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' Figure V-6. Bar graph summarizing 1 000 yuns of the Copycat program on the
analogy problem “abe => abd; xyz => 27

1 . o
o idea carried out only halfway, people very often come up with it. Indeed, such
a;;d blends and half-completed trains of thought are very characteristic of human
[ © cognition (Hofstadter & Moser, 1989 gives examples of many types of cognitive
s - - . s
of blends and discusses their origin).
yeat The other four answers are much farther outon the low-frequency fringes.
ft : 9 yiring
é The answer dyz (much like dji in Problem 3) is a highly implausible blend of
o r insight and simple-mindedness, the insight being the subtle perception of the
its ' s . .
Zh abstract symmetry linking abe and xyz, and the simple-mindedness being the
¢ extremely concrete and unimaginative way of conceiving the abe =» abd change.
inal Amusingly, this answer is self-descriptive, in that dyz can be pronounced “dizzy”.
ina . s . .
Gal Indeed, some people find this answer so dizzy in its style of thought thatit evokes
atia . .
laughter. In Hofstadter ¢t al. (1989), this and several other Copycat analogies
ancy . _
o are mapped onto real-world jokes, and are thereby used to suggest a theory of
1SEIC . " . . . .
< “slippage humor, one of whose tenets is that there is a continuum running
uish : . . s g :
from sensible through “sloppy” answers and winding up in “dizzy” answers,
bbi where “sloppy” and “dizzy” can be given semni-precise definitions in texms of the
e . . . . .
(th degree of consistency with which conceptual slippages are carried out.
e . A .
: The answer xyy allows that the two strings are to be perceived in opposiie
¥ e . .
rg{y alphabetic directions (thus a successor = predecessor stippage) , yet refuses to give
m its . . i . e
¢ up the idea that the strings have the same spafial direction; 1t thus insists on
e of . ‘ . .
h changing the rightmost letter, as was done to abe. It is amusing to note that ¢
wi . . ' o
d — Problem 1’'sanalogue fo this answer® —was produced one time in 1,000 runs,
‘OAd .
) even without the pressure of a snag.
letail
1g 1o 6. Tt is ronic that a claim of analogousness of answers to different Copycat probtems {such as the
e offhand remark made in the text that ijf in Problem 1is “the analogue” to ayyin Problem 6) comes
IICS; across as objective and unproblematic to most people, despite the fact that many people express
;_ged, doubt about the notion of “rightness” or “wrongness” of letter-string analogies. The fact is, most
ed in peopie do have a strong intuitive sense of right and wrong analogies — it’s just that when the
. psychological contexi is *Solve this analogy puzzie”, they put their guard up and become wary of
c jjkk any claims, whereas when the context is “commentary Of: our program’s behavior”, they lower their

guard and go with their intuitions, without even realizing the change in their attitude.

good
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‘The answer ayz, whose very high temperature of 74 indicates that.
program did not “like” it at all, comes from interpreting the abe = abd chan
as “Replace ¢by d”. {This is not nearly as clever as positing that the x might se
as its own successor, which is an entirely different way of justifying this sa
answer, and one that people fairly often suggest. In fact, when aya is barred, &
what people come up with most often.) Note that §j&, the analogous answer
Problem 1, was never produced. It takes the “desperation” caused by the z-snag
allow such strange ideas any chance at all.

Finally, answer yzz is a peculiar, almost patholegical, variant of the abov
discussed answer yyz, in which the x and y in xyz are grouped together as on

object, which is then replaced as @ whole by its “successor” (the successor of eac recially th
, o , especially L
letter in the group). Luckily, it was produced only once in 1,000 runs, and w ,—z bridge a

considered a poor answer.
In Problem 6, pressure for a crosswise mapping {leading to the answer wyz) wy s the ot

comes both from the existence of an impasse and from the possibility of an
appealing way out of that impasse — namely, a high-quality bridge linking

instances of the two “distinguished” Platonic letters, # and z Suppose that the |

impasse was retained while the appeal of the “escape route” was greatly reduced

— what would be the effect on Copycat’s behavior? The following variant

explores that question.

7. Suppose the letter-string rst were changed to rsu; how would
you change the letter-string xyzin “the same way™?

As Figure V-7 shows, wyz was produced on only 1 percent of the runs,
whereas in Problem 6 it was given on almost 14 percent of the runs. Here, there
is very little 1o suggest building a crosswise bridge, because the r and z have
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almost nothing in common, aside from the rather irrelevant fact that the ris experience
leftmost in its string and the zrightmost in s string ~ hardly a powerful reason akind of
to make an r—z bridge. “ Copycat w:
For some perspective, compare this to Problem 1. How much appeal is bring outs
there to the idea of mapping the leftmost letter of ébe onto the rightmost letter analogy to
of ijk? Such a crosswise e~k bridge would resuit either in the answer hjk Epilogue ¢
{(characterized at the beginning of this article as “unmotivated fluidity”), orx families of
possibly in jfk or djk. However, in 1,000 runs on Problem 1, Copycat never with flying
produced any of those answers, nor have we ever run into a human who has and 5 of b
suggested any of them as an answer to Problem 1. (Actually, one person once The
did propose hjk in response to Problem 1, but this was under the influence of show how
having just seen the wyz answer to Problem 6.) In colloquial terms, answers to degree to
Problem 1 based on a crosswise mapping seem completely “off the wall”, to differe:
In Problem 7, of course, things are different, because there is, after all, a the essen
snag, and hence a kind of “desperation”. The various emergency measures — analogies
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problem: rst ——» rsu, Xyz —>» ?
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.Figmw V7. Bar graph summarizing 1,000 runs of the Copycat program on the
dnaiogy problemn “rst = reus wyr = P

jally the persistent high temperature — make the normally unappealing
ridge a bit more tempting, and s0, once in 2 while, it gets built. From that
¢ on, the whole paradigm shift goes through exactly as in Problem 6, and
1 is the outcomic.

