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The forthcoming rise of the assistive reasoning engine (ARE) in our social and media contexts is
considered, and the view is advanced that this will result in the generation of novel ways to represent,
assimilate, and interchange knowledge. In support of this view, the work of several research groups
around the world is highlighted to provide some assessment of how assistive and how automated
an ARE might soon be. The view that the ‘reasoning’ of an effective ARE might not conform to
classical conventions is also presented. A limited discussion of the benefits and the profound ethical
implications of the deployment of AREs within society is then also provided.

I. THE RISE OF ASSISTIVE REASONING ENGINES

One significant challenge people face in this epoch
is the ability of any individual to gather a sufficiently
comprehensive overview of some really complex issue
in order to make progress either in researches or in de-
bates. As examples, complex legal cases, or the develop-
ment of government policies, often involve thousands
of pages of documents containing both profound and
highly technical arguments. The expansion in expos-
ure of information via the Internet has opened new hori-
zons and altered the form of many challenges, and there
has been a concomitant increase in the power of human-
ity’s technical capabilities for manipulating data compu-
tationally. Arguably, prior to this epoch, it has only been
people who have been able to determine when data can
be interpreted as informative in some context. But the
expanding problem of ‘infoglut’ is driving a desire to
be able to delegate to computational processes some of
the responsibility for sifting through huge and complex
corpuses of documents for salient information. If com-
puters could be programmed to find salient informa-
tion, then along with this overarching desire comes a
desire to know just how much delegation can be made.
How ‘smart’ could these computational processes be?
Beyond finding salient information, could they also ’join
the dots’ to produce cogent outlines or arguments?

Henceforth, such computational processes will be
called assistive reasoning engines (ARE), rather than ar-
tificial intelligence(s) (AI). This is partly because the AI
tradition has always had big dreams of making their
programs sentient and autonomous reasoners, with
reasoning powers that matched an adult human. But
it is also because traditional AI had a tendency to view
intelligence as arising from (the top of) a single pro-
cess. New computational techniques and new scientific
approaches have pointed to the effectiveness of agent
swarms and the possibility of emergent behaviours
arising from agent collectives. So it is fitting to speak
of a broader class of processes (the ARE), that probably
won’t be sentient, autonomous, isolated instances, nor
particularly ‘intelligent’, when discussing how much re-
sponsibility for information handling tasks could be del-

egated.
A key thread that will run through this paper also

concerns the extent to which thinking on the matter of
how to make computers think has previously been dom-
inated by an approach that might be fundamentally mis-
guided. In delving deeper into the question of how hu-
man reasoning works, a picture of reasoning is construc-
ted that indicates not only that future research into AREs
might take a very different course from earlier AI, but
also that reasoning is not what people normally think
it is. In short, when considering the potential roles of
useful AREs it might also become necessary to consider
their ‘sanity’ in a sense not normally assigned to com-
puter programs, and the relationship between that ‘san-
ity’ and safety.

As a starting point for such investigations, the next
section considers the relationships between data, in-
formation, and the accrual of knowledge.

II. PATTERNS

For the purpose of exposition, it will help to
provide an initial definition of the term ‘knowledge’.
One could take the view that:

Thus, one person’s knowledge is another person’s
data. The borderlines between data, inform-
ation, and knowledge are not sharp, because
they are relative with respect to the context
of use.[1]

The quote above was also made in a particular con-
text of use, but if it is presumed to apply too widely
then counterarguments can be raised. For one thing,
it is noted that all thinking processes have to be boot-
strapped with some data input. Arguably, a newborn
child that has no connection between sensory percep-
tion and mind will not develop cogent thought pro-
cesses. Likewise, an assistive reasoning engine (ARE)
is of no use if it cannot act over data provided to it. So
data is fundamental; but what is data? Living creatures
have sensory faculties that generate an internal signal
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stream that is an encoding of a local subset of their envir-
onment. It is a local subset because the creatures are fi-
nite and have finite purview. This internal signal stream
seems like a good candidate for being ‘data’. The in-
ternal signal stream then passes into various pattern re-
cognition faculties. Conceivably, the detection of a pat-
tern and the generation of information are the same act.
Information is then the set of patterns detected (how-
ever subconsciously and automatically) in the data. It
is worth stating at this point that ‘information’ for most
creatures is merely the firing of certain integrating neur-
ons.

