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PREFACE

In an era when programs have been written to perform medical

disgnoses, find oil, analyze soybean disesses, and even rediscover 19th—century

chemistry, I have written & program -- and one of some size -- that seemingly

does almost nothing.
The program, called Seek-Whence, is designed to discover, model, and

reformulate patterns presented as sequences of nonnegative integers. The
patterns are not mathematically complicated ones -- they are based on little
more than the successorship and sameness relations between pairs of integers
-- yet they can become arbitrarily complex, challenging even for humeans. Our
work on Seek-Whence represents only the barest beginnings in exploring this

domain space; the program can handle only a few types of problems of

moderate complexity. Nonetheless, we pelieve that our goals and approach are
sufficiently important to warrant further work and much concentrated study.
But sequence extrapolation is asolved problem, handled by Pivar and
Finkelstein [Pivar 64]twenty years 8go -- is it not? Notin its full generality.
The Pivar-Finkelstein system concentrated on extrapolating sequences with
underlying mathematical formulss. Hence, these sequences could often be

solved by applying & battery of mathematical techniques until an explanatory

formula (or collection of formulas) was found. Their domeain and spproach are

quite distant conceptuslly from ours.
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Those who have worked on the formulation and implementation of

Seek-Whence are interested in modeling the human ability to discover patterns

and to find multiple and/or changing patterns in an evolving situation.
Integer sequences happen to be an excellent domain for our purposes for
several ressons.

First, we can strip away enough complicating detail to get at core issues.
For example, by eliminating knowledge of mathematical operations (such as
addition, multiplication, squearing, etc.), we can divest the nonnegative integers
of all but their most fundamental properties. They can then serve as atomic
Units - structures without internel pattern -- in our pattern domeain.

In sddition, by presenting sequence terms one at a time, we can explore
the ways in which perceptions about a pattern change as it evolves. Humans
are able to move from one plausible pattern characterizaton to another without
entertaining a host of unrelated and implausible chatracterizations along the
way. We want to model this ability.

Finally, we can test the adequacy of the system’s pattern perception by

asking for:
1) acharacterization of the pattern;

2) an extrapolation of the sequence according to that characterization.
In summary, although Pivar and Finkelstein explored mathematical
sequence extrapolation, their work -- and that of their successors -- has left the

important and difficult problem of pattern perception in the domain of integer

sequences unexplored. The following claim will emphasize the importence we
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attach to this problem:

Finding patterns in sequences, developing a model to describe the

perceived pattern, and reformulating the model on the basis of new evidence is

nothing less than scientific induction in microcosm.

This dissertation is organized into five chapters. In the first chapter, we
diseuss the foundations of our work, including both underlying questions and
extant systems that influenced our ideas and approach. The subsequent two

chapters document the current implementation of the Seek-Whence program.
In chapter four, we compare the Seek-Whence approach and program to several
related systems. Finally, in chapter five we presentimplementation details,

review some shortcomings of the system, and set some directions for future

research.




ix

ABSTRACT

Seek-Whence is an inductive learning program that serves as a model of
anew approach to the programming of “intelligent” systems. This epproach is

characterized by:

structureal representation of concepts;

the ability to reformulate concepts into new, related concepts;
a probabilistic, biologically-inspired approach to processing;
{evels of abstraction in both representation and processing.

The program’s goals are to discover patterns, describe them as structural
pattern concepts, and reformulate those concepts, when appropriate. The
system should model human performance as closely as possible, especially in
the sense of generating plausible descriptions and ignoring implausible ones.
Description development should be strongly data-driven. Small, special-purpose
tasks working at different levels of abstraction with no overseeing sgent to
impose an ordering eventually guide the system toward a correct and concise

pattern description.

The chosen domain is that of non-mathematically-sophisticated patterns
expressed as sequences of nonnegative integers. A user presents a patterned
number sequence to the system, one term ata time. Seek-Whence then either
ventures a guess at the pattern, quits, or asks for another term. Should the
system guess a pattern structure different from the one the user heas in mind
the system will attempt to reformulate its faulty perception. ’

Processing occurs in two steges. An initial formulation must first
evolve; this is the work of stege one, culminating in the creation of &
hypothesis for the sequence pattern. During staege two, the hypothesis is either
verified or refuted by new evidence. Consistent verification will tend to
confirm the hypothesis, and the system will present the user with its
hypothesis. An incorrect guess or refutation of the hypothesis by new evidence
will cause the system to reformulate or abandon the hypothesis.

Reformulation of the hypothesis causes related changes throughout the
several levels of Seek-Whence structures. These changes can in turn cause the
noticing of new perceptions about the sequence, creating an important

interplay among the processing levels.
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CHAPTER ONE !
FOUNDATIONS




A. INTRODUCTION

Humans are excellent pattern perceivers. Erom the tiny baby learning

to recognize its mother’s face to the scientist whose perspiration is rewarded by

a sudden inspiration, we spend much of our lives noticing patterns. Although

we find nothing amezing about being able to recognize & friend at a distance of

three blocks -- & common ability -- we do prize the pattern-discovery ability of

those who are especially good atitin some domain.

For example, when Larry Bird has one of those special games of which ,

he is capable, we watch in amezement, trying to capture the experience with

such phrases as "seing the whole court” or "playing out of his mind”. We can (

feel that he "understands” the court, that he knows where everyone is, where |

they will be, and what they will be doing. He has asense of system , of how

things fit together, that escapes almost everyone else. "Playing out of his mind" |
I

is literally true, in the sense that he need only follow the mental structure he

has created to be successful.
tball situation outlined above strikes us ss very similar to that

The baske

of the scientist having a “breskthrough”, when things simply “"come together™ 1

or "fall into place” -- that is, when important connections are made. We feel

that both of these situations, along with amultitude of the more common,

everyday kind, are at the core of humen creativity. To be precise, the core of

creativity is the ability to find unexpected relationships and to discover

previously—unnoriced patterns.

BONGARD PROBLEMS
Bongard problems let us experience the "hatural” human ability to

create and reformulate pattern characterizations. The problems, first posed by

Mikhail Bongerd [Bongard 70 ], present the solver with twelve drawings, six on

B uamRRRRy i o




either side of a dividing line. The object is to characterize the difference

between the figures on the 1eft and those on the right -- in essence, to explain

why the dividing line “makes sense”. Several Bongeard problems are reproduced
in the Appendix.

In solving Bongeard problems, we move from one half-formed and

tenuously-held ideato another, can feel notions bubbling up from somewhere

in our minds, and arrive at unexpected but immediately accepted

characterizations. For example, after a group of people worked for amoment or

two on problem #21 -- shown in the Appendix -- one person suddenly called out

"puppies are allowed!”, and the group immediately agreed. Such idess crystallize

suddenly, and feel right. This certainty is not aresult of dealing with overly

simplistic or common notions. In fact, the favored characterization is often a

phrase rather than & simple term, and different people will come up with

different but acceptable characterizations that share an underlying notion, the

one "conceptual skeleton” (to use Dougles Hofstadter's term) that fits.

M

Dougles Hofstadter at Indiena University
[Hofstadter 79], and the other a class in

y first encounters with Bongard problems were in two classes given by

--one, aseminar on his book Gddel

Escher, Bach: an Fternsl Golden Braid

artificial intelligence. During the seminar, we were made aware of the
potential afforded by these problems as a vehicle for exploring humean

intelligence, and, in a wider sense, were made aware of the unexplored territory

opened by such domains as opposed to those typically studied in A.I. -- the

knowledge-intensive, the “difficult”, the relation-entangled. The discussion of

Bongard problems given in GEB, and the problems themselves -- in Bongard's

own book, Pattern Recognition [Bongard 70 ] -- are valuable reading for anyone

ms and structural depth of human intelligence.

interested in the mechanis




In our artificisl-intelligence class, we began to explore the Bongard

problems themselves a bit more deeply. We tried to watch ourselves solve the

problems, tried to verbalize what was going on as our minds seemed to "leave us

behind” on some of the problems and come up with solutions. On other

problems, we consciously tried different characterizations, our attempts often

being colored by our experience with previous problems.

Hofstadter has found or created many terms to describe what goes on in

our minds as we attempt to solve these problems. Such terms as "reformulate”

“focus and filter”, "deform”, “structural similarity”, "sameness detector”, "levels

of description”, "slipping”, “meta-description”, “template”,and "flexibility”

achieve special meaning in this context. Perhaps most important of all:

“One can think of the Bongard-problem world as a

tiny place where 'science’ is done -- thatis, where
the purpose is to discern patierns in the world."
[Hofstadter 79, p. 659]

BIRTH OF SEEK-WHENCE

The intriguing perspective on intelligence presented in the Hofstadter

courses made a strong case for the importance of exploring this new universe of

the non-verbalizeble, the mental undercurrent, the "subcognitive”. All that

was required was a suitable domsain, one that captured the essence of the

problem without being tied to to0 many extraneous and complicating variables

A fully general Bongard-problem-solver was clearly beyond reach because of

the 1imits of visual processing systems and the overhead they would entail. We

needed quicker access 10 the central issues of perception and reformulation. It

was then that a previous project in sequence extrapolation leapt to the fore

artificial intelligence classes, I wrote a

As have many students in




program to extrapolate integer sequences. Typicelly enough, the program

could recognize smallish primes and Fibonacci numbers, and could untangle

interleaved sequences of fixed- of patterned- length period, such as:

1133311333...0¢

102203330...

It could finite-difference its way 1o solutions of many pathological problems

humans would never solve (except by finite-differences, and only under

duress) -- for example:

125154298 ...

(a.sequence whose second differences are every third prime).

Although pleased that the program could solve so many intricate

sequences, I was disturbed in partic
am wes "mecheanistic”, blindly recursive, and not at all sensitive to

ular by its total lack of "intelligence”. The

progr

pattern, 8s would be a human. The same solution machinery was applied to all

sequences, regardless of their form or content.

The juxtaposition of the w0 projects -- a Bongard-like pattern-discovery

and reformulation program with an overly mechanistic, pattern-insensitive

sequence-extrapolator == mede for an obvious conclusion, and so the

Seek-Whence project was born. Sequence terms have simple descriptions. By

ighoring "mathematical” sequences we could concentrate on “the processes of

recognizing patterns” [Hofstadter 1982¢, p. 10 ]-- the essence of both Bongard

problems and science - without becoming mired down in "large amounts of

specialized knowledge about mathematics and arithmetic” (p.10). The project's

name reflects both our domain interest -- we can "seek whence" terms arise in a

patterned “seq-uence” —- and the multiple perspectives one must often have of a

project’s name -- in order to understand it fully.

single object -- in this case, the




SOME TYPICAL PROBLEMS

In Seek-Whence, terms of a sequence are presented one by one to the

solver by the presenter. The solver's goal is to guess the pattern the presenter

heas in mind. Clearly, for any given initial segment there are multitudes of

possible patterns; however, the solver usually finds the correct solution to a

ressonsble pattern after seeing relatively few patterned groups of terms.

In order to give asense of what we mean by “correct” solutions and

"reasonable” patterns, we list below a dozen sequences. These sequences were

actually presented in the manner described above 10 each of twenty-five

students st Blackburn College, in an experiment to determine the types of

complications most troublesome to human pattern perceivers [Meredith 83].

Their experience can be approximated by sampling the sequences one term at a

time, making hypotheses &8s one goes along. The "parsed” sequences follow.

THE BLACKBURN DOZEN
1) 112123123412345...

2) 1234567...
3) 212222232242252...

gy 1223334444...

sy 185818581858...

)y 2122232425,

7 231232223333234444...
g 122937449330

gy 123344533666,

10) 91929394...
11) 181218123218123...

12) 185581185581...




THE PARSED DOZEN
1) 1*12*123*1234*12345*...
2) 1*2*’3*4*5*6*7...

3) 212*222*232*2‘12*252...

4) 1*22*333*4444*...
5) 1858*1858*1858*...
1*22*23*2‘1*25.,.

6) 2
7 )*23(22)*23(333)*23(4444)*.,,

7) 3@
g) 12%23%34%43%56...

9) 1*2*33*44*555*666... |

10) 91*92*93*9‘1...
sirx@neUD*G2DBA23) ..

11) 1
12) 185581*185581*...
We call a run of terms between asterisks (¥) in the parsed versions a |

"template”. In order 10 demonstrate an understanding of the pattern, the solver

must complete the current template and fill out the next one -- which is what

people usually do enyweay when presented these problems.

B. THE SEEK-WHENCE APPROACH
e Seek-Whence system, like any human problem-solver, is presented

Th

sequence termsone ata time by the user (presenter). As each term is

presented, the system tries to come up with a hypothesis , or characterization of

the sequence pattera. If subsequent terms confirm the hypothesis, the system

will venture a guess -- not simply by supplying the next template (although it

does this), but by showing the user a synopsis of its model. On the other hand

1, the system attempts to reformulate

should subsequent terms refute its mode




the model to conform to the neV data as well as to the old. If successful at this

reformulation effort, the system hes a new working hypothesis, open for

confirmation or refutation

GETTING AT THE ESSENCE

To be sure, there are some differences between Seek-Whence and a

full-blown Bongard-type program. Most obvious is that we chose to deel with

nce, notasetof twelve drawings.
an to come up with & verbal characterization.

one seque This requires us to predict

successive terms, rather th
However, the fact that we require construction of a predictive model mitigates

this difference somewhat, in that we are attempting to characterize the

sequence in some explicit way.

Another difference is that we chose to present the sequence to the

system one term at a time, rather than es a whole, as is the case with Bongard

problems. This models the scientific method by forcing Seek-Whence to react

to new evidence, to reformulate its model of the sequence in the light of new

terms. We believe thatour choices have made the sequence problem an

appropriate domain for the study of the phenomena in which we are interested

EXTRAPOLATOR LESSONS

One lesson learned in writing the sequence extrapolation program for

our srtificial-intelligence class was that one must be careful not to build in too

many clever devices. The success of that program was directly proportional to

the number of tricks and special sequences the programmer could devise

ion to that, we have not permitted
ences, first ratios, even-numbered terms, etc.) of any

In react Seek-Whence to work on derived

sequences (e.g., first differ
anipulations &s separating interleaved subsequences, pulling out

kind. Such m




group lengths, and the like are "high-level” actions that can only be employed

sfter the initisl noticing of patterns has taken place. To introduce such

operations too soon would be to run the risk of overly directing the program’s

actions, and so of doing its work for it.

When the programmer does get to the point of supplying a "bag of

tricks” such as noticing interleaving, or whatever, the program should be able

to select tricks from that bag by itself, based on its perceptions at the time -- as
people do -- and not based on some “canned”, pre-determined hierarchy of

techniques. As is pointed out in a later chapter, the Seek-Whence system is just

now becoming ready 10 employ top-down approaches such as these.

C. REPRESENTATION ISSUES

The central concern of the Seek-Whence projectis to explore the ability

to discover patterns, an ability that requires the development and reformulation

of pattern (concept) descriptions. The representation of concepts is critical to

the success of the system, because the concept descriptions must express salient

information -- where salience is not predefined -- and so must be amenable to

fluid and continual modification. In the following sections, we will outline our

approach to concept representation and processing in Seek-Whence, beginning

with 8 discussion of our distinction between "complex” and "complicated”

systems.

COMPLEX VS.COMPLICATED
Consider this interchenge between a college Dean and a faculty member,

n the middle of a discussion about replacing ajust-resigned

which occurredi
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member of the faculty:
"] guess we should advertise as soon as possible now that it's

Prof:

official. Aehh --looks like I 1ost a button off this shirt.”
Dean: "It's always sad when a faculty member loses his puttons.”
prof: "Yes, butnotassedasa Dean who loses his faculties.”

This conversation, similer 1o many that occur each day, is nothing

spectacular, special, of difficult to understand. Those same actor's could also

have engagedin a complicated discussion of international law or faculty politics

— & discussion too complicated for many non-specialists or outsiders to

understand. The exchange of (sad) puns is, however, a prime example of what

we consider to be a complex (as opposed 10 complicated) interchange. Few

elements are being related or discussed, no web of tangled linkages is involved

and no technical terms are used. Rather, the cleverness comes from finding

and using unexpected relationships among the elements.

Here is another complex but everyday discussion, this time between a

three-year-old and her mother at9 A.M.:

Child: I wantto go visit Toby.

Mom: 0K, but you'll have to wait until after lunch.

Child: May I have apeanut putter sandwich now?

Agsin, we have a situation where nothing difficult is being

discussed, put there ar'e obvious important rumblings going on beneath the

surface. One can almostsee -~ cartoonlike -- alittle bump appear in the ground

and travel from one place to the next, simply disturbing the surface as it passes

along below. Something subtle has gone on in the child’'s mind, butitis

unexpected, and it takes us & jittle while to "catch on”.

e using -- “complex” and “complicated” -- may not be

The terms we will D
the best to capture the tWo underlying notions, the implementation of which
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may map quite well onto Michalski's "structural- vs. attribute- based”

descriptions [Dietterich 83, p.42]. Nonetheless, they will serve as pegs on which
we can perhaps hang meanings.

By "complicated”, we mean a big, "busy”, tangled system of linkages, with

much data involved --a "tropical jungle” of concepts. Complicated systems

include murder-mystery plots, automobile engine disgrams, and typical

expert-system domeins. In computer applications, the concept representations

involved tend to be frame-beased, with fixed slots to go with the predefined

linksges. The focus is on following the proper links to getfrom one concept o

another.

In contrast, & "complex” domeain is deep rather than broad -- more like

an iceperg field than & jungle. There may be some clear linksges, but some

apparently separate bergs are actually connected below the surface of the

water. The concept space is relatively uncluttered and the linksges often subtle.

Complex domeins incilude puns, some poems, and patterns. In computer

applications, the focus would be in finding interesting relationships among the

few concepts, which would tend to have structural descriptions. (Winston

[Winston 75]and Roneald Brachmean, with his KL-ONE system [Brachmean 77; 85]

have made some Progress in the area of structural description of concepts.) Ve

for our distinction between "complicated” and

find a helpful metaphor
"complex"”in the comparison between unraveling amurder-mystery and
understanding ashort but allusive poem.

There are certainly some domains -- speech recognition and the writing

and understanding of stories come immediately to mind -- that are both

complex and complicated. In fact, there are probably elements of both in almost

every problem. What is of note, though, is that the complex dimension seems to

en virtually ignored so far in most Al research.

have be
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SEEK-WHENCE CONCEPT REPRESENTATION

In Seek-Whence, we attempt to pegin opening the “can of worms”

outlined in the previous section. Seek-Whence compound concepts are

represented as networks of primitive concepts. The primitives are fixed, as are

most base-level relations. Thatis, we describe a compound concept in terms of

primitive concepts and links, so thata concept's structure holds much

information about it. This “complex”, structural representation of concepts will

use of structural similarities &s "virtual lin
ing similarities in their structures snd/or

permit the ks" in the system. Thatis,

we can relate two concepts by not

structural building blocks, rather than simply looking at their lists of
attributes. Moreover, & concept's representation is not unique -- it can be

say, reformulated. In fact, as new sequence terms are

"rephrased” or, 88 W€
d to it, the system is constrained to chan
In addition, however, the representation can be

presente ge its pattern description in the

light of the new evidence.

changed even though the current model is accurate, simply to see if a different

representation "100Ks better”. These miniature paradigm-shifts are termed

"slipping”, and are crucial if the system is to model fluid movement from one

concept to another’.

N AND STRUCTURAL DESCRIPTIONS

al descriptions in a computer system is

WINSTO

The idea of using structur

certainly not nev. patrick Winston, in his important structure-learning

Winston 75], wes keenly intere
h as "table”, "tent”, and "arch”. Moreover, in

program [ sted in employing such descriptions in

order to capture notions suc

"learning” these notions from a succession of examples and near-misses, his
scription and then modified it to conform to

program first created a concept de
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new evidence. In addition, once the program had learned several concepts, one

of its gosls was: "To compare some scene with alistof models and report the

eble match” [Winston 75, P- 2001
ative evidence, the construction of structural

most accept

The use of positive and neg

models, and the use of these models to categorize new block figures all have &

Bongard-like flavor that we find very interesting end appesling. However, we

have had to face some additionsl representational issues, which we will discuss

after first describing our approach 10 structural representation.

D. SEEK-WHENCE DIAGRAMS

As a first major step in understanding what we were about, our group

(Hofstadter, Clossmat, and Meredith) devised a set of primitives and a structural

n technique that we called "See

expressive visual disgrams, which to some extenthave been implemented in the

ve a sense of how W€ envision reformulation to teke place and

representatio k-Whence disgrams”. These

current system, gi

how various distinct concepts can be seen to be related through "closeness™ of

their structural representations.

THE PRIMITIVES

There are eight primitive notions in Seek-Whence disgrams, each of

which is represented by a node that takes at least one input value. The function

of each primitive is 10 return a value when queried -- or hit, as we say. A

eturns no velue when an in
uld produce & result out of the range of nested groups

primitive r put lies outside of the appropriate domain
or when the processing o

ntegers. A returned value may in turn be used as input to

of nonnegative i
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another primitive or may be returned as & final result. The primitives are:

Constant (k) -- returns the velue k, & nonnegative integer --
Example: (Constant 4)---> 4;

Countup (k) -- returns K, then k+1, then k+2,. .. on successive hits -

Exampte: (Countup 4)-—> 4 5, 6. .., (on successive hits);

C-group (val,n)--& "copy-group”: returnsn copies of val, grouped in

a pair of parentheses -~
y-—-> (55 5)

returns the grouped terms

Example: (C-group > 3
S-group (k.n)-—-8a “successorship group™:
(k, k+1,K+2, .. . k+n-1) --
oup 6 4)-—> (67 8 9); {
hip group™: returns the grouped terms ‘!;‘

Example: (S-gr

p-group (k.n) - & "predecessors
(k' k_ll K"'Z, AN k"n+1) -

it

Fxample: (P-group 7 3) -—> (7 6 5);

Y-group (first, mid, last) -- & "Symmetry group™: returns the grouped ‘
it

elements (first, mid, last), where "last” is a mirror image of
fil

vpipst”. If "mid” is simply the word "nil”, Y-group returns (i
i
i |

(first, last) --

Framples: (Y-group O 2) 3 mirror)-—> (523 25)
(Y-group (6 3) nit mirror) -—> (6 3 3 6); h]‘?

Tuple (arglist
the order given in "srglist” -

yampte: (Tuple (3 9))—-> (5 3 9);

Cycle (arglist) -- returns the velue of successive members in "arglist” on
a cyclic fashion -- i
i

) -- returns a group of its arguments' values, evaluated in i
i

|

|

successive hits, in

Example: (Cycle (5 3 9)-— 5.3, 9,5, ... onsuccessive hits ,
our diagrammatic representation of all but the two ‘

Figure 1 shows
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simplest primitives. In Figures 1 and 2, each line represents one hit or query of

the given structure.
The primitives can be compounded, with the output of one structure

serving es input to another. A hiton the topmost structure causes the

propagation of hits throughout the network. The bottommost structures return

their values to their calling structures, which then use the returned values to
calculate their own values, and so on upwards. A simple example of this is

shown in the first disgram of Figure 2. The top-level Y-group requires a velue

from the Tuple, and so hits it, receiving "(1 4)" from thatstructure. It then uses

this value to compute its own - “(1 4 4 1)". More examples of compounding are

shown in later figures.
Seek-Whence networks can also employ shared structures, as shown in

the second and third disgrams in Figure 2. In the firstof these, a “Countup”

structure is shared by two inputs to the Tuple. When the Countup is hitby the
first input, its value —- 3 - 18 fed to both inputs, giving the Tuple a value of
“(3 1 3)". Similerly, the next nit of Tuple returnsa "(4 1 4)", andso on.

An anslogous shared structure is shown in the last diagram of Figure 2.

however, the sharers are two inputs to aCycle, and so we get a

ult. The firsthitof Cycle causes its first input to be hit, so

This time,

different sort of res
Countup is hitin turn and feeds both sharing structures - the first and third

{e. The Cycle then returnsa3. 0
returns a 1. Then, on the third hit of Cycle, the third

inputs to Cye n the second hit of Cyc¢le, the

middle inputis hit, and
input is hit, causing it to hit the Countup again. Countup then returns a4 to the
first and third inputs of Cycle, overwriting both "3"'s atonce with "4"'s, and
ut returns a value of 4 to Cy¢le, which reports it.

consequently the third inp
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P-group 4..-—-’ (8 7 6 5)

<+ 8

Figure 1 -- The meajor primitives
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(1 4 4 1)

(3 1 83)
4 1 4)
5 1 5)

Countup

e disgrams with some shared structures

Figure 2 - Seek-Whenc
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Note that if the Cycle above had two different Countups under its inputs
instead of a single shared structure, the results returned would have been
different. Then it would have returned 3,1,3, 4.1, 4,...0n successive hits.

E. MODELING SEQUENCE PATTERNS

People presented with the firstfew terms of asequence have astrong

tendency to formulaté s hypothesis about the underlying pattern. One of our

g Seek-Whence diegrams wes 10 b
tandable, eXpressive, and flexible (bot

e able to model such

goals in ¢creatin
h modifiable and

hypotheses in an unders

extensible) pictorial form.

Given below are several possible hypotheses pbased on the initial segment

112"
1y 1
) 11%22*37 * 44 %, .. |
Gy t11*22*11 *22%... “ i

* 7 *w bt
I

*12*123*1234*...

& 11*2* 11
) 1*12% 1 *¥12%...

gy 11 %
(7) 11%*222 * 373

21*’31*41*... ;
33*&4444*... i

@) 112%12 ,x132%1427 152 %.. I

9) 1(12)*2(12)*3(12)*4(12)... 1

(10) 112*213*314*415*...

x516*718%...
y*1234321%...
Lx g xx (11) %2 %3 %%

(11) 112*314
*121*1232

¥ * (11) %
**1*(22)*3**1*2*(33)**(11)... |

(12) 1
a3y (Qn*2*3
e) a1 *2*3
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These are sll reasonable extensions of the initial segment, although some

sre more likely then others to come 10 mind immediately. The lest of these, the

is Gray Clossman 's inventio
es shown in Figure 6. The other parses are given as

um ” - .
arching doubler, n. It poses some interesting

representational problems,

disgrams in Figures 3 - 5.
(1) of Figure 3, we heve an 5-group
- is a constant, 1. This means that

In diagrem ("successorship” group)
—- the start value

structure. Its firstinput
e a successorship group counting up

esch hit of the top-level structure will b
which tells us the group 1

Thus, the S-group lengths will very, increasing

from 1. The second input-- ength - is here the result

of hitting & Countup structure.
gth will be 1. Therefore, the first

by one on each successive hit. The firstlen

return an S-group starting st 1 and of length 1 --ie.,

hit on the disgram will

"1" The second hit's result agel

{ve us successively Jonger successorship runs (with success).

Successive hits g
In disgram (2) of Eigure 3, we see & top-level Cc-group ("copy” group)
copied -- changes, put whose second input --

whose first input -- the value to be
onstant at 2. Because the firstinput

ber of copies == remsins ¢

the length or hum
e, the velue to be copied will

be successive integers

is fed by a Countup structur
-- 1, in this case.

sterting at the Countup’s graptraiie
te. When hit, it will return the

), there is & top-level Cy¢

In disgram (6
velue of a hit to one of it inputs. Thus. the first hitof the Cycle results in "1”
— the resultof' & first

t this time thankstoa
& Countup, 50 8 2" 18 returned. Successive hits

hit to the Countup. The next hit of Cycle

being returned
hit of its second input. A third

causes it to return 17, DU

hit of Cycle brings us back to th
he indicated pattern.

will then generate

n begins at 1, but will be of length 2--ie, "1 27
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T R,
e Copd

(1 1)(222)(3333).

Figure 4 -- Two different representations of asingle parse

ple of tw0 different representations of the |

In Figure 4, we se€ 8 exam

same pattern concept. In this perticular cese, the representations are not

nt, since both use "C-gr
e is thatin (b) the successorship relationship 1.;

group is made explicit by means of the

apparently very differe oup"” &s the basic organizing ‘ |

nhotion. The only real differenc

between the content and length of each
x, wheress i (a)itisn

in very different generalizations of the pattert, ho
ram holding representati

ot. This smell difference can result

|
rectanguler "sddl” bo |
wever. For example, if asked |
1f
|

on (8) would give |
|

to generalize from "1"t0 2% 8 prog

Us the sequence :
5555
eneralize t0: f

2233344447
Wheress a program holding representation (b) would g |
i
|

344444555555....
e "correct” generalization —- it depends upon the |

poth are "reasonable”.

222333
No one can say which is th

Presenter’s pattern concept. What we céi say is that

R |




Countup

Countup

mirror

)(12321)(1234321)...

