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RESEARCH ON COMPLEX DECISION MAKING, KNOWLEDGE REPRESENTATION, AND THE
TRANSFER OF EXISTING SYSTEMS TO ARI

EXECUTIVE SUMMARY

-z

This report briefly describes the results of a program of research that
focused on the conversion of a new technology into a form that is facile and
generally transferable using a network of microprocessors. When the contract
vas awvarded, the choice (at that time a very reasonable choice) of hardware
was the 8-bit microprocessor and (standard to ARI and other institutions) the
Apple II microprocessor, augmented by standard peripheral equipment. -

The program suites, appropriate to these machines and a Corvus 20
Megabyte Disc, have been delivered, as originally specified. It is true a 16-
or 32-bit technology would have been a better choice since obvious limitations
and difficulties crop up with a smaller address space. However, the
netvorking paradigm remains viable and may only be replaced by a multitasking
system with very sophisticated display and control capabilities to exhibit the
power of the systems to any user and render the computing organization
transparent, as is required.

The deliverables so far noted are CASTE (Course Assembly System and
Tutorial Environment), THOUGHTSTICKER, and the Team Decision System (TDS),
together with manually and computer-administered versions of a test for
learning innovative and conceptual style, SPC2.

In addition, documentation, source code, and various other documents are
deliverable products. -

Vhile the program emphasized the transfer of a rendered-transportable-
technology, it encouraged the dissemination of knowledge and further research.
Both of these objectives have been satisfied to the extent required in the
Annexes to this report.
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RESEARCH ON COMPLEX DECISION MAKING, KNOWLEDGE REPRESENTATION,
AND THE TRANSFER OF EXISTING SYSTEMS TO ARI

2. Overview and Introduction

Over & pe-iod of about 7 — B years various human mschine
svstems were designed and impiemented uncer ths whole or part
support o©of the ARI, through tnz European office, to Svstem
Research Ltd.. U.k. (the cd=zqg-ee of spcnsorship depernding upon
the system in guestion). #11 of them are founded in
Conversation Thesory and its protologic Le {decscribed in
Annexe 1.3 an ECTJ imvited review paper) and in cne of the
prcducis; a "Frimer" on the background.

Orz of theze svstems, CASTE, is a sophisticeted tutorial
envircnment. provides, in the first plaece, an accurate

and eccrd of how learne-s acquire concepts
which = T e~ted., together with their relations. 1n 2 so
callsd "en i 1 nesh The learnsble concepts reprezentsd
in : minimally of one (cftern several)
2iEc scr-iption or behaviour (obtairmable by
SRS £ reTerence nam? such az "Vessel" or
TE- "lounticy YY oo "Routes from ¥ oto ¥
o .

i ZhE @ pore Compaler orogeosms antine
vuporn, a8 ep=oit.es domair

Ko miample, 2
tor pe-forming
phvsical esporimenis)g

ecuipmert must be able to
) »

nerfornance.

£
= tote
erample, the rcie of "Dommand=2-" in such
& wevw thot e s ca
& pErson (usuallvy a group of othe~
learnersz, provided tha*t certa:n essential
restrictions built  Into a’ procram are
satieficd) and the evaluation returned in
fnumer:zal  form to CRAETE (for example. by
meEasures or a repertory grid schemers.

In all cases ( and (a). <b!, (c) are neot erhaustive:, K the
model must be atle, on (45TE demand. to aive & demonstiration




cf  how the concept is srnlied {to make or do or recogrise
some oblective! and, convere=ly, to accept ard to evaluste an
e«planatior. from a learnsr and sc to give CASTE an indicat:on
of how the learner uwses o understands the concept in
gquestion.

As noted &alread., concepts are relatec in a "mesh”. This
mesh (alsc know~ as an “Lp statement") answers the whyv
question, in contrast to the how gues:tion ie. ig Gives an
answer to the question "whv did you use that method or give

thsi e.olanstion" or, with ejuel significarnce "f.r-om what
other corcept can cthe concept that a leane- i wu=aling with
be derived." Such ertailed derivalions specify how one
concept model (which 18 enevcutable, which woris) can be built
out o0f other contept models. I+ and oniv i¥ & learner can

give satisfactory replies to the whet and how questions ¢ &
snered concect €aid to b understood end 13, ©n empirical
arou~cs permansrniiy resllient.