“In some sense, Problem 7 Lies halfway between Problems 1 and 6, so answer
in Problem 7 represenis an intermediate stage between unmotivated and
qvated fuidity. It is most gratifying to us that Copycat responds to the
frerent constellations of pressures in these problems in much the way that our

qrition feels it ought to.

milies of problems as a “miniature Turing Test”

. Yt cannot be overestimated how critical we feel this method of probing
ypycat through various families of subtly related problems is. When we began

nning Copycat on a large number of problems, we had no clear idea of what

ts:performance would be, and we were, frankly, somewhat nervous. To us, the

xperience of waiching Gopycat reacting to each new problem had the feel of
akind of “miniature Taring Test”, in the sense that each new problem posed to

Copycat was like a question and answer in the Turing Test that would inevitably

bring out some new and unanticipated aspect of the program’s personality (this

analogy to the Turing Test is further discussed in French, 1995; see also the
Epilogue of this book}. Copycat’s mechanisms were truly put to the test by the
families of problems we challenged it with, and by and large it came through
with flying colors. A thorough discussion of those tests is found in Chapters 4
and 5 of Mitchell (1993).

The bar graphs just presented suggest the range of Copycat’s abilities, and
show how diverse constellations of pressures affect its behavior. They show the
degree to which the program exhibits rudimentary fluid concepts able to adapt
 to different situations in a microworld that, though ideatized, captures much of
the essence of real-world anatogy-making. They also reveal, by displaying bad
s analegies Copycat makes, some of the program’s flaws and weaknesses. But they
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alse show that though Copyeat has the potential to get farfetched answers -y
potential essential for flexibility ~ it still manages to aveid them almost all the
time, which shows its robustness.

It is important to emphasize once again that our goal is not 1o mod
specifically how people solve these letter-string analogy problems (it is clea
that the microworld involves only a very small fraction of what people knowy
about letters and might use in solving these problems), but rather to pmposé
and model mechanisms for fluid concepts and analogy-making in general,
These mechanisms, described earlier on, will be illustrated in detail in the nexy
section, which follows the temporal progression of Copyceat as it solves two:
problems. First we take a particular run of the program on Problem 4 and
present it through a series of screen dumps; then we move to Problem 6 and
discuss the abstract pathway followed by almost all runs that lead to answer twyz.

Copycat’s Performance: A Tree-level Close-up

A problem where perception plays a crucial role is chosen as a focus

We now illustrate the mechanisms described in this article by presenting
a detailed set of screen dumps from a single run of Copycat on Problem 4. As
was discussed above, this problem has a seemingly reasonable, straightforward
sofution, mrrkkk, but neither this answer nor the more literal mrrfjk is very
satisfying, since neither reflects an underlying successorship structure in mrrjjf
analogous to that in abe Such a successorship fabric can be found only if
relationships between group lengths are perceived in mrrjjj. But how can the
notion of group length, which in most problems remains essentially dormant,
come to be seen as relevant by Copveat?

Lengthis certainly in the halo of the concept group, as are other concepts,
such as letter category (e.g., j for the group 7)), string position (e.g., vightmost), and
group fabric {e.g., sameness). Some of these concepts are more closely associated
with group than others; in the absence of pressure, the notion of length tends
to be fairly far away from group in conceptual space. Thusin perceiving a group
such as rr, one is virtually certain to notice its letter category (namely, »), but
not very likely to notice, or at least attach importance to, its length (namely,
2). However, since the concept length is in group’s halo, there is some chance
that lengths will be noticed and used in tryitg to make sense of the problem.
One might, for instance, consciously notice a group’s length ar some point,
but if this doesn’t turn out useful, length’s relevance will diminish after a short
while. (This might happen in the variant problem “abe = abd: mrrrrjf =727
This dynamic aspect of relevance is very important: even if a new concept is at
some point brought in as relevant, it is counterproductive to continue spend-
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‘much of one’s time exploring avenues involving that concept if none seems

mising.

; story in quick strokes

One way Copycat arrives at mrifjjj is now sketched (of course, since the
gram is nondeterministic, there are many possible routes to any given
wer). The input consists of three “raw” strings (here, abe, abd, and mrrjj)
1 no preatiached bonds or preformed groups; it is thus left to the program
to build up perceptual structures constituting its understanding of the problem
erins of concepts it deems relevant,

On most runs, the groups rr and fjj get built (the program tends to see
meness groups quite fast). Each group’s letter category {r and j, respectively)
is noted, as the concept letter category is relevant by default. Although there is
me chance for length to be noticed when a group is made, it is low, as length
-dnly weakly associated with group. Once rr and ffj are made, sameness group
comes very relevant, which creates top-down pressure to describe other
shiects, especially in the same string, as sameness groups, if possible. The only
vay to do this here is to describe the m as a sameness group having just one
member. But this is resisted by a strong opposing pressure: a single-member
oup is an intrinsically weak and farfetched construct. It would be disastrous
;fCopycat were willing to bring in unlikely notions such as single-member

Errgik is ¥ roups without strong pressure: it would then waste huge amounts of time
acture dn mregjf xploring ridiculous avenues in every problem. However, the prior existence of
= foimd onl two other strong sameness groups in the same string, coupled with the system’s

ichow can th

1'ﬁaily dorman

imhappiness at its failure to incorperate the lone m into any large, coherent

tructure (revealed by a persisting high temperature), pushes against this

intrinsic resistance.

- ,‘
qg}ler concept These opposing pressures fight; the outcome is decided only as a statistical
;ightnost), and
b‘_se}y associated]
‘oF lngth tends
&éiving agroup
mamely, ), but
éagth {namely,
iy some chance
it the problem.
3l some point,
shaftera short::
mrrrrff =77
s concept is at
ontiaue spend-

esult of probabilistic decisions made by a large number of codelets. If the m
chances to be perceived as a single-letter sameness group, that group’s length
will very likely be noticed (single-letter groups are noteworthy precisely because
of their abnormal length}, making length more relevant in general, and thus
increasing the probability of noticing the other two groups’ lengths. Moreover,
length, once brought into the picture, has a good chance of stayiﬁg relevant,
since descriptions based on it turn out to be useful. (Without reinforcement, a
node’s activation decays cver tirne. Thus, for instance, had the target string been
mrrrryy, length might get brought in at some point, but it would not turn out
useful, so it would likely fade back into 0bsturity.)

: In mrrjjj, once lengths are seen, the (numerical) successor relations
among them might be spotted by bottom-up codelets, ever-present in the
Coderack, continually seeking new relations in the Workspace. (Note thatsuch




250 Douglas Hofstadter & Melanie Mitchell

spontanecus bottom-up noticing could happen only in a parallel architectupe

where many types of properties can be continually being looked for at once

without a need for explicit prompiing.) Another way, perhaps more likely, tha

the noticing of successor relations in merrjjj could oceur is through top-down
pressure caused by the already-seen successor relations in abe In any case, ag

so0n as the numerical successorship relations are seen and a much more

satisfying view of mrrfjf begins to emerge, interest in the groups’ letter catego-
ries fades and length becomes their most salient aspect. Thus the crux of finding”
this solution lies in the triggering of the concept length.