(1) (121

More parses of "1 12"

112 314 516

Figure > =~
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Cycle

replace by -

Cegroup 123123

jump to next
sib

replace by

C-group

11)231@2)312 a8 12zs.

d Clossmen’s »marching doubler”

Figure 6 -~ The doubler an

ncounter rectangulesr "instruction” boxes,

e on the fly. In the first disgram, the "1" will

In Figure 6, W€ again €

indicating modifications to be don

| T e
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be replaced by a C-group of length 2 whose value is taken as the "1". In the

sort of replacement is done, but when the "jump”

second disgram, the same

box is encountered (efter each hitof't

he "3"), the entire replace-box structure

moves over to the next sibling pelow the Cycle. Here, itmoves cyclically from

"1"t0 "2" t0 "3" to "1", and s0 0N

COMPARISON WITH WINSTON
ston's work on structural descriptions colored w
1

As we noted earlier, Win
gs his program had to find discrete

our thinking on Seek-Whence. But where
e the physicel relationship

must describe patterns formed b

s among them, our program 1
J

objects and then describ
vy neighboring

is given the discrete objects and
grouping &8s &8 way of simplifying

groups of them. Winston's progrét did use
ck groups were definedi
nce formed, & group became &

|

I

n astrict, algorithmic way |
|

mechanism is more fundamental to ’
F‘

|

?

|

descriptions. However, 10
permanent

on the basis of shared properties. 0
ription. our grouping

e continually peing cre
n description. Grouping goes on

unit in the scene desc
ated and destroyed as the

our system, in that groups &r

system attempts to formulate a patter

cription. Oour difficulties, then, lie in finding structures i
i

simultaneously with des
e "correct” way. For

simultaneously with compering those structures in th

example, in the sequence:

212222232242...
he terms &€ and who i

ot g, starting with the third term -- &

s nextto whom. We can

we can essily tell exactly what t
e is a group of five

even note that ther
None of this

Seek-Whence "(C-group 2 By, is relevant, however. Whatwe

patternl is that the aforementioned C-group ‘
|

must notice in order to enalyze the .
e torn apert, and its pieces recombined

such. Ithes 10 b

must not be viewed 8s
nts in ordertom

ke a parse of the sequence

With other sequence fragme

e FEEEEERGER e
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reflecting its underlying rule.
k like the object they describe. We can see

Winston's disgrems almost loo
ports serve symmetric

arch, and the fact that the sup

the three elements of an
ek-Whence, "a pattern hss not

functions in the whole. In contrast, in Se been
representing it itself cont
n wes missed or that the notation

fully understood if the diegram sins a pattern. For

at some aspect of the patter
pect and therefore had to copy it

that means either th

lacks the power to cheracterize that 8s

pendix 1, p8l.
|

ementations of the two systems bring out additional distinctions

reated bY Winston's prog
n contrest, the Seek-Whence

verbatim" [Hofstadter 828, Ap

The impl
ram were essentially |

between them. The structures ¢
viewed and modified. I
t -- they ngot” as well 8s "are”.
requires some sort of memory

Static, designed to be
They need to

structures have an active feceé
s, 8 process that often

compute and return velue
what velue wes last comput

ed, and so on.

in esch node - of what wes hit1ast of
h to Winston and his

n and interests involve usina f[
[;’
{

In summary, e owe muc notion of modifiable

However, Our domad

structural descriptions.
d must be discovered and described

world where the objects to be relate
nships between inputs are only 1f
i

J

simultaneously, and where the physicel relatio
o describe an underlying

rmation neededt
n the usé of positive and negative evidence to |

h"or "1eft-hand-side". Qurs is more ;

fragments of the info pattern. His

domain is more like Bongerd'si

n aset - be it "ar'c
f coming up withac

physicel resality.

determine membership i
hearacterization of

like Bongard's in the requirement

perceived pattern rather than o description of

F. SYSTEM ORGANIZATION
sues &s discussed above ar'e closely intertwined with

Representation is
Kx-Whence. The s

ystem employs simulated

Processing and organization in See

PO e
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parallel processing with non-cooperating processes working independently

“Triggered” processe
perform their duties, the choice

s -- those awakened by

and under no overseeing egent.
being

re
cent events —- are chosen at random 0
encies "of the candidate

affected (but not determined) by the weights or "urg

Processes.

HEARSAY II
The HEARSAY II speech-under

stending system [Reddy 76] contributed
much to our conception of Seek-Whence. rirst, it used level-based concept

terance under consideration wes represented

representstion, wherein the ut
1. Lower

uage appropriate 10 the leve

differently at different levels, in alang
othesis, and whenever asupport

e for ahigher—level hyp

levels provided evidenc
4. Similarly, whenever

-{evel notion Was also weakene
nable by some higher-level criterion, I

4. This interplay among levels

was weakened, the highert

8 high-level construct wes called questio
ritwere also weakene

the lower-level supports f0
ne of the most important ¢

of representation is, we believe. 0 ontributions of |
i

HEARSAY II. '
h to processing was another

edge source” approec

Certainly, the "knowl
es operated in |
|
|

ndently—acting PLrocess

activated, indepe
ss trace they teft behind. The

g only by the proce
f the structures itcre

contribution. Self-

Parallel, communicatin
ated ot modified on the ;

trace of a process consisted 0
e -- and the triggered

"blackboard” -- aglobal, three—dimensional data structur
This approach, taken to its logical

es leftin its wake.

(or "awakened") process
[Minsky 86 ], seems to us to

conclusion as in Minsky's “society of mind" notion

be the wave of the future.

B S aanh SR
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COMPAR ISON WITH HEARSAY II
m organization is similer in some
and less poverful than its "Kno

pler than its blackboard.

ways to that of HEARSAY 1L,

Qur syste
wiedge sources”

bu
tour processes are smeller

an
d our global data structure is much sim
ection of slternative

eigning” hypothesis

ne as the

Seek-
ek-Whence does not physically maintain acoll

h .
ypotheses as did HEARSAY II. Rather, it maintains one "t
othesis into an slternative 0

and the ability to reformulate that hyp
s The success of this approsch in ‘

ue . "
Vidence" -- the pressure to change =" mount

ystem's ability to reformulate easily and

general will depend upon the s

t
easonably -- a tell order.

F
. THE HOFSTADTER CONNECTION
vy work on
{

heas deeply influenced m
i

Certainly, Dougles Hof: stadter
on to

Seek-Whence, from conception through representation and orgenizati
heas developed and tho

and with Gray Clossmafl
ations have begun to emer

ons as active symbols that are

se that we have developed in \
I

i .
mplementation. Notions he
have become

in . .
numerable discussions together

I

inextri - . . . ( |
ricably intertwined, and their realiz ge (we |

se include such noti i
|

|

hope) in Seek-Whence. The
in turn groupings of

n and the importance of "natursal” human ‘

d concepts, focusing and filtering,

composed of groupings of 1ower—leve1 units, which are

e "
ven lower-level units... reformulatio

tons, slipping. flui
processing, the el
recognizing similarit
e fly" s needed, the imp

abilities, conceptual skele
usive quality of salience, roles

t "
he “"terraced scan” spproach 1
y, the simultaneous

and the importance and dif ficulty of
gories made "on th ortance of

Creation and use of caté
non-cooperating processes and rendomness in lieuof an overseeing
all-powerful agent designed © meke "important decisions”, recognition of the
dits central place in human

complexity and subtlety of perception an

e |
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1ds" and the frictionless universe in |

intel1i i
elligence, the importance of "toy Wor

getting to the heart of a problem.

sition of some of the central notions underlying _
i

A clear and direct expo
beognition &s

r "Artificiel Intelligence: Su

H "
ofstadter's work is given in the pape
t reading for anyone deeply ’

Co —_
mputation” [Hofstadter 82b]. This is importan

gence rather than chesin
are reprinted in the book, Metamagical

in :
terested in exploring intelli g its shadows. The

&
paper, snd some subsequent thoughts,

T
Themes [Hofstadter 85a] (as Chapter 26).

SEEK-WHENCE AND ITS FAMILY
y of

The Seek-Whence project presented here is only one of & famil
gned 1o address the iss

members of the famil
progrém’ and Letter S

|
ues of perception, 1

H X
ofstadter-inspired works dest
y are Jumbo --an |
I

re :

formulation, and similarity. 0ther

an .

agram-solver; Copycet - &patters enalogy pirit-—-a

erating in the domeéin of visuel tetterforms i
|

Style-
Yle-extrapolation system OP
arch Group (EARG) at the University of |
‘!“
!

"a" "y S
> "z The Fluid Anatogies Res€
ach of these

M1chigan is currently working on or hes completed workon e

Projects [Hofstadter 85b1.
‘f

JUMBO
r of the Hofstadter—inspired family is Jumbo |
£ word "jumbles” (enagrams).

The eldest membe
1ored the domain O
pgram solver is given a word whose letters

o unscramble |

[HOfstadter 83] Thissystem exp

As the game is usuelly played, the an
--such & moonin” . T
ue word that can pbe
not actuslly have t

h lenguage: Rathe

he solver's objectist

have been scrambled
rmed from them. Jumbo :

fo

t .
he letters to reveel the unid
o come up with real

S .
trays from this norm in that it does
r its objectis o

Words -- it has no dictionat’y of the Englis

| |
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words -- from the given

s -- things that could be English

cre v i
ate word-like entitie abou
how peOPle g :

eart of the matter -

lett .
ers. This modification goes to the b
ue of dictionery 1ookup. The

Solvi :
ing jumbles -- while bypessing the side iss

purely interneal criteriaof coherency &l

Syste :
m must "judge its progress on

" [Hofstadter g4, p.11]

seve
ral levels of structure at once.
d vowels "like" to be grouped

e of how consonants e

Jumbo has knowledg
1es, and how ;3
|

ade into reasonable sylleb
tem, knowing only these
control structure similar ;

into clusters, how clusters can be
Syllables can be combined into words. Thesys
stic, simulated-parallel
with good word-like ob

micro—level chsos, cheos of

inities and using & probabili
jects from its

to Seek-
K-Whence's, consistently comes Up

put letters. Macro-level order emerges from

pr :
ocessing as well as of input.
In Jumbo, Hofstadter also began exploring the ideas of terraced scan
I
an"is s technique for |

A "terraced ¢

emperature .
erature and self-watching.

pro -
gressively deepening the explor
tful or interesting P

ation of severel different pathways in |
I
i

athways tend to be explored more |

Parallel. The most frui
visited.

hways ar'é seldom
m poth describes and

de ;
eply, while less plausible pét
erature” of asyste

Briefly summerized, the “temp
Y tevel in the systé ature is high,
explored. Convers
In Jumbo, the syste

sithes created. Initi

m. When the temper

ely, in 10¥ temperatures only

€m
erges from the activit

eve i
n unlikely pathways 0&y be
m's temperature is :
|
|

ve .
r'y plausible pathways &€ explored.
s" of the structure ally, when

<o
ntrolled by the "happines
combined with other |

hey gant” to bé
s high, encouragin
d-like entity has bee
o the freezing point,

si
ngle letters ("unheppy’ pecause t
g the letters 10

he temperature i
n created

le _
tters) are introduced, t
when & suitable wort

"
ingle and combine. Later,
erature falls off't

an
d 81l letters are included in it temp

STl .
hibiting any further activity.

|
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stem lacking overseers

- Ch::: ;Watching is an important notion in eny Sy

i or loopiness of pehavior. In asystem such ss Jumbo of
ence, structures are continually being created and destroyed. Itis

structure time and again.

Certaint .
v possible that such asysteld will recreate @
em unless it takes over t

1 that it inhibits other P

he system == that is,

Z}:S sort of loopiness is not & probl
N less it takes place et a high enough 16Ve ocessing.

mbo had no effective controls for such pehavior, relying on
hanges 0 destroy recurring structures. |
|

sof

extern ;
ally-imposed temperature ¢
mbering encapsulation

i

Seek-
Whence goes a step further bY* eme

otheses in order 10 prevent their re-use. More |
21
11

bPrevi
Viously-generated hyp
g incorporated into the Copycat system, the

f

SOPh- s
isticated self-watching is Dein

thir
d member of the FARG family.

COPYCAT
rent focus of

lis the principal cur

Copycat [Hofstadter g4: 85, ch. 22
s, but this

ves noticing patternl

h explicit attention to oneé

altenti
ion at FARG. Like Seek-Whence it invol

zed domain” and wit
ies. The Copycat system is given three
»

-part ansalogy

time § .
in aslightly different "ideall

of Hor
stadter's mejor interests =~ ansalog
ntin afour

Strin
g5 of letters, each string being 0ne eleme
iscovering the fourth

Prob
lem. The system is to complet® the snalogy dY d

String. For exemple, if given the input:
pPQR == ?
another aiphabetl
e, and "ABS" woul
nee problems, Cop
ve inall generality.

ABC nm) ABD ;
¢ string s its answer. ("PQS” i%

the
system shoutd respond with
J be strange.)

woul
d be good, "PQD" would be defensibl
yeat analogies
|

Like Bongerd problems and Seek-Whe
ingenuity to sol

e-value”, the act

requi
Quire 8 good deal of thought and
ual letters involved --

Attent
ntion must be given poth to the T8¢

.
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thelr "
exte § " ” . .
nsional” or "syntactic” identities == and to the rotes those letters play

-- their "intensional"or "semantic”

int : .
he strings in which they are seent
identity

es. The depth of difficulty in defining roles and evaluating their

Meaning is explored in [Hofstadter 80; 85, ch.24].

n of salience pops up in Cop
portent that "A" is the
g with out ability to find & |

yeat as it didin

Not surprisingly, the notio
first letter of

Seek-w
hence. In our example 8bove, isitim

the a1
phabet, or is thet fact just "noise” interferin

he strings matter of not? How do we identify

goo :
d solution? Do the lengths of t
anslate those

e analogy and then tr

the im
portant facets of the first half of th
are noteasy 10 answer in

accurately to the second helf? These questions
general. FARG might have tried to create o letter-analogy expert”, DUt instead }j
opted for the usual Hofstadter systel organization =~ simulated parallelism H
agent 1o |
f

cooperating, with no overseeing
|

g small tasks. The tesks are non~
an construct alternati

p. 13—14]isusedt

ve high—level

t system activity. Rather th
o0 explore meny

hy
Potheses, a terraced scan [Hofstadter 84, p

aneously. The mosts
y. Asin Seek

uccessful and appesling

paths /
|
nce, & current hypothesis |

low-
level pathways simult
-Whe

Wwill t
end to be pursued most activel
ainstit. Thus, the

f evidence turns 8g

must go through is very similet 10

will
be reformulated when the weighto
e Copycel system

tha .
trequired of Seek-Whence. The explicit use of an
I

pr
ocess of discovery that th
alogy makes the

<on .
nection to Bongard problems clest.
£ FARG have begun implementing |

,the members 0

histicated than th
bo, is & repository of informetion about

it
¢ nodes and 1inks “form & }
1inks) and semantic |

s cruciel in supporting

In developing Copyeal
e one used in Seek-Whence. ;i
]i

& "S1i B F
ipnet” similer to but more soP

s Slipnet structure, absent from Jum
wn to thé systemn. It
ies (slippability
]. The stipneti

the p :

latonic concepts kno
StOr v s
ehouse of conceptual proximit e

(ce ,
ntrality values)” [Hofstedter 84, p. 20

I
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m a concept 1o its neighbors. This

fluid

et
yet controlled passage of activation fro
be mor'e "interested" in

"spreadi
in WP
g activation” causes some of the concepts 10

han others. Those thatare most

going problem-solving activity t
g0

intere
sSte i . T . T .
d will tend to come forth & potential orgenizing notions, poppin

mingd" g¢ i
as 1t were
s necessar'y for the complete

jes of the system
f those entities. It is

A well-developed and fluid Stipneti
-- be they

e :

Xploration of relationships among the atomic entit
perceived groupings 0
ugh activity so thatneé
tivated” Stipnet, wherein

lette
r's or numbers -- and among any
w ideas

also diffi
fficult to implement. There must be eno
her hend, & "hypersac

kee .
D coming as needed. On the ot
fusing to be

netas

the time, is 100 con
ed in taming the Slip
straction in the system

hear]
v 8ll the concepts are active MOst of

het fu
Pful. Gray Clossmean hes become Very interest
well ae

8s in creating uniform structures for all 1evels of ab

[Clossmean g5].
Both Seek-Whence 8nd Copycat are charged with finding a useful
n that wworks"”in solving the problem |
:J
|

descri
ripti i ipti
ption of their input--8& descriptio
o show & ¢clean

must be contrasted t

Posed
. In Copyecat, the first t¥0 {etter strings
provide fodder for transiation, including

vid Rogers &t FARG

distin et

n -

ction. The first and third must
&

the first two! D

difference petween
by creating

the
translation of the

emsiné unique way —~
n the string “ABD", the "D"

potentially

hasp
egun to attack these probl

]. Eor example, i

Schiz ;
ophrenic structures [ROgErs 86
+g" end the string "AB"

Will £ .
eel a little uncertain sboutits identity.
and will contin wp if it is, in fact
8 " ) . 13
C". Thus, the unususl elements of astring may bé pointed out by the system s ;:
|
at to work |

WOu "
1d like to be followed by a "

tures themselves.
elements &S Copy¢

as meny distinct

e of integers. This is & boonk in

Seek-Whence does not have

With ¢ .
, since it operates on 8 single sequenc

e I
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place, buta bane in imposing

allowji
ine t
N g the system to focus its attention in one
wer co .
ngtr = . " .
sints -- the help it could getin parsing the sequence by looking &t

ar. Nonetheless, the two systems

two st
ru
ctures that are known to D€ simil
v concerned with

Obvious
|
v share a conceptual skeleton and are deepl

ation for even the highest tevels of

Perce
ptual mechanisms as the found

cognition

LETTER SPIRIT
t -- involves

__ Letter Spiri
ception. The tesk of

ber of our project family

The "youngest” mem
he exploration of per

What
m
ay be the purest domeain for t
¢ letters of the

this
System i
m is to extrapolate the style of agiven jetterform to othe

&phat

e

t. Some workers at FARG have begun to attac
icator of the diffic

-- problem 100 -

k this problem, put the

ulty of this

¢halle
i 1

ge is great. Perhaps the Dest ind
roblem

aking is to note that theé final Bongard P
and six “t"'s on the other.

Consi d
Ste 2 W : - b {
of six "a"'s on one side of the dividing 1ine

- CONCLUSI0
N
on, We claimed that pattern perception is |
i

I " :
n the Preface to this dissertati
at scientists rely “

SCienti
ntific _ )
fic induction in microcosm- To be sure we recognize th
e and that the scientific method requires
|
:=1

on g
great deal of factual knowledg
f evidence. In this respect, We are

Careful
experimentation and evaluation 0
t territor

€Xplory
ory .
ng only a small regiont of & ves y. However, the creative essence
nections where none were ;5
1\

ility to find con

Of s
ience i ;
nce is the inductive pert, the ab
re this essential

region through

and Letter Spirit. In@ topology
|

e study of discovery

Previ
ously known. We belieVe we cen explo
nce, Copycat,

1 domains for th
icated scientific

DPro
grams such as Jumbo, Seek-Whe

Whe
re o .
complexity is the metric our smél

and
perception may be of the same size as highl

e ||
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domayj
ains. w
. We are i
_at least, certain that our problem -- the perception of patternis

— s, as el
‘ most ,
everyone notes when first entering Dr. Who's Tardis, "Digger on

the ingj
nside than on the outside™.




CHAPTER TWO
NE - HYPOTHESIS CREATION

SEEK-WHENCE: STAGEO




A. INTRODUCTION

In the previous chapter, We presented our cé
ive integers. We also developed

ntral problem -- finding

Patterns in sequences of nonnegat
ntation system for describing

Seek-Whence diagrams”, a structural represe
 and the next, we g0 on to descri

e features that have been

Such patterns. In this chapte be the

Seek-Whence system and to document thos
implemented in the current version of the program.

f the features of Seek-Whence disgrams in

The program realizes most o
s -- called hypotheses. The most

i 5
ts structural representations of pattern
s seen in Figures 5 and

important omission is of the rectangular instruction boxe
6 of the 1ast chapter. For many (but certainly not all) sequences, the program
tis presented the terms

patterni. Moreover, the system can often

can create a hypothesis 8s i of a sequence, thereby

building its own model of an unfolding
when subsequent sequence terms

reformutate its hypothesis to form & new one

Prove the current hypothesis incorrect.

B. OVERVIEW OF THE SEEK-WHENCE SYSTEM

1. DOMAIN AND GOALS
main of Seek-Whence lends itself

ne Preface, the do

As was mentioned in t
wiedge of mathematical

v eliminating kno

10 the study of pattern perception. B
as whether 4" should be interpreted as

0 y i
Perations, we can avoid such problems
susto concentrat

may oi‘ may not have 0
pattern. For example, "4" is an

eon "4" as an atomic element

¥* .
2%2,5-1 or 100/25. This permit _
ther significance,

1 & pattern. The velue of the element
g any internsl

and it 81so represe
ssor of 3" or as the predecessor of

but it cannot be seen as havin
element in the segment 2 345" nts the length of that
Segment; it can also beé viewed 8s the succe

5". Beyond that, it hes Very fittle SrUCtUre:




Why did we choose such a "simple” domain? We wanted to study pattern
perception, not finite differences or number theory. We can come up with some

very difficult patterns in our little universe, yet the components are simple.

This is just whet we were after -- a domain wherein problem-solving difficulties

clearly arise from the way in which the elements are combined and not from

the elements themselves.
The patterns studied, therefore, are non-mathematically-sophisticated

rules that generate sequences of nonnegative integers. In response to a

pPrompt, a user presents to the system numbers which presumably follow some

pattern the user has in mind. The system receives these terms one by one and,
8fter each one, either ventures a guess at the underlying pattern, quits, or asks
for more information (another term). Should the system guess incorrectly --

that is, guess an underlying rule different from the one the user has in mind --

ontinue, probably by asking for

the user will so indicate and the system will ¢
ose as a basis for reformulating its faulty

more terms, and then using th

perception. The patterns presented can be Very subtle
es should be "reasonable”, acceptable as

or very simple, but in

every cese the system's guessed rul
humaean observer; they should elegantly and economically

Possible solutions to a
eady seen, &8s well as predict an infinite

explain the portion of the sequence alr

continuation.




tern problems might start out as follows:

Some "typical” pat
222..
112233..
122333 .
121231234 ..
1010010001..
128348568...
128345867898..
31399
808808808..

lig1es192 .

Some non-domain problems are:
"primes"is 100 mathematically sophisticated a notion;

235711 ... ————mmmm-
o - 15, SR negative integers are "unknown";
1791518 .. ———m—m- "get pigger" is 00 amorphous; there is no canonical

"next term”.
he system is like 8 small child who is able to

In essence, we can ssume t
t do arithmetic, count by twos, recite

count and notice samenesses but ¥ho canno

phasize that we are after pattern rather than

Primes, etc.. It is critical to em

Mmathematics here.

CESSING

2. THE TWO STAGES OF PRO |
rocessing in Seek-Whence. An initial

There are two steges of P
e work of stege one, culminating in the

formulation must first evotve; this 15 th
r the underlying r

yimportant. The structu
rocessing, since all high-level actions

ule. This "preliminatry” stege is

creation of a hypothesis f0
res created duri
really quite complicated and Ver .

Stage one play & critical role in later P
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8%
affected by them. As did the HEARSAY IIsystem

inevitably affect them and are
eously at seversl levels, from the

hence operates simultan

put at the terminel
t descriptions -- 10 the most abstract -~

[Reddy 76 ], Seek-W

most concrete -- the integers in

—- through the descriptive --

and its supporting concep
pts. Low-level structure
ven determine the course of high-level

the hypothesis
s support the creation of

the "ideal” primitive conce
el ones, and indirectly e
ged by high-level act
an unexpected effecton t
plings" among levels in HEARSAY II,

higher-lev
ions, as they inevitably are, the

processing. When chan
he higher-level ones.

lower-level structures may have

These reverberations, modeled on the "rip
WHENCE'S processing. and are necessary to cause the
n activity required for Seek-Whence to work

W.

are at the heartof SEEK-

interplay of bottom-up end top-do

properly.
othesis is either supported or refuted by new

g stage two, the hyp

rification, it the form of terms which support the
m to a.conf irmation O
rect guess (one that is rejected by the

Durin
fo

evidence. Consistent ve
f the hypothesis and the

hypothesis, will lead the syste
ic guess. An incor
othesis bY new

s, abandon the hypot
analogous 10 8 humen's “let’s start all

venturing of & publ
evidence will cause the system to

user) or refutation of the hyp
hesis. Hypothesis

reformulate or, in reré instance

ping", WhiCh is
essing back to th
e sequence terms had never been seen

abandonment or "Scrép
e lower levels. This is not a total

takes system P¥ oc
ate s though th
rm tevel, with all
of term saﬁaenesses

over agein”,

restart with a clean sl
perceived groupings eradicated

but rather areturn to the t€
and other primitive

but with accumulated knowledge

relations meinteined.
etween the WO stages of processing is the

r distinction b
esis in stege two. Without it the system has no model of
redict the nextte

The m&jo

existence of the hypoth
rm to be encountered. Once a

and sO cannot P

the sequence
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ypothesis is in place, all €W evidence is “filtered” through it (checked for
» i ik
agreement with it) . Confirming date — new terms that fit the hypothesis —- atre

ally just being "swallowed” by the s
he system "sit back and look things over”

e
ntry of an unexpected term makes t

REFORMULATION AND THE SLIPNET

ga hypothesis is done by re
roulation is accomplished by “slip

formulation -- modification of the

Changin
ping"” from one

form of the hypothesis. Ref0
irection of change will be suggested by

Seek-Whence concept to another. The d
on the evidence gathere

ythe "slipping knowledge"” possessed by the

d from that portion of the

system processes, besed up

sequence already seen and guided b
system. A structure called the Slipnet which
pts —- the "ideal
sentation, contains much of the

meintains relationships among

t s s I
he primitive Seek-Whence conce s" —- as well as pointers to
at various levels of repre

salient structures
formulation process and t

i : ;
nformation needed in the ré hus serves as an
nce source for the sYs

e hypothesis causes I
ctures, chenges made so that all levels of the

tem.

important refere
elated changes throughout the

Reformulation of th
several levels of Seek-Whence stru
same pattern struct
r noticing of new perce
lay emong the levels. Moreover,

ure "in mind”. These changes can

system operate with the
ptions about the

in turn cause the pubbling-up ©
an important interp
es in the representation of concepts in order to

ol” similarities (similarities of form)

sequence, creating
reformulation permits cheng
ryof "structul’

scriptions ere not necessarily atomic

facilitate the discove
ake such discoveries.

between them. Seek-Whenc

hence, concept €
ound structures ¢
ple or complicated

In Seek-W
reated by combining the primitive

ways. Thus, concepts can

entities; they can be cO2P

atomic concept descriptions in sim
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be related because their descriptions share the same or related structural

building blocks, an important feature reflecting a similar human ability.

For example, we can sense that there are similarities among:

171181 191..
232 242 252..

100120023003..
even though the "face value” content, the actual numbers used, differs.

Seek-Whence's facility for meking such structural s
ove very useful in the future for discovering

imilarities manifest in its

concept descriptions could pr

analogies between sequence pattern concepts.

3. PROCESSING AND TASKS
ssing technique is in order. In Seek-Whence, all

A word sbout proce
jes, which run in simulated parallel. The

operations are carried outin ask ser

ious series '€ chosen at ran
t which of tw0 competing tasks will run first. In

dom for processing, so no

tasks comprising var
assumptions can be made abou
pecause any task may alter the

fact, the tesks in a given series 08Y very.
task may create, access, or modify some data

environment. A particulat
from the user, or may set out other tasks --

structure, may request inf! ormation
place them on the taskrack where they will stay
¢ -- thanks 10 Dougleas Hof. stadter -- is the model for

until chosen and run.

A biological metapho

g. Within & cell, vari
e, causing it to change in some way. This action

ous enzymes are present. One of

this type of processin

these may act upon & molecul
will make the molecule more attractive to some enzymes and less attractive to

ourse of later "processin
olecules and the tasks es enzymes in our

others, thus affecting the ¢ g"in the cell. The gloms in

Seek-Whence's cytoplesm serve 85 m

Version of this biologicel model.



A . . . .
t certain times some cleaningis done (removing old tasks of certain

e for an old task finally to be chosen and, when

t ia
ypes) but it is perfectly possibl
itrun i i

s, for it to find the Seek-Whence world quite different than when it was
bably do nothing, because the structures on which

¢
reated. Such a task will pro
v are inaccessible to it. All tasks have

it wi :
as designed to operate 1o longer existo

ghts), and more urgent tesks will have agreater

"y o
rgencies” (integer wei

chan ;
ce of being chosen than {ess urgent ones do.

Seek-Whence, then, depends upon order toe
at different levels of abstraction with no

merge from chaos. Small

speci
pecial-purpose tasks, working
m toward convergence upon a

ov -
erseeing agent eventually guide the systé

working hypothesis.