1y there are miny 2O at.lons sceclitlas 1T
“imant mes=h. elructur emcic. by @ group cf
Fuvirer, t 2 OLE L 1imit the cumbzt ©
cht d cnd whizh €co worti,

Cos=2 crtains ta&zilt. Ao

: igar-irmg oo o s raLl. It elzc
tn=t & erc dispczzl
Origin or mesh o is
Ir tride  wo =z  megst stt.ce, dos:s

2ol ve In proinciolie. CASTE liesd with
blsm me st (z21ttouchk thys no-  Weusais
recormanded enxcept 1n spesiel- Dnllcatl-nc : for evample,
what-2 learrers havo prior  bkncwledge of 23 comain (o
instansa, of how to menouvvzr or alloca e resowrces i er

unCzctain slzust:ond.,

Fiqalls, c-ten avqgmented by gpelific totorio!
aidz. 1t found in numerouvs euperisents thot
lezr-nerse  hzve ind wvidaally creferreo siratzcies of lear ning
such 25 follow no one rocvte assziducusly or, on the other
ha~d., buili:iny wp & alchbal pizture anid compleiing detailed
tesk  accomplizhment later. Arain. some lear-ners ¢-e able to
UEE exzct anslcoliec; to use velid aggneraligaticre tc learn
exempl ars, or conversely., Lo move Firem exemglars to &
generaliezticn.

Such tendencie=sz. whether manifest cover many learning
situations or con:iext sp2cific, com2 out ac one compcnent of
& learning record. Henco. one tuteriel heuristic employs




thie learnirg stratecy intormaticn to recommend paths that
sre libkely to render subeeguent learning effective for the
igarne- 1in qQuestion: irn the 1limit case. to dictate that
certain paths are talen this, fhowever, iz seldom
recommended; some measure of choice ie reedec if oniv because
these learner profpenrsities or sivles are, 1n gensral, context
dependent).

nother readilv imolemented tutorial hewristic stems from
wortk done by my team, 20 or 25 vears ago, or compled adaptive
treinring svstems which matched rask difficelty to proficiency
in order to achieve & balanced 1liezarning condition.
Translated intco CASTE terme, this heuwristic ammounts to
uncerteinty regulaztion; maintaining enough degreese cof choice,

but not teo much so that both overlioad and boredom are
&evaided.: The balanzce point, for a particular learner, iz

zaain set by date from the historiczl record.

CASTE, use=d in & tutorial mode. providces (C=Tol &
=l with 2 rspresentation of shsred conceots
enecified abowve). Thess conceptis are imscribtes in

T omesh whicon alseo consieve Iin relatioﬂs that

toocsther ana  the entire mes= is opsn to non

otion {(hy Turther concepts and/or relati =
2clse sense (as noisg in the refterenced annexes

All the relationz o "erntallimentsz
represent ionical cotiersnTe  of the O
a TREo & o £

]
f
o
T
[H
T
i
[x]
f
=
)

(L Trhe Model (Frocz=z} azpzzt of =
eharen concert crvetalisss tho answs-s to
oo oo vina mathod"Y guostion 10 &
CONvRr hrouah CAagste berweer
par;i;::nr- in the corveroatioo, The
produshs  anseer what gueasticr=s ("what ig
the conversation about !l and the
relstions  beltween concepts answer  the
"why"  guesticns ("why did vou uwuse this

meihod a&nd I use thet me=thod"!.

Hernce. & mesh 1s & reprezesntation o4
[ e .

¢
k ard an open—to-mzsh evolutio
theory about what mav be known.

Between 1974 and 1975 it becam= ciear that a mesh of this




tvose 1z mgorz thar S 1inzcription, “ather, 1t enbzdiez &
calzulus, the protolcaoic, Lp. of ceonverzat:on theary end is
manipulab!? “or erample. nfeirsnces can be (2nd, 1n reel
systeme a._) made to proposze further cchererizies, subiezt to
the cverr1d11: rule <hat orizirnally aiserted dicstirnctions
between concerts are neither obecured no- denies.

