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» The workshop will be held on the 24/25 October in the Department of Computing, Imperial College, 180
Queen's Gate, London, SW7 2PH

» Regidtration fee of £55, cash or UK cheque or traveller's cheque, payable to Imperia College.

. _'I'heworlz(ssréop sessions will begin both morningsat 9 45 inroom 418 of 180 with coffeeavailblefrom 9 15
in room 433.

» Hotel accomodation for those requesting it has been reserved at the Embassy House Hotel, 32 Queens
Gate., SW7. Room charge £65 per night single.

» Thenearest underground station to the hotel are Gloucester Rd. and South Kensington both on the District,
Circle and Picadilly Lines. The Collegeis equidistant from them both.

* Sessionswill bein room 418 on the 4th floor.
* Tea, coffee breaks and lunches in room 433 on the same floor.

» Dinner on Monday evening will be at 6 30 for 7 00 at Physics Common Room, Level 8, Blackett Lab in
Huxley Building.

» Barbara Claxton, room 554, front corridor, 5th floor, will be available to assist attendees as required.
* In her absence assistance can be obtained from the Department general office, room 437.

* Incoming telephone calls direct to +44 (0) 171 594 8213 (Barbara)

» Departmenta fax number is+44 (0) 171 594 8301

» email messages marked for your attention to bpw@doc.ic.ac.uk.

» QOutgoing email can be sent from Barbara's machine or from mml'sin room 556.
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NOTE:

Monday, 24 October 1994
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1400-1530
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16 00-17 30

Morning Chair

Opening remarks
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Coffee

The FEAST Manifesto and a Preliminary Model
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Afternoon Chair
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Cocktails
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Tuesday, 25 October 1994

Coffee
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M M Lenman
1 Introduction

The S-type, E-type and P-type classificationfor programs' (that is for software and computer applications) wasfirst definedin the
early seventies and has been further refined ever since. Most recently, as aresult of discussions in the FEAST project the question
of the classification and, in particular, of the distinctive propertiesof E-type systems has been raised. This note representsan initial
statement of the currently recognised properties of the three types of program

2 Definition
2.1 S-type Program
An S-type program is a computer program that is required to satisfy some pre-stated specification.

That is, the specificationis the sole, complete and definitive determinant of program properties. It is the only arbiter of correctness.
Oncea program has been developed correctness relativeto that specification, in the strict mathematical sense, is the only criterion
of success. The completeness, validity, relevanceor assthetics of the specification and any program propertiesnot explicitly included
in the specification nor (formally) inferablefrom it, areextraneousissues. S-type programs aremathematical objects and artifacts.
They must, at all times, be developedand processedwith the rigour, precision and disciplinethat this implies and permits. In their
context correctness has an absolute meaning. It is a specific, formally demonstrable, relationship between a program and its
specification.
2.2 E-type Program

An E-type program is a computer program that realises (models) a computer application in some real
world domain.

For real world applicationsit is the consequencesof execution as, for example, the information conveyedto human observersor the
behaviour induced in attached or controlled artifacts that determinesthe acceptability of the program. Ultimately, one is concerned
with the value or level of satisfaction execution of the program yields. The concept ofcorrectness that definesthe acceptability of S-
type programs expressesa preciserelationship based on cal culableequivaencebetween a program or other formal representation and
some higher level specification. For E-type programsthe real worldis both specification and arbiter. Because the real world domain
is unbounded calculable equivalencewith it and, therefore, correctnessrelative to it, are meaningless concepts. Moreover, once
installed, the system and its softwarebecome part of the application domain. Together they comprise a feedback system that cannot,
in general, be precisely or completely known or represented. The specification isintrinsically volatile.

For E-type systems the notions replacing the Boolean concept of correctnessare, therefore, essentially fuzzy, based on both
qualitative and quantitative measures. System acceptability depends on a process of subjective human judgment. It is the detailed
behaviour under operational conditionsthat is of concern.

2.3 P-type Program

A P-type program is computer program that is required to produce an acceptable solution to some stated
problem.

This was the definition of P-type programs as originally formulated. It was based on the observationthat when acceptability of a
problem solution rather than a relationship of correctness relative to a specification is of concern the program should not be
classifiedas of type S even when though the problem statement can be formalised, its program instantiation rigorously developed
andit can be proven correct. With this view if, when the program is analysed or executed, undesirable properties (side effects) not
addressed in the problem statement are observed the problem statement must be modified to exclude them. A new version of the
program may then be created to provide an acceptable solution. That is, this P-type program definition allows for changesin the
specification to achieve a satisfactory outcome when the program is executed and the solution is applied.

Morerecently, an alternative view has emerged. This considersthat if a complete and unambiguous statement of the problem has
been providedso that the program may be completely specified it should be classified as of type S. despite the fact that program
correctnessrelative to that specificationis ameans to the real end, achievementof a satisfactory solution. It requiresone to accept
that if, after implementation, the program product is unsatisfactory, for whatever reason, one producesa new problem statement
(possibly by revision of the old) and infers a new program (possibly by reasoning based on the unacceptable program).

Which of these alternative views is the more useful, that is whether one adoptsa two or a three member classification scheme
requires further consideration. In any event,P-type programs are intermediate to the other two-types and it is not self evident that
they possess any special properties. If such aprogramis completely specified it may and should be treated as an S-type otherwise as
of type E.. Thebinary classification schemathat results from this later viewpoint bisectsthe universe of programs into those for
which correctness, as defined above, is sufficient and those for which (at the whole system level) it is not. The present analysisis
restricted to S and E types.

3 Some Characteristics
3.1 S-type Programs
¢ An Stype program is completely defined by a specification
« Evenif, initially, informally expressed that specification can aways be transformed into aformal notation
« By definition the specification is fixed - it may not, for example, be changed because of dissatisfaction with the derived program
* Where circumstancescall for revision of the specification, the revision is viewed as a new specification, and the resulting
program as a new program - even though it may have been derived from the earlier program

! For convenience the term "X"- typeis normally usedto catagorise programs. It is equally meaningful to refer to "X"- type
software or applications or to programs, software or applications of type X.
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The program may be derivedfrom its formal specification by mathematical reasoning applying the logic associated with the
notation - the specification is an extralogical axiom of which the program is a provable theorem

Sole criterion of successful implementation is the program’s correctness - with respect to the specification

Correctnessis absolute - the program will have all the properties requiredby the specification independently of the individual(s) who
derived it

The starting point of the S-type development processis uniquely defined and fixed

The S-type development processis an instance of logical and mathematical inference - it is well established though the specific
techniques used may vary from instance to instance

It may have additional properties not addressed by the specification - as determined by the derivation process and the individual (s)
executing it

The specification/ program relationship is recursive - that is, a specification may, itself, be a program that is derived from (is a
theorem of) a higher level specification (some more abstract extralogical axiom)

Similarly, a program may be taken as a specification (extralogical axiom) from which a lower level program may be derived -
for example an executable program compiled from a high level language program

S-type programming elements are appropriateas the unit of individual programming assignment - no individual should ever be
given an implementation assignment that is not fully specified

3.2 E-type Programs

By definition the real world is the operational domain - the application concept and its operational domain areinitially unbounded
and encompass the entire universe; any entity, process or phenomenon in that domain may influence execution

User and usage satisfaction (acceptability?) determinesthe value of the system, it is the ultimate criterion of successful
completion

Any E-type system isamodel of the application in its the real world domain
As such, the the solution system contains a- possibly implicit - model of itself
The domain of operation is, conceptually, unbounded

It is also essentially continuous

So is the application concept itself - thereis no limit to the number or variety of the concepts, phenomena and behaviours that can be
associated with it

At least in so far as humans areinvolved in the processesand phenomena of the application andits computerised model, precise
and compl ete theories'models of domain and application properties- including behaviour - cannot exist

Neither application nor its operational domain can be precisely or completely represented/modelled by finite and discretemodels -
that is by software

E-type software model can, therefore, not be complete - or precise

To bridgethe consequent gap betweenthe real world applicationin its domain andits software model assumptions are madeand
embedded in the system - in the form of theories, algorithms, structures, parameters, sequencings etc

The real world undergoes continuous change

Since it involves human observation, interpretation, action, reaction, creative decision and so on such change is unpredictable
Some of the assumptions embedded in the system will become invalid

The consequences under execution of such invalidity are unpredictable

However often an E-type program has been successfully, that is satisfactorily executed, it may fail to do so as a consequenceof
a, now, invalid assumption

The existence, location or nature of such invalid assumptions cannot be known

The outcome of any execution of an E-type program is uncertain, - unpredictable

Fixing bounds for a program and its operational domain is anintegral part of the evolution process2 - elements contained in or
excluded from the application or its domain will be referred to as application/domain included or excluded respectively

Some bounds will be fixed explicitly othersimplicitly

Thefixing of the bounds includes pragmatic considerations - available expertise, limits of knowledge and understanding, financial
resources, time to completion, available hardware, etc.

As a consequenceof changesin the real world - growth, extension, societal, technological, economic, perception, etc - included
elements may become redundant and excluded elements may need to beincluded

During execution of the evolution process the humans involved will acquireadditional insight into the the application and its
underlying theories, methods and techniques for itsimplementation and desirable characteristics of the solution system

Such insights trigger changesto - generally, extensions of - the application and/or the domain and/or decisions reachedin earlier
stages of the evolution process

The evolution process is alearning process with the acquiredinformation appliedto activitiesin the forward path of the process
or used to modify earlier decisions

Installation and operation (use) of an E-type system each change the operational domain - a further feedback effect
All these phenomena/properties lead to pressure for continuing change

2 Use of the term evolution processin this note encompasses conventional use of the terms software development and software maintenance

as
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« Learning and feedback driven evolution is an intrinsic property of E-type systems

¢ Thoseinvolvedin the evolution process are essentially multidisciplinary representing at the very minimum application expertise
and software devel opment skills

e For any but the smallest applications/systems, organisational, financial and marketing and other problems imply strong
involvement and project influence of agencies responsible for such areas

« Evolution of E-type systems, in general, requiresinteractions between many human populated agenciesinvolving a widevariety
of knowledge, understanding, experience and authority

e Thisimplies aneed for learning, elucidation, clarification, compromise

4 Laws of Evolution

Seven laws of program evolution as originally formulated wereinferred from observation and measurement of OS/360 as confirmed
by measurementson other systems. Their interpretation was based on organisational and sociological behaviour. It is now possible
to link them to the properties listed above with each law being related to certain of the properties. The first law Continuing
Change, for examplehas to dointer alia, with closedloop nature of the processand the bounding of the domain. Thesixth law, on
the other hand while also associatedwith the closed nature of the processarisesdirectly from the bounding of the application itself.
Thus identifying and examining the E-type properties should prove a powerful means for achieving a sound underpinning for the
laws and, perhaps, identifying additional laws. This work has, however, not yet been donein detail. For the present the laws ae
simply listed and some preliminary observations added.
I Law of Continuing Change

An E-type program that is used must be continually adapted else it becomes progressively less
satisfactory

- universal experience
- intrinsic property of computer application
- though all systems evolve, software is distinct in its rate of evolution and in that both individual artifacts and generations of artifacts
evolve
- software must be regarded as an organism
- evolution Implemented in feedback driven and controlled maintenance process
Il Increasing Complexity - the second law
As a program is evolved its complexity increases unless work is done to maintain or reduce it
- Change upon change upon change
- Spreading interactions and dependencies
- Balance between progressive and anti-regressive activity determined by feedback
Il Fundamental Law of Program Evolution - self regulation

Program evolution is self regulating with statistically normal distribution of measures of product and
process attributes

- Pseudo independent managerial and implementation decisions
- Feedback stabilisation
IV Conservation of Organisational Stability - invariant work rate
Average global activity rate invariant over product life time
- Feedback regulation
V  Conservation of Familiarity - perceived complexity
During active life of an evolving program, content of successive releases is statistically invariant
- Limited by rate of learning and acquisition
- Feedback controlled
VI Continuing Growth
The functional content of a program must be continually increased to maintain user satisfaction
- Specification bounds become performance bottleneck, user irritants
- Feedback generated pressure for change
VIl Declining Quality
E-type programs will be perceived as of declining quality unless rigorously maintained
- Existing assumptions become invalid
- New assumptions, constraints become necessary
- Users become more perceptive and expectant
- Acceptance criteria change
- Application demands adaptation
- Feedback generated pressure for change
General Remark
Laws derive from organisational behaviour, describe E-type evolution dynamics and constrain management freedom
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- viantenance increasingly aitticult, costly, error prone as program ages
- Management freedom increasingly constrained by system
- Complexity control significant maintenance concern
- Life time expenditure high relative to initial development costs
- Limit to growth of E-type systems via classical route
Remarks

Since the characteristicsdescribed by the laws derive from the behaviour of people and organisationsand not from the technol ogical
specificsof computer science and software technology they must be regarded as L aws from within those disciplinesand taken into
accountin activities such as processdesign and processimprovement. To overcomelimitations implied by laws, the organisation
within which and processwhereby softwareis developedmust be changed. Organisational behaviour and management areimportant
considerations in software engineering

Uncertainty Principle

In additionto the laws behavioural analysis, now confirmed by identification of the characteristics of E-type systems leadsto the
statement of an Uncertainty Principle as aready identifiedin the characteristicslisting. The principle is simply stated heretogether
with its currently identified sources. Linking this phenomenon with the identified characteristics in detail has not yet been
undertaken.

Principle

The real world outcome of E-type software execution inherently uncertain with precise area of uncertainty
also not knowable

- Outcome of any execution not absolutely predictable
- No guarantee of satisfactory result even if previous operation has been impeccable
Types of Uncertainty
Three sources of uncertainty have been identified of which one may be further subdivided.
Embedded
- validity of embedded assumption set cannotbe known nor responsively maintained
Sub-categorisation
Textual
- assumptions embedded in program text about:
- operational environment
- solution system and its environment,
-algorithms, procedures, data etc.
Procedural
-assumptions about validity of development pr ocess,its steps, methods, tools
Heisenberg-like
- system devel opment, installation and use changes application, solution and perception of both

- the more precise user knowledge and understanding of an application and its solution the more will views, expectations and
criteria of satisfaction change

- validity of totality of assumptions about expectations or criteria of satisfaction cannot be known
Godel-like
- An E-type program isamodel of amodel...... of amodel of areal world application
- each model pair can be interpreted as a theory and amodel of that theory or as a specification and its implementation
- hence every program is Gédel incomplete
- Godel-like application uncertainty isr eflection of Gddel incompleteness

5 Conclusion
The contents of this note area summary of the observations, thoughts and conclusions of many years. As afirst systematic attempt
at detailed analysis and listing they must be taken as the input to a discussion rather than, in any way, conclusive. The note
constitutes a working paper for the second FEA ST workshop and, as modified by the discussion, for the FEAST activity beyond
that. Thereis clearly thereis scope or further thought. The last word has not been said.

Manny

mml535[ papers/FEAST]
21 October 1994
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* S-type - Program defined by fixed specification
- Starting point of development process absolutely defined
- Development open |oop by definition
- Unit of individual programming assignment
- Criterion of successful implementation is correctness -
wrt specification

e E-type - Redlisesreal world application
- Unbounded starting point
- Intrinsic closed loop development
- Multi-disciplinary, many person development
- Criterion of successful implementation user/usage satisfaction

e P-type - Solvesspecific problem
- Inter mediate between S and E-types

|s it the characteristic properties of E-type systems
that FEAST should be investigating?
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o First attempt at detailed listing of both S-type and E-type
characteristics provided in preprints

» Have also included statements of the Laws as derived in the past
from observation, measurement, modelling of OS/360 growth as
subsequently confirmed for other systems

* NO systematic attempt yet to link the laws to the identified
characteristics

» The first relationships have been identified

 Detailed analysis can greatly strengthen the theoretical foundations of
FEAST

* And of software technology/process studies in general

A framework for process improvement
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» Completely defined by a specification

 Specification can always be transformed into aformal notation

» Specification isfixed

* Whererevision isrequired it is viewed as a new specification, and
the resulting program as a new program - even though derived from
earlier program

* Derivation (construction?) process is open |oop - revision processis, by
definition, not coupled to the mathematical process of program derivation

» Program derived from its formal specification by mathematical
r easoni NQ - specification an extralogical axiom of which program is a provable
theorem

» Sole criterion of successful implementation is the program’s
COr r ectness - with respect to the specification

» Correctness is absolute - program will have al the properties required by
specification independently of individual (s) who derived it

o Starting point of S-type development process uniquely defined
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» The S-type development process an instance of mathematical
Infer ence - well established though specific techniques used may vary

* Program may have additional properties not addressed by
specification - determined by derivation process and individual (s) executing it

» The specification / program relationship is r ecur sive -specification may,
itself, be a program that is derived from (is a theorem of) a higher level specification
(some more abstract extralogical axiom)

e Similarly, a program may be taken as specification for derivation
of alower level program - asin compilation for example

» S-type programming elements are appropriate as the unit of
individual programming assignment
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By definition the real world isthe operational domain

» User and usage satisfaction (acceptability?) determines value and
acceptability of system

* Any E-type system isamodel of the application in its the real world
domain

 As such, the the solution system contains a- possibly implicit - model of
itself

 Domain of operation is, conceptually, unbounded

o |t isalso essentially continuous

SO is application concept - no limit to number or variety of concepts, phenomena
and behaviours that can be associated with it

« Human involvment in application processes and phenomena and its
computerised model, excludes precise and complete
theories/models of domain and application properties

* E-type applications and their operational domains cannot be precisely
or completely modelled - by finite and discrete models, by software

* E-type software model can, therefore, not be complete - or precise
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« Assumptions bridge gap between real world application in its
domain and its software model are made, embedded in system

* The real world undergoes continuous change

« Human involvement makes such change unpredictable

« Some embedded assumptions in the system will becomeinvalid

« Conseguences under execution are unpredictable

» However often E-type program has been successfully executed, it may
still fail as a consequence of a, now, invalid assumption

« EXistence, location or nature of invalid assumptions not known

» Outcome of any execution of an E-type program uncertain

 Fixing bounds for program and operational domain an integral part of
evolution process

» Some bounds will be explicit others implicit

» Design of bounds includes pragmatic considerations
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» Changes in the real world may make included elements redundant,
excluded elements may need to be included

* Humans involved in evolution process will acquire additional
insight - application and its underlying theories, methods and techniques for its
implementation, desirable characteristics of the solution system, etc.

 Such insights trigger changes to application, the domain and/or
decisions reached in earlier stages of evolution process

 Evolution process alearning process - acquired information applied to
activities in forward path of the process or used to modify earlier decisions

o |nstallation and operation (use) of an E-type system changes
operational domain - a further feedback effect

o All these characteristics lead to pressure for continuing change

» E-type processis a multi-loop feedback process- inherently unstable
unless adequate negative feedback controls are applied

* Learning and feedback driven evolution perhapstheintrinsic
characteristic of E-type systems

* Multidisciplinary involvment essential in evolution process - at the
very minimum, application expertise and software development skills
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 For any but the smallest systems, organisational, financial,
marketing and other problems imply strong involvement and
project influence of agencies responsible in such areas

 E-type system evolution, in general, requires inter actions between
many human populated agencies involving awide variety of
knowledge, understanding, experience and authority

* Demands learning, elucidation, clarification, compromise

Systematic characteristics may be formalised
as Laws
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| Law of Continuing Change

An E-type program that is used must be continually adapted else
it becomes progressively less satisfactory

iz Univer sal experience
= Intrinsic property of computer application
iz Though all systems evolve, softwareisdistinct in itsrate of evolution and in

that both individual artifacts and gener ations of artifacts evolve
> Software must be regarded as an or ganism

1> Evolution Implemented in feedback driven and controlled maintenance process

Il Increasing Complexity - the second law

As aprogram is evolved its complexity increases unlesswork is
done to maintain or reduce it
iz Change upon change upon change
iz Spreading inter actionsand dependencies

1>~ Balance between progressive and anti-regressive activity determined by feedback

Il Fundamental Law of Program Evolution - sdlf regulation

Program evolution is self regulating with statistically normal

distribution of measures of product and process attributes

> Pseudo independent managerial and implementation decisions
i Feedback stabilisation

|V Conservation of Organisational Stability - invariant work rate

Average global activity rate invariant over product life time
= Feedback regulation

V Conservation of Familiarity - perceived complexity

During active life of an evolving program, content of successive
releasesis statistically invariant

i Limited by rate of lear ning and acquisition
= Feedback controlled
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VI Continuing Growth

Functional content of aprogram must be continually increased to

maintain user satisfaction over its lifetime
= Specification bounds become performance bottleneck, user irritants
> Feedback generated pressurefor change

VIl Declining Quality

E-type programs will be perceived as of declining quality

unless rigorously maintained
= EXisting assumptions becomeinvalid
r>> New assumptions, constraints become necessary
= Users become more per ceptive and expectant
i Acceptance criteria change
> Application demands adaptation
> Feedback generated pressure for change

» Laws derive from or ganisational behaviour and describe E-
type evolution dynamics

» Constrains management freedom

» Corollaries

» Maintenance increasingly difficult, costly, error prone as program ages
» Management freedom increasingly constrained by system

» Complexity control significant maintenance concern

» Life time expenditure high relative to initial development costs

e Limit to growth of E-type systemsvia classical route
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Remark

Phenomena addressed are outside realm of computer science and software
technology since they derive from behaviour of people and or ganisations

Interpretation of observation and measurement in terms of that behaviour
From within technology phenomena must be accepted as governed by laws

To overcome limitations implied by laws, the or ganisation within which and
process whereby software is developed must be changed

Organisational behaviour and management are important considerations in
software engineering

Laws provide elements of process theory

Complemented by Uncertainty Principle
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Real world outcome of E-type software execution inherently
uncertain with precise area of uncertainty also not knowable

- Outcome of any execution not absolutely predictable
- No guarantee of satisfactory result even if previous operation has been
impeccable

Types of uncertainty
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« Embedded - validity of embedded assumption set cannot
be known nor responsively maintained

»  Sub-categorisation

» Textud - assumptions embedded in program text about:
0 oper ational environment
0 solution system and its environment,
O algorithms, procedur es, data etc.
e Procedural - assumptions about validity of development process,

its steps, methods, tools

* Heisenber g-like - system development, installation and use changes

application, solution and perception of both

- the more pr ecise user knowledge and understanding of an
application and its solution the more will views,
expectationsand criteria of satisfaction change

- validity of totality of assumptions about expectations or
criteria of satisfaction cannot be known

e Godel-like - E-type program is amodel of amodel ... of amodel
of areal world application

- each model pair can be interpreted as atheory and amodel
of that theory or as a specification and its
iImplementation

- hence every program is Godel incomplete
- GoOdel-like application uncertainty isr eflection of Godel incompleteness

Management contr ol and software process
constraint
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 Laws and principle as element of process theory
* ObservationfiPhenomenology iM easur esf M odelsf Theory

* Fixed specification of S-type development rules out devel opment of
a globa dynamics

 For E-type software feedback ever present driving, controlling - and
hence constraining - mechanism

Effect on process improvement
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» Characterisation afirst stab
* Need for discussion, clarification, completion

» Systematic identification and analysis a significant part of the FEAST
investigation

Major input to process improvement process
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Coherent Technology Ltd

1) Introduction

AsPat Hall has recently shown it can be useful to take a postmodern stance and refuse to believe any longer in grand utopian
designsfor the "right" way to conceiveatown or abuilding or to run a society, to refusefaith in progressand a better tomorrow.
Refusing faith in progressmay seem a strangeway to begin a discussion of the softwareprocessand how to improve it, but we
will seethat such faith may well block our understanding of what it takes to improve. Wemust take alimited and local view of
how technology can be used in an unobtrusive way before we can understandthe necessary radical commitment to respect the
needsof the social fabricof a business rather than fitting flexible and dispensible people around some software system that is a
totem for progress.

Beforethe role of learning and evolution in the software devel opment process can be understood, the concept of softwaremust be
reframed. Software may appear to be a consumer product, a commaodity that is selected, used and discarded: there clearly is
softwarein mature application areaswhere this model is useful. The softwarethat makes up atypical information system in a
business organisation, however, has to be deconstructedin a differentway. Its criteriafor correctnessand usefulnesslie entirely in
the unstable realm of business valuesand concensus within the organisation. The expectation is that such a system will reflect
and capture the unique insights of the organisation into how to perform aspects of its business.