4. STRUCTURES AND THE “PLASMS”
ystems, Seek-
ned wes the hypothesis, an active

Like most other computer' s Whence relies heavily on an

uctures. Already mentio

assortment of data str
for i '
mulation of the SYStem'S current view of the evolving pattern. Its

lower-level counterpert, the template is
used as & first rough state
formulation. Below the templat® jevel are the central working structures of the
glints, the gloms.
together )

presentations of input terms,

a transitory. wesker, less expressive
ment of an emerging

and less flexible structure

N gnois
wstam, fam el ke and the gnoths (pronounced "knots”

since they are used to "tié things
s are ceek-Whence ré
Ihe Glints form a distin
ing atomic and undissolveble. Gloms are

Briefly, glint
guished subclass of the

members of the class "Glints”
glint structutres pbe
{ections of adjacent
g"isthe process by which two or more

m. All gloms reside in the cytoplasm

Gloms" class, with
glints, hierarchically grouped

g .
tructures representing col
for a variety of reasons. “Glommin
existing gloms combine t0 fore anew glo
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We view the Seek-Whence world es consisting of three levels, with two
uctures -- the hypothesis and the template. Our

potential intermediating st
al world", a Platonic "ideal

lev
els correspond to the Socratic vision of & e
world” " g T

1d”, and a "perceived world" between them. At the lowest level is the
nts our “resl worl

"purest” notions, corresponding to the

4" -- representations of the input

¢
Ytoplasm, which represe
in

tegers and relations among them. The
ves" are housedin (of course) the platoplasm

Seek-
eek-Whence disgram “primiti

iate level --our socratoplesm

-- houses the system's

Finally, the intermed

re : .
presentation of its parse of the sequence.

tits parse of a target s€q
parse would remain intact, yet with

In order to represen uence, the system needed

st ;
ructures with some permanence. so thata
her, so that the perse could be changed at the

t — 5
he ability to interact with each ot

request of higher-level processes:

uld not perform this p
ned to combine readily
tom-up" pressures. Secondly, when

arse—representation function for several

Gloms ¢o
with each other, the

reasons. First, they were desig
nly pecause of "bot

c 2 . .
ombination occurtring o
do not survive the operation. Rather, they

glomming occurs, the participants
m is created from the
ms and rely on its being aveilable at any

ir subgloms. Therefore, the

are destroyed and a new glo
nformation to glo
ot changeé their basic
annot apsord other gloms or give

system cannot attach i

future time. Finally, gloms cant
reation =~ they ¢
{oms without themselves being destroyed

structure in any way

from the moment of their ¢
yof their subg

and unpredictabl
ntation problem was 10 create a whole

away or recombine an
e to represent asequence parse

Thus, gloms are t00 ephemerel

parge—represe

Our solution to the
Seek-Whence world -- the socratoplasm, or "perceived world”

stable structure
hs, like gloms, represent groupings of

new level in the
s than gloms, called "gnoths"

and to populate it with more

amenable to "top-down " chenES: Gnot
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ermanent and a single gnoth can represent different

gloms, but they are more p
pass gloms to its neighbors, can

fferent times. A gnoth can

glom clusters atdi
oms, and can even become a representative

withstand reformulation of its subgl
hose associated with itatthe ti

ral times during its lifetime. A

me of its creation.

of concepts different from t
The entire nature of & gnoth mey change seve
ubglom collection is empty. (For an

gnoth ceases to existonly when its s

ensionality and the "meaning"” of arepresentation

interesting discussion of int

structure, see [Hofstadter 80].)
ystem uses to represent and restructure its

Gnoths, then, are what the s
e. They live in the socr
s smong the gloms, the hypothesis,

current view of the sequenc atoplasm, the middle level of
s, and ser've as bridge

Seek-Whence structure
asm [see Figure 1 1

and the “idesl notions” of the platopl

HYPOTHES S pLATOPLAS!
Ideal—repeaters

| deal—groups

SOCRATOPLASH

|deals—seen

K-Whence world

pigure 1 -~ The SEE
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THE PLATOPLASM AND IDEALS
he platoplasm is the home of the

em. These include idealized versions

As noted above, t "pure Platonic notions”

or "ideals" of the Seek-Whence syst

) of the input integers ("token
res known & priori, and some relations among

("types", if you will s" represented in the
cytoplasm), the grouping structy

connected to the "real worl
"perceived world" or socrato

them. Ideals are d" or cytoplasm through
plasm through

manifestation links and to the

sctuslization links. Fot example, if the system groups three 2's, the glom
g in the cytoplesm DEC
oup”). If the glom is also crucial 10 the

omes a "manifestation” of the

representing this groupin

ideal sameness notion (called "C-gr
r the sequence and so

e ideal [see Figure 2.

system's hypothegig fo hes & gnoth devoted to it, that gno(h

becomes an "actualization" of th

HYPOTHESIS EL__B,TQEJ-_@E

|deal-groups
C-group

SOCRATOPLASH

Gnoths actualization

manifestation

ween plasms

Figure 2 -- Some links pet




AND PERCEPTIONS
g area and sometime battlegrou

THE SOCRATOPLASM
nd between

The socratoplasm is a workin
portant structures are the gnoths

he platoplasm. Its mostim

the cytoplasm andt
£ -- of the Socratic school of

motto -~ "KNnow thysel

(from "gnothi seauton”, the
asm's gloms.

philosophy), roughly the socrato-level equivalents of the cytopl

he hallmark of gloms i8 their ephemersl nature, their

However, whereas
plit, the main function of gnoths is 10 capture the

proclivity to combine ands
-- of the sequen

hesization ce. The firstgnoths

e - parse or parent
oraneously with the first hypothesis and reflect its pattern

gnoths 0USt always

current "vi

are created contemp
be in agreement with the

description. From then on,
as described 1ater in
gnoths are not 8s
ressure of the hyp

our sections on gnoth-hypothesis

hypothesis (
ce as gloms 10 simply combine at will.

it

equivalence). Thus,
othesis &s well as the "bottom-up”

They feel the ntop-down” P
ts between these pressures

g from 1ower—1evel activities. Conflic

s. Each gnoth has acolle

w of the sequence. Any change to the

pressure comin
ction of subgloms

must be resotved through the gnoth

from which it derives it sepucturs, its vie

ture is realized D
ing and pushing
forming 10 the ¢
g and glom dest

glom collection.

¢ changing the S9°
oes on in the cytoplesm.

~up of groupings &
urrent hypothesis, with the related

gnoth's struc
Much bubbl

The requirement of con

ownward pUShin ruction, is gdded in the

rmulation isim

o be reflected in cyto-level

subsequent d
plemented, also t

socratoplasm. Refo

activity. Mindlessness ceases here:

evel of the seek-Whence system. All

The cytoples® i
1ter down here. are reflected here, and

changes to hi
ructures. All processing here is

cause reactions
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bal views of the sequence ar'e maintained. Any

m, or the glint made when anew

automatic and myopic - 10 glo

hasa newly-formed glo

new structures, suc
made centers of interest calle

term is entered, are immediately d active foci, and

heightened activity tekes place around them.

The mein gosl of this level is
he sequence. Once atem
gloms 10 prevent their disepp

to hit upon & pattern of gloms which can

be taken as a template fort plate is in place, & "cap”is,

in effect, placed over the the top-level

This cap is in the form of & pseudo-glom, 8 glom that
s. When such acapisin place, new

act with other gloms.

glom with other glo
1d a new term not fit the template, &

earance.

has subgloms but that is

inert, unable to intef
s still tond and even
an be made. Shou

terms’ glint ms but no changes that

contradict the templaté ¢

un which may lead t

If, mesnwhile, the template has caus
pothesis rather th

red through the hy
sndoned it defere
ocess, by which ne
ion the hypothesis’ validity. This,

o template modification Of destruction.

review is beg
ed the formation of & hypothesis,

an the template, and

new terms are filté
nce to the more malleable, more

the template is virtuelly ab
w terms are checked

expressive structure. The fittering pr

, template-, and

5. SUMMARY

gram which attempts 10 discover and
mary, Seek-W

hence 18 & pro
pematical seq
n itis successtul, the complex but

In sum
uences of nonnegative

represent rules underlyi

t always Succ
othesis, an encapsulation of

integers. Itisno
develops & hyp
of first stege Of :
_ othesis s represented in such a way
erlying patte
ound necessar'y

jon oftent f

sublimin

the perceived und .
in the second stage of

as to meake the eformuls!

I oA
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but also simple 10 carryoutin many ¢ases.

processing not only possible
parallel on several levels of abstraction

Processing occurs in simulated

t tevel of the Seek-Whence world, the cytoplasm,

at once. At the lowes
arisons among the

gloms) derived from comp

glimmerings of grouping-ideas (
erms (glints) are "pushed up” to be

presentation of the inputt
ions (gnoths) in the so¢

roupings is aided by refer

system's re
ratoplasm, the middte level.

recognized es percept
ence to the ideal notions

Recognition of useful cyto-g
y bubble up,

tevel. Suggestions continuall

1esm, the most abstract

of the platop
ected, sent back down. The interplay

up further of to be rej

either to be pushed
processing is central t

o the system’s functioning.

of bottom-up end top-do¥n

C. SEEK-WHENCE IN DETAIL

CT NOTIONS

-- ABSTRA
es the ideal types - the primitive,

1. THE PLATOPLASM

he platoplasm hous

Currently,t
use in constructing its viewof a

o the system for
its vocabuler'y for

constructed phrese
st-cless citizens. We are developing a

built-in notions available t
the well-structured “phrases”

ese can be seen 88
otions, the newly-

sequence. Th
s, may eventuelly

it constructs. New 1l
{atoplesm 85 fir

e idegl types 10 aid the system 's reformulation

network of relations among th

efforts.

IDEAL TYPES
The ideal—atoms are Seek—W
om hes prede

he cytoplest:
- “ideat6”, Whil

to the integers entered at

ATOMIC
hence analogues

cessor and successor
For example. the "ideal>" has

values, itsown

the keyboard. An jdeal-8t

festations int
e "ideal0” has no predecessor

velue, and mani
predecessor i deald” and successo
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all” as successor. Glints are certainly manifestations

ances) of these ideals, bec
he sequence. For example, i

but has "ide
ause they ere the system's

(CVtOplasm-level inst
n the sequence

representations of the terms of t
5", the first and last terms the
ion of ide&ll. Certain ot
ay a1so b€ important t0 th
attern, and sO should also be viewed &8

“(4 4 4 4 4)" mightprove

are manif estations of ideald, while

fragment > 0
her integer-valued

middle term is a menif estal
such s group length, m e developmentof &
fagiven sequence p

the length of the group

quantities,
good representation 0

manifestations. For example,
on of the

ant manifestation of ideald. In the current versi

to be an import
system, however, only glints eré referenced 88 manifestations of ideel atoms -- &
(and weakening) d e future, we hope to address

the problem of What other quantities s

esign decision. In th

simplifying
hould be viewed &s manifestations and

they become importent.

under what circumstances

AL TYPES
tomic ideal types.
parameters:

actual—value).
have been included will be

NON—ATOMIC IDE
each of which is associated with

There ere eight non-&

a format having oneé or more active
(typensme start-value tength

ions, optional parameters which

In our descript
w, we show a form, an

given in brackets [1-
such aform is queried -- or "hit", s

n of the given formal. When
sive hits are shown on separate

instantiatio
s a value. The results of succes

formals correspond quite closely (but not

itives introduced in Chapter One.

we say -- it returtl

ypes and their
e disgres prim

lines. Note that these t

exactly) to the geek-Whenc




ne value, its argument,

Constant --- a structure that always returns o

when queried.
(Constant arg)

format:
exemples:
(Constant 3) 3
ity 3
-==>3
ete.

turns nonnegative integers in

a structure that r'é

Countup -—~
succession, starting with its argument, when queried.
format: (Countup n)
examples:
(Countup 3)--=> 3
surly
S D
ete.
(Countup g)--—> 8
ey 8
i 10

etc.




that returns & number of copies of

C-group (Copy—group) --- g structure

8 given argument.
(C-group star't jength)

formal:
examples:
(C-group 2 3) - (222)
-3 {222)
etc.

tup 1)2) - (11)
w3 (3.2)

->(33)

ete.

(C-group (Coun

group) - g structure that returns & given-length

S-group (Successor-

run of successi

ve integers. starting with agiven value.

oup start tength)

format: (s-gr
examples:
(S-group 2 3)--> (23 4)
(234
etc.
(S-group 2 4)--> (567 8)
> (5678)
ete.
(S-group (Countup 1) 2) - (12)
- (23)
- (34)
ete.



b2

P-group (Predecessor group) --- astructure that returns a given-length

downward progression of nonnegative integers, starting with a

given value.
format: (P-group start length)
examples:
(P-group 84)--> (876 53
- (8765)
ete.
(P-group 2 4) - undefined (woulcrun to
negative numbers).
Y-group (Symmetry group) --- a structure that returns a given group of
nonnegative integers, symmetric about the center.
format: (Y-group [start][length Jactual)
examples:
(Y-group 15(18381))-->(18381)
-->(18381)
ete.
(Y-group ((Countup 1) 8 (Countup 1)))
-->(181)
- (282)
-->(383)

ete.
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a structure that cycles through its actual parameter's

Cycle -—-
velue, returning one top-level element each time queried.
formal: (Cycle actual)
examples:
(Cycle (218)) - 2
1
8
.y
-1
etc.
(Cycle (3 (Countup 1))--73
it
'S
a2
-3
-3
3
--> 4
etc.
Tuple -— @& structur® thet returns its actual paremeter’s velue each
time queried.
format: (Tuple actual)
examples:
(Tupte (1 8 4)) - (184)
> (184)

ete.
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(Tuple (22)) - (22)
il (AR

ete.

THE HIERARCHY OF IDEAL TYPES

ic ideal-types (or Platonic classes) fall into a hierarchy

These non-atom
izing notion for the

aptures an important organ

of categories, each of which ¢
of the types al different levels of the

world. The realizations
wriputes but slways re

Seek-Whence
flect this basic organization.

system have differing &t
follows:

Briefly, the categories can be distinguished 8s

repeater tYp€ =" These are 0ne-
arameter (and the st
ant, Countup

neme and the start and
rual vatue (e.8. (111))canbe
rating function™.

as described below.

parameter generate types; given the

ate), the next velue can be generated

members: Const

generate type =~
(eg..(C-€

Given atype length parameters
roup 13) ). the &
he associated "gene
gsesses & process
P, p-group

method of determining whether

generated byt
Any generate type PO

members: C-group. S-grou

process type -~ Posses

or not some actual g
e toany inform

ses & "prOCGSS", a
roup is & represen

ation external to the gr

tative of the class without

oup and the class

referenc

in question.

no process; virtually any collection

fence type ™
of neighboring terms cen pe called @ group by virtue
: pecause of external pressure

of these

such groups exis
er than internal
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cohesion. In effect the terms are “fenced off" into a group by

their neighbors.

members: Cycle, Tuple
rerchy are the fence types, thel

groups are usually identified as

At the bottom of the hie east restrictive

types. The name derives from the fact that

he system:

being of this type when |
as being higher—level types and

1) cannot clessify them
g the group &s 8 group.

583 2 583 3 583 4 383...,

attraction or shared

2) can setup & "Pence”, © jdentifyin

parsed sequence 1

For example, in the
t because of any mutual

the terms "5 873" are grouped, no
t simply pecause of 1 and the fact that

portant to note th

he interleaved 1,2 .5

characteristic, bu
at in order 10 s€€ the repetition of

the group repeats. Itisi®
and such recognition of

it is necessary to identify it as & group,

the group
ding notion that a group is there to be

ot confirms the bud
esented 8s “(Tuple (58 30"

probably pe rept
an have & fence-type representation:

repetition in effe

found. The group Would

ith an understood

An entire sequence ¢
des (Cycle (47)), wit

can be represente

4747 ..
repetition-
Atthe next—highest jevel of the hierarchy 8re the process types. The
_group, & symmetry group. The characteristic of this class
entatives of the

for identifying repres
_group 15)", a Y-group of length

only entry here is Y

ional start and length

¢lass, if not for
this foro the opt

we have given
symmetry group, but is

5 starting with &1 ¢
. cient to gener

ers), is not suffic
1747 1) is suc

ate & unique

paramet
n a Y-group wheress (18251),

sufficient to determine that (

(171), and (20001
generate types.

~highest inour hierarchy, can use two

The
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parameters, the starting value and length, 10 generate a particular grouping
e of the given type. For example,
s (1111 1), aconstant gro

a successorship group of len

representativ
up of five 1's;

(C-group 15)
(S-group 23) < (234 gth three,

starting with A

= (9876), 8 predecessorship group of tength four

(p-group 94)
starting at 9.

er type tekes 0ne per

plways returns 2 as it

¢ returns & 3 upon first

ameter. The form “(Constant 2)"

Each repeal
s value, while "(Countup 3)"

represents a structure that
request, then & 4,85,

represents a structure that alway

and so on.

COMBINING IDEALS
an be combined t h encapsulate

n the examples b

Idesl types ¢ o creale structures whic
elow, each line agein represents one

fairly intricate patterns: I
cated by the word "shared”,

n form. shared st

ingto the first i

ructures e indi

nstance of the structure t0 pe shared.

hit of the give

with an arrow point

(S-group 1 (Countup 2)) — 12
5127
1294
etc.,

ving the sequence:

121231234-~

thus gi
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(c-group (S-group 1 (Countup 1)) 2) = (11)
s (l12) K120
(1231230
etc.,
giving:
111212123123..‘
(Cycle(8 (Cou@ared)) -->8
- 1
s 2
--> 8
-3
--> 4
etc.,
giving:
8128348 56
(Tupte (2 (Countup 57, Rl 212
222
5232
etc.
giving
21222223224225
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(Tuple (2 (Countup 1) shered)) P12
-y B2 2

232

etc.,

242252.--
atter (WO represent can be

of the "bracketin

212222273 A
ations is subtle put

The difference between the 1
g"2'sis made explicit.

impo
rtan

t. In the last one, the sameness
neralizations of t

possible generel
integers are see

s will give us:

he sequence:
ization of the first

n as distinct, havin

Notj
ice how this can affect g€
(Tuple (5 (Countup 1) 2)) is8
gno

repre
S H
entation because the precketing

ssar : g :
v sameness. Querying it three Ume

- 512

-»522

->532
etc..

In o
the second form, W€ generalize © 5 gs fOLLOWS:

(Topte Counwop Diered? ~1°
w522
535
etc..
nstrated gives the

otions &s demoO

the Platonic n
quence pattems

sive pOWer needed 10 model s€

The ability to combine
Syste
m the flexibility and eXpr es

and
create a hypothesis.



59

2
. THE HYPOTHESIS
-Whence system isto formulate ahypothesis -

1ate the perceived
- the sequence

The major gosl of the Seek
pattert. The

astru
ct .
ure that describes end ¢an extrapo

4 from the information at hand

en able 10 establish among

esis der
thOth is, which is ive
he progrt am he

term
$se
en and eny relationships t
ibed above. For

them i
e ] . .
s expressed in terms of the Platonic classes describ

Sxample,
1121231234 canbe expressed 8 the form:

(S-group 1 (Countup 1)),
be expressed as t

while
212223 24..can e form:

(Cycle (2 (Countup 1))).

S
houtd s hypothesis f8il 0 predict

Wwill be-
8) to generalizé peremeters. meinted
structure;

g less strict class ("verticai" slippage) or

b) to slip 10
age).

gve 81} implicit imperative to m
iate class is used in the

jctest apprOPf1

to & related class ("1ateral" slipp
odify the

I
n the future, the syste® willh

hy
Pothesi
esis so that in sll instences the stt
o Tuple, it is also &

repr
€sen i
tation. For example,
course times

pe no

Cx
gro
up and should generally be s
ason there will

When "
111" should be viewed 8s & Tuple: for this e

ibity . o
ition sgainst doing 50, DU itis very

) Both generalization and s
oth
i require knowledge of the groupin
elati
lons smong the piatonic types: Such

Plato
plasm as “Idesl- _relations’ rand W
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'of length one) as well &s verticel Ones (es

and S-
group, say, for "groups
plato—class hierarchy.

betwe
e
n Countup and s-group) in the

30T
HE CYTOPLASM -- THE BASE
Th
e cytoplasm has the role of "regl world"inour "Socratic model”, in
s and the

ues of pPlato’s Ideal
It houses the

Which
the platoplasm houses the analog

of Socrates’ "perceived world”.

ponds. glints and gloms =~

So¢r
1 &tOPlaSm is the &nalogue
e _
vel structures in the syste® ™ the sparks.
g, relativelY uncritical activity.

up from cytoplesm”
be tested at high

and ig
t .
he site of much uPWard~thrUSTin
jevel

Sug
gestio
ns for pattern formulation pubble
er, mMOre

evel”) activity 1o
vel

(her ;
ein
inafter shortened 10 "cyto-l
undirected cyto-le

ucOgnit‘
1 " . . .
ve" levels. We believe the! the probabiliste

activi ;
: Vity mimics low-level
rouni
pings are continuslly being

8 pe
opl
ple cannot prevent themselves
uch repetition by an

put compensate for s

Patte
rn
,or reperforming a8 action,

la:::;to notice that they &ré ¢
. 1.0 higher-level processes 10
g in cyto-level activity.
The cyto-level should b pef tovels ¥

Similggi
ariti -
ities, and groupings of repms. 1tisUP® the

o The four data typ
dG
loms. The formet W0 ¢l

evaluati
ting glom groupings: Thel
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he sequence terms and any term groupings of current

used for representing £

interest.

GLINTS AND GLOMS

In Seek-Whence, glints are the cyto-level representations of the

red at the keyboard. Esch glint is astructure with several fields:

integersente
position, span, pred (or 1eft-nbr), succ (or right-nbr),

class, name, print-value,
ptioneal. For example, if the terms "122 3" had

and bonds-in, the lastone being o

d the second 2 might be represented as follows:

been entere
¢class: Glints

name: glint3

print-velue: 2
position: 3
span: 1
left-nbr: glint2

right-nbr: glint4
The “"span” field is really unnecessary in glints, but is a consequence of
f the Gloms. It indicates that this glom

the fact that the Glints classis & subclass 0
he left, would be the glint

int's left-nbr, its neighbor to 1

is of length 1. This gl
called "glint2" here. similarly, its right-nbr, its

representing the preceding 2

he right, would be the glint representing the succeeding 3. The

neighbor tol
planatory.
ntered, the system creates agli

o-level analogue, of the appropriate

other fields are self-ex
nt for it and then

When asequence term ise

lists that glintes a menifestation, or eyt
idesl-atom in the platoplesm. In our example, glint3 would become 8
e its value is 2 and it represents an input integer.

menifestation of ideal2 becaus
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The glintis then examined bY cyto—level tasks &5 described pelow 10 determingé

o other cyto—level structures.

how it is related t
. Each

The class “Glints"is & distinguished subclass of the cless "Gloms"

an "ato gloms 8r'e cohesive units,

glint is indestructible = mic" glom. Non-glint
atoms bound by "ot
ms linked DY bonds

one indicating that gl

ds" of one type or another. It should be

made of adjacent
verted 10

are not necessarily con

noted that chains of ato
oms (814) and (123)eare of

gloms; some bond typPes (eg.
) are generally not considered strong enough 10 cause
for use by higher-le

the same length
vel processes.

cts of note preserved

glomming, butare fa
ame, type. print—value,

covered, subgloms, structure, and bonds-in. The

Non-glint gloms have 88 fields: cless, i

start-position, SpaLk positions-
al, and ar'c fitled in

when appropriate by cyto—level processes.

last two are option
For example, in the sequence segment ng2228" the three 2's might be

represented jointly &s & glom, &S follows:
class: Gloms
neame: glom?
type: (Seme print-velue group)
print-velue: (222)
start-position: 2
span: v
positions—covered: (24)
(glint2 glint3 glint4)

subgloms:
ar at any time. Disappesatrance by

Such gloms 8¢ ephemerel and can disappe
dissolving (Deing destroyed 85 o unit, but with el subgloms sUrviving intact)

bursting (bein

well -- leaving onlyt

t snd having all non-glint subgloms burstas

g destroyed 85 & uni
), or glomming (being combined with

he underlying glints

d continual. The cytoplesm might be viewed as a soup

another glom) is fiuid an

‘——'—



63

bubbling with gloms, the bubbles which rise to the top being the system’s

current view of the sequence. If neighboring bubbles have enough mutusl

ine; otherwise they will either

attraction (strong enough bonds) they will comb

exist independently or burst to permit new bubbles to take their place.

BONDING AND GLOMMING
The identification and creation of useful gloms is the primary function
of the tasks operating at the cytoplasm tevel. To see how this is done, we must

start at the bottom and follow the process of "pushing up” gloms.

SPARKS AND BONDS

Sparks and Bonds, two more cyto-level classes (the others being the

Glints and Gloms discussed above ), are used during the early steges of group
discovery. A spark is created between two gloms when a Sparkler task pulls

loms at rendom from the cytoplasm and determines in & very cursory

those g

structures might be amenable to bonding. The Sparkler

way that the two
are not subgloms of each other. It does not look for

simply looks for gloms that

k of other tasks. For example, the glints

any common features - this is the wor
ht very well be bondable, since they have the same print-value.

“1" and "1" mig
) mightbe bondable for the same reason, or because

Gloms "(1 2)"and "(1 2

they have the same "span” (length i
ded to the glom "(2 3)" by reeson 0

he structures in question are adjacen

n sequence terms covered). The glint"1"

f adjacent successorship -- 2 is

might be bon
1. However, no

the successor of 1,andt

m can be bonded to one of its own subgloms, SO the glom “(1 (1 1))" cannot

he subglom "(1 1)"in any way.

glo

pe bonded tot
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BEYOND SPARKLING
park is created between two gloms, & horde of “Testers” is

When invoked (chosen 0

ecessarily the one whose ¢

wWhen as
run) at some later time, each

placed on the taskrack.
reation caused the

Tester chooses some spark, notn
n. The spark’s members (1

certain if they are curte

he two gloms petween which the spark

tester's creatio
ntly in existence (recell that

is flying) are tested 10 85
oms exist, their bond-fields -~ the

gloms are ephemeral). If both gl
nough to be

pan which are importante

such &s print—value ors
ted, and these fields' velues ar'e

characteristics

onding -- &r'é intersec

tem uses several types 0

used as a rationslée for b
f bonds -- semeness,

tested for similarities. The sys
cency, and meeting (e.8. “(814)" and

predecessorship, adje

successorship,
portant

grouped into families, 0 link gloms. The most im

“(47)" "meet” at4) "
sor-predecessorship. Ifa

of these are, not surprisingly. sameness and succes
' tesk is created with the intentof performing

is passed, & “Bonder"
pe created for each bonding test passed

bonding test

g. One Bonder task will

the actual bondin
ually be created for any given

gl Bonders mightact

by the two gloms, SO sever
1 2)"and Y 23" mig

glom pair. For example, gloms "( ht engender both "same

print-value” and "seme span” Bonders.

BONDING

voked, & Bonder

e that both gloms stil
hey are not already DO

When in
1 exist, and

1) checks 10 5€
nded in this way.

2) checks t0 5€€ that t
If these conditions &r¢ satisfied, then the Bonder creates a Bond-class structure,
pond, which exists in the cytoplasm,

ply 88 a bond . This

strength associated
vsameness”), 80y pond m

which we refer 10 sim
with it. Bond strength is

links the two gloms and hes &
he bond type (e.g-

odifiers (adjacent

derived from 1
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terms are more strongly bonded then non-adjacent ones, for example) and the

glom characteristic (e.g., "print-velue”) thatis the subject of the bond. Creation

of & bond causes the relesse of more Sparklers, stimulating the system to carty

out more low-level search and bond creation, and causes the release of some

Glom-scouts —- tasks designed to look for and push up glom groupings

GLOMMING

Bonds are created in order 10 pr
e terms (glints) and term groups (gloms). The actof bonding simply

ovide some basis for the grouping of

sequenc
reflects the fact that two gloms are related in some way. Glomming, however, is

performed only when the bonds among two or more gloms are sufficiently

strong that the system should view the items comprising the bond-chain as a
unit. The system distinguishes between the "bond-fields” of a glom and its

Bond-fields are those characteristics of gloms that are to be

purpose of bonding. Typically. the print-value and span are

gloms such as "(1 2 3)"and "(7 8 9)"or "(1 2 3)"

"glom-fields”.
compared for the

useful bond-fields. Thus, two

g 1 4)" will generelly be bonded. B
the same spen is "interesting”, itis ge

ut, although knowledge of the fact

and “(
nerally not

that two gloms have
compelling enough to warrant g
his system, W€ did allow such glo
hat seemed to get in the way of thes
ns for introducing the “bond-field"/"glom-

lomming them in and of itself. In an early

ms. The result was a plethoraof

version of t
ystem's real work. In

uninteresting gloms t

fact, this was one of the main reaso

n. Glom-fields are the glom characteristics that are important

field" distinctio
pUrposes. Only print-velue is used as a glom-field

enough to use for glomming
melke chosen glom characteristics more

urrent system. The system can
g them &s bond-fields or glo

s: in practice this ability is not

inthec¢
m-fields, or less salient by

salient by designatin
yet used.

removing these designation
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n causes the release of Glom-scouts

As was noted earlier, bond creatio
onto the taskrack. These tesks look for glommable bond-chains. They &lso serve

terraced scan in Seek-Whence. The tasks

to introduce a.good example of &

introduced between this point in the dissertation and our discussion of
rform increasingly extensive tests on target gloms,

“P1ato-evaluator” tasks pe
presentatives of various Platonic classes. If

screening the gloms 88 potential re
st, itis targeted for further evaluation. Should a glom feila

a glom passes one te
y other tasks. Gloms thatare not discernably

test, it may be re-evalusated D

Platonic ere either ignored or destroyed.
a Glom-scout chooses & cyto—element (a glint or glom

her glom) end attempts t0 g
ts are made for any bond-femilyin

When invoked,
roup it with its

which is nota subglom of any ot

neighbors. Actuslly, three quicktests tes

which the glom is involved:
1)isit groupable? (bonded to eny neighbors in this way?)

2)isit coverable? (ponded into & symmetry group?)
are there remoteé gloms to which itis ponded?)

3) is it fi enceable? (
-{evel notions of generate,

se tests a1'e the precursors of the plato

Note that the
ause creation of a Glomtester task

asses. Any tests passed ¢

process, and fence ¢l
of the glom. The Glomtest

er's weight (urgency) is

e 8. motre extensive test

to meak
ype involved

he test ("groupsble” being strongest) and the bond-t

dependenton t
and soon). For example, if the

ger than successorship,

(sameness being stron
e several relationships

tered, the system may notic

terms "1 885 2" have been en
ing 8's might beseen s a pudding

erms. The two neighbor

among verious t
gs. However, the remote

e of their adjacent samene
e 2 might also be noted en
parate the given segment

"sameness group” becaus
p between the 1 and th

d used to propose &

successorshi
“successorship fence" group, one that would s into
ch groupings ere potentially very important,

gloms "(188 5)" and "(2)". SU
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especially if the sequence is:
1885 2885 3885
or the like, but are not &s immediately compelling as such groupings &s the pair

mtester for a sameness group is given a higher weight

of 8's. Therefore, aGlo
¢ The system is thus piased toward noticing

than a predecessor fence Glomteste

certain similarities first, yetitis not compelled to 4o $0.
o Glomtester task must first be certain that the glom itis

When invoked,
1asm. If so, it must then determine the extent

supposed to testis still in the cytop

of the evolving glom. The thrust here is 10 get meximally-sized gloms.

