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General Information

» Theworkshop will be held on the 28 February and 1st Marchin the Department of Computing, Imperial College, 180 Queen's
Gate, London, SW7 2PH.

» The nearest underground stations to the Huxley Building are South Kensington and Gloucester Rd, both on the District, Circle
and Picadilly Lines.

* Sessions will be in room 418 on the 4th floor.

* Tea, coffee breaks and lunches in room 433 on the same floor.

» Workshop dinner on Tuesday night will be at 6 30 for 7 00 at 170 Queen's Gate, access from the campus or from Queen's Gate.
 Registration fee of £85, cash, UK cheque or traveller's cheque, payable to Imperial College.

» Theworkshop sessionswill begin at 9 45 on the first day and9 30 on the secondin room 418 of the Huxley Building. Coffee
will be available for one half hour before that time in room 433.

 Unless otherwise notified, hotel accomodation for those requestingit has been reserved at the Rembrandt Hotel, 11 Thurloe
Place, SW7 2RS, tel. 0171 589 8100. Room charge £70 per night single.

» The nearest underground station to the hotel is South Kensington on the District, Circle and Picadilly Lines.
 Secretaria assistance will be available, in the first instance, from room 554, front corridor, 5th floor, (0171 59) 48213
« If that officeis closed, assistance can be obtained from the General Office, room 437 on the 4th floor, (0171 59) 48298.
« Incoming telephone calls direct to +44 (0) 171 594 8214

» Departmental fax number is +44 (0) 171 581 8024

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

» Outgoing email can be sent from the machine in 554 or from mml's machine in room 556.
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Program
Tuesday, 28 February 1995

0915-0945 Registration and Coffee 433
Morning Chair Vic Stenning
0945-1000 Opening remarks Manny Lehman 418
1000 - 11 00 Control and Feedback in the Software Process Dewayne Perry 418
1100- 1130 Coffee 433
1130- 1300 Examples and other thoughts Barry Boehm 418
1300- 14 00 Lunch 433
Afternoon Chair Mark Dowson
1400- 1530 More examples Larry Votta 418
1530 - 16 00 Tea 433
16 00- 17 30 Still more examples Berc Rustem (for TAK) 418
Manny Lehman
Bashar Nuseibah (for SR)
18 30 - 19 00 Cocktails
1900 - 21 30 Dinner 170 Queen's Gate
Wednesday, 1 March 1995
0900-09 30 Coffee 433
Morning Chair Manny Lehman
09 30- 11 00 Conceptual foundations of FEAST Wilad Turski 418
1100- 11 30 Coffee 433
11 30- 1300 Positions Carolyn Story 418
Keith Bennett
Dave Homan
1300 - 14 00 Lunch 433
Afternoon Chair Baob Bishop
1400 - 1530 Lessons learned (from the examples and discussion) Bob Balzer 418
1530 - 16 00 Tea 433
16 00 - 16 30 Summary points Colin Tully 418
16 30- 17 00 Commitments and Funding Proposal 418

NOTE: The initial sequence of "example" presentations will be provisionally fixed just before the
workshop and will be subject to change as the work of the workshop proceeds.

As of the 21 Feb. the presenters, who will in some instances be discussing examples prepared by others, will include:

Barry Boehm, Bashar Nuseibeh (for Suzanne Robertson), Berc Rustem (for Tarek Abdul-Hamid), Carrie Story, Dave
Homan, Keith Bennett, Manny Lehman, Reider Conradi (for Terje Totland and himself)
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Summary of Post-Workshop Il Discussion (Manny, Wlad, Dewayne) 26 October 1994

Preliminary Remark:

These notes areminutes of afast flowing discussion involving the three of us. The recordkept at the time has been mildly edited.
They must be treated as an attempt to capturethe essenceof the discussion and not as a polished, consideredand up to the minute
text. We plan afuller paper to reflect these musing and further thought. Meanwhilein the interest of clarity the notesfirst published
in the preprints of the Second FEAST workshop are repearet

Start 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 providesthe basis from which, among other things, a project definition ad
workplan should be developedfor arealistic and manageablestartup 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:
The Feast projectis limited to considerationof processsystems that governthe evolution of softwaresystems andthat satisfy the
following postulates:
1. They haverich networks of feedback.

2. Some of the feedbacks stabilize characteristicsin these systems.
3. Some feedbacks are controllable.

[Note added by mml. Webelievethat thereexist real softwareprocessesthat satisfy these postulates. It will be an objective of
the FEAST project 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 processelement (pe) which applies resourcesto 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 general controlled feedbackloop (asin the
diagram below). We term this total configuration a process unit (pu). Process elements can contain processunits. 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.

Process OutDut>
__Input | Element

Figure 1: The basic process element
Hypothesis:
A process that satisfies the postul ates above can be usefully decomposed into a manageable number of process units.
End of Manifesto

Some observations on the mode!:

1. In the elementary building block as previously described the arrowsare, as yet, undefined. We may wish or needto attach precise
semanticsto some arrow in the future and recognisethat this will be difficult as each arrow will haveto be treatedindividually. We
start with the simplest models and shall add embellishments if and when they are shown to be desirable and helpful.

2. Nor do the boxes have much semantics until the functions are defined. These functions will not usually be representedby a
formula, but more likely by scenarios for the controller in responseto the observed state. Depending on the observations, the
controller can do various things.

3. Thecontroller is not a person but a function. A person may perform several functions simultaneously and may even combine
several functions simultaneously. The basic control elements must be kept as simple as possible.

4. The introduction, sooner or later, of either state or time information cannot be avoided. Where ever time is involved, therewill
also be delays. The magnitude of the latter is a major determinant of system behaviour. In control theory delayslead to rates of
change and to differential equations, etc. Consideration of states requires the next state operator. This takes us into Turing machines.
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Discussion about observed kinds of control:

1 Consider a case where control inhibits output — for example in a system releaseeven when the "gatekeeper" at the output of a
process unit says OK, the output can still be inhibited by external control.

Claim: a feedback controller cannot inhibit output it can merely changethe state or behaviour of internal mechanisms. Thus there
are at least two controlled release process units each with its own gatekeeper. The first achievesreleasefrom development, the
second release to the user.

2) Analysis and modelling of project Management will be achallenge. It provides continuing supervision and has the ability to
reallocateresources, start, terminate, or change processes. It actslike a combination of controllers and gatekeepers. Some outputs
are generated especially for management (for example, progress reports) being produced and sampled over time.

Claim: need to separate (but not ignore) organisational structure and people from the process units model. Some aspects of
supervision arepart of work, some part of control. The model has the effect of blurring the distinction between management and
workers (management usually objects to this blurring). Redistribution of resourcesis control and must be included in the study.

Discussion on Technology:

Balzer's third hypothesis: The general expectation (by funding authorities?) is that drastic improvement will only be obtained
through the development, transfer and application of (advanced) technology. In some sensethis is orthogonal to the basic tenets of
the project since the conjecturesays that it is likely that advancingtechnology can produce major impact only if accompanied by
review and possible modification of the feedback structure, the latter itself may in fact produce major benefit without being
accompaniedby advancesin technology. A fundamental tenet and thesis of the project is that process cannot and should not be
studiedindependently of either organizationor technology. It is also relevant to Balzer's hypothesis to comment that, in the past,
technology advanceand its funding has tendedto focus on softwarecreation and, in particular, on improving the execution of direct
software devel opment activities as identified, for example, in the waterfall model. What is now neededis a new technology for
evolving systems, since many installed and operational systems cannot easily or reliably be reproduced, shut down or replaced, they
must be dynamically adapted and extended.

Discussion of the Functional Unit Model - See also Wlad Turski's paper: A Somewhat Overdue

I ntroduction
Basic decision: The model was postulated on the assumptions that an elementary building block, core model, must be 1. assimple
as possible, 2. based on the minimum of assumptions, 3. amenableto rigorous representation and manipul ation. Thus we deemedit
correct to retain the model as definedin the manifesto, but augment it with discussion and examples. In particular, we need to
distinguish between control and work (wherework includesgatekeeping) andto separatethe modelling of disciplined activity from
the organizational and personal aspects.

Werecognised that the question of scope, particularly of control, is an interesting research problem? Information may ripple up or
go viadirect communicationto variouslevelsin the hierarchy. Both communication and (feedback) control must be modelled. How
thisis implemented when both may span many levelsof activity or control requiresinvestigation and may depend on the goals of
the modelling. One example of thisfar reaching kind of control isthe allocation and reallocation of resources.

Note that there are information paths that feed forwardin the processand arenot feedback. Others feed backward in the activity path
(but forwardin time - as doesall feedback) and produce enlightenment but not control that is directly attributableto the information
fedback. Wefocusthe initial FEAST studieson feedback control, its identification, representation, management and optimisation.
We recognisethat control which is not feedback control is also exercisedin the process. Management, for example, may send a
control signal to a design group saying (for whatever reason) "Use object-orientedimplementation”. Or there might be resourcere-
allocation that has that has to do with corporate policy and nothing with feedback.

Thereis a similarity between the alternative meanings of each of feedback and contol and that of initial settings and structures.
Feedback control seeksto set a coursethat is optimal with current perceptions/experience. Based, via feedback, on past experienceor
results, it may modify current means or goals or establish an entirely new set.

Itisin this context that improvement must be considered. Given the stability properties of systems with negative feedback control
our global model and its constituents must be a vehicle for identifying feedback paths and controllers in the software systems
process and their manipulations both locally andin concert with other controllersfor global improvement. Global optimization
depends on the overall goals and the global system.

Project Descriptor - title

Our primary considerationis on improving the process of evolving software systems — that is, improving the process whereby
software- really computer applications - evolves or is evolved. The model - down to its elementary building block - is a meansto
this goal. Wlad suggested a phrase with ““responsiveness' in the Descriptor — for example, improving the processresponsivenessto
software evolution. The advantageof something like this is that it leadsimmediately to feedback, though it may require careful
explanation. One must consider software engineering processes and software systems. An appropriate descriptor might be
"Improving process responsiveness. technological answers to the challenge of evolving software systems" or in short "The
responsive process. technology for evolving software systems'.
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A Somewhat Overdue I ntroduction

Wlad M Turski
Institute of Informatics
University of Warsaw
wmt@pieniny.mimuw.edu.pl

In June 1994, at the first FEAST workshop, there was a consensus that feedback phenomenaplay an important, although yet
unrecognized, role in the software process.