Sereen dumps tell the stovy in detail

Figure V-8is a series of screen dumps frem a run of Copycat, showing one
way it arrives at the answer mrrfffj (note that this answer is not very typical:
according to Figure V—4, this answer is given only about 4 percent of the time),
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1. The problem is presented. Temperature,
shown on a “thermometer” {at the left), is at
* its maximum of 100, since no structures have
: yet been built. At the bottom, some Slipnet
.nedes are displayed. (Note: links are not
shown. Also, due to limited space, many
nodes are not shown, e.g,, those for g, b, ctc.)
A black square represents a node’s current
activation ievel (the numerical value, be-
tween O and 100, is shown above the square).
Nodes here displayed include lgfimost,
middle, and rightmost (the possible string posi-
tions of objects in the Workspace); first and
{ast (the distinguished alphabetic positions of
Platonic letters a and z); left and right (the
possible directions for bonds and groups);
identity and opposite {two of the possible rela-
tions between concepts); same, predecessor,
and suceessor (the possible bond categories for
bonds between Workspace objects); predeces-
o7 growp, successor group, and copy-group ! (the
various group calegories); lefter and group (the
possible object categories for Workspace ob-
jects); and in row 3, nodes representing
these various categories of descriptions, in-
cluding length.

Every letter comes with some preattached
descriptions:  fts letler category (e.g., m), ils
string position {leftmost, middie, vightmost, or
none — ¢.g., the fourth letter in mrrjfj has
ne string-position description), and its object
category (letler, as opposed to group). These
nedes start out highly activated.

in the terminology of the text.

2. The 30 codelets so far run have begun
exploring many possible structures. Dolted
lines and arcs represent structures in early
stages of consideraton; daeshed lines and arcs
represent structures in more serious stages
of consideration; finally, sefid lines and arcs
represent structures actually built, which can
thus influence temperatore as well as the
building of other structures. Varicus bonds
and bridges between letters are being consid-
ered {eg, the dotted -7 bridge, which is
based on the relativelylong lefimosi—righimost
Slipnet link; being implausible, it won’t be
pursued much further),

Bridges connecting letters in abe with
their counterparts in abd have been built by
bottormrup codelets, as has a j—f sameness
bond at the right end of mrrjff; this latter
discovery activated the node same, resulting
in top-down pressure (e, new codelets) to
seck instances of sameness elsewhere.

Some nodes have become lightly actd-
vated via spreading activation {eg., the node
ferst, via activation from the node & [not
shownl]). The slight activation of lengih
comes from its weak association with letter
category (letters and numbers form linear se-
quences and are thus similar; numbers are
associated with lengéh). The temperature has
fallen in response i the structures so far
built. It should be pointed out that many
Heeting explorations are constantly occur-
ring (£.g., "Are there any relations of interest
between the mand its neighbor 777), but they
are not visible here.

1. Note that the term copy-groug, in this set of screen dumps and captions, means sameness group,
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3. The successorship fabric of gbe has been
ohserved, and two rival groups based on it ave
being considered: beand abe. Although the
former got off to an early lead (it is dashed
while the latter is only dotted), the latter,
being intrinsically a stronger structure, has a
higher chance of actually getiing built.

Exploration of the crosswise a—j bridge
was aborted, since it was (probabilistically)
Judged 1o be too weak to mexit further con-
sideration. A more plausible c~jbridge has
been built (jagged vertical line); its reason
for existence (namely, both letters are right-
most in their respective strings) is giver: he-
nieath i, in the form of an identity mapping.

Since successor and sameness bonds have
been builr, these nodes are highly active; they
in twn have spread activation to successor
group and copy-group (ie., sameness group),
which creates top-down pressure (o look for
such groups. Indeed, a jjj copy-group is be-
ing strongly considered (dashed box). Also,
since first was active. alphabetic position be-
came highly active {a probahilistic event),
making alphabetic-position descriptions
likely to be considered.
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4. Groups abc and jjj have been built (the -
bonds between their letters still exist, but for
the purposes of graphical simplicity are no
longer being displayed). An + Copy-group is
heing considered. The already-built COPy-
group fij strongly supports this potential
move, which accelerates it, in the sense that
codelets investigating the potential stracture
will be assigned higher urgency values.
Meanwhile, 2 rule (shown at the top of the
screen) has been constructed to descrihe
how abe changed. The current version of
Copycat assumes that the example change
involved the replacement of exactly one let-
ter, so rule-building codelets fill in the tem-
plate “Replace ___ hy __ " choosing
probabilistically from descriptions that the
program has attached to the changed letter
and its replacement, with a prebabilistic bias
toward choosing more absiract deseriptions
{e.g., usually preferring rightmost letter to €).
Since the nodes firstand alphabetic position
didn’t tarn out useful, they have faded. Also,
although lengih received additional activa-
tion from group, it is still not very activated,
and so lengths are still unlikely to be noticed.
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ow, some 225 codelets into the run, the
to-letter ¢~ bridge has been defeated
e stronger leter-to-group c—J bridge,
ugh the former possibility still Turks in
ackground. Meanwhile, an »r copy-
up has been built whose length (namely,
appened to be noticed (a probabilistic
t); therefore, a “27, along with the
oup’s letter category {namely, #), is dis-
ed just above the group. Length is now
yactive, and for this reason the “27 is a
sient Workspace object {indicated by bold-
€.

A new rule, “Replace the letter category
the rightmostletter by d7, has replaced the
“one at the top of the screen. Although
s rule is weaker than the previcus one,
ights berween rival structures (including
sles) are decided probabilistically, and this
ne simply happened to win. However, its
eakness has caused the temperature o go

If the program were to stop now (which is
uite unlikely, since a key factor in the pro-
gram'’s probabilistic decision when to stop is
he temperature, which is now quite high),
tle rule would he adapted for application o
the string mrryjj as “Replace the letter cate-
ory of the righunost groug by d” (the ¢—f
ridge establishes that the role of letierin abe
15 played by group in mrrfjy). vielding the
answer merrddd (an answer that Copycat does

andeed p;‘odi:ce, 011 Yare oCcasions).
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6. The previous, stronger rule has been re-
stored (again the result of a fight having a
probabilistic outcome), but at the same time,
the strong ¢—f bridge also happened to get
defeated by its weaker rival, the ¢-f bridge.
As a consequence, if the program were to
stop at this point, its answer would be mrijjk.
This, incidentatly, would also have been the
answer in screen dump #4.