A business organisation has a purpose, evenif it is not made explicit andeven if it defaultsto economic survival. Even aone
person organisation is a complex system of interdependencieswith suppliers and customers where any rational congruence
between its actions and its purposeis hard to find. The people in an organisation and their shifting alliances are both the
substance and hope of the organisation and perpetually in the way, restricting accessto its goals. Organisations aredysfunctional
in this sense, consuming much of their energy in internal difficulties rather than harnessing it to their purposes. The degreeto
which this dysfunction can be detected or acknowledgedfrom inside an organisation is very variable. Unfortunately, but quite
inevitably, both software systems and their development process are caught up in this dysfunction. The postmodern view is
important because it respects this contingency, relativity of values, fallibility of conception and does not sweep away the
dysfunctionwith some grand design for a better future. How many information systems are built not as support but as a curefor
business dysfunction that there is not the political will or common purpose to sort out?

The significance of evolution and learning is that they emphasise the dynamic situation that form a context for software
development. It is not simply that the software product can usefully evolve over time, it is that the very valuesthat system will
be judged against are dynamic and contingent. Indeed we will findit useful hereto recognise at least four realitieswe will haveto
deal with, and which are not even connected unless we make the connections:

1) System creation is often based on a mythic reality of inventing the future. If the futureis not sufficiently distinct from the
present it is not worth building the system. This reality doesnot necessarily haveany continuity at all: it is subject to artistic
temperament.

2) System useis basedin a social reality of the values and meanings of the groupsinteractingwith it. A system is only useful if
it is used and this is the world of fashion, of prejudice, of the group defensivebehaviour at the root of much business
dysfunction.

3) System operationis groundedin asensory reality of scientifically observed events and structures. The system hasto work in
some engineering sense that does not relate to the aboverealities. Systems are a greveyard for corporate ambition because the
system cannot be commanded to work, money will not buy out bugs.

4) There areunitary realitiesthat may impinge on the system as well. The tax and legal systems are unitary realities, accepting
no relativity or contingency. Senior management may come from areality where values may not be questioned or compared.

System developmentis performedby a small group of people as part of alarger organisation. Theliterature on software process
starts by drawing a dividingline and insisting that the development group canonly develop what they have been asked to, and
that it is thereforeimportant to develop a detailedset of requirements and get them signed off. This attempt to control the
relationship with the host organisation by formalising the boundary is misplaced and naive. It focusses on the software product
as acommodity to be judgedindependently of its social context, assumes asingle reality. To try to closethe boundary, to police
the exchanges accross it with change control and work authorisation proceduresis to promote failure.

The relationships between groups within an organisation are never straightforward. Groups get caught up in a needto defed
themselvesandin so doing they attributeto other groups some of their own problems. The anxiety of trying to do real work in
an imperfect world makes it inevitablethat the good aspectsof the group get split off from the bad aspects which can then be
attributed elsewhere. Sometimes we have a need for enemies! One of the defences which development groups have at their
disposal is the technical nature of development. Maths, logic, specialist technical skills are needed to be able to understand
systems: business managerscannot and do not understand what it is they areasking for. The issue reducesto this: if | attribute a
problem of mine to someone else | can no longer solve the problem. To the extent that a development group projectsits
problems out into the business, onto suppliers or wherever, it cannot overcomethem. Similarly, if the business sponsoring
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This paper is about the software development process. The key questions we will illuminate are these:

1) Theindustry question: Is the present high (and grossly under-reported) failure rate of software projects going to converge to
zero by a progressive tightening up of the technical transformations in software process?

2) The organisation question: What is process engineering or process improvement the answer to?

3) The practitioner question: To what degreeis the application of engineeringtechniquesin the softwareprocess appropriateand
legitimate?

4)The management question: What is the motivation behind process improvement, engineering control over technical tasks or
management control over people?

We will addressthese question by developing a holistic description of process that allows us to situate engineering as a
technique.

2) Therole of engineering in the software process

The culture among the Information Technology fraternity often rejectsa role for emotion and intuition in the formation ad
debateof judgement. Legitimacy stems from explicit, logical argument, from detailed investigation by scientific methodsfrom
tight control of expenditure andeffort. Indeedmy own straw polls would indicate that I T people are self-selected as prefering cold
logic to warm people. Herewe want to open up the processquestion of what types of approach and activity areeffectivein the
development process.

The problem with the cultural bias is that it skews the collection of dataon this question. Other fields such as economics have
plainly allowed the development of forma models to take placeat the expense of relevance and engagement in the underlying
task. On asmaller scaleit is clear that accountancy techniques very often throttle the goose that 1ays the golden eggs.

First we want to draw an important distinction between task and process. Task looks at a single objectiveand is directly
concernedwith its achievement. In the software devel opment world tasks, such as the testing of a softwaremodule, can always be
improved by applying engineering principles and advancing the technical techniquesand proceduresinvolved. To some extent the
association of tasks with enfineering approachesis tautologous because tasks are typically defined by objectives that liein the
engineering domain. The process is a differentbeast. It looks at end-to-end effectivenessin the higher level task (i.e. system
development) and asks questions about what factors in the whole environment make a differenceto performance. Here the role of
engineering isless clear.

The reductionist view of process believesthat a (balanced) approachto improving the quality of individual task performance,
perhapswitht he introduction of new tasks, will always increasethe quality of the processas awhole. If it doesnot, it canonly
mean that engineering understanding of the interconnectednessof tasksin the processis faulty. The sophisticated extreme of this
view of processis the construction of systems dynamics models that animate the interdependence of process factors.

The holistic view espoused here says that thereis not a task to be performednor an objectiveto be achievedthat can not be
carriedout in a mechanistic way that does not build to overall success. This argument from "work to rule" saysthat the formal
process structure always fails to capturethe essence of the overall task. The holistic view keeps as primary the joint group
aggression neededto perform any real work in an organisation, and insists that engineeringis atool to support the effective
deployment of that aggression.

The reductionist view is scientistic, believes a priori that thought processes that are not explicit and logical cannot deliver the
goods. If there is not a process definition connecting tasks they will not connect properly, if thereis not a detailed plan
(schedule?) then coordinationmust be lacking. Theideathat communication might be interferedwith by formality is anathema.
Theideathat formality might be a displacement activity designed to shield developersfrom the anxiety of facing the underlying
task is heresy and would get you sacked in many organisations.

To understand the holistic view we need to turn the tables somewhat and use the attitudesdisplayed by developersand their host
organisations as diagnostic. Choose an organisation at random. Ask the developers and the business about the engineering
processthey use and about the suitability of the information systems produced. Y ou will get defensive answers, maybe referring
to the ideal state already achieved, maybe referringto the impossibility of doing anything else given the constraints. Y ou would
be amazedto find an attitude of open enquiryinto better placesto be. So at the root of the softwareprocesswe find defensiveand
often bitter relations between the development groups andthe business. In the few organisations| have observed wheretherewas
no hostility accrossthis boundary therewas acquiesenceand a truce: we know, however, that therewill needto be aggression and
managed conflict to get work done.

Systems development is about organisational change. The group of people responsiblefor a devel opment needto be authorisedto

drivethe organisational change: hencethe conflict. Organisational change is the making concrete of avision, a fantasy of how
things might be. It is creative andimaginative in nature. It cannot be achieved without sufficient authority and autonomy. The

5/3/98, 8:19 pm - 28- mmI530-[FEAST]



UIHTIALT T YTy VoL VATV TO. TTHUL ULUWadLouUl LY Ty LtV TTIUNL U ALyiv picaiiniily LAMITVIL AT TUYIVWA TTIdve Uiy dWiiplica ovu Ui

underlying non-rational elements.
The perspective on process that we need to carry forward hereis:

1) All the important aspects of processinvolve teh copmmunication of complex and difficultinformation that cannot be assumed
to be welcome or even acceptable.

2) The engineeringtasks involvedin a the process modulatethe underlying primary group dynamics, both within the group and
between the group and its organisational context.

3)Theunderlying tasks of organisational changewith associated systems change arefundamentally creative, involve imagination
and fantasy, take their values from vision.

Evolution and Learning

Machine models of mechanically interconnecting tasks in a process are inappropriate for the reasons dealt with above. In their
place we want to use biological models and in particular models of:

1) educational development and
2) evolution in the sense that an ecosystem evolves.

An ecosystemis a dynamically balanced system that has homeostatic propertiesbut which also changesover time owing both to
the wider environment and to internally driven change. Groups of species, often pairs, may engagein a co-evolutionary dance
where evolutionary changes in each sput corresponding changesin the others. The developersin a group, the way they behave
and the roles that they play are illuminated by using an ecosystem evolutionary model.

Mintzbergis keento point out that most strategy evidentin the behaviour of companies has a major element of emergence, that
is the organisation adoptsa strategic approach in a bottom-up, snowball fashion. Theroots of this emergent rather than planned
organisational behaviour liein the rates of change drivenby the environment (planning may be too slow) andin harnessing the
learning potential of people at al levelsin the organisation.

These concerns map directly onto the software development processwhere organisational change goals can never be certainad
increasingly the technical systems base is beyond adequateengineering control for economic reasons. What happens in these
situations is that technical development groups learn and evolve strategies for coping with the job. It is possible to list with
some accuracy at the start of a project the things that are not known that will need to be known by the end of a project. The
interconnectnessof these not-knowns often precludesan engineering approach (examplesfrom Fuzzy Thinking and from Design
Thinking).

Why is any of this problematical ?It is contentious because it indicates the the limits of control. In bringing up their children
parents are educated rather quickly in the limits of their control over the children'sintellectual development. Most realise that
hands off in a stimulating environment is a better strategy than close monitoring with lots of control actions. When children
start exposing the inadequaciesof their parentsworld view, thereis a great dividebetween a virtuous spiral of growth and a
vicous spiral of reaction and rejection.

Learning and evolution arefundamental to the softwaredevelopment process: the very word devel opment indicatesthis. Learning
and evolution can be straightjacketed and diverted and suppressed by control actions but this always harmsthe primary task first:
development will not be successful will not be successful without the ability of the development team to grow into a capability
of achieving the goals. Weneed to stressagain herethat development goals arealways contentious and need to evolve with the
process: this degreeof autonomy makes typical business management uncomfortable and suspicious. The underlying concept of
development as the concrete aspects of organisational change is never really bought into.

Thisis the battlefieldthat processfindsitself in. It is all too easy for management consultantsto sell the ideathat if developers
didthe job right the development would be successful. The elision comes in equating "right" with an appropriate engineering
approach. This allowsthe primary task of authorising an appropriate arrangement between management and devel opment team
for an anxiety provoking change to be diverted into a sterile battle over the engineering approach to be used. Why do we find
finance directors mandating technology for their companies on the basis of inadequateinformation and understanding? (Market
research by Process Communications). It canonly be to deflect the underlyingissues of power and control that these directorsdo
not want to face.

The secondissue around evolution also falls naturally out of the model. The organisational changes and system changes that
development creates are changes in the real world that was the sourceof the requirements for the change. (Manny Lehman) This
is evolution at work: any changeis the ground for and a stimulus for, further change. All systems are the coagulation of past
business practice, the detritus of the business process even when new. Their significanceis in the concreteplatform they provide
for envisioning new places to be. This view of systems as naturally evolving under their own dynamic emphasises the learning
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control lies and how to gain influence over outcomes.

Engineering and control

Software technology is a difficult medium for organisations. It is sold on the basis of cutting out labour costs and increasing
control over complex information issues. It brings a level of centralisation and dependency that are hard to manage. Many
organisations do not survive a 24 hour crash of their central systems. Tiny errorsin systems producewildly disproportionate
effects. The cost of modest changes to the functionality of a system can be arbitrarily high andevenimpossible to effect A high
proportion of spreadsheet programs in use contain undetected errors that make the results significantly misleading. Given these
observations many organisations have software development the way individuals have a habit.

Engineering, and often very sophisticated engineering, is necessary to deal with these effects. Engineering, however, produces
information which can be unwelcome and moves organisational control into the handsof the engineers. Onereport | submittedin
an engineering company circulated happily until it reachedthe technical director who orderedall copies to be found and destroyed.
The thesis of this paper is that processis crucial to the effective development and use of software becauseit situates the
communication necessary for engineering to be applied successfully. It is not that engineering skills are not widely enough
disseminated or that the medium is too complex to gain engineering control. It is that most organisations do not have an open
enough cultureto be straightforwardly experimental and enquiring about what is possible. It is that the reaction to incipient loss
of control over technical systems is theimposition of management controls over people, which tendsto worsen the outcomes.
Management project their impotence over technical systems onto their IT staff.

Engineering techniques are capable of producing, are designed to produce, information in the management domain. This
information is about issues that are capableof having business impact, even critical businessimpact. | may be informaing senior
management that they should not launch the shuttle in cold weather. | may be saying that security on the network is dangerously
lax. Theinformation isn't guaranteedto be correct just because it has an engineering source, andits significanceis a management
issue not atechnical one, but the exchangeof information with other groups in the business and particularly with management
must convey something of the content of the message. Defensivebehaviour on either sideor both sides meansthat the content of
the message fails to get through, and probably that engineering effort gets put into discrediting management and management
effortinto discrediting engineering: an issue of dealing with external sensory reality gets turnedinto an issue of power and
control.

It is perfectly possible to detectwhen group behaviour is off task, concentrated on some group fantasy such as the professional
standing of the group rather than the job at hand. The usual management responseto such behaviour when the group concernedis
involved in software developmentis to increase project management controls. The behaviour of the group is framed as
"ineffective” or just "poor" and requiring discipline, rather than as being involvedin a adefencein awider system. Management's
uncertainty and their own defensivenesscannot be handled becausethe problem is framedas purely a development team question.
It the information that comes out of the extra project control actionsis not valued and used constructively, theniit is likely that
the underlying group dysfunction will be given an extratwist: here is evidence of the need for defensive behaviour!

There are no quick answersto the inability on the part of individuals, groups and the the organisation as a whole to confront
aspects of the reality they generate. The learning and development processis largely one of gradually gaining trust and
confidence, allowing amore enquiring attitude, a growing refusal to be bound by the rules and traditions of "best practice". A
narrow scientism that triesto take case studiesot theory and determinewhat practiceto apply is likely to nip such growthin the
bud. Because the issues are contentious, ability to engineer requires first an ability to handle the issues emotionally.

Business Planning and Process | mprovement

Processis astrategic issue. Theintent in examining processis usually to try to make strategic decisionsabout the adequacy of a
process, or the contribution that processfactors have made to a project successor failure. One of the decisionsthat can be made
istoinvest int the capability of the process by education and training or by support from a methodol ogy.

All too often planning andlearning are opposite poles in practice. Planning believes that the factors that which will determine
future performacne are measurabl e, adjustable, that it is in the detailed interactions and scheduling interdependencies that success
isto befound. Learningbelieves that many important factors are unknown or poorly understood, that the motivation to address
challengesis vita, that sensitivity to the significance of unexpected outcomes outwei ghs constancy of approach.

Mintzberg has brought out the degreeto which the nature of the planning as an activity militates against alearning approach.
Planning tends to disregard individuals, to regard them as interchangeable, and it has an inbuilt centralisation tendency.
Coordinationis only availablevia control and a single plan. The combination of these biasestendsto repres motivation and
ownership of problems, the management system takes over from the contribution of individual aggression and group common
purpose.

Experiencewith process improvement initiatives shows up this dilemma. Many initiatives are heavy-handed and cynical

dislocationsof the current process to get rid of present dysfunctions. Others are theoretical, methodolgy based impositions of a
"right" way to do engineering. The very fact that these are planned from outsidethe the existing process raises questions about
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part of the capability problem lies outside the process and that by imposing change this aspectis denied. The roots of process
improvement failure lie in the way the problem is framed as an engineering and skill question.

Therole of consultantsin organisational change is subtle. It is possible to describea role that is aresourcein the unlocking of
process dysfunctions so that internal learning rates areimproved. This is a matter of the system of which the process is an
enactment healing itself once blocks are removed. The consultant has to have his own support system in order to proactively
avoid introducing new dysfunctions and dependency around hisrole.

Interpretation of Research Data

Wearenow in aposition to cast new light on some important practical findingsin the softwareindustry. Prototyping is still the
most important single development in engineering practicein terms of the effect it has on success rates. By putting early
systemsinto operationwith other groups in an organisation, informationis spreadwithout it having to be fully conceptualised
and without the development group having to own it. This may, and does, spark some real communication about important
issues before everything is cast in stone. Basically prototyping starts the co-evolution of the business development and the
system devel opment, replacing a naturally confrontational situation where this does not occur.

Themajor body of empirical researcharound the the softwareprocessis that surrounding the Capability Maturity Model. It was
alwaysmade plain by the SEI that the measuresin the CMM were indicators, not first order measures. The CMM doesn't say
that you must have configuration management to be doing software engineering effectively, it says that if you aren't doing CM
you're probably not coping with the engineering task, you're not thinking straight. The root problem is not identifiedby the
assessment, only the symtoms indicating its existence. We would speculate here that the likely root problems are group
dynamics dysfunctions. addingthe missing engineering techniquesis not about to improve things and may well make them
worse. The CMM must be interpreted holistically and not as a process improvement checklist.

Conclusions

Processimprovement, the attention to the congruenceof activitesin a development process to the goals of that process, can be
tackledin a widevariety of ways. Because the development group is a self-regulating system in terms of its behaviour, change
can be introducedin a number of wayswith similar end results. The health of the processneedsto be understood beforechange
actions can be designed however. The health of a process can only be diagnosedby looking at the processin context, that is
evaluating its interactions with the rest of the organisation.

Software development is a creative design task that cannot be reduced to routine work. An old-style scientific management
approachto its optimisation will thereforebackfire. Ownership of the process needsto stay with the process actors: thereis
evidence that internally driven process improvement is much more effective.

Thereis no such thing as an effectiveprocessin isolation from its context. Often perceived process dysfunctionshavetheir roots

outside the process itself so that processimprovement cannot address them directly. Examining the health of the wider
organisation, its ability to support difficult creative work of any kind, is the best place to start an evaluation.
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Action

“Establish a common process modelling capability to permit intra-project communication,
subject to clearly defined needs for process modelling capabilities, which may in part arise from
other actions’ - Interpreted as - “consider two questions relating to action:

why should FEAST undertake the task of establishing a process modelling capability?

what modelling capabilities exist already, and what new ones (if any) should FEAST develop?’

“Develop the application of control theoretic and systems dynamics modelling techniques, and
any other appropriate techniques, to the software process’ - Interpreted as: " Application of
Control Theory/System Dynamics’

“Examine impact of innovations on software process, both in individual organisations and more
widely, paying special attention to effects of ignoring or misusing feedback mechanisms” -
Interpreted as .” Evaluating past failures to have promised impact”

“Abstract and generalise the results of action 5A, at least for one problem domain and eventually
(if possible) acrossdomains’ - Interpreted as: - “ Study at least one existing real-world software
process, and itsinteractions with a real-world (E-type) problem domain), at least for one problem
domain and eventually (if possible) across domains’

“Review existing doctrines.” - Interpreted as:” Review established shibbolethsin system design”
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Subject: position paper

Cc: C.Tully@herts.ac.uk

Dear Manny

The following is the position paper which | undertook to produce by today. Dewayne agreed to review it (and | his).
PROCESS MODELLING CAPABILITY

POSITION PAPER BY COLIN TULLY

OINTRODUCTION

The main function of this paper is to consider two questions relating to action

1: why should FEAST undertake the task of establishing a process modelling capability?
2: what modelling capabilities exist already, and what new ones (if any) should FEAST develop?

Additionally, following Manny's comment in relation to action 1, that "many of the concepts and terms we use ... need clarification
and an agreed definition", | have added the subsidiary function of offering a set of definitionsto get us started. (My objection during
the workshop was only to spending workshop time on definitions, not to the need for them.)

The form of the paper is accordingly that it comprises three sections:

--- (1) WHY MODEL?

--- (2) WHAT MODELS?

--- (3) DEFINITIONS.

Each section comprises a set of main statements, numbered from 101.0, 201.0 and 301.0 respectively. Each statement may be
followed by one or more notes, labelled in each case from .1 upward. The rather detailed labelling system is designed to enable
comments to be precisely targetted.

Theaim isto be as brief as possible, to generate discussion rather than to include it.

1WHY MODEL?

101.0 Itisnecessary to distinguish between (@) a software process, (b) a software process description, (c) a software process model.
102.0 A software processisa set of human activities undertaken in the making of software.

102.1 It occursin real time and (like all human activities) is transient. We may sometimes for emphasis call it an ACTUAL
SOFTWARE PROCESS.

103.0 A software process description is information about a software process.

103.1 At one extreme (eg unrecorded human conversation) it may be very informal and as transient as the process it describes. At
the other extreme it may be very formal.

103.2 It isderived from an actual process by description processes which may include observation, remembering, hearsay,
imagining, fantasising . The nature of these description processes, which we usually ignore, is of considerable importance, and has
abig effect on the value and validity of the resulting description: that is well understood elsewhere in science.

104.0 Software process models form a class of software process descriptions, toward the formal end of the spectrum.

104.1 All software process models are information model s (including, say, mathematical and graphical models, and excluding
physical models); that isto say they are descriptions.

104.2 Some people would say that all descriptions, not just the more formal ones, are models of reality. | prefer the reasonably
accepted usage whic would distinguish between, say, a description of an aircraft (by say ajournalist or a poet) and a model of an
aircraft (by say amodelmaker or adesigner).

104.3 A description need only, as a minimum, follow the rules of natural language. The criteriafor amodel are more demanding: it
should follow the rules of a modelling formalism (a subset of which may be natural language rules).

104.4 The observation in 103.2 applies with even greater force to process models: the nature of the modelling process has great
influence on the value and validity of models. So does the nature of the modelling formalism.
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105.0 Software process models are essential (@) if we areto carry out scientific study of actual software processes, (b) if we areto
manage their complexity.

105.1 Scientific study: all science is based on models of reality.

105.2 Managing complexity: the actual process which devel ops a software product is arguably more complex than the product
itself (and we are accustomed to say that software products, as a class, are the most complex artifacts mankind has yet attempted to
design). Faced with a human system of that complexity, arguably the only thing to do is to treat it as a system to be engineered.
Engineering is modelling. Models allow us freedom in deploying structure to control complexity.

105.3 Models are thus essential both for academics and for practitioners. We will only get a payoff, however, if we attend to the
relationship between models and reality, and to the nature of the modelling formalisms we use.

2WHAT MODELS?

201.0 Software process models as currently proposed mostly fall into four classes. (a) macroprocess models, (b) assessment
models, (¢) microprocess models, (d) CSCW models.

202.0 Macroprocess model s describe the top-level structure of the general software process at an inter-organisation (“universal)
level..

202.1 Life cycle models belong to this class. They typically identify a small number of high-level processes, and propose very
simple relationships between them. They are often in the nature of fantasies, bearing little relationship to reality. Their mainroleis
as comforters for management.

203.0 Assessment models are also macromodels, describing the structure of the general software process at a universal level, but
with the purpose of assessing actual processes in specific organisations.

203.1 They differ in two main ways from the simpler macromodels described in 202. First, they usually define many more high-
level processes (often called key processes), and usually subdivide them to at least a second level. Second, since their purposeis
assessment, (a) it isessential for them to have some recognisable relationship to reality, (b) they define a number of
measurableattributes of key processes and subprocesses. This class includes SEI-CMM, Trillium, Bootstrap, STD etc.

204.0 Microprocess model s describe the fine-grained structureof fragments ofthe software process, at a universal, organisational,
team or personal level.

204.1 The bulk of the modelling formalisms proposed by the software process research community are designed to produce
micromodels. They are typically used, and are suitable, for describing methods in great detail, probably in conjunction with tools
which will interpret the model to provide human guidance.

205.0 | know little about the state of practice of CSCW models, though | guess they are - and certainly should be - used in the
software process domain.

206.0 Those four main classes of software process modelsin current use need to be augmented by two other classes which (asfar as
I know) arerarely considered, and which may be called (e) business impact models and (f) project-specific models.

207.0 Business impact models describe software processes within the setting of a specific organisation, showing how they relate to
other business processes and to each other, and how these relationships impact the success of the business as awhole.

207.1 These are essentially cause-and-effect models on the scale of the business as a whole. Successfully used, they would provide
strong demonstrations to management of where process improvement is necessary and the benefits to be gained fromit. In principle
they are an application of business process modelling, although it is likely that few if any business process models yet claim to
offer thislevel of explanatory power.