The n=ut oroduct, THOUGHTSTICKEER. cperetes in the CASTE
environm=2nt to perform basic protoloaicel manipulat:ons uvpon
the m2sh. Th> THOL HT:TIC}EF operations assume thet anv
sharec concept is such a thimg: either, it has zn executable
model [ or  one will be provided using the "Configure” Routine
whi:t is continuallv available in CASTE: taken together,
THZUGHTETIZHER and the "Configure” Routinzs for-m an authoring

= and & lea-ner maey occupy the positicn of 2n author, 23

= i1t ehculd

e Jal thet all

i cocrceptz! snd
C Distirmctl

lo*tiecn. i3

=) cts =ztici
Fig. 1.1

rozzibhle

- minmz anl

i clies thal

ot bBoth

ctors and

2 Tl anoloav,

nwol I a iEtinction
ar e 1 = 3 flector pair.

satiocn iz 2 sgpez:zl uwnidirectional analogv: all of

zlarzs zr-e encompassed by the ceneralisation but are

rtly analojowe to it

#ith thiz preamble and recalling thet e cshared concept :e
minimally & proce2ss, product, pair it is poss e t

ibil to outline
the THOUWGHTSTICRER operations carried out on a mesh. Of
thesze, twe are directionel! unfoldments of e mesh to produce
ordered strucliures from a specified point of view
(rearesenting learning strategies or strategies of planning
and actionl). The <first of the two is called a "Frune"

operation (Fig. I) and the next is a gelective pruning (Fig.
4) which dissects the class of all learning or action
sequences, as the case may be, into specific conditional and
program like structures that are all open to execution. Some
caution is needed insofar as the execution m$ be initiated
after several stages as indicated below (in the case of
generalisations). Hence, it is better to consider "Frune"
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and "Selprune" conjoined to execution in terms of an
iterative operation "Expand" represented and implemented by
(the n fold i1iteration) of a sequence litke.

"Frune (from some concept); ((Select (Selprune) )
(Execute to Model)'"; that is, although any shared concept has
an executable model, this model may be and often is a mesh,
the shared concepts of which may either point to other meshes

or directly and with equal legitimacy to models.

The next THOUGHTSTICHER operation is "saturation" (Fig.
Sy which is an inference rule, appliable if and only if a
sufficient number of distributive coherencies exist. If so,
then ‘"saturation" proposes Ffurther coherencies that do not
loose already asserted distinction between shared concepts
that are Lp 1legal. The author or team of authors may, of
course, deny or accept these proposals, in which case the
number of proposals is greatly reduced.

"Fruning” and "Selective Fruning" are forms of unfoldment
and, thus, of Lp legality criteria. If a mesh is "prunable",.
then 1t 1s legel: 1if not, then it is either modified or
transformed.

The cruciel point is loss of distinction as manifest in
the "Rule of Genova", named after Vittorio Midore and George
Olvmpia and Renaldo Sana (of whom Vittorio worked for a year
or so 1n my own laboratory; Olympia visited often, and in
those days, FRenaldo £Sana headed the CNR group in Genova).
The least elaborate case of conceptual conflict and i1ts
resclution is shown (in condensed form) in Fig. 6. Conflict
resolution ammounts to analogy creating and generalising
actions. Thesze are shown (as outlines) in Fig. 7 (various
analogy preoductions) and in Fig. 8 (for generalisations) and
for generalication resolution in Fig. <.

it may be addec that one entailment mesh can be ard
usually 1s quite large. in addition, it is often necessary
to deal with distinct meshes related by analeogy and/or
generalisation, shown 1in Fig. 1¢ and in Fig. 11, So,
finally, there 1is an 1interesting situation in which the
combination end continued, iterative, application of these Lp
operations lead to an emulation of personal corcept
production and reproduction in Conversation Theory.

The notion of emulating personal concept production is

spelled out in Section 9. Theoretical work has led to a
concurrent algorithmic specification of a considerable
reapraisal and enhancement of the protologic, Lp, of

Conversation Theory, C.T.