In the Slipnet, the activation of length has
decayed a good deal, since the length de-
scription given to #r wasn't found to be use-
ful. In the Workspace, the diminished
salience of the rr's length description “2” is
represented by the face that the *2” is no
longer in boldface.

The temperature is still fairly high, since
the program is having a hard time making a
single, coherent structure out of mrrf,
something that it did easily with abe. That
continuing difficulty, combined with strong
top-down pressure from the two copy-groups
that have been built inside wmreffj, makes it
now somewhat tempting for the system to
flirt with the ¢ priori extremely unlikely idea
of making a singleetter copy-group (this
flirtation is represented by the dashed rec-
tangle around the letier m).
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7. As a result of these combined pressures,
the a priovi extremely unlikely single-letter
copy-group m happened to get built, and its
length of 1, being very noteworthy, has been
attached to the group as a deseription. A
successorship bond between that *1” and its
right-neighbor “2” hag already been buil; all
of this is helping lngth to stay active, A con-
sistent trio of fetler = growp bridges has now
been made, and as a result of these promis-
ing new structures, the temperature has
fallen to the relatively low value of 36, which
in rerarn helps to lock in this emerging view.

If the program were to halt in this screen
dump or in the following one, it would pro-
duce the answer mrrkkk, which is its most
frequent answer.
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8. As a result of length’s continued activity,
length descriptions have been attached to
the remaining two groups in the problem
( fif and abey, and a successorship hond
between the “2” and the “8” (for which there
is much top-down pressure coming from
both abeand the emerging view of mrrjji) is
being considered (dashed arc). Letter category
has decayed, indicating that it hasn’t lately
been of use in building structures.
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he *2"~“3" bond was built, whereupon a
abstract, high-level numerical successor
up involving the group lengths in mrriff
perceived (large solid rectangle sur-
ynding the three copy-groups). Alse, a
idge {(dotted vertical line to the right of the
Wi strings) is being considered between
ings abeand mrrjjf in their eniireties.

ronically, just as these sophisticated ideas
em to be converging toward a highly in-
Al answer, a small renegade codelet,
stally unaware of the global momentum,
23 had some good luck: its bid to knock
own the c—J bridge and replace it with a o
ridge was accepted. Of course, this is a
setback on the global level. If the program
re forced to stop at this point, inwould
swer mrrjfk — the same rather dull answer
it would have given in screen dumps #6
nd #4. However, at either of those stages,

ble than it is now, since the program hadn’t
&f made the subtle discoveries it has now
made about the structure of mrrfj. It would
eemn a shame for the program to have gotien
his far and then tw “drop the ball” and
answer in a relatively primitive way. How-
ver, 31 is a high enough temperature that
there is a good chance that the program
will get back on wack and be allowed to
:xp]ore the more abstract avenue to its
togical conclusion.

hat answer would have been far more excus-

10. Indeed, the aberrant bridge from the ¢
was guickly destroved and replaced by z re-
built e~f bridge, in keeping with the emerg-
ing sophisticated view. Also, the high-level
bridge between abe and murjjj as wholes,
which in the previous screen dump was
merely a dotted candidate, has now been
promoted through the dashed state and ac-
tualiy built. Its six component conceptmap-
pings, including identity mappings (such as
right =2 right, meaning that both sirings are
seen as flowing rightwards) as well as concep-
tual sippages (such as lefter category = lengih,
meaning that letters are mapped onto num-
bers - specificaily, onto group lengths}, are
listed in the middle of the screen, somewhat
obscuring the bridge itself.

The original rule has been wranslated, ac-
cording to the slippages, for application to
the target string mrrjjj. The translated rule,
“Replace the length of the rightmost group
by its successor”, appears just above the Slip-
net, and the answer mrrfjfj at the right. The
very low final temperature of 11 reflects the
program’s unusually high degree of satisfae-
tion with this answer.
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Although the preceding run may look quite smooth, there were m;

struggles involved in coming up with this answer: it was hard not only to m;
a single-letter group, but also to bring the notion of length inio the pictu;e,
allow it to persist long enough to trigger the noticing ol all three group lengy
and to build bonds between the group lengths. The program, like peop
usuaily gives up before all these hurdles can be overcome, and gives one of
more obvious answers. Arriving at the deeper answer mryffjj requires not o
the insights brought about by the strong pressures in the problem, but alsg
large degree of patience and persistence in the face of uncertaingy.

The moral of all this is that in a complex world {even one with the limi
complexity of Copycat’s microworld), one never knows in advance what cg
cepts may furn out to be relevant in a given situation. This dilemma underscor
the point made earlier: it is imperative not only to aveid dogmatically ope
minded search strategies, which entertain ali possibilities equally sericusly, b
also to avold dogmatically closed-minded search strategies, which in an ireucla
way rule out certain possihilities a priori. Copycat opts for a middle way, in whic
it quite literally takes calculated risks ail the time — but the degres of risk—takiﬁg
is carefully controlled. Of course, taking risks by definition opens up the
potential for disaster — and indeed, disaster occurs once in a while (as wag
evidenced by some of the far-fetched answers displayed earlier). But this is the
price that must be paid for flexibility and the potential for creativity. '

People, too, occasionally explore and even favor peculiar routes. Copycat, like -
people, has to have the potential to concoct strange and unlikely solutions in order
to be able to discover subtle and elegant ones like mrrjjg. To rigidly close off any ©
routes a priori would necessarily remove critical aspects of Copycat’s flexibility. On
the other hand, the fact that Copycatsb rarely producesstrange answers demonstrates
that its mechanisms manage to sirike an effective balance between open-mindedness
and closed-mindedness, imbuing it with both flexibility and robustness.