207.2 Feedback mechanisms would be essential elementsin such modelling formalisms. Systems dynamics would be an obvious
candidate for business impact modelling. Weinberg's cause-effect diagrams can be seen as alessformal but related approach.

208.0 Project-specific models describe projectsin the large, that isto say not just project fragments and not just the aspects of
whole projects customarily addressed by project management models (which are mainly orderings, dates, durations, staff allocations,
costs etc).

208.1 The need is for modelling formalisms that have the power to represent the often great complexity of large software projects,

that can take account of the fact that project structure devel ops concurrently with the devel opment of the product design, and that can
take account of the continual backtracking that occursin real projects. The formalisms should be able to disarm complexity through
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208.2 My personal view isthat thisisthe most important class of models to have available if we are to make scientific studies of
what actually happensin the real world, and if we are to engineer better actual processes.

209.0 Different classes of models correspond to different modelling purposes (though not with a one-to-one mapping). Since many
purposes for software process modelling have been identified, it would be worthwhile analysing them to see how many of them lack
appropriate classes of models.

DEFINITIONS

NOTE. For brevity, after theinitial entry the phrase 'software process' is usually shortened to ‘process.

301.0 Software process. (1) A system of individua or group tasks used to develop software products. (2) The generality of
processes asin (1), within an individual organisation or more widely.

301.1 Software processes are a class of business processes.

301.2 Tom's definition, as extended by Wlad in his comments circulated in Manny's e-mail of 30 June, should be added.
302.0 Process model. A model (representation, abstraction) of an actual or proposed process or class of processes.
303.0 Specific process model. A model of anindividual process, actual or proposed.

304.0 General process model. A model of features common to a class of processes.

305.0 Specialised process model. A general or specific process model which has been generated by a process of specialisation
from a generic process model.

306.0 Generic process model. A general process model from which other general or specific process models can be generated
by a process of specialisation.

307.0 Process type. A definition of aclass of processes, following some accepted type definition rules.
308.0 Process type model. A general process model of processes of a certain type.
309.0 Process model type. A definition of aclass of process models.
310.0 Software metaprocess.
(1) A process used to devel op software processes.
(2) The generality of metaprocesses asin (1), within an individual organisation or more widely.

310.1 Software metaprocesses are a class of business processes.

311.0 Process (or process modelling) language (or notation or representation or formalism). A language (or notation etc) used to
record process models.

312.0 Process (or process modelling) metalanguage. A language used to describe process languages (or notations etc).
313.0 Process metamodel. A model of the concepts underlying a process (or process modelling) language (or notation etc).
314.0 Public process model. A process model in the public domain.

315.0 Universal process model. A process model of awidely used process.

316.0 Organisational process model. A process model of a process as used in an individual organisation.

317.0 Team (or group) process model. A process model of a process as used by ateam (or group).

318.0 Individual (or persona) process model. A process model of aprocess as used by an individual.

318.1 Watts Humphrey is currently focussing his efforts on models of "the personal software process”.

319.0 Software process engineering. The activity of explicitly designing software processes by developing process models.
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320.0 Software process tool (or toolset). A tool (or toolset) that supports the devel opment and use of software process models.

321.0 Method. A general (and often public and universal) process model, with the following parameters. atheory T; adomain of
usefulness D; a set of wor product definitions{W}; aset of notations{N}; aprogramme of steps{S}; a collection of heuristics

{H}.
321.1 Methods are important process resources.

322.0 Technique. (1) A way of doing things, independent of any method or process context, with the following parameters: a set
of notations {N}; aset of operations{O}; acollection of heuristics{H}. (2) The skill of applying (1).

322.1 Techniques are the raw material of methods.

| have concentrated on preparing this paper, which iswhy | have not commented on the fascinating discussion that has been going
on. | hope to have time to do that next week: since | shall be preparing to spend the summer at the European Software Institute in
Bilbao, however (I leave on 12 July), | may not have the time to do so until after | have settled in there.

Best wishes - ColinTue Jun 28 09:39:47 1994

From: "Tarek K. Abdel-Hamid" <3991P@NAYV PGS.EARN>
Subject: FEAST's objective 2 write-up

To: Manny Lehman <mml@doc.ic.ac.uk>

Manny:

I would like to thank you for inviting me to participate in the FEAST workshop. Obviously, | strongly feel that FEAST is on the
right track, that thisis very important work, and that it has the potential to make significant contributions to the software
engineering fied.

Aspromised, | am enclosing awrite up on objective # 2.

Note: | will be out of town until July 18th.

OBJECTIVE 2: APPLICATION OF CONTROL THEORY / SYSTEM DYNAMICS
BACKGROUND/INTRODUCTION:

System dynamics is the application of feedback control systems principles and techniques to model, analyze, and understand the
dynamic behavior of complex systems, that is, the behavioral patterns they generate over time. Its origins trace back to the
pioneering work of Jay W. Forrester into industrial dynamics. The system dynamics approach views organizations, economies,
societies --- in fact, al human systems --- as feedback systems. Feedback processes are, thus, seen to hold the key for structuring
and clarifying relationships within such systems and, indeed, in understanding their dynamic behavior.

In the thirty years since the publication of Forrester's "Industrial Dynamics,” the scope of application of the method has become
extremely wide, including R& D management, urban stagnation and decay, commaodity cycles, economic fluctuations, community
drug policy, energy life cycles and transitions, dynamics and management of ecosystems, and software engineering.

WHY IMPORTANT:

The software development process, like most organizational systems, is characterized by a complex conglomerate of interconnected
feedback loops Abdel-Hamid and Madnick (1991). The behavior of such systems often confounds common intuition and analysis,
even though the dynamic implications of isolated loops may be reasonably obvious. The behavior that such complex feedback
systems generate over time can usually be traced only by simulation.

In addition to handling dynamic complexity, computer-based system dynamics/simulation models can serve as laboratory tools for
experimentation. Engineers turn to laboratory experiments to learn about the behavior of complex engineering systems. Social
systems are far more complex and harder to understand than many technological systems. Why, then, not use the same approach of
making computer models of socia systems, such as a software development organi zation, and conduct laboratory experiments on
these models?

The answer is often stated that our knowledge of social systemsisinsufficient for constructing useful models. But what
justification can there be for the apparent assumption that we do not know enough to construct models but believe we do know
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model-building experimental phase (Forrester, 1971).
WHAT TO DO --- PRE-PROPOSAL

Demonstrate the viability of the system dynamics approach by referring to a selected set of papers/findings by Abdel-
Hamid/Madnick in the software project management area. (NOTE: Manny, | already sent you alist of recent publications.)

WHAT TO PLAN TO DO

Two things:

1. Develop a system dynamics model of an "interesting” dynami phenomenon. The focus should be on awell defined dynamic
problem (e.g., software reuse). Validate model in one or moreindustrial settings. Exercise model to generate (hopefully interesting)
insights on the software engineering phenomenon studied.

2. ldentify set of generic feedback archetypes that might serve as building blocks for the development of system dynamics modelsin
software engineering domain. (NOTE: such a set has been developed for general management ... see Peter Senge's"THE FIFTH
DISCIPLINE.").

References:

Abdel-Hamid and Madnick, S.E Software Project Dynamics: An Integrated Approach, Englewood Cliffs, New Jersey: Prentice-Hall,
Inc., 1991.

Forrester, JW. "Counterintuitive Behavior of Social Systems." Technology Review, Vol. 73, No. 3, January, 1971.Mon Jun 27
14:54:52 1994

To: mml@doc.ic.ac.uk
From: Carolyn Story
Subject: Feast Objective 3
Manny,
Here is my contribution to Feast Action 3 on evaluating past failures of technology to have the impact promised.
Activity:
Look at some innovation which either:
a) some companies have used with significant positive impact on their S/W devel opment process.

or

b) has shown in well documented realistic case studies that it has the potentia for major impact; but in practice has not delivered
that promised improvement in order to discover possible inhibitors to the delivery of the expected benefits.

Possible Innovation topics:

- use of declarative approaches
- use of Formal Methods

(could also take alook at awider phenomena and examine why the move to workstations from mainframes succeeded so well, and
why all inhibitors were overcome so quickly and effectively).

Criteria for choice of innovation topics:
where there are well documented successes
* where there are well documented case studies genuinely indicating that major gains are to be expected.
Note: avoid "type" technologies where all is expected with little proof as yet of ability to deliver (e.g. Object Oriented approaches).
Reason for doing activity in 1994:

a) as background to FEAST proposal indicating that there is significant payback in understanding (and eliminating) the inhibiting
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b) to determine whether investigations into past innovation failures and successes as part of the main FEAST workplan will yield
insights into the nature of these inhibitors and promoters.

How to Approach the Activity:
a) literature (and other) searches for real well documented successes
b) interviews (if possible) with the successful users, to gain their perception of why they were successful. Areas to consider include:

- success factors

- environment/context

- method of introduction

- potentia (and actual) blocking factors which were avoided or overcome (and how this was done)

c) literature search (or other) for examples of failures to introduce the same technology into another (equivalent?)
domai n/context/environment

d) interviews with the people who did not find it possible to gain benefits from the technol ogy

€) brief analysistrying to pinpoint the key differences and lis potential reasons for the failure.
Future Work:

3-4 Case studies. Abstract fundingsto identify key inhibitors and promoters.

Question:
May be useful to include other disciplines where innovation has succeeded?

Carrie Story

Date: 05 Jul 94 11:55:32 EDT

From: Suzanne Robertson <100065.2304@compuserve.com>
To: mml <mml@doc.ic.ac.uk>

Subject: Action 5B

Manny,

With apologies for the delay ( | have been out of town until today). Here is my write up on Action 5B: Abstract and generalise the
results of action 5A (Study at least one existing real-world software process, and its interactions with a real-world (E-type) problem
domain), at least for one problem domain and eventually (if possible) across domains.

1. INTRODUCTION

At its most abstract level, the software development process can be thought of as an application system whose domain of
knowledge is the system for building systems. A model of this domain of knowledge would provide input to the study of planned
and unplanned feedback loops. However, due to factors like: type of industry, organisational politics and cultural norms, every
software development project implements the devel opment processin a different way and quite often, especially over a period of
time, the essential purpose and the existing feedback loops are hidden by the fragmentation of the implementation procedures.
Observation of a number of instances of the development process (action 5A) provides the input for building an abstract model
(action 5B) that defines the essentia characteristics of the process.

2. PRE-PROPOSAL ACTIVITIES

Search literature for examples of models of the software development process, especially from the point of view of feedback. Some
References: Abdel-Hamid, Boehm, DeMarco, Robertson,Weinberg Use findingsto illustrate the usefulness of building of a model
to simulate the software development feedback loops.

3. FUTURE ACTIVITIES

The overall objective of this activity isto test the ideas of FEAST by building a simulation model of part of the software
development process. | say part of the process because the model needs to be extremely detailed and trying to simulate every aspect
of the development process istoo large atask. It is not our objective to build a brand new software development process, we are
concerned with understanding how feedback works/does not work/ could work, within the context of the software development
process.
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systems development feedback loops.

3.2 Software development is becoming more of an E-type process. Some say this is due to multi-technology projects lacking the
disciplined control processes necessary to monitor their interfaces. Another view is that multi-technology has made it more
necessary to have a software development process which looks for unplanned feedback opportunities rather than expecting planned
feedback. Investigate this.

3.3 Define the essential components of amodel of the software development process. We might find that an existing model (or
some combination) contains the essential components we require, if that happens then we can use it as atemplate for the FEAST
simulation model.

3.4 ldentify an area of the software development process that would provide the most advantages as atest bed for FEAST. E.g:
Project Planning or Maintenance or Reuse.

3.5 Use output of action 5A plus results of 3.1, 3.2, 3.3 and 3.4 to build a working simulation model. Thisis an iterative task.

3.6 Find an organisation willing to do a project using the simulation model, monitor and record the results. Find consultants
willing to use the model as a working tool.

Thisisalong term plan using a gradually growing simulation model as evidence of progress.

Suzanne Robertson

Received: viafax
Date: Wed, 29 Jun 1994 11:45:12 +0000
From: Gordon Scarrott

Review established shibboleths in system design

The system designs of the first computers were shaped mainly by the intuition of the pioneers. Since then system objectives and
implementation techniques have evolved by a process of mutation and natural selection over a period of 50 years so that it is quite
possible that some design objectives and techniques have survived whose validity is now questionable. Analogous situations have
arisen in biological evolution. For example we have an appendix that was of value to our remote ancestors but is now unnecessary
and sometimes a focus of disease.

The first computers were designed by a "bottom up" process so that all the techniques used to make it serve a useful purpose for its
human users were enshrined in the software. We can now recognise that an artificial information system should be regarded as a sub
system to human society which operates as a natural information system. Hence ideally the functional foundations of an artificial
information system should be derived from its interface with the natural people system by a "top down™ analytic design process.

People are not determinate machines so that our social information system is characterised by the interplay of recursively defined
order and intrinsic disorder. Consequently the hardware functions should be designed to exploit the recursively defined order in
human information and respect the disorder by providing a cost effective technique for accessing information without reference to its
structure.

The design process to achieve this should therefore be a combination of top down and bottom up design which has seldom been
used in commercial systems and this is the fundamental reason why the software development process for current information
systems is such a shambles.

Throughout recorded history our natural information system has been shaped and operated by statesmen who have accumulated some
principles of classic wisdom that might be of value in the design of an artificial sub system. For example no competent statesman
believes that he can define or achieve funtional perfection in his bailiwick. Consequently he endeavours by atechnique of divide and
rule to partition his responsibilities in such away that if afault arises in one section the consequences of the fault are limited to
that section and do not lead to general failure. His design objective is not perfection but to control the spread of imperfection. There
is no doubt that this principle can be directly applied in the design of an artificial system. Some obvious shibboleths in present
system designs are:-

(1) There are two distinct kinds of information, operands and instructions, structural information must be implied by the sequence of
instructions ie. in the software.

In fact there are three kinds of information - operands, instructions and structure. It is quite practicable to represent structure by
appropriate symbols in the hardware and very advantageous to do so.

(2) Inamulti program time sharing system, it is necessary and sufficient to ensure that a fault in one program cannot sabotage any

5/3/98, 8:19 pm -39- mmI530-[FEAST]



Wil iVUul cGdbyvicdb WWIHlbavul v Vy VUITTIITTUW UTA Oy AUl T WLa Yyt TG O.

In fact atypical program incorporates other programs as sub contractors which need to be protected from faultsin the main
program. It is quite practicable to arrange such intra program protection and it then provides inter program protection for no further
complication since each working program isin effect a sub contractor to the operating system program.

| was awareof these cherishedfallacies beforel retiredin '81. Probably some more have accumulated since then that could be
identified by sceptical reconsideration of current system design practise but | am no longer in touch with the tactical situation.
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wviaily,

Thank you for facilitating my involvement in the FEAST workshop which | thoroughly enjoyed. The organisation of the workshop
was excellent and the catering of avery high standard. The cross-section of the attendees was very stimulating.

| would like to contribute some initial comments of a general nature before submitting my official input to the planning process.
My perception is that the workshop evaded its overt task.

| probably talked to half the attendees during breaks. At the risk of imposing upon their goodwill, | attempted in depth discussion of
the philosophical questions around your proposal. It seems to me that the genie you have persuaded from its bottle is that the
delivery of E-type systems perturbs the reality into which they are delivered in

way which cannot be completely predicted or determined. | would add that current management fashion for organisational and
cultural change puts high value on that sort of dislocation. The reason why thisis agenieisthat it disturbs the rationalist sensory
reality of relying on the observed "facts'. The new understanding of (for example)

business priorities introduced by the view from an existing businessprocess and its I T support cannot be limited by the goals,
objectives, meanings and values associated with the current system.

During these discussions | found much openness and enthusiasm for exploring these avenues which | suspect are largely untrodden.
In the workshop sessions, however, there was a businessness-like push to get definitions and agreements in place and make
"progress'. This of course is an example of the "disease" we had on the table before us: a concentration on the forward process rather
than the feedback. My hypothesisis that feedback into the process and the meta-processes from what is after all an attempt to gain
new perspectives and new realitiesis an interesting sort of a beast; we must study the feedback in a process which desires
discontinuity and dislocation of meaning and value! | think this probably mapsto your Godel-like uncertainty.

So my observation amounts to a thirst on the part of attendees for a sounder philosophical base for discussion which did not

trand ate into the public agenda. Thisis not unheard of as present systems for research put pressure for maximal defence of the value
of work to date on the part of researchers. And of course the research your proposal implies requires a re-evaluation of the worth of
past work whether thisistackled explicitly or not. In my understanding, Wlad's views are that computer scientists should withdraw
from the interactions of the system evolution process with the business process. This at |east recognises the seriousness of the
problem. For the record | would classify myself as someone trying to bridge the gap and spell out the real implications of IT to
businesses.

On the matter of funding, | have another problem with the public stance of the meeting. Coherent Technology's recent experienceis
that going looking for industrial problems to study causes the candidate problems to evaporate or self-destruct. Thereis an extreme
case here of the attempt at observation and measurement disturbing the problem in a Heisenberg-like fashion. | think the relevant
methodologies for capturing some meaningful data are soft-systems approaches such as action-research. That is, the processes (and
their dysfunctions/opportunities) that we wish to study are not suitable without management commitment to get to root causes of
the dysfunctions/opportunities. The usual sign of such commitment is readiness to pay! My feeling is that classical funding by
public bodiesis a blunt instrument which often damages the research itself.

Without building it up to be something it is not, | am persuing my own agenda in trying out ideas with current clients and with
trying to put together small consortiato do specific consultancy work around the management of change/systems evolution. My
gut feeling is that thisis aviable route to collecting data for a project like FEAST (without in any way ruling out other activities).
My need for FEAST isto have a community for the development of ideas and as a pool of expertise for meeting commercial
opportunities as they come up. | realise that in saying this | am posing a serious question about the nature of academic work in this
field; the question stems from an understanding of how much is at stake commercially in potential industrial study subjects, and
how closely what is at stake ties into the management agenda and cultural issues.

| hope these comments are of value to you.
Many thanks, Aidan

To Aidan Ward

From: mml@doc.ic.ac.uk (Manny Lehman)
Subject: Re: FEAST workshop impressions

>Manny,

>

>Thankyou for facilitating my involvement in the FEAST workshop which | >thoroughly >enjoyed. The cross-section of the
attendees was very stimulating.

Thanks and your welcome
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| would accept that. Both Vic and | had already agreed this same point which has also been made in their own inimitable way by
WIlad and Bob S. Briefly | accept full responsibility. In my own mind and that of Vic the basic and by far most important task of
the workshop was to examine and devel op the conjecture or genie - asyou call it - to identify it scritical elements, what is
important, significant or of potential theoretical or practical interest and what must be studied and developed in what direction to
provide a solid basis for further work and development. (wow what a sentense | shall not go back and edit it). | am very conscious
of the fact that in studying thse ideas | am going to need support and collaboration from some worthy individuals and organisations
to exchange and polish ideas, obtain data, provide a sounding board and realistic test beds and ultimatel to obtain funds to support
"me" and those working with me in so far as they need it. With thisin mind my plan was for the Friday morning to be spent in the
sort of exploration we all would have liked and then use the afternoon for some more mundane planning to ensure 1) committment
to the project 2) a proposal or proposal that would help us get the funds which are going to be needed for the long term study which
| believe is needed, possible and justified. that plan misfired in that the "objectives" which we had set up as straw men to be shot at,
discarded, simplified withone or two resultant activities defined and selectively adopted, became instead an object that was extended
ever wider to cover the software engineering universe - or amost thereby preparing the ground for precisely the same error of
"expectation” that | was identifying with other innovators. | shall try my best to see that that error is corrected and that we will get
back on track while also searching out the support that | and others (individuals and organisations) are going to need for the
investigation.

>| probably talked to half the attendees during breaks. At the risk of imposing upon their goodwill, | attempted in >depth
discussion of the philosophical questions around your proposal. It seems to me that the genie you have >persuaded from its bottle
isthat the delivery ofe-type systems perturbs the >reality into which they are delivered in a >way which cannot be completely
predicted or determined.

I've been saying that for at least 15 years though perhaps not always so succinctly That is, of course, only part of the story though
by no means the least important. Possibly though - and this comesto me as | sit and type - one could regard ALL the loops - or
many of them - as of this type as perturbing the dynamic environment in which they are embedded and in tHisway you may indeed
have encapsulated the entire concept in your genie.

>| would add that current management fashion for organisational and cultural change puts high value on that sort of >dislocation.
The reason why thisis agenieisthat it disturbs rationalist sensory reality of relying on the observed >"facts'. The new
understanding of (for example) business priorities introduced by the view from an existing business >process and its I T support
cannot be limited by goals, objectives, meanings, values associated with current systems.

Y es but needs more thought, exploration and discussion.

>During these discussions | found much openness and enthusiasm for rexploring these avenues which | suspect are >largely
untrodden. In the workshop sessions, however, there was a businessness-like push to get definitions and >agreementsin place and
make "progress’.

I've already accepted indirect responsibility for that. The way to hell is paved with the best intentions. | should also have been a
little more specific in my directions or suggestions to Val.

>This of course is an example of the "disease" we had on the table before us. a concentration on the forward process >rather than the
feedback. My hypothesisis that feedback into the process and the meta-processes from what is after all >an attempt to gain new
perspectives and new realitiesis an interesting sort of a beast; we must study the feedback in >a process which desires discontinuity
and didlocation of meaning and value! | think this probably maps to your >Godel-like uncertainty.

>S0 my observation amounts to athirst on the part of attendees including, may be most of all, me for a sounder >philosophical
base for discussion which did not translate into the public agenda. Thisis not unheard of as present >systems for research put
pressure for maximal defence of the value of work to date on the part of researchers. And of >course the research your proposal
implies requires a re-evaluation of the worth of past work whether thisis tackled >explicitly or not. In my understanding, Wlad's
views are that computer scientists should withdraw from the >interactions of the system evolution process with the business
process.

No I think you are wrong there. He was amongst the first - in a 1980 paper - to recognise this phenomenon. Only he talksin his
own terms and in particular made the assertion that theories to completetly describe business processes, al processes involving
people - cannot be formulated hence etc.

>This at least recognises the seriousness of the problem. For the record | >would classify myself >as someone trying >to bridge the
gap and spell out the >real implications of I T to businesses.
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>0n the matter of funding, | have ancther problem with the public stance of the meeting. Coherent Technology's >recent
experienceisthat going looking for industrial problems to study causes the candidate problems to evaporate or >self-destruct.

True absolutely so, but my dilemawas and remains what to do about it. | need funding for mysely ("to make aliving"), | need
people | can talk to, collaborators and they need to make aliving or to justify the time to their employers and employers need
revenue or at least cover for resoures employed. Ideally we should interest afew companies in the concept and get their support for
the sake of long term support. But can we and how to set about it.

>Thereis an extreme case here of the attempt at observation and measurement disturbing the problem in a Heisenberg->like
fashion. | think the relevant methodol ogies for capturing some meaningful data are soft-systems approaches >such as action-
research. That is, the processe(and their dysfunctions/opportunities) that we wish to study are not >suitable without management
commitment to get to root causes of the dysfunctions/opportunities. The usual sign of >such commitment is readiness to pay! My
feeling isthat classical funding by public bodiesis ablunt instrument >which often damages the research itself.

| could'nt agree more and would love to take the non-public funding route. Isit feasible and how do we start?

>Without building it up to be something it is not, | am persuing my own agendain trying out ideas with current >clients and with
trying to put together small consortia to do specific consultancy work around the management of >change/systems evolution. My
gut feeling is that thisis aviable route to collecting data for a project like FEAST >(without in any way ruling out other
activities).

If you see any way of involving mein that (does CT make use of "independent consultants?) | would be delighted to join you in
appropriate circumstances/studies.

>My need for FEAST isto have acommunity for the development of ideas and as a pool of expertise for meeting >commercial
opportunities as they come up. | realise that in saying this | am posing a serious question about the >nature of academic work in
this field; the question stems from an understanding of how much is at stake >commercially in potential industrial study subjects,
and how closely what is at stake ties into the management >agenda and cultural issues.

I'm not even so certain that it represents a stab at academic research. | would prefer to think of it as the providing the sort of real -
world laboratories that the studies we havein mind demand

>| hope these comments are of value to you.
>They most certainly are.
Manny

From: Aidan Ward

Subject: FEAST tasks
Mon, 11 Jul 94 09:01:44

Manny,

Thankyou for your comments on my initial reactions and also for similar comments from others. | include below some rushed
notes nominally to address action 9 about doctrines but actually to try to show the direction from which | would address the human
factors aspects of FEAST.

| am progressing both brainstorming activities about subjects close to FEAST and commercial projects which might present
opportunities to you. | am happy, time permitting, to try to coordinate these with FEAST activities if that is useful to you. Let me
know how to progress this.