Fig. 7
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In order to avoid repetition (some readers are already
familiar with Lp and its C.T. basis, some are not) the
Appendices include a recent invited review paper so that
readers who are not happy about the Lp and C.7. postulates
(whether in accord with them or not) can consult it as a

preface to Section 9.
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D THOUGHTSTICKER Version 1.0

As noted already an entailment mesh 1is a class of
expressions in the protologic, Lp, of C.T. and specific
assumptions are made (notably, a model is an integral part bf
any shared concept or "topic" in the entailment mesh).
Unless the assumed requirements are satisfied, Lp dperations
carried out on topic names and relations are arbitrary string
manipulations. On the other hand, if these requirements are
satisfied, then operations upon topic names are meaningful.
The use of THOUGHTSTICKER 1.0, which treats topic names as
though they designated shared concepts is thus only sensible
if names said to indicate concepts do, in fact, designate a
sufficient exteriorisation (minimally an e:xecutable model and
& product) of a shared concept ie. if the what, how and why
questions of Section 2 have been posed and answered
satisfactorily.

From a users point of view it would be obsessive to
require that all models exist when THOUGHTSTICKER 1.0 is

used. It 1is sufficient to be certain that they will exist
before the mesh is used by a learner or another author. In
practice, some authors start with many models fully

specified; others from an overview of a subject matter or
skill and the rational conviction that models (perhaps hazily
in mind) can be refined and implemented. But, in any case,
authors must be aware of those requirements. Lacking the
awareness, the use of THOUGHTSTICKER 1.0 is logically unsound
and often counterproductive as experience has amply and
frequently shown.

It is worth exemplifying this point, in order to give it
the emphasis needed. To do so, take a mathematically precise
subject matter; conveniently part of ‘“"statistics", where
there 1is no serious ambiguity at all (this is not to suggest
that THOUGHTSTICKER 1.0, let alone Lp, is restricted to such
subject matter domains).

Let V
S

Variation

Scatter (of a numerical quantity
about an average value)

Mean of n quantities U

Distance (numerically) from mean

Squared Distance

Modulus (positive value) of D or
B (below)

= Numerical distance (from average

nnua

NHD X

m
)

11




value)
A = Average (or median or mean)

Suppose,

(a) V is derived, by entailment
from M, D and D2

(b) V is derived, by entailment
from A, B, Z and S

Given (a) one possibility is
V = Sum D2/n
D2 = D Squared
D=U-M

Given (b)) V = one kind of S,
and from average median or mean
(S,Restricted by R.M.S.
distance)

8 = Sum Z/n

Z = Modulus U - A

Clearly, both of these and many others can be modelled
and the model of V obtained as something generating either S
or (the wusual) wvariance. I¥f we wish to obtain standard
deviation than any derivation must have a form that makes
sense of only variance by pointing out, for example, the
restrictiones of the more usual (but less intuitive) variance.
However, both of the derivations of V make sense and (at the
cost of less convenient forms of distribution) have
statistical merit. The simple derivation of the standard
deviation from V points to the rationale of adopting variance
as an index of variation, V, and also for certain any other
indices of variability, for example, several that are used in

non - linear domains and, as a matter of fact, some non -
parametric piecewise continuous or only ordered statistical
methods. The fact that this rationale is often omitted

indicates the strength of Lp and of THOUGHTSTICHER 1.0 if
properly employed. It is easy enough to cite inefficiencies

or even disasters that might have been avoided if
responsible, trained personnel had thought, rather than
reacted , to a superior’'s requirement "Tell me, what’'s the

variability of those figures" by the tacitly acceptable “That
guy wants a variance"” which was duly .calculated on a pocket
calculator and phonerd back.

With this essential preamble, THOUGHTSTICKER 1.0 is able,

apart <from display, mesh recording and the like, to perform
the following Lp operations reliably.

12




(1) Fruning from any specified topic

(Z2) Selective pruning of a given pruning

(3) Retrieving meshes

(4) Saturation

(S) Rule of Genova contravention or lack
of asserted distinction

(6) Various dependent operations such as

topic listing and cluster 1listing,

alphabetic display, level display.

These operations are described in Section 2 using the
same framework. But, preferably to ensure that the
enmphasised conditions are satisfied; they should be carried
out in the environment of CASTE 1.0 where it is possible to
add currently specified algorithms as programmed
implementations that areatly enhance the value of the system.

13




4, TDS, the Team Decision System, implemented as TDS 1.0

The purpose of the team decision system is to provide a
very general CZ training and operation simulating system.
various configurations were developed, tested and used during
the middle and late 1970°'s and this development, at the
laboratory of System Research Ltd., Richmond, Surrey, U.FK.
was 1in large measure tailored to incorporate the findings of
4 Richmond Conferences, on complex decision making in C3I,
sponsored by the ARI and organised by Eystem Research in
consultation with the European office of ARI and the U.S.