Hopefully, these screen dumps have made clearer the fundamental roles
of nondeterminism, parallelism, non-centralized and simple perceptual agents
{i.2., codelets), the interaction of bottom-up and top-down pressures, and the
reliance on statistically emergent (rather than explicitly programmed) high-
level behavior. Large, global, deterministic decisions are never made (except
perhaps towards the end of a run). The system relies instead on the accunu-
jation of small, local, nondeterministic decisions, none of which azlone is
particularly impertant for the final cutcome of the run. As could be seen in
the screen dumps, large-scale effects occur only through the statistics of the
Iower levels: the ubiguitous notion of a “pressure” in the system is really a
shorthand for the statistical effects over time of a large number of actions
carried out by codelets, on the one hand, and of activation patterns of nodes
in the Slipnet, on the other.
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. As was seen in the screen durnps, as structures are formed and a global
rpretation coalesces, the system gradually makes a transition (via gradually
g temperature) from heing quite parallel, random, and dominated by
up forces to being more serial, deterministic, and dominated by top-
. We believe that such a transition is characteristic of high-level

Hn
o~
swn force
reeption in general.

The importance of such a transition in degree of risk-taking was confirmed
b}f two esperiments we performed on the model {described in Mitchell, 1993}.
Temperature was clamped threughout a run, in one experiment at a very high
alue and in the other at a very low value, In each experiment, 1,000 runs were
ade. In neither test did the hobbled Copycat ever come up with the answer

wjz}} —— NOE eVen Qe

Micro-anatomy of a peradigm shift _

_ We now turn our attention from Problem 4 to Problem 6, and give a sketch
“of how Copyeat can, on occasion, come up with the answer wyz. Tt turns out to
he 2 surprisingly intricate Yide tale. The reason for this is that it is an attempt
to show in slow motion how a human mind, under severe pressure, can totally
“transform its perception of a situation in a blinding flash {colloguially termed
~the “Aha!l” phenomenon). Since such paradigm shifts are often found at the
. core of deeply creative acts, one should expect thelr microstructure to be very
complex (otherwise, the mystery of creativity would long ago have been re-
vealed and put on a mass-produced microchip). Indeed, the challenge of getting
Copycat to produce wyz properly — faithfull}: to what we behieve really goes on
in a human mind at the most informative subcognitive level of description —
has, from the very outset, been the central inspiration in guiding the develop-
ment of the Copycat architecture.

The very cursary justification for wyz given in the previous section lies at
far too high and coarse-grained a level to be informative about the mental
mechanisms responsible for paradigm shifts. The following detailed story, by
contrast, evolved hand in hand with the architecture itself, and is intended not
only as a description of Copycat, but hopefully as an accurate description of the
underpinnings of a typical paradigm shift in a2 human mind. (An annotated
series of screen dumps of a particular run on Problem 6 is given in Mitchell &
Hofswdter, 1990a.)

Fmergeney measures convert a serious snag into a set of exploratory pressures

Things start out essentially analogously to a typical run on Problem 1, in
terms of bonding, grouping, bridge-building, and such - that is, both source
and farget strings come quite quickly to be perceived as successor groups, and
the raw rule “Replace rightmost letter by its successor” i3 effortlessly produced.
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Everything thus proceeds pretty smocthly up to the point of trving to take the
successor of z, which is impossible. This serious snag causes several coordinated

“emergency measures” to be takemn:

« the physical trouble spot~here, the instance of zin the Workspace
- is highlighted, in the sense that its salience is suddenly pumped
up so high that, 1o codelets, it becomes the most attractive object
in the entire Workspace;

e the conceptual trouble spot — here, the node zin the Slipnet —is
highlighted, in the sense that a huge jolt of activation is pumped
into it, and as a consequence, its halo broadens and intensifies,
meaning that related concepts are more likely to be considered,
at least fleetingly;

« the temperature is pumped up to its maximuom value of 100 and
temporarily clamped there, thus encouraging a broader and more
open-minded search;

» the high temperature enables previously dormant “breaker”
codelets to run, whose purpose is to arbitrarily break structures
that they find in the Workspace, thus reducing the system’s attach-
ment to a viewpeint already established as being problematic.

Note the generality of these “impasse-handling” mechanisms: they have
nothing to do with this snag itself, with the particular proeblem, with the
alphabetic domain, or even with analogy-making! The reason for this is of course
that running into an impasse is a critital and common event that any cognitive
system must be capable of dealing with. To be sure, no set of mechanisms can
be gnaranteed to resolve all snags (otherwise we would be dealing with omnis-
cience, not intelligence). The best that can be hoped for is that the impasse
itself can be “read” as a source of cues — possibly very subtle ones -— that may
launch tentative foravs down promising new avenues. A “cue”, in the Copycat
architecture, is essentiaily the creation of a pressure that pushes for exploration
along a certain direction. Thus the idea of interpreting the snag as a source of
pressures is the philosophy behind the four mechanisms above, especially the

first two.

Although these emergency measures are not powerful enough to guide
Copycat to coming up with wyz all that often, when it does get there, it does so
essentially according to the following scenario.

The spotlight focused on Platonic z has the effect of making all concepts
in #'s halo — including the closely-related concept alphabetic-last — somewhat
more likely to be looked at by description-building codelets. The probability is
thus significantly increased that the instance of z in the Workspace will get
explicidy described as alphabetic-last.
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Note that in most problems -— even ones that invelve one or more
nces of the letter 2 — there is little or no reason o pay atteniion to the
alp}zabetic—iasé, and therefore, this conceptual ly deep neighbor of Platonic
mains — and should Temait — dormant (as it did in Problems i~B).
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explicitly described as alphabetic-first, in much the same way as the z in xyz got
described as alphabetic-tast.

If both these descriptions get attached — and that is a big “if” - then
both letters become even more salient than before; in fact, they almeost cry out
-to be mapped onto each other — not because the system can anticipate the
~great insight that such a mapping will bring, but simply because both letiers
are so salient! Once the system tries it out, however, the great appeal of the
tentative mapping instantly becomes apparent. Specifically, a pair of concep-
tual slippages are entailed in the act of “equating” the a with the z (i.e., building
an a—z bridge): alphabeticfirst => alphabetic-last, and lefimost = rightmost.
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»w exploration
How resistance to a deep slippage is overcome — @ tricky matler

Although normally the deep slippage of alphabeticfirst into alphabetic-last
would be quite valiantly resisted (recall the motto given earlier, “Deep stuff
doesn’t slip in good analogies”), here a special circumstance renders it a bit
more probable: the companion would-be slippage rightmost = leftmost is of the
same fype - in particulan each of these slippages involves slipping a concept
representing an extremity into its opposite concept. These two would-be skp-
pages are thus conceptually parallel, so chat each one on its own reinforces the
other’s plausibifity. This fact helps to overcome the usual resistance to a deep
slippage. (Incidentally, this is the kind of subtlety that was not apparent 1o us
before the computer implementation was fargely in place; only at that point
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were Copyeat’s flailings and failures abie to give us pointers as to what kinds o
additional mechanisms were needed.)

