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FEAST - Feedback, Evolution And Software Technology

• Study of impact of feedback on global software process
and evolution of its product

What is software evolution and why must software evolve?

• Background
– 1968-9: IBM software process study, including empirical data analysis
– 1971: feedback phenomenon identified
– 1974-86: laws of software evolution
– 1989: principle of software uncertainty
– 1994: FEAST hypothesis
– 1996 to 2001: FEAST/1 and FEAST/2 projects

• Evolution of wide variety of systems  - addressing different application areas and
spanning differing sizes, development and usage environments, processes, evolved,
marketed by ICL, Logica, DERA, Lucent Technologies, Matra-BAe, BT

• Generally consistent observations over a thirty year period
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E-type Systems

• Systems solving a problem or addressing an application in the real world

How are E-type systems evolved - developed, maintained?

• Results of execution determine acceptability

• Validation criterion is that system satisfies current stakeholder needs

• Needs, desires, opportunities, operational domain all evolve

• Intrinsic need for continuing application, system evolution
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E-type System Evolution Process

Trigger - Need/Demand/Opportunity not satisfied by current system

Evolving 
Views Application  

Domain

Application 
Concept

•   Ultimate operational domain - universe

• Initial process steps
- verbalise, bound

• Initially both:
– ill defined
– not fully or precisely verbalised
– not explicitly bounded

Yields - new or changed application concept - high level requirement

                     - new or changed domain of application

Preliminary statement of required change
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Driver of continuing software evolution

E-type Software Evolution Process

• System contains implicit model
of itself

Installation, introduction into usage,closes major feedback loop

• Series of development and implementation steps

• Culmination: validated program

• Final step: installation, operation

• Installation changes domain

• Usage changes application

Operational
program

Application 
concept

Application domain
Views

Evolving
understanding
and structure

Theories, models
procedures, laws 
of application and 
system domains

Requirements
analysis

Program
definition

Computational
procedures

and 
algorithms

Program

Exogenous
change

• In a changing real world domain
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More Realistic Picture

• Previous diagram
      a fiction

• Process not
sequential

• More than just
     technical
     development
     activity
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Global process
 is, in general, a
 multi-level
 multi-loop
 multi-agent
 feedback system
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The Global Process

• Process the aggregated effect of all activities that transform concepts,
ideas, needs, resources into code and other deliverables

• Satisfies engineering definition of feedback - “Output from part of system
(process) modifies one or more of its inputs”

These and other observations encapsulated in
laws of software evolution

• Complex, non-linear, possibly time varying, loop structure

leading to
rules and tools for software evolution planning and

management

• Feedback must be considered when modelling, planning, assessing,
predicting, controlling, improving process properties, behaviour
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The Laws

No. Brief Name Law

I
1974

Continuing
Change

E-type systems must be continually adapted else they become
progressively less satisfactory in use

II
1974

Increasing
Complexity

As an E-type system is evolved its complexity increases unless
work is done to maintain or reduce it

III
1974

Self Regulation Global E-type system evolution processes are self-regulating

IV
1978

Conservation of
Organisational

Stability

Average activity rate in an E-type process tends to remain
constant over periods or segments of system lifetime

V
1978

Conservation of
Familiarity

In general, the average incremental growth (long term growth
rate) of E-type systems tends to decline

VI
1991

Continuing
Growth

The functional capability of E-type systems must be continually
enhanced to maintain user satisfaction over the system lifetime

VII
1996

Declining Quality Unless rigorously adapted to take into account changes in the
operational environment, the quality of E-type systems will
appear to be declining

VIII
1996

Feedback System
(Recognised 1971,
formulated 1996)

E-type evolution processes are multi-level, multi-loop, multi-
agent feedback systems
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Nature and Implications of the Laws

• Focus on organisational, human (e.g. cognitive) factors and on process
as a system

• The laws and their roots in the feedback structure of the process suggests
quantitative modelling as a tool for achieving process understanding and
improvement