ARI. The findings which ceme from these conferences were of
immense ‘Walue in specifying the essential requirements of a
complex CZ2 situation and, thus, forming a specification for

TDS., in the course of 1ts construction and, later, its
experimental trials in the laboratory which yielded several
1nteresting results.

From the outset it w=ze receognised that TDS should be and
was an eleborate modelling environm=2nt for CASTE used in a
tutori2! or training mode, Using the objects and actions
that are the elements of TDS it i1cs possible to demonstrate
arnd to e:rplain a large number of models of many different
kindsg for example, of manouever= by one or many craft, of
tactics a&and the like. Similarly, the expertise of competent
user's can be represented in Lp, as one or several entailment
m2zhes  which, 1¥ unfolded, give rise to plans or the
performance of tactics. This act maey be the reaction to an
emergency {(for instance, that & craft is incapacitated due to
lact. of Ffuel or that a trading route is disrupted); An
automatic resction i1f the users are unable to deal with the
em=2rgancy in question.

There are several unique aspects of the team decision
system, if contrasted with other C3Z simulations.

(a) Each commander (or user) has the role
of a mercenary able to compete and/or to
cooperate in the pursuit of a common
mission which is to minimize the density

of "intruders" or "marauders" that enter
an envirormnment and gradually converge
upon trading routes wha2re they are

destined to demolish tradir vessels upon
which the viability of this environment
depends.
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(b) Each mercenary commander, or user, is
required to divide attention since each

one controls at least 2 craft by
assigning them tactics that are
subsequently executed (failing

interruption) so that the craft are quasi
autonomous (in fact, 2 microprocessors
running qQuasi independently in a
simul ated environment of trade, economy,
geographically located bases and so on).

(c) Each craft, instructed by a
commander, acts upon partial information
about the environment. This partial
information is displayed to the
commander /user to whom it belongs,
through a local display, craft at centre,
periodically updated.

(d) All actions, such as moving a craft
or using it to demolish an
intruder/marauder has a cost, in terms of
fuel or some other conserved gquantity.

(e) The possible actions include
obtaining up to date but specific
information about the simulated
environment. The cost required 1is
deducted from the fuel available to the
craft in question. At a critical minimum

level the craft is last.

(f} The overexpenditure of energy/fuel by
a commander /user in demoslishing an
intruder leads to a "hole" in the quasi
spatial "environment". Such holes impede
navigation of craft or trading vessels
and are particularly bharmful to the
environmental economy upon which the
supply of fuel depends. In this case a
frequently competitive liason must become
cooperative since at least a pair of
craft must be placed in the vicinity of
the hole in order to repair it.

Many of these features have been
incorporated into the del vered
deliverable TDS 1.0. All of chose
outlined in (a) & - () of"¥ection are
capable of incorporation (recording and
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rerun of session included) wunder a
proposal for an augmentation of the
existing TDS 1.0 wusing the existing
confiquration of standard hardware.
These augmentations are desirable in view
of their low cost and their upward
compatibility with nowadays standard but
more sophisticated equipment; hence,
their transferability.
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S. The Course Assembly System and Tutorial Environment
C/CASTE/1.0Q

It proved difficult to implement a satisfactorily
transferable and transportable version of the original CASTE.
In part, this is due to the relative inflexibility, for this
purpose, of standard computing equipment. To a large extent
that barrier has been 1levelled out by currently available
computers and more versatile peripheral equipment. In part,
however, the difficulty was exacerbated by persistent
misperceptions; perhaps the most irritating is crystallised
in the phrase "text euplanation”"; namely, a string, with luck
"a description" but seldom explaining anything, let alone in
a manner that can be evaluated.

The history of these misperceptions is recorded in my
files. They are neither a sign of wilful glossing nor of
ignorance but interesting exemplifications of how hard it is
to communicate some very simple ideas,once that they are
mistatenly conceived to be complex and ineluctable ideas.