It is, perhaps, not presumptuous to assume that we study the software process so that we may improve it; provided that we can
agreewhat exactly is meant by improvement. Fortunately, whatever the precise meaning of this notion, any improvement is likely
to be dueto better structure, better control or both. As feedback phenomena are probably more closely related to control than to
structure, we arejustified in concentrating (at least initially) on the conjunction of thesetwo notions, i.e. on feedback control in the
software process.

Before going any further it is worthwhile to observe that both these terms as used in everyday conversations are richly homonymic.
Here iswhat Webster's New Collegiate Dictionary says about feedback: :

feedback: 1 the returnto theinput of a part of the output of a machine, system, or process(asfor producingchangesin an
electronic circuit that improve performance or in an automatic control devicethat provides self-correctiveaction). 2a: the
partial reversion of the effects of a processto its sourceor to apreceding stage. b: return to apoint of origin of evaluativeor
correctiveinformation about an action or process <the student ~ was solicited to help revisethe curriculum> <we welcome...
from our readers - brickbats as well as bouquets - Johns Hopkins Mag.>; also: the information so transmitted"

The merereturn of information, even if it is evaluative or corrective does not affect an action or process. To have an effect, this
information must be somehow used, i.e. it must produce a change in something. The machinery by means of which the changeis
produced must be in place in apoint of origin to accept the information and act on it. Wecall this machinery the control element,
andthe locus of the change itself (the "something" in which the change is made) the process unit. In this way we put a concrete,
process—elated "body" on the idea captured in the meaning 1 above.

During the Workshop many people mentioned "learning” in the context of feedback considerations. This being the case, the
interpretationthat seemsmost natural is that the feedback is the information returned to a person placed at the point of origin, is
absorbed by this person and—viaan act of human learning—modifiesthis person's future behaviour, e.g. the way this person
manages whatever happens to be his/her activity domain.

Thisinterpretation is OK for the sociology of the SE process. It can be a part of SE managers education: "thou shalt pay (more)
attention to the feedback you are getting"; or even more aggressively: "thou shalt seek more feedback about the actions you
manage”. It can be elaborated by supplying a list of sources from which the feedbackis to be considered/sought (clients being very
prominent on such alist!), the list may be categorized into "important”, "vital", "irrelevant” etc. Suitable case studies may be
conducted, yielding instances of success stories (what benefits accrue when one heeds the feedback message) and of
horror/punishment (what disastersfollow when the feedbackinformation is neglected). This—no doubt—can (and will) be a useful
part of education/training of SE managerial types.

But, of course, this interpretation of feedback cannot be applied to a technological view of the SE process. (Assuming we do not
claim that making the "human learning process' technological is a part of the FEAST charter.) The point is that with the latter
interpretation the "machinery” is all in the human brain. As yet, all attempts to emulate the nontrivial aspects of human brain
activity producedvery weak results; it would be audaciousto propose that FEAST will succeedin 2 — 3 years where scores of
researchersfailed over decades.

Moreover, evenif we acceptthat feedbackis merely the "fuel for learning”, we still faceadilemma: Either we explain what arethe
appropriate reactions to be learned, or we leave that to intuition (creativity).

In the former case, i.e. when it is ultimately known what are the recommended, beneficial, profitable reactions to a particular
combination of feedback signals received, we do have explicit control machinery ("when you get too many error reports coming

from the customers strengthen the quality control”, "when you aretoo late with the delivery, cut down on the most time-consuming
activity" etc.).

In the latter case (invoking intuition) such machinery is not readily apparent, but it is hard to see what advice can be given to a
manager as the (necessary) second part of the admonition to pay more attention to the feedback. A rational manager will almost
certainly ask: What am | supposed to dowhen | collect all thisinformation fed back to me? How can | act on it? Unlesswe are
prepared to answer: use your head (or by asimilarly profound platitude), we are inextricably bound to construct control machinery.

Even if we arewilling to entertain more exotic solutions, like neural networks or another Al structure learning from examples,
thereis no escaping some sort of rulesthat would associate particular feedback signals with appropriate responses. In asense it is
immaterial whether they aregiven explicitly, or as casestories ("A manager floodedwith bug reportsfrom the test team decidedto
beef-upthe inspection sessions by allocating them more resources. time and qualified people. This yieldedan overall improvement
in process efficiency.")

Thus, we areinclined to uphold our original model, perhapswith an explanationthat it doesnot cover (nor intendsto) all instances
of feedback. In this way we steer clear of the non-control kind of feedback and we are not leaving out much that would be of
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technological consequence. Whatever other kinds of feedback (coveredby the meaning 2a and 2b from the dictionary definition) are
considered, if they areto be usedfor improving the softwareprocessthey must be turned into an explicit control mechanism. Thus
it is only aslong as one is preparedto be non-technological that one is permittedto entertain notions of "feedbackin general”.
FEAST should firmly aim at being a technological endeavour.

Consider now the other central notion: control.
The verb control has two principal (families of) meanings, to wit, once more quoting from Webster's New Collegiate Dictionary

control: 1 to check, test, or verify by evidenceor experiments 2a: to exercise restraining or directing influence over:
REGULATE b: to have power over: RULE

The distinction between the meaning of the verb carries over to the corresponding noun, if anything, is perhaps even stronger.

Thesetwo meanings are commonly mixed up in loose speech, whereasin application to the SE process the activities denoted by
"control-1" arequite different from those denotedby "control-2". (Thedistinction between " control—2a" and"control—-2b", although
important in many contexts, is less fundamental in our considerationsas—usually—one hasto have power over something if one
is to exerciserestraining or directing influence over this something. With some hesitation we may accept that in the context of SE
process "control-2a" implies "control—2b".)

The confusion is amplified (or, perhaps, generated) by the fact that a single person (or a single body, perhaps collective) often
performsboth actions, "control-1" and "control—2" with respect to a productiveactivity. In addition, it may happen that the same
body performs "control-2" over several activities, particularly when "control-2b" is meant. Nevertheless, a preconditionfor any
sensible approach to scientific (technological) treatment of the SE process is to disentangle the meanings of "control".

From now on we use "check" for "control—1" and "regulate” (or "rule", as the case may be) for "control—2". Furthermore, since
ruling without regulatory powersseems abit of constitutional nonsense, we shall not consider agentsthat rule but do not regulate
anything.

Any SE processin placeis afairly complex structure of activities and people. To view such a structurewith the intent of analysing
it and, subsequently, recommending ways of improving this or that (vagueness intended!), we must establish a method of
decomposition.

That we need to decompose the process should not require justification. That we ought to do so methodically follows from
elementary considerations of economy: if we do not have a method to do the decomposition (almost) unthinkingly, the sheer
volume of (repetitious!) inventions to be made each time we decompose a process is staggering. Thus, it is a pragmatic
considerationto have a method. Moreover, the method should be preferably recursive, so that we can carry out the decomposition by
applying the samerules repeatedly (i.e. we can, andwill, reapply them repeatedly to chunks already obtained by application of the
rules).

A recursive decomposition method requiresthat an elementary building block, an atom, be defined; otherwise, it continues a
infinitum. The choice of elementary building block is relatively unconstrained. That a bad choicewas madeone would learn later,
perhaps much later, when the method breaks or the decompositionsobtained are unsatisfactory for a particular purpose. When no
specialized guidanceis available, one should probably choose the simplest possible block and stay with it until hard evidencein
favour of abetter selection (or, at the very least, hard evidence for a significant deficiency of the current selection) is obtained.

There are two natural candidates for the elementary building block: people and activities. Choosing people would lead to a
decomposition like an organizational chart of a company (for different projects executed by the same company, the "charts" need not
beidentical, even when the projectsare concurrent). These aretypical "Who's whose boss' charts, no doubt very useful for some
purposes, much less so for ours.

The last statement may require a justification. Our concernis with ways to improve the process of software making, so that the
product delivered to the customer is (and remains) optimal within the constraints imposed on the processand its context. Re-
allocation of people could be an instrument by which thus defined processoptimization is achieved. It is very doubtful, however,
that signals about a suboptimality of aprocess can be easily (or at al!) mappedto an organizational chart. (We seriously question
the ability to performdirect maps of the form: "Userscomplain about |ate deliveries of updates' — "TakeJ. Smith from Test-
and-Shipand put her into Payrolls'.) Thus, even if an improvement is ultimately implemented by a staff reshuffle, the ability to
execute such areshuffle is better seen as an action available to aregulator of some activity.

Therefore, in our methodical decomposition activities we take elementary building blocks. Of its several consequences, the most
important are;

¢ Individualsin the company need not be uniquely identified with entities in the decomposition. Some persons will be
associatedwith several activities, and— if the decomposition obtained is (erroneoudly!) interpreted as an "approximation” to
the organizational chart—"vicious circles"' of dependenciescould be seen (J. Smith being her own boss, and, even more
sinister, J. Smith being aboss of K. Doe, who in turn is J. Smith's boss). Attempts to "streamline" the decompositionto
eliminate such "anomalies’ must be resisted: These are not anomalies at all!

e Therearetwo kinds of activities: such that do regulate other activities and such that do not. It must be repeated here that
checking is distinct from regulating, evenif in the loose speech both arerendered by "controlling”. On the other hand, in a
disciplinedwork environment all productiveactions should be checked. Thus we view the checking action as inseparablefrom
the productive action and do not represent them as two distinct entities in the decomposition.
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Comment. Thereis aweak sensein which checking regulatesa productive action: Often, when the check fails, the checked action,
or a part of it, is repeated. As long, however, as this is just an execution of an established routine "do action until check-
successful" there is no point in separating the two.

An entirely different situation ariseswhen, being dissatisfiedwith the performance of the pair, we decideto change the routine, e.g.
by installing a new kind of check. Thisis aregulatory action and should be viewed as a prerogativeof the regulator who rules over
the pair. End of Comment.