Black box and white box models of industrially evolved systems

• Termed laws because they reflect behaviours common to current software
management and development methods, tools, techniques

• Encapsulate behaviour and regularities observed over the years - FEAST
data supports 6 of the 8 laws
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Quantitative Modelling

• And a  tool for evolution planning and management

• Quantitative models can provide guidelines for process planning,
management and improvement

• Model construction and analysis requires wide variety of specialised
knowledge, skills

• Useful at maturity level beyond the most primitive

• They represent an organisational asset
– characterise process performance
– reasoning about process changes and policies
– support for cost, interval, performance estimation
– become part of organisational learning, familiarisation, experience base

• White box models for reflecting behaviour of internal mechanisms and
dynamic behaviour

• Black box models for globally observed input output behaviour
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Example of Black Box Modelling

Logica FW
Inverse Square Growth Model
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Lucent Sys. 1
Inverse Square Growth Model 
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relative to 
RSN 1

Five out of six systems over 5 - 15 years
inverse square trend

•    Growth in modules

• Steady, but declining growth rate with ripple

• Example of common behavioural pattern across systems studied - leads to
method and  tools to replace arbitrary by disciplined release content control

• Report - rules and tools for software evolution and planning - thirty six general
implications on process practice improvements
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Examples of Rules and Tools - Relating to Assumptions

• Periodically review assumption set

• Capture, document, structure, retain assumptions in specifications
• Verify assumptions while verifying specifications

• Continuing capture, updating, full documentation of assumptions during
design, implementation, integration, validation work

• Develop, use tool support for recording of assumptions in structured
form, classified by appropriate categories, throughout the process

• Document assumptions, design, implementation rationale underlying
change

• Validation of all changes must address interaction with and impact on that
part of the system that is not changed

• Validation must include check of the continued validity of assumptions

Underlying observation - embedded invalid assumptions major source of defects

Planning, managing, controlling assumptions about
application, operational domain key to successful SPI
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Example of White Box Model

SYSTEM TYPE

RELEASE
POLICY

Exogenous rate

Rate of release of changes

Endogenous rate

TEAM SIZE

STAKEHOLDER
RESPONSE TO

CHANGE multiplier
of work requests

CHANGE REQUESTS

<Time>

PRODUCTIVITY
THRESHOLD

Cumulative
changes

implemented
Changes

implemented

Rate of change completion

Cumulative
changes
released

AVERAGE AB INITIO
INDIVIDUAL

PRODUCTIVITY

<TIME STEP>

Change demand

Cumulative anti
regressive
changes

STAFFING POLICY

<Time>

Progressive work productivity

Anti regressive effort

Anti regressive work productivity
STAKEHOLDER
RESPONSE TO
CHANGE delay

Progressive effort

ANTI
REGRESSIVE
WORK POLICY

• System dynamic model of long term process behaviour

• Illustrates one particular loop
– division of effort between functional

growth and complexity control
– planning and control tool
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White Box Model Output

Case AR = 0.0
No significant complexity control
effort, long term growth constrained

Policy Assessment
6,000

4,500

3,000

1,500

0
0  30  60  90 120 150 180 210 240 270

Time (Month)

Growth trend (actual) in modules
Cumulative changes implemented  (simulated with AR = 0.3)
Cumulative changes implemented  (simulated with AR = 0.0)

Case AR = 0.3
Complexity control  investment
enables further long term growth

Preliminary and incomplete calibration of a commercial system
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Final Remarks

• Evidence for presence of feedback-based dynamics
– observation of industrial process
– simulation models that include feedback mechanisms and reproduce behaviour

• Local optimisation of global process has little value when system dynamic
forces constrain impact of local process changes

• Major process improvement requires adjustment of feedback
mechanisms

• The nature of the process as a feedback system makes modelling an
essential tool

• Combining black and white box modelling techniques provides additional
power to the approach

• Feedback nature of process explains slow progress in achieving major
improvement

• Formal theory of Software Evolution currently subject of a funding
proposal - Deutsche Bank, DERA, Ericsson, IBM, ICL
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