Following from this, the question of the nature of
knowledge might require the introduction of a faculty
of memory. It seems likely that many creatures on Earth
have nervous systems with limited plasticity or capacity
for rewiring. Insofar as information is generated within
their nervous systems it directly triggers response ac-
tions. However, as an example, a squirrel that buries
nuts in the autumn retains a memory of where it buried
them that it can later recollect and act upon. Humans
tend to anthropomorphise this by saying that the squir-
rel knows where the nuts are buried. Memory, in this
case, might be the storage in the squirrel’s brain of sets
of specific sequences of actions — patterns of actions
— where these actions are (for the brain) also patterns.
Memory is thus pattern storage, and in terms of the de-
scriptions above this is information storage. Is know-
ledge, therefore, the storage of information for later re-
collection and use as guides of future actions?

Humans like to think of themselves as being vastly
intellectually superior to squirrels, but this approach
to the definition of knowledge seems to capture much
of how we ordinarily use the word. In the context of
human knowledge matters are complicated by our ca-
pacity to assimilate new information to generate new
knowledge, which can in turn be used to assimilate even
more novel information, and so on. In ordinary (Eng-
lish) language the term ‘assimilate’ carries with it con-
notations of incorporation, adsorption, and “bringing
into harmony”. In human minds, knowledge tends to be
assimilated rather than federated. The distinction per-
haps concerns the reversibility of the incorporation pro-
cess. When a person assimilates new information this
often affects other memories and the new information
can become so strongly integrated that it can be diffi-
cult to recover what the precise inputs were. However,
where written and digital corpora are concerned (as the
collective human memory) both the precise input and
its interaction with surrounding information can be re-
corded. In principle then, in knowledge federation the
process of incorporation can be reversed.

The term ’knowledge federation’ can have many
interpretations depending on the definition or descrip-
tion of knowledge that is given. There can be know-
ledge federation at different levels of granularity, from
single symbols up to collections of media objects and
databases. But it is also worth considering whether the

federation of existing symbols (such as words) together
with new approaches to the issue of how knowledge can
be encoded is likely to result in the generation of new
types of knowledge to be federated. Later on, it will be
suggested that the demand for effective assistive reason-
ing engines (AREs) is likely to result in new methods for
representing knowledge in computers. Moreover, that
optimising the efficiency of federation might mean that
some hitherto rare forms of knowledge interchange are
likely to burgeon on the internet.

Many people might start to conceive of digital
knowledge federation (KF) as being a matter of scanning
through texts, pulling out various words and their in-
terrelations (however these are generated), and simply
mapping those words on to their counterparts within
some big ‘topic’ (word or phrase) interrelation network.
However, there are additional issues to consider. There
is an assumption, that appears in some artificial intel-
ligence (AI) circles, that as human minds accrue more
information about the world then new, more correct,
information supercedes previous information; and the
previous (now obsolete) information gets relegated to
the status of history. This could be true if the aver-
age person had the same needs and error correcting
procedures as the cutting edge of science as a whole.
Also, there is a tendency to presume that classical
models of logic based on strict polarities, black/white,
right/wrong, adequately suffice to talk about the world.
Unfortunately, proponents of this view have not really
looked closely at the way science does its extraordinary
best to talk about the world. When physical science ob-
tains data, the subsequent pattern matching process that
generates information usually does not result in the kind
of pure symbols, like 0 and 1, of which computer scient-
ists are fond. Much information from science involves
statistics and confidence intervals on probability distri-
butions.

Hence, one of the strands this paper seeks to de-
velop is the view that for AREs to be effective the text
symbol federation approach, and simple logics imposed
over those symbols, might represent a primitive boot-
strap mechanism, but these might rapidly need to be
superceded by more sophisticated approaches. The next
section looks at other reasons why this could be the case.

III. SMOOTH THINKERS

What follows is a sketch forecast of the evolution
of reasoning engines made by an amateur onlooker [10].
The sketch is based on a humble argument whose gen-
eral drive can be taken to be focused around the ques-
tion: What are the odds that reasoning engines will ex-
hibit behaviour that is reliable and safe? More thought
will be given to the terms ‘reasoning engine’, ‘beha-
viour’, ‘reliable’ and ‘safe’ in a while. Whereupon the
relationship of ideas about knowledge federation to this
sketch will become clearer. For now though, to give
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some weight to the intent of this sketch, it will be good
to think about the stance of Strong Artificial Intelligence
(or Strong AI) debated against in [2].