For example,
1)in "21113", with the

‘bond-type, the Glomtester WO

second "1” targeted and "sameness” the
uld suggest that "1 11" be grouped.

2)in "91259% with the first "9" targeted end "fence” the reason,
»g 125" would be suggested.

3)in "5316 134", with 6" targeted end "symmetry” the reason,
w1613 would be suggested.

the first "2" the target and the

323" would be suggested.

m or creates a Glommer tesk to

4)in" 1232 3", with "pred-succ” bond

family the reason, "12

The Glomtester either rejects the group as aglo

m the final glomming.

refine the group and perfor
1 do abitof "sookkeeping”. Itcreates the

Wwhen invoked, the Glommer Wil
s it an active focus -— & site of increased system activity. It

new glom and meke
¢ tesk to continue pushing the

glom up 10 highet

also creates a Glom-inspecto

levels.
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4. PLATO-CYTO RELATIONS

The Seek-Whence system hes an imperative to find analogues of its

plato-clesses. Atthe low levels of processing discussed thus far in this

been reslized, in a procedural and uncritical way, by

dissertation, thet drive hes
the nature of the system’s tesks. Above these levels, some declarative knowledge
menifest reference is made directly to the ideal-types to begin, if

is used; some

avoring those that seem the purest analogues of the

not rejecting gloms, then f
ideals. When found, these special gloms will be "dubbed”. All others will be

puton a track towards destruction. Plato-scouts perform the first step in this

process.
A Glom-inspector determines which, if any, plato-classes might find

eresting” -~ which classes might possibly consider

the given glom "int
it & "manifestation” of themselves. If there are any such classes, the
Glom-inspector then creates a Plato-scout task, giving it the glom in question
and the names of the "interested” (candidate) plato-classes. If the glom still

exists when the Plato-scout is invoked, the scout begins its work.
During the glomming stage, maximally—sized groups of gloms -~ all

gloms related t0 their nei
r example, "1 23273"couldbea

ut stege will now focus on "purifying”

“chains” that consist of ghbors by some elementof a

--are collected. Fo

glom. The Plato-sco

bond femily
"pred—succ—family"
these groups.

Recall that all but the fe

g" -- a function which, when g

nce-type plato-classes (Tuple and Cycle) possess

iven anumber string, determines

a "proces
he class. A Plato-scout is given

g isan instantiation of t
ato-clesses. It spplies the p
velue. If the glom passes the tes

whether or not the strin
rocess function for

and a listof candidate pl
t, then

a glom
each candidate cless 10 the glom's print-
ion of the candidate class. A

the glom is pure 8nd will be dubbed a manifestat
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d more than once. The glom “(1 1 1)", for example, might be

glom can be dubbe
group ("symmetry—group").

group”) enda Y-

dubbed as both & C-group ("copy-
(and so hes no process), andif the g

If the plato-class is afence type
g-- a'"'passby default” occurs. This

lom

is "flat" -- has only glints & subglom

1e and Cycle gloms to be Jubbed &s such.

permits flat potentiel Tup
ass even one of its process tests is cause for the

Any glom that does notp
invoked, the Plato-evaluator examines

creation of & Plato—evaluator task. When

the glom & bit further, {ooking for dupbable gloms of secondar’y purity

(non-flat) snd for pure subc

oliections of gloms within the proposed target glom

tto & Plato-evaluator, which might bresak it

Thus "1 2 3 2 3" might well be s€8
g"123" and"2 3" and send on the gloms

re successorship group
o be dubbed. If the Plat

ubbed es & manifestatio

into the two pu
o-evealuator has no success and the

for these two groups t
n of some other platotype,

glom hes not already been d
set for its destruction.

A Burster task is created 1o destroy the glom

the scene is

and all its non-glint subgloms:

DUBBING THE PURE
_scout, the Plato-scout calls for

jom is deemed "pure” by & Plato

If some g
the glom to be dubbed”. Thisis @ two-step process:
1) the glom's structure field is modif {ed to indicate
g) new structure: (platotype [start-vel] llength][value])

p173)or (Cycle (2981))

e.g. . (C-grou
an exact meanifestation; flat: e.g., (111)
flat: eg., ((15) (15)(A5)

1ist of menifestations.

pure (==
secondai‘Y -y not

his glom added to its
-scout process, indicating that the

b) purity:

2) the Platonic ideal hest
plate

s creation of aTem
to determine whether or notits

Dubbing cause
glom is strong enough 10 warrant @ check



structure, as described in the structure field added during dubbding, might yield

a pattern for the entire sequence.

Those gloms that do not pass any of the tests leading to dubbing are

targeted for destruction by a Burster or & Dissolver tesk. A Dissolver is a task

aglom, leaving its highest-level subgloms 10 float independently

ple, if the glom "((1 1) (2 2))" were to be dissolved,

that destroys

in the cytoplesm. For exam

the underlying gloms "(1 1)"and "(2 2)" would survive, but would, of course, no
mmed with each other. A Burster task is even more destructive of

¢ were set on the glom "((1 1) (2 2))", el levels of

only the glints wpe MR vg, 20 inthe

longer be glo
glom structure. If a Burste

glomming would be destroyed, leaving

cytoplasm.

Once a Burster or Dissolver has been crested on aglom, the glom’s only

he ¢ytoplasm by glomming with another

escape route is 10 become invisible in t

glom. Thus, after reaching the point of perusal by a Plato-evaluator, a glom will

either a) be dubbed; b) be destroyed and have some subgloms dubbed; or ¢) be

valuator creates no other tasks. Our

targeted for destruction. The Plato-€

terraced scan hes come 1o an end.

5. REVIEW AND PREVIEW
this thesis we have discussed al

gontoa discussion of other levels, it mightbe

Thus far in 1 the major cyto-level tasks

and structures. Before movin

well to getan overview of what remeains end how it relates to what we have

already done.
When people work on
ugh several stages. Atfi

sequence or Bongeard problems, they ususlly

rst, they see and recognize new terms as

progress thro
the terms are reveeted. Then they meke linkages between new and
previously—encountered terms, and begin 1 make tentative groupings of terms
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in an effort to "come up with something”. This essentially data-driven activity

is modeled in the cyto-level processing that we have just discussed. Actual terms

nt successor”) are used ss the

and real, undisputable relationships (e.g. "adjace

haphezardly and nondeterministically, the ephemeral

besis for creating, rather

structures, ‘held wemblingly in the hand"”, known 10 Seek-Whence & "gloms”.

p in human sequence-solution activity is to answer the

n?", or better still, "What is itI think I've seen?”.

The nextste

question, "What is it I've see
The corresponding processing 1evel of Seek-Whence, the template level, mekes

e or identify what the system "perceives" that it has

a similar sttempt 10 reali
seen. In the process of doing this, ittries 10 create a "template” for the sequence
-~ a first rough approximation of the developing sequence pattern-description.

v “to get e handle" on the pattern for internal

This is & stege Where We tr

pUrposes. People operating &t this stage will often say something

_.no, maybe not.”

processing

like, "Wait--1 think I've got it.
ut nonetheless asort of crystallization of current

The description is atentative

one, not pelieved t00 firmly, D
e happiest possible outcome from this stege is & parenthesization
d with the developing and no

n Seek-Whence, this happy outcome means

perception. Th
w more firmly held and

of the sequence in accor

more explicit pattern description. I

othesis -- the more—firmly—held description -- and the

the creation of 8 hyP
nthesization.

creation of gnoths =~ the par'e
e closest anslogue the system hastoa

A Seek-Whence hypothesis isth
uence pattern. A human seq
tually ennounce triumphantly, "I think I've

verbalization of the seq uence solver, perhaps after

re false starts, will even

nt, or certainly by the tim
hes probably crystallized completely. This

one or mo
e the description is verbalized, the

got itl". At this poi

subject’s pattern description
description is (usually) firmly held, is predictive, and can be communicated
clearly to others =~ either by some encapsulation method (e.g.."three I'send a
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2") or by reciting the terms in a patterned or sing-song meanner. Seek-Whence

hypotheses (which are described in detail later in this paper) have similar

features: the system has not yet pegun to sing them, though.

As mentioned earlier, we view the gnoths -- collectively, our

parenthesization of the sequence -~ &S existing in a place we call the

"socratoplesm”, somewhere between the "real world" of the cytoplasm and the

“i deal world" of the platoplasm. If we view the cytoplasm &s data-driven and its

structures as “real”, and the platoplesm &s theory-driven with "ideal"” structures,
m is what we will cell "perception—driven" and its

lesm, Seek-Whence must reconcile

then the socratoplas

structures "perceived”. In the socratop

reslity, and thus must in effect answer the
. The gnoths will always 8gree with the hypothesis

theory with question, "Does what I

think I've seen make sense?”

me extent, but may fail to be fully consistent with it. Similarly, there may

y dissgreement petween the gnoths and the gloms that

to so

also be some temporar

. This rather unpleasant—sounding state of affairsisa

they in effect “represent”
evel. If the hypothesis is

consequence of the necessary state of flux at this 1

changed -- if, for example, the system novw wants the segment "1 22"
thesized as "1 (22)", wheress it use
to propagate that change down thro

vel is the level possessing the vocabulary in

d to be perenthesized ss "(1 2) 2" -

paren
ugh the various

the system will have

processing levels. The socrato-le

which to express those necessery changes. It is the level at which

e brought about.

reformulation begins tob
owing of future developments, itis time

Now that we heave some foreshad

to return to our more systematic discussion of Seek-Whence processing. We left

evel processing was about to begin, the stage of

off at the point when template-1

ion of the sequence pattern

"casting around” for en appropriate formulat

description.



6. TEMPLATE CREATION -- ONE MOLD TO EIT ALL

Whenever aglom is dubbed as a manifestation of

1aced on the taskrack. It and other processes

some plato-type, &

Template-scout process is p

involved in template creation and evaluation operate atan intermediate level

between the “real”, data-driven cyto-level and the "perceived”,

perception-driven socrato-level. The humen analogue is the stage during

which a person's eyes move back and forth across the erms, as the person waits

ge. This isastagein which people can literally observe

e to explain verbeally what is happening, what

for an idea to emer

themselves work, yet be unabl

they are “thinking". People working on Bongeard problems experience this

y clear and forceful way.

stege in an especiall
emplate—level processes attempt to come up with a

In Seek-Whence, the t

This is a preliminary step to devising a

template or descriptor of the sequence.

s -- thatis, & predictive model of the sequence, an encapsulation of its

hypothesi
structure. Templates and hypotheses have similar forms, put templates are far

edictive ability and expressive power of

less complete and exact, lacking the pr

d, working template will eventually giverisetoa hypothesis.

hypotheses. A go0
when the structure of some particular dubbed glom

A template is formed

gll the sequence terms seen thus far. For

is found to explain, &t 1e8st roughly.

ate form "(S-group 1 n)" suffices 10 explain "1 12 123"

example, the templ
oupings, even though there is no built-in notion or

since it “fits” ell the term gr
ecognition that "n" mean

12345 1
h 8s n <> countup, islefttohi
uts a pseudo-glom called the template glom

even anyt s "countup” here. The same template would

suffice equally well for "12 1 23". The ability to notice

"oross-glom” properties, suc gher-level processes.

a template is created, itp
gloms in the cytoplesm

he disappesarance of the glom

Once
(those that are not subgloms of

over the highest-level
s that engendered and

any other glom) 10 preventt
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now reflect it. A pseudo-glom cannot combine with real gloms, and it prevents

its subgloms from glomming activity as well. Some cyto-level activity can still

ne ss freely as ever, for example -- but o NEW

continue -- bonding being do

templates ar'e considered for the lifetime of the given template.

ate will be checked by aTemplate
ned. If itis passed, it will probably be the beasis

The templ _evaluator tesk and either be

passed, or rejected and abando

for hypothesis and gnoth creation. This mesans that until a hypothesis exists, all

“filtered” past the template, checked
ate, a review is setup, with resulting modification

new terms will be for sgreement with it.

Should a term not fit the templ

or rejection of the template. The fittering process is the first major top-down

v the system, the template level
ivity ceases or slows: the cyto-level processes

action performe ab hes taken control. This is

not to say that cyto-level act
continue in their gccustomed way. What is added is direction from above:

e units of a particular form.

instructions to meke or dissolve gloms, 10 creat

TEMPLATE DIEFICULTIES

ess of devising & template is not as easy 8s it might first appear.

The proc

the sequence terms "112123" wereentered and

For example, Suppose that
des "(s-group 12)", and targeted by a

the first "1 2" were glommed, dubbe

Template-scout. When invoked, the scout would set out a Template-applier task

sequence seen is of that form. The applier would

to determine if the entire
to view the sequence os a repetition of “(s-group 1 2)" and would, of
e of the initial “1" and the
rather checks o se€ if loosenin

is case, changing the form from the original

attempt
trailing “3". The applier does not

course, fail becaus
g a parameter or two in

give up immediately, but

its representation would help. Inth
"(S-group 12)" 10 “(S-group 1 n)" =" where "n" means "any nonnegative
k. The accepted template will then be "(S-group 1 n)".

integer" -- will do the tric
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If the Template-applier fails, it creates a Template-resolver task for one

final attempt. When invoked, the resolver 100ks at glints rather than gloms to

determine whether or not the sequence can be re-viewed to fitinto the given

mold. For example, if the segment “112123" were glommed &s (11)2(123)

the Template-applier would fail because of the first glom. A Template-resolver

working with the template "(s-group 1 n)", however, might be able to find the

appropriate S-groups by looking at the sequence terms rather than the gloms

solver is successful, it “blasts” (doe
lommed to fit the template. This is a fairly radical

If the Template-re s an immediate burst of) &ll

gloms and hes the glints reg

action in thatitignores all the cyto—generated glom units, but it does provide
some potential for destroying "ocked-in" gloms, ones the system created and
can never seem to burst. If the proposed template does not work at term level, it

is forgotten and the engendering glom dissolved.

ice, the Template-resolver is seldom invoked because the system

In pract
ate early on which is good enough to push up a

can usually devise atempl

d, the higher 1evels take over the job of

hypothesis. Once that has happene

ms. Itisin the spiritof Seek-Whence processing 1o give each

resolving proble
ity than it should need to use -- the ability to handle

level a little more capabil
albeit lamely, situations that would be better hendled by higher-level processes

this category. Itisinvoked after a

The Template—reviewer process is in

(but no hypothesis exists) and when new terms fail to

template hes been created

y simple fixes and can either:

fit the template. Itcan ity some Ver

1) call for modification of the template and restart the creation

and evaluation ProCESSES;

2) leave the template alone;

 3) target it for abandoning .

d acceptance of & template causes increased activity in

The creation &n



the system, in effect "reising the temperature” in the system. Most importantly,

it sets off two tasks, & Gnoth-maker and s Hypothesizer. This action pushes

vel, where more considered

processing up into the next level, the socrato-le

he fluid butless ephemeral structures of the

operations are performed ont

socratoplesm.

7. THE SOCRATOPLASM -~ IN THE MIDDLE

The socratoplasm is the "perceived world” of Seek-Whence, the place

d atthe cyto-level are noticed, catalogued, and dealt

where perceptions develope
d petween the "idesl” plato-notions and

with. It can be viewed &s 8 battlegroun

the "resl” cyto-glimmerings == that is, between the semeantic and the syntactic -

-- between the cognitive and the subcognitive. In

or --toputitoneé last way
any case, it is the system's playground, where perceptions can be modified and

manipulated; in short, itis where slipping occurs.
For emphasis, We should note once again thal operations carried out at

tivity. This is very desirable.

the socrato-level inevitably cause cyto-level &<

sultin the noticing of & special tond or the

Such low-level activity may re

glom which might eventually engender & better parse.

creation of anew
A single cyto-leve

processing directly (although in 88

1 task is 100 jow-level to control its own or the system's

gregate these tasks are very influential). In

contrast, the socreto—level can and does support tasks which say, in essence,

sis. Let'shave the next term 10 check itout”, or

"Enough! Ihave a hypothe

better stitl, "I think the snswer is ... Tellme if I'm wrong.”

usly noted, the acceptanc

reation of & nypothesi

oal may not yet be attainable, &

e of a template signels the

As was previo
s--8an encapsulation of

system's readiness 10 consider ¢

the sequence’s structure. Although this g

correct hypothesis not forthcoming, the highest—level processes should now be



introduced into the fray. At this point, malleable, manipulable, relatively

non-ephemeral structures are needed so that any necessary slipping can be

reformulation vocabulary must be

noticed and carried out. MoreoVer, &

he system can express clearly and succinctly the actions it

developed so thatt
uctures we call "gnoths” are created.

needs to teke. Thus, the str

GNOTHS

Each gnoth, & member of the ¢cless Gnoths, is viewed in three different

ways:

1) itisan sctualization of a Platonic cl18ss;
2) ithesan underlying glom collection from which it derives its

structure,

sents one “hit” of the current hypothesis (if there is one).

3) itrepre
When & Gnoth-meker task, set off DY the system after template creation,
r each subglom of the template-glom and

is invoked, it creates one gnoth fo

notifies the associated plato-clesses of their existence.

For example, in the sequence w12 12737 where we might have gloms:

glom2: (1)
glom7: (12)
glom4: (12 3)



and template “(S-group ! n)", the

Gnoth-maker would creste three gnoths:

gnothl

class: Gnoths

neme: gnothl

frame: 1 this gnoth holds the first hypothesis “hit"

plato-cless: S-group

(where glom10 hes glom?2 &s subglom)

glom: glom10

the gnoth's "pseudo—glom"
e terms it "covers”

range: (11) the sequenc

gnoth?

coltection (which

class: Gnoths
name: gnoth2
frame: 2

plato-class: S-group

lom11 (where glom1l has glom7 &s subglom)

glom: g
range: (23)
gnoth3

class: Gnoths
name: gnoth3

frame: 3

plato-class: S-group

(where glom12 hes glom4 &s subglom)

glom: glom12

renge: (46)
Fach gnoth places & pseudo—glom (celled & "gnoth-glom" ) over its glom
contains justone glom initielly). A gnoth-glom, like &



g/

1om with other cyto-elements and serves 10 prevent the

template-glom, cannot g

haphsazard disappearance of glom structures important 10 the system. In this

case, since the underlying glom collection gives the gnoth its character, that

ved until the gnoth itself must change. Cyto-level

collection must be preser

t now the gnoth oversees the faté of its gloms.

bonding activity can continue bu
pic, able to view the sequence onlyin

Cyto-level tasks &re somewhsat mYyo

a restricted, localized way. They have no overview of the sequence. The
structures -- the gloms == created at the cyto—level reflect this myopic view. In
contrast, the hypothesis and platonic—level processes can be said to have no

nce, no direct contact with reality as it exists in the

o bridge the g&p petwee
etween the high-level and low-level

“underview" of the seque
n these tevels, to

cytoplesm. Gnoths are designedt

provide a place where inconsistencies b

views can be worked out.

TERNS

8. HYPOTHESES -- ENCAPSULATING PAT
develop & ressonable hypothesis:

The overall purposeé of the system isto
rule undertying the sequence. When a template

a clean, predictive model of the

othesizer task is seto

ff along with & Gnoth-meaker, described

is accepted, a Hyp
ponsible for devising & hypothesis

sbove. When invoked, the Hypothesizer 1S res
plate and the existing

ity template (or none atall), the

for the sequence, based 0n the tem gnoths (if any) and

gloms. If, for some reason there is afau
f declaring the sequence tobea

Hypothesizer can take the fall-back position 0

Tuple, the weakest of all plato—classes.

e Hypothesizer's mo

ms arrive, to fail to be

del, like those developed by humans,

Because th
predictive, or may be judged

may turn out, 88 more ter
e easy 10 change. Thus, hypotheses must be not

"ugly”, it must also b
d clean, but 8lso M -- "slippable”.

“clumsy” or

only predictive an
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Naturally, Seek-Whence must be able 10 notice when reformulation is called for,

e, to know what changes 10 meke, and to kKnov how

to know why it should be don

opvious, then, that hypothesis structure

to carry out these chenges. It becomes

an meke of break the system’s ability to catrty out these

is eritical, in thatit¢

tasks.

pothesis is a semantic rather than &

The predictive nature of 8 hy
raints on nypothesis form. The

syntactic requirement, and so poses fe¥ const

entation and slippable form -- do give us

other two goals -- clean repres
sis must have sufficient expressive

something to work towards. A hypothe
observed regularity accurately. It should have aclean

an be understood bY humans --

power to represent the
who will, after &ll,

visual appearance so thatit ¢
4 be modular, so that the reformulation O

be investigating its validity. Itshoul
e carried out equally smoothly by

fluidly and naturelly done py humens can b

the system.

HYPOTHESIS FORM
hosen for nhypotheses is, not surprisingly, closely

The form W€ have €
m -- anatursl and direc

tied to the ideals in the platoples t consequence of

ew its world in term
rams. The fragmen

group). A hypothesis
f the Platonic cless name, the start-value

s of those concepts. It also closely

having the system vi
t"1 11", for example, may well

resembles g--e-Whence disg
would express thisin the

be viewed s a C-group (Constant

form "(C-group 13)" 8list consisting o

h of the grouping.

and the (top-level) lengt
56 45 6" could be expressed:

The sequence segment "4
(C-group (s-group 4 3)2),

gth 2, esch of whose entries is the S-group

indicating & C-group of len

(successor-group) sterting with 4 and of length 3.
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The segment 456 56 7" could be:

(s-group (Countup 4)3).

Each "hit" or eveluation of this form would yield & length-3 successor group.

would start with 4, the next with 5, etc..

The first group
1 584 2 58 4 3 584" mightbe expressed:

The segment ”
(Cycle ((Countup 1) (Tuple (58 4)))).

The segment "1 121" could be:

(Cycle ((Countup 1)1)) > (112 1Ea e

OR

(Cycle (1 (S-group 12))) - (1Q 253 (L {1 200 .-

The segment »1 2 1" might be:

(S-group 1 2) <> (12) (187
OR
(Y-group [1] [3](121)) ¢ a2y . .

rms ar'e constructed DY the system 88 it attempts 10 pbuild a

ern presented. The Hypothes

These fo
izer process will teke such &

hypothesis for the patt

form and from it constructa Seek-Whence hypothesis — a data structure with

several fields, capabilities, and functions.

HYPOTHESIS FEATURES

First end apparently simplest, the hypothesis can display its form, much

in the last section. It can also predict the next term to be expected

m. In addition, it hes a velidity associated with it-- anumber

untered. The most crucial

as was shown

following that for

that grows &s new, correctly—predicted terms are enco
field, however, and the one that supports the others, is simply called the

tox. The DOX is the structure which, when "hit", produces the next

ed by the hypothesis. The bo

hypothesis’
¥ can be reset to start agein,

run of terms predict
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asked 10 predict the next term, given the

asked to list a number of terms, Of
sequence's currently known terms. The nypothesis’ bOX i amember of the
class "Boxes" and s such lives in the socratoplesm, the middle tevel of the
Seek-Whence world, along with members of the clesses "Printstructures" and
“Gnoths". Gnoths, 8s W€ heave seen earlier, ar'e the central representative

oxes and the closely-t

purpose. The next section details the

structures in the socratoplesm; b elated printstructures

are not as visible, serving 8 more private
t central 10 the flow of our discussion.

operation of boxes and isno

BOXES AND PRINTSTRUCTURES
Each box is a repository of information about an underlying
structure branches out, tree-like, 10

printstructure end through thet print
represent in an active way structures with s
(S-group 2 3) 2) [see Eigure 3.

(C-group 1 3) of (C-group
"hit . prodded for their next value. When implementing

uch forms &s:

Boxes can be
het hit propagation down the box tree could be

th no reliance ont

box hits, I wanted to be suret
ne return of any

done in a fully peraitel mennet, Wi

y other'. The fo jon will workin

1lowing implementat

particular velue before an
rent version of the program treats Dox hits &s

this fashion, although the ¢ur

ns, rather then &s & tesk series.

indivisible operatio
When a box is hit it calls upon its underlying printstructure to feedita
_boxes, subboxes which must

8 collection of fire

velue. Each printstructure nes
" -- thatis, hits its

ue. When the print
turn g velue. Th

structure “fire

be hit to give ita vel
us, 8 hiton a top-level box

fire-boxes, each box mustre

propegstes down through the tree of printstructures and boxes belo¥ it until
the most deeply-nested structures return ieir values. These are passed up end
s until the top—level answer appeears in the top

the UPWards—bubbling proceed



box's "pstruc-veal” field.

Box1
printstruc: —_—
pstruc-val: Pstruc
ready: type: C-group
boxes: (box1)

Box2
printstruc: = |
BoXs
pstruc-val: .
. printstruc: —
ready:
pstruc-val:
Pstruc2 ready:
type: S-group Pstrucd
boxes..: (box2) type: Constant
boxes: (box5)
value: 2
Box3 Box4
printstruc: — ] printstruc: — |
pstruc-val: pstruc-val:
ready: ready:
Pstruc4

Pstruc3

type: Constant type: Constant
boxes: (pox3) boxes: (box4)

value: 2

value: 3

e form (C-group (s-group 2 3) 2)

Figure 3 - A box tree for th

In Figure 3, for example, the “ripe-boxes” for pstrucl -- aC-group
printstructure -- 84'€ its "n-val” and "k-val” DOXEs, namely Box2 and Box5.
h, it must in turn receive a value from its

In order for Box2 10 fire, thoug

ture, Pstruc2 -- 8n S- When Box2 is

subordinate printstruc group printstructure.
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duty filled, its "ready” field will be set 10 wpue”, and it will reportthe value in its

e for two of more boXes to share the

‘pstruc-val” field to pstrucl. Itis possibl

structure. This heppens, for example, in the sequence:

same underlying print

'g12834856.%

whi : I~ "
ich can be described by the fore “(Cycle (8 (Countup 1) shared))".

ires the creation of three boxes: one for the

Modeling this form requ

"Constant 8", one for the first "Countup 1", andone for the second "Countup 1"

rm). The "shared” distinguishes this

( referred to as "shered” in the given fo

plied by the for® “(Cycle(8 (Countup 1) (Countup 1))

situation from the one im

s, and which corresponds 10 the sequence

which slso requires three DOXe

"1 1822833
nlyone Countup printstructure is created. When that

In our first form, O
printstructure fires in response 10 o hit on the first Countup boX, it feeds both
y". Later on., when the second Countup

Countup boxes, meking both poxes "read

box is hit, the same printstructure will fire, again feeding both DOXes, put this
time with the next value in sequence. In contrast, the second form causes
r the tW0 Countup DOXes. Those

creation of different printstructures fo

pendently, once each in aturn around the Cycle.

printstructures are hit inde
ame phenomenon can be seen using Figure 3.

o~
(S-group 2 3) shered

eness of the 2's were 10 be

A simpler example of the s
y* -- rather than

If the form modeled had been "(C-group

"(C-group (S-group (2 3)) 2)"— 850 that the sem
modeled explicitly, our disgrem in Figure 3 would have been slightly different.
“boxes” field, and there would be no need

Pstruc3 would have “(box3 box5)" in its

for Pstrucs. Box5 would point 10 pstruc3 s its "printstruc".
In order 10 handle the details of £ iring and box-filling. each
printstructure type (C-group- S-group, etc.) hes a firet gssociated with it @



boxes of the printstructure

ows how 10 fire the relevant fire

process which kn

and what to do with the results. Whena printstructure is shared by two or more

ver the printstructure fires. Those boxes

boxes, each box must be filled Wwhene
must then record the fact that they already have & value -- set their "ready”

can report this value until the next time they are

fields to "true" -- so thal they

m the beginning of the pattern describved,

hit. Boxes can also be reset to start fro

mber of terms. One proposed project for refinement of

or ssked to show anu

ree editor. Weor the system could then change

Seek-Whence is to create & box-t
the box tree associated with aform. This would meake hypothesis modification

sticated then the current technique, which is to scrap

cleaner and more sophi

the old box tree and make & new one.

We feel that the chosen implementation of hypotheses goes along way

. Itgivesusan active structure capable of reslizing

toward meeting our goal

m. It accurately represents pattern structures,

any well-formed hypothesis for
nted explicitly in the box tree. Thus it

and shared substructures ¢an be represe

ar so that slipping == reformulation —= is supported.

is expressive. Itis modul

D. THE END OF STAGE ONE
Once the hypothesis is in place and the gnoths corresponding to itare

), the system has reached the culmination of

"up” (created by the Gnoth-maker
activity will take place at all tevels of

its stage-one processing. From now o1,

the system simultaneously. The new goel will be confirmation of & predictive

model for the sequence.
4 pefore the gnoths and hypothesis

Virtually ell the structures crealte
feel is generally ignore

ns, & language in whic

d by most Al systems. We have

operate at a tevel that we
h we cen express

developed a set of gnoth operatio



oths to combineé and split, to share terms, end generally 0

several ways for gn

interact with each other’. This is the level that Al progrems tend to take 8s &

plementa tich nsubcognitive” fevel 0

starting point. We have attempted o im

itically importent 10 truly

illustrate our pelief that such & substrate is ¢r

intelligent systems, merking astep up from formel symbol menipulation. Many

very sophisticated things, butfew ifany

Al progrems have been created 10 do
are able to do simple, childlike things. Both abilities are important. A program

mulatable, structural concepts such &s ours with

able to combine fluidly refor

ain would be an achievement indeed, both

the knowledge of & sophisticated dom

knowledgeable end flexible.