Another fact that helps overcome the usual resistance to the deep slippage.
in this bridge is that any two slippages, whether parallel or not, provide more
Jjustification for building a bridge than either one alone would. Altogether, -
then, there is a fairly good chance that this bridge, once tentatively suggested,
will actually get built. Once this critical step has taken place, essentially it’s a]]
downhill from there. This is why we have paid particularly close attention to the
pathway via which such a bridge can emerge.

Locking-in of a new view :

The first thing that is likely to happen as a result of an a—z bridge getting
builtis that the temperature will ger unclamped from its value of 100. In general,
what unclamps the temperature is the construction of any strong structure
different from those that led up to the snag - in other words, a sign that an
alternative way of looking at things may be emerging — and this bridge is a
perfect example of such a structure. Like most actions in Copycat, the unclamp-
ing of temperature is probabilistic. In this case, the stronger the novel structure
i, the more likely it is to trigger the unclamping. Since the a-z bridge is both
novel and very strong, unclamping is virtually assured, which means that the
temperature falls drastically right after the bridge is buile. And when the
temperature falls, decisicns tend to get more deterministic, which means that
the emerging new view will tend to getsupported. In short, there is a powerful
kind of locking-in effect that is triggered by the discovery of an e~z bridge. This
Is a critical effect.

Another aspect of locking-in is the tollowing idea. The building of this first
bridge involving the simultaneous slippage of two concepts into their opposites
sends a burst of activation into the very deep concept opposite; as a result, all
pairs of concepts connected via links labeled opposite are drawn much closer
together, facilitating the slippage of one into the other, Such slippages will still
not happen without reason, of course, but now they will be much easier to make
than in ordinary circumstances. Thus in a sense, making one bridge based on
conceptual opposites sets a tone making it easier to make more of them. The
emerging theme of the concept opposite can fairly be characterized as a kind of
“bandwagon”,

Given all this, cne of the most likely immediate consequences of the
crosswise a—z bridge is the building of the “mirror” crosswise bridge connecting
the cwith the x It, too, depends on the slippage between lefimost and wightmost,
andis thus facilitated; in addition, once buil, it strongly reinforces the emerging
relevance of the concept opposite. Moreover, the temperature will fall signifi-
cantly because this bridge, too, will be very strong. Thanks to all of this, the
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king-4n effect may by now be so strong that it will be hard to stop the
mentum towards building a completely new view of the situation.

The reversals taking place become a nearstampede at this point, with

pificant pressure emerging to flip the direction of the fabric of the group xyz
romn righiwards to leflwards, which means also that the perceived fabric itself
Id switch fromi successor to predecessor. Thus at this point, Copycat has carried
yut both a spatial and an alphabetical reversal of its vision of xyz. The paradigm
Hift has been completed. At this point, Copycat is ready to translate the raw
ule, and, as was said above, the result is the new rule replace the leftmost letter by
alphabaiic predecessor, which yields the answer wyz.
Itmusibe siressed thatall the multifarious activity just described — shifting
'egrees of activation of various key concepts; deep slippages; interrelated spatial
nd conceptiual reversals — all this takes place in a flash in a human mind. There
s no hope of making out all the details of this paradigm shift (or any other) in
ne’s own mind through mere introspection. In fact, it has taken the authors
everal years to settle on the above account, which represents our current best
stab at the true story’s intimate details,
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‘How hard is it to mahe this paradigm shifi?
As was pointed out a moment ago, the motto “Deep stuff doesn’t slip in
good analogies” is violated by the answer wyz, in that alphabeticfirst is a deep
concept and yet is aliowed to slip into alphabetic-last here. This is one reason that
* makes it so hard for many people to discover it on their own. Yet many people,
when they are shown this answer, appreciate its elegance and find it very
satisfying. Problem 6 is thus a circumstance where a constellation of pressures
~ can occasionally overcome the powerful natural resistance expressed by the
motto; in fact, making such a daring move results in what many people consider
to be a deep and insightful analogy.
Thereisanimportantirony here. In particular, even though slippages tend
to be (and should be) resisted in proportion to their depth, once a very deep
slippage has been made, then it tends to be (and should be) respected in
proportion to its depth. We consider this to be characteristic of creative break-
throughs in general, More specifically, we consider the process of arriving at
answer wyz to be very similar, on an abstract level, to the process whereby a
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Now we come back to the point raised in our earlier discussion of Problem
6 about “levels of subtlety” of answers. Specifically, we claimed above that,
because finding the answer wyz to Problem 6 is far subtler for peoplethan finding
the similar answer kjkk to Problem 2, any model of mental fluidity should respect
this difference in levels of subtlety. Yet when one compares the bar graphs for
these problems, one discovers that wyz was found far more often than Ajkk was
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found {a ratio of 137 to 47, when both problems were run 1,000 times). This
seems to completely contradict the claim that the former answer is subtler than
the latter. How can one account for this unexpected ratio?

There are two basic factors that explain it. The first has to do with the fact
that there was a snag in one problem and no snag in the other. In attacking -
Problem 6, Copycat was forced to look for schutions other than taking the
successor of the rightmost letier, because that route turned out to be impossible,
By contrast, all sorts of superficially attractive routes led directly o solutions in
Problem 2. There was no snag that prevented any attractive route from being
taken all the way to its natural conclusion. Had all or most of the easy routes
been barred, then of course kjkk would have constituted a much larger percent-
age of the answers found.

The second factor 1s that the average lengih of time taken to find various
solutions (measured in terms of number of codelets run) is a key notion. This
fact is not apparent, because average run-lengths are unfortunately not repre-
sented in the bar graphs. When Copycat came up with Rk in Problem 2, it was
essentally always a relatively direct process involving no backtracking or getting
stuck for a while in a loep. To be specific, the average number of codelets taken
to get hjkkwas 894, By contrast, the average number of codelets taken to get wyz
was 3,982 — over four times as long. The reason for this is that in most runs,
the program came back time and time again to the standard way of looking at
xyz and thus hit the snag over and over again: it was stuck in a kind of rut, This
means that on runs where Copycat was lucky enough to come acrass the double
reversal, by the time it did so it had usually tried out ali sorts of other pathways
in vain beforehand. In this sense of time needed to make the discovery, wyz was an
extremely ehusive answer for the program, whereas kfkk was not at all elusive.
In sum, wyz was indeed far subtler for Copycat than Ajkk was, as ought to have
been the case.