All thinking is computation; in particular,
feelings of conscious awareness are evoked
merely by the carrying out of appropriate
computations.

Rather than focus immediately on the issue of ‘feel-
ings of conscious awareness’, in what follows the con-
cern is that more elucidation of the relationship between
‘reasoning’ and computation is needed. The quote
above presumes that thinking is computation, but which
computations are ‘appropriate computations’?

To begin, it will be good to identify the concept of
computer with the notion of a Turing machine (a uni-
versal computing engine). There are different classes
of Turing machine, but the most general class is that
with infinite tape length and potentially infinite pro-
cess memory (for holding all the state-switching instruc-
tions – also known as the program). The Infinite Tur-
ing Machine (ITM) can ‘compute’ anything, given suffi-
cient time (that is, assuming switching states takes time).
Note how general this is; in particular note how it says
nothing at all about whether, for some program, one
state follows another in any sense that would be called
‘rational’ or ‘logical’ by a human onlooker.

Moving into slightly less abstract territory, a sub-
class of the ITM is the Finite Turing Machines (FTM).
These have finite tapes and finite programs. At this
point, it is presumed that Strong AI can then be in-
voked: Humans are finite and are therefore FTMs. More
specifically, one can consider that subset of all possible
FTMs that appear able to replicate the evolution of states
of human minds. But then there is a problem. This sub-
set of FTMs will contain not only those FTMs whose
chains of states replicate, for example, the thinking of
a top mathematician writing a great proof. It will also
contain all FTMs, according to the full concept of ’hu-
man mind’, between ‘top mathematician’ and ‘severely
mentally ill person’. It is likely that a large portion of
these do not behave in ways that conform to classical
logic.

Now assume that the emphasis is not on creating
replicas of human minds within computers, but on cre-
ating reasoning engines to assist with various tasks in
life. Thus, the subset of FTMs to consider can be nar-
rowed even further if the need for conscious awareness
is done away with. For these assistive reasoning engines
(ARE) to be useful, it is then incumbent upon their de-
signers to consider how to make the behaviour of AREs
reliable and safe – or put another way, reasonable.

Note how, as this argument has been constructed, it
brings with it a tendency to think of reasoning in terms
of a Turing machine clunking along between precisely
defined states. First it is in state S1, and then, clunk,
it is in state S2, clunk, S3, and so on. The catch is that

the presumption that a human mind goes through a fi-
nite set of states could be wrong. Take the mathematical
proofs that there are an infinite number of points within
any bounded interval of the real number line. There is
an ordered set of numbers that mark distances along
such an interval, relative to one of the endpoints. Per-
fect continuity requires an infinity of numbers therein,
so that no matter how much a microscope might zoom
in a viewer would always see a smooth line and could
select any distance with any degree of accuracy (in the
world of mathematics). Since there is no evidence to
contradict the view that the (physical) passage of time
in the world is a smooth, continuous passage, it is pre-
sumed that time can be treated as a continuum. Now the
question becomes that of whether a human mind clunks
through discrete states over time. Even without invok-
ing arguments about quantum wave functions, given
that a human brain is a physical object in space-time,
comprised of billions of atoms undergoing the kind of
turnover of position common to organic matter, there is
nothing about the brain that is discrete. The atoms do
not clunk about. Therefore it seems appropriate to ques-
tion whether there is really anything discrete about the
states of mind that a brain has.

Much of the argument for the discrete states of
mind hinges upon a view of a neural network in which
neurons are either switched off or firing. However, evid-
ence of the ongoing material plasticity[3] of the nerve
cells that underlies neural learning suggests continuous
subtle evolution of the neural network; and the roles
of hormones in the brain are not yet fully understood
either. Electrical signals between neurons pass through
continuously evolving networks of dendrites and axons,
and it is possible that the transit of these signals plays a
key role in cognition, not just the ‘spiking’ of the nerve
cells themselves. Moreover, observation of the spiking
with a sufficiently fine time resolution undermines the
idea that neurons are just ‘on’ or ‘off’ in a discrete bin-
ary way. Interference with these signalling processes,
from disease or chemicals like alcohol, does not neces-
sarily degrade (or improve?) function in simple on/off
ways. So it is unclear as to what is meant by suggesting
a relationship between a brain and a (temporarily) fixed
state of mind, or beliefs, or knowledge. Brains are con-
tinually exposed to new data, continually derive new
information, and continually generate new knowledge,
but it is hard to see which, if any, of these processes have
genuine discreteness, not least because the underlying
material processes do not.