CHAPTER THREE
REEORMULAT ION

SEEK—VHENCE: orAGE TWO -~



A. INTRODUCTION

The current version of Seek-Whence wes designed es 81l iltustration of

the 1 T
plausibility of our approsch, sO [ spent much time developing the peradigm

the system described in the previous

and i :
implementing the l0Wer jevels of

etely implemented, put do serve 10

chs; ;
pter. The highest levels 8¢ not as compl
uence proplems have been

illus
trate the potentisl of 0Ur gpproach. seversl €4

solved by the system. These include:
111 ...

1234 ..

181222339«

343434

FIAT3T

373373373 .

16151417 16 151817 16 .
16 1
5141514131413 12 . (as well s possible, given o non-infinite pattern)

121231234
g example of Seek-Whence

We will use the lastof these in & runnin
ation. A discussion of what

nder of this dissert

r .
processing throughout the remsi
apter Five, along with

the ¢ ' : .
urrent version of the system cannot do is given i Ch

and someé goals for the future.

S0 .
me speculations s 10 WhY

B. BACKGROUND
ristic of stage tW0 is the 1ooming presence of the

The defining characie
suffers from e "blind men and elephants"

h ¥ .
ypothesis. Without it, the system

ake globel sense fr perspectives. with

om multiple locel

as 8 "point of view'", & predictive

1
he hypothesis, the syste® h
untered.

1 contradictory evidence is enco

quence to which itcan cling untt



1. THE HUMAN APPROACH

eople singly and in groups.

We have presented sequence patterns 10 P
invariably, and justifisbly. once they have developed o hypothesis they
ncorrect Y the production of a.term

insiston i
n its correctness until it is proved i

that si :
simply will not fit. For example, when shown:

1223
m
any people hypothesize:
(1) (22) (333) (4444).
or, i
. in Seek-Whence terminology:

(C-gro Ay
up (Countup 1) shared).

‘and then present snother 3, the usual reactiont is

If we say, "Nope, not it'
hintof & suggestion

when the next

"Yeah?" .
2", uttered with an inflection of challenge and the

that t
he presenter hes sctuelly forgotten the pattern. It is only

term is
presented, a4, meking the initiel sequence:

122334
that t ;
hey resally believe another formulation is required. Then follows &
vari . .
sble-length period of review and reorganization, which is in turn followed
held pypothesis (or, in dif ficult cBses,

b
¥ the generstion of 8 n€¥ firmly-

resignation).
d the peliefin @ favorite hypothesis are

This "show me” attitude s
pintains one hypothesis at any given

mod ;
eled in Seek-Whence. The system o
ple to do this and stitl function

sipbitities. [tis &
m an old hypothesi

ity to "slip" 1O
unded bY cloud of potential nypotheses.

tim

e, rather than alist of pOs
reas

onably well because of its abil o

one ! e
. The hypothesis is, 12 effect, SUrro
can be transfor

cl . .
ose variants into which it med whenever gppropriate:
among the piatonic concepts and information

Un : ,
derlying this ebility ere 1inks
atonic concept.

ab
out the cyto-level environment favored DY each Pl



2 PLATONIC RELATIONS (no pun intended)

pts of Seek-Whence, C-group., Tuple, Countup,

The Platonic conce

and the like, are to be connected by & veriety of links reflecting the concepts’

in - . . . . : . .
terrelationships. This network of connections, 1 conjunction with &

philosophy for their Use, constitutes thé “slipnet” which is sO essential to the
s - ; - . .
ystem's reformulation ability. Inthe current version, we have 1mp1emented a

links, called s-1inks, for this purpose.

small number of Undifferentiated slipping
oll within the platoplasm =~ is

The system's slipping network -~ which is

anning’ network which relates each

supplemented by another, " 1evel-sp

This network includes the lists each

and actuelizations. As

yto—level structures

¢ . S
oncept to its own lower-level realizations.

P ; i , ; , ,
latonic concept maintains of its menifestations

described earlier, the manifestations of o concept are ¢
es of the concepl, which model itup 10

which have been dubbed &S representativ

the expressive sbility of that level. The pctuslizations are socrato-level
structures which have similerly Deen identified &S representatives of the
concept at that level. AlsO included in the jevel-spenning petwork ere lists of
pulling and pushing bonds, bonds which the conceptcan use to group or
anning links are 1ittle used 88 yet.

separate sequence terms. Level-sp

S-LINKS
o s-links have direction and “slipperiness".

As currently implemented, th

as s-1inks 10 Count up, Cycle, and Tuple.

up, C-group. y-gro

For example, S-group h
number petween 0 (non—slippery) and 1

Associated with esch s-linkis @
(perfectly slippery). which indicates my estimate of the syste's proclivity 10
move from the given concept 10 the neighbot. The s-1ink from S-group to
flecting the fact that itis difficult to sliptoa

Countup has slipperiness 0.1,re
riness from 5-8f

oup 10 Tuple is 0.4, since Tuple canl serve &5

stricter class. Slippe€



ageneri - _— .
ic grouping mechanism if no satisfactory stricter class is appropriate.

lipperiness values can be changed during processing, although the

curre .
nt system does not do so. A richer collection of linkage types and a fuller

descripti .
ription of the Slipnet notion is given in [Hofstadter 841

PULL-PUSH BONDS

cept preserves information about the

In addition to the s-links, each con

types o
of bonds it finds most useful in grouping sequence terms. For example,

oups, favors

the C-
group concept, because it involves copy or semeness gr

ut also likes to see gloms having the

adjac
jacent sameness bonds most strongly. b

Same g
pan (number of sequence terms covered). Bonds which o Platonic cless

migh
ght use to hold groups together are listed &s "pull—bonds"; those it tends to Use

to se
parate groups are listed s "push-bonds". Each so-designated bond type is

give
n astrength from 1 to0 10, strengths which sgain could be, but in practice

are
not, changed by the system.

3. EREEZE-DRIED HYPOTHESES

When a hypothesis hes been deemed inadequate, it is rreeze-dried” -~ its

d hypotheses, along with the number

is extracted and is kept on & listof ol

of t
erms of the sequence it explained. The old hypotheses serve as a check

nen Seek-Whence has trouble coming up with

8gainst cycling in the system. ¥

s coming back to the same incorrect

ah .
Ypothesis, it, like most humans, keep

t & bad feature, since people are

h

Ypotheses again and egain. This, ¥e feel, is noO

ui i

8Uilty of the same “foolish” behavior: It would be disastrous. nowever, shouldit
0 : :

€0 unnoticed. Gray Clossman and others in the Fluid Anslogies Research Group

about the importance of

(FA _
RG) st Michigan have thought quite deeply
o doubt the Copycalt project

T
elf noticing" or "gelf—watching" [Hofstadter g5] N
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in pr :
progress there will have a more sophisticated approach 10 the problem than

the s
mall effort presented here. In any ¢8se, freeze-dried nypotheses &t least

f1 ; .
8g ¢yelic behavior at this level of granularity. On the other hand, We do not

s for seversal reasons. People experience

wan
tto prevent cycles st low level
ying at times, they atr'e often

them
. Although we may find them quite anno
¢t notion which we hed

quite us ; ; .
eful in forcing us to consider once sgain & corre

rejec .
jected for some high—level" but incorrect reason. Seek-Whence has thrashed

about
more than once, clinging to sOme Platonic class of glom, while

underlvyi i ,
lying layers push up another, correct, notion OVer and over again.
Knowi

ng when to permit these notions 1 take over and when 10 squelch them is

n, when no progress hes

8 most diffj
st difficult problem. Our current solution has bee
t away all gnoths and gloms, leaving only

been
made for quite some time, 0 blas

gtion. A mathematics student and

the g1 .
glints and their bonds to push up én inspir
frie .
nd was the inspiration for this approach. Aftet struggling unsuccessfully
for .

hours with a problem set, she would toss all her papers away, welk around

the
room, confront the problem sheet and say, in a very cheerful voice, "Oh,
1 wetty some? Ibet

look --
a problem set! I wonder whal the questions ar'e. Shal

they »
V'l be fun.” Sometimes it worked and sometimes....

c.
CHANGING A HYPOTHESIS

There are actually two reesons for chenging g hypothesis:

1) it fails to predicty
2) itis predictive bUt its form is less then satisfactory.
v oo el
€ term hypothesis chenges mede for the former reason medical

m from the "cosmel
n of seek-Whence

i¢ reformulations" made in

refo )
rmulations” to distinguish the
supports the more

res i
ponse to the latter. The current versio
s put hasonly &

ade & peginning at handling the

Criti .
tical medical reformulation
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cosmetj
etic on
es. B . ;
ecause our discussion of medicel reformulation will of

necessi
ity be ra
ther lengthy, W€ will cover the cosmetic reforms first.

1. cosm
ETIC REEOR
M
mes important to refiné

OnCe :
a hypothesis hes been formulated, it becO

it. Ap "
n ugl "
y", tho -
e ugh correct, parse can be very dissatisfying 10 humeans; there
erally st
h & "
ong sgreement on which of several candidate perses is "pest” in

this h
euristi
¢ sense. For example, given the sequence

2
12222232242252..

Most g
ucces
sful solvers will come up with the perse:

(212)(222)232)

Mor
€ than
one person hes persed it 85

2(122)(222)(322)-
m with such & tricky.

ing sn
noved at the presenter foF posing & pr oble

Ugly
parse "wvi
. "with that 2 sticking out in front.”
quelly acceptable, put will

Ins i
om .
e instances, slterngtive perses are €

gener 7
alize di
ifferently. For exemple. such sequences 8

(515)(525) (535)...and
4 (516)(526)(536)..
Ebo . |
th considered generalizations o

(415)(425) (435)..-

The g
diffe
rence i -
nce is that in the first generalization
ast-listed) sequent

generalization iti

f the sequence

ce is either not noticed of

keti
" ng 4 ands in the originel (1
conside :
red salient, while in the second s mainteined. For

ems of anslogy

and generalization, see

an in
te i
resting study of the probl

[Hos
St&dter 82
cl
minimelly supported in

H :
ypothesis refinement is 85 yet only
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Seek-Whence. Itistobe carriedout by internal gnoth reformers, processes that

modify the internal structure of the gnoths. Such modification will be done for

either of two reasons:

1) to relieve internsl pressure within a gnoth, pressure deriving from

those bonds within the gnoth that would push it apart,

2) to meke the gnoth's structure conform more closely 10 the reigning

hypothesis.

The first of these describes “bottom-up” pressures, such as an unwieldy

structure or poor parenthesization. An example of this would be the

212222232... case cited above, where the firststructure == holding alone 2

— would seem rather outof place. The second is & "top-down" attempt to insure

that the gnoths model the reigning nypothesis s closely as possible. The

driving force behind this attempt is the goal of structural equivelence between

each gnoth and the hypothesis.

GNOTH-HYPOTHESIS EQU IVALENCE

We have stated that each gnoth is 10 represent one hit of the hypothesis.

But is it sufficient that the gnoth give the same terms &s a hypothesis hit? Or do

we want the same terms with the seme paremhesization? Or might we also

want the gnoth to obey the same underlying form (that is, have the same

parenthesization for the same reason)? In the following sections we will

describe these three levels of representation, which we call "term equivalence”,

"parse equivelence”, and "structural equivelence”. Weuse the term frame of &

hypothesis to mean an abstractly—viewed hit of the hypothesis: the collection of

Seek-Whence forms that would produce the given hit.



TERM EQUIVALENCE

ler i
m equivalence, the weakest of the three types of representation

requires i
that each gnoth govern precisely the same terms as one frame of the

hypothesi i
pothesis. For example, if the hypothesis is: (s-group 1 3), then both gnoths

shown i i i
n in the following diegram are term-equivalent to it.

WVh :
en asked for its velue, gnoth2 produces ((12)3), while gnoth3 yields

(1
23). Both gnoths produce the three terms 1,2,3 in that order, so both satisfy

th -
e requirement for term-equivalence.

PARSE EQUIVALENCE
he next level, requires th

he corresponding hypothesis frame. In the

Parse equivalence, t at the gnoth print its value

.
ith the seme par_enthesization as t
ab i i i

ove example, gnoth3 18 parse-equivalent 10 the given hypothesis while

gnoth?2 is not.

STRUCTURAL EQU [VALENCE
gest tevel of equivale

ivalence with the hyp

m must be the same as the

nce is structural equivalence.

The third and stron
othesis, a gnoth must be

In order to display structurel €U

parse-equivalent to it end the gnoth’s for
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- . .
rresponding frame of the hypothesis. But what form should a gnoth assume if

it is to reflect the hypothesis accurately? There are two distinguishable

possibilities, which we call deep structure and shallow structure.

For example, suppose that we have afairly complicated hypothesis such

as "(C-group (S-group (Countup 1)3)2)", derived from input terms:

123123234234345345,andparsedas:

123 123 234 234 345 345.

Viewed at the term level, the first hit of this hypothesis generates "1231273"

The shallow-structure (or deeply-hit) form of the first frame of our

hypothesis would be:

(C-group (123)2).

The corresponding deep-structure (o shellowly-hit) form is:

(C-group (S-group 1 3)2).
More structural detail is reteinedin the deep-structure form, with only the
lowest-level structures replaced BY constants or runs. Inthe shellow-structure

form, sll but the top-level structures are so replaced.

DEEP VS. SHALLOW STRUCTURE

ructure and shallow-structure

For comparison, the first three deep-st

group (S-group (Countup 1) 3) 2)" are:

deep
(C-group (S-group 13)2)

frames of our hypothesis "(C-
shellow
(C-group (123)2)
(C-group (234)2)
(C-group (345)2)

(C-group (S-group 213)2)
(C-group (S-group 33)2)

eep-structure form presents more structural detail and

'yiew of the hypothesis,

gives each gnoth its ter'g

Because the d
we chose it as our goal.

represents a “one-step-down’
et form, the

Once a hypothesis is made, the system



deep-s i
p-structure equivalent of the hypothesis frame 10 which it corresponds

Wh ; i
en the gnoth's form matches this given one, the gnoth is said to exhibit

str i i
uctural equivalence with the hypothesis. At that time, the gnoth should be

completely "happy"”, having no further goals.

FORM POLISHING

In summary, ell gnoths must always meintaein term equivalence with the

structurel equivalence by reforming

hypothesis. Their gosl will be to achieve

i
nto the deep-structure form of oneé hypothesis frame. Along the way they will

achi - :
chieve the middle state of parse equivalence, indicated by the fact that the

t", the parenthesized printing of its value, matches that of

gnoth's "parse-prin

the hypothesis frame.

IMPORTANCE TO GENERALIZATION

The form polishing described above will be essentisl to an ability to

generalize sequences in reasonable Ways and meke snalogies between sequence

quired will be the ability 10
+(c-group (Countup 1) (Countup 15"

descripti i
criptions. Alsore notice structurel samenesses

such ss the (Countup 1) in the nypothesis

which yields the terms:

122337

These are among the future hi k-Whence project,

gh-level goals of the See

unimplemented as yet.

2. MEDICAL REFORM

¢ supportedin the current version of

Medical refi ormulation, which i
been demonstrated to be invalid.

Seek-Whence, is done When the hypothesis hes

pothesis and the under!

It involves a review of the old hy ying structures
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su i 4 .
pporting it, a decision es 10 which Platonic type should hold sway. &

re- : .
evaluation of the bonds noticed by the system, the use of bonds in the

envi .
ironment of the chosen Platonic type 0 engender gnoth reformulations,

d finslly (itis hoped) the construction of anew, predictive hypothesis.

GNOTH-SETTER

The system stores hypothesis—confirming terms in a catchall noth, &

speci ; A
pecisal gnoth that simply serves as & repository for non-troublesome terms.

kY . .
hen an unexpected term 18 encountered, the system immediately sets the

h S r _—
vpothesis' validity to 0, releases sperks 10 encourege 1ow-level activity, and
places a Gnoth-setter task on the teskrack. when invoked, the Gnoth-setter

¢ <
srefully fills out gnoths in accordance with the old hypothesis and calls for the

system to reconsider its parse. For example, if the old hypothesis were
(S-group 1 3)", and two gnoths, each holding "1 23", were already in existence,

the catchall gnoth might be holding "1 234" The first three terms in the

segment "1 234" arein the catchell because they were predicted by the

hypothesis; the "4"is the lestterm entered -- the troublesome one. The

G ) >
noth-setter would therefore create two neV gnoths, one to hotd the initiel

123" from the catchall and the other 10 hold the trailing 4.

ith the f rame and equi

Eech gnoth is merked W velence type (term or

parse, depending on agreement with the hypothesis' parenthesization)

appropriate for it. AnY non-fiting terms 8r'e collected together in afinal gnoth

In the example 8bOVE, %

ed ones would be marked as

and the catchall is destroyed. he two pre-existing

gnoths and the first of the newly-creat

parse-equivalent to the old pypothesis.
(1212 3"), entry of t

(Countup 1). When the next term

In our running example he first two terms ==

12 " - causes the system 10 nypothesize



g9

firstt i i
wo are in accord with the discredited hypothesis and are in fact

parse- i i
equivalent to it. The lastone simply holds the non-fitting term

Now, with “all the cards on the table”, the Gnoth-setter calls for

reconsideration to begin.

3. RECONSIDERATION

The gosl of reconsideration is the construction of a new and valid

hY 0 " " 5
pothesis. Thisis nota mechanical, program—directed reconstruction

howew L ing i
er, but rather & "homing in"on anew formulation from & tightening

of possibilities generated DY independent but interacting processes

8. DETERMINATION OF THE RE IGNING TYPE

The first step taken during reconsideration is a bookkeeping measure
saving the form of the 0ld hypothesis and Jestroying its box, the home of its

active representation. This leaves the system with no active structure to govern
rm to remind it of its most recent

g, onlya "freeze-dried" fo
ecides whether 10 stay wit

he (former) hypothesis -- or 10 sliptoa

or filter processin
h the reigning class --

perspective. The system then d

th i
e Platonic class at the highest jevel of t

new 2 g - . { i
one. This decision 18 made on several considerations.

First, if s reigning class -- such 88 Constant -- is Very strict in the sense

ize without moving 1
rwise, some deeper inve

he number of recent hypotheses

o anewcless altogether,

it dnttaAop
hat it is difficult to general
stigation is made.

sliopi .
ipping is chosen immedistely: Othe
hecked 10 determine

e ¢class hes had since it
assigned a strength which

)i
he old hypotheses ere ¢
seized power. All

0 .
f this class -- how meny "tries” 1B

e environment of this class =~

bonds are sssessed in th
: o
epends on the class in question &S well as on the type of the bond. (Bond



he next section.) The result of this

ass . , ,
essment is described in some detail in t

8Ssess i i
mentis arough measurement of the existing “bond tension”, the strength

of t g - .
he bonds favoring modification of the current gnoths. Strong bond tension

impli
plies strong pressure 10 change some aspect of the current parse -- either 10

aban _— .
don the current reigning class or 10 modify the gnoths’ structure within

the framework of that ¢less.

ASSESSING BOND PULLS
a relatively straightfor
under the assumption that a particular

Bond sssessment is ward procedure designed to

o

sigh strengths to all existing ponds
for example, S-group i
positive velues to indicate that they

Pl '
atonic class hOIdS sway. If, s the reigning cless,

odi

djacent successor bonds ere given lerge
e sameness ponds are
t. Should C-group be in ascendancy,

ar - i
e strong pulling bonds Whil given negative velues 1o

i .
ndicate that they tend to push gloms eper

wheresas successorship bonds are made negative.

s

ameness bonds become Strong
The i . ; isi

he information required for the system 10 assign these velues is in the

cept listing poth pulling and pushing bond

Platoplasm, with each platonic con

types and their strengths.
Procedurslly, each gnoth is processed in turn. Its internal bonds, those
e noted, and thei
ass - 8re assigne

noths, 8re similerly assessed.

r strengths in the current

am ;
ong the gloms it covers, &
4. Its external bonds,

environment -- that of theé reigning cl
those of other g
ermining the "hep
ness of all the gnoths is used

th .
ose between its elements and
piness” of the gnoth

T 7
hese values become instrumental in det
collective heppl

- its inclination to stand pat. The
g clessin organizin

s of the reignin g the system's

8s
8 messure of the sUcces

Perception of the sequence:
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SLIP OR STAY

The pressure to sty with the reigning cless is the sum of what is termed

"gnoth-stabilities”, aless anthropomorphic and more functionally defined term

for the "happiness” mentioned above. The stability of a gnoth is the difference

between the bond forces holding it together and those acting to tear it apart.

"Holding" bonds are internal pulls and externsal pushes. "Tearing” bonds are

external pulls and internal pushes. In our 1 2123" example, just after the 3 is

introduced, we should have (S-group 1 2) as the now-discredited hypothesis and

three gnoths as shown in Figure 1.

In Figure 1, the sdjacent-successor pond petween glintl end glint2 hes

strength +10 because S-group is the reigning Platonic type and S-group favors

such bonds. This particulas bond functions as an “internal pull” for gnothl

since it has a positive velue end both members , glintl and glint2, are within

trast, the adjacent successor bond between glint4 and glint

ctions as an external pull” between gnoth2 and

that gnoth. In con

also has velue +10, but fun
gnhoth3. Thus, the former pond tends 10 uphold the status quO. tends to meke

gnothl "happy’, while the jatter bond causes SOME unhappiness for both gnoth2

and gnoth3.
The remote Sameness bond (with strength -5) between glint2 and glint4

functions as an "externsl push”, tending to keep the parent gnoths, gnothl and
it contributes 10 the stability o "happiness” of both

gnoth2, spart. Therefore,

gnoths involved.

In this particuler example, there ere no “internsl push” bonds.

STABILITY
To calculate & gnoth's stability, W€ frirst add the strengths of the bonds
h S-group reigning, this sum

holding it together. For gnothl in Eigure L wit



would b LT
e +10+25%25 = 15. The +10 comes from the internal pull applied by the

adjac
jacent successor bond between glintl and glint2. The 25's represent half the

stren
gth of the two external push bonds under gnoth1. These are the remote

same .
ness bond between glintl and glint3, and the remote sameness bond

betwi ; .
een glint2 and glint4. Strength-halving is done so that externeal bond

value -
s sre not counted twice, once for each gnoth involved.

+10 -- adjacent successor yalue bond

.5 -- remote same value bond

Figure 1 -~ Messuring gnoth stability

Once the holding strength 1S calculated, We subtract the sum of the

g .
earing-bond strengths acting on the gnoth to come up with its stability.
rnal pushes of externsl pulls), and so its

G
noth1 hes no tearing bonds (no inte

stebilityis:  (+10 423 +25)-(0)=15
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Similarly, with S-group reigning, gnoth2 has three “holding" ponds -

the i i
nternal pull between glint3 and glint4 from their "adjacent successor”

bon
d, the external push between glintl and glint3 ("remote same"”), and the

ext : ;
ernal push between glint2 and glint4 (agein, remote same™). In addition

n " . "
gnoth2 has one "tearing bond -- the externel pull between glintd and glintd

("adj .
adjacent successor Y, 60 strength 10. Thus, we have gnoth2 stability:

(+10+25+25) - (5) = 10.

Finslly, since gnoth3 hes only one bond - @ wearing” external pull of

strength 10, its stability is:

(0)~ (53 =-D.

We then add the individual gnoth stabitities to find a total system

10-5= +20.

S i1+ . .
tability, in this cas€, of 15+
pressure is due to unresolved bond

We note that some 0of the tearing
pulls favoring the reigning type = if not its specific realization in the current

idered inappropriate

e of internal consistency. That is, if we

h .
ypothesis -- and so MY be cons for our pUrposes.

Nevertheless, we are tepping & measur
his cless and stitl find much bond tension (much

as ¥
sume sn environment of t

kly abandon the type, at least for a while.

gnoth unheppiness), we meay quic
& abandoned, however, some other cless

In order for & reigning class o D
hin itsown right. T
nnected 10 it by s-links in the platoplasm --

h . . .
as to demonstrate strengt nose classes that "neighbor” the

¢ —

urrent reigning cless -~ those co

are the primary “oretenders to the throne”. Ifoneé of them can show sufficient
strength (sufficient "slipping pressure“, os described below), it may

supplant the current “monsarch”.



g classtoa neighbor is evaluated

The slipping pressure from the reignin

by :
1) adding two quentities - the sum of all pulling-bond strengths, and

the sbsolute velue of the sum of all pushing—bond strengths -- taken

over all existing bonds, and essessed in the environment of the

neighboring class, and then

2) multiplying the sum DY the slipperiness of the link between the

v to slip in that direction.

monarch and the neighbor -~ the proclivit

In effect, the system tries 10 estimate the gnoth stability in an "alternsative

Universe" -- the environment dominated by the neighboring class -- as well 8s

the likelihood of moving from the current universe to the slternative one. A

very “close” neighbor of the current monarch who presents fairly strong

prospects for stability would be astrong candidate for ascendancy 1o the throne,

whereas a "distant” neighbor --one connected to the reigning class by a
w would be a weak

non-slippery s-link -- whose stability prospects ere 10

candidate.
Slipping-pressure estimates are calculated for each class that is an s-link

cless. If the targest of th
-- then aslip to the corresponding

neightor of the reigning ese values is greater than the

“staying pressure” -~ the current stability

class will be made end the system will have a newv reigning cless.

w2128 o8 the slip

For example, in ou ping pressure from S-group

to Y-group (“symmetry” grouP = for, say, aparse: 1 21 2

1% (10 +10) =8,

0.4 [the s-link slipperiness
environment, of the "remote

rengths, in & Y-group

Where the 10's are the st
glint3 and between glint2 and glint4.

same” bonds between glintl and
e of 8, cannot seize the throne from the

Thus Y-group, with 8 slipping pressur

reigning S-group, whoseé staying pressure is 20.
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A similar value is calculated for each neighboring cless, and if the

1 : ,
argest of these values is greater then the staying pressure, a slip to that class

will be made.

b. REFORMULATOR

At this point, & reigning cless has been established -- of reconfirmed --

and so a Reformulator process is placed on the taskrack. When invoked, this

nd salient bonds and will s
s or pushes in order to change the gnoths.

process will attempt to fi et out Gnoth-operator tasks

designed to act upon the bond pull
The Reformulator's first actis 10 determine a threshold bond strength.
s threshold will be ignored.

Bonds or bond groups exerting pressures pelow thi

Currently, the new threshold is st to either 1 more than the existing threshold
value or, if none exists, 80 7, of the strongest pull-bond strength for the
reigning type. (This value Wes chosen arbitrarily, with some vegue

gorithm in his "plocks-world” program

remembrance of Winston's grouping al

ned because it seems to have done no harm &s vet.)

n established since th
ond pulls in the environment of

[Winston 75] It hes remad
e Reformulator's

B
ecause new bonds mey have Dee

creation time, its next actis 1 assess 61l D

ed above.
inding strong pulls

Then begins the process of f
n operations =~ actions that modify gnoths. If the

the reigning class, as describ
and/or pushes, and

t i .
urning them into gnot

o be taken Of if ithes completedits

Reformulator finds no actions t
krack (to

recommendations, it hengs & Bond-assessor task on the tas

determine system "happiness") and terminates.



SELECTION OF NEIGHBOR-PULLS
e the rightmost (at som

All inter-gnoth moves involv e tevel) glom of
jevel) glom of the gnoth’s neighbor

som "
e gnoth and the 1eftmost (agein, 8t sOME

uence of thé sequential nature of our domein. We

t .
0 the right. This is aconsed

er of sequence terms (even though such s

obvi
viously cannot reerrange the ord

g" sequence); we cen only readjust out’

ope ; ; ; :
peration might make & nmore interesin

less restricted pullin tadter

groupings. (For astudyof @ g environment, see [Hofs

831)

gnoths &S shown in Figure 2 pelow,

For exemple, given neighboring
our system will be interested in the "easts” of gnoth3:
(glom15 glom10 glom7 glint4),
and the “firsts” of gnoth4:

(glom8 glom3 gloml glint3).
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The first moves considered are those at the highest level, under the

theory thatif & glom wants 10 move, its subgloms should follow. Itis also

possible that some glom feels relatively content butone of its subgloms is

attracted to a glom in the neighbor gnoth. In such a case, the subglom should

be popped out and over 10 the neighbor. Should both glom and subglom feel &

pull, the glom move should teke precedence since it is structurally more

important. Subsequently, internsl gnoth operations -- actions which modify

the internal structure of & gnoth -- could be used to move the subglom if it still

feels the need to leave its parent glom.

SELECTION ORDER

In our Figure 2 example, neighbor-driven reformulation would be
explored in the following order:

jevel 1: glomld <= glom8 (Assess the pull between the topmost

level 2: gloml0¢=> glom8 gloms, then between level two gloms

glom15 ¢-=> glom3 and those at levels one and two.)
glom10 <> glom3

level 3: glom7¢~> (glom8 glom3) (assess pull with each in the list)

(gloml1> glom10) <= gloml

glom7 ¢<-=> gloml

level 4: glintd <= (glom8 glom3 gloml)

(glom15 glom10 glom7) ¢=> glintd

glintd <= glintd

as some ref ormulation is strong enough -- the bond pulls and

ed the threshold -- the Reformulator creates an

As soon

pushes supporting it exce

appropriate gnoth operation or program of operations and sets &

n the taskrack to carry itout. The Reformulator will not

Gnoth-operator O
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suggest any further moves, since any others would occur at & lower structural

{evel and therefore would be {ess important to the system. Should any

lower-level moves be important, they will eventually be discovered by some

future Reformulator.