A version of CASTE, stripped of the Jjust - noted -
misperceptions was demonstrable at quite an early stage. It

was, 1n fact, demonstrated during & site visit., But it had
several unacceptable (although not - too - obvious)
imperfections upon deeper scrutiny (for the record, it
concsisted in modelling facilities 1in quasi independent
computers attached to the at - that - stage existing
implementation of THOUGHTSTICHER 1.00. Bringing the

imperfections intc focus, the system with its microprocessors
interacting through CCS communication cards only, was "hard
programmed" (by analogy with "hard wired") to operate with
models in one and only one subject matter domain. It was,
furthermore, inherently unreliable due, in part, to hardware
deficiencies and, in part, to lack of a hard disc
communication system such as the CORVUS and OMNINET acquired
later.

The delivered CASTE is, at least in principle, devoid of
these flaws. It has a very comprehensive recording facility
(provided thet printout of history is obtained at each
session, quite rationally only the current status of a user
is retained, otherwise). It is chiefly due, as are several
improvements in the original 1979 design, to Charles Small
and his colleagues whao, in fact, based their design
specification wuwupon an intelligible Lp mesh representation.
The system runs with perfectly acceptable rapidity on the
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CORVUS, Omninet and a minimum of I Apple Ze microprocessors,
together with random access slide (or random access tape or
video disc) and dot matrix printer peripherals. It is very
reliable and offers comprehensive model configuring
capabilities for arbitarily selected subject matters. File
space is readily assigned to different users. The software
architecture uniquely captures the architecture of the most
advaanced original. It is reliable and well documented in
Jaworski ‘s ABL/W/4 as are THOUGHTSTICKER 1.0 and TDQ 1.0.

My colleagues and I have proposed, in concert with this
software engineering designer, upgrading of C/CASTE/1.0 to
CASTE 1.1 and CASTE 1.2 which have been developed
algorithmically but not, as yet, implemented. These are
upward compatible with more advanced technology. These
augmentations go as far as practicably possible to upgrade a
very complex system, such as CASTE, within the limits of B

bit microprocessors and include a proper handling of
analogies and of generalisations; also, the more important
types of ‘"pegation" or, more accurately, of "exclusion"

principles which have been developed in our theoretical work.
Finally, -automatic model confiquration by an author mode user
or team of users has been extended beyond the compass of the
present options.
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&. Stylistic Tests

Due, in large measure, to my unavoidable absence for
several bits of major surgery in the U.K. (where I have a
private insurance policy which allows for rapid surgical
processing) certain curiosities have beset the development of
the promised tests for learning, conceptual and innovative

style. In fact, an earlier version of a stylistic test (an
experimental version retranslated, in fact, from its Dutch
translation and from its Jtalian translation) has been

programmed +for automatic admipistration. In fact, also, the
most recent version of this stylistic test had already been
delivered, readjusted for use with a North American
population; the evidence strongly indicates that even the
best Euwropean version gives i1nadequate emphasis to the
creative or inventive, (in contrast to the rote recall),
intention of the test. The cleaned up and "tuned" to induce
a properly creative "mental set or attitude" version has been
delivered already 1inm & manually administered form. A
computer program which performs the onerous chores of scoring
and of retaining full information in raw score vectors (so
that wvarious, equally valid, scoring schemes can be used
later) is & delayed but forthcoming delivery. The manual
test is "SFCZ", the programmed form is "“SFCF2".

The purpose of the tests is to determine an anticipated
style (to parameterise tutorial strategies in CASTE or to
predict types of creative and leadership potential, notably
in TDS). There are other possible applications and a recent
proposal to the ARI concerns hygenisation and delivery of the
manual Fform of a companion test which has known validity and
reliability in order to employ '"stylistic tests" as part of
"before and after" research designs or in training
evaluation,

Fecause of the confusion it is essential to distinguish
between SFC2 and SFCF2 (which are compatible with a very
large body of work, chiefly in Europe by several independent
researchers often using different but equally defensible and
intercomparable scoring schemes, extending over some 12
years) and other forms which, doubtless have merit, but are
apparently incompatible with a North American population.
These other forms also suffer from an inflexible scoring
scheme and, unless special precautions are taken, would be
difficult to rescore as desired.
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7. Some Rules Not Mentioned in the Documentation of Systems

In the context of "CASTE and THOUGHTSTICKER" it is noted
in the documentation and earlier in this report that any

topic or ‘“shared concept” must be attached, directly or
indirectly, to a working model. However, it is well worth
underlining this essential point. ’

In addition, a few more authoring rules are needed to
render & costly and powerful system free of its hardware
limitetions. If these rules are satisfied then CASTE and
THOUGHTSTICKER become wvaluable tools of a novel technology.
If not, the best authoring possible will fail to provide the
user with an 1mage of the internal organisation and these
systems will pot live up to the claims made for them.