We have repeatedly used the phrase "productive action”. Taken literaly, it embracesall activities: after all, who would willingly
tolerate"unproductive" actions! Therefore, it must be put on recordthat the phraseis usedin arestricted sense: it denotesactions by
which a part of the productis produced or some other output is generatedto be consumed by another productiveaction. In this sense
the actions of regulators (although often very productivein the broader sense) arenot productivein the adopted sense: Their output
merely modifies away in which productive actions and/or ensuing checks are performed.

Thus we focusour attention on productive actions (usually, if not always) coupled with corresponding checks, and on regulating
actions. From now on, for simplicity, assume that "productive action” includes the corresponding check (if any).

It is not necessarily the casethat each productiveaction has a separate regulator. Several productive actions (for instance, code-
writing actions) may be composed sequentially or in parallel into a larger unit with a common regulator. In particular, it may
happenthat a regulator ruling over a composite unit can changethe composition of the unit. In its directing capacity, aregulator
may reshuffle the productive actions within the unit, suspend andstart some productive actions in the unit. (Whether we want to
consider creation of a fresh action within a unit as a legitimate act of the unit's regulator is a point that needsto be further
discussed.) Naturally, changing the parameters of productive actionsin a unit always falls into the regulator's scope; this includes
changing the numeric values of checking procedures (eg. how many caught and corrected bugs are allowedin apieceof codebefore
it must be rewritten).

As with many SE process analytic tools, the very act of decomposing a processin a particular fashion may yield a substantial
dividend, quite apart from any benefitsthat may accruefrom applying subsequent steps. A very important kind of dividendwould be
thelisting of regulators admissible actions. Quite likely one will discoverhow badly defined are the regulators' prerogatives, how
arbitrarily they are distributed between various regulators, and how little justification there is for alowing some regulatorsto do
things that arejust as groundlessly denied others. If this hunch proves correct, a very concrete improvement to many SE processes
would be instantly available: the unification of regulators scope under similar (or even more so under identical) stimuli. Tranglating
into "shop-floor" terms, one would advisegiving similar powersto peoplewho control similar activities. This pieceof adviceis of
course trivial; the differenceis that with "our" decomposition in hand we can flesh out the "similar" parts of the advice.

Thewholeideaof applying feedback control (after the two extensivelinguistic analyses, we areentitled to use this term!) to the SE
processrests on the assumption of there being a stream of similar tasks coming to productiveunits. Indeed,if all they do areone-
of-akindjobs, there doesnot seem to be alot to be learned from the feedback received, let aloneto convert the feedback signals into
rational actions of the regulators. The similarity of tasks doesnot imply, of course, that if the productiveunit's action is writing a
codeto specifications given, the specifications must be always for the same function. On the other hand, feedback signals collected
on apieceof codewritten for numeric processing functions need not be very pertinent if the next task is writing the codefor a piece
of atelecommunication switch.

Now, another dimension of the distinction between checking and regulating (two kinds of control, see above!) becomes apparent.
Consider a stream of tasks supplied to a unit, call themt1, t2, ..., tn, ...

Whentask ti is performed it is checkedin the currently routine manner in the unit. The only way the regulator may influencethe
execution of ti is by observing an abnormal dday in the unit's output or abnormal consumption of other resources. If the unit
executedti roughly as expected, the "productive” output goeswhere it was meant to go and slips from the unit regulator's scope.
Even if the regulator analyses this output and detects some faults in it (obviously, faults that werenot considered as such by the
unit's internal checks) it is too late to do anything: the cat is out of the bag! Naturally, the regulator will now react to the
discovered sloppiness of the productiveunit, eg. by tightening the checks, or by rearranging the productiveactivities within it, in a
way designed to eliminate or reduce the faults. But thiswill have no effect before the execution of tasks ti+1, ti+2, ...

Y et more complicated picture presentsitself when we have ahierarchy of units, ie. units embeddedin units. The assumption about
the stream of tasks continues to hold; now, however, the tasks have a hierarchy of their own: The big tasks for the outer unit
decomposeinto smaller tasks for the inner units. The regulator of the outer unit sees its outputs (eg. complete systems, or versions
of it). The intervals between the outer regulator's observations are likely to be much larger than those for the regulatorsof inner
units. Thereis an additional degreeof freedomthat regulatorsruling over units with internal units possess, viz. the ability to tune
(or activate, or suspend) the internal units' regulators. The little flea ... Note however, that for a hierarchical control structurethe
ability of the higher level controlsto act occursonly after many cycles of lower level units activity. This means that when the
processdecomposedinto such ahierarchical structureis in its early stages, the higher levels of control simply did not start their act
yet. A full realization of multilevel control's capabilities comeswith the system's maturity. In other wordsa well-regulated process
isaprocess that reached its steady-state!
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A Hierarchy of Feedback L oops

Tarek K Abddl-Hamid
Naval Post Graduate School

We need to think in terms of a hierarchy of feedback loops. Here is an example:

A high level view of one key structure in the software management domain is shown in Figure 1.

Scheduled
Completion Date
Resource - Staff and Other
Allocation Resources
Work Rate
y
Forecast ~——————— Reported Progress
Completion Date

Figure 1 Resource allocation feedback loop

Thefigure characterizes the planning and control cycle of activitiesthat is repeatedly traversedas a project progresses through the
software development life cycle (SDLC). Resource/schedule planning on a software project is never a one time activity conducted
just at the beginning of a project. More often than not, managersfindthat initial plans do not constitute the best course of action to
actually take during the life cycle; initial plans merely show what wasthought of as best when the plan was made. Since actual
eventson a project almost alwaysdiffer from the assumed events that the plans were designedto meet, project managersmust resct
continuously to real world eventsthat actually occur, and not to those that might have occurred had the real world been kind enough
to conform to the initial planning assumptions.

To plan and control a project in any domain, two information inputs are absolutely vital. The first is the planning information
which provide the standards used for assessing the significance of what is happening. The secondis accurateand timely status
information. The reason why controlling software projects continues to be a difficult and frustrating process is that both these
information inputs are often unreliable. For, on the one hand, it has provento be quitedifficultto accurately estimate development
costs and schedules and, on the other, to measure a project's progress rate.

This raises the following interesting question: How do software managers cope with the unreliability of these key information
inputs, and what are the implications (in terms of project performance) of whatever compensatory strategies they opt to use?

Becauseof cognitivelimitations, managersoften maketheir judgementson the basis of simple rules of thumb/heuristics. To study
the cognitive heuristics that managers employ, each of the "corner" decisionsof Figure 1 can be further analyzed using building
block structures like the one in Figure 2.

8 Action

Flow

Information
Decision
Function
Filters

Figure 2 Detailed decision function feedback structure

One can seein the figure the standard feedback representation:decisionfunction (e.g., staff resource allocation) —— action flow
(hiring) —— information (available staff) —— decision function (staff resource allocation).

Thefigurealso suggeststhat there are additional information flows influencing the decisionfunction (e.g., budget constraints). The
two concentric circles surrounding the decision function represent organizational and cognitive filters which select or limit these
information flows. The outer filter (1) represents the psychological environment provided by the organization within which
managers maketheir judgements and decisions. For example, it represents (among other things) the influence of operating goals,
rewards and incentives on information flows. The inside filter (2), represents peopl€e's cognitive limits/biases.
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The Role of Feedback in Knowledge M anagement

K. H. Bennett
University of Durham

I ntroduction

Weare undertaking a 30 month project with ICI with the objective"to investigate the possibilities of knowledge management to
aid co-operation between scientistsin different I Cl businesses in the area of surfactantsR + T".

This might appear some way from my main researchwork, in softwaremaintenance and evolution. | would certainly like to study
feedback and control in maintenance processes; but as we progress with the ICl project (we are 9 months in), we are starting to
realisethat feedback providesan important control function- especially in terms of confidentiality and security - affecting much of
what scientists do and how they relateto each other. Theseideas arequitedifficult to tie down, at least in a concrete form such asa
"FEAST model", but that is the directionwe arestudying, andwe want to get our new RA to work on this. So | cannot yet offer
concrete models in what essentially isa CSCW problem. I'll report on our direction.

Our aim is to find amodelling methodto help ICI with the knowledge management process; the project is all about using models
to determine corporate strategy. This we see as preferable simply to installing technology such as Email and hoping for the best.

Problem

We have spent 9 months trying to understand scientists' needs andhow theserelate to the business. In so much that we have used
concretemodels so far, we areusing the ORCA method for requirementsanalysis. We have established e.g that not enough returnis
madefrom corporateknowledge, and too much corporateknowledgeis personal, inaccessible and unaccountable. Underlying this is
an obvious fact: scientists are not independent.

We are starting to develop (high level, process type) models of how surfactant scientists interact between businesses; and how
different roles are played by different businesses (eg formulation may be in another ICl business). In Chemistry, commercial
confidentiality and security providea strong influenceon scientists' interaction. We havefoundthat there are some powerful control
mechanisms; it is these we would like to understand more. The name of the projectis "Tollbridge", reflecting how central this issue
is.

| hope that within the next 6 months we can report specific progress, at least on very simple models.
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Feedback in the Spiral M odel

Barry Boehm
University of Southern California

After ashort summary of the Spiral Model and the recent WinWin Spiral Model, this talk will present the basic feedback mode
involved in the Spiral Model. It includes feedback cycles for addressingrisky combinations of objectives, constraints, and
alternatives (OC&A's); infeasible combinations of OC&A's; and changes introduced in OC&A's.

As with the usual Spiral Model diagram, this feedback model is oversimplifiedin that it abstracts out the role of multiple
concurrent spiral and feedback cycles. Thetalk will address such concurrency issues, andillustrate them with respect to an example:
the use of the WinWin Spiral Model in the ARPA STARS program.

Based on the usage experienceabove, the talk will then present a proposed el aboration of the FEAST feedback model, involving the
development of plans (for both the product and the project), based on assumptions about the real world, andthe use of the plansto
determine both project execution and expected results. Control is then defined as the revision of plans when the discrepancy
between actual and expected results indicates a sufficiently large violation of real-world assumptions has occurredto requirea change
in plans.