When a mind generates a conclusion from some
premises in a classical syllogism, it might appear that
there is some switch clunking from 0 to 1, but this could
be a delusion. Imagine if the premises are unfamiliar,
then ask what happens in the process of generating a
conclusion. Or ask what happens if the premises are
such that a ‘conclusion’ looks more like a probability
distribution. Likewise, instead of the view of a mind
clunking through a finite set of states over time, it might
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be better to think of minds as sweeping along a continu-
ous trajectory. This trajectory might have finite temporal
extent, and any point along the trajectory might have fi-
nite spatial extent (assuming materialism about brains
and minds) but between the endpoints the ride might
be exactly as smooth as a smooth function. This is be-
cause there is not yet any way to tell what the smal-
lest unit of action within a brain is. One might pre-
sume all of present microphysical theory, posit the smal-
lest unit of action at quantum level, and still be wrong.
Present experimental physics can measure transitions
between quantum states in an electron, but still cannot
say much about whether any aspect of the transition
between states is important. That is, it is known that
the phenomenal accuracy of present empirical science
is a long way from matching the smooth continuum in
mathematics. What physical theory can presently ‘get
away with’ is not necessarily the full truth of the mat-
ter. Imagine if quantum transitions, rather than merely
quantum states, turn out to have some as yet unknown
pattern of coordination of movements.

Such a view of the smoothness of trajectory of
a thinking process still leaves many questions un-
answered. Take as an example the mind of the math-
ematician John Nash, the Nobel prize-winning mathem-
atician who was also afflicted with quite severe mental
illness[11] at some periods of his life. Nash himself as-
serted in later life that he had trusted the thoughts he
had during his periods of ‘madness’ because they “arose
from the same source” as his mathematical insights[4].
Therefore, whatever physical continuity a thinking pro-
cess might have, this is not sufficient to guarantee ‘reas-
onable’ behaviour. But it might be acceptable to assume
that whether thinking behaviour is ‘reasonable’ or not
is related to some property of the trajectory. However,
this gives rise to the question of whether the insights of
Nash’s mathematical genius could have been acquired
by any process conforming to some yet-to-be-defined
notion of ‘reasonable’. That is, would being ‘reasonable’
exclude some important and valuable thinking process
trajectories?

Furthermore, there is still the question of whether
a finite process within a FTM — here meaning a digital
computer program clunking through states on some mi-
crochips — can adequately approximate a real (possibly
as smooth as a mathematical continuum) thinking pro-
cess. One possibility is that the quality of the approxim-
ation might hinge upon whether various integrals can
be represented and their combinations computed purely
via algebraic representations and manipulations. More
on this later.

IV. COMPLEX WORLD, STATISTICAL MIND

To recap briefly, arguments have been put forth to
suggest that human information (used as knowledge) is
in reality inherently more complex than just lexical sym-

bols or phrases, and that the processes of the human
brain and mind are more complex and subtle than any
approximating finite discrete state symbol processing
machine (a.k.a. a computer). If an effective ARE with
reasonable behaviour is to be developed there has to be
a way to map from the capabilities of a computer and
its programs to handling the real subtleties of operating
with information generated by people and their science.

A possible path might arise from the possibility of
programming computers to handle symbol processing
and numerical processing with sufficient speed and res-
olution to evolve a mathematical model of state. By
which is meant, that it might be possible to capture the
evolution of state in an abstract mathematical space —
for example, as the meandering of a point (or points)
upon a high-dimensional manifold. If the evolution of
the path of this point over time can always be given a
symbolic mathematical description, or even if enough
of the contributions to its movement can be expressed
in that way, there arises the possibility of using mostly
symbolic (algebraic maths) processing to evolve state.
This might not be a simulacrum of a human mind or
brain, but it might be useful.

Through such a method, it might become possible
to study reason empirically. That is, in the same way
that Immanuel Kant argued that the extent of human
powers of reason is dictated by the form of the resources
that nature equipped brains with, such a mathematical
method might allow rapid experimentation with how
different forms of ARE operate. For example, modi-
fication of the number and scope of data inputs, of in-
formation (feature) detectors, and of integrations (and
federations) of forms of information, could simultan-
eously define and constrain both the form of the math-
ematical manifold and the possible moves across its
hyper-surface. Comparing outputs of state from differ-
ing AREs could then provide a basis for a real science of
reason.