These rules are very commonsensical if the underlying
theory 1= tkept 1in mind but did not become obvious to me (&
primary  theorist) until it was possible to use the most
recent wversion (that 1=, C/CASTE/1.0 as deliverec) in order
te author and scrutinise actual materisl, for enamzle,
statictics).

Hence, apart +From the alrezdy noted condition, that any
shared concept (or topic) must be associated with orne or
ususlly many erecutables model for demonstration. simualation
and evaluation, ttke followinc rezstrictions, chieflv 1f not
entiraly dusz to hzrdwarse limitet:onz. are mand-tory (possible
evoirdence mechaniem 8re, s far as poscible), noted below.

C/'CRETE/S1.C operates o= a ma2ster CASTE machine, an aim
and & topic machine. The aim and tonic machines act
ingependenrtly, ercectl 101" interrvpt and  the passagz of

necessary ciaonals,

oss:ble for A& user Lo compare znd Lo
contrazt and independcntly manipulete the aim &and topic
machines. Due to screen capzcity and sensible visibility the
compariecn and contrast must, to the user, be simultaneous.

(1} It must b2 p

S2. for ezample, 1f a written dezcription is displaved
vie these machines (an alternative wav is a hicher definition
clide displevi. then this description cannot occupv more than
one screen of text or low defirnition graphics.

2) The same comment applies, but without the slide option,
to demonstraticn, e:planation, simulation or evaluaticn use
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of models,

-e
(Z) One erceplion is pogcsible: topic models may rezso>mably
seamented, if neceszary, intae mutually comparabtle parts.
This is & difficult and rmot initially recommenced process: it
places a concsiderable burden upon the auvuthor and unless the
seqments are very clecsrly indexed, is likely to fail.
(&} To each shared concept or model there must, whatever
else, be a slide <cshowing the immedieste neighborhood in a
mesn, of the topic in question.

(5) There must be, available to the user, an image and
preferably & graphic image, of the entire entailment mesh.

(&) Anticinatinc the proposed svystems CASTE 1.1 and CASTE
1.2, the assignments of the aifi end topic machines may be to

szc=ot mpdelz  Far ar aim topic or shared concept and some
cther tftapic model in the cluster that any user can chocse or
in the ceze of CASTE 1.1 and CASTE 1.2 the topic models

a generalisation. In fact, (in this
and similarities are dispiaved on the
= a matter of fact, there iz not much
rate from a usszrs point o view). But,
e ST of ZOmDErison and contrast
broucht into focus.

(T Toplic names are bezt resztricted +toc at most 4
charsciters, othorwise ovarweiting iz likerv to coows.

(£ Uswzlive Fion (73 is eof small consecuencs,
Howew =t I Fhzve found It nonszensical in teas authering wher e
one  a "thinke +this..." =2nd another, sav E,
wishes= that...“, where "trhis" ano "that" =2re
tength,

(5 Such ststements can .

Thesee rulez bescams evident to me only efter- wsirg the
demonsirative materialis. Many of the topics 1n  these
(includirng those authored by myself) Fail to satistv the

basic conditions et out (although, by slight rearrangem=nt.
they could readilyv do so).
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£, immed:ate Fropozals for development of the existing
svatems

Since the proposaels concerned have been submitted in
draft form and their receipt has been acknawledged, 1t would
be verbose +to recapitelate their content. It is, however,

worth notimg that thevy are 2 in number, (&), (B! and <«c)
below.

(a) A proposael  to augment C/CASTE/L1.0 intc CASTE 1.1
which embod:i es praczticable handling ot anslocy eancd
generalissticn as ws=ll as most forms= of negation or
exclusiong later, into CASTE 1.2 which enhances canstruction
of mLry e comlaxr models  and  their confiquraticon in arn

te CASTE compatible form. The lazst =lqmentatlan is
ished by uvusing Jawor=h"s AEL/W 4 & rezui:t of which

n

P S
ary rationszl  person. neither having nor deziring flusncy in
iorozoft BABZIC S.C ie sble to manufacture mocsls that are
Yk fixnd in rationoal language  arnc trancformed inteo cods
ac tablie by the evistinog, of 3av othar systemc.