The talk will then present a set of guidelines for developing plans which accommodate the need for changing (evolving) them.
These Parnas-type guidelines includeanticipating sources of changein real-world assumptions (about project performance, product
achievability, or external process drivers); modularizing plans around anticipated sourcesof changein real world assumptions,; and
pro-active monitoring of potentially volatile, high-impact real world assumptions.
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A View from BNR

Dave Homan
Northern Telecom (Europe) Ltd

We have given some thought to the feedback model you propose. It is our view that the proposed model can only represent the
conditions that exists at a certain point in time as they relate to an organisation's progress to process and organisational maturity.

On the classic scale of maturity of 1 to 5, | would suggest that the organisation the model describesis at best level 2. This of
course depends on proportion of effort and resources spent of the various activities described in the model.

In a stable, mature, organisation much of thetime is spent on requirements capture, getting to know who your real customersae
(not unnecessarily the same person who is placing the order), verification and the integration of the product into the real world.

The stable organisation has aready workedout the theories, procedures, models etc.. it requiresand they become second natureto
those who use them. Any change to the process is evolutionary not revolutionary. The organisation can concentrateon acquiring
product knowledge and really understanding the customer needs and software simply becomes away of interpreting those needs.

Feedback takes places at many levelsandat many placesour development lifecycle. We havefoundthat one of the most important
feedback'sis obtained by customer involvement. Our customersareinvitedto design, test strategy, test specification and acceptance
strategy reviews. In additionall site defectsor queriesare reviewedjointly with the customer and a root cause analysis report
written for each defect. On completion of a project, a project debriefis held and from the results of the debrief processesmay be
changed.
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An Example of Apparently Overlapping Control L oops

Manny Lehman
Imperial College of Science, Technology and Medicine

Consider aprocess that transforms a software requirements statement into a vaidated system ready for shipping. If the basic unit
defined for FEAST is valid, this processmust be representable by such a structure. We know that such a process may be broken
downinto a number of sub-processes each of which may also be represented as a basic process unit. However for the purposes of
this exampleit is only necessary to identify the first two andlast two such units. For development of the issue to be discussed, and
not becausethe functions chosen are consideredto be especialy significant, four stepsin the Waterfall model are chosen. Any other
set could have been chosen equally well. This brief discussionwill not needto addressindividual sub-unit control mechanismes. It
will simply reason about the nature of the control of the process as depicted, in the first instance without control loops, in figure 1.

p-| REqQuiremen o | Specificatio] _ _ _ _ Unit ) Integration I
Statemen Developme - Test System Te

Figure 1: The Forward Path Process

Suppose that the output from the Unit Test sub-process includes information relating to the success of the processto that point
and, in particular, detailsof the number and nature of failuresor detected faults. Suppose further more that the datashows that a very
high proportion of the faults requiring rework weredue to misinterpretation by the development team of the requirements as stated.
The controller receiving this information may determinethat the process encompassing the activities from Requirements Statement
to Unit Test must be modified by introduction of formal requirements representationand the use of modified inspection procedures
in one or more of the constituent sub-processes. In terms of the basic FEAST feedback control model the process may be
represented as in figure 2 where the controller must have authority over all sub-processes in the activity sequence of figure 1.

Requiremen > Specificatio
Statemen Developme

'

Integration | g,
5

System Te

Figure 2: First Control Loop

Similarly consider a situation where Integrationand System Test finds the functional behaviour as determined by the requirements
statement acceptable but discover faultsin the specification. To avoid re-encounter with similar processweaknesses in the futurea
controller with a control range asin figure 3 issues directives for changes to the sub-processes of that range.

Requiremern Specificatio Unit Integration
— —-| OFSIIVAHVE e - - —
Statemen Developme - Test System Tes

Figure 3: The Second Control Loop

These two control loops clearly overlap. Their superposition is unacceptable for at |east three reasons:
1. Thetwo proposed sets of modificationswill certainly interact and must be developed jointly
2. One should never have overlapping jurisdictions since these must interfere with one another

3. Extending this simple case over the total process will leadto innumerable overlaps that cannot possible be managed or
andysed

Wearethus forcedto recognise that the only appropriate representation of the scenariodescribed is that of figure4. In thisasingle
feedback loop and mechanism controlsthe entire set of sub-processes, now representableby the basic FEAST model. Whether this
is appropriate or not must, of course, be determined in the context of a more extensive, and ultimately global, model.
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Figure 4: The Full Model

The reasoning identifying the model needsand leadingto the representation of figure4 extendsto the global process. It leadsto an
overall feedback structurethat is essentially hierarchical. Thisview is entirely consistent with a hierarchical management structure.
Whether, in the course of the FEAST investigations, we shall encounter theoretical or practical situations which cannot be
representedin this way is an open question. Thereis clearly no reason to abandonit unless and until a situation in which it is
untenable isidentified.

Onefina wordis in order. Like so many of the others observations madeand conclusions being reachedin the FEA ST process, the
above conclusionsare not new. Figure 5 reproduces a chart that has been used for more than a decadeto argue the case for more
attention to the front end of the development process. It makes precisely the same point.

ApplicatiorRequirement: System  Desigr Componerﬁ:omponen|ntTratio System Installatio Operatic

Domain Analysis &Specificatiol Implementatic Test Test
Analysis Selection

Figure 5 The Hierarchical Nature of Fault Insertion and Discovery
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MACROSCOPIC FEEDBACK SYSTEMS

Nazim H. Madhavji
McGill University, School of Computer Science

1 Introduction
My starting point for discussionis that feedbackis impor- tant, assuming that feedback was driven by specific goals. Thus, we
make an assumption that we have feedback data, or information, which could be analysedto help us make decisionsin whatever our
businessis (e.g., requirements engineering, controlling multiple software projects, customer satisfaction, etc.).

Traditionally, work on feedback has focused on "microscopic" intra-processandinter-processissues. By the former (microscopic but
intra-process), | mean, that feedback which is focused on finegrain issues such as specific defecttypes, complexity of modules,
elapsedtime, etc., and is obtained from within a given process and is analysed and used for making improvementsin the same
process. Many software organisationsdo this on aregular basis (e.g., NASA/SEL to be specific,and CMM level 4 organisa-tions
to be general). Thereis strong evidence that this type of feedback pays off if carried out appropriately.

By the latter (microscopic but inter-process), | mean, that feedback which is focused on the describedfinegrainissues but is obtained
generally during postmortem examination of one project and is analysed and used for making decisions about a subsequent project.
Only some organisations do this in amethodical manner (e.g., NASA/SEL). This type of feedback generally needsa cross- project
databaseand rel ated technology, often called an "experi- encefactory”. We have yet to see wide-spread and solid evidenceof the costs
and benefits of this type of feedback, although intuitively it all soundsbeneficial. Both the describedtypes of feedback area central
aspect of alearning organisation.

However, amajor challenge, according to my experience,is to be ableto "convince" an organisation that such feedback systems are
beneficial for "them". Unless "they" have experiencedthe benefits in measurable terms, it is often impossible to move these
organisations.

Even worsesituation than thisis that of an organisationwhich accepts, in principle, that feedback systems are beneficial in genera
but that "its specific situation" has no room for "processdisturbance”. That is, unless the injection of the feedback system has "zero
learning curve", "zero cost" and "immediate and guaranteed pay-off", the organisation will not be willing to adopt such a program.

From this, an important lesson learntis that it is not enoughto find theoretical solutions of how to inject afeedback system into
an organisation, but that the solution must addressthe fact that many target organisations have no room whatsoever for "process
disturbance". This condition calls for innovative solutions on what type of feedback and how to inject this "without pain" into the
target organisation. | have yet to see such a solu- tion. Theirony of the situation is that it is those organisa- tions that needhelp
the most that cannot accept any help.

However, despite the described benefits of intra-processand inter-process microscopic feedback, they do not handlewell "in- the-
large" issues in the software process. For example, how can one visualise the quality of the "flow" of a process? How can one
determinethe "commonality" of a set of processesdistributed across organisations? How can one know the "congruency" (i.e.,
fitness) of a processin a given organisation?

The basic limitation of microscopic feedback seems to be that they focus on specific points in the softwareprocess, and thereby
they do not see the "wood for the trees’. In other words, they are highly incremental.

Consequently, drastic changes in the processgenerally doesnot make it to the agendaof microscopic feedback systems. Thus, even
though, for example, each of the several softwareprojectsin a company may be progressing well, overall the company may not be
optimal. Onereasonfor thisis that thereis often no synergy amongst the projects. We have found such situationsin companiesto
be quite expensive because at the corporate level it is like chasing several "rabbits running in differentdirections'. This is even
more expensive when the "rabbits’ are "wild".

What is neededto support "in-the-large" changesin the organisation is macroscopic feedback. Whereas, microscopic feed- back
systems are aimed at collecting point data(e.g., defect datafrom programs) and linking causesto process features, macroscopic
feedback systems areaimed at examining components of, or even entire, processes(e.g., requirements processes) and linking them
to improvement (or other such) goals. It would seem that both microscopic and macroscopic feedback strategieswould be neededin
an organisation in an appropriate manner. Below, | overview examples from our research that address macroscopic feedback systems.

2. Macroscopic Feedback in the Process Cycle

Briefly, the Process Cycle (PC) is a framework for engineer-ing, evolving and enacting softwareprocesses[1, 2]. Through its three
main sectors, the PC distinguishes the differenttypes of tasks carriedout: engineering andimprovement of corporate-wide (Sector
A) and project-specific (Sector B) software processes, and enacting processes (Sector C) in software projects. It interacts with the
"externa world" by permitting external changes and situations to be infused into the PC (in suitable forms, such as policies, laws
and requirements) through the three sectors.

Internally, the PC encompasses both microscopic and macros- copic types of feedback mechanisms. The microscopic type of feed-
back includes the finegrain intra-process feedback between Sector C and B (i.e., from development to project-specific process
management); and finegrain inter-process feedback within Sector B (i.e., from one project to the next project).

The macroscopic feedback typeis categorised further into tight-loop andloose-loop. The "tight-loop" type of feedbackis dueto the
"elicitation” of software process modelsin project- specific situations (i.e., feedback spans sectors C and B) [3]. Here, descriptive
modelsof processesareeicited from Sector C and areanalysed and changedin Sector B. These arequalitativemodels (graphically or
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textually represented) and are analysedwith respectto their structural and dynamic properties. Off-line experimentsand case studies
in Sector B may result in changesto the descriptive models, yielding prescriptive processmodelswhich arethen injected back into
Sector C. This type of feedbackis called "tight-loop" becauseit is project-specificand doesnot deal with the case of multiple
projects.