In a sense, the arguments earlier were about
whether humanity has been somewhat mistaken in its
approach as to what reasoning is. By more careful con-
sideration of the constituents of reason, it is argued,
perhaps a general model of a reasoning process can be
provided. If feasible, this model would provide a num-
ber of advantages. The first has already been mentioned:
a science of reason, based on the study of reasoning en-
gines with generic mathematically defined properties.
Having a prior science of reason raises the likelihood of
developing effective, reasonable AREs. Secondly, while
AREs probably won’t provide exact simulacra of human
minds, it is not clear that is necessary for them to do so.
A general model of reason with mathematical properties
raises the possibility that some forms of reasoning can
exist in FTMs with little or no resemblance to brains, in
software or hardware. That is, neural substrates might
not be the only way to build reasoning capacities. How-
ever, it is suggested that old-school lexical token infer-
ence will prove to be insufficient, and that a deeper
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mathematical model of inference is required. Thirdly,
AREs will probably be capable of federating knowledge
— federating themselves, to some extent — to provide
an entirely new model for the development and provi-
sion of various services.

V. BACK TO REALITY

So how realistic is the dream of providing an ef-
fective, reasonable ARE of a form similar to that de-
scribed above? If a basic list of requirements was
extracted from the above discussion it might include:
transducers[12] that generate data; information extrac-
tion and error checking; symbolic representation of sali-
ent information; memory and recall; and a coherent un-
derlying mathematical model. The following sections
contain brief discussions of some examples[13] of recent
research that indicate how close the possibility of an ef-
fective ARE might be.

A. Sensing Features

In [5] research into using a new general frame-
work for computational object recognition from 2-
dimensional images is discussed. The paper describes
“a hierarchical system that closely follows the organiz-
ation of visual cortex and builds an increasingly com-
plex and invariant feature representation by alternating
between a template matching and a maximum pooling
operation.” A number of aspects of [5] are noteworthy
from the perspective of the present discussion. The first
is that the model used does not simulate neurons, but
uses “computational units” that process input data ac-
cording to defined mathematical functions. These math-
ematical functions capture the essential behaviour of
components within the primate visual cortex. Secondly,
this processing is in some sense statistical, and a key
stage involves integration. The pooling process (within
a pooling layer) in the neighbourhood of a position of
the new input uses a radial basis function with Gaussian
weighting to assess the quality of match to a previously
learned prototype. Those units with the maximal value
contribute to the next layer of processing. The authors
state, “Our work seems novel in that general purpose
filters are being maximized over uniformly distributed
local regions in the image.” The third aspect of interest is
that their system can learn a ‘universal set’ of 10, 000 fea-
ture prototypes, “from a set of random natural images
(downloaded from the Web),” and it still performs com-
petitively. Lastly, the performance of this biologically
inspired approach and the measures that could be taken
to improve it indicate great promise. The authors of [5]
remark that, “It is important to point out that this re-
cognition with a glimpse only constitutes the initial pro-
cessing step in natural vision.” However, they also note
that there is already a great deal of experimental evid-

ence about the primate cortex that could be drawn on to
provide extensions.

The fact that the method uses “general purpose
filters” over “uniformly distributed local regions” also
raises the possibility that recognised objects could be ab-
stracted out and represented by mathematical functions.
This is an aspect that will be returned to later. For now
though, it is enough to note that significant progress is
being made in key mechanisms that would permit an
ARE to recognise and classify aspects of the real world
with some (in principle, quantifiable) measure of confid-
ence. In addition, though the system in [5] is based on
the primate visual cortex there is nothing to prevent the
method being used with an ARE using transducers that
operate in ranges not accessible to human senses — for
example, at infrared, ultraviolet or microwave.

B. Salient Information

In 2009, a report[6] detailing work on computation-
ally distilling natural laws from experimental data sets
was published. The natural laws were represented by
symbolic mathematical expressions, with the computer
searching through a space of generated formulae to find
those with the best fit to the data. The process of find-
ing the optimal formula was termed symbolic regres-
sion. In the case of one of the experiments, the com-
puter took almost 40 hours to find an optimal formula,
but this amount of time is small compared to the cen-
turies of science prior to most original formulations by
human scientists like Newton and Lagrange. Moreover,
while some technical details of the approach have been
challenged and improvements proposed[7], the core ap-
proach still holds promise.