Conclusion: The Generality of Copycat’s Mechanisms

The crucial question of scaling-up

As was stated at the outset, the Copycat project was never conceived of as
being dependent in any essential way on specific aspects of its small domain,
nor even on specific aspects of analogy-making per se. Rather, the central aim
was to model the emergence of insightful cognition from fluid concepts,
focusing on how slippages can be engendered by pressures,

One of the key questions about the architecture, therefore, is whether it
truly is independent of the small domain and the small pmblefns on which it
now works, It would certainly be invalidated if it could be shown to depend on
the relative smallness of its repertoire of Platonic concepts and the relatively
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5). winstances of those concepts that appear in a typical problem. However, from
erth very conception of the project, every attempt has been made to ensure that

: yeal would not succumb o a combinatorial explosion if the domain were
the f5 arged or the problems became bigger. In some sense, Copycat is aycaricature

fgenuine analogy-making. The question is, what makes a caricature faithful?
'hat is the proper way to construct a coghitive model that will scale up?

hades of gray end the mind’s eye

. Real cognition of course occurs in the essentially boundless real world, not
n a tiny artificial world. This fact seems to offer the following cheice to
ercen -;A_}_ould-be “cogaition architects™ either have humans scale down all sitaations
y hand in advance into a small set of sharp-edged formal datastructures, so
various hat a brute-force architecture can work, or else let the computer effectively do

m. This’ tinstead ~— thatis, use a heuristic-hased architecture that at the outset of every

i repre. run makes a sharp and irreversible cut between concepts, pathways, and meth-
2, it was ods of attack that might eventually be brought to bear during thatrun, and ones
getting that might not. There seems to be no middle ground between these two types
ts taken «of strategy, because either you must be willing to give every approach a chance
-gert wyz (the brute-force approach}, or you must choose some approaches while a priori
st runs, filtering others out (the “heuristic-chop” approach).
>king at The only way out would seem to involve a notion of “shadedness”, in which
ut. This - concepts, facts, methods of attack, objects, and so on, rather than being ruled
double . “out” or "in” in a black-and-white way, would be present in shades of gray — in
athways - fact, shades of gray that change over time. At first glance, this seems impossible.
{Was an How can a concept be invoked only partially? How can a fact be neither fully
chusive. ignored nor fully paid attention to? How can 2 method of attack be merely “sort
o have of " used? How can an object fall somewhere in between being considered “in
the situation” and being considered “not in the situation™
Since we believe that these “shades of gray” questions lie at the crux of the
modeling of mind, they merit further discussion. A special fluid quality of
human cognition is that often, solutions to a problem - especially the most
ingenious ones, but even many ordinary ones — seem to come from far cutside
ed of as the problem as conceived of eriginally. This is because problems — or more
lomain, generally, situations —in the real world do not have sharp definitions; when one
tral aim is in, or hears about, a complex situation, one typically pays no conscious
ncepts, attention to the question of what counts as “in” the situation and what counts
as “out” of it. Such matters are almost always vague, implicit, and intuitive.
ether it Using the metaphor of the “mind’s eve”, we can liken the process of consid-
which it ering an abstract situation to the process of visually perceiving a physical scene.
end on Like a real eye, the mind’s eve has a limited field of vision, and cannot focus on
zlaiively several things simultaneously, let alone large numbers of them. Thus one has to
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choose where to have the mind’s eye “look”™. When one directs one’s gaze at whag
one feels is the simation’s core, only a few centrally located things will come ingg
clear focus, with more tangential things being less and less clear, and then at the
peripheries there will be lots of things of which one is only dimly aware. Finaily,
whatever lies beyond the field of vision seems by definition to be outside of the
situation altogether. Thus “things” in the mind’s eve are definitely shaded, both iny
terms of how clear they are, and in terms of how aware one is of them.

The very vague term “thing” was used deliberately above, with the intent
of including both absiract Platonic concepts and concrete specific individuals — in
fact, to blur the two notions, since there is no hard-and-fast distinction between
them. To make this clearer, think for a moment of the very complex situation
that the Watergate affair was. As you do this, you will notice (if you followed
Watergate at all) that all sorts of different events, people, and themes float into
your mind with different degrees of clarity and intensity. To make this even more
concrete, turn your mind’s eye’s gaze to the Senate Select Commitiee, and wy
to imagine each different senator on that committee. Certainly, if you watched
the hearings on television, some will emerge vividly while others will remain
murky. Not just Platonic abstractions like “senator” are involved, but many indi-
vidual senators have different degrees of mental presence as you attempt to
“replay” those hearings in your mind. Needless to say, the memory of anyone
who watched the Watergate hearings on television is filled to the brim both with
Platonic concepts of various degrees of abstractness {ranging from “impeach-
ment” to “coverup” to “counsel” to “testimony” to “paper shredder”) and with
specific events, people, and objects at many levels of complexity (ranging from
the “Saturday night massacre” to the Supreme Court, from Maureen Dean to
the infamous 18% -minute gap, and all the way down to the phrase “expletive
deleted” and even Sam Efvin’s gavel, with which every session of the committee
was rapped to order}. When one conjures up one’s memories of Watergate, all
of these “things” have differential degrees of mental presence, which change as
one’s mind’s eye scans the “scene”,

Note that in the preceding paragraph, all the “things” mentioned were
carefully chosen so that readers — at least readers who remember Watergate
reasonably well — would give them unthinking acceptance as genuine “parts”
of Watergate. However, now consider the following “things”: England, France,
comrnunism, socialism, the Viet Nam War, the Six-Day War, the Washington
Monument, the New York Times, Spiro Agnew, Edward Kennedy, Howard Cosell,
Jimmy Hoffa, Frank Sinatra, Ronald Reagan, the AFL-CIO, General Electric,
the electoral college, college degrees, Harvard University, helicopters, keys,
guns, fiypaper, Scolch tape, television, tape recorders, pianos, secrecy, account-
ancy, loyalty, and so on. Which of these things are properly thought of as being
“in” Watergate, and which ones as “out” of it? It wonld obvicusly be ludicrous
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try to draw a sharp line. One is forced to accept the fact that for a model of
mind to be at all realistic, it must be capabie of imbuing all concrete objects

ad individuals, as well as ali abstract Platonic concepts, with shaded degrees of

mental presence — and of course, these degrees of presence must be capable

f changing over time.