The"loose-loop" type of feedback is due to the "generalisa-tion" of asuitable set of project-specific softwareprocess models(i.e.,
feedback spans sectors B and A) [4]. Here, a "set of" selected project-specific models from Sector B are analysedin Sector A for
"commonality" and "variability" acrossthe set. The generalisation processis driven by concrete requirements (or goals).

For example, one requirement could be: "to identify whether or not thereis 65% or more commonality acrossthe set of projectsin
the way code inspections are carried out”. Thus, if thereis a type of code inspection (e.g., Fagen inspection) that meets this
reguirement (>= 65%) then the generic process model (i.e., the product of the generalisation process) will contain the "Fagen
inspection component” and other types of inspections (< 65% gen- eric) will not be contained in the generic process model.

This, generalisation process, yields a "descriptivegeneric process model" which is feedback about the "state of a specific set of
processes'. Using such feedback as one of the inputs, the processengineer can changethis descriptive generic process model into a
desired " prescriptive generic process model". The aim of building the prescriptive model is to inject this model in the set of target
projects, thus affecting, say, the way inspection is carried out across the set of projects.

In reality, there are other complications that needto be addressedin the elicitation and generalisation processes. For example,
elicitation involves securing support from the key people involved in the project concerned in orderto elicit "honest descriptive
models’, and injection of the "improved" process model in the live project is known to be non-trivial dueto resistance to change.
Similarly, generalisation involves organisation poli- tics both in terms of which project-specific process components (e.g., Fagen
inspection vs. others) are accepted in the generic process model and convincing key stakeholders across the set of projects to
"accept” the prescriptive generic process model as a starting point for customisation. Clearly, this demonstrates that these
macroscopic feedback systems are not centred around technical issues only, and that "people-issues’ are critical for the success of
such feedback systems.

While we have gained considerableexperiencein both "tight- loop" and"loose-loop™" macroscopic feedback systems individually, as
yet we have only intuitive ideas about the "synchronisation" aspects between the two systems within the same organisation. Our
experiencesuggest that this type of researchis extremely diffi- cult to carry out at this point in time, especially dueto the lack of
accessto appropriate resourcesand environments. It would thus be an important topic for discussion at the FEAST workshop how
such data, resources and environments can be made accessiblein order to facilitate this type of research.

3 Tool Support for Macroscopic Feedback

We have been investigating how to support macroscopic feed- back in the Process Cycle. For the elicitation process (tight- loop
feedback), we have designed and experimented with the Elicit method [3] and supporting tools. Using Elicit, we havebuilt many
descriptivemodels of requirements engineering processes, and plan management and dependency management processes in large
organisa- tions. For the generalisation process (loose-loop feedback), we have designed and experimented with the Generaliser
method [2, 4] and supporting tools. Using Generaliser, we havebuilt several generic process modelsfrom project-specific processes
in large organisations.

In addition, we have built a congruenceevaluation system (CES) [5] for evaluating the congruence (or fitness) of a processmodel in
the context (or environment) in which it is, was, or will be running. The CES system represents the "best practice” model of a
process (we have captured one for the requirements engineer-ing processfrom about 30 organisations). The best practice model is
caleda "Contingency Model" (CM), because it identifies specific independent, dependent and contingency variablesand their inter-
relationships, and their impact on the success of thetarget process. Thevariablesin the CM are"process' variables and " context”
variables. Thus, by feeding into CES the charac- teristics of a specific process andthe context in which the pro- cess is running,
CES can evaluate the fitness of the process in the given context. This feedbackis critical for making changes either to the target
process or the environment in which the pro- cessis running, in order to improve the congruence of the process in its context.

4 Summary

In this position paper, | have distinguished traditional, microscopic feedback from macroscopicfeedback. While the former type of
feedback has recognised benefits, this paper describesthe limitations of this approach and how they arefulfilled by the latter type of
feedback. | also describe briefly some tools we are building to help support macroscopic feedback: Elicit, Generaliser and CES.
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FEAST Modelling Language

Suzanne Robertson
The Atlantic Systems Guild Ltd.

I ntroduction

This brief paper is an attempt to produce a modelling languageto describe and exploit the basic feedback model proposedfor the
FEAST project. Fellow feasters are urged to test the model, point out deficiencies and suggest improvements. The model is
composed of the components in Figure 1. If each of the components can be made measurable, it defines a modelling languagethat
can be used to build simulation models. Hereis my proposal for measuring each of the components in the mode!:

Controller
Regulator
—
Process Output -
Input Element

Figure 1 The feedback model proposed at FEAST Workshop 2.

Process Element, I nput and Output
The process element carries out work which is defined by the essential policy of the system. Thiswork can be specified by:

« Definition of the Input and Output flows in the form of:

- Domain of values for each demental dataitem within the flow
- Vaid combinations of e emental dataitems within the flow
- Volume

- Frequency
- Start/Stop Mechanism

« Specification of the processing rules in the form of:

- Logic for transforming the input into the output
- Algorithms

The processelement is responsiblefor making surethat the work doneis exactly as per the specification of its processing rules and
the definitions of its input and output. The processelement will always receiveinput that conforms to the definition of theinput.
The process element will always produce output that conforms to the definition of that output.

In other words, the process element is “controlling” the quality of it’s own work by checking to make sure that the work is caried
out as specified. It is not important to say how this checking is carried out becausedifferent instancesof agiven process might be
implemented very differently. Theimportant point is that the checking requirementsareinherent in the specification of the essential
policy of the process element and are not the concern of the controller.

Controller

The controller evaluates output from a process element (or a number of process elements) accordingto the specification of its
control rules. The controller might send aregulator to the processelement for the purpose of regulating the essential policy of that
(or those?) process elements. The controller is specified by:

« Definition of its input, this definition is the same as the definition of the process element’ s output

« Specification of the decision making processes carried out by the controller in the form of:

- Logic for transforming the input into a regulator
- Algorithms

Regulator

Theregulator is produced as aresult of acontroller carrying out its specified control rules. The regulator is specified by:
« Specification of hew or changed processing rules for the process element that receives the regulator in the form of:

- Logic for transforming the process element’ sinput into it’ s output
- Algorithms
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An Exampleto Test the Modelling Language
This exampl e tests the modelling language and raises some questions.

Monitor
Transaction
Design
Regulator Tjo Change
Rules for Designing
Transacti OT
Requirements and Designa Transaction
Environment Transaction Desi an

Figure 2 An example using the feedback model

In Figure 2, the processelement contains rulesthat specify how to design a transaction for this particular environment.. When this
processing takes placeit receivesRequirements and Environment exactly as per the input specificationandit producesa Transaction
Design exactly as per the output specification.

The controller, Monitor Transaction Design, carriesout its specified control rules and perhaps it produces the regulator: Regulator
to Change Rules for Designing Transactions. For example, this regulator might tell the processunit to change its processing rules
and to design the transactions at a higher level of detail.

But has the controller got enough information to do its work?1t is reasonable to suppose that Monitor Transaction Design, might
need other input. This other input might be in the form of previous work doneby this process element ie:other Transaction
Designs. Alternatively it might be the result of work done by other process elements within the system.

Also, the controller could conceivably produce a regulator which is directed at another process element within the system. For
example, suppose that monitor transaction design, discovereda fault in the transaction design that was dueto work doneby another
process element in the system. Then the controller would send a regulator to that other process element.

Accumulated Knowledge
about other Transaction

Designs
2 Input from Other Process 4
Elements
? Regulators to Other Process Monitor
__Elements Trarjaacti on
- Design

Regulator To Change
Rules for Designing
Transactions

Requirements and Designa Transaction

Environment . Transaction Design .

Figure 3 Some questions raised by the example

» Thequestions raised in Figure 3 indicates that the modelling language needs:
- Someway of representing stored knowledge
- Some way of representing input to a controller from a number of process elements
- Someway of representing regulators from a controller to anumber of process elements

Conclusion

The componentsin the modelling language can be and must be measurableif we areto build simulation models. This excludes
from the controller any decision making which has the nature of “adhoc” or “experienceandjudgement”. In other words, our model
excludesany human decision making that cannot be specified as a set of logical rules. However, as soon as a piece of policy,
hitherto non specifiable, becomes specifiablethen that policy can be addedto the model. This is certainly away of giving ourselves
a definite boundary for the FEAST feedback models. The danger of focusing on deterministic policy is that we might forget that
FEAST is concerned with understanding the agents that cause E-Type behaviour in systems.
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Fruitsof a Initial Search for an Example
Carolyn Story
BNR Europe

In examining the impact of end user/customer attitudes it cameas a surpriseto meto find that in the five projects | examinedthey
didnot appear to have any major impact on the further development of the technology. So | startedlooking at the impact of various
roleson a project, andon the choice of technologies. | havenot reachedany earth shattering conclusions, but will briefly report on
the results obtained so far.

Thefirst solid conclusionis the needfor a good diagrammatic notation. | am having some difficulties in expressing things in terms
of feedback loops andthis itself may say something though it must be emphasisedthat the activities reported do not representanin
depth study. The notation must provide some simple, consistent, fairly rigorous, means of modelling precisely what is going on,
yielding models, descriptions, etc. that can be used for communication purposes rather than to facilitate rigorous mathematical
analysis. One of the main successcriteriafor such a modelling techniquewill be the easeof use andthe clarity with which it shows
up, previously hidden, feedback loops!

Adopting a pragmatic approach, | started by looking for an application areawhich would provide arich environment for aFEAST
study. Very quickly | came up with some basic questions- andmany reasonswhy it might be difficult to apply Feast ideas! These
initial impressions led to the examination of a set of projects with different classifications (upgrades, evolutionary, revolutionary,
etc., a la MIT 90's). Each displayedits individual characteristics but the really influential factors impacting the use of new
technology came from the software development team in its widest sense. The other, wider, factors/influences did not appear to
exercise mgjor influence on the technology decisions. Thereis clearly much to be investigated.
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A Survey and Comparison of Some Resear ch Areas Relevant to Softwar e Process Modeling

Terje Totland and Reidar Conradi
University of Trondheim, Norway
1. Introduction
Few research areashave receivedso much interest from the software engineering community during the past decadeas the software
production process [Curtis 92]. The main objective of this increasein interest is to improve software production in terms of
increased product quality, reduced costs and reduced time-to-market.