Introduction

Thisisapreliminary position on action 9, to review existing dogma/doctrines. As indicated in my previous comments, | think that
the stance of FEAST is corrosive of traditional software engineering arrangements: this note explores some of the doctrines that are
undermined by the FEAST core proposition.

A lot of "common sense" engineering practice is brought into question by the proposition that the systemsit playsarolein are

stable in some homeostatic sense, so that the evolution of software systems follows "laws" which are true despite attempts to
overcome their implications by engineering effort. That being the case FEAST can either:

\begin{ itemize}
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\item Revisit the role of software engineering as a business activity on the grounds that the evolution of software systemsis far
from understood by their consumers/purchasers. "Understand what thejob is’
\end{ itemize}

| propose that the first choice is reductionist and against the spirit of FEAST athough it is far more manageable in a narrow sense.
The implications of the second choice are uncomfortable and are explored further here.

\section{ The relation of businessto I T}

>From a business perspective, most businesses are highly constrained by their information systems. They may see this as a matter
of the cost (both financial and political) of getting the right system. They may see it as a power struggle over access to
information. They may perceive that any system is about yesterday's way of doing business, and that keeping systems current is
difficult.

Much of the emphasis in business management is now on ability to change, on responsiveness and on potency. Whatever the
perceived root cause, existing systems are almost always in the way of business change. All too often planned new systems become
the repository for hopes of future business change, especially the avoidance of today's unmanageable problems. This conflict
between past experience and optimism about the future seems to be maturing into a cynical attitude towards|IT.

The increasing use of user programming and user configuration of systems raises other issues. It moves the issue of evolution of
systemsinto the business domain rather than the engineering domain while at the same time increasing the pressure for s-type
specification of the system components.

The implications for FEAST are that the notion of system is changing and the notion of the role of engineersin creating systemsis
changing. My guesses are that:

\begir{ itemize}
\item The system of interest when looking at evolution dynamics is aways socio-technical, aways distributed and only partial
information is ever available.

\item There are multiple realities involved with any system: there is no consistency available in desriptions of what it does, what
it means, why it is significant.

\item Many systems issues are inevitably the locus of power struggles in the organisation. Managed conflict is an important
source of new ideas as well as helping to define current realities.

\item Nobody can track the movement of realities and understandings well enough even to learn the important lessons. Systems
are archaeological artefactsin helping to track these issues.

\item Any attempt to closet the development of systems from the chaos of the rest of the organisation setsin train a divergence
of values which must result in conflict.
\end{ itemize}

\section{ A reframing}

In the important dimensions there is no separation between information system and organisation. It is a reductionist mistake to try
and manage them separately. What we have is a situation where the growth in understanding on the part of the business about how
to go about its business must be mirrored in a very intimate way in the information systems on which it depends. In mature and
simple domains there are sometimes abstractions which become commonplace (one could argue the case for spreadsheets) but in
genera thereislittle understanding about how to separate out the stable concepts from the ephemera.

The business value in the information systems lies in its ability to track the realities the businessis involved in. Thisis a positive
statement of the Lehman hypothesis: not only is evolution forced on us rather against our engineering judgement, but in terms of
the full lifecycle return on investment it is the overwhelming factor. What we need to be able to do is understand and influence the
drivers of evolution so that this return can be maximised.

Not only isthis about feedback and stability, it is about effective functional communication. The development processis part of an
organisational change process. Many adjustments will need to be made in areas of the organisation not obviously affected by the
systems under development.

To treat the development as isolated from the organisation is a reductionist mistake. It insists that there is separation where in fact
there are many poorly understood connections. In practice, successful developments stay close to their constituencies and maintain
open communications.

Models of communication emphasi se that:
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\item Far more and more reliable information is conveyed by non-verbal than by verbal communication.

\item Thereisrarely asingle recipient for a message so that decoding the intentions behind a message is defeatingly complex in
real cases.

\item The assumptions behind even the most formal communication are too numerous ever to be documented.
\end{ itemize}

These communications {\bf are} the feedback paths, and no matter what the content of the messages, keeping them open is known
to be non-trivial. In particular, a major block to communication in the normal case is the overvaluing of the technical system, its
conception as a solution {\bf by definition} not by evaluation.

\section{ A suggestion}

The reframing of the problems (as suggested above) would have considerable impact on areal development project. In fact the very
impact would make the reframing difficult if not impossible to achieve: it changes the power relations.

The usual systemic approach in this situations is to evaluate the relations involved by using observations of the way the observer is
caught up in the situation. Basically the assumption | am making is that system development is caught up in a dysfunctional
system in the normal case, and that facilitating functional communication in key places will on the technical plane open the
feedback paths and on the organisational plane allow the dysfunction to heal itself.

Intervention cannot tackle the problem head-on because that is to take a power position whcih is not available and also to assume
that a dose of top-down design iswhat is required. The more systemic approach isto allow the control/management system to learn
to use the information feedback suggests.

Cheers, Aidan

From: ras@kid01pml.icl.co.uk (Bob Snowdon)
Subject: Thoughts from last week.

A few thoughts following last week's FEAST workshop.

It seemsto me that what is needed is some devoted intellectual attention to the nature of the problem space in which E-type
systems occur. The traditional S-type problem is one which can be neatly encapsulated and for which a computer program can be
devised as a"solution". Software development generally has been "forced" into this model and thus created many of our present
problems. The E-type problem space is different and evidence suggests that we should perhaps not expect current practicesto be
very satisfactory. (Thisiswhat | was trying to suggest in my talk by characterising S-systems by the phrase "computer as
calculator" and E-systems by "computer system as partner").

| guess | was allittle disappointed by the direction the workshop seemed to take on the second day, when, after Wlad's sound advice,
the major outcome was a "plan” to develop a proposal for some project in and around the FEAST space to be submitted (in all
likelihood) to the CEU Framework 4 programme. This might be OK, but somehow the sort of things being discussed seemed rather
along way from the original, obviously not completely thought out, ideas. | certainly feel unsure at this stage that such a project
(or even proposal) would be likely to produce the sort of results or emphases | think you set out to address. | certainly have
considerable unease about devoting (too) much attention to the software devel opment process or to software process engineering
before having afirm grip on the nature of the problem. | think that the relationships amongst all the various systems involved are
an essential feature of E-type situations and that understanding these relationships is therefore rather important (hence the value of
studying examples of the genre rather than simply studying the software devel opment element).

Am | over reacting? Maybe. However | feel that during the coming months it would be extremely valuable to devote some time to
the heart of the problem which, as | have said, | believe liesin understanding the various inter-system relationships inherent in E-
type situations. This can be done "in theory" and in pilot case studies of existing situations, with the potential for more significant
projects and spin offs later. One way could, of course, be to submit a proposal under Framework 4, though there would be others.
However | am suspicious of "tails wagging dogs"!

Anyway, thank you for arranging things for the meeting last week and for inviting an interesting group of people. It isalong time
since | last met Gordon Scarrott for example and | enjoyed listening to his thoughts again. Let's now look forward to some fruitful
work in what | think is avery interesting area.

Bob.To: ras@kid01pml.icl.co.uk (Bob Snowdon)
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Reponse to your comments on the FEAST workshop

Dear Bab

Thanks for the quick response. Herewith my initial reaction and right away the comment that | share many of your reactions and
concerns. Mant things could evolve from our two day effort and | believe that | was preoccupied or over concerned with arousing
interest, obtaining committment and, believing that neither Industry nor Academiais prepared (or able) to do very much without
funding, ensuring that we developed a plan which would ensure adequate funding for alll those wishing to collaborate in the
investigation (still to be clarifid and defined - unfortunately we did not do this on Friday, quite the opposite).

>|t seems to me that what is needed is some devoted intellectual attention to the nature of the problem space in which >E-type
systems occur. The traditional S-type problem is one which can be neatly encapsulated and for which a >computer program can be
devised as a"solution". Software development >generally has been "forced" into thismodel >and thus created many of >our
>present problems. The E-type problem spaceis different and evidence suggests that >we should perhaps not expect current
practices to be very satisfactory. (Thisiswhat | was trying to suggest in my >talk by characterising S-systems by the phrase
"computer as calculator” and E-systems by "computer system as >partner").

>| guess | was alittle disappointed by the direction the workshop seemed to take on the second >day, Frankly so was | >as already
indicated above when, after Wlad's sound advice, the major outcome was a"plan” to develop a proposal for >some project in and
around the FEAST space to be submitted (in all likelihood) to the CEU Framework 4 >programme. This might be OK, but
somehow the sort of things being discussed seemed rather along way from the >original, obviously not completely thought out,
idess.

Exactly. | am very conscious of only having some preliminary thoughts, insights or what you will, for the need for focussed but
wide ranging - if thisis not a contradiction - discussion with like minded people to clarify, refine and solidify what it is| am trying
to observe. | hope we can get it back onto track in one way or another, that we can get the right people together, individually or as
agroup (Vic, Jose and | will be meeting next week).

>| certainly feel unsure at this stage that such a project (or even proposal) >would be likely to >produce the sort of results or
emphases | think you set >out toaddress.

| suspect it might not unless we take some firm action - though | am not necessarily the best person to steer the ship back on
course (pardon the mixed metaphor) considerable unease about devoting (too) much attention to the software >development process
>0r to software process engineering before having a firm >grip on the nature of the problem.

Yes, you are 100% correct. The trouble is that in the materialistic world of today one has to demonstrate a high probability of "real”
impact onindustry (HaHa- since, if | am correct, the ultimate impact of a slower and more carefully directed start concentrating on
concepts, phenomena, interpretation theory generation and so on would have far greater impact). Hence my formulation of the
"objectives' which with the (incorrectly?) perceived need for funding (I certainly need it for myself after next March) led to
thedirection that Friday took. - It was not as | had intended it that part was for the afternoon only. | gave insufficient direction to
Val, Wlad gave alimited gut reaction to one or two points anddid'nt lay the foundations or trigger a fundamental discussion

>think that the relationships amongst all the various systems involved are an essential feature >of E-type situations and that
understanding these relationships is therefore rather important >(hence the value of studying examples of the genre rather than
simply studying the software >development element).
Of course. But to do that requires a"real" guineapig - on second thoughts one could create a hypothetical organisation. May be one
needs to do both. Thisis precisely the sort of issue Vic and | hoped to discuss when we set up our 8 objectives as straw men which
we wanted thrown out, cut down to size and trimmed to provide the framework for an initial study. But then, how, without funds,
do you get peopletojoin you and , in this day and age, how do you get funding bodies to suopport you if you don't promise the
dawn of the Golden age, the solution to their (or industry's) pet problem. Or have | got it all wrong.

>Am | over reacting? Maybe. However | feel that during the coming months it >would be >extremely valuable to devote timeto
the heart of the problem >which, as| have said, | believe >liesin understanding the various >inter-system relationships inherent in
E-type situations..

Agreed yet once again, by far the most important element of the foundations for a thorough investigations of the whole issue and
the development of the much desired theory framework | and others am looking for. But we need some more thinking and
discussiiiion to really identify the things to be done and the order in which they should be done.

>This can be done "in theory" and in pilot case studies of existing situations, >with the potential >for more significant projects and

spin offslater. Yes but while one person (me for example??) might kick this off he (or she) would need to be triggered and guided
both to kick off and during the development.
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Not quite sure of which tail and which dog. But clearly we have to be on our guard. But frankly would you/ICL be prepared to get
involved actively on a continuing basis - at least for say one year to start with - @) if it just involved time b) +some money c) if
there was promise of afunded project (or at least an application) at the end of the road?

>L et's now look forward to some fruitful work in what | think is avery >interesting area.

Thanks. | take that as your personal committment to remain involved, even to intensify that involvement. That, by itself would
have made the workshop worthwhile.

Manny

| shall send this without reading it through again so you may well find some less than carefully thought out remarks. But at least
its entirely spontaneous.

From: C.Tully@herts.ac.uk

Subject: workshop report

SUMMARY OF DECISIONS AT FEAST WORKSHOP
FRIDAY 17 JUNE 1994

Decisions, below, are labelled D01, DO2 ...
The group in most cases was not concerned with the precise wording of decisions, which therefore is my responsibility. My
apologies where people are unhappy with the outcome.

** DOl Definitions **
Workshop time should not be spent in search of an agreed definition of process.

Tom Maibaum offered a simple diagram, in which a process has input and output, resources and waste. Thiswas accepted as
showing anecessary characteristic of all processes.

It was also accepted (a) that processes are multilayered in the sense shown by Marc Kellner, (b) that any process may be part of a
larger process and decomposable into subprocesses.

Except where explicitly stated otherwise, the strict (control engineering) definition of feedback, in terms of a controller sampling
process outputs and using them to adjust process behaviour, should be assumed.

** D02 Assertion 1revised **
The software process for E-type systems, which includes both devel opment and maintenance, constitutes a complex system, for the
understanding of which the concepts of feedback, evolution and learning are essential.

** D03 Assertion 2 revised **
Lack of attention to the global software process, and to the role of feedback in it, explains at least in part the limited impact of even
successful innovations.

** D04 Objectives **

Not al theitems listed as objectives are strictly objectives. All of them, however, are proposed actions. They are therefore
renamed as actions.

The elements of the set were also changed. Action 4 was deleted after being merged with action 3. Action 5 was split into
actions 5A and 5B. An action 9 was added. Revisions to the wording of the nine actions are shown as D05 to D13 below.

** D05 Actionl **
Establish a common process modelling capability to permit intra-project communication, subject to clearly defined needs for
process modelling capabilities, which may in part arise from other actions.

** D06 Action2 **

Develop the application of control theoretic and systems dynamics modelling techniques, and any other appropriate techniques, to
the software process
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attention to the effects of ignoring or misusing feedback mechanisms.

** D08 Action5A **
Study at least one existing real-world software process, and its interactions with areal-world (E-type) problem domain.

** D09 Action5B **
Abstract and generalise the results of action 5A, at least for one problem domain and eventually (if possible) across domains.

** D10 Action6 **

Investigate the use of metrics, and their effects (beneficial and/or harmful) on understanding and improving the software process.
** D11 Action7 **

Search for global process improvement opportunities and ways of evaluating them.

** D12 Action8 **
Manage the project, including the preparation of funding proposals.

** D13 Action9 **
Review existing doctrines.

** D14 Priority evaluation **

Three rounds of voting took place on the nine actions, as follows.
Vote 1. isthe action important?
Vote2: areyou prepared to work on the action?
Vote 3: should work be done in 19947

Each participant had up to nine votes per round, of which not more than one vote could be given for each action. Further,

volunteers were sought to write an initial position paper (maximum three pages) on each action. The results were
asfollows.

Votel Vote2 Vote3 Author

Action 1 12 9 9 Tully (plus Perry)
Action 2 14 5 11 Abdd-Hamid
Action 3 6 5 4 Storey

Action 5A 21 13 22 Moularde

Action 5B 17 11 0 Robertson

Action 6 7 4 5 Perry (plus Tully)
Action 7 16 7 0 Kellner

Action 8 al 5.5 al Downes

Action 9 4 3 2 Scarrott

** D15 Target dates **

The nine position papers should be produced by Friday 1 July. All participants are invited to submit comments on any actions
(other than the actions on which they may be writing position papers) by the same date. Position papers and comments should be
sent by e-mail to Manny. They will then be circulated to everyone (form to be determined).

A further workshop will take place at Imperia in late October.

From: C.Tully
Subject: comments

Dear Manny
Here are the comments | threatened on the correspondence to date.
They fall into four sections. The first relates to the plethora of gloomy breast-beating about supposed deficiencies of the

workshop. The second relates to Manny's comments on the minutes. The third relates to a variety of other comments. The fourth
relates to proposed dates.
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The following are the main instances of self-criticism
>My perception is that the workshop evaded its overt task. [Ward]

> n the workshop sessions, however, there was a business-like push to get definitions and agreements in place and >make
"progress'. This of course is an example of the "disease” we had on the table before us: a concentration on the >forward process
rather than the feedback. [Ward]

>So my observation amounts to a thirst on the part of attendees for a sounder philosophical base for discussion which >did not
trandate into the public agenda. [Ward]

>| was, however, disappointed with the amount of time (admittedly difficult in view of the limited duration) spent on >examining
the fundamental issues and challenges that FEAST represents. [Lehman 28/06]

>| came away from the workshop with the feeling that we had not done justice to laying solid technical foundations for >the
proposed investigation. [Lehman 28/06]

>As commented yesterday, in common with Aidan and Bob, | believe that, in a sense, we evaded our task to some >extent by
concentrating on Objectives and Actions rather than on the fundamental issue(s). [Lehman 29/06]

>| have already addressed our common concern as to the direction of the discussion on the second day. Thiswas shared >by Aidan
and | have aso now received important comments from Berc Rustum who expresses related concerns. | >certainly would like to see
us get back to main concentration on the original >observation/hypothesis/conjecture/assertions etc. And to achieve real progressin
this (and in, in my view, in software >engineering in general) requires us to "have a firm grip on the nature of the problem".
[Lehman 30/06 11:28]

> Hence the 8 objectives (now actions) intended as strawmen to be shot down or modified by workshop participants to >leave an
attainable target for the coming months. The end nature and size of the selected actions would have to depend >on the
committments obtained to participate. Instead we adopted all 8 plus one additional one. [Lehman 28/06]

| should like to comment on the whole bundle as follows.

(2) 1 think we should not be so hard on ourselves (or, by implication, on Val as the chairman of the second day). The design of the
workshop allocated 6 hours and 5 minutes to presentations and immediately relevant questions/discussion, and 4 hours 45 minutes
(less than 45%) to "real" discussion sessions. It isunredlistic (dare | say academically romantic?) to imagine that, with 33 people,
4.75 hours and a subject which everyone agreed isill-understood and ill-defined, one could make much progress on "fundamental
issues', "asounder philosophical base", "solid technical foundations', "afirm grip on the nature of the problem" and other such
good things.

(2) Inany case it is mistaken to imply that the time spent on objectives/actions was all of a project planning nature. | interpreted it
asafirst step in trying to clear some of the undergrowth that we can expect to impede our subsequent progress, and to start
exposing some of the variationsin viewpoint which exist (necessarily and desirably) among us.

(3) In any case (again!) | don't think anyone would seriously propose that we do not have to devote a considerable proportion of
effort up-front to deciding what we should actually do and how that relates to funding opportunities. Otherwise there is no way we
can in future indulge the desire most of us no doubt have (certainly | do) for the academic luxury of philosophising and abstract
speculation.

(4) With particular reference to Aidan's nice self-referential observation about " concentration on the forward process rather than the
feedback™: | suspect it is true that you can exercise feedback until at least some forward process has occurred. | think some other
peopl e (reading between their lines) felt in contrast that there was not enough forward process. As | have suggested in (1) and (2)
above, there was agood deal of forward process given the context of the meeting and the topic. We must understand the complexity
and the (human) system dynamics of the process on which we are embarking.

(5) Manny isworried that we did not kill more objectives/actions. We did, however, make a preliminary expression of priorities.
Given the constraints to which | have been drawing attention, and given that the objectives (coming from Manny and Vic!) were all
good prima facie, we would have been rash to trash any quite so quickly.

(6) Finally, acomment for future workshops. Please don't underestimate the problems in getting real results out of working groups
of thissize. It demands (at |east) setting very clear (and attainable) objectives, preparing material well in advance, very careful design
of the meeting itself, and oustanding chairmanship. | should be sad if inattention to those prerequisities led to even greater breast-
beating second time round.

Section 2: comments on the minutes

From now on, | will comment on each point in turn.
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| cannot "agree” with that! | was punctiliousin trying to check agreement on every point | recorded. | hope what Manny means (and
I would "agree") is that they should only stand as interim points of agreement, which undoubtedly will be changed as we do further
work. Manny indeed has quite properly aready started that process.

>Clearly one cannot go into detail in a summary but | believe that the present wording is misleading and could be >improved.
[Lehman 28/06: DO1 para 3]

My comment above applies. In any case, | personally think that the wording is only misleading, if at all, through being insufficient
rather than wrong.

>| do not believe that this was agreed nor did we discuss the definition of feedback in any great detail. The present >wording reflects
the view expressed by Colin at the meeting but did not receive adequate discussion or "agreement". | >believe it isinadequate for a
FEAST definition and will require further consideration, probably after more work has >been done to agree what FEAST isall
about, what ground it is to encompass and what issues can and should be >explored. [Lehman 28/06: D01 para 4]

Before recording the decision, | went out of my way to ask the specific question, "Do we want to use feedback in FEAST with the
loose meaning it has in common usage, or with the technical meaning it hasin control engineering?' No one urged the former;
those who said anything urged the latter. If thereis any problem it isin the interpretation of what feedback means to control
engineers, and then how (if at all) that may need to be adapted to our rather wider purposes. Thereis of course need for alot of
discussion on this --- it is central to FEAST.

> Agree that we agreed to change term "objectives' to actions. However | stress again that not all these (previously) >objectives
were visualised or intended for immediate action. That depends on many factors (some >discussed above) >and on feasibility and
worthwhileness. At best Colin's wording should have been "actions to be >explored for >feasibility and reasonableness’ (clumsy
but will do for moment - | want to get thisout). [Lehman 28/06: D04]

I hope Manny will accept my phrase "proposed actions’ as shorthand for "actions to be explored for feasibility and reasonableness’!

>Problem with current wording that we need to start on thisimmediately so that modification by perceived need calls >partly for
some sort of (brief) preliminary discussion and then for "adaptation” as additional needs are identified or rear >their head. Thus
instead of "subject to etc. | would say "based on initially identified needs and reviewed and updated as >additional needs arise from or
areidentified by other actions.

>|n addition, though this was not discussed as part of this action at the workshop, as Tom pointed out many of the >concepts and
terms we use (seeD01) need clarification and an agreed definition for common usage. It seemsto me that >such definition is, in any
case, anecessary precursor to "establishing acommon process modelling facility" and >therefore fits naturally into this action.
[Lehman 28/06: D0O5]

I wholly agree with both these paragraphs.

> Study domain identifying, in particular feedback paths and their characteristics. [Lehman 28/06: DO08]

It iscritically important to treat feedback as a complete systemic mechanism, not just to focus on the paths that carry
measurements and control signals.

> remainder OK except that Storey should be Story [Lehman 28/06]

and Collin should be Calin!!! | had Story in my database, and only changed it to conform to the entry in the attendance list.
Sorry Carrie --- or isit Carry??!!

Section 3: other comments

> |t seems to me that the genie you have persuaded from its bottle is that the delivery of e-type systems perturbs the >reality into
which they are ddlivered in way which cannot be completely predicted or determined. [Ward]

The word "completely" is absolutely critical. It is correct, BUT we should not take it to mean that partial prediction isimpossible,
should not be attempted, and cannot be greatly improved. | take it as axiomatic that a major task for systems engineering is to
investigate predictable and possible effects of the system being engineered on the contextual systemsin which it will be used.

>New understanding of, for example, business priorities introduced by the view from an existing business process and >its T
support cannot be limited by the goals, objectives, meanings and values associated with current system. [Ward]

"Cannot be limited by": again, correct BUT we should not jump to the conclusion that we should ignore current systems. They are
an important component of what we have to analyse in setting requirements.

5/3/98, 8:19 pm -51- mmI530-[FEAST]



MVLLLOD VVILHT LU VUJ T o0 MTVVLO0. | VYA U]

Have computer scientists ever got anywhere near such interactions (let alone withdrawing from them)? Such interactions are
instances of the kinds of "soft" real-world problems that the majority of computer scientists have always been proud to scorn.
Thank heavens, mind you, they have not tried to tackle them, because the discipline is wholly inadequate to enable them to do so.
What they are wrong to do is to scorn such problems, and to emasculate the emerging software engineering discipline which
attempts to handle real-world issues.

>| think the relevant methodologies for capturing some meaningful data are soft-systems approaches such as action->research.

[Ward]

Yesyesyes! Hereit isthe phrase "such as' that is the critical one. Many research methods may apply. That was the point of my
intervention on day one about the nature of history, science and engineering (and Aidan added philosophy).