Like a real eye, the mind’s eye can be attracted by something glinting in the

eripheries, and shift its gaze. When it does so, things that were formerly out of

ight attogether now enter the visual field. By a series of such shifts, “things” that
ere totally outside of the situation’s initial representation can eventually wind
up at the very cenier of attention. This brings us back, finally, to that special fluid
uality of human thoughtwhereby initially unsuspected notions occasionally wind

.'up being cenwral to one’s resolution of a problem, and reveals how intimately such

fluidity is linked with the various “shades of gray” questions given above.

Copyeat’s shaded exploration strategy
Let us thus return to the list of “shades of gray” questions: How can a
concept be invoked only pariially? How can a fact be neither fully ignored nor
fully paid attention to? How can a method of attack be merely “sort of " used?
How can an object fall somewhere in between being considered “in the situ-
ation” and being considered “not in the situation”? These questions were not
asked merely rhetorically; in fact, it was precisely to respond 16 the challenges
~ that they raise that the probabilistic architecture of Copycat was designed.
Copycat’s architecture has in common with bruteforce architectures the fact
that every possible coneept, fact, method, object, and so on is in principle available
at ail times;7 on the other hand, it has in common with heuristic-chop architec-
tures the fact that out of all available concepts, facts, methods, objects, and so on,
only a few will get very intensely drawn in at any given moment, with most being
essentially dormant and an intermediate number having a status somewhere in
between. In other words, virtually all aspects of the Copycat architecture are
riddied by shades of gray instead of by hard-edged, black-and-white cutoffs. In
particular, activation (with continuous values rather than a binary on/off distine-
tion) is a mechanism that gives rise to shadedness in the Shipnet, while safienceand
urgencyserve similar purposes in the Workspace and Coderack, respectively. These
are just three of a whole family of refated “shades-of-gray mechanisms” whose
entire raison d éreis to defeat the scaling-up problem.

7. Note that the claim js not that every single concept imaginable to humans is available, but simmply
that all concepts within the system’s dormant sepertoire are in prineiple accessible at any point during
a run. The fact that Copycat cannot reach beyond jts own conceptual repertoire, thus effectively
“ranscending itself”, is not a defect, but simply a fact of existence that it shares with every finite
cognitive system, such as human minds. Put another way, if this property is a defect of Copyeat,
then it is a defect that Copycat shares with human minds.
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An architecture thus pervaded by shades of gray has the very attractive
property that although no concept or object or pathway of exploration is ever
strictty or fullyruled out, only a handful of them are at any ime seriously nvolved,
At any given moment, therefore, the system is tocusing its attention on just a
small set of concepts, objects, and pathways of exploration. However, this
“scarchlight of attention” can easily shift under the influence of new informa-
tion and pressures, allowing a priori very unlikely concepts, objecis, or pathways
of exploration to enter the picture as serious contenders.

The chart below summarizes the various mechanisms in the Copycat
architecture that incorperate shades of gray in different ways. In it, the term
“shaded” should be understood as representing the opposite of a binary,
black/white distinction; it often means that one or more rea! numbers are
attached to each entity of the sort mentioned, as opposed to there being an
on/off distinetion. The term “dynamic” means that the degree of presence —
the “shade”, so to speak — can change with time.

Shades of gray in the Skipmet

 shaded, dynamic presence of Plaionic concepts (via dynamic
activation levels)

= shaded, dynamic conceptual proximities (via dynamic Iink-
fengths)

« shaded, dynamic spreading of activation to neighbor concepts
(giving rise to “conceptual halos”)

« shaded conceptual depths of nodes

o shaded decay rates of concepts (determined by concepiual
depths)

s shaded, dynamic emergence of abstract themes (stable activa-
tion patterns of interrelated conceptually deep nodes)

Shades of gray in the Workspace

= shaded, dynamic number of descriptions for any object

« shaded, dynamic importance of each object (via activation levels
of descriptors in Slipnet)

» shaded, dynamic unhappiness of each object (determined by
degree of integration into larger structures)

¢ shaded, dynamic presence of objects (via dynamic salience
levels)

o shaded, dynamic tentativity of structures (via dynamic
strengths)

Shades of gray associated with the Coderack
= shaded, dynamic degrees of “promise” of pathways
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¢ shaded, dynamic emergence of pressures (via urgencies of
codetets and shifting population of Coderack)

= shaded, dynamic degree of willingness to take risks (via tem-
perature)

« shaded, dynamic mixiure of deterministic and nondetexrminis-
tic modes of exploration

« shaded, dynamic mixture of paraliel and serial modes of explo-
raticn

s shaded, dynamic mixture of bottom-up and top-down processing

There is one further aspect of shadedness in Copycat that is not localized in
a single comporient of the architecture, and is somewhat subtler. This has to do
with the fact that, over time, higherlevel structures emerge, each of which brings
o new and unanticipated concepts, and also opens vp new and unanticipated
_avenuesof approach. In other words, as arun proceeds, the field of vision broadens
" out to incorporate new possibilities, and this phenomenon feeds on itself: each new
- ghjeet or structure is subject to the same perceptual processes and chunking
mechanisms that gave rise to it. Thus there is a spiral of rising complexity, which
brings new items of ever-greater abstraction into the picture “from nowhere”, ma
sense. This process imbues the Copycat architecture with a type of fundamental
unpredictability or “openness” {Hewitt, 1985) thatis not possibie in an architecture
with frozen representations. The ingredients of this dynamic unpredictability form
an important addendum to the fist of shades of gray given above.

Dynamic emergence of unpredictable objects and pathways
creation of unanticipated higher-level perceptual objects and

&

structures

» emergence of a priori unprediciable potential pathways of ex-
ploration (via creation of novel structures at increasing levels of
ahstraction)

» creation of large-scale viewpoints

» competition between rival high-level structures

By design, none of the mechanisms in the lists presented above has
anything in the least to do with the size of the situations that Copycatis curren tly
able to deal with, or with the current size of Copycat’s Platonic conceptual
repertoire. Note, moreover, that none of them has anything whatsoever to do
with the subject matter of the Copycat domain, or even with the task of
analogy-making per se. Yet these mechanisms and their emergent consequences
— especially commingling pressures and the parallel terraced scan — are what
Copycat is fruly about. This is the underpinning of our belief in the cognitive
generality of the Copycat architecture.