The Software Engineering community seemsto agreethat a fruitful way to support the softwareproduction processis through the
application of process models. Extensive literature on the issue is available, and for a comprehensive "state-of-the-art", see
[Promoter 94]. However, the SE community is not the only one focusing on processtechnology as a meansto improve work. This
paper presentsa brief overview of other communities doing software process technology related research, and points out some main
similarities and differences between the research areas.

2. Dimensions for Comparison of Research Areas

Thereare at least three dimensions that can be used for comparison of the various research areas: Business domain, intent and
process elements. By business domainis meant the main business area of the organizations that aremodeled. The business domain
greatly influences the requirementsto process technology in each area. Business areas include software production, manufacturing,
insuranceetc. By intent is meant the primary objectives of applying processtechnology to a specific business domain. The purpose
of processmodeling rangesfrom individual understandingof the process to full enactment. Last, process modeling within disparate
business domains and with different intent requires focus on different aspects (process elements), such as objectives, activities,
artifacts, roles, actors, tools etc.

3. Some Resear ch Areas Utilizing Process Technology
Presentation of each relevant research areais very brief due to the nature of this paper.

3.1 Software Engineering (SE)

Software Engineering is "the establishment and use of sound engineering principlesin orderto obtain economically softwarethat is
reliableand works efficiently on real machines' [Naur 69]. Thefield of Software Process Modeling can be considered a subdomain
of Software Engineering.

Obviously, the business domain of SE is softwareproduction. Theintent of applying processtechnology rangesfrom understanding
and visualization of the process to partly automated enactment. Process elements include activities, artifacts, roles, and tools.
Artifacts are usually not modeled in depth, i.e., there is no data modeling in the traditional sense.

Both the actual production process and the metaprocessis modeled. By metaprocessis meant the building and maintenance of a
processmodel andits related activities. Handling the metaprocessis important in SE, asthe production process changesfregquently
and the process models should evolve likewise. To date, emphasis on the importance of the metaprocessis particular to SE.

3.2 Information Systems Engineering (I SE)
Information Systems Engineering can be defined as application of a set of systematic engineering approachesto developinformation
systems. An information system is a system of computer components, software components, and human and organizational
components that are devel oped, trained and assembled to fulfill the information processing requirements of a problem [Solvberg 93].

The business domain is usually information services, like banking and insurance. The intent is understanding, analysis and
communication of domain knowledge in order to construct the information system. Monitoring, measuring and enactment of the
processis not in focus. Process elements are as for SE, except that 1SE traditionally hasincorporated more of business rules and
human actorsinto their models than SE. | SE also models the artefacts in more detail (data modeling).

3.3 Enterprise Modeling (EM)

Enterprise Modeling is a term that has recently emerged. Theterm has been given various definitions, but one representative for
most applications says that "Enterprise Modeling is the process of understandinga complex social organization by constructing
models' [Rumba 93]. The main focus seems to be on modeling as a process, and not on the model as the important outcome.

EM is domain free, meaning that it is not constrainedto any particular business domain. Intent is mainly to gain understandingad
to discuss the process. Process elements include objectives, business rules, activities, artifacts and roles.

3.4 Business Process Re-engineering (BPR)
Business Process Reengineering is defined as "the fundamental rethinking and radical redesign of business processes to achieve
dramaticimprovements in critical, contemporary measures of performance, such as cost, quality, service, and speed" [Hammer 93].
BPR is thus concerned with completely rethinking how a serviceis provided or a product manufactured from scratch, without being
constrained by current processes or organization.

As for EM, BPR is domain free. Any kind of business can be reengineered. The intent of using process technology is mainly
understanding of the current process, and communication and analysis of the future process. Process elements are often just
activities and roles.
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3.5 Organizational Design (OD)

Organizational Design is the study of organizational performance using process models and computers. Given a business problem
(e.g., "How will attendanceto project meetings influence the product quality?"), a process model of a hypothetical organizationis
built. The expected performanceof this organizationis then predictedbased on computer simulations on the model. OD makes
extensive use of organizational theory in order to build modelsthat result in accurate predictions. Two major effortswithin this area
arethe Virtual Design Team project at University of Stanford [Christ 93] and the Process Handbook project at MIT [Malone 92].

OD is, asBPR and EM, domain free. The main intents of building process modelsare understanding andsimulation. This requires
more formal and detailed modelsthan within e.g., EM and BPR. Process elements areactivities, artifacts, roles, actorsandtools. A
notable differencefrom SE is the often detailed modeling of human actors, and their capabilities. The similarity to BPR is
prominent, however, OD seems to put much more emphasis on computer simulation than the others.

3.6 Workflow Management (WM)
Workflow can be definedas "the sequence or steps usedin business processes’ [Marshak 91]. Marshak also requiresthat more than
one personis involvedin the process, and that the workflow consists of both sequential and parallel steps. Workflow Management
is supporting and controlling the workflow.

An important objective in Workflow Management is to automatically route artifacts (documents) through a network to actors
having predefinedroles. Therouting is doneaccordingto aset of predefinedrules, and is often controlled by the state of the artifact
(e.g., the price). This approach requires arelatively stable business process, as the rules are not meant to be changed on the fly.

The business domainof WM is information services, as for ISE. The intent of using process technology within WM equals the
onesfor SE, i.e., the full rangefrom understandingto automation. Process elementsin focus are business rules, activities, artifacts
and roles. Business rules are particularly important for routing of artifacts.

3.7 Concurrent Engineering (CE)
The most frequently referenced definition of Concurrent Engineeringis providedin [Winner 88]: "CE is a systematic approachto the
integrated concurrent design of productsand their related processes, including manufacturing and support. This approach is intended
to cause the developers, from the outset, to consider all elements of the product life cycle from conception through disposal,
including quality, cost, schedule, and user requirements.”

Themain goal of CE is to run more activitiesin parallel with the aid of information technology and organizational restructuring. In
addition, a life-cycle perspectiveon the productis encouraged,in orderto reduce overall costs. The main benefits of successful
implementation are reduced time-to-market, improved product quality and increased productivity, leading to lower costs[Carter 92].

CE isin principledomainfree. The intent is to focus on understanding, communication, and analysis of the current processin order
to develop anew and improved one. The main process el ements are activities, roles, and artifacts.

3.8 Computer Integrated Manufacturing (CIM)

Computer Integrated Manufacturingis definedby [Rembold 93] as follows: "CIM conveys the concept of a semi- or totally
automated factory in which all processes |eading to the manufacture of a product are integrated and controlled by computer.”

Thebusiness domainof CIM is manufacturing. However, CIM focuses on processes that face replicationrisks, as opposed to SE,
that facedesign risks [Bollinger 91]. Theintent is simulation, planning, measurement, and automation. Main processelements ae
activities, artifacts and tools. A notable difference between CIM and other disciplinesisthe lack of focus on human actors.

4. Concluding Remarks

Our brief comparison of research areas shows that all fields have much in common with Software Engineering concerning
application of process technology. The intents and process elements overlap more or less, even if the business domains differ.

Onemain findingis that the disciplinesthat aremost focused in their business domain (like SE and CIM) haveintentions of using
process technology to afurther degree than the disciplines that are domain free. They may also benefit the most.

Another main finding is that all areasintend to support applications of process technology that does not requireformal models,
while only afew support applicationsthat do require formal models(SE, WM, CIM). Formal treatment of modelsmay pose extra
requirements, like model completeness and consistency.

SE may learnmost from other disciplines concerninghow to develop process modelsthat areintuitively understandable for human
beings (as focusedby EM), andin away that facilitate worker cooperation and motivation for organizational changes (like required
for BPR). SE may also use more of the organizational theory that is the foundation of especially OD.

Particular to Software Engineering is the focuson metaprocess. It is obvious that this should be present in other areasas well, as
reflection on the way process technology is applied is of utmost importance for improvement.
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Using Process Waiver Data to Improve a Design Process

A Case Study of Feedback and Control Using the FEAST Model

Lawrence G. Vottaand Mary L. Zgjac
AT&T Bell Laboratories

Abstract

How do organizations use feedback to change their processes, and hence, improve their performance?A small working group is
proposing that any organization under contr ol almost always should be using feedback to stabilize and improve their products.

We describethe results of applying the Feedback, Evolution, And Software Technology (FEAST) feedback model to our
work on improving the softwaredesign processof 5ESSe. Thetranslation of the study into a FEAST model took only a couple of
hours. The model concisely capturesboth managersand devel opers understanding of how the design process management team
controls the definition of the software design process. However, the model needsto be extended to ex plicitly show the lag time
between the time when the control signal is sampled andreapplied back to the design process. Severa other questionsare posed as
important discussion points to further improve the FEAST model.

1 5ESS Background
Software development as practiced at AT& T's 5ESS development organization can be visualized as consisting of five major steps:
feature specification, software design, coding, testing, and delivery. A feature is a unit of functionality that can be sold to
customers. It is the fundamental unit trackedby project management. Features may vary from a few NCSL and no hardwareto
50,000 NCSL with many complex hardware circuits developed specifically for that feature. Weider Yu et al. describethe 5SESS
software development p rocess and give examples of afeaturein [3].

On alargeproject such as 5ESS, hundredsof features arebeing simultaneously developed. These featuresare packagedtogether into
releases that will be ddivered to customers. Packages come in a spectrum of sizes that take anywhere from three to twenty-f our
months to develop. Featuresof all different sizes and compl exities are packaged together, and so the devel opment process of features
for a particular releaseare started and compl etedindependently. This highly flexible approachto packaging customer featuresallows
high feature devel opment throughput and helps meet customer demands for customized features.

Figure 1 shows pictorially how features start and stop relativeto the stage of introduction of a process change. The heavy vertica
lines separate the three phases of process change; OL D, M I XED, andNEW. The horizontal lines with bars on either side show
the duration of the feature. Thetwo problems are managing the mixed phase when more than one version of the processis in use.
The other problem is assessing whether the new processis having the desiredresult especially when a representative sample of
featuresis needed for assessment.