> |t seemsto me that what is needed is some devoted intellectua attention to the nature of the problem space in which >E-type
systems occur. The traditional S-type problem is one which can be neatly encapsulated and for which a>computer program can be
devised as a"solution”. Software development generally has been "forced" into this model >and thus created many of our present
problems. [ Snowdon]

Y es, with a caveat. The software process is a human process (with support from e-type and s-type systems). This type of system is
even more "wicked" than an e-type system: let us call it an h-type system. The point now is that h-type systems are necessary for
the development of s-type systems --- not just of e-type systems. So let's not suppose that we can drop s-type systems wholly from
our consideration.

> | certainly have considerable unease about devoting (too) much attention to the software devel opment process or to >software
process engineering before having a firm grip on the nature of the problem. [ Snowdon]

While these things are certainly not the whole of the problem, they surely remain an intrinsic part of it. We cannot hope to get our
firm grip BEFORE thinking about them. | guess Bob means we must be sure to think about them in their wider contexts.

> All thisis reasonably well-understood and investigated, although it may be worthwhile to provide a systematic, >succinct
description (e.g. emphasizing that "backtracking” is afeedback loop!). [Turski]

| am not at all certain that thisisright. | regard backtracking as retracing a backward path in the logical space of a project to
discover the point(s) of impact of a currently discovered defect or change of mind. Thisis followed by reactivating some of the
(suspended) intervening processes to change their existing deliverables. This doesn't fit my concept of feedback. But it is something
that needs careful thought.

> But thisisjust iteration - aways a feedback phenomenon! [Turski]

Again (I'm getting fearful!) | don't agree. Iteration is a repetition phenomenon, using an equality test for completion. Feedback isa
corrective phenomenon, using measurements of deviation to control the strength of corrective action. Not all loops are feedback
loops.

> | am, for example, worried by the term "controller". In what way is a user discovering and reporting an error, a >controller?
Similarly the term "process behaviour" Why view the rework necessitated by an error report as "adjusting >process behavior"?
[Lehman 28/06: D01]

The user herself is not acontroller. | would say that the process in which a user detects and reports a deviation from expectation is a
control process. You could of course reasonably object that it was not set up, or engineered, as a control process: the user does not
think of herself as executing a control process, like atester would. The discovery of the defect, in other words, is accidental rather
than essential. But we rely on such detection processes, and it is crucia to have a connection to which the user can make her
deviation report, and the control mechanisms for subsequently handling it. So | would provisionaly call it a control process, even
though | would recognise that we need to classify control processes: they are not all the same.

> One may, or should perhaps, regard many or even all of the loops as perturbing the dynamic environment in which >they are
embedded. [Lehman 29/06]

The loops do not perturb the environment: they are just information paths, which are essentially pieces of static structure. What
may perturb the environment is the changed behaviour resulting from the existence and use of the feedback mechanism as awhole.

> Let me add that I, for one, am firmly convinced that a technology that does not have a firm philosophical and >scientific base and
framework islimited in its growth capability and | regard potential FEAST contributions in this >area as the most significant.
[Lehman 29/06]

Just in case any earlier comments may be misunderstood, | am in total agreement with Manny's position here.
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hence in controlling and directing the process, process improvement and the >process improvement process. [Lehman 30/06 11:28]

Thisis| think a very important observation. It directs attention to all the information flows, not just the information flows
occurring on feedback 1oops (even though we are right to focus a lot of attention on them).

Section 4: dates

> Asdate | suggest Tuesday 25 - Thur 27th October with aMon 24 or Wed 26th starts as alternatives. My preferenceis for the 25 -
27 with 24 - 26 second best. Tues - Thur appears to minimise costs for overseas participants. Please let me have your reaction to
these dates as soon as possible. [Lehman 28/06]

All of these dates are so far OK.

> Dewayne will be spending aweek here from the 18th - 22nd of July and again from the 24th - 30 August. Anyone who wishes
and is able to join us during that time for alonger or shorte period will be most welcome and appreciated. [Lehman 30/06 11:28]

| am currently available on 28 and 29 August and would loveto joinin.

Colin

From: "Wladyslaw M. Turski" <wmt@mimuw.edu.pl>
Subject: Feedback on feedback

Dear Friends,

I've been thinking about the blasted feedback, trying to get some simplifying view. The results of this thinking process follow. Do
what you like with them (e.g. trash them!). I'll be away from my office rest of this week (another conference, in Poznan), then for
10 days at the desk, then - until the edn of July - on holidays.

Cheers, Wiad

First, consider Elementary SW Process (ESWP):

Takes Input: Need (for acomputer application)
Uses Resources: Method (or awork procedure)
Manpower* Time
Tools (e.g. SADT, Ada compiler, IPSE)
Produces Output:  Code |
Documentation | Collectively known as
User training|  Product

Within a class of applications the ESWP is"reusable asis’: given an Input it produces an Output consuming some Resources
(Manpower* Time is expanded, while Method and Tools are worn out, i.e. become progressively more obsolete each time the
processis run).

In an ESWP there usually are several built-in feedback loops (internal to the ESWP): e.g. the Method (think of LST) may be
iterative (backtracking), the application of a compiler may result in alist of syntactic errors, thus forcing a modification to the
program text (previously constructed). Also internal to the ESWP are feedback loops resulting from walkthroughs, code inspection
etc. aslong asthey cause backtracking before Product delivery.

All thisis reasonably well-understood and investigated, although it may be worthwhile to provide a systematic, succinct description
(e.g. emphasizing that "backtracking” is a feedback loop!).

There are two ways in which an ESWP may be extended. For simplicity | shall treat them as orthogonal:
- horizontal extension (HSWP)
- vertical extension (VSWP)

HSWP obtains when the Product of a given ESWP is made into (a part of) its Input, i.e. the need is expressed relative to an
application and an existing product. Thus we have a horizontal external feedback loop (output loops into input).

Assuming that the Method and Tools can cope with such amixed Input (and it is not at all clear that thisis the case!) we have the
first opportunity for afeedback control: the amount of resources (Manpower* Time) consumed will vary depending on the "size" of
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Here the scope for research is unlimited - but | am sceptical about the possibility to make all necessary ingredients measurable over
arange of products. The best one can hopeis to get data on a given product over its consecutive releases or versions (again, as for
0S360). Note however that contemporary products do not have so many releases.

V SWP obtains when we consider a process of "improving" an existing ESWP. Now the Input is the old ESWP, the Output a new
ESWP, Resources are Manpower* Time, Tools (I doubt the current availability of suitable tools of this category!), Method
(Procedure for improving ESWP).

Examples of (individual runs of) VSWP are provided by history (your "forward path innovations'): an ESWP with the Assembler
coding for atool supplied as Input to (a speciaized) VSWP istransformed into an ESWP with Ada programming as a
corresponding tool (I am referring here to atool inside ESWP!). This new ESWP is the Output of the VSWP. Note that both the
old and new ESWPs can be used to make products (when run on their common Input: a need each will produce a Product). The
difference is not necessarily in products of these two ESWPs, but - presumably - in that the new ESWP is "better" than the old one.

How can one measure the goodness of an ESWP is a nice problem; one easy assumption is to consider the amount of
Manpower* Time resource used by an ESWP (on a given input) to make a satisfactory product. The ESWP which uses less
Manpower* Time for the same input (need) is better (aslong asits product is OK).

Where is the feedback loop in VSWP? Of course it obtains when we take its output as input. But thisisjust iteration - always a
feedback phenomenon! To get afeedback control in thus looped V SWP we need to extend its Input by a"need" for ESWP and agree
on ameasure of satisfaction (wrt this need) provided by an ESWP.

In reality we are probably facing the problem both horizontal and vertical extension of ESWP at the same time, which makes the
research combinatorially more complex.

Y et, my recommendation would be to start with a more detailed study of the constituents of the model: ESWP and its internal
feedback loops and controls (if any), HSWP and its internal feedback loops and controls (here they sure exist!), VSWP and its
internal feedback loops and controls (very dubious). Asl can seethefield today, it is hopelessly confused with internal loops of
ESWP held "responsible" for both horizontal and vertical evolution (i.e. for sequences of horizontal and vertical products of entirely
different processes).

From: mml@doc.ic.ac.uk (Manny Lehman)
Subject: Wlad's comments
30/6/94, 2.35

Wiad

81 - 4. Minor typo "expanded" should presumably be "expended” ( though one of the classical software process problemsisthat so
very often the manpower time product is, indeed, expanded.

Y es the feedback loops you mention are well recognised though | am not confident that their properties and effects have been
adequately studied, modelled or quantified) or should | put that positively? | suspect that their properties and effect have not been
adquately studied, modelled or quantified). Thus as Wlad says "it may be worthwhile to provide a systematic, succinct description

As, | believe, weimplicitly agreed following Wlad's comments re high level languages and compiling and Bob Balzer'sremarksre
the need for a Global approach we recognise the unquestionable real benefits that the feedback mechanisms Wlad mentions as
examples bring. In view of the relatively small fraction of total process activity that these "local" actions and their feedback controls
represent it is perhaps not surprisiing that their impact on global properties may be limited. We are nevertheless justified in asking
whether

1. They could be reasonably expected to have more impact?

2. Do the control and feedback mechanisms currently in usein relation to these activities impose constraints on benefit?

3. Can we identify mechanisms, feedback or otherwise that could increase their impact?

The main question in relation to the straightforward ESWP is what information flow and feedback exists outside the range of
activity implied by Wlad's definition, that is arising from the domain within which the ESWP is conducted and what impact,
beneficial, constraining, otherwise, it has on product and process and process improvement ?

Extension of ESWP
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It was this picture that led to the observation that every E-type program contains an implicit model of itself. Study of this HSWP
model is (asis my third question above), | believe, closely related to Bob Snowdon's suggeation that we study the nature of the E-
type problem (and solution) space. | too wonder the extent to which it may be made measurable in itself, never mind over arange of
products. But | have hopes that some aspects can be quantified, vide the Lehman/Belady studies. Incidentally though for some of the
latter we separated out time and resources, in fact we did very little that involved manpower and found the most useful measure of
"time" to be release sequence number (Wlad - time considered irrelevant - though not, of course, for resource consumption). The
RSN is a pseudo-time measure that proved powerful because the point of release are or are assumed to be the stable pointsin an
otherwise flux of changing design, code and documentation.

Asa"tool" for process extension (Wlad's term) the VSWP is "a process of process improvement”, whereas the ESWP is atool for
software evolution and the HSWP appears, in Wlad's description to be a"situation” rather than a tool though one can envisage tools
that would support the transition. Typing this and rereading Wlad's comments makes me wonder whether he is thinking VSWP too
as a situationrather than a process or tool. In any event the three SWP terms represent different types of "beast” not just different
level and | think need some elaboration to firm them up and facilitate their use in building up understanding and, dare | say it, a
theory of software evolution.

Wlad's concept clearly has potential but needs considerable clarification and refinement. For example 89 opens with the remark that
"VSWP obtains' suggesting a state (what | called above a "situation”. In the next § he talks of VSWP "runs' and "outputs'. Are
these terms compatible? This is not a criticism but an indications that I, at least, require clarification of the terms. What are they,
what do they mean. However the concept of the output of one ESWP being "better" than that of another while very, very broad is
clear. How to determineit isadifferent , but crucial, question. I'm afraid, however, that Wlad's first attempt in terms of Manpower
(or should that be Person Power?) is not very satisfying seemsit is based on an assumption of OKness which cannot be divorced
from the concept of better. A circular situation?

Yes - in practice one seeks both H and V extension simultaneously but perhaps that is precisely one of the aims of the FEAST
excercise - to separate them.

And so to the final 8. The more detailed study - discussion, clarification, extension and definition throughout these processesis a
way, ausefrul way , forward. The field is unquestionably confused, where people think about it at all. | would certainly want to be
involved in such investigation and hope that others will join me. Some discussion is needed before more is writtendown so | stop at
this point.

Manny

From: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>
To: mml@doc.ic.ac.uk
Subject: FEAST discussion

Dear Manny,

As| was collecting various comments that you fed to us electronically and combined them into a"folder” | realized that there was
much more interesting stuff in these notes than there was at the discussion day 2. (My fault? - wrong tone set at the opening?
perhaps!) One thing transpires quite clearly: Without better definition of what we are talking about no real progressis possible.
Thereis no controversy between philosophical and technical approaches better definition - atechnical point - arises from better
understanding of a phenomenon and its setting - a philosophical point!). Wiad

To: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>
From: mml@doc.ic.ac.uk (Manny Lehman)
Subject: Re: FEAST discussion

>Dear Manny,
>As | was collecting various comments that you fed to us electronically and combined them into a"folder" | realized >that there
was much more interesting stuff oin these notes >than there was at the discussion day 2. (My fault? - >wrong tone set at the

opening? perhaps!)

Yes, inpart at least . You just raised one issue which rapidly became ared herring. Partly my fault in not instructing Valerie asto
the objectives of the morning at least. She, Collin and Jean Pierre obviously have strong interest, the first two personal, Jean Pierre
corporsate in getting funds hence she drove the discussion the way it went. | realised what was happening but did not feel ableto
intervene and redirect. We learn from our mistakes. At least, | try to.

>0One thing transpires quite clearly: without better definition of what we are talking about no >real progressis possible >(and there
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Agreed and we shall see how to get that going. Collin tries some definition in his position statement which | shall send out later
today but | have not read it yet.
Manny

>From mml
>Reply to Bob Rockwell
>Subject: Re: Evolution, Entropy

Bob
Delighted to hear from you, whereever you are. Thought you were in the States but it appears not.

> Manny, it has been too long (for me) since last we talked. Y es, too long for me too > | do hope that both you and >Chava (sp?)
arewell, and life stays interesting.

Fine and busier than ever b'h.

> The June 1994 issue of IEEE Computer has 3 articles that deal with themes we have talked much about in the past. >Thetitle
stories are on "genetic algorithms" -- program structures that mimick the process of evolution to locate >ever-improving >solutions
to complex problems. As | noted in that long Email to you ayear or so ago, that puts >another spin on your discussion of
"software evolution." The same >issue also contains an article by ayoung project >engineer at the Northrop >corporation on
"conceptual entropy.” His citations are few (an IEEE policy) and purely >technical and/or self-referential. He ought to be aware of
your work, but | suspect is not. It isnone- the less >intriguing to see people gradually stumbling onto concepts you derived from
first principles long years ago.

Will keep alook out for it and then comment be'h
>What are you doing currently?

That question embarreses me because | should have been in contact with you about some surprising developments. Some months
ago two things happened. 1. 1. We got an indication that if we came up with a sensible proposal we might be able to obtain an
extention to our ESF funding. We came up with three appropriate proposals and after a tough fight and some bouncing backward
and forward to demonstrate "Industrial Relevance" obtained the extension funds 1 April 1994 - 31 March 1995. Of the three one was
my FEAST proposal. To explain that | switch over to point 2.

2. Many months ago | asked myself the question if, over the past twenty years, so many innovations in the programming process
have failed to deliver the anticipated benefits instead of providing individual explanations for each one perhaps we should be looking
foe acommon cause. And having asked the question the answer was obvious. In fact | don't understand why it took be 20 yearsto
recognise. Scattered throuout my writings over that period | fin all the evidence an assertions to have come to the same conclusion
long ago. Anyway | formulated the conjecture that sinceit is universally recognised that the software processis alearning process
that relies heavily on multi-space feedback it comprises a multi-loop feedback system with both positive and negative feedback.
(whatever that meansin this context). That being so the "system™ must be expected to display the common property of feedback
systems (given enough negative feedback) of external stability or invariance, that is its externally visible global properties will not
change as aresult of changesto forward path mechanisms alone. Global changes require changes to the feedback paths and
mechanisms. End of brief outline of conjecture. | therefore established a project FEAST, Feedback, Evolution And Software
Technology. To explore the conjecture (which is "obviously" correct) and see if and how it may be exploited.

Thisisadifficult investigation if only because the feedback mechanisms heavily involve humans and clearly demands a multi
disciplinary approach and several years of investigation. The potential benefit if successful isa"pot of gold". | therefore
immediately fished around for potential partners and 1.5 weeks ago we had a very successful 2 day "First FEAST Workshop".

Rather than say more now | will 1. Send you a copy of the ws Preprint which will tell you more AS SOON ASYOU LET ME
HAVE YOUR SNAIL MAIL ADDRESS.

2. 1 will put you on the bee circulation list of "interested but not (yet?) involved people/organisations. Should you and SoftLab or
who ever you work for decide to become involved | will then switch you to the main FEAST list

>Did you find a publisher for the "long version" of your big history/review article on >process/evolution?
No | never have had the chance to finish it and now the ideas and insights are b'h coming too fast to make the time right.

Thisisjust as| typed it off the cuff. Hope it reads alright but | really must not take more time right now. My first contribution to
the preprints provides a (1 hope) better introduction though it already needs revision.
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From: ROC%softlab.uucp@Germany.EU.net (Bob Rockwell)
To: mml@doc.ic.ac.uk (Manny Lehman)
Subject: Mail arrivals

Manny, thisisjust to let you know that the copy of Aidan Ward's comments and your response arrived here in my softlab mailbox
*twice* -- did you perhaps send them them to both my softlab aliases? If so, you can drop the longer one. Our new permanent
address is the "softlab.de".

On content: I'm sure | don't have to tell you that | agree totally with Aidan on the poisonous effects of public money. Sadly, |
must also accept your observation that current business redlities make the funding  of your work by industry a shaky proposition
at best. Especially since | aso agree with you and Aidan and the others that the philosophical issues are utterly critical: perhaps
of more practical valueinthe long run that the short-term "objectives and actions" you refer tol

So much keeps coming back to what Fred Brooks tellingly identified as people's persistent belief in the possibility of silver bullets.
Management must learn to accept that developing software isjust plain hard, in away that will never go away, for the same reasons
that writing a good contract is hard: because there are many imponderables, and the parties must discover together what risks they
arewillingto accept, and how much they are willing to pay for different things, etc.

It sounds like you have a good group. Who el se besides Ward, Snowdon and Turski are involved?

Thanks for including me. Bob

From: Berc Rustem <br@doc.ic.ac.uk>
Subject: FEAST (or BEAST?)

Dear Manny | meant to send you a message earlier but the present activity prompted me to action.

| enjoyed most of the meeting, though was thoroughly frustrated sometimes as | heard the same arrogance coupled with ignorance
that | used to hear in the seventies about the applicability of control and dynamic systems theory to economic systems.

I do not mind you treating me as a some kind of resource to be unleashed (while under achain all thetime) if and when it is
necessary. It does not bother me. However, people should know at least what control and systems theory is, what it does and what
it requires as input. | hope you will allow me to summarise this either directly or through you (I have no particular ambition to talk
at this stage - at least because | suspect | might put a number of people off, including Bob Bishop).

Systems theory requires the specification of a process. That was thoroughly evaded. People mentioned learning and adaptation.
These are really advanced concepts rel ative to the specification of the underlying process.

Another thing is feedback. | found great enthusiasm to specify the feedback rather than the process it was supposed to be feeding
back to. When Tom drew his diagram, | wanted to add to it that whether you look at the process incorporating the feedback or
without the feedback should beclarified.

The question that you change the system that you are studying/controlling is discussed widely in economic systems. Thisis called
rational expectations. There is a huge literature on it which is quite nice and helpful. The basic idea (in its simplest form) is this:
you know that people have expectations, you know that they try to guess what will happen in the future. Y ou ask the question, if
peopl€e's actions today is based on their expectations of the future and if the expectation happens to be exactly the future value (in
the extreme case) what will happen?

The answer is that the future influences the present. Physicists dealing in time travel consider this. so do economists. It involves
the determination of afixed point that ensures that even if you know what the futureis, your actions today are taken accordingly so
the future stays the same (since your action depends on future expectation and that is at its future value). The future, inturnis
decided by your action today. But as you had determined your actions based on the correct guess, the future is the same as your
initial guess.

All the best Berc

Reply: mml

From: Berc Rustem

Subject: Re: FEAST (or BEAST?) Cc: Bee: X-Attachments:

>Dear Manny | meant to send you a message earlier but the present activity prompted me to >action.

Thank you for reacting and | apologise for the delay in replying. Lifeis simply too hectic these days.

>| enjoyed most of the meeting, though was thoroughly frustrated sometimes as | heard the same arrogance coupled >with
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I'm sorry that you should feel so strongly about comments that were made. | must admit that | do not recollect any reactions that |
would have described as arrogance. Still if, as the expert on the subject, if you felt that way I'm pleased you felt able to say so.

>| do not mind you treating me as a some kind of resource to be unleashed if and when it is necessary.

| don't understand that remark at all. | approached you and asked whether you were interested in the project/investigation and consider
you a full member of the team. | am sorry that you feel suppressed or otherwise under some sort of constraint but to the best of my
knowlege | have not saidor done anthing to make you feel that way. If | you feel i did than that is most certainly a
misunderstanding.

>(while under a chain all the time) It does not bother me.

What chain who restricted you in any way | certainly did not notice that and, by the way, Vic mentioned that at one point in the
discussion he was signalling to you to chip in and respond but that you did not react so please letstry and clarify the situatiuon
>However, people should know at least what control and systems theory is, what it does and what it requires asinput. >l hope you
will allow me to summarise this >either directly or through you

Certainly directly | would be delighted if you make a contribution, at this point in writing, in October verbally. Certainly not
through me. The essence Jof a successful project and investigation is that every participant feels free Jand says whatever he or she
considers appropriate. So go ahead.

>(1 have no particular ambition to talk at this stage - at least because | Jsuspect | might put a number of people off, >including Bob
Bishop).

What has Bob done to you or said that triggered that remark? He is a very bright, knowlegable and experienced individual and | do
not remeber his saying anything outrageous.

>Systems theory requires the specification of a process. That was thoroughly evaded. People mentioned learning and >adaptation.
These are really advanced >concepts relative to the specification of the underlying process.

Clearly so as others have also commented in the remarks | have circulated. Several of usfelt that we did not pay enough attention to
definition and fundamentals and that is something | hope to see rectified in current interchanges and at the 2nd workshop.

>Another thing is feedback. | found great enthusiasm to specify the feedback rather than the process it was supposed to >be feeding
back to. When Tom drew >his diagram, | wanted to add to it that whether you look at the process >incorporating the feedback or
without the feedback should be clarified.

Y ou obviously have more experience/insight in this area than any of usand | really hope that you will give us the benefit of that in
the future so that we can move forward together.

>The question that you change the system that you are studying/controlling is >discussed widely in economic >systems. Thisis
called rational expectations.There is a huge literature on it which is quite nice and helpful. The basic >idea (in its ssimplest form) is
this: you know that people have expectations, you know that they try to guess what >will happen in the future. Y ou ask the
question, if people's actions today is based on their expectations of the future >and if the expectation ?happensto be exactly the
future value (in the extreme case) what will happen? The answer is >that the future influences the present. Physicists dealing in
time travel consider this. so do economists. It involves >the determination of afixed pointthat ensures that even if you know what
the futureis, your actionstoday are taken >accordingly so the future stays the same (since your action depends on future expectation
and that is at its future >value). The future, in turn is decided by your action today. But as you had determinedyour actions based on
the correct >guess, the future is the same as your initial guess.

If your guess was correct. Do we need to get involved in such considerations at this stage or are they, from our current standpoint
second order effects. > Thanks again

Manny

Mon, 11 Jul 94 11:37

From: Berc Rustem

Reply-To:Manny Lehman,Jul 4, 94 04:27:20 pm

Dear Manny | think you took my remarks more negatively than intended.

A number of issuesthat | raised have began to be addressed in the recent emails that have been circulated. The coauthored book by
Tarek Abdulhamed provides a good beginning.
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frustrating in the short run.

Asto affecting the system you observe, this has been an objection to every exercise that has to do with manahing activities that
involve humans. It is an important consideration that needs to be taken into account in cal culations but would not, barring extreme
circumstances, invalidate or cancel management action.

Berc

Mon Jul 11 12:47:33 1994

To: Berc Rustem

From: mml

Subject: Re: FEAST (or BEAST?)

>Dear Manny >l think you took my remarks more negatively than intended.
Thanks. | am delighted that | was wrong on that score

>A number of issues that | raised have began to be addressed in the recent emails that have been circulated. The >coauthored book
by >Tarek Abdulhamed provides a good beginning. Perhaps | should have talked as you say. >However, despite my complaints, |
believe | should wait awhile longer until a prototype model evolves from the >discussion. Rightly or wrongly, | thought that was
your view too and that it was wise, even though frustrating in the >short run.