In the context of the present discussion, what is
most notable about the work in [6] is that it has shown
the possibility of the computational distillation of real
world data down to mathematical formulae. It presents
the possibility that AREs might learn based on parallel
sampling of the environment, followed by networked
interchange of mathematical results. On the assump-
tion that AREs can be constructed to operate in reason-
able ways, one could imagine that, at the very least, this
might alter many aspects of the scientific process. Per-
haps, scientists might find themselves with more time to
discuss why certain formulae are better than others for
reconstructing the behaviour of some real world phe-
nomena. It also raises the possibility that one of the
principal types of knowledge federated by AREs will be
mathematical formulae. These might play a role in up-
grading ARE capabilities as well capturing new know-
ledge to benefit humanity. Since there is, theoretically,
nothing to stop a suitably configured ARE spawning a
copy of itself to test a new configuration, AREs might
also manage to evolve their development. Putting aside
the horrors of science-fiction B movies in which com-
puters take over the world, the self-testing of new con-
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figurations might assist in preventing attacks from com-
puter virus and cracking intrusions.

C. The Geometry of Learning

Hopefully, readers of this paper will by now have
detected a theme: That increasingly, mathematical tech-
niques and objects will form the core and, in some sense,
one of the native languages of future AREs, if these are
feasible. It seems likely that the developments for dis-
cussing the behaviours of AREs in a scientific way will
require expression in mathematics, and that mathemat-
ics will underwrite any future science of reason. In par-
ticular, as mentioned earlier, coherent discussion of the
state of an ARE will require an underlying general math-
ematical model. Progress in this direction can already
be found in [8]. Therein, Sumio Watanabe introduces
a mathematical model that provides a unifying theoret-
ical foundation for discussing the properties of diverse
statistical learning methods and machines. Previously,
many statistical learning machines had no underlying
theoretical treatment because their models were singu-
lar — meaning that their parameter spaces contained
discontinuities. With a coupling of algebraic geometry
and singularity theory, Watanabe is able to prove that
a unified model is possible, and his work also provides
for new results about the behaviours of existing statist-
ical learning techniques.

While the theory in [8] was created by a human
genius, and not a computational formula distiller, it can
be seen in some senses as a remarkably creative distilla-
tion. The techniques involved may also possess wider
applicability. For the relationship between aspects of
computational methods and algebraic geometry can be
applied to key aspects of the research examples in [5]
and [6]. While the process in [6] is already distilling for-
mula from data that contain a certain amount of noise,
the research in [8] provides theory for processes that
handle learning from datasets that could have statistical
distributions. Moreover, the research in [5] raises the
possibility that a ‘state of mind’ is actually a statistical
expectation[14] — an averaging over some collection of
maximally likely possible states positioned (at some mo-
ment in time) on some high-dimensional manifold. The
mathematical techniques in [8] might thus play a crucial
role in any future capacity to describe and study AREs.

VI. PARTIAL KNOWLEDGE

Having introduced the idea that a subtler model of
reason might be necessary this then implies that a dif-
ferent account of the link between human language and
reason might also be required. As an ARE might prin-
cipally operate over numerical and lexical data an ac-
count has to be given of the relationship between this
data and the mathematical properties of the model of

reason. Evidence in [5] (and references therein) suggests
that, in primates at least, the transition from data signal
to information occurs through layers of processing that
have statistical and integrative characteristics.

Thus, owing to the way human nervous systems
work, all knowledge rests upon statistical foundations,
only more or less certain. In addition, the conditions in
which perception takes place can be disadvantageous.
In fog, for example, a face might be hard to identify, or
an object might be considered to be two different col-
ours at once. Properties that were previously used to
identify an object no longer supply enough data for am-
biguity to be removed. Meanings in natural language
can have similar properties. Though it can be a struggle
to identify an object in perception, words can also often
lack precise references, precise application to the world.
As a result, a need for extended description can arise.
In English, for example, we might say that an object is a
book, or like a book. However, the set of discriminating
properties underlying the application of the word ‘book’
can each be applied more or less, so there can be bor-
derline cases where something is a bit like a book, but
also like something else. So there is a struggle to create
an identifying description. There is also the fact that,
within a text, the description of an object can change
over time, so that while it might be referred to by a
single word, the reappearance of the word in itself by
no means captures all that is intended.

The ‘shifting sands’ of perceptual and semantic
leeway has consequences for the use of the word ‘lo-
gic’. Classical, ‘hard’ notions of the identity of terms
and objects might need to be supplanted by a subtler
account[15]. In what follows the classical term ‘