F |
E —1
A
—

! — | |
. ——
S —

OoLD MIXED NEW

>

Figure 1: The Assessment Problem.

In this environment, process changesare generally introduced and made effectiveon a date, as opposed to by release. All featuresin
development at the date of the process change are either grandfatheredto use the old process (usually dueto a concernth at the
changewould disrupt the featuredevelopment) or switched over to the new process. In general, all featuresalready in the stage of
executing the old version of the process do not switch over to the changed process. This makes the actual date of a process change
rather difficult to dete rmine on aglobal level; but, allows minimum disruption for the devel opment process.

2 Model Description

The FEAST project has proposed a fundamental process unit model consisting of input, output, feedback controller, and resources
displayedin asimple diagramprescribedin the FEAST Manifesto [1]. On asizable project like 5ESS, this model can be employed
at several levels of abstraction:

1 theglaobal project level,

2. globally at the development phase level,
3 theindividual feature level

4 theindividual developer level.

22/7/99, 1:36 pm - 25- mmI538-[FEAST]



Figure 2 shows the 5ESS software design process cast literally into the FEAST model, an example of abstraction level 2.

Design Process
Management  [*®
Team
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Required ., 'Enacted i iWaivered
- Task List ) y Task List iTask List
v Yy
Feature i )
__ Specificatign SN A Design
* 1. Developer decidestasks to do, :
: then creates enacted task list
; 2. Developer does design !
................. =

Design Process

Figure 2: 5ESS Software Design Cast Into the FEAST Model.

Theinputs to the design processare feature specifications and feedback from the design process management team. The output of
the processis the featuredesign andthe list of tasks that wereconsider not necessary for a specific reason. The decisionto allow the
design process to be enacted with these exceptionsis yet another process that involve the manager responsiblefor the definition of
the softwaredesign process. Finally, the resourcesconsumed aredeveloperstime, computing resources, and other expensesincurred
to successfully complete the design.

However, Figure 2 is deceptive. At this level of abstraction, there is alwaysa lag time betweenthe recognition in a managesble,
economicway. Thereis another lag time before the effectivenessof the changes(that is the next burst of feedback) can be as sessed
in a meaningful way, since a good mix of features haveto have executed the new process in order to generate representative
feedback. The feedback cycle on thislevel of abstraction app ears to be quite long, bursty, and somewhat imprecise by nature.

A proposedimproved FEAST model diagramof the 5ESS softwaredesign processis shown in Figure 3. Herewe havefollowedthe
prescription of the FEAST Manifesto; however, we have explicitly shown when the feedback takes effect. This is important to
understa nd (especially in large organizations) since it defines the time scale in which any change can be observed and assessed.

] { Design Process }
4 Management

Required ' i{Enacted E !
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—Specification, Design .
1. Developer decides tasks to do,
then creates enacted task list
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Design Process Release 2 (t = 8 months)
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Feature ] X
—Specification, DeﬂL}
1. Developer decides tasks to do,
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2. Developer does design

Design Process Release 1 (t = 0)

Figure 3: 5ESS Software Design Process Cast Into FEAST Model Showing Time Lag.
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3 Discussion Questions

While doing the modeling of the 5ESS software design process, we had the following questionsand discussion ideas for the next
workshop.

1. Thelag in time of the control signal is an important element of analyzing any system employing feedback control. The model
needs to make this more explicit since it definesthe time scale by which the effect of any change can be observed and
accesed.

2. Understanding what to use as your control variables is extremely important and not easy to do. We offer as evidenceour study
of the 5ESS software design process where we recognized the importance of process enactment waiver data[2].

3. Different abstraction levels of the FEAST model result in different control characteristics such as feedback lag time and
precision. We have proposed four levels in our study. The hierarchy needs to be defined and feedback/control capability
understood for each.

4. In our simple model we did not include some important feedback loops in the interest of keeping the model simple. Additional
loops comefrom oth er process phases — coding, test, and field performance. This complicatesthe feedback system and will
probably lengthen the time lags mentioned above.

5. Work needs to be done on defining what constitutes useful feedback in an essentially unrepeatable system. In software
devel opment, each devel opment project is unique (at least characterizingtheir similarities has been elusive), and the processis
execu ted by people that are subject to the effects of learning, external distractions, and skill level.

6.There aremany style issues revolving around audience. For instance, we would never show the feedback models to member of
the S5ESS development team as shown in Figures 2 and 3. Figure 2 lacks fidelity of how it really happens, and Figure 3 does
not contai n the detail that would be credible to a 5ESS audience.
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Draft The FEAST Project - Draft Generic Funding Proposal Draft

M M Lehman
Imperial College of Science, Technology and Medicine

I ntroduction

Numerous presentations have shown that the FEAST concepts can be convincingly conveyed to a variety of audiencesincluding
funding agencies. Whilethe latter all plead poverty at the present time, they wereencouragingin their reception of the conceptsand
in requesting a proposal that would detail the proposed investigation, groups and individuals participating, a plan of action and
resourcesrequiredwith timetable and deliverables. Thetext that follows constitutes the beginnings of afirst draft that will form the
basis for the preparation of individual proposals.

Background

Thelast twenty years or so have seen an order of magnitude growth in the functionality of computer applications and, hence, in the
size and complexity of the software systems implementing them. It is, nevertheless, well established that processes transforming
initial statements of requirementsinto installed softwareproducts still suffer from serious shortcomings. The continuing problems
facedin system development and maintenancehave ledto strong pressurefor systematicimprovement of what has become known
as the process. The invention of symbolic, assembly and high level languagesin the fifties initiated the search for process
improvement [ran94]. Public discussion of the many problems facing industrial softwaredevelopment at the 1968 NATO Garmisch
conference [nau69] triggered a more general effort. Since then there have been significant advancesin the provision of means for
such development. Major R & D investment has produced numerous concepts, methods, techniques and tools. High level
languages, structured programming, abstract datatypes, formal methods, non-procedural programming, object orientation, CASE,
support environments exemplify innovations that were each, in turn, expectedto overcomethe many problems that have for so
long frustrated consistent, cost effective, on-time devel opment of functionally satisfactory and reliable software. None did.

The State of the Process

Despite the local benefit that innovation has brought to individual development steps too many problems still haunt industrial
software development [gib94]. Introduction of improved methods, techniques andtools has not yielded a consistent capability for
planned, on time, controlled-cost development of quality softwarethat is functionally satisfactory when delivered. Nor has it resulted
in major productivity growth, cost reduction or faster response to user needs. It has proven equally difficult to achieve mgor
improvement in maintaining systems satisfactory as user needs and expectationschange in evolving operational domains. Software
evolution from concept to first installation and from release to release still relies on processes that are far from satisfactory [gib94].

The Drivefor Improvement

Directinterestin the process as such has existed since at least the late sixties [1eh69, roy70]. Wider interest was encouraged by the
first International Software Process Workshop [pot84]. Despite doubts about the specific direction being recommended[leh87],
Osterweil'skeynote addressto the ICSE 9 conference[ost87] triggeredmajor activity in process modelling based on programmatic
concepts. Most recently the focusof interest, particularly in industry, has turnedto process standardsand maturation as exemplified
by the 1SO 9000, Ticklt and Spice process related standards and the SEI CMM model. Some industrial and commercial
organisations have launched their own efforts both to obtain process quality certification and through R & D improvement
programs such as that describedat ICSE15 [maj93]. But progress is painfully slow. This at a time when the rapid spread of
computer application and its ever deeper penetration into every facet of human activity implies ever increasing dependence,
individual and collective, on maintaining implementing softwareand related software processes satisfactory in changing operational
and maintenance environments [1eh91].

Why the Slow Progress?
The limited improvement provided by innovations such as those listed above can be individually explained, innovation by
innovation. The failure of formal methods, for example, to yield generally visible global impact may be relatedto perceptionsthat
their successful use requires mathematical skills and that the beneficial impact of their adoption is primarily process-local. CASE
tools frequently yield less benefit than expected because, being acquired one at the time, they cannot easily be used together, may
not even be able to communicate directly. Integration of their outputs often requires more effort than the effort saved through their
introduction. Hence, their net contribution to productivity improvement say, is small or even negative.

The extent of the failure of innovation to yield major global benefit, however, suggests an overall constraint inhibiting process
improvement. |s there perhapsa common phenomenon resisting or even blocking improvement?If such can be identified a path to
major improvement will have been opened. Techniquesand tools to enable industry to exploit the opportunities it offerswill
follow.

I nformation flow in the Softwar e Process

Processeswhereby softwareis evolved ab initio or enhancedand extended, involve extensive feed around of information. The flow
will be both internal to and between various activities and agencies (sub-organisations). Each of the latter will haveits own
responsibilities and objectives. Their joint action and interaction produces information, insight and enlightenment that drives,
guidesand controls the process. Some flow will influenceprocess steps that follow the information-generating activity. Other will
be fed back to control the sub-processfrom whose output it was derived. The process constitutes a complex information flow
network. Since output from some process elements controls their subsequent behaviour the process constitutes a multi loop
feedback system [leh94]. A forthcoming publication by Lehman, Perry and Turski will discuss the role and likely impact of
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feedback controlsin processes whereby E-type' applications and software systems are evolved. For the moment it is sufficient to
observethat for over four decadesindustrial softwareprocessevolution has beendriven, at least in part, by organisational needsand
ambitions. To ensure stability asan organisation seeks profitability and growth, feedback based checks and balances controls will
have been applied” . Feedback controlled stability is a natural property of E-type processes.

The Softwar e Process as a Feedback System

A characteristic property of all feedback systemsis that the stabilising effect of negative feedback reducesthe global impact of
changes to individual forward path elements. In the limit, externally observable system behaviour will not visibly changein
responseto forward path changes unless and until excessive positive feedback causes system instability. To obtain the full impact
on system behaviour from forward path changes requires adjustment of feedback paths and mechanisms.

As afeedback system, the softwareprocessmust be expectedto display this characteristic property. Thus evenif therewereno other
feedback controls in the processes, checks and balances alone would tend to constrain the global impact of forward path
improvement of internal processes. In practice there may be many other controls inhibiting process improvement as a side effect.