No that was not my view and | would have welcomed your contribution. Never mind, that is behind us. However | wonder whether
you should wait or whether you have not arole to play in evolving a prototype model or in helping us select/devel op methods and
formalisms for constructing such models. > >Asto affecting the system you observe, this has been an objection >to every exercise
that has to do with manahing activities that involve >humans. It is an important consideration that needs to be taken into account
>in calculations but would not, barring extreme circumstances, invalidate >or cancel management action.

Of course not but it must be taken into account. Any good manager will carefully consider the possible effects of hiswords/actions
and may, according to circumstances use his analysis or observation to modify the action or adjust, for example, the rate or way the
are put into effect. AN example of real or virtual feedback. Thanks again, Manny

Mon Jul 11 13:07:10 1994

From: Berc Rustem

Subject: Re: FEAST (or BEAST?)

To: mmi

Date: Mon, 11 Jul 1994

In-Reply-To: Manny Lehman" at Jul 11, 94 12:47:36

| would have loved to be involved right away. | failed to pick an individual with whom | could have heated dial ogues abou this at
the meseting. | must be careful to say that "I" failed, not that there wasnt one... There is arecent email by Susan someone. That
looks a helpful email. | am afraid | deleted it but | shall try to get in touch with her. Please let me have her surname if you know
her.

Just now my coeditor on JEDC resigned (actually some months ago, but | am feeling the delayed effect now) so | have to carry the
entire journal so until | get someone to help me as co-editor, | am buried in files. But that will pass, soon | hope.

| al'so have not explained properly that economists use this "managing those who can observe the management" to argue against
macroeconomic policies of governments. There are (quantitative) techniques to work around this most of the time, as far as dynamic
economic models are concerned.
Regards Berc
From: Suzanne Robertson
Subject: Feast Feedback
Manny,
Here (sorry it'slate) is my feedback as requested at the end of the Feast Workshop 16/6/94 to 17/6/94.
Thank you for organising the workshop, it was very well run and the mixture of participants backgrounds and interestsisideal. The

presentations and discussions, while informative in themselves, did not place enough emphasis on the idea of feedback.
Improvement of the software development process by using feedback is the core idea of the Feast project, it is a unique selling point
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stage, we are talking about them in avery genera way. Our proposal for funding should discuss different types of feedback and
explain what effect they have/could have on the process of software development. Here are some of the issues | would like to
examine further, along with my ideas so far:

What is feedback? - Information about the state of a processor. - Evidence that can be acted on to tune the operation of a system.

What Types of Feedback? - Planned feedback - is produced and reacted to as the result of implementing an S type specification. This
type of feedback is produced by processors (automated or human) within the boundary of the system being studied. - Unplanned
feedback - is produced and reacted to as the result of implementing an E type specification. Can be caused by processors either
within or external to the boundary of the system being studied.

How does Feedback affect the Software Development Process? - Management reliance on planned feedback contributes (causes?)
project failure - Obviously, unplanned feedback is more difficult to recognise because of its unexpected forms and (often) exogenic
sources. Also, projects are often set up so that any unplanned feedback isignored because it interferes with the schedule

How can FEAST benefit the Software Development Process? - Models and definitions of unplanned feedback, how to recognise/find
it, how to react to it and how to make it an integral part of software development. - Methods for making unplanned feedback
obvious - A tuning approach to running projects

| hope these comments are useful to you.

Many thanks Suzanne

From: D.J.Homan
Subject: FEAST - feedback

Manny,
Firstly I must thank you for inviting Dave Smith and myself to a most stimulating and thought provoking two days.

Aswe stated at the end of the meeting TXE Engineering very willing to be a source of software engineering process data and to act
asguineapigsin the trialing and evaluation of new software devel opment techniques.

We have great sympathy with the ideas that you postulate in the FEAST conjecture in particular that it is often reasons beyond the
immediate scope of the software engineer that dictatesif process change or progressis made or not. For example, | would have
great difficulty in justifying the expenditure on a new CASE tool simply on the return on investment. | would probably have to
justify it on the grounds of greater efficiency which if successful would mean in the end areduction in staffing levels.

The main thing that concerns us as software engineering practitioners who have been delivering high quality softwareto avery
demanding customer for the last 10 years is that much of what we heard during your workshop we had great difficulty in relating to
what | would describe as area world situation. We came away from the workshop wondering how we ever managed to ship a
successful product out the door.

| look forward to seeing you again.
Dave Homan TXE Engineering Quality Manager

To: D.J.Homan
From: Manny Lehman
Subject: Re: FEAST - feedback

>Manny, Firstly | must thank you for inviting Dave Smith and myself to a most stimulating and thought provoking two days.
It was a pleasure to have your participation and now | look forward to active collaboration.

>Aswe stated at the end of the meeting TXE Engineering very willing to be a source of software engineering process >data and to
act asguinea pigsin the trialing and evaluation of new software development techniques. We have great >sympathy with the ideas
that you postulate in the FEAST conjecture in particular that it is often reasons beyond the >immediate scope of the software
engineer that dictates if process change or progress is made or not. For example, | >would have great difficulty in justifying the
expenditure on anew CASE tool simply on the return on investment. | >would probably have to justify it on the grounds of
greater efficiency which if successful would mean in the end a >reduction in staffing levels. The main thing that concerns us as
software engineering practitioners who have been >delivering high quality software to a very demanding customer for the last 10
yearsisthat much of what we heard >during your workshop we had great difficulty in relating to what | would describe as areal
world situation. We came >away from the workshop wondering how we ever managed to ship a successful product out the door.
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how much faster, how much higher quality , how much more responsively, how much more release content, what cost reductions
etc. etc. should one be able to achieve?

| too look forward to continuing and active contact

Manny
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FEAST itself must be much clearer and sharper than presently defined. As we see it, it is not smply
intended to meet the objectives as summarised in the preprints or the actions as worked out at the workshop.

2. What leve of feedback are we talking about.
3. At that level attempt to define one feedback path, defineit.

B

© © N o O

Takeit to some one who understands control theory and ask does that identified path represent the concept
of feedback in the classical sense.

Difference between iteration and feedback, if any.

Thereal problem is the nature of the challenges of designing and evolving E-type systems.

Oneissueisthe definition of their boundaries and domains.

How do we design the process when we know that there will be continuous pressure for product evolution?

How do we improve the process to cope with ever larger and more complex applications requiring
collaboration with ever more people?

10.What product architectures are appropriate for more complex and evolving applications?

11.How do we cope with the situationin which we have to change an existing (and operational) system rather

than starting from ab initio?

12.Can the FEAST conjecture be of any help in answering (or tackling) these questions?|

19/7/94 Dewayne, Jose, Vic, Manny

A wide ranging meeting, unfortunately unrecorded, discussing varioustechnical issues and initia plansfor the

second workshop.

20/7/94 Dewayne, Manny

1.

The most important comment yesterday (discussion between Vic, Jose, Dewayne and Manny was not
recorded) was thefact that, in general, global system characteristicsare function of many, not just one, high
level feedback loops - see 4/DO6 below

In relation to the difference between iteration and feedback we note two types of iteration
1. Asiniteration over aset of objects eg. an array asin matrix multiplication

2. Iteration with feedback as in Newtonian solution to a polynomial equation with iteration, yes or no,
determined by size of residue

Discussion points.
1. Produce ahigh level model of process, suggest we start with my chart no. 522/9-[charts]-15
2. FEAST 1 and 2 documents and possible responses

walk thru. PPs.

Action 1 - ct DO5: Establishing a common process modelling capability. Colin's paper
primarily concentrateson definitions. Propose to accept his analysisfor the moment leavingit to individuals
to address and possibly question or modify any issuesthey wish. Has covered interesting points but does
not appear to address theissue of what modelling capabilitieswe need, what formalism might be appropriate
and so on. That question must be addressed with some priority. Priorities? Available
symbolisms, languages etc?

Action 2 - ct DO6: Application of Control Theoretic and System Dynamics modelling and
other appropriate techniques.
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is probably the source of the difficulty in providing an example of feedback as a constraint on deriving
innovative benefit.

2. In"What to Plan to Do" 1 Tarik refersto reuse as an example of a dynamic problem. We suspect that
reuse is not a good example since it it appears to have only limited feedback aspects. In 2 he refers to
Generic Feedback types. We really need to understand specific rather than generictypes. Suggest that a
study of the generic properties of E-type systems (ala Bob Snowdon) would be a potentially more fruitful
approach.

Action 3 - ct DO7: Impact of innovations on the software process. There appearsto be a
discrepancy of sorts between Colin's formulation of the action and Carri€'s interpretation with the latter
rather closer to the original formulationby Vic and mml. Carrrie's methodology appears sound but we are
not optimistic about obtaining positiveresults whereas the formulation of DO7 seems morelikely to produce
results. This requires some tweaking of the approaches proposed in the PP, a dight shift of emphasis.

Action 5b - ct D09: Abstract and generalise the study (D08) of at least one real-world
process. It came out at the workshop (Bob Balzer), andis supported by Tarik's statement re interacting
conglomerate of feedback loops, that FEAST concernis, in the first instance, with the global process
though, if successful, it will ultimately move down in the process structure, ieatop down approach. In that
sense the PP's approach, while very convincing, should be appliedto a global model rather than to a sub
process area as proposed in Suzanne's section 3.4. With this minor modification the PP defines a
challenging activity which should be undertaken as soon as possible.

Action 9 - ct D13: Review existing doctrines. An interestingdocument with important insights but
not clear of its relevance - for the moment at least - to FEAST

21/07/94 Dewayne, Manny continued

The abovereactionsto the position papersare cursory and represent a first trawl through the statements. We
look forward to awider reaction and above all to some action. Alsowe await with interest the remaining5
PPs.

Now over to Comments 1 - document F2 - including Dewayne's reactions to my reactions.
Aidan - page 4
\begiry{ itemize}

\item Concentrate on the notion of feedbackin the engineering processandtry at this technical processdesignlevel to make
process improvement happen. "Do the job better"

\item Revisit the role of softwareengineering as a business activity on the groundsthat the evolution of softwaresystemsis
far from understood by their consumers/purchasers. "Understand what the job is"

\end{ itemize}
| propose that the first choice is reductionist and against the spirit of FEAST athough it is far more manageablein a narrow
sense.

Comment Aidan's first choice we agreewith him that actual processimprovement not a focus of FEAST
activity though we may have to be diplomatic in expressing this to avoid switching off potential funders.
The point is that FEAST investigationsshould improve the process improvement process though
part of this and the search for under standing will lead us into exploring process improvements and how
they might be improved, ie "global benefit" increased.

We both agreewith Aidan's basic thesisthat the technical, organisational and sociological areinseparableor
rather inextricably mixed. It is, in fact, implicit in al that has been written on FEAST and explicitin
Dewayne's People, Organisationsand ProcessImprovement paper in the July issue of Software Magazine,
that in studies of process from almost any point of view one should not divorceor isolate technical studies
from organisational and sociological issues. It has also aways been explicit in Manny's seven laws. Their
statement has always been in technical termswhile their "explanation”, interpretation of the phenomenology
they reflect or model is organisational or sociological.
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As already indicated in the immediate commentsas above we both agree with much, if not all, of Bob's
comments and approaches. We draw particular attention to his remark

Thisis what | was trying to suggest in my talk by characterising S-systems by the phrase "computer as calculator" and E-
systems by "computer system as >partner"

which | (Manny) did not takein during Bob's talk and glossed over in my reactions to his comments. It
seemsto us that this remark reflects afundamental insight thatis not unrelated to some discussions we are
having in the context of FEAST with some of the Logic/Al peoplein the Department on the meaning and
role - even appropriate definition - of their concept of (multi) agents. It is worthy of further consideration,
discussion and refinement.

Colin page 12

Overall we accept/agreewith Colin's observations as already commented on. We draw attentionto his
characterisation on page 12 of iteration vs feedback which agreeswith ours as noted above on page 1, point
2.

Wlad page 14

We question Wlad's use of the word "backtracking” in sentences such as

Also internal to the ESWP are feedback loops resulting from walkthroughs, code inspection etc. as long as they cause
backtracking before Product delivery.

Wlad appears here to have used the term "backtracking" informally without consideration of its precise
meaning.Theprocess he describesis clearly one of feedback. (We realise that we have not yet as a project
adopted afirm view or definition of feedback or identified its essential properties.) We claim, however, that
that process is not to be termed backtracking. Backtrackingwe see as a process of unrolling or backing up
followed by redoing or regeneration. These activitiesconstitute a mechanism for giving the feedback
information the required characteristics and applyingit. There is a level of process analysis at which
backtrackingis an important techniquefor, for example, correcting a product property by undoing and
repeating a portion of the process (but not neccessarily unrolling and redoing the entire product). Thisis
quite different from a fault repair process where fault informationfrom an internal organisation or from
usersisinjected into an ongoing evolution process. The distinction may be subtle or fine but it isvital.

Wilad introduced EWSP as a high-level software production process and extended it in two directions:
HSWP and VSWP. HWSP is ESWP in which the product is fed back; VSWP is EWSP modified to take
the process ESWP instead of a software system to produceanew and improved version of EWSP. It isour
claim that only one such model is required to expressthisintent.

We propose the following EvSWP model as an alternative evolutionary process for the evolution of
products: in aformat following Tom's proposal but omitting feedback connections and mechanisms.

Input:  Needs
Product, (initially, empty - or loosely constrained)

Uses. Resources (eg, manpower, time, ...)

Process (eg, Methods, toals, ..., their linkages and interactions,...)
Output:  Product (often made up of various components, etc)
Waste (scaffolding, leftovers, ...)

With this model, one description takes care of both ESWP and HSWP. Moreover, given the level of
generality here (and the purposeful use of generic terms), it does not matter what kind of productis being
produced. In particular, either a software system or a software process system may be introduced and
evolved. Hence the model, asit stands covers VSWP as well.

Of course, in detailing this process to deeper levelsthe reificationreaches a stage, level of detail, where
product-specific matters must be considered. At that point the distinction between, for example, evolvinga
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Suzanne page 22
In her feedback Suzanne states:

The reason for this lack of focus is probably because there are so many different types of feedbackloops in the software
development process and , at this early stage, we are talking about them in a very general way."

She then goes on to distinguish planned and unplanned feedback. We agree that there are many different
kinds and, further, that we need aclear and crisp definition or characterization of feedback mechanismsand
their various attributes. In addition to planned and unplanned feedback, distinction that are made include

positive, negative feedback - the sign of feedback is critical in determining its effect.
recognised, unrecognised feedback

used, ignored feedback

useful, useless fedback

explicit, implicit feedback

immediate, delayed feedback
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17 August 1994

I have simply reproduced the entire contents of the various message without removing anything except purely "social” comments
that are clearly totally irrelevant to the technical discussion.

From: "Wladyslaw M. Turski" <wmt@mimuw.edu.pl>
Subject: Feedback on feedback

Dear Friends,

I've been thinking about the blasted feedback, trying to get some simplifying view. The results of this thinking process follow. Do
what you like with them (e.g. trash them!). I'll be away from my office rest of this week (another conference, in Poznan), then for
10 days at the desk, then - until the edn of July - on holidays.

Cheers, Wiad

First, consider Elementary SW Process (ESWP):

Takes Input: Need (for acomputer application)
Uses Resources: Method (or awork procedure)
Manpower* Time
Tools (e.g. SADT, Ada compiler, IPSE)
Produces Output: Code |
Documentation | Collectively known as
User training|  Product

Within a class of applicationsthe ESWP is"reusable asis": given an Input it produces an Output consuming some Resources
(Manpower* Time is expanded, while Method and Tools are worn out, i.e. become progressively more obsolete each time the
processisrun).

In an ESWP there usually are several built-in feedback loops (internal to the ESWP): e.g. the Method (think of LST) may be
iterative (backtracking), the application of a compiler may result in alist of syntactic errors, thus forcing a modification to the
program text (previously constructed). Also internal to the ESWP are feedback |oops resulting from walkthroughs, code inspection
etc. aslong asthey cause backtracking before Product delivery.

All thisis reasonably well-understood and investigated, although it may be worthwhile to provide a systematic, succinct description
(e.g. emphasizing that "backtracking" is a feedback loop!).

There are two ways in which an ESWP may be extended. For simplicity | shall treat them as orthogonal:
- horizontal extension (HSWP)
- vertical extension (VSWP)

HSWP obtains when the Product of a given ESWP is made into (a part of) its Input, i.e. the need is expressed relative to an
application and an existing product. Thus we have a horizontal external feedback loop (output loops into input).

Assuming that the Method and Tools can cope with such amixed Input (and it is not at all clear that thisis the case!) we have the
first opportunity for afeedback control: the amount of resources (Manpower* Time) consumed will vary depending on the "size" of
change { defined as the "ratio" (new need - old need)/product}, i.e on the magnitude of the control part of the input. | think thisis
exactly what Lehman/Belady studies of OS360 have shown, except they used Manpower and Time components separately.

Here the scope for research is unlimited - but | am sceptical about the possibility to make all necessary ingredients measurable over
arange of products. The best one can hopeis to get data on a given product over its consecutive releases or versions (again, as for
0S360). Note however that contemporary products do not have so many releases.

V SWP obtains when we consider a process of "improving" an existing ESWP. Now the Input is the old ESWP, the Output a new

ESWP, Resources are Manpower* Time, Tools (I doubt the current availability of suitable tools of this category!), Method
(Procedure for improving ESWP).
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corresponding tool (I am referring here to atool inside ESWP!). This new ESWP is the Output of the VSWP. Note that both the
old and new ESWPs can be used to make products (when run on their common Input: aneed each will produce a Product). The
difference is not necessarily in products of these two ESWPs, but - presumably - in that the new ESWP is "better" than the old one.
How can one measure the goodness of an ESWP is a nice problem; one easy assumption is to consider the amount of
Manpower* Time resource used by an ESWP (on a given input) to make a satisfactory product. The ESWP which uses less
Manpower* Time for the same input (need) is better (aslong asits product is OK).

Where is the feedback loop in VSWP? Of course it obtains when we take its output as input. But thisisjust iteration - always a
feedback phenomenon! To get afeedback control in thus looped V SWP we need to extend its Input by a"need" for ESWP and agree
on ameasure of satisfaction (wrt this need) provided by an ESWP.

In reality we are probably facing the problem both horizontal and vertical extension of ESWP at the same time, which makes the
research combinatorially more complex.

Y et, my recommendation would be to start with a more detailed study of the constituents of the model: ESWP and its internal
feedback loops and controls (if any), HSWP and its internal feedback loops and controls (here they sure exist!), VSWP and its
internal feedback loops and controls (very dubious). Asl can seethefield today, it is hopelessly confused with internal loops of
ESWP held "responsible" for both horizontal and vertical evolution (i.e. for sequences of horizontal and vertical products of entirely
different processes).

From: mml@doc.ic.ac.uk (Manny Lehman)
Subject: Wlad's comments
30/6/94, 2.35

Wiad

81 - 4. Minor typo "expanded" should presumably be "expended” ( though one of the classical software process problemsisthat so
very often the manpower time product is, indeed, expanded.

Y es the feedback loops you mention are well recognised though | am not confident that their properties and effects have been
adequately studied, modelled or quantified) or should | put that positively? | suspect that their properties and effect have not been
adquately studied, modelled or quantified). Thus as Wlad says "it may be worthwhile to provide a systematic, succinct description

As, | believe, we implicitly agreed following Wlad's comments re high level languages and compiling and Bob Balzer'sremarksre
the need for a Global approach we recognise the unquestionable real benefits that the feedback mechanisms Wlad mentions as
examples bring. In view of the relatively small fraction of total process activity that these "local" actions and their feedback controls
represent it is perhaps not surprisiing that their impact on global properties may be limited. We are nevertheless justified in asking
whether

1. They could be reasonably expected to have more impact?

2. Do the control and feedback mechanisms currently in usein relation to these activities impose constraints on benefit?

3. Can we identify mechanisms, feedback or otherwise that could increase their impact?

The main question in relation to the straightforward ESWP is what information flow and feedback exists outside the range of
activity implied by Wlad's definition, that is arising from the domain within which the ESWP is conducted and what impact,
beneficial, constraining, otherwise, it has on product and process and process improvement ?

Extension of ESWP

HSWP - when the "product” of ESWP becomes a part of the input "need",. Thisis essentially the situation modelled in my closed
loop picture, or at least closely related to it. In this the completed program isinstallled and becomes part of the application domain.
It was this picture that led to the observation that every E-type program contains an implicit model of itself. Study of this HSWP
model is (asis my third question above), | believe, closely related to Bob Snowdon's suggeation that we study the nature of the E-
type problem (and solution) space. | too wonder the extent to which it may be made measurable in itself, never mind over arange of
products. But | have hopes that some aspects can be quantified, vide the Lehman/Belady studies. Incidentally though for some of the
latter we separated out time and resources, in fact we did very little that involved manpower and found the most useful measure of
"time" to be release sequence number (Wlad - time considered irrelevant - though not, of course, for resource consumption). The
RSN is a pseudo-time measure that proved powerful because the point of release are or are assumed to be the stable pointsin an
otherwise flux of changing design, code and documentation.
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that would support the transition. Typing this and rereading Wlad's comments makes me wonder whether he is thinking VSWP too
as a situationrather than a process or tool. In any event the three SWP terms represent different types of "beast” not just different
level and | think need some elaboration to firm them up and facilitate their use in building up understanding and, dare | say it, a
theory of software evolution.

Wlad's concept clearly has potential but needs considerable clarification and refinement. For example 89 opens with the remark that
"VSWP obtains' suggesting a state (what | called above a "situation”. In the next § he talks of VSWP "runs' and "outputs’. Are
these terms compatible? This is not a criticism but an indications that I, at least, require clarification of the terms. What are they,
what do they mean. However the concept of the output of one ESWP being "better" than that of another while very, very broad is
clear. How to determineit isadifferent , but crucial, question. I'm afraid, however, that Wlad's first attempt in terms of Manpower
(or should that be Person Power?) is not very satisfying seemsiit is based on an assumption of OKness which cannot be divorced
from the concept of better. A circular situation?

Yes - in practice one seeks both H and V extension simultaneously but perhaps that is precisely one of the aims of the FEAST
excercise - to separate them.

And so to the final 8. The more detailed study - discussion, clarification, extension and definition throughout these processesis a
way, ausefrul way , forward. The field is unquestionably confused, where people think about it at all. | would certainly want to be
involved in such investigation and hope that others will join me. Some discussion is needed before more is writtendown so | stop at
this point.

Manny

From: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>
To: mml@doc.ic.ac.uk
Subject: FEAST discussion

Dear Manny,

As| was collecting various comments that you fed to us electronically and combined them into a"folder” | realized that there was
much more interesting stuff in these notes than there was at the discussion day 2. (My fault? - wrong tone set at the opening?
perhaps!) One thing transpires quite clearly: Without better definition of what we are talking about no real progressis possible.
There is no controversy between philosophical and technical approaches better definition - atechnical point - arises from better
understanding of a phenomenon and its setting - a philosophical point!). Wiad

To: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>
From: mml@doc.ic.ac.uk (Manny Lehman)
Subject: Re: FEAST discussion

>Dear Manny,
>As | was collecting various comments that you fed to us electronically and combined them into a"folder" | realized >that there
was much more interesting stuff oin these notes >than there was at the discussion day 2. (My fault? - >wrong tone set at the

opening? perhaps!)

Yes, inpart at least . You just raised one issue which rapidly became ared herring. Partly my fault in not instructing Valerie asto
the objectives of the morning at least. She, Collin and Jean Pierre obviously have strong interest, the first two personal, Jean Pierre
corporsate in getting funds hence she drove the discussion the way it went. | realised what was happening but did not feel ableto
intervene and redirect. We learn from our mistakes. At least, | try to.

>0One thing transpires quite clearly: without better definition of what we are talking about no >real progressis possible >(and there
is no controversy between philosophical and technical >approaches: a better definition - atechnical point! >arises from a better
understanding of the phenomenon and its setting - a philosophical point!).

Agreed and we shall see how to get that going. Collin tries some definition in his position statement which | shall send out later
today but | have not read it yet.