& gimilar ftashion,
teams ot them.

o

E
T facils Uz

& irtc & svstem with proper
itizs and a proper incorporation
. it ie propos=ed teo provide more
dizplay fezil:ities.

(i The construction of & manuznllv administered and a
ate dminietered version of & '"styvlistic test” o~
i earnino. innovation anc recall svestem: orCcz2"

tible with &SrCT (zlvready deliverzdl. Since

n known cg the "Grugolers Test" ie based upon
ertailmnernt mesn, the muitual wvaliditvy with STCZ
st ab x Farther, practical experisnce with the
zarlie- masnusl versicns has shmwn itz high mutucl reliability
over soame 00 respandents. Hence, 1t can be confidently usec

efo d efter type Studias of conceptual stvie.
ezpecially 17 the experimental design of SFLLZ first SRCELD nest

=}

and vice verca iz poscsible.

22




e “n overview of theoretical work undertaken and
dissarinsted

A considerable booy o theoretical recearch has been
performed wnder this contract. The rubric "theoreticael" is
meant to cover the productions of elgorithmic specification
and , for examples . the algorittms underlving the. proposecd
developments noted 1in Section B. Further, it hes been
possibie to provide at least one embeddinc of Lp in the
topoligical domzin and as & result to furnicesh a more readily
implemz=nted and more powerful theorvy of Eknowledge and
rational beliesv,

Much of ths content of the thecretical work i1z conteained
in & memaredur, circulated in September 1985 to give an "in
houze overview" and replete wiih references to peoplz ideas
or eventes, Theotetical worlt  pricr to that hes been

T BITDREer ] gat, in an invited review

veirsation ite proctologic Lo in the

vvial . o=z I« 40, & further

actiwve conten: igarner" | apgp=are in the
a7

e memarsndoeT 15 in Yhe  procszoe Of 0 ConveErszion o

g mratich of purelv in A
appes- 1n tn2 Iriernationsl

SneE thrrough sevareld =.

will be 2ttachez s

Anne: g i and the Finas i.

m v
1]
3
=2
0w
]

e thz essentizl]l Qiscover-ises
o implemnsriotion.

&
ztotic Eriziliment 1 : De o

unfolding coxrations as prune or selective prune or extLand or
such inferential operations &s saturatel, there 1s fnow an
obvious dualiiv of mesh and operation. Tre "stat:c” mesh
imagee the ‘dynamic" action of &all of these and oi several

other operations thet do, in combination ang perpetual
operation, imace the spplication, preoducion and reproduction
of &1l stable perscnel concepts in & mird ana brain. In &

computerr implem=ntaltion emnploving present dav mazhines
Applicatic,. Ap, 1in anv distinct mental organisation is
replaced by an appliczation of & more limited kind: namely,
the vecution., Ex of, topics or shared concents arnd the
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analogoue proTozoe=s  that ere respensible 4or mainitarn.ing
theorr  cohsrence  and prese virne their cistinctior. Trhe
rezsultinag picture “Lhus resemblez a fluw of activity with
attractorses anrd dnrtlectors. Fircm time to time these
attractores and deflectors have manime leading. on the cne
hand, to bifurcation :intc parts or on the other haneo to a
directed behavioar, emnerging from a praductive ano kinetic
backgrounc.

It is thusz legitimate +to regerd the apaarenély etatic

mzsh &z @ product, a somewhat art:+icial produci, of dynamic
interplav. Jn the oither hand, it is possible to argue thet
the mesh etru-ture induces the acztivity. In faczt, thsy are
complementary. I7r theve is & mesh end 14 theire are attact:ve
and daflective groceszes, then both are neeced for & cropsy
ungeraetanding of this rezlity.

as refine. it Annese 1 and ar revisec
per-spasztive  shows ifici gt as o
heve  oftemn noted, airfier
YR taticys}l o in eliect.,
Forbzne "ot ozem trolnec
to Dz Runcon orntesll] r nirg.
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From the outset the importance cof diczerin
and +indings bv refereed péoers boisk chapters and ccocrference

proceedinas. has alwave been emphaciced. Corsequentlv,- a
areax deazl of effort has been e:npended in presenting
carefully plzceo publicetions, sympousia and seminar-s.