CONVERSION OF BOND-PULLS INTO GNOTH OPERATIONS

When there is sufficient strength of pull between two gloms from

neighboring gnoths, & gnoth operation must be devised to bring the two gloms

fling one glom into the other’s

ve pull on it may be coming from a deeply-nested

together. Simply shi gnoth may not be

sufficient, because the decisi

glom, one several levels down from the top. In Figure 2 for example, glintd may

lom3. Inour "121273"exam

—-the "3" —-1is pulled by its predecessor —- & "2" -- which

be pulled toward g ple, at the time described in

Figure 1, the lest term

is nested within a glom Whose print-velue is "(1 2)".

m must decide which of the
s is determined by an analysis of the bonds holding the

The syste two attracting gloms is to move and

which is to stay put. Thi

gloms in their respective gnoths. Single gloms are the most likely to move,

gnoth behind, ashell which the system destroys.

leaving an empty

n of the move is determined, the total move must be

Once the directio

constructed. As will be discussed below, gnoth operations can be quite

destructive of agnoth’s internal structure, bursting gloms until the target
gloms below are reached. Whena gnoth operation is performed, at lesst some of

this structursl damage must be repeired; We do not want the destruction of

g structures 10 be a side-effect of reformulation.

important nestin
ated. This strength -- the

Finally, the strength of the operation is calcul

utual attraction and the pull exerted by other

difference between the gloms' m
d the system-determined threshold, ot

gloms to hold them in place =~ must excee
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else the move would not heave been generated. The strength isused by

Seek-Whence to weight competing siternatives when necessery.

4. THE GNOTH OPERATIONS
gories: external or inter-gnoth

Gnoth operations fall into tWO cate
r intra-gnoth operatio

and SPLIT. The internel operations are:

operations, and internsl 0 ns. The externsal operations

are: SHIFT-LEET, SHIFT-RIGHT,

CAPTURE, ENCLOSE, FRACTURE, MERGE, and NO-OP.

All of these operations require abit of careful menipulation. As was

8s an associated "pseudo-glom", a glom that

gs acap 10 prevent the disappearance,

described earlier, each gnoth hh
cannot interact with others. serving
ing, of useful gloms
th operations must be
ner. Similerly. if a very deeply nested glom

and glom groups. The pseudo-gloms

through natursl glomm
destroyed to permit the true

of sny gnoths involvedin gno

gloms below to interact with esch ot

containing it must be destroyed so

is to be involved in an operation, all gloms

that it can rise to the top of the cytoplesm and pecome available.
Natursily, all this glom-bursting destroys the encasing gnoth's

mitted pecause neither W€ nor the system can kKnow

structure. This is per

he primatry purpose of the operation of justa

roposer of gnoth operations that wishes 10

whether the destruction ist

side-effect of its reel intent. ANY D

he original structure must meke the effortto doso. The burst

preserve some of 1

be brought back, but functionally simitar (not

gloms cannot, of cOurse
eration did change something) ones can be

identical, beeeuse the gnoth 0P

created.

When a gnoth operation i completed, & capping procedure puts anew
pseudo-glom in plece above the gnoth's gloms. Often, Plato-scout tasks are
placed on the taskrack 10 peruse the gnoth's nevly—created gloms, searching
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among them for any new meanifestations of the Platonic concepts.

EXTERNALS

The formats for the external operations are:

(SHIFT-LEET deft-gnoth> «right-gnoth> glomlisty),

where glomlistis a list of the gloms (which must be neighborsin order) to be

transferred from right-gnoth 10 left-gnoth;

(SHIFT-RIGHT deft-gnoth> «right-gnoth> cglomlist>),

where glomlist serves an ansalogous purpose, this time from left-gnoth to

right-gnoth;
(SPLIT <gnoth> splitlist>),
he given gnoth. A newgnoth

where splitlist is alist of gloms currently undert

is to be formed using the splitlist gloms es its top level.

SHIFT EXAMPLE

initial state:

gnoth3: [(33) (4 4) (44) 1]
glom7 glom10 gloml15

gnoth2: [(11) (22) ]
glom3 glom>

operation:
(SHIFT-LEET gnoth2 gnoth3 (glom? glom10))

final state:

gnoth2: [(11) 22) 33 ¢ 4) ] gnoth3: [(44)]

glom3 glom> glom? glom10 glom1>



a

(SHIFT-LEET gnoth2 gnoth3 (glom7 glom10))

SPLIT EXAMPLE

initial state:

gnoth2: [(12) 23 @3]

glom?2 glom6 glom10

operation:

(SPLIT gnoth2 (glomb glom10))

final state:

gnoth(new): [23) (23)]

gnoth2: [ (12)]



SPLIT DIAGRAM

D

INTERNALS

The formats for

(SPLIT gnoth2 (glom6 glom10))

the internal gnoth operations are:

(CAPTURE-LEET gnothy «glom? captive?),

where the given glon wit
captive, whole. Actuslly, the glo

captive s its leftmost subglom end als

subgloms.

(CAPTURE-RIGH

hin the given gnoth is 10 swallow its neighbor,
m is destroyed and a new one created with the

o containing all the original glom's

T gnoth> cglom> captiver),

analogous to the operation above;

(ENCLOSE ¢gnoth? encloselist),

where encloselistis ali

by anew glom, dubbed 10 be 0

stof neighboring gloms within the gnoth to be covered

ftype "enclose”



(FRACTURE gnothname>),

where the given gnoth is 10 have all of its top-level gloms ( the direct subgloms

of its pseudo-glom) dissolved, bringing their subgloms to the top-level;

(MERGE «gnoth> cglomlist),

where glomlist is alist of neighbor gloms in order within the given gnoth. The

listed gloms are il uncovered and their subgloms glommed into a "merge”-type

glom, which becomes & top-level glom in the gnoth;

(NO-OP «gnoth»),

which causes the gnoth to be uncepped” - have its pseudo-glom suspended --

and remain that way until the Capper task it sets out s invoked and recaps the

gnoth. This nslow-recep” permits natural glomming to occur within the

gnoth, and between gnoths should two neighboring gnoths be uncepped

simultaneously. The Cepper finds all current gloms whose renges overlap with

the originsl range of the gnoth (before it Was uncepped) and claims them for

the gnoth. Should two different gnoths cleim the same glom -- one formed,

perhaps, by combining gloms from the two gnoths -- the gnoth that recaps first

will get the glom and the extended range.



CAPTURE EXAMPLES

initial state:
gnothi: [(12) 3]
gloml glint3
operation:

(CAPTURE-RIGHT gnothl gloml glint3)

final state:
gnothl: [(1 2 %l
glom2
initial state:
gnothl: [((12) 23) (23) @3))) (12)]
glom> glom7 glom8 glom9 glom18
¢-- glom10->

operation:
(CAPTURE-LEET gnothl glom10 glom7)

final state:

gnothl: [(12) ( 23) (23) @3)) (12)]

glom3 glom? glom8 glom9 glom18




CAPTURE DIAGRAM

The operation:

(CAPTURE-LEET gnothl glom10 glom7)

o "swallow" its neighbor to the teft, glom?7, within gnothl.

will cause glom 10t

10 glom7)

(CAPTURE—LEET gnothl glom

SRR

ENCLOSE EXAMPLES

initial state:
gnotht: [1231 1
glints 1.2.34
operation:
(ENCLOSE gnothl (glintl glint2 glint3))
final state:

gnotht: [(1 23) 1]
gloml glintd



initial state:

gnoth3: [(22) ((3) ((33) (44)) ) ((4a4) (55) )1

gloml glom4 glomb glom> glom? glom8
¢-gloml10-> ¢ —= glom9 =2
g st glomld == >
operation:
glom7) )

(ENCLOSE gnoth3 (glomb

final state:
gnoth3: [(22) (3) (33)
gloml glom4 glomb glom5 gl
¢--glom20 -->

(@44) a9 ) 631

om7 glom8

ENCLOSE DIAGRAM

(ENCLOSE gnoth3 (glom5 glom7))



FRACTURE EXAMPLE
initial state:

gnoth2: [ (1 2) (33 @9)]

gloml glom4 glom3

(——-glom5--==>

operation:

(FRACTURE gnoth2)

final state:

gnoth2: [12 (3 3) (4 4]

glom4 glom3

FRACTURE DIAGRAM

@ @@
D@

(FRACTURE gnoth?2)



MERGE EXAMPLES

initial state:
gnothl: [(1 1) (11 1)]
gloml glom?2
operation:
(MERGE gnothl (gloml glom?2))
finel state:  gnothl: [(11111) ]
glom3

initial state:

( ((56) (45) ) 678) )]
glom> glomb glom10

gnothl: [( (123) B4 )
gloml glom?2

¢——-glom4 -—-> ¢-—-glom7 -—=>

operation:
(MERGE gnothl (glomd glom7) )
final state:
gnothl: [( (123) (34) 56) (45) ) (678) 1
gloml glom2 glom5 glom6b glom10



MERGE DIAGRAM

glom4 glom7))

(MERGE gnothl (

OPERATIONS IN SERIES
perations described abov

quence (as opposed 10 th

e can be used to reformulate the

The gnoth 0
e hypothesis-based parse)

gnoth-based parse of the s€
ples follow.

W, f o .
hen spplied in series. T¥O exem
ut with three gnoths which parenthesize

rst example, W€ start 0
'12334345"asshown
1e” final parenthesizatio

In our fi
initially. After several

t
he sequence segment’
n emerges.

0 2 "
perations, a more reasonab
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Initial state:

gnothl gnoth2
[(123)] [((34) (34N]
gloml glom?2 glom3

¢-—-glom4 --->

(SHIFT-LEET gnoth2 gnoth3 glint8)

[(123)] [( 34) 349 ) 5]
(CAPTURE-RIGHT gnoth2 glom3 glint8 )

[(123)] [(34) (345)]

glom2 glom>

(FRACTURE gnothl )

[123] [(34) (345)]
(ENCLOSE ghothl (glintl glint2) )

[(12) 3] [(34) (345)]
(SPLIT gnoth2 (glom5))

[(12) 3] [(34)]
(SHIFT-LEET gnoth2 gnoth3 (glint6))

[(12)3] [(34) 3]

(ENCLOSE gnoth3 (glint7 glint8))
[(12) 3] [(34) 3]

gnoth3
[5]
glint8

[] (disappesar's)

[(345)](emerges)

[45]

[(45)]
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In our second example, we once again have three gnoths which

exchange gloms and are reformulated internally to come up with anew, more

coherent parenthesization —- this time of the sequence segment
"123345645678".

Initial state:

gnothl gnoth?2 gnoth3
[{1 2331 [(34) (56) (45)] [(678)]
gloml glom2 glom3 glom4 glom>

(SHIFT-RIGHT gnoth2 gnoth3 (glom4) )
[(45) (678)]

[(123)] [(34) (56)]
(MERGE gnoth3 (glom4 glom5) )

[(123)] [(34) (56)] [(45678)]

glomb

(FRACTURE gnoth2)

[(123)] [3456] [(45678)]
(ENCLOSE gnoth2 (glint4 glint5 glint® lint?) )

[(123)] [(3456)] [(45678)]

glom7

BONDS INTO GNOTH OPERATIONS
The conversion of bond pulls and pushes into gnoth operations simply
requires that cere be taken apout who is attracting whom end how deeply nested

pants is in its original gnoth.

each of the peartici
-level move is to be required, a

When more than & straightforward top
Reformulator must create & PROGRAM or series of moves designed to put the
proper glom in its proper place and repéir s much resulting gnoth-tearing as
ples may help explain exactly what is done.

possible. Some exam



HIGH-LEVEL MOVES

In Figure 2 (p.106), if glom8 is 10 pe pulled away from gnoth4 by glom15,

this hi S ,
s high-level attraction is translated into the move:

(SHIFT-LEFT gnoth3 gnoth4 (glom8) ).

pe pulled away by glom7, W€ have a more complicated

If, however, glom1 is t0

situation.

DEEPER MOVES
AM mustbe generated. In the

In the case of such deeper MOVES. 8 PROGR

glom7 - glom1 example, & transiation of the resultis:

glom1)) [move gloml over]

(PROGRAM ((SHIET-LEET gnoth3 gnoth4 (

noth3 glom10 gloml) [swellow it]

(CAPTURE-RIGHT ¢
[replace glom3]

s-of-glom1)
ibs—of—glom’j)
newglom10) [replace g

(ENCLOSE gnoth4 sibling
[replace glom8]

(ENCLOSE gnoth4 newglom3&s
glom10&

(ENCLOSE gnoth3 sibs-of- tom15]

)

A REAL MOVE
n the case of

such deep pesting is not encountered. I

5 ¢ 3 pull is resol

In most cases,
ved vig:

"121273" [Figure 1], the
(PROGRAM ( ((12)) ((12)) (3)
(@ 2)) (12) 3)

(SHIFT-LEFT gnoth2 gnoth? (glint)
s ((12)) ((123)

gnothz glom?2 glintS)

(CAPTURE-RIGHT
(ENCLOSE gnoth2 nil) [no repeir necessary]
(ENCLOSE gnoth3 nil) [no repedf necesseryl
))

Reformulator pro

siple for creating such "PROGRAM"s

cesses ar'é respon
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wo have been

ally to

most part, once the initial move or't
M is designed simply and mechanic

amage is usually caused by

as described above. Eor the
ied, the remainder of the PROGRA
itant structureal demeage. Such d
der to getatone of its subgloms, P

age is repaired by re-enclosing the

suppl

repair any concom
erhaps even one

the need to burst aglom inor

nested several levels belowit. The dam
1 -- those not directly involved in the

remeaining gloms at each intermediaté leve

—— and setting out P

1ato-scouts on the newly—enclosed gloms. This last

operation
en to determineé whether any “interesting” new structures have been
be emphasized that PROGRAM co

that exists at a high enough level to pos

step is tak
nstruction is a mechsanical

created. It should
sess the

action, performed by a task

y vocabulaty. The Reformul
ent than a Glommer'sor & Bonder

ator's activity in writing a PROGRAM is

necessat’
's, or that of any other

no motre intellig

ever “intelligence” the Seek-Whence system pOSSESSES

Seek-Whence tesk. What
is an emergent phenomenon arising from the performance of all of these

mechanicel tasks in parallel.

DIVESTING PUSHES
dition to neighbor pulls, there isas
- what we call a "divesting push”. There may be no real pull

0,84 econd potentially strong sgent

for reformulation -
between one glom in agnoth and the neighboring gnoth, but the glom's
current home may not want it. This sortof unilateral decision to push outa

glom and either foist it off on the neighbor or create & new gnoth to hold it

could be the foundation for much useful reformulation. Divesting pushes
are not implementedin the current system, causing some weskness in its

performance when handling Tuples, for example. More will be said about this

in the "Problems” chapter'.



5. CARRYING OUT REFORMS
A Gnoth-operator task is charged

with carrying out the operation or

a Reformulator at the time of its cresation. It must first

PROGRAM given it by
check to see that all the structures relevent to its operation &re still in existence,
ile the Gnoth-operator was hanging on

ved the system's activity wh

having survi
t, the Gnoth-operator carries

the teskrack. If the relevant structures do still exis
out the operations; if not, it will simply terminate. When a Gnoth-operator does
e, its last action is to decrease the system's btond-strength

in fact operat
n is to encourage the system

ffect of this threshold reductio

threshold by 1. Thee
v allowing weeker bonds to be con

to meake more reformulations b

sidered, in

eformulators, by adding 1 to the

g up” the environment. R
down. Eventuslly, the system

effect "heatin
posite effect, cooling things

threshold, have the op
s find fewer and fewer relevant operations to

will settle s the Reformulator
suggest 10 Gnoth-operators, reflecting the fact that the gnoths are stabilizing.

BOND-ASSESSOR

nd-assessor task is created each time & Reformulator decides that it

A Bo

g interesting gnoth operations at some particular level. The

has finished findin
Bond-assessor's jobisto 100k at all current bonds and determine whether ot not
ason to continue reformulation. If there are sufficiently strong

there isre
further reforms, the Bond-assessor places a Reformulator on

bonds to warrant

the taskrack. If not it creates a Gnoth-caster task instead and terminates

CASTING GNOTHS

When invoked, & Gnoth-caster attempts 10 describe each gnoth in terms

of the reigning cless. In more sophisticated versions of the program there will
. i

be provision for cesting gnoths in terms of more complicated but still
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group m n) (Cycle (1 4)))" or

ms --such as” (c-group (S-
ere "m” and "n" have no

incomplete for
mn)8 shared) )", wh

" (Y-group [3] ((C-group
numerical velue. This willben
required to parse tar'ge
is supposed 1o represen

he class is right and the

ecessary when motre complicated Seek-Whence

t sequences.

descriptions aré
t one frame of the hypothesis,

Since each gnoth
gnoths are correctly

such casting must bé possible if 1

formed.
If all the gnoths ¢&n be cast, or if all but the last can and it shows

he Gnoth-caster then at

tempts to create @ more general form common

rm groupings generated by the gnoths

promise, t
For example, if the te

he form "(S-group 32
plicated running exam

untup 2))" is generated.
al, 8s currently implemented, and

to all the cestings.
are: (34) (34)(3) then t

In our slightly more com
form "(S-group 1 (Co
ocess is quite mecheanic

possible. A final tes

y* would be generated.

ple, given

(12)(123) the

The cesting pr
t -- to weed out any surviving

s or poor’ castings a1’

so error
bad casts -- is made of a cast when it pecomes & hypothesis candidate.
TESTING HYPOTHESIS CANDIDATES

f any, NOV becomes & hypothesis candidate.

The cesting form returned, i
d is tested to see whether it can

ve model, is mede for itan

A "box", of predicti
nown terms of the sequence. Ifs

ately "postdict" the kK o, the candidate is
as the nev hypothesis
its new model is the corre

ally calls for the next term in order to test its new

accur
for the system, which can now sit back in

instantisted
¢t one for the given sequence. At

the "certainty” that
this point, thé system typic

hvpothesis.



D. FAILURE AND SL.IP-SCOUTS
caster is unable 10 castallthe g

noths in terms of the

If the Gnoth-
eneralize the casts to come up with & candidate,

reigning class, or if it cannot g
quence properly. the reformulation

or if the candidate fails 10 postdict the s€

h such case, & "Slip—scout" process is placed on the

effort has feiled. In €ac

taskrack.
plemented in the currentsystem, &

-scouts are only skeletally im
g it§ floundering in meny <
voked, & Stip-scout will make a mo

Slip
ases when initial

partial explaﬁétio-n fo
reformulation fails. When in re detailed study
ial for slipping 1o anothe
ncresse. The Stip-scout will

s and will be especially sensitive t

r reigning cless, and the probability of a

of the potent
100k at all existing ponds to find

class change will i
o the possibility of

frequentlv—occurring type

aving Of two or More independent subsequences. It will use the

an interle
knowledge of which classes favor what bonds to help suggestanew reigning
class, or perheps & subcless within & reigning Cycle or Tuple.
This seems 10 be the point where Simon and Kotovsky [Simon 63 Ibegan

__100king for acycle. If so, we have now almost completed the

their program
y for asystem to support heuristics of their sortin a fluid

substrate necessat

non-mechanistic way.
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A. INTRODUCTION

Inevitably, because the domein we have chosen is that of integer

sequences and because we are interested in exploring the process of induction,

our work must be compered with that of seversl predecessors. These include

Pivar and Finkelstein, Simon and Kotovsky, Persson, and Dietterich. There are

also comparisons and contrasts to be made with work by Evans and by Lenat.

B. COMPARISON WITH PIVAR & FINKELSTEIN

Pivar and Finkelstein [Piver 64]were interested in "the problem of
programming acomputer 10 perform induction on certein general kinds of data

in a manner superior 10 the majority of human beings"” (p. 125). Their program

was capeble of building models of certain types of sequences and of

extrapolating from these models more quickly and more accurately than most
people. The program could pecognize certain well-known sequences, such ss
the primes, and could devise models with exceptions for non-fitting terms. The

target sequence types were cyelic, constant skip, or an intertwining of the two.

Thus, the program could nsolve” (representes aLl

SP function) such sequences
&8s
2468...

21 325374115...(primesand
(squares of positive integers)

positive integers intertwined)

1491625. ..

However, the process of induction, 88 done by people, was not explored.

Their program relied heavily on finite—differencing methods to model

athematical sequences, in effect substituting the

polynomisl and other highly m

"black box" of differencing for that of induction.



fact, they note a difference in thrust between their program and that

In

of Simon and Kotovsky:

"The program wes written as aresult of seeing a
previous program developed by Simon. Simon's

program was developed for the purpose of
simulating the observed behavior of people when

trying to solve problems of predicting letter
sequences from an intelligence test. The program
PERTEST, on the other hand, wes oriented toweards
the automation of inductive thinking rather than
the simulation of human peings; therefore, we
developed somewhat simpler though perheps more
mathematical ways of dealing with the problem.”

(p. 131).

We feel that in trying 10 “sutomate” the process, they were, in fact,

looking for ashortcut, a way of obtaining the result of inductive thought -- in

this case, a model of the sequence -~ without having to g0 through ot

understand the inductive process itself. In contrast, our msjor interest isin the

process of induction. Sequences of interestto us tend to represent patters,

such as:
121231234...0f

1123122312331123...,

th_gegree polynomials of eVery third E
s that might be similar to those used by humans as

rather than n ibonacci number. We want

1o explore inductive processe

they notice and represent patterns; we do not simply want to extrapolate

rase the mathematician Atiyah
wwe are not simply in the business of getting

sequences. To paraph (on the NOVA program

"Mathematical Mystery Tour”),
answers; we wantto understand”. This, then, would seem to put us in the

otovsky, but there 8re distinctions to be drawn here és

company of Simon and K

well.
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C. RELATION TO SIMON - KOTOVSKY

In their 1963 paper [Simon 63 ], Simon and KotovsKky presented
convincing evidence to support their theory that:

1) people build & mental model of a sequence from the terms they have

seen, and

2) they use this model to extrapolate the sequence, to generate successive

terms.

In addition, they demonstrated that the most salient features noticed before and

during model-construction were ssmeness and successorship-predecessorship

We heartily agree with all these points. Our differences with Simon and

Kotovsky are matters of direction and emphasis and can pe described along

several dimensions.

Simon and Kotovsky were primerily interested in demonstrating that

people do build and use mental models which are developed through a process of

induction. In contrastto their work, we simply assume that this is the case.

However, we believe that itis important 0 explore model construction far more

deeply.

The Simon-Kotovsky program wes presented several terms of atarget

sequence in a list and proceeded bY looking first for periodicity in the data

[Simon 63]. Then, once & period was discovered, equel and successor relations

between neighboring terms of a period were explored, to finalize the pattern

description. In fact, all fifteen of their tat'

d. For example, problem 9 wes the se

get sequences were cyclical with

fixed-length perio quence:

urtustuttu—

The resulting formulation was judged either correct or incorrect.

ffers in asubtle but important way;

nce one at a time. This apparently small

Our approsach di the Seek-Whence

System is presented terms of & seque
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difference is the visible tip of a veritable iceberg of processing differences

between the two systems. In seek-Whence, each New term not only inspires &

g00d desl of noticing of saMEnNesses, successorships, and the like put also drives

the system to revise its model of the sequence. That is, the processes of model

construction and revision go on in parallel with those of noticing. In contrast,

to quote Simon and Kotovsky [Kotovsky 731:

“The Ss' [human subjects’] behavior departs inone

del. Periodicityis determined

by noticing I and N [i
successor | relations. In the computer program,

information about relations
stage is not retained, butis regenerated during the
second stage, when the pattern description is
being built up. Sg ¢clearly retein much or all of
this information, and use it while building the
pattern description. Thus, the current program
the two phases of problem—solving

separates

activity -- detection of periodicity and pattern
description -- more sharply then do the Ss.”
(p.410).

Because of the way in which Seek-Whence goes about its modeling job, it

is very likely to come up with eerly formulations of the sequence that are

"wrong" in that they will be contradicted by future terms. When this happens,

when s contradictory term is entered, the system must react to the failure of its

pting to ref ormulate the model on the besis of the new

model. It does so by attem

evidence (the new term). Thus, Seek-Whence's formulation changes during the

course of processing, based upon the "evidence” -- sequence terms -- it has seen

roach more accurately models humean induction, &

so far. We feel that this app

view supported by the Kotovsky quote above.

Finally, the requirements imposed on the system by its use of

reformulation include the need for a different type of model. The

Simon-Kotovsky model had 10 express accurately & description of the sequence.
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But, because the description wes developed only once and then simply checked

for correctness, it could be essentially static in nature. Our model, or

hypothesis, as we call it, must be modifiable end reactive to failure. The system

does not simply go back and apply & machine t0 the "new" sequence consisting

of the old one with one more term &t the end in order t0 generate aNew

hypothesis. Rather, it analyzes the current hypothesisin the light of the new

term's evidence and sttempts to change the nypothesis’ form to encompess the

new term.

In summary, Seek-Whence is directly concerned with the inductive,

model-building aspect of the extrapolation of patterned (as opposed to

mathematical) sequeNces. This requires the noticing of relationships emong
terms and term groupings simulteneously with model creation. Our system,
then, needs 8 different sort of model than did Simon and Kotovsky's. Our model
is not simply an end-product defining an extrapolation, buta structure with
expressive fluidity, one thatis reformulatable on the basis of new evidence, one

that evolves as the sequence terms are presented one by one.

D. COMPARISON WITH PERSSON
ams -- "machines”, es he

In 1966, Staffan Persson wrote a series of progr

called them -- to solve sequence—extrapolation problems [Persson 66]. His mein

and identifying "noisy”

interest appears to have been in extrapolating
his domain much

sequences with underlying generating polynomisls, meking
imilarity of domain Was parsllelled by a

like that of Piver and Finkelstein. Thiss
h. Persson, like Pivar and Finkelstein, relied heavily on

similarity of approec

cial machine t0 extrapolate intertwined

differencing. He also devised aspe

sequences. Here agein, though, the cycles investigated Were always of fixed

length.



132

But, because the description wes developed only once and then simply checked

for correctness, it could be essentially static in nature. Our model, or

tbe modifiable and reacti

does not simply go back end spply & mechine to the "new" sequence consisting

more term at the end ino
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Persson's interestin error-correction wes realized by having the

program interpolate correct terms pased on the velues of the surrounding ones

For example, given as input the segment:

9 16 21 24 blank 24 21 16 9

Persson’s program attempts to come up with an explanatory polynomisl. Its

result is: -x2 + 10x + 0, which it then finds wanting because of the "blank” at the

s the polynomial and, finding it explanatory in all other

ed that there might be one error in the input

fifth term. It recheck

ceses (and having been forewarn

data), uses the polynomiel 0 interpolate the missing term, 825, and then

extrapolate the sequence [Persson 66, p.128]
Persson recognized that computers solving sequence-extrapolation

problems by such methods might be seen &s having more capability than they

actually possess:

e, sequence—extrapolation will

seem to require application of genuine induction,
ie. tostartout froma pattern, represented by an
input-sequence, and eventually arrive at a more
general representation from which the
input-sequence 08y be deduced. However, true

is not necessarily required.

inductive reasoningis : _
nt inductive pehaviot

In many ceses, appere .
should rather be described &s ‘deduction disguised

as induction'.” (sec.

"At first glanc

'inductive power' with
loring very nartrow
¥ (p.66)

* the risk of confusing
efficient algorithms for exp
domains must e1so be realized.

In fact, Persson mentions [Persson 66, DP- 66-7]both Pivar end

Finkelstein [Piver 641 and Simon and Kotovsky [Simon 63] es having claimed

programs which are actuslly purely deductive in design.

inductive behavior in

d believe thatnone of the systems thus far

We sgree with this criticism, an

discussed addressed the central issue of modeling inductive ressoning.
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E. DIETTERICH AND MICHALSKI

"Given asequence of events (or objects), each
chearacterized by aset of attributes, the problem
considered is to discover & rule characterizing the

sequence and able to predict a plausible
continuation.” [Dietterich 85, Abstract]

Clearly, given the above quote and the preceding discussion of

Seek-Whence, our interests lie Very close to those of Thomas Dietterich and

Ryszard Michalski. The questions they ask, the domain explored, and even some
of the terminology they use -~ e.g. "structursl descriptions”, "conceptual

clustering”, "constructive induction” -- bear a striking resemblance to our own.
ously reject the idea that sequence pattern induction is a solved

They, too, obvi
they take a very different approach to processing.

problem. However, W€ and

They rely on a logic-based formulation and an algorithmic solution technique.

raced scan” [Hofstadter 83;

We employ structural pattern descriptions and a “ter

he actual processes of induction.

84] in order to approximatet
ed in [Dietterich 85], is an advisor to &

“SPARC/E", the program discuss

ng the card game “Eleusis”.
in mind, puts down & card. In turn, each player

human who is playi In this game the dealer, with a

Card—pattern—generating law

places on the teble a card they believe to be in the class of possible next terms.

rect, the card is 1eft on the "meain line”;
ow the last correct (main line) card. The positive

Ifa player is cor if incorrect, the card is

placed on the "side line" bel

evidence on the main line in conjunction with the negstive evidence on the
side lines is used by players in their formulstion of a description of the

underlying rule. The player who can first formulate the dealer's rule is the

winner.



135

For example, the dealer might put down the Ace of Spades, with the

pattern "slternate black and red cards” in mind. If the first player puts down

the deuce of Spades (thinking "sequential spades”), the dealer will put the deuce

on the side line below the Ace. Should the next player put down the Ace of

Clubs, it too will be placed on the side line. If, finslly, & player puts down the

Ace of Hearts, it will be placed on the main line next to the Ace of Spades. Play

will continue until one of the participants guesses the "correct” rule.

The Eleusis advisor program will eventually be called in by its user to

analyze a given situation and to try to come up with the "best” generating rule

for that situation. Given the board we have described, it might guess

“alternating red and plack Aces”, for instance.
The descriptors for playing cerds ere initially just suit and rank. Other

descriptors, such &s color or primeness of rank, can be added later by the user
of attributes is one of

snd employed by the system in its analysis. This addition

the four ways in which a game situation can be transformed “in order to

facilitate the discovery of sequence-generating rules” [Dietterich 85, p. 200]

The others are:

segmenting - dividing the sequence into non-overlapping segments,

each of which can be described separately:
splitting -- dividing the original into separate subsequences (seeing the

original as what we have been calling "interleaved” sequences);

blocking -- creating overlapping segments, celled "blocks”, and giving

attributes to each seperately.