Manny

Extract from F3 - minutes of discussions involving Dewayne, Jose Vic and Manny

Wilad page 14

We question Wlad's use of the word "backtracking” in sentences such as
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Wlad appearshere to have used the term "backtracking" informally without considerationof its precise meaning.The processhe
describesis clearly one of feedback. (Werealisethat we have not yet as a project adopteda firm view or definition of feedback or
identifiedits essential properties.) Weclaim, however, that that processis not to be termed backtracking. Backtracking we see
asaprocessof unrolling or backing up followedby redoing or regeneration. These activities constitute a mechanism for giving
the feedback information the required characteristics and applying it. Thereis alevel of process analysisat which backtracking
is an important technique for, for example, correcting a product property by undoing and repeating a portion of the process (but
not neccessarily unrolling and redoing the entire product). This is quite different from a fault repair process where fault
information from an internal organisation or from users is injectedinto an ongoing evolution process. The distinction may be
subtle or fine but it is vital.

Vladintroduced EWSP as a high-level softwareproduction process and extendedit in two directions: HSWP and VSWP. HWSP
is ESWP in which the productis fed back; VSWP is EWSP modifiedto take the process ESWP instead of a softwaresystem to
produce a new and improved version of EWSP. It is our claim that only one such model is required to express this intent.

We propose the following EVSWP model as an alternative evolutionary process for the evolution of products: in a format
following Tom's proposal but omitting feedback connections and mechanisms.

Input: Needs

Product, (initially, empty - or loosely constrained)
Uses: Resources (eg, manpower, time, ...)

Process (eg, Methods, toals, ..., their linkages and interactions,...)
Output:  Product (often made up of various components, etc)

Waste (scaffolding, leftovers, ...)

With this model, one description takes care of both ESWP and HSWP. Moreover, given thelevel of generality here (andthe
purposeful use of genericterms), it does not matter what kind of productis being produced. In particular, either a software
system or a software process system may be introduced and evolved. Hence the model, asit stands covers VSWP as well.

Of coursg, in detailing this processto deeper levelsthe reification reachesa stage, level of detail, where product-specific matters
must be considered. At that point the distinction between, for example, evolving a softwaresystem - the softwareprocess- and
evolving a process system - process of process improvement - will emerge.

Mon, 8 Aug 94 09:43:14 +0200
Date: Mon, 8 Aug 94 09:43:14 +0200
From: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>
To: mml@doc.ic.ac.uk
In-Reply-To: Manny Lehman's message of Fri, 5 Aug 94 13:34:45 BST <3779.9408051234@gummo.doc.ic.ac.uk>
Subject: your message
Dear Manny,
As promised, afew thoughts. It may be useful to distinguish between
- feedback (loop) and
- feedback control (loop).

Theformer - amore general situation - is when we are dealingwith two (or more, but see below) mutually influencing parts of
a"whole". The latter - an important particular case - when (at least) one of the parts plays the role of a"controller”.

In a classic book "An Introductionto Cybernetics' (Chapman and Hall, Ltd., London, 1956), W.R.Ashby definesfeedback
(section4/11) as any interaction between two parts of a system in which part P influences the behaviour of part R and part R
influences the behaviour of part P.

Thus for example, given aset of differential equations
X'=2Xy
y'=x-y"2

there is afeedback between x and y, whereasin the system
X'=2X
y'=x-y"2
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several parts each influencing all others. With just four such parts thereare 20 feedback loops and - according to Ashby - the
system is far too complex for rigorous investigation.

In afeedback control loop we are considering a well-defined feedback loop in which (a part of the process) output is directedto
aclearly identified controller which - in awell-defined manner - changes (some well-defined part of) the process.

Thisis the situation with the classic Watt controller for steam engines: the process convertsthe heat (unevenly suppliedto the
boiler) into steam of uneven pressure. The steam drivesthe piston, piston pushes the rod, movement of the rod performssome
useful work (e.g. turn the wheel) *and* turns the controller shaft. The faster revolves the controller shaft (and, eo ipso, the
whesl), the higher shift the weights driven by the centrifugal force. The higher go the weights, the higher goesthe attachedto
them plunger, enlarging side opening in the steam duct (an escapevalve). Consequently, less steam goes to the piston, it
slows down, the rotation of the controller shaft is reduced, the weights

drop, the plunger closesthe valve, more steam pushesthe piston, the rod picks up its speed, etc. As | said, a classic negative
feedback control 1oop!

In the software-making processwe can identify many feedback connections, very few areclearly identifiableas feedback control!
In fact we can identify so many feedback loops that the system becomes untractable if we want to treat them all at the same
time.

Apparently, apart from general "philosophy”, the only way to exploit the feedback paradigmwould be to concentrateon simple,
mutually dependent pairs of process-constituents and - preferably! - on simple, well-identified control loops. To do so, we nesd
to identify the controllersin the process, determinethe process-output components that feed the controllers, identify the nature
(and laws) of controllers action on the process.

| do not think we can get simple closed formulaevery easily (or at al!), but | hope that if we succedein identifying (at least
some) of the controller elementsandinformation paths through which they arefedand through which they exert control on the
process, then even some early, qualitative work will be interesting, and - who knows! - may be useful in practical terms.

Let me repeat: it appears that the research agendashould concentrateon identification of controllers in the software processad
on (at least) qualitative description of feedback control loops: process<==>selected controller.

To: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>
From: mml@doc.ic.ac.uk (Manny Lehman)

Subject: Re: your message

Cc: Dewayne,fgm,kic

Bcc:

X-Attachments:

Date: Mon, 8 Aug 94 09:43:14 +0200

From: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>

To: mml@doc.ic.ac.uk

>Dear Manny

Dear Wlad

And herewith my off the cuff response to your interesting and thought provoking remarks.
>t may be useful to distinguish between

> - feedback (loop) and

> - feedback control (loop).

>The former - a more general situation - is when we are dealing with two (or more, but see >below) MUTUALLY
INFLUENCING parts of a"whole". Thelatter - an important particular case - when >(at least) one of the parts plays the role of
a"controller".

| understand what you say but wonder how real the distinctionis or is it merely a question of roles. ie a feedback source is a
controller if | say it is a controller. Surely it is no more than a matter of de facto (df) and de jure (dj). Consider element A
feedinginformation to element B which processes it andfeeds back some or all of its intermediate or final output back to A. |

5/3/98, 8:19 pm -70- mmI530-[FEAST]



Molhiaaviival 1 e I_y VVG._y, el Ul Ily v IC'JI VL0 OUV GO LU 'JI JUuuLv o Uit Gl it Lol g, it oul Cl_y UL TUALLU D TTHTUOoL YO VUL ia vl LU LY
have"controlled" A? s the distinction between an assigned (dj) and an incidental (df) roleor is it between an ongoing (dj) and
an occassional or when appropriate or when significant (df) role or have | missed something.

>|n a classic book "An Introduction to Cybernetics' (Chapman andHall, Ltd., London, 1956), >W.R.Ashby definesfesdback
(section 4/11) as any interaction betweentwo parts of asystem in >which part P influences the behaviour of part R and part R
influences the behaviour of part P.

>>Thus for example, given a set of differential equations

>
> X'=2xy
> y'=x-yn2

>thereis afeedback between x and y, whereasin the system

> X'=2X

> y'=ExX-yn2

>x dominates y (and there is no feedback, as x is not influenced by v).

Fine - but that is because x and y are not MUTUALLY influencing (see your definition above)

>Ashby goes on to state specifically that a precise definition of feedbackis not neededbecause in >simple situationsiit is
obvious, andin more complicated ones the notion itself becomes useless >He exemplifies such more complicated situations by
asystem consisting from several parts each >influencing all others. With just four such partsthere are 20 feedback loops and -
according to >Ashby - the system is far too complex for rigorous investigation.

Y es but that was some 40 years ago and there has been a lot of progresssince. | don't underestimate the problems and the
difficulties but we musrt re-explore to discover what is possible and what not.

>|n afeedback control 1oop we are considering a well-defined feedback loop in which (a part of >the process) output is directed
to aclearly identified controller which - in awell-defined >manner - changes (some well-defined part of) the process.

Ah - | seeyou do not consider B (above) as a controller but a"special mechanism in the path. But that surely is also aquestion
of definition or viewpoint. In audio amplifier feedback one typically takes the output and feedsit back to the input via a
resistor/capacitor attenuator that determinesthe fraction of signal feedback and hence the boost or attenuation at various
frequencies. That same attenuator network may also be playing a role in the forward signal path so | would be hesitant in
caling it either afeedback path mechanism or even a controller.

>Thisis the situation with the classic Watt controller for steam engines: the process convertsthe >heat (unevenly suppliedto
the boiler) into steam of uneven pressure. The steam drivesthe >piston, piston pushes the rod, movement of the rod performs
some useful work (e.g. turn the >.wheel) *and* turns the controller shaft. The faster revolvesthe controller shaft (and, eo ipso,
>the wheel), the higher shift the weights driven by the centrifugal force. The higher go the >weights, the higher goes the
attachedto them plunger, enlarging sideopening in the steam duct >(an escapevalve). Consequently, less steam goes to the
piston, it slows down, the rotation of the >controller shaft is reduced, the weights drop, the plunger closes the valve, more
steam pushes >the piston, the rod picks up its speed, etc. As| said, a classic negative feedbackcontrol loop!

>|n the software-making process we can identify many feedback connections, very few are >clearly identifiable as feedback
control! In fact we can identify so many feedback loops that the >system becomesuntractableif we want to treat them all at the
same time.

Agreedin part - that is as to intractability. But many of them are "controllers’ eg may management messages re resources,
changesin objectives, financial constraints, client reactionsandso on. We need some definitionsor at least the beginnings of a
model that identifies the separate "agencies' ( role clusters - such as project managers, corporate management, marketeers,
clients, developers, QA etc). Dewayne and | have begun definition of such a model andare looking for some colaboration with
Frank McCabeand Keith Clark in relation to their work and simulation system for representing and studying multiple agent
(hence agencies above) systems.

>Apparently, apart from general "philosophy", the only way to exploit the feedback paradigm >would be to concentrateon
simple, mutually dependent pairs of process-constituentsand - >preferably! - on simple, well-identified control loops. To do so,
we needto identify the >controllersin the process, determinethe process-output componentsthat feedthe controllers, >identify
the nature (and laws) of controllersaction on the process.

That is certainly a sensible strategy for getting off the ground and| believethat Dewayneand | are preparing the ground and will
continue, hopefully with participation, in 3 weeks time.

>| donot think we can get simple closed formulaevery easily (or atall!), but | hopethat if we >succeedin identifying (at least
some) ofthe controller elements andinformation paths through >which they arefed and through which they exert control on the
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Thats what | hope and expect. But even if not, the intellectual exploration and stimulation should be fun.

> et me repeat: it appearsthat the research agendashould concentrate on identification of >controllersin the softwareprocess
and on (at least) qualitative description of feedback control >loops. process<==>selected controller.

>Cheers

Wiad

Received: Wed, 10 Aug 94 09:03:04 BST

Date: Wed, 10 Aug 94 10:02:23 +0200

From: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>

To: mml@doc.ic.ac.uk

Cc: dep@research.att.com, fgm@doc.ic.ac.uk, kic@doc.ic.ac.uk

In-Reply-To: Manny Lehman's message of Tue, 9 Aug 1994 12:59:27 +0000 <14008.9408091157@gummo.doc.ic.ac.uk>
Subject: your message

Message-ld: <"heron.doc..596:10.07.94.08.03.02" @doc.ic.ac.uk>

Dear Manny,

First, let methank you for the thoughtful arrangementsfor my visit. By 18th I'll let you know whether | can acceptor not. |
receivedthe hard copy of assembled comments and, most importantly, the "minutes* FEAST-3 (dated 25/7/94, 6:01 p.m.);
most of the comments that follow is provoked by these minutes.

But first - an immediate reaction to your message referred to in the header.

No, the controlleris not just arole assignedto apart: it is a part which has a well-defined (known and measurabl e) influenceon
the other part (which may be - tentatively - named"producer"). Of course, thereis a degreeof arbitrariness. In the steam-enginiif
wewish to appear original we may consider the boiler a controller for the weights+plunger. This arbitrarinesscan be probably
eliminated by requesting that controller has no output other than control exerted on producer, but | do not feel a particular urge
to do so!

> Yes but that was some 40 years ago and there has been alot of
>progress since.

Well, not really (Incidentally, when | first visited Imperial (1965) on Stan Gill's invitation, | was giving two courses: on
Compiler Techniquesandon Control Theory (and had, among others, David Maine for a student!)) Wemust distinguish red
progress (where people can actually compute things) from noise progress (very large systems etc). | repeatedly quote the
example of socio-economic systems: thereis a very large number of books, papers etc. claiming a huge progress, yet in
practiceevery so often thereis a revolution or a stock-market crash or a money-market upheaval or alarge company goes bust.
Such events area posteriori analyzedby the theorists who fit their graphsto the historical events, strangely enough - thereare
preciousfew (like zero) predictions in these socio-economic areaswhich would be verifiedby actual developments. Thereis no
other test that sharp: if a sciencecannot make predictionsor if its predictionsarenot verifiedin practicethat scienceis not very

powerful!

Now on some older stuff. | continue to hold the view that any iteration (as opposed to mere
repetition) is afeedback phenomenon. Justification: Iteration is a process described by
WHILE condition DO move
(or, alternatively, by
DO move UNTIL condition )

"move" and "condition” are the two parts in Ashby's definition of feedback, whose performance (evaluation, elaboration)
influence each other. It matters very little if the conditionis as simple as the check for the lat element of a sequence(asin
matrix multiplication) or a more complex. Indeed, in the matrix multiplication the "move" mustinclude index manipulation
("get next element™), which evidently influencesthe "condition". As to the influence of the "condition" on "move" part, it is
obvious: either the next move is done or not!

(In many iterationsthis influenceis more sophisticated than this, as when the condition determinesthe step size for the move;
most better diff.egns. algorithms do it.)
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the actual selection of the forward moves to be repeated and their initial conditions are determined by the
test. QED.

| am afraid, we arenot freeto arbitrarily excludesome feedback phenomenafrom our considerationmerely because we prefer to
call them something el se!

Having saidso, | must explain why | did mention that iteration and backtracking are instances of feedback. My sole purpose
was to indicate how enormously broadis the scope of feedback phenomenain software making. Indeed, it is so broad that
without some conscious narrowing we would be talking about nearly everything (which means we would not say much about
anything).

This brings me to the main criticism of the "minutes’. | simply fail to seewhat dowe gain by abstracting ESWP, HSWP ad
VSWP to one process; go a step up and you get any process at all (software making, egg-cooking, oil-refining, airplane
controlling ...) Then, of course, the only things to be said are such "helpful” observations as: "the processis characterizedby a
complex conglomerateof interconnected feedback loops®. So it is, but what follows? Needlessto say, | DO NOT CLAIM that
thetrio | proposed is perfect, far fromit! But at least each of the three ESWP< HSWP and VSWP is sufficiently DIFFERENT
from the remaining two to allow specific investigations!

Of course, in practice, any software shop is engagedin all three at the sametime. The"global process' is athree-dimensional
beast, but | fail to seethe advantagefrom refusal to separate concerns. This is ever more important when we consider arealistic
work programme!

| suspect that the holistic approach will lead nowhere, apart from general statements about how complex, multifaceted etc. the
processis.

What appearsmuch more promising is to identify individual feedback loops in ESWP, in HSWP andin VSWP (theremust be
dozensin each; | doubt that in a year or two we could identify more than a few). But let's do it properly: identify the
controller,estimate the gain (and its sign!) yielded by control action, try to plot the characteristics (as for old-fashioned
electronictubes) etc. | know wewill not get acomplete picturefrom it; from there onwardswe will haveto use a simulation of
asort, but before we even attempt to simulate we need some dependablecalibration measurements so that simulation constants
and parameters are chosen redigtically!

Thus - whilerecognizing that all influences all - | advocate to use the, dare | say, scientific approach: separateconcerns, isolate
phenomenathat can be measured, measure them and then recombine into awhole!

Cheers,

Wilad

o: wlad

From: mml@doc.ic.ac.uk (Manny Lehman)
Subject: A first reaction to your message
Cc: Dewayne

Bcc:

X-Attachments:

Dear Wiad,

Hopethat your progres continues/has been masintained and that we shall welcomeyou herein two weekstime. Sorry | didnot
get this off on Thursday Friday or yesterday bu hope to do so today. To makethings a little more readablel shall erasethose
parts of your message to which | am not responding today.

>No, the controlleris not just arole assignedto apart: it is apart which has awell-defined >(known and measurabl €) influence
on the other part (which may be - tentatively - named >"producer"). Of course, thereis a degree of arbitrariness. In the steam-
engin if we wish to >appear original we may consider the boiler a controller for the weights+plunger.

I am confused. Who determines whether a mechanismis or is not a controller? Do you wish to distinguish between a
mechanismin the feedback path some (at least) of whose outputs aretransmitted (avoiding the undefinedterm "fedback") to a
mechanism/process (the "producer”) in the evolution path (from hereonwards"forwardpath™) in such away that the information
being manipulted or the processby whichit is manipulatedis modified. Contrasted with this would be information that is fed
back in the sameway but which the recipient is free to ignore. Would you then regardthe feedback source in the latter caseas
an "informant” rather than a "controller"?. That would seem to me a legitimate distinction although the determination is still,
as you say, somewhat arbitrary. Am | still missing something? As we have said so often some very clear definitions are
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>arbitrarinesscan be probably eliminated by requesting that controller has no output other than >control exerted on producer,
but | do not feel a particular urge to do so!

On the contrary, in electrical circuits, for example, in audio amplifiersto gain independent of time (changesin component
properties) or frequency by providing feedback that is generally simply a fraction of the forward output from an amplifier stage.
So we should certainly not adopt that view although | suppose one could consider the attenuator as the (passive) control
element..

> > Yes but that was some 40 years ago and there has been alot of progress since.
>>Well, not really

>We must distinguish real progress (where people can actually compute things) from noise >progress (very large systems etc).
| repeatedly quote the example of socio-economicsystems. >thereis avery large number of books, papersetc.claiming a huge
progress, yet in practice >every so often thereis arevolution or a stock-market crash or a money-market upheaval or a>large
company goes bust. Such events are a posteriori analyzed by the theorists who fit their >graphs to the historical events,
strangely enough - there are preciousfew (like zero) >redictionsin these socio-economic areaswhich would be verified by actual
developments. >Thereis no other test that sharp: if a science cannot make predictionsor if its predictions are not verified in
practice that science is not very powerful!

In this matter | bow to your moreinformed judgment. as to whether alleged progress in control theory is real or phoney. We
know of the claims that are madebut, as you point out, there are some real and painful factsthat suggest otherwise. The
guestion in my mind is thereforeif the apparent lack of uniform successin exploiting progressin control theory and system
dynamicsis absolete so that we must admit there has been no reel progressor whether the failuresvisible to all eyesarethose
of extreme situations where the theory is inadequate. The latter case would analogous to someone before 1905 (or unaware of
Einstein) observing the behaviour of some very fast moving objects, observing deviations from behaviour predicted by
Newtonian mechanics (admittedly not a deviation of the magnitude of a stock market crashor of the other instances you cite-
but that might be because in feedback systems you have the "boundary of instability” problem and related chaotic behaviour)
that act turn minor deviations into major disasters.. SShould such a person be temptedinto abandoning Newtonian mechanics.
We know that all Theories of the real world are approximations.

>Now on some older stuff.

>| continue to hold the view that any iteration (as opposed to mere repetition) is a feedback >phenomenon. Justification:
Iterationis a process describedby WHILE condition DO move >2244(or, aternatively, by DO move UNTIL condition

)

>"move" and "condition" are the two partsin Ashby's definition of feedback, whose >performance (evaluation, elaboration)
influenceeach other. It matters very little if the >condition is as simple asthe check for the last element of a sequence (asin
matrix >multiplication) or a more complex. Indeed, in the matrix multiplication the "move" must

>include index manipulation ("get next element"), which evidently influencesthe "condition". >As to the influence of the
"condition" on "move" part, it is obvious: either the next move is >done or not! (In many iterations this influenceis more
sophisticated than this, as when

>the condition determines the step size for the move; most better diff.egns. algorithms do it.)

| acceptthat iteration is feedback in the sense that the information fed back to the input of the forward path is "sometest or
other indicatesthat you havenot finished yet though yoou are closer to finishing than you were on last reaching the test point
so do this procedure again. This is an exampleof homing towards a goal, a step in theright direction. This iterative process
can be linearised or unwound, the same process is repeated with a modified input.

| note by the way that | could imagine an iterative approach to program generation - in factthisis precisely what appearsto be
being proposed in some areas of Al. | generate a code sequence basedon some degreeof understanding of what is requiredand
how the satisfactory result might be obtained (shut my eyes andtake a plunge). | note the extent to which my result generates
the solution | want and then iterate around making changesto the codeuntil, some (considerable)time later and following
several miracles| havewhat | believeto be a satisfactory - even correct?- solution to the problem. Now we clearly totally and
absolutely reject this processnot only becauseit is inelegant but becausewe do not (cannot) rely on miraclesandwe arecertain
that in al but the most trivial situations the process cannot produce a satisfactory solutions with known properties.

=>Asto BACKTRACKING, the two partsare: a suite of forwardmoves followed by a >success/failure (or beauty contest) test
whose elaboration causessome (or all) componentsof >the suiteto be executed again with new/variedinitial conditions; both
the actual selection of >the forward movesto be repeated and their initial conditions are determined by the test. QED

No, its more complex than that though admittedly once again a matter of definition. In backtracking we are not following.a
homing procedure, a step by step approach, but a "we goofed” or "this is unsatisfactory", "do it again" approach. We may
changethe input to the procedure possibly by using a measureof the rejected output to modify the input asin the Newtonian
solution to polynomial equations (though | would be inclined to call that iteration). But equally we may haveto change the
process by which we derive the output (or both of course). We may for example have detectedan ommission in the

specification and given a modified spec. find it necessary to solve a different class of equationsusing quite different techniques
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>| am afraid, we arenot freeto arbitrarily exclude some feedback phenomena from our >consideration merely becausewe prefer
to call them something el se!

| could not agreemore andthat is the last thing in the worldthsat | wish to do. But we must be rather careful to understand ad
define the different characteristics that feedback may have and the consequences of those differences.

>

>Having said so, | must explainwhy | did mention that iteration and backtracking areinstances >of feedback.My sole purpose
was to indicate how enormously broadis the scope of feedback >phenomenain software making. Indeed, it is so broad that
without some conscious narrowing >we would be talking about nearly everything (which meanswe would not say much about
>anything).

>This brings me to the main criticism of the "minutes". | simply fail to seewhat dowe gain by >abstracting ESWP, HSWP
andVSWP to one process, go astep up and you get any processat >all (software making, egg-cooking, oil-refining, airplane
controlling ...) Then, of course, the >only things to be said are such "helpful" observations as: "the process is characterized by
a>complex conglomerateof interconnected feedback loops”. So it is, but what follows? Needless>to say, | DO NOT CLAIM
that the trio | proposed is perfect, far from it! But at least each of >the three ESWP, HSWP and VSWP is sufficiently
DIFFERENT from the remaining two to >allow specific investigations!

>Of course, in practice, any software shop is engaged in all three at the same time. The "global >process’ is a three-
dimensional beast, but | fail to see the advantagefrom refusal to separate >concerns. This is ever more important when we
consider aredistic work programme!

Of course, no question about that and your separation may well be valid. But to separate concernsyou must be sure you
understand the space being separated and be sure that you have coveredthe space under consideration. What our model doesis to
providea single model that representsthe space, the processbeing considered. Oncewe have that then it may well be that your
partitioning is correct and justified. |, for one will have to do some more thinking even understanding more clearly what
precisely are the differences between the three and what arethe consequences of those differences. At the end of along day and
just beforemy lIsrael trip (22 - 29 August) | can't undertakethat so this will probably be an item on our agendatwo weeksfrom
now.

>| suspect that the holistic approach will lead nowhere, apart from general statements about >how complex, multifaceted etc.
the processis.

Agreed completely - have always recognised this and this certainly guided us in the generation of the "objectives’

>What appearsmuch more promising is to identify individual feedback loops in ESWP, in >SHSWP andin VSWP (theremust
be dozensin each; | doubt that in a year or two we could >identify more than a few). But let's do it properly: identify the
controller, estimate the gain >(andits sign!) yielded by control action, try to plot the characteristics (as for old-fashioned
>electronic tubes) etc. | know we will not get a complete picture from it; from there onwards >we will have to use a
simulation of a sort, but before we even attempt to simulate we need

>>some dependabl e calibration measurements so that simulation constants and parameters are >chosen realistically!

Yesyou areputting into very clear words what | havevisualised all along so there is really no differencebetween us except that
| am not (yet) 100% happy with your partitioning. | plan to rectify that over the next two weeks (in between all the other
things | have to do.

