owerRSNTto] Operating System Kernel 6 A
Starting-at RSN 1 (i = 1) Very Large Real Time System 6 9% (3 %*)
* e e Information System 4 4 %
Starting at RSN 2 ¢ = 2)* *starting at
RSN 2
 Initial indicates model - first thought to be of dynamics but
later recognised that this is, at least in part,
to identify of dynamics
© mmIl676/5c[charts
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Some FEAST Results

and of release-based systems
studied qualitatively similar to those observed in the 70s

* Support for at least 6 of the 8 as modified over the
years

 Extended and new into and about

« Study of influential feedback in long-term and

assessment of their

« Black box and system dynamics to support process planning,
management, control, tuning and improvement

« Some 35 and rules and guidelines

Inputs to theory of software evolution
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Development of a Formal Theory

« Basedin , ,
* Provides basis for of informally expressed theory

 As a set of derived empirical generalisations

Prediction &—— Theory

Formation
S Empirical
Observation =% Generalisation
 From suggested by the one derives a
theory stated in a
‘ behaviours on basis of and against
, yields - further and corresponding
may also emerge from observations suggested by
proposal to initiate submitted
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FEAST Summary

* In addition to providing and their
largely support hypothesis that software process is a feedback

 Have led to identification of process , and that can be
reflected in empirical generalisations
 Net Is that disciplined evolution to computer :
to and to many in software context
provide a for its study and {e]g

planning, management, control, improvement

and also provide basis for development of
at phenomenological and theoretical levels

ripe for further investigation, extension to provide theoretical
and so long missed in software engineering

Practical illustration of application of
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The FEAST Project as a Scientific Endeavour

Triggered by observation of - in early seventies
and recognition - some results

« Analysis, inferencing - some results

« Generalisation, formation - some results

 Modelling and validation, rejection or trigger for further experimentation - some
results

« Theory generation and validation - planned

 |teration and extension

Expectation that and can be extended to
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Some FEAST Publications - See

A complete listing of FEAST papers is provided at and some may be accessed via http://www.doc.ic.ac.uk/~mml/feast
Rules and Guidelines

MM Lehman, Rules and Tools for Software Evolution Planning and Management, pos. paper, FEAST 2000 Workshop, Imp. Cal., 10 - 12 Jul. 2000, DoC, Res. Rep. Nov 2000, arevised
version to appear in Annals of Software Engineering, Spec. |ssue on Software Management, ol. 11., 2001

MM Lehman, The Future of Software - Managing Evolution, inv. contr., |IEEE Software, Jan-Feb. 1998, pp. 40-44

Theory

MM Lehman and JF Ramil, Towards a Theory of Software Evolution - And Its Practical Impact, invited talk, |SPSE 2000, Intl. Symposium on the Principles of Software Evolution,

Kanazawa, Japan, Nov 1-2, 2000
Modelling of Evolution Processes

G Kahen, MM Lehman, JF Ramil and PD Wernick, Dynamic Modelling in the Investigation of Policies for E-type Software Evolution, ProSim 2000, International Workshop on Software
Process Simulation and Modelling, 12 - 14 Jul. 2000, London, UK

BW Chatters, MM Lehman, JF Ramil, P Wernick, Modelling a Software Evolution Process, ProSim'99, Softw. Process Modelling and Simulation Workshop, Silver Falls, Oregon, 28-30 Jun.
1999, also as Modelling a Long Term Software Evolution Processin J. of Softw. Proc.: Improv. and Practice, 2000 v. 5, iss. 2/3, Jul. 2000, pps. 95-102

MM Lehman, DE Perry and JF Ramil, On Evidence Supporting the FEAST Hypothesis and the Laws of Software Evolution, Proc. Metrics98, Bethesda, Maryland, 20-21 Nov. 1998, pp. 84-
88

P Wernick and MM Lehman, Software Process White Box Modelling for FEAST/1, ProSim '98 Workshop, Silver Falls, OR, 23 Jun. 1998. As arevised version in Journal of Systems and
Software, Vol. 46, Numbers 2/3, 15 Apr. 1999

MM Lehman and P Wernick, System Dynamics Models of Software Evolution Processes, Proc. Int. Wrkshp. on the Principles fo Software Evolution IWPSE-98, | CSE-20, 20-21 Apr. 1998,
Kyoto, Japan, pp. 6-10

MM Lehman, DE Perry, JF Ramil, WM Turski and P Wernick, Metrics and Laws of Software Evolution - The Nineties View, Proc. Fourth International Symposium on Software Metrics,
Metrics 97, Albuguerque, New Mexico, 5-7 Nov. 97, IEEE Comp. Soc. or. n. PRO8093, pp 20-32. Also asin K El Eman and N H Madhavji (eds.), Elements of Software Process
Assessment and Improvement, |EEE CS Press, 1999

WM Turski, A Reference Model for the Smooth Growth of Software Systems, |EEE Trans. Softw. Eng., v. 22, n. 8, Aug. 1996, pp. 599 - 600

Resource Estimation

JF Ramil and MM Lehman, Exploring Cost Estimation Models in the Context of Continuing Software Evolution, FESMA-AEMES Software Measurement Conference 2000 "M anagement
Excellence through IT Measurement", Madrid, Spain Oct. 18-20, 2000 L essons Learnt (e.g., Modelling M ethodol ogy)

JF Ramil and MM Lehman, Metrics of Software Evolution as Effort Predictors - A Case Study, Proc. ICSM 2000, Int. Conference on Software Maintenance, 11-14 Oct. 2000, San Jose, CA
Component-based and | ntegration-intensive Processes

JF Ramil, "'Why COCOMO Works' Revisited or Feedback Control as a Cost Factor, pos. paper, FEAST 2000 Workshop, Imp. Col., London, 10 - 12 Jul. 2000, 5 pps. Also as Res. Rep.
2000/3, Dept. of Comp. Imp. Col., Feb. 2000

Other

MM Lehman and JF Ramil, Software Evolution Phenomenology and Component Based Software Engineering, to appear in |EE Proc. Softw., sp. issue on Component Based Software
Engineering, scheduled for Dec. 2000, earlier version as Tech. Rep. 98/8, Imperial College, London, Jun. 1998

JF Ramil (ed.), Preprints of FEAST 2000 International Workshop on Feedback and Evolution in Software and Business Process, Imp. Col., London, 10 - 12 Jul. 2000, 124 pp.

JF Ramil, MM Lehman and G Kahen, The FEAST Approach to Quantitative Process Modelling of Software Evolution Processes, Proc. PROFES2000 2nd I nternational Conference on
Product Focused Software Process Improvement, Oulu, Finland, 20 - 22 Jun. 2000, in Frank Bomarius and Markku Oivo (eds.) LNCS 1840, Springer Verlag, Berlin, 2000, pp. 311 - 325.

MM Lehman, Feedback in the Software Evolution Process, Keynote Address, CSR Eleventh Annual Workshop on Software Evolution: Models and Metrics. Dublin, 7-9 Sept. 1994,
Workshop Proc., Information and Software Technology, sp. is. on Software Maintenance, v. 38, n. 11, 1996, Elsevier, 1996, pp. 681 - 686
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