Negative Feedback asa Constraint on Process | mprovement

Theinnovations mentioned so far all represent changesto the forward path of the softwareprocess. In general their introductioninto
practicewas rarely, if ever, accompaniedby review and adjustment of process feedback controls. It should, thus, not come as a
surprise that their impact was limited. Is this not simply an instance of the stabilisation normally associated with negative
feedback?For the moment, this observationis a conjectureto be verifiedin theory and practice. Onceit has been verified one may
developmeansfor its exploitation. Support for this conjectureis providedby other innovations, inspection, incremental releaseand
metrics for example that are feedback based and are recognised as having made significant contributions to process effectiveness

Exploiting Feedback

This analysis suggests that major software processimprovement requires continuing review of feedback mechanisms. To datethis
aspect of improvement has been largely ignored. Hence, identification and adjustment of feedback mechanismsin current processes
may itself be expected to produce improvement. In addition, the development of appropriate modelling and other techniques with
their support tools will ensurethat, in the future, relevant feedback controlswill be identified and adjustedin tune with each forward
path improvement to yield maximum benefit.

Historical Note

The beginnings of Software Engineering as a separateand distinct discipline aregenerally associated with the 1968 NATO Garmisch
Conference [nau69]. At that meeting there were numerous referencesto feedback and its critical role in the software process. The
term strictly was used in its non-engineering connotation of information flow fed back to participants in some process or
originators of some product, eg. from testersto developersor from usersto manufacturers. It wasrecognisedthat such information
directedto the right destination could provide guidelines, directionsto be pursued, enlightenment. It was not seen as a control or
process improvement mechanism. Moreover, whatever impact the concept may have had appearsto have been restrictedto that
conference. In the Proceedings of the follow up conferencea year later [bux70] the word feedback doesnot even appear in the index.
Feedback was also mentioned at about the sametime in a report The Programming Process [1eh69] and discussed in more detail in
subsequent papers[bel 72, 1eh85]. This work recognisedthe role of feedbackin determiningthe dynamicsof the software processand
the Laws that appeared to regulate the release process. As an examplebrief mention may be madeof the early observation of the
feedback stabilised growth characteristics of the early stages of OS/360 evolution and that of other systems [1eh80] and the equally
persuasiveinstahility (chaos?) consequencesof excessive positive feedback. All this isillustrated in the growth plot reproducedin
figure 1 below. Its phenomenological consequences are expressed by the Laws of Software Evolution that wererecognised as
reflecting the consequence of feedback in the dynamics of program evolution [1eh78,80,85,89].
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Figure 1. Feedback Stabilisation and Instability of the OS/360 Evolution Process

! E-type software is defined as being required to satisfactorily address a real world problem in contrast to S-type software that is required to
be correct in the full mathematical sense with respect to a fixed specification [leh78, 94b]

% Others were developed or evolved to support the search for improved product quality and process productivity. A third process attribute,
responsiveness, whilst of equal societal significance has not been so avidly pursued.
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As observed with reference to the 19 data points available at the time of publication [leh72] ... theplot rippleis typical of asdlf
stabilising process with positive and negative feedback loops. From a long-rangepoint of view the rate of system growth is salf-
regulatory, despite the fact that many different causes control the selection of work implemented in each release, with budgets
varying, increasing numbers of users reporting faults or desiring new capability, varying management attitudes towards system
enhancement, changing release intervals and improving methods....". The last seven data points included in the plot, but not
available at the time of publication, reinforce the evidence for feedback system like behaviour by showing the consequencesof
excessive positive feedback that resulted in the breakup of OS/360.

More recently, Abdul-Hamid and Madnick devoted a book to aspects of software process dynamics, concentratingon management
aspects [abd91]. Weinberg [wei92] and Senye [sen93] provide extensive discussion of related themes. But it appearsthat the first
published suggestion that, unless recognised and taken into account, the feedback nature of the software processis likely to
constraint software processimprovement didnot appear till 1994. It is difficultto understandwhy the penny took so long to drop
but then hindsight always raises that question.

Warning

Feedback management and exploitation appearsto have significant potential in processimprovement. A word of warning must,
however, be expressed. In papers at |FIP Congress '86 Brooks[bro86] and Turski [tur86], respectively, pointed out that one must
expect neither a silver bullet nor a philosophers' stone to solve the software engineering problem once and for all. The FEAST
conjectureis not an exception. If we can learnto exploit it, it is likely to make a significant contribution to processimprovement.
Its application will not overcome al problems.

Project FEAST

A comprehensive investigation to confirm the conjecture, identify feedback paths and mechanisms and develop means for
controlling and exploiting feedback is clearly required. The investigation must seek systematic methods of feedback based process
improvement, means to support such improvement and means to assessthe global impact of process element changes. The first
step is the development of a conceptual and theoretical framework that includes means for the representation and evaluation of
global processes.

Aninternational project, FEAST, with these objectives is now underway. The study will examinethe role of feedback control in
the process, processimprovement andthe exploitation of advancing technology to this end. If successful it will ensure and sustain
futureadvancesin software evolution (development ab initio, enhancement, extension) and providemethods, tools and metricsfor
the effective evaluation, support and further development of process technology.

Three recent workshops have involved people from industrial, academic and research organisations in Canada, Finland, France,
Norway, Poland, Portugal, UK and USA. The main focus of the discussion so far has been on the identification and definition of
basic concepts, the outline definition of project issues and objectives and discussion of the initial models. This effort has been
fundedin part by the UK Department of Trade and Industry and in part by participants' organisations. Present support ends,
effectively, in March 1995. Future progress will depend on obtaining further funding.

The envisaged multi-disciplinary projectis challenging but feasible. Thefirst practical results should be available within two years
say. Butin view of the difficulty of the issues under study the main body of resultsis likely to require3 to 5 yearsto achieve. The
degree of success and the rate at which it is achieved will clearly depend, at least in part, on the funding obtained. The calibre of
people attracted to and participating in FEAST suggests that significant progress can be anticipated.

FEAST Issues

As discussed elsewhere [1eh94] the focus of project interest will be E-type applications[leh78] and software. Specific issues to be
addressed and development to be pursued in the project include:

» Theory of software evolution, process and process evolution

« Role and nature of feedback and control in the software process

« Clarification and validation or refutation of the feedback conjecture

» Determination of the intrinsic properties of E-type software

« Determination of the degree to which feedback control makes major progressin process improvement difficult to achieve
» Relevance and applicability of classical feedback and systems theory and practice

» Development and/or evaluation of alternative representations

« Investigation of methodsfor global level modelling of software product evolution and processimprovement that include human
action in feedback and control mechanisms

« Model characterisation, representation, construction, quantification, evaluation and correlation with industrial processes

* Analysis, descriptionand quantification of E-type process dynamicsas previously recognised [bel 72, 1eh85] andits relationship
to process theory and system dynamics/control theory

» Practical implications of the dynamics and itsindustrial relevance

« Determination of practical methods for exploiting results of the study, how they may be evaluated and how they may be
introduced into practice

e Measurement or other assessment of likely impact on global process attributes such as quality, productivity, responsiveness,
determinism and on their improvement

» Development of methods and tool support for process evaluation and improvement
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Approach

The project requires a two headed approach. It must develop a theoretical framework and its support tools, importing models,
methods and techniques from relevant disciplines such as stochastic control theory, system dynamicsand other areaswherefesdback
control is discussed and evaluated. Equally it must intensively follow a practicebased investigation of the feedback characteristicsof
industrial softwareprocesses, identification of feedback mechanisms, their effect in the global processand assessment of their likely
impact. These, initially two, approachesmust rapidly convergeto permit the construction of realistic models of feedback controlled
industrial processes that can be evaluated, modified, re-evaluated and used to define, implement and, perhaps, optimise
improvements to real world processes.

Tasks

Initial tasks are underway. Alternative definitions of terms such as feedback and control have been analysed, the most appropriate
adopted. Basic feedback configurations have been defined and successfully applied to the development of models of sub-process
elements of both industrial and theoretical model. Other examples of sub-processes have been analysed and discussed as part of a
critical examination of the viability of the initial concepts, definitions and modelsand to expose any limitations they may impose.
An initial conceptual global feedback process model has been defined. Outputs from and information flow between its sub-
organisationsand activities, have been listed [per95].{could be included as appendix}. This model and the listings provide
the basis for a simulation model that will permit global analysis andimprovement once metric attributes such as volume of flow,
time delays, resource (person-time) needshave been defined and estimated. Other common standards, viewpoints and approacheshave
also been formulated [per94] {Note: could be an appendix} Such modelling and evaluation must be extendedandintensifiedto
identify feedback loops and their likely impact in the global organisation and software development, release and evolution process.

Figure 2: The Initial FEAST Global Process Model

It will be of considerableinterest to examine existing process models such as the Waterfall [roy70, boe76], Spiral [boe88] andthe
SEI CMM models. These variously reflect technical and managerial aspects of the process but non providethe global coverage,
including feedback control, pictured preliminarily in figure2 and required under the FEA ST conjecture. FEA ST activity must adapt
and extend these models to test the viability and applicability of the FEAST assumptions, adapting them if necessary, and to
evaluate the resultant models for validity and process improvement.

It will be also necessary and is intended to explore, within the context of the software process, the application of modelling,
eval uation and opti misation techniquesas usedin control theory and system dynamicsstudiesto determinewhether these havearole
to play in the synthesis and analysis of softwareprocesses. Some prior work doesexist andinitial successeshave been reported but
it seems unlikely that these approaches will yield quickly exploitable results.

The above mentioned tasks concentrate on methods and techniquesfor developing and exploiting feedback control in process
improvement. It is also intendedto identify feedback paths and mechanisms in currentindustrial processes andto determinewhether
andto what extent these have hada constraining influenceon the benefits obtained from technology and technological innovation.
Successin this areawill providestrong evidencefor the validity of the conjecture(which we donot doubt) but, moreimportantly,
will point the way for obtaining increased benefit from technologies already implemented and in use or waiting on the sidelines.

To be continued and compl eted.

22/7/99, 1:36 pm -31- mmI538-[FEAST]



Organisational Involvement
Awaiting committments

Per sonnel
Awaiting committments

Action Plan
Awaiting planning activity committments

Deliverables
Awaiting action plan

Costs
Awaiting plan development and commitments and statements of need
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