In order to devise its rule, the program Uses the card descriptions given

it as positive and negative evidence in perametrizing each of three different

potential models of the sequence (decomposition, periodic, and disjunctive

normal form). This model construction is done in stages, using five "rings” or
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processing levels. Each model is then tidied up as it is passed back up through
the rings, assessed for plausibility, and the winning rule or rules are presented
to the user as potential organizing notions [Dietterich 85, p. 223]

SPARC/E can solve some fairly intricate problems, situations with rules
such as: " strings of the same color ... strings must always have odd length”

[Dietterich 85, p.225], or “a higher-rank card in the next ‘higher' suit (recall

that the suits sre cyclically ordered) or a lower-rank cerd in the next ‘lower"

suit” [Dietterich 85, p.227]

In spite of the impressive performeance of SPARC/E in what is, to us, a

very appropriate domein, we have some serious differences of opinion with

Dietterich and Michalski on the structure of computer systems designed to

perform in inductive domeins.
The underlying structures and processing techniques in SPARC/E are
logic-based. For example, in the case of the DNF (disjunctive normal form)

model, a logical description of the cards on the table is constructed in

disjunctive normel form and is fed into the Ad algorithm. This elgorithm
constructs a "cover” -- & logical description that includes all positive instances
and excludes all negative ones -- having the fewest conjunctive terms. The
result is passed back up through the processing rings to be presented as a

candidate rule. This process has more of a "black box" flavor than we would

like: it skirts the central issue (to us) of the process of induction.

Moreover, in SPARC/E processing, all three potential models are always

used to construct pattern descriptions; virtuslly the entire processing structure

is brought to beat on each problem, regerdless of its "difficulty”. We would
prefer a system that uses the evidence presented to selecta model and to work

with that model until it proves fruitless or another seems more appropriate.

Notice that in SPARC/E, en entire situation is given to the system,
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wheresas Seek-Whence continually reacts 1o néw evidence. In SPARC/E, the

entire system would have to be restarted for a new game situation; there is no

sense of flow ot continuity. This means that snother central issue, that of

reformulstion, does not enter into SPARC/E processing. A game analysis, arule
there is no reaction

or collection of potential rules, is either "right“or "wrong";

to new data, no response if the generated rules are incorrect.

In spite of these criticisms == Of, more accurately, differences of opinion

on what is important - we have a great desl of respect for Michalski and his

group. They have had some real success in constructing useful programs, such

s Michalski's soybean-disesse classifier, while still maintaining an interestin

the core issues of learning snd induction. We attempt to concentrate on the

"core” but have so far built onlyatoy.

Dietterich and Michalski have developed some very appealing notions.

These include the distinction between “attribute descriptions” -- those which
"specify only globel properties of an object” - and "structural descriptions” -
those which "portray objects &s composite structures consisting of various
components” [Dietterich 83, p. 42]. Certainly, as they note, Patrick Winston's

"blocks-world” program [Winston 75 ] wes a ground-bresker in the use of

structural descriptions.
The pattern descriptions constructed by Seek-Whence are also structural

descriptions. In addition, they can be summarized neatly in their “freeze-dried”

form, and so can become partof an attribute-based description. Thatis, once a
concept has been formulated, it can be "captured” in an attribute-description
framework. The freeze-dried summeary of the concept’'s structure could be
recorded as one of many sttributes, and the enclosing frame used in a purely

syntactic way. However, any time the concept was usedin a semeantic way, its

underlying structure could be "reconstituted” so that it could have its very
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critical structural component.
Another sppealing Dietterich-Michalski notion, and one that we believe

Seek-Whence addresses directly. is that of "constructive induction™ .
"Constructive induction is sny form of induction
that generates nevw descriptors not presentin the
input data. Itis important for learning programs
to be able to perform constructive induction, since
it is well known that meny Al problems cannot be
solved without a change of representation."

[Dietterich 83, p. 47]

ek-Whence we &l lesst meake a valiant attempt to employ a form of

Certainly in Se
e up with a structural description of the input

constructive induction to com

sequence pattern. Eventuslly, we hope 10 keep these descriptions (or at lesst

summeries) eround to help in the solution of new pattern

their "freeze-dried”

problems, thus supporting & pattern—remembering system.

F. SOME RELATED SYSTEMS

In addition to the work described sbove, there have been other programs

related to Seek-Whence in spirit, if notin domeain. These include Thomes Evans'

ANALOGY program [Evans 68 ]and Dougles Lenat's AM and EURISKO [Lenat 82; 83

ab,c; 84]

1. EVANS AND ANALOGY

Evans ANALOGY programwas de
f which were teken from examinatio
American Council on Education. They are of the

signed to solve pictorial analogy

problems, many o ns given to college-bound

high-school students by the
form “A is to B as C is to which of (#1,#2, %3, % 4, % 5)?", where #1 . *5 are five

The testee is 10 choose the candidate that, in its relation to

candidate pictures.

picture C, is most like B's relation to A.
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The program wes written in two mejor pieces (primarily because the

whole system could not fit into the aveilable computer). Data structures

describing the figures in each picture and their positions were fed to the first

part of the program. This information wes used to form relationships between

pictures A and B, as well &s between picture C and each of the five candidate

pictures. The vocabulary usedin describing the relationships consisted of some

fixed notions (e.g., "above”, "eft-of") along with any descriptors the user might

decide to add for a perticulat run (e.g., "shaded”, “overlap”).

Once the descriptions were meade, the system had to choose the "C to

candidate” description that wes most like the "A to B" description. This was

accomplished by assigning weights (importance) to the various types of

transformations and formulating “rules” o describe how picture A could be

transformed into B, and how C could be transformed into each of the candidates.

The A : B rule set wes then compared toeach C: candidate set. Each A :Brule

was "reduced”, if possible, to fit agiven C:candidate rule. Then the rules were
assigned weights based on the transformations they used, the weights were

assessed, and the winning candidate = the one with the highest score -- was

chosen. The progrem accomplished its task with varying degrees of success,

dependent to a gresat extenton the adequacy of the supplied descriptors to

capture the salient relationships in agiven problem.

The ANALOGY program wes an impressive piece of work, but we believe
that it is 8 mistake to attribute t0 the program powers of "induction” and "theoty

formation” Here, asin the Piver and Finkelstein sequence program, We again

have a program that can do very well — probably better than humans --in a

really smaller than it would eppeer at first glance.

gram could probebly handle fifteen

well-defined domeain thatis
Although Evans claimed that the pro

problems typically given on an ACE exam, we are not given

out of the thirty
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systematic evidence 10 support that claim. All the problems solved by the system

e only "problem 20" given it.

were numbered 12 or lower. It could not handle th

Moreover, the problems were taken from different exams, rather than

systematically from one exam. This in itself might simply mean that the

inductive power of a sixth-grader rat
e are very simple analogy problems from the

Evans 68, p.325] indicating perhaps a

program hes the her than thatof a

high-schooler. However, ther

same ACE exams that the system cennot do [

tive ability, or atleast one very different from humans".

less than humen induc
In summary, then, we do not pelieve that the Evans program can be
credited with achieving inductive “concept formation” [Lenat 838, p.35] because

ed are too brittle, 100 attribute-based” (to use the

the “"concepts” formulat
Michalski terminology). We echo the Persson comment (made about Pivar and
sequence—extrapolation prOgram) that the processing technique

Finkelstein's

"deduction disguised &s induction”. Nonetheless, the

employed here is really
ANALOGY program is remarkeble for its ability to operate in a “core” domain,

ntial for leading us to central is
redone in the light of recent thinking about

one that hes pote sues in intelligence. It would

be a treat to see the program
induction, concept £0 rmation, and anslogy. The domain is one to which

srtificial intelligence researchers should return “until we get itright”.

2. LENAT AND HEURISTICS
nat is deeply concerned with ind
y formation” in several domains through his

Dougles Le uctive thought. He has

explored what he calls "theor

programs AM end EURISKO. In particul
s in discovering and exploring new<

ar, he is interested in the development

and use of heuristic oncepts.

Certainly, both AM and EURISKO have been enormously successful

f arithmetic operations, prime

programs. AM is femous for its rediscovery o
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numbers, and some important conjectures in number theory. Next to this, what

does Seek-Whence have 10 offer? The answer: toots.

cretion model of theor'y formation”, develo

], is a program of seven steps to be followed by the

The "a¢ ped by Lenat for the

EURISKO system [Lenat 83a

system in forming theories about some underlying domain. The model maps out

broad sweeps of territory for the system to cover. For example, step 2 of the

seven is "to try to notice regularities, patterns, and exceptions to patterns, in

the data” [Lenat 83a, p. 37] Lenat himself reco
picture”, can only approximate & solution to the

gnizes that his program, being

concerned with the "big

problems posed in fully implementing step2:

e model innocuously requests the
rvant for recognizable patterns.
he/she/it has alarge store of
ecognize, or is working in a
world where an adequate set can be learned very
quickly. »_the process of 'recognizing’ blends
continuously into ‘analogizing”.”

(p.38)

Domsins in which Lenatcan b

"Step 2in th
learner to be obse
That assumes that
known patterns 0t

estemploy his heuristics methods have

istics as: many objects and operators and many types of both;

among objects and among operators; lots of heuristics

such chatacter

several types of relations

but few slgorithms to followin exploring the domein. These domsains should
have been little explored previously, and should provide a way to conduct or
simulate experiments [Lenat 83b, pp. 91-94] He advocates studying difficult or

complicated domains, ones thatare "lush with structure” [Lensat 83¢, p.2851
In contrast, the Seek-Whence domain has few objects and is simple in

structure. Nonetheless, it represents & complex, if not complicated (to use our

terminology from Chapter One), domein in the sense that the central problems
of inductive thought can be encountered here. It may pe that the broad sweeps

and structurally rich domeins Lenat favors can be served adequately by an
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attribute-based representation system, because the concepts grow tell rather

p. With the sccretion model, new ideas are built upon old ones, giving a

m explores "interesting” idess to the fullest. Rich

than dee

tower-like effect as the systé
tructures are not Necessary to the type o
n these programs; the approximations offered

underlying s f upweard-thrusting

concept generation that goes oni
d representations are good enough 10 pe
o explore deeply the small portions -- the

by attribute-base rmit good upward

progress. When, however, we stop t

nooks and crannies -- of the broadly-swept territory, e need to capture

underlying structural descriptions. It may Vvery well be that there is, at present

power in & single system 10 pe both
m first principles, from very primitive

his is that AM

not enough computing proad and deep.

But AM developed its ideas fro
roots. How can it not be deep &s well s broad? The answer 10t
wes sccretive. It formulated meny idess, some good and some less fruitful.
In a sense, itisekintoa story-generating program as opposed to a

story-understander. It could construct whatever idess it liked; someone --
in fact, Lenat himself -- was bound to notice the "winners"”. An analogous

understander would have 10 find a wayto represent concepts with which it

was presented without losing sny important recets. The difference between

nce between the charges:

programs of these two types is like the differe

"Find something interesting.”, and
s an interesting idea. Do you get i1?",
v easy; theyeare just different, each with its own

"Here i
Neither problem is particularl

difficulties.

Finally, one problem we attempted to address in Seek-Whence weas

identified very clearly in [Lenat 83¢c]: "The carrying along of multiple

ncomitant need to shift from one to

representations simultaneously, and the ¢o
" {p.283) Ve

another, has not been much studied, or attempted, in Al to date...
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hope that our efforts t0 implement asystem that supports reformulation will be

the first step in attacking this problem.



CHAPTER EIVE

PERFORMANCE, PROBLEMS, AND FUTURE DIRECTIONS
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A. IMPLEMENTATION AND PERFORMANCE

The Seek-Whence program currently consists of approximately 5400

lines of Franz Lisp code. Because it is still under development, the program is

running interpreted rather than compiled. This, combined with the fact that it

runs on a VAX 11/750 which also serves an entire small-college computing

operation, slows Seek-Whence down a bit.
completed in under ten minutes of real time. Unsuccessful runs take

Nonetheless, successful runs are

generally

a bit longer (potentially forever), as the program thrashes about for a solution.

1. SYSTEM PERFORMANCE

In order to get some perspective on the current program's strengths and

weaknesses, let us go through the “Blackburn dozen" -- the twelve sequences

five college students -~ and analyze the system's

we presented to twenty-

performance on those problems.

(1) 112129123% .-

The program thrashes hopelessly on this one, although it readily solves

“1212312734..."[see Appendix]. The problem seems to be that the

initial C-group interferes with the system's ability to find the lengthening

S-groups. When itdoes find them, it seems unable to push the correct notion
beyond the template level. Lingering high-level interest in C-groups and

low-level rediscovery of C-groups combine to cause this unhappy state of

affairs.

(2) 1234...

he program can solve this one -- and quite readily, in just

Fortunately, t

under one minute.

(3) 212222232242 ...

This is hopeless as yet; we have not even attempted it. There is fat too
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much interference -- terms having multiple potential roles. (For example, in

the segment "1 22", the middle 2 could be partof & C-group or part of a Countup.)

This particular sequence is one of our favorite examples. It has been, and

continues to be, a distant gosal.

(4) 1223334444 ...

Turnebout is fair play. Here, the initial S-group
g C-group notion. The central problem here is

s--(12) end (2 3)--

interfere with the buddin
anealogous to that in sequence (1) - the correct notion is discovered, but cannot

seem to bresk through into a hypothesis. Not surprisingly, in view of the
sequence (1) commentary, the system can solve the sequence problems
"223334444..."and"112223333...".

(5) 18581858 ...

In this sequence, the program finds the Y-group "1 8 5 8 1" and
doggedly clings to it. We stopped it after a fifteen-minute attempt, since it
an, however, solve the sequence

seemed to make little progress. Note thatit¢

"1858118581 ...

6) 2122232425 ...

Agsin, there is 100 much interference here, combined with an

alternation of terms. This is peyond the current system.

(7) 231232223333234444...

This is far beyond the current system. It combines interference,

interleaving, and growing group lengths -- all features that meke a sequence

problem more difficult.

(8) 122334493 .

The system so1ves this within three minutes.

9) 123344555666...
This will prove difficult for a while yet. The subtle pattern of growth in
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group lengths will tax the system'’s representation scheme.

(10) 91929394...
The only problem here is the alternatio
ant. This will probably be the next sequence solved by the system.
181218123218123432181234___

rference between the groups, which

n of terms of which at least one is

non-const
(11)
This sequence is hatd. There isinte

grow at both ends. The expressive power is aveilable, but the system gets

bogged down in spurious relationships.

(12) 185581185581...

The system solves this, but can take up 10 twenty mi
ften it is the Y-group (1 g(5(581185)5)8 1),

nutes to do so. It

finds a Y-group, but o

rather then the one we would like. The need for "cosmetic reform” becomes

evident in cases such as this.

In summary, then, the current Seek-Whence program can solve only

three of the Blackburn dozen - problems 2, 8, and 12. With slight extension, it

should solve problem 10 as well. It will have to cling less forcefully to its

original formulation in order for it to solve problems 1, 4,5, and 6. The system's

interference handling will need improvement pefore it can handle problems 3

7 and 11. The solution of problem 9 will probably require that group lengths be

used as manifestations (they are not, currently). In addition, the system will

need the ability to use its representationsl power more effectively.

2. HUMAN PERFORMANCE

When we presented these sequence problems to our human subjects

[Meredith 83], we permitted them 10 take as much time as they wanted on each

sequence. A subject could "pess”on a particular sequence if it proved insoluble.

The subject could not return 10 & passed sequence.
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We kept arecord of the number of people who passed on each of the

sequences. We also timed the subjects, in order 0 determine which sequences

took the longest time to parse. We assume that these will tend to be the most

difficult for human solvers.

Problem (7) weas definitely the most difficult for our subjects. Seven

people passed on it (no more than two people passed on eny other sequence)

and those who did solve it took far more time on it than on any other sequence

y more time-consuming than most others. The

d by (8), then (4) and (5), then (6)

Problem (11) was also clearl

"easiest” problems were (2) and (10), followe

and (12), and then (1), (3), and (9).

We find it heartening that the problems Seek-Whence has been able to

solve, and those which we feel it is closest to solving, are among the essier

problems for humans, while those our system f. inds difficult are also difficult

for humans.

B. PROBLEMS

The original goals set for the Seek-
hematically—soPhisticated patterns in sequences

Whence program were and still are:

1) to discover non-mat

of nonnegative integers.

2) to represent those patterns 8s concepts constructed from eight

"primitive” concepts -- Constant, Countup, C-group, S-group,
pP-group, Y-group, Cycle, end Tuple;

3) to be able to reformulate the pattern descriptions fluidly, by the

technique of "slipping”, when the description is non-predictive

or non-optimal.
Esch of these goals has been met 1o sSOMe extent, but more work will be required

to implement a system that reslizes them in full. From our discussion above, it
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becomes clear that the Seek-Whence program

1) feils to notice interleaved sequences of any complexity;

2) is unable to handle interference well;

3) clings too tenaciously 10 its first organizing notion.

In the following sections, we will discuss these and other problems and will

present our current thoughts &s to how 10 solve them.

1. IMPLEMENTATION EAUX PAS

As in any fairly substantial system written over a period of years, there

are no doubt some inconsistencies and quirks in the currentimplementation of

Seek-Whence. The present system wes programmed Dy one person, and so
reflects the weaknesses and idiosyncracies of & particular style. These include a

fairly conservative, but readable, expr-besed approach to Lisp programming

and some disregeard for "neatness” in cleaning up old, unwanted structures.
Seek-Whence is unabashedly »ad hoc". There has been no focus on
separating domain-dependent from domein-independent processing, structures,

or spproaches. The only excuse for this is that the program is a proto-effortin
the development of & generic processing structure and approach. People with
similar ideas have been programming and continue to program systems for

scrambling), Letter Spirit (style extrapolation), and Copycat

Jumbo (word un
(letter-sequence analogies). When all the systems are completed, we will
hopefully be able t0 abstract out common, domain-independent features which

v useful. This is & "high-risk, high-gain” strategy. We hope it

will be generall

works.

If all of our problems were ones of programming style, we would be

ental worries, not the

delighted. Unfortunately, there are some more fundam
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lesst of which is that there are some non-difficult ssquences that the system

cannot parse.

2. UNCONQUERED SEQUENCES
Although Seek-Whence does & good job in analyzing the simplest

of sequences and can do some medium-difficulty ones, it fails on some

not-very-hard ones. Itis unsable to handle independent interleaved sequences

when the components are any more complicated than constants. That is, it can

do "3737737.." butit cannot as yet do "121034105610..%
A meajor reason for this problem is the way bonds are used by the system.

Currently, bonds ere used only in a bottom-up fashion, to push up gloms.

However, there is knowledge in the platoplesm of the bond types favored by the
various Platonic classes. For example, the existence of many "adjacent

sameness” bonds might be a clue that C-group is a strong candidate as an

organizing notion, because C-groups are closely associated with such bonds. As

yet, the system makes no direct usé of this information. Itisimportant to note
mation must be used cautiously, since it may lead to false

1222223224 2...7 forexample, there

that such infor

conclusions. In the sequence "2

are many adjacent samesses between 2's, but the "C-group” notion is not

involved in the correct parse.

Knowledge about manifestations and actualizations, which could be

useful in suggesting alternative organizing notions or in indicating the
existence of interleaved sequences, is virtually unused by the current system.

Slip-scouts, described later, will begin to meke some use of this information.

The Seek-Whence system cannot analyze sequences that display a good
deal of interference -- such as 212 222 232 242 .. o1

“111 121 131...". Peopleseem 10 overcome interference by looking for a
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place in the sequence where there is little confusion -- a place where the

interference is minimsl. Seek-Whence may need to look more closely at terms

that have few bonds snd use these & guideposts for organizing the sequence.

This strategy, like looking for interieaved sequences, is a relatively high-level

one, suitable at the Slip-scout level and beyond.

The system's inclination to cling to early organizing notions is related

to the other two problems, and probably stems from the same root causes. In

addition, we may have to tinker with our slipping mechanisms, to see if we can

get a bit more movement away from failed idees.

3. LOW-LEVEL MYOPIA

The low-level processes of Seek-Whence operate with amicro-level

vocabulary, dealing with jocalized structures and providing no overview of the

sequence pattern s a whole. This naturally leads to the phenomenon that we

call "low-level myopia”. There can be some micro-level rigidity as aresult, with

the lower-level processes clinging to certain favorite groupings (ususlly gloms
formed early in the processing). This can get in the way of pushing up neatly

balanced structures -- we can get " ((1 2) 3)" handed up instead of a preferred

"(123)" --butitis not o devastating problem. Its effects will be mitigated when

divesting pushes, cosmetic reform, and “form-polishing" are implemented.

4. HIGH-LEVEL HAUGHTINESS
The higher levels of Seek-Whence seem 10 su

e the high levels teke over, the imposition of top-down,

ffer as well from some

basic rigidity. Onc

model-driven processing does not appear to leave quite enough room for

lower-level coercion of change. This leads the system to stick with a

formulstion type or platonic class longer than it should, to be optimally
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effective. It becomes too difficult for {ower-level processes to push up anotion

with sufficient force to stage a "coup”.

en watched in frustration as & good notion has come up

We have oft

repeatedly to become & template, end then to disappear, never to reach

hypothesis status. We plan 10 investigate this unfortunate phenomenon,

which we call the "Little Prince Problem™

Low levels: "See my pretty bond-chain?”

“Not now -- I'm. trying to parse this sequence.”

High levels:

DIVESTING PUSHES
sting push” will occur when agno
sense of decreasing its stability, but the neighboring

A "dive th contains a glom that causes

it "unheppiness” in the
gnoth does not have any particulat attraction for the glom either. In this case

th may push the glom out 0 the nei
ing gnoth 10 hold the unwanted glom. These pushes

the parent gno ghbor or may simply ceall for

the creation of an interven

will permit gnoths 10 work on conforming 10 the hypothesis, or suggesting

t. Implementation of divesting push
evel suggestions, thereby decressing the degree

weaknesses in i es will be afirststep in

giving more credence to low-1

of "high-level heughtiness”. They will slso serve as a safety velve for the

ass, by incressing gnoth stability without celling for anew

current reigning ¢l

monarch.

5. COORDINATION PROBLEMS

Although Seek-Whence relies on independent, parallel processes 1o

rk, there is nonetheless some need fo

s and the gnoths must be in agreement (at least to

carry out its wo r coordination of results.

For instance, the hypothesi

some extent) on the current view or parse of the sequence. Devising a



153

t 3 . . . . .
echnique for insuring this coordination has been a major problem, and one

which we are not certain is solved at present. The levels of hypothesis-gnoth

us something of & nandle on the proble
all. Thatis, it would be nice simply to change

equivale i i
nce give m, but it would be nice

not to have to worry apoutitat
either the gnoths or the hypothesis and be certain that the other would

1 into sgreement. We have not yet devised such a mechanism

automatically fal

nor are we sure thatone exists.

6. HERKY-JERKY
One goal of Seek-W

hence was fluid reformulation, the ability to move

easily from one concept representation 0 another. The current system is only

sful in meeting this goel. Its I

seem alittle rough. Instead of the smooth transition we wan
en one rides 10 the top of the Gateway

eforms, at the highest level, can

partially succes
t, we get something

more akin to the jerky motion felt wh

s -- one gets there, put the ri
nt to the need for another or
ply require more care in progremming.

de isnotas continuous as one would

Arch in St. Loui
level or two of processing

like it to be. This may poi

to ease the transitions, or it may sim
icher system of linksges in the

Below, we suggest the possibility thatar

platoplasm might help mitigate this problem.

DIFFERENTIATING PLATO-LINKS

m's link system currently
¢ Itis very likely thatin usin
more rational collection of slipping

straints on slippege possibilities

nsider slippage

consists of undifferentiated

The platoples
g differentiated links,

"slipping links" -- the s-link

we would be able to give the system &

e ability 10 apply more con
t is, instead of having to €0

rounds of s-link slipperiness in

alternatives and th

in particuler situations. Tha

possibilities on the relatively gross g
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conjunction with “gbsolute bond pulls”, the system may be able to use a

finer-grained decision strategy. We therefore need to investigate more deeply

elong in the platoplesm and how best to incorporate them

what types of links b
into the system's processing. This is & very big question in an abstract sense,

ntation in Seek-Whence sho

uering the "herky-jerky” problem.

but impleme uld not be too difficult, and may go &

long way toward conq

C. THE EUTURE

and extend the Seek-Whence system in several waysin

We plan to revise
abstraction. There are some relatively minot

the future, and at many levels of
additions to be made, and ultimately

details that need 10 be addressed, some msjor

tem in & motre structured, domein-independent

we will have to redo the sys

fashion.

1. MINOR DETAILS
Some of the minor reforms wil
me careful thought befor

1 be fairly simple to include, but one

or two will require SO e implementation can be

considered.

GREASING PLATO-L INKS
As was previously mentioned, itis possible that various platonic classes

rent times. This means that the s-links

will be “closer” to a given class at diffe

hould have different slipperiness velues at different times.

between concepts s
rovide sny mechanism for chenging s-link

The current system does notp

nor does it explore the notion of "relative closeness” in any way. It

nvestigate this question & bit

slipperiness,
further in later versions

would be interesting 10 i

of the program. This is an example of an addition that will be fi airly easy to
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implement once we decide exactly what we want to do.

CHANGING PLATONIC BOND STRENGTHS

Similarly, the degree 10 which a given platonic class favors certain types
of bonds ma? éhahge during the course of processing. Changing the bond
strengths would not be hard to implement, but the central question -- not a

particularly easy one -- would be how to have the system decide when it should

be done and how much to change the strengths.

ADDING AND REMOVING BOND-EIELDS
An interesting problem is the central one of "salience”. What features of

a sequence are of central importance? What should be used to describe it? We

have built into Seek-Whence the capacity to use any field of a glom for bonding
or glomming purposes, but as was mentioned earlier, we currently use only

"value" for glomming and "velue” or " span” for bonding. Building in areal

capacity to add to or subtract from these fields is critical in accurately parsing

some sequences --such as " 1 22 333 4444.."-- where the length of a

group and its content or position in the sequence are intimately connected.

We certainly hope to build this capacity into future versions of the system.

BOX STRUCTURE EDITOR

A nice little project associated with Seek-Whence, but outside of the
meainstream of its processing, is the construction of a "box-tree” editor. The
system could use this to model its own reformulation actions by editing a
hypothesis’ box to reflectanew modification of the hypothesis. The current

(heavy-handed) technique is t0 completely scrap and replace the box.
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2. MAJOR GOALS

We have some mejor plans for future revisions of Seek-Whence, in

addition to the "fix-ups” mentioned above. These deal with broader issues within

the domeain of our project, issues with perhaps more "global” significance.

FORM POLISHING

“Form polishing" is the term we use to cover the notions of cosmetic

reform -- reformulation done t0 improve the 1ook of a hypothesis -- and

internal gnoth reformulation in order to achieve structurel equivalence with

the hypothesis. A gnoth displays structural equivalence with the hypothesis

when its actual, glom-based form agrees with the deep-structure form given it

as a model. The deep-structure form is that of one frame of the hypothesis -- the

frame corresponding to the gnoth. These reforms will probably not be easy to

carry out, because they ere not central to having a "correct” parse of the

sequence, but rather the "best" parse, and for the "right" reason. Thatis,

form-polishing is more heuristic than is parenthesization of the sequence, snd

so its implementation will probebly be even less deterministic than normal

Seek-Whence processing.

USING MANIEESTATIONS -- SLIP-SCOUTS

One of our msjor goals for the futuré will be to implement "Slip-scouts”,

processes that will begin to use information that the system has gathered about

the sequence, but has &s yet not used. Stip-scouts will be looking at bonds,

manifestations, and actuslizations, in order 10 suggest ways in which the

sequence could be parsed. They will be especially sensitive to interleaved

independent sequences, such s “121034 105610 ...", and will suggest parses

with deeper nesting of structures than is required for the simpler types of
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sequences. The addition of Slip-scouts is extremely important if the system is

going to move on to perse more difficult sequences, and so will be one of the

first gosls we attack.

FINER-GRAINED REEORMS

When reformulation is required, we nowuse a rather heavy-handed

approach -- reform at the 0p. What the system now needs is the ability to

perform finer-grained reformulstions, perhaps retaining the reigning class as

monarch, but adding some "epicycles” to the hypothesis. The reigning class

ght one, but because there sre deeply-nested structures which the

as such, there may pe a good deel of "unhappiness” in

may be the ri

system does not perceive

the system -- the stability may be low. Rather than toss the monsarch out, the

system should sometimes investigate other reforms, reforms geared toward

finding a deeper explanatory structure.

LEARNING

There sre tWo essential requirements for a successful "inductive

learning” program. First, it must discover thal which itis to learn. Second, it

must remember what it hes discovered. The seek-Whence program has made

some progress in the area of discovery. Unfortunately, as currently structured,

Seek-Whence does not “remember” & parsed sequence in order to aid in parsing

another, or for purposes of comparison.

We would like 10 build upon our idea of "freeze-dried” hypotheses t0

implementa facility whereby old, remembered hypotheses could, in essence,

offer themselves up &s models for parsing new sequences. That is, the old

hypotheses could be 100sely "plugged in” at various levels of the system, and

when s similar structure is created could interrupt the proceedings to present
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themselves as potential models. This, and the ability to do Bongard-like anslogy

and generalization problems with collections of sequences, are more removed,

but potential goals for future research.