>Thus - while recognizing that all influences all - | advocateto use the, darel say, scientific >approach: separate concerns,
isolate phenomena that can be measured, measure them and then >recombine into awhole!

| simply must stop at this point but hope to be well prepared for further exploration , discussion and refinement leading to a
plan of investigation in two weeks time and | do hope you will be able to make it.

Regards and the best
Manny

Date: Wed, 17 Aug 94 08:56:54 +0200

From: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>

To: mml@doc.ic.ac.uk

Cc: dep@research.att.com

In-Reply-To: Manny Lehman's message of Mon, 15 Aug 1994 16:23:55
Subject: A first reaction to your message

Dear Manny,

First, a decision: | am coming to London at the end of this month. (The recovery is far from complete and | still get quite
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is the Embassy Hotel, if FEAST funds can stomach it.

Incidentally, when am | supposedto arrive: there is some confusion in your messages. The first night of the hotel reservation
being 31st, | can report to work the soonest on the 1st, and other messages were mentioning the 30th as Day One.

Please advise on: exact and firm dates (I have to book the tickets) and hotel reservation (name of the hotel, its address).
Now on the substance. Hoping to have long conversations later in the month, just two brief observations:

| would strongly advise to avoid "antropomorphization” of control models we consider (even if in the reality they ae
"implemented” by people).

So a controller cannot "choose to ignore" any part of information it receives. It is made (defined) to accept a well-defined part
(may be the whole) of the process-output, transform it according to well-defined algorithm into control-signal. The latter is a
part of process-inputs and modifies the process transformation (process-input --> process-otput) in a well-defined manner.

Second, there is no specific feedback source apart from the "process", the whole ideaof feedback is that output is fed back as
input.

But we would argue this whe we meet.
Best regards,
Wiad

To: Wladyslaw "M." Turski <wmt@mimuw.edu.pl>

From: mml@doc.ic.ac.uk (Manny Lehman)

Subject: Re: A first reaction to your message

Cc: Dewayne

>Dear Manny,

>First, adecision: | am coming to London at the end of this month.
Hurrah - delighted

> (Therecovery is far from complete and | still get quite unpleasant days, but on the average| >can walk up to 150 m at a
time.) Unfortunately, | dare not risking the College accomodation, >despite its advantages. the walk across the College
grounds is certainly more than | can hope >to traverse. So it isthe >Embassy Hotel, if FEAST funds can stomach it.

OK Will cancel College and confirm Embassy which is at 31 Queen's Gate directly opposite 170 (wherewe had dinner last
time)

>|ncidentally, when am | supposedto arrive: thereis some confusion inyour messages. The >first night of the hotel reservation
being 31st, | can report to work the soonest on the 1st, and >other messages were mentioning the 30th as Day One.

Monday 29th is Bank Holiday and also day of my return from Israel. So we plan to start work on Tuesday morning the 30th.
Not sure whether Dewayneis travelling overnight on the 28th or the 29th - or even by day on the 29th. Anyway 10AM on the
30th is start time

>Now on the substance. Hoping to have long conversations later in the month, just two brief >observations:

>| would strongly adviseto avoid "anthropomorphization" of control models we consider (even >if in the reality they are
"implemented" by people).

| accept that as entirely reasonable, necessary in fact. Clearly we haveto be precisein all we say
>S0 a controller cannot "choose to ignore"any part of information it receives.

Of course. No | was being sloppy and imprecise. What | should have written was "if a mechanical controller has been
'‘programmed’ or 'designed' to block or modify feedback subject to stated conditions" (no wish to rule out a decisionbased on
randominffo/data) . However wherethe controller is a human, aswill often be the case, the situation is somewhat different but
| totally agree that a statement like "choose to ignore” is unaccebtable

>|t is made (defined) to accept a well-defined part (may be the whole) of the process-output, >transform it accordingto well-
defined algorithm into control-signal. The latter is a part of >process-inputs and modifies the process transformation
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But is not what we are likely to encounterin the software process. Do we simply throw up our arms in dispair, dowe seek
statistical representations that are precisein the way you describe, eg. 40% of change requestsare rejected and sent back to the
requestor, 30% are put on await list and 30% are executed "as soon as possible - in the next release?", or what else?

>Second, thereis no specific feedback source apart from the "process”, the whole idea of >feedback is that output is fedback as
input.

No | can't agree. In most real feedback systems there are intermediateas well as totaal feedback loops. For example audio
amplifiers, the one | ammost familiar with, one often flatten the frequency response of individual stages through negative
feedback or even a combination of positive and negative feedbackto boost the gain at the extemes of the desiredrange and
ensure a sharp cut-off. Similarly the process may have many outputs, executable code, the code in execution, user
documentation, technical documentation, sales reports, fault reports all of which may (indeed do) represent sources of feedback
that have significant impact on the process (even on the technical process- for example many occurances of qualitatively
similar faults may indicatean inadewquacy in the process- amethod that is difficultto follow reliably andthat we may wish to
improve by partial automation or by changes to the procedurakl definition. In any event the source of feedback may be relevant

>But we would argue this when we mest.
Best regards,

>Wilad

Exactly and looking forward

Manny
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From: dep@research.att.com (Dewayne Perry)

To: mml@doc.ic.ac.uk, wmt@mimuw.edu.pl
Subject: repeat of manifesto

The Feast Project

This Manifesto lays the technical foundations for what we believe could be an interesting, worthwhile, multi-
year funded project. Following from the results of the first workshop, it provides the basis from which,
among other things, a project definition and workplan should be developed for a realisticand manageable
startup project. The subsequent direction of the project is dependent on the initial results.

General Goals:

1. To produce specific recommendations, guidelines, methods and tools for software evolution process
Improvement.

2. To contribute to a science of software evolution.

Postulates:

TheFeast projectis limitedto consideration of process systemsthat govern the evolution of software systems
and that satisfy the following postulates:

1. They have rich networks of feedback.
2. Some of the feedbacks stabilize characteristics in these systems.
3. Some feedbacks are controllable.

[Note added by mml. Webelievethat thereexist practical software processes that satisfy these postulates. It
will be an objective of the FEAST ?rg{ ect to identify and model such processes or to demonstratethat they do
not (cannot?) hold in practice. It will also be of interest to explore how they might be changed or supplemented
to increase their applicability and/or value. End of note]

Process Unit Model:

Consider a process element (pe) which applies resources to transform inputs into outputs. If one of the

destinationsof the output is a controller (c), where output is fed back into the process element, we obtain a
eneral controlled feedback loop (as in the diagram below). We term this total configurationa process unit
ﬁu)' Process elements can contain process units. As a first approach we assume that control units (Cs) are

themselves not, and do not contain, pus, ie are not, themselves, controlled by feedback

I | ¢ [<—]
I — I
I I
[ e I
> —
| pe | > out
in——->| |
I |
1
I
resources

Hypothesis:
A process that satisfies the postulates above can be usefully decomposed into a manageable number of
process units.

End of Manifesto

Date: Sun, 18 Sep 94 21:19 EDT
From: dep@research.att.com (Dewayne Perry)
To: mml@doc.ic.ac.uk, wmt@mimuw.edu.pl
Subject: summary of discussions

[Note by mml. Thisis the minute as recorded and written up by Dewayne. In what follows | have not
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Summary of Discussions (31 August - 6 September -- Manny, Wlad, Dewayne)

A. Controlled feedback effects

In controlled feedback loops, control may have the following effects on the controlled process element (note
that we have used physical systems feedback and control as metaphors for software systems):

1. change the processing (eg, increase the steam); and
2. change the process (eg, use alternate plumbing) -- we distinguish two cases in changing the process:
a. dtaticaly (eg, use aternative routes), and

b. dynamically (eg, create new routes). [Note by mml. | believe this includes changes to the
characteristics of existing route. End of note]

In some sense, categorizing a control effect is more a matter of viewpoint. For example, one could view
changesin theprocess (ie, using aternativerouting) asforcing one of several aternativesin processing rather
than changing the process. Similarly, one could view changing the process dynamically as though one had
previoudly created what would now be one of the current set of static alternatives.

B. Balanced interchange rate at interface

Thereare interfaces between what we have termed agencies (large-scaleprocesses such as users, marketing,
project management, corporate management, etc). These systems tend to stabilize on an interval that balances
changeand theability to learnor understand (that is, it is governed by thelaw of conservation of familiarity).
In work such as evolving software, a new tool, language, process etc is not effectiveuntil it can be used
without thinking about it. The greater the incremental changes, the longer it takes to stabilize -- that is, the
greater the changes, thelonger therate of absorption. Either stability will be achieved or the the enterprisewill
"wind down".

When the flow across the interfaceis balanced, the system is balanced; imbalance causes instability in the
system behavior.

Manny's study of OS360 isacasein point. He observed therate of change and the resulting resistance, plotted
it, and inferred the nature of this phenomenon.

Here we might have some practical advise for managers. balancethe rate at the interfaceand determinethe
actual character of that balance; look at what feeds the interfaceto see if thereis any safety margin to enable
speed up or if you have to reduce the rate of interchange.

Thus, one approachto processimprovement could beto look at the interface assessing the flow of information
in both directions and then change the characteristic of the process by changing that flow in either or both
directions,

Another practical approachis to explore how much we can changethe characteristics and still remain balanced.
Or, in an unstable system, how much change can be made, or must be made, to achieve balance. [Note by
mml. | suspect that this section may be meaningless to those not at our discussion, it is to me at this point.
Needs clarification. End of note].

C. Feedback and Control
Stabilization comes from control. Disintegration eventually follows from unresolved instability.

Weareinterested in those feedbacksthat are both stabilizing and controllable, their kind, nature, etc., and how
they can be used to improve processes. Thuswe want 1) to identify and characterize them and 2) to determine
how to fiddle with them to gain desired effects.

What are the ad hoc characteristics that we have stabilized on? What are the desired characteristics that we
ought to stabilize on?

They may well be organizational rather than technical. For example, it might be something likethe preservation
of the 'health of an or ganization' that motivates provision of system resources

How do we distinguish'just what happens' (ie, random forces) from controlled feedback loops in which self-
developed characteristicscan be improved by conscious application of control? Are feedbacks controllable
independently? Are there interdependent feedbacks or interdependent feedback controls?

Note that fiddling the control when the systemis not activehas no effect. Note further that thereis no feedback
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D. Unsuccessful hypotheses

Hypothesis:
There exists a level of descriptionof the network feedbacks at which the coupling among the feedback
mechanismsis sufficiently weak that one may consider the affect of changesto a single feedback mechanism
independently of the others.

Assumption:
The higher the level of control, the morethe effect. If we fiddle the local control, we expect to get a loca
effect - but it is difficult to determine the global effect. Global control is more closely relatedto global
characteristics.

Discussion:
Do the higher level control mechanisms propagate to the lower level control mechanisms? No matter how you
decompose the feedback and control the strength and feedback is identical independent of the level of
description. It may be decomposed inside the process element, but the strength of the feedback remainsthe
same entering the element independent of how many levelsit is decomposed into.

The basic problem with the conjecture is that abstraction does not remove the strength of the connection.

Revised hypothesis:
At some level of abstraction, if they appear to be independent, then as a first order approximation, we can
consider them independent.

Alternative hypothesis:
With experimentation on the entire system and subsequent knowledge about the system, we can approximate
independence of feedback control as predictors of system behavior.

The problem with this formulation isthat whileit is obvioudly true it does not help us much.

Atthis point in the discussion, we asked where arethe feedback loops and what are the feedback controllers,
the transformers. We can arrive at our answers by experimentation (expensive, but must be done first),
analysisand simulation (which needs calibrationto be believable). But consider a single transformer: vary al
theinputs and measurethe outputs; this provides us with an empirical validation of relations, an approximation
of behavior. At this point we arrived at the model we defined in the manifesto.

E. Applying the Process Unit model to the general process picture

We decided to apply our model to our global process picture as a check on both our model and our
understanding of it. The basic problem in thispictureis to distinguish feedback control from input/output.
Much of what we have in the picture isjust information being passed around.

There seems to be confusion about "control' and 'the right to modify'. Thelatteris just part of production; the
former is modification of the operation. The 'right to fiddl€' is not control; the 'impulse to control’ is control.

E.1. The first pass

As an example consider approval of aworkplan:
Collecting signatures is part of work/production
Control islooking at the predicate governing approval
Comments and rework are production, not control
Production: produce workplan and collect signatures
Control: signatures sufficient, yes or no?

E.2. The second pass

The problem with this first pass is that in our model one of the destinations of theoutput is the controller. In
the case of the workplan, it will not be output until it is approved. Thus, approval must be part of work and
determining whether the signatures are sufficient is aso part of work.

Thusin the revised example:

do workplan until approved' is a production loop

Control observes various qualitiesin the output (ie in the workplans) or the length of time it takes to
produce it and controls the streamof workplans.

[noteby MML in editing, which Dewayne and Wlad have not yet commented on] In re-reading this| question
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demonstrating that our 'picture’ is correctin suggesting that the feedback output is not to be regarded as a
processing unit output and can be (is) made availableto the controller to receivethe intended output and so to
determinewhether that output may be made generally available. Thiscomment is compatiblewith Wlad's emall
comment after the meeting:

>As | told Dewayne on the way to the airport, further thinking about the "approval loop" led me to >mildly
Interesting observations in relation to the "approva" example:

>1.Theloop
> DO assignment UNTIL approved-by-whoever

>is a typical feedback loop in the production_element. The"whoever" may think himself a>controller, but he
Isvery much in the production line!

And mml response: Yes of course and more than mildly interesting sinceit is surely a prototype of many
situationin which what appears afeedback control is (can ber epresented as being) in theforward path. On
the other hand such approval control can be a major holder up on progress such that an improvementin the
forward path that, for the sake of argument removes or reduces the need for approval but thatis not reviewed
when the improvement is introduced could explain the less then expected benefit. So viewing it as afeedback
control would draw attention to the need to review. So what you have drawn attentionto is the ambiguity that
existsin the identificationof feedback paths and that the mode of representationand "total process system”
review refersto just that, ie total system, without regard to the representation model. End of mml comment]

F. Implications of the Process Unit Model

Thereis still a matter of delay and amplification, but here control becomes a predicate on some subset of the
output. We now have something that is more like classical feedback control: complex predicates that indicate
stop or go, continuous functions (eg, rate of work), and discrete alternatives.

Now we don't need to distinguish between forwards and backward feed becauseit is just information flow
around the network. thatis, work is separated from control. We still have complex interdependent information
flows, but not interdependent feedback control loops.

Controllersnow appear to be independent of agencies. However, thisis not necessarily the case. Peoplein
these agenciesmay act as controllers of both the feedback as well as of sources and resources. Whilewe
intuitively regard project management as having control of the project - as providing feedback -- we must
define the control as part of the process unit, regardless of which agency the controller comes.

This seems to make some of the lines of organizational or agency control implicit rather than explicit.

At this point we have cleaned things up from atheory point of view. We haveaclean model, formalizableand
we may even be able to find mathematicsfor it. The problem now isto relate the model to real organizations
and processes. Is such a relation possible? Does it give a realistic representation of such processes and
organizations?

G. Possible extensions to the PU model
We may find in the end that our model is too simple. the model might be extended in at least the following
ways:

1. alow controllers to be decomposed into process units;

2. alow controllers to be changed as part of feedback control; and

3. dlow input to controllers (where currently only the process elements have input).
mmI[FEAST-F5]

23/11/94
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ras@kidOlpml.icl.co.uk (Bob Snowdon)

Date: Mon, 26 Sep 94 17:52:21 BST

Re: Manifesto and minutes

| have had aninitial read through the manifesto document, particularly thefirst page (though thewrite up on the
discussions was interesting).

| have afew comments now as follows.

| guess my main concernisthat | gain the impression that the subject being studied is the software process.
That's ok, (after all what we are trying to do is to make it more effectivein the light of some better
understanding), BUT | don't believethat this can be done in anything like isolation. My view is that the
problem space of end systems (by which | mean the larger system of a business, an aircraft, a government
department) which will change in unknown ways (unknown to the software engineer) must be taken together
with the space of evolving, embedded sofware systems, whose presenceis of coursea factor for change in the
systemsinwhichit is embedded and therefore afactor in its own need for evolution. Theserelationshipssay to
me that it will be necessary to understand the nature of these various systems and their inter-workingsrather
thantry to study the evolutionary natureof the software process itself. Not to do so may well be rather putting
the cart beforethe horse. My hope (!) isthat we may well discover something of quitesome significant valueto
the software SY STEM S industry. So | feel that the subject matter must be drawn a bit wider.

My more detailed observations are derived from this point of view and are:

on General Goals:

How do | parsegoal #1?Presumably as ™ ... (software evolution) process improvement. What is theintended
meaning? Possibly | guess "the improvement of the process of software evolution”. Not sure | redly
understand what that means either.

It seemsto methat goal #1 ought to be something like :

1. To produce specific recommendations ... to allow the effective evolutionary development of software
systemsin volatile application environments.

That's not right, but | would want to captureboth thefact that software systems evolve AND that the problem
spaceinto which they fit does so also. Theformer systems arethe subject of our constructive endeavours, the
latter we must understand but cannot control.

on Postulates

| think that there are significant concernswith the first sentence. Any limitation must be such that the set of
problems within its scope has to be interesting and representative of a wide range of problems in the "real
world". | suspect that it might be difficult to formulatesuch alimitations except by a proper formulation of the
nature of the "E-type problem" - which iswhat my opening paragraph was all about.

| liketheuse of theword "some" in 2 and 3! Doesthisdefinition include0?or isit strictly >0? on Process Unit
(V][00 (= I —

I haven't thought much about this, but with such an element how are feedbacks/control sthemselves controlled?
Cana"c" isoneeement provideacontrol signal to another "pe"?Don't think so. | suspect thereforethat using
thismodel you will end up with lots of "control messaging” through the "pe"s (has to be becausethat's the only
inter element communication). So, althoughthe hypothesis may be true, | suggest that something rather richer
will be necessary. (And | guess

you have already started to raise such thought by the last point in the discussion.)

I"d liketo feel that | could model the systems and inter-relationships| noted in my introductory paragraph using
such a building block (whatever it is), and thence be able to derive useful

constructive properties. This, of course, could well be the essence of the FEAST project, so puttingup asingle
candidate may be premature!

Anyway, these are just initial thoughts/observations, probably completely off target!

Bob.
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To: ras@kidO1pml.icl.co.uk

From: mml @doc.ic.ac.uk (Manny Lehman)
Re: Manifesto and minutes
Cc: wlad,dewayne

Thanks for your response which was awaiting me when | returned to day. Herewith a quick reaction though
from my initial reading | believe that we share a common viewpoint.

>| guess my main concernis that I gain theimpression that the subject being studied is the software process.
That's ok, (after all what we are trying to do is to make it more effectivein the light of some bette
understanding), BUT | don't believe that this can be done in anything like isolation.

OF COURSE NOT. Thatsmy view too and that surely is, as you say, what the projectis about in thelong run.
| would expressit as "focussing on the software process, the evolution (improvement) of it and its products|N
THE CONTEXT OF all the organisations (in the plural) and organisational objectsand processes that impact
(areinvolved or interact with) the software process.”. Now clearly to study such a very complex system we
must, IN THE FIRST INSTANCE, engagein some limitation excercise, abstracting, structuring, ssmplifying,
and so on to achieve a manageable object of study which we enlarge, extend and detail as insight and
understanding increasesor as interactionsare perceived and the need to extend the model is understood. Thisis
precisely the point which | was trying to make (apparrently badly, unclearly) in saying that past efforts &
process improvement have concentrated on the forward software technol ogy path and have tended to ignore (or
not recognise) theinteractions, involvements and feedback from other (what I now term) AGENCIES that must
surely have a profound influence on the changes and direction of changesin the process. Itisin the spirit of that
view that | generated the "sausage” model which Wlad, Dewayneand | discussed at some length but which has
not yet been totally reconciled with the Manifesto postulates. In view of your coments| will be adding acouple
of "boxes" to make explicit what was implicit in theoriginal model. | hope to prepare a picture of this model
before | leavefor the States on Monday and if | succeed will send you a copy, though without too much
explanation at thistime.

>My view is that the problem space of end systems (by which | mean the larger system of a business, an
aircraft, a government department) which will change in unknown ways (unknown to the software engineer)
must be taken together with the space of evolving, embedded sofware systems, whose presenceis of coursea
factor for changein the systems in which it is embedded and therefore a factor in its own need for evolution.
Yesthat is correct and implicit in my comment that every E-type program conttains a model of itself, the root
source of evolution, installing the program changes the operational domain, that is its processes and hence its
objectsand these changes drive one to recognise the need and eventually changethe software which being part
of the operational domain changesthat domain etc. These relationshipssay to me that it will be necessary to
understand the nature of these various systems and their inter-workingsrather than try to study the evolutionary
nature of the software process itself. Not to do so may well be rather putting the cart beforethe horse. My hope
(1) isthat we may well discover something of quitesome significant valueto the software SY STEMSindustry.
So | fedl that the subject matter must be drawn a bit wider.

No question about that but controlling the growth in size and complexity of our model and what it encompasses
is going to be a critical issue. Given the feedback model suggests that the coupling too and dependance on
external objects and processes is viaa somewhat longer delay loop (whether forward or feedback) and hence,
while such influences must be bourne in mind from the start and regularly reviewd, their full incorporation in
the overall modd can be at alater stage of the project.

>My more detailed observations are derived from this point of view and are:

>on General Goals,  -------------

>How do | parse goal #1? Presumably as™ ... (software evolution) processimprovement. What is theintended
meaning? Possibly | guess "improvement of the process of software evolution”.

| think that is precisely what we meant and provided you understand that evolution includes both development
and maintenance in their conventional senses| think that s clear enough.
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1. 10 proauce specitic recommenadations ... 10 alow the elfrtective evolutionary development oI sortware
systems in volatile application environments. That's not right, but | would want to capture both the fact that
software systems evolve AND that the problem space into which they fit does so also. Theformer systemsare
the subject of our constructive endeavours, the latter we must understand but cannot control.

It will be clear from my remarks above that | sympathise with that while postulating a need for carein
expanding the boundaries of the project too fast. Needs morethought. Theseissues will presumably comeup in
the Workshop session that discusses the Manifesto.

>on Postulates  ----------

>| think that there are significant concerns with the first sentence. Any limitation must be such that the set of
problems within its scope has to be interesting and representative of a wide range of problems in the "real
world". | suspect that it might be difficult to formulate such alimitations except by a proper formulation of the
nature of the "E-type problem" - which is what my opening paragraph was all about.

Yes. and | will be making afirst stab at this by presnting a discussion on the characteristicsof S and E type
systems at the opening session which will, | trust, lead to an illuminative and fruitful discussion.

>| like the use of the word "some" in 2 and 3! Does definition include 0? or isit strictly >07?

Clearly it must include the zero casethough for systemsfor which both 2 and 3 are zero my "feedback hunch"
is, presumably not valid.

on Process Unit Model  ------------------
>| haven't thought much about this, but with such an element how are feedbacks/controlsthemselves
controlled? Cana"c" is one element provide a control signal to another "pe"’? Don't think so.

Atthe moment NO. But | believewe will have to find a way of relaxingthis condition. Once againwe start of
with the simplest situation and introduce variation/complexity asthisis shown to be necessary.

>| suspect therefore that using this model you will end up with lots of "control messaging” through the "pe's
(has to be becausethat's the only inter element communication). So, although the hypothesis may be true, |
suggest that something rather richer will be necessary. (And | guess you have already started to raise such
thought by the last point in the discussion.)

| agree and so, probably, will Wlad and Dewayne but this has to be done in controlled fashion.

>|"d liketo feel that | could model the systems and inter-relationships| noted in my >introductory paragraph
using such a building block (whateveritis), and thence be ableto >derive useful constructiveproperties. This,
of course, could well be the essence of the FEAST project, so putting up a single candidate may be premature!

That's the nub of the problem. But the sensible (scientific?) approach is to start with the simplest and most
elegant solution and to introduce variations/complexitiesas these are shown to be necessary or rather as it
becomes clear prevents one from finding an acceptable solution

>Anyway, these are just initial thoughts/observations, probably completely off target!

Not at al, smply opening shots in what should prove a productive and fruitful interchange which | hope and
trust will get us places. My response too is off the cuff since | leavefor the States on Monday (to day is
Thursday) and | still have alot to get ready.

So thanks.
Manny
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