D. CONCLUSION

Seek-Whence is not a perfect program. It suffers from problems at

several levels and of seversl types. Nonetheless, it does serve as an example of &

new approsch to the programming of "intelligent” systems, a sample of anew

paradigm. The hallmearks of this approach are: concepts with underlying

levels of representation; & representation scheme that encourages fluid

reformulation; the ability to accept and react to evidence; anda

nondeterministic, parallel system organization. We believe that these are

important notions, ones that should be explored further snd in many domsins.

They may prove useful -- and even critical -- in the development of systems that

possess "common sense” and the ability to relate concepts in unexpected and

novel ways.
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The program's equivalent of the form

(C-group (Countup 1) shared):

-> (build-box
(same pstrucl))

' (C-group
' ({pstruc!

(same pstruc1)
(Countup L pddd

box5
—> (show-box 'pox5)

(1)

—> (show-box 'box5 )
(g 2)

-> (show-box 'box5)
(3 3 3.

-> (ghow-boX 'box5)
(4 4 4 4)
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The
Progran' s equivalent of The form

LN
wole 1 3 LlCountup V)9 SraxedI V-

=7 Vondid-nox
ViTuple \ 3 \lsane petrac) © (sane St
LCountup N N

v Lpstoae?

Do\
-5 ({2how-nhoxr VoA 2D
v\
-5 (ghow-Dnor VoA 2D
O IRA
—5 Lonow-hok Ro*
S

-5 (Onow-Hor Yoo\ 2D
y % &)

A2
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The program's equivalent of the form

(Cycle 1 3 ((Countup 1) 8 shared)):

-> (build-box ;
'(Cycle 1 3 ((game pstruc3)

g (same pstruc3)))
1{ {petrue3 (Countup 1))))

box19

-> (show-box "box19)
1

-> (sghow-box 'hox19)

-> (showébox 'box19)
-> (show%box 'box19)
-> (showibox 'box19)
-> (showébox "box19)
-> (showfbox 'box19)
-> (showaox 'hox19)

-> (show-box 'box19)
6




~y (startup

please ente
doing task
doing task

please ente
doing task
sparkl -——-
doing task
doing task
doing task
gpark2 =--
doing task
spark3 —--—-
doing task
doing task
sparkd ---
doing task
doing task
doing task
sparkb5 —--
doing task
doing task

please ente
doing task
spark6 ---
doing task
doing task
doing task
spark7 —--—-
doing task
doing task
spark8 —--
doing task
doing task
doing task
doing task
spark9 ---
doing task
doing task
doing task
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The Seguence 37 3

)

r a term: 3
sparkler-plus on (glint1

Digsolver

r a term: 7

Sparkler

between glint1glint2
Tester

Dissolver on (glint1)
Sparkler

between glint1glint2
sparkler-plus on (glint2
between glintZglint1
Sparkler-plus on (glint2
sparkler-plus on (glint2
between glintZglint1
Tester

Tester

Sparkler—plus on (glint2
between glintzglint1
Tester

Tester

r a term: 3
sparkler-plus on (g lints
between glinthlint1
Digsolver on (glint2)
Sparkler
Sparkler-plus on (glint3
between glinthlintZ
Sparkler-plus on (glint3
Sparkler-plus on (glint3
between glinthlintZ
Tester
Tester
Sparkler
Sparkler-plus on (glint3
between glint3glint2
Tester
Tester
Bonder on

37

glint1

glint]

glint2
glintl

glint’

glintl

glint2

glint3
glint2

glint2

2)

24

2)

10)

(Same print-value (remote) glintl glint3)
bond1 --- between glint1glint3

doing task Sparkler

doing task Sparkler
gpark 1l === between glint3glint1

doing task Glom-scout
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Same -—-cover proposed ——? glimt

Same —-fence proposed ——? glinti

doing task Glomtester on (Same cover glint1)

doing task Glomtester on (Same fence glint1)

The system now gloms the first two terms,
giving a parse of (3 7) 3.

r

doing task Glommer on
(Same print-value fence {glinti glint2))

Glommer for Same print—value fence

members: (glintl glint2)
doing task Sparkler-plus on (glom1 gloml 10)

doing task Glom-inspector on (glom1)

doing task Glommer on
(Same print-value cover

failed to glom (glintl g

doing task Plato-scout on

doing task Tester

doing task Sparkler

doing task Bonder on
(Same print-value (remote) glint] glint3)

doing task Template-scout on (gloml)
doing task Template—applier on

(glomil (Cycle 3 2 (3 7))
create-template-glom (cycle 3 2 (3 7)) (gloml)

top-down glom glom?2

(glint1 glint2 glinmt3d))
1int2 glint3)
(Cycle gloml)

; A template is made.

template made (form (Cycle 3 2 (3 7))
doing task Template—evaluator
check-cycle template (Cycle 3 2 ((3 7)))
; A hypothesis ig created. N

doing task Hypothesizer

(Cycle 3 2 (3 7))

doing task Glom-scout

doing task Sparkler

sparkl1l --- between glintlglintz

doing task Sparkler-plus on (gloml glint3 10)
spark12 --- between glom]glintB

doing task Sparkler

doing task Gnoth-maker

top-down glom glom3

gnoths constructed

doing task Tester

doing task Tester

doing task Call=term
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please enter a term: show-hypothesis
(Cycle 3 2 (3 7))

;  The next term will confirm the hypothesis.
please enter a term: 7
doing task Hfiltexr
new term being hyp
through (Cycle 3 2 (3 7))
top-down glom glomd

I have a guess!

; The system ventures a guess.
hypothesis: (Cycle 3 2 (3 7))
373 7%

H It is correct —- thig time.

enter no if wrong, ok if right ok
bye
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The Sequence 3 73 37 2
please enter a rerm: 3
please enter a termi 7
gparkl === between glint]glintz
grarkd === between glint1glint2
gpark3 -=-—= between glint2glint1
sparkd4 —-- between glintZglint1
sparkb5 —-- between glintZglint1
please enter a term: 3
spark6 —--- between glinthlint1
spark7 --- between glint3g1int2
spark8 —--- between glint3glint2
spark9 --- between glint3g1int2
bond1 --- between glint1glint3
sparkl10 —-- between glint3glint1
Same —-cover proposed ——> glint1

Same -fence proposed ——?> glintT

Glommer for Same print-value fence

members: (glinti glint2)

failed to glom (glint] glint2 glint3)
create-template-glom (Cycle 3 2 (3 7))(gloml)

top-down glom glom2

A template is created after three terms.

template made : (form (Cycle 3 2 (3 7))
state working coverade (1 2) glom glom2)
check-cycle template (Cycle 3 2 ((3 7)))
spark11 --- between glint1glint2

spark12 --- between glomlglint3

top-down glom glom3

gnoths constructed

’

We ask the system to nshow" us its structures.

’
please enter a term: show
terms of the sequence:

3 7 3

bonds: :
bond1 Same print-value (remote) -- (glinti glint3)

gloms:
glom1 (Same print-value tonce] =-» 43 7) terms 1 to 2

glom3 pseudo --? ((3 7)) terms 1 te 2




168

gnoths:
class: Gnoths
name: gnothl
frame: 0

plato-class: Cycle
glom: glom3

notes: nil

form: (((Cycle 3 2 (3 7)) pure))
state: stable

range: (1 2)

We ask to see it

;i A hypothesis was made.

term: show—hypothesis

))

please enter a
(oypeale 3 2 -L3-7

; The next term will deny the hypothesis.
: 3
thesis—filtered
(3 7))
glint4glint2
glint4glint3
glint4glint3
glint4glint1
glint4glint3

0

please enter a term
new term being hypo
through (Cycle 3 2
gparkl13 =—- between
spark1d --—- pbetween
spark15 —-—— between
sparkl6 —-—- between
spark17 —-—- between
set-out —-- validity:
top-down glom glomd
groups: ((glintl glint2))
glom: (glintl glint2)
top-down glom glomb
top-down glom glomb
top-down glom glom71
top-down glom glom8

gnoths: (gnothl gnoth2 gnoth3)

;  The system will continue to ‘let "Cycle" reign.

slip-check: stayval: 0.0

bests: nil

gparklg ——= between glinthlint4

bond2 —--- between glinthlint4

gpark19 ——= between glinthlint4
sparkeld -——= between qlint4glint3

bond3 --- between qlintlglint4

gpark2]l -—— between glint4glint1

casts: ((Cycle 3 1 (3]} (Cycle 7 1 (7))

(3))) (Cycle 3 3 (37 3))

(Cycle 3 1
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A new hypothesis is made.

new hypoth candidate (Cycle 33 (37 3))
spark22 --- between glint1glint2

7

please enter & term: show-sed

2 T8 8
nfirm the new hypothesis.

; The next term will co

please enter a term:
epark2s =-—— between glinthlint1
new term being hypothesis—filtered

through (Cycle 3 3 (3 7 3))
top-down glom glom9

I have a guess!

hypothesis: (Cycle 3 3 (3 7 3)]

3.7 337
; The hypothesis is correct.

enter no if wrond, ok if right ok

bye
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The Sequence | o 123 1 2 3 4
-> (startup)
please enter 2 term: |
doing task Sparkler—plus on (glinti glint! 2)
doing task Dissolver
doing task empty—task
please enter @ term: 2
doing task gparkler
gparkl === between glint1glint2
doing task Tester
doing task Sparkler—plus on (glint2 glint1 10)
spark2 =-—— petween glintZglint1
doing task Sparkler—plus on (glint2 glinti 10)
gpark3d =—- petween glint2glint1
doing task Dissolver on (glintl)
doing task Bonder oOnN '
(Succ print-value (adjacent) glint] glint2)
bend] —-— bétween glint1glint2
doing task Tester
doing task Glom-scout
Pred -group proposed __» glint?2
doing task Glom—scout
Pred —group propose _—» glint2
doing task Glomtester on (pred group glint2)
doing task Tester

Glommer ©OD

doing task
(pred print-value group (glintl glint2))
Glommer for Pred print~va1ue group members: (glint]
glint2) . _
doing task Glomtester o1 (pred group gllntz)
Glomtester failed glint2
doing task Sparkler
doing task Bonder OnN

{ Bucc print—Value (adjacent) glinti glint2)
doing task Bonder ON

(Succ print-value (adjacent) glint1 glint2)
doing task Glom~inspector on (gloml)
doing task sparkler—plus on (glint2 glint1 2
sparkd —-—- petween glintZglint1
doing task TesteX
doing task Plato—scout on ((8-group p-group) glomi)
doing task Bonder ©

(Succ print-value (adjacent) glinti glint2)
doing task Plato~evaluator on (P-group glom1)
doing task sparkler—plus on (glint2 glint2 2)
doing task gparkler
doing task Template—scout on (gloml)
Create-template—glom (s-group 1 2)(gloml)
top-down glom glom?2
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; A template is made .

template: (form (s—group 1 2)

doing task Sparkler

spark5 —--- between glint]glintZ
doing task Template—evaluator on nil
doing task Sparkler-plus on (glom! gloml 10)
doing task Gnoth-maker

top-down glom glom3

gnoths constructed

doing task Sparkler

;  Now comes the first hypothesis.
doing task Hypothesizer

(Countup 1)

doing task Tester
doing task Call-term
please enter a term: show-hypothesis
(Countup 1)

please enter a term: show
terms of the sequence:
-2

bonds:
bond1 Succ print-value (adjacent) -- (glint1 glint2)

gloms:
glom1 (Pred print-value groupl ==» (1

glom3 pseudo -—? ((1 2)) terms 1 to 2

2) terms 1 to 2

>

gnoths:

class: Gnoths

name: gnothl

frame: 0
plato-class: S—-group
glom: glom3

notes: nil
form: (((S-group 1 2) pure))

state: stable :
range: (1 2)

;  The next term denies the hypothesis
please enter a term: |1

doing task Hfilter '
new term being hypothesis—flltered

through (Countup 1)
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doing task Bonder oOn
(Succ print-value (adjacent) glint1 glint2)

Sparkler—plus on (glint3 glinti 10)

doing task

sparke -—— between glint3glint1

doing task sparkler-plus on (glint3 glint2 10)
gpark? —= between glinthlintZ

doing task sparkler-plus on (glint3 glom3 2)
doing task sparkler-plus on (gloml glint3 10)
spark8 —--—- between glom1glint3

doing task sparkler-plus on (glint3 glint2 16 )
spark9 --- between glint3glint2

doing task Tester

doing task Sparkler—pl

doing task Bonder on
(Pred print-value (adjacent) glint2 glint3)

pond2 —--- between glint2glint3

doing task sparkler-plus on (glint3 glint3 Z)

doing task sparkler-plus on (glint3 glom3 2)

doing task Tester

doing task Dissolver on (glom3)

glom3 is not in cytoplasm

doing task Tester

doing task sparkler-plus on (glint3 glint] 10)

sparkl10 =-— between glint3glint1

doing task Sparkler—plus on (glint3 glint2 10)

gparkll =—- between glint3glint2

doing task Tester
doing task Tester
doing task Sparkler-p
doing task sparkler-plus on (glint

doing task Bonder on
(Pred print-value (adjacent) glint2 glint3)

doing task Bonder on .
(Same print-value (remote) glintl glint3)
bond3 --- between glint]glintB
doing task Bonder on
(Same print-value (remote) glinti glint3)
doing task Glom-scout
doing task Glom-scout
doing task Bonder on
(Pred print-value (adjacent) glint2 glint3)

doing task Sparkler

spark12 --- between glint1glint3
doing task Sparkler
doing task Glom-scout
Same -cover proposed ==y glipt3
Same -fence proposed ==y glintl

doing task Sparkler
gpark13 == between glint1glint2

us on (glint3 glom3 10)

jus on (gloml glint1 10)
3 glintd 21}




task Tester

task
task
task
task

doing
doing
doing
doing
doing
doing task
doing task
(Succ print-valu
doing task Bonder ©
(same print-value
doing task Sparkler
doing task Sparkler
spark14 --- petween gl
doing task
doing task Sparkler
doing task Bonder O
(Pred print-value

Tester
Glomte
Sparkler
Tester
Bonder on

e (ad
n

n

Glomtester on

(remote

Sparkler—plus on

(adjacent)
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(Same cover glint3)

ster on (Same fence glint3)

jacent) glintT glint2)

) glinti glint3)

int1glint3

(glomT 10)

gloml

gloml glint3)

bond4 --- between glom]glint3

doing task Sparkler

cparkis === petween glintZglint1

doing task Glom-scout

Same -cover proposed -3 Flints

Same -fence proposed ~—7 glint3

doing task Glomtester on (same fence glint3)

doing task Tester

doing task Bonder on

(Same print-value (remote) glintl glint3!

ter on (Same cover glint3)

doing task Glomtes
doing task Sparkler
doing task
top-down glom
top-down glom
top-down glom
top-down glom glom7
top-down glom glom8
gnoths: (gnothi gnoth2
doing task Glom-scout
doing task Tester
doing task Bonder on
(Succ print-value (
doing task Plato-scout
((C-group S-group P-
glom6)
task Temp
task
task
task
task
task
task Sparkler
__— petween gl

glomd
glomb
glomb

doing
doing
doing
doing
doing
doing
doing
spark16
doing task

Sparkler

Sparkler

group

late-scout on
Template—scout on

Template—scout on

Template—scout on

Template-scou

Gnoth-setter

gnoth3)

) glint1 glint2)
on

(glom6)
(glom6)
(glomé6)
(glomé6)

t1glintd

in
£ on (glomé)

y-group Cycle Tuple)
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doing task Template-scout on (glom6)

doing task gparkler
doing task Reformulator

;  Changing to a new reigning class.
;  Countup --? S—-group

doing task Bond-assessor on (S-group 8.0)

; Reformulation is performed.
doing task Gnoth-operator
( (PROGRAM ( (SHIFT-RIGHT gnothl
(ENCLOSE gnothl nil))))
top-down glom glom9
doing task Glom-scout
doing task Reformulator
doing task Tester
doing task Bonder oOn
(Succ print-value (adjacent) glint glint2)
doing task Sparkler
doing task Sparkler
doing task Bond-assessor On (S-group 8.0)
doing task Reformulator
doing task Bond-assessor oOn
doing task Reformulator

gnoth2 (glint1))

(8s—group 9.0)

doing task Bond-assessor On (S—group 10.0)
doing task Gnoth-caster
casts: ((S-group | 2) (S-group 1))
(s—group 1 2) :

2

new hypoth candidate (s—group |
doing task Call-term

; A second hypothesis has peen devised.

please enter a term: show-hypothesis
(§—group 1 24

lease enter a term: show-parse

p
(41 2) £1))

please enter a term: show
terms of the sequence:
1 21

bonds:
bond1 Succ print-value (adjacent) -- (glint1 glint2)

bond2 Pred print-value (adjacent) -- (glint2 glint3)
bond3 Same print-value (remote) -- (glint1 glint3)
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gloms:
glom8 pseudo ——?

(1) terms 3 to 3
glom9 pseudo —=7 (1 2)

terms 1 to 2

gnoths:

external-bonds: ( (pond2 0) (bond3 -5))
internal-bonds: ( (bond1 10))
equivalence—type: parse
groups: nil

class: Gnoths

name: gnoth2

frame: 1

plato-class: S—-group

glom: glom9

notes: nil

form: (S-group 1 %1

state: stable

range: (1 2)
external-bonds: ( (bond2 0) (pond3 -5))

internal-bonds: nil
class: Gnoths

name: gnoth3

frame: 2
plato-class: S—-group
glom: glom8

notes: nil

form: (S-group 1 1)
state: stable

range: (3 3)

; The next term confirms the hypothesis,
; although it ig incorrect.

please enter a term: 2

doing task Hfilter

new term being hypothesis—filtered through (S-group 1
2)

top-down glom gloml10

The system ventures a guess:

;
I have a guess!

hypothesis: (S-group 1 2l
(1 261 2¥e 2)

; It is wrond this time.

enter no if wrond, ok if right nope




please enter a term:
12 1 2

’

please enter a term:
doing task Hfilter
new term being hypo
(1 231

doing task Sparkler-p
sparkill === between g
doing task Sparkler-p
doing task Sparkler-p
doing task Sparkler-p
spark18 --—- between g
doing tas
glom8 is not in cytop
doing task Sparkler-p
sparkl19 —--- between d
doing task Sparkler—-p
spark20 --—— between g
doing task Sparkler-p
doing task Sparkler-p
spark2l --- between g
doing task Sparkler-p
doing task Sparkler-p
gpaxrk22 == petween g

doing task Dissolver on
glom10 is not in cytoplasm

doing task Sparkler-p
spark23 —-—- between d
doing task Sparkler-p
doing task Sparkler-p
spark24 --- between g

T7e

show-sed

A new term 1is entered.

3

lus on (glint5
1int5glinté
lus on (glint5
lus on (glintd
lus on (glint4
1int4glint3

k Dissolver on (glom8)

lasm
lus on (
1int4glint3
lue on (glint5
1intS5glint1
jus on (glint>5
Jus on (glint5

lus on
1us on (glintb
1int5glint2
(glom10)

lus on
1int4glint2
Jjug on (glinté
lus on (glint5
1int5glint2

doing task Gnoth-setter

top-down glom gloml1
top-down glom glom12
top-down glom glomi13
gnoths: (gnoth2 gnoth

We will stay wit

'

slip-check: stayval:
pest: (Y-group

doing task Tester

3 gnoth5)

h the reigning clas

15.0
4.0)

thesis-filtered through

glint4 10)
glom8 2)

glint1 10)
glint3 10)
glint3 10)
glint1 10)
glom10 2)
glint3 10)
glint5 2)
glint2 10)
glint2 10)
glom8 2)

glint2 10)

doing task Bonder on
(remote) glint2 glint4)

(same print-value
bond5 --—- between
doing task Tester
doing task Tester
doing task Sparkler-p
gparkas -—— between 9

doing task Tester

glintZglint4

lJus on (glint5s
1int5glint3

glint3 10)

s —-— S5-group.
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doing task Bonder oOn
(Succ print-value (remote) glint2 glints)

pond6 —--- between glintZglintS

doing task Sparkler

doing task Bonder oOn
(Succ print-value (adjacent) glint3 glintd)

bond7 —--- between glinthlint4
doing task Sparkler
doing task Sparkler—plus
doing task Sparkler—plus
doing task Tester

doing task Sparkler—plus

doing task Reformulator
doing task sparkler-plus on (glint5 glintd 10)

sparklt =-=— between glinthlint4

on (glint5 gloml10 10)
on (glint5 glomi0 2)

on (glint5 gloms8 2)

; More reformulation is performed.

doing task Gnoth-operator o
( (SHIFT-RIGHT gnoth3 gnoth

top-down glom glomld

doing task Tester
doing task Bond-assessor On (g-group 8-0)

doing task sparkler-plus on (glint5 glintd 10)
spark27 —-—- between glinthlint4

doing task Sparkler
doing task Tester
doing task Sparkler
apathki8 -—= between g
doing task Bondexr on
(Succ print-value (adjacent) glintd glint5)
bond8 --- between-glint4glint5
doing task sparkler-plus on (glint5 glint1 10)
spark29 =--= pbetween glinthlint1

doing task Tester
doing task Tester
doing task Sparkler
doing task Sparkler-plus on (glint4 glintd 2)
doing task Bonder On
adjacent) glint3 glint4)

(Succ print-value ( .
doing task gparkler—-plus on (glint5 glint5 2)
doing task Sparkler—plus on (glint4 glom9 2)

doing task Bonder on :
(Succ print-value (adjacent) glintd glint5)
doing task sparkler-plus on (glint4 glom8 10)

doing task Bonder on
(Succ print-value (remote) glint2 glint5)

doing task gparkler-plus on (glint5 glom9 2)
doing task Reformulator

doing task Tester
doing task Sparkler

n
5 (glint3)))

lint4glint5
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doing task Bonder O
(Succ print-value
doing task Sparkler

doing task Tester
doing task Sparkler—plus on (glint5 glom9 2)
doing task Tester

doing task Bonder on
(Succ print-value (adjacent) glintd glint5)
doing task Bond-assessor On (S-group 8.0)
doing task Reformulator

doing task Tester

doing task Sparkler
gpark3Q -—- between glinthlint1
doing task Bond-assessor On (S-group 9.0)

doing task Tester
doing task Reformulator
doing task Bond-assessor On

n
(adjacent) glintd glint5)

(S—group 10.0)

doing task Gnoth-caster
casts: ((S-group 1 2) (s-group I 31}
(S—group 1 (Countup 2))

1 (Countup 2))

new hypoth candidate (8-group
doing task Call-term

A third hypothesis ig formulated.

please enter 2 term: show-hypothesis
(S-group 1 (Countup 2))

’

e enter a term: gshow—-parse

pleas

((1 2) (1 2 3)) )
please enter a term: show

terms of the sequence:

1 2 1 2 3

bonds:
bond1 Succ

print*value (adjacent) - L 1AnT glint2)
bond2 Pred print—value

(adjacent) —-- (glint2 glint3)

bond3 Same print-value (remote) -- (glinti glint3)
bond5 Same print-value (remote) —— (glint2 glint4d)
bond6 Succ princ-value (remote) —— (glint2 glint5)
bond7 Succ print—value (adjacent) —— Rl imt3 glint4)
bond8 Succ print-value (adjacent) -— (glint4 glint5)

gloms:
glom9 pseudo ——?
glom14 pseudo ——?

(1 2) terms 1 €5 2
(1 2 3) terms 3 to 5
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gnoths:

external—bonds:
( (pond2 0) (pond5 -5) (pond6 0) (bond3 ~5})

internal-bonds: ((pond1 10))
equivalence—type: parse
groups: nil

class: Gnoths

name: gnoth2

frame: 1

plato-class: S-group
glom: glom9

notes: nil

form: (S-group 1 2)
state: stable

range: (1 2)
external-bonds:
( (pbond6 0) (pond5 -5) (pond2 0) (pond3 -5))

internal-bonds: ( (bond8 10) (bond7 10))

groups: nil

class: Gnoths

name: gnothb

frame: 2
plato-class: S—-group
glom: glomlé

notes: nil

form: (S-group | 3)
state: stable

range: (3 5)

;  The next term confirms the hypothesis.

please enter a term: show-sed

1 201 2 3

please enter a term: |
doing task Hfilter
new term being hypot
(Countup 2))
top-down glom gloml15

I have a guess!

hypothesis: (S-group 1 (Countup 21}
(1 2)(1 2 3)(1 2 3 4)

; This time the guess 1is correct.

enter no if wrong, ok if right ok

bye

hesis-filtered through (S-group

1
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GLOSSARY

actualization —- A gnoth that exhibits the properties of some Platonic class is an

actualization of that class at the socratoplasm level.

attribute-based description -- & concept representation scheme that views a

concept as a unit with only global properties, rather than as a structure

(see "structural description™).
bond -- a cytoplasm-level structure that defines a relationship (e.g., sameness,

successorship) between tWo gloms (or glints).
box -- the active portion of the structural representation of a Seek-Whence
mation about the value of that structure.

concept, and a repository of infor
glom and its subgloms, leaving only

bursting - an operation that destroys &

underlying glints pehind.
catchall gnoth -—- & rightmost or"trailer” gnoth that simply holds input terms
that egree with the hypothesis without parenthesizing them.

cosmetic reform —- the reformulation of & predictive hypothesis for aesthetic

reasons -- to give it a cleaner form -- or to make its structure conform

more closely to that dictated by the reigning hypothesis.
cytoplasm -- the lowest tevel of the Seek-Whence world: home of bonds, glints,

and gloms.
dissolving -- an operation that destroys a glom, freeing its top-level subgloms

into the cytoplasm.
divesting push -- & unilateral move by & gnoth to rid itself of an internsal glom

that decresses its stebility, whether or not a neighboring gnoth has any

attraction for the glom.

dubbing -- the marking of a glom
class. For example, when the system recognizes that the glom (111)has

the properties of a C-group, it will be "dubbed” as aC-group

menifestation.

frame -- an abstractly-viewed hitofah
Seek-Whence forms that would produce the given hit.

freeze-dried hypothesis -- the form of a hypothesis without its active, structural

as a manifestation of & particular Platonic

ypothesis: the collection of

description.
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glint -- Seek-Whence's cytoplasm—level representation of an input-sequence

term.
glom -- & cytoplasm-level structure represe
collection of neighboring glints (and
-{evel structure represen
terms in the system's parenthesization or parse of asequence.

—- one of several well-defined actions -= SHIFT-LEET,
LOSE, FRACTURE, MERGE, NO-0P -- for

nting a plausibly groupable

Jor gloms).

gnoth -- a socratoplasm ting a logicel grouping of

gnoth operation
SHIFT-RIGHT, SPLIT, CAPTURE, ENC

modifying & gnoth or neighboring gnoths.
gnoth-hypothesis equivalence - the representation by a gnoth of one frame of

a hypothesis. There are three levels of equivalence -~ term, parse, and

structural (see pp- 94-97).
hit-- aqueryof & Seek-Whence disgram O 0

or grouping of terms.
hypothesis -- & reformulatable struc
sequence pattern, and is const
primitive Platonic concepts.
hypothesis filtering -- & process whereby
conformity with the reigning hypot
conform to the hypothesis, reformulation pbegins.

ideal types -- the Platonic concepts =~ ideal atoms and ideal groups.
A glom that exhibits the properties of some Platonic class is &

menifestation of that class at the cytoplasm level.
he evidence presented by anew

medical reform -- the reformulation, using t
it fails to be predictive.

term or terms, of & hypothesis because 1
an expression of & perceived sequence parse, made by

gloms and glom collections. For example, the
3) is achieved by putting the first two terms

f a box for its next value -—- aterm

ture that models and can extrapolate a
ructed from one or more of the eight

new input terms are checked for
hesis. Should anew term not

manifestation —-

parenthesization --
putting gnoths over certain
parenthesization (1 2) (12
into one gnoth and the lastt
parse -- a patterned view of asequen
Platonic class (concept) -- e ideslize
primitives (Constant, Countup, C-group,
Tuple) from which Seek-Whence concepts

hree into another.

¢8,
d version of en integer, or one of the eight

S-group, P-group, Y-group, Cyc<le,
are constructed.
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platoplesm -- the highest level of the Seek-Whence world, which houses the

Platonic concepts and information about them.

PROGRAM -- a series of gnoth operations proposed by a Reformulator task in

order to modify the system's parenthesization of a sequence.
glom, in that it cannot combine with other gloms,

generally used s a cap to prevent the disappearance of & given glom
cluster (one glom or' & collection of neighboring gloms).
reformulation -- the conversion of one concept into another, related, concept in

8 "reasonsble” way: & synonym for slippage.
s-link —- A "slipping link” petween two Platonic classes. The slipperiness of

such alink indicates the system’s proclivity to slip from one class to

pseudo-glom -- en inert

another.

Seek-Whence diagram -- &set of primitive node types and a structural

hnique used to give o visual sense of our concept

representation t€c
representation scheme and of the effects of reformulation.
Slipnet -- a repository of the information about the Platonic concepts and their

interrelationships needed for reformulation.

slipperiness -- (see "s-1ink™)

socratoplasm -- the middie level of the Seek-Whence world, which houses the

gnoths.
structural description —- & conceplt representation that portrays aconceptas

having separately—describable components, rather then as asingle entity

with only globeal attributes (see attripute-based description").
task -- an uninterruptible (and generslly small) segmentof & computational
process. Tesks ate capable of creating or modifying structures, setting

off other tasks, or querying the user.

==& "proto—hypothesis", developed as the first rough statement of an

templat

emerging formulation.
terraced scan -- a technique for progressively deepening the exploration of

several pathways in parallel, whereby the most plausible pathways are
explored more extensively than the less plausible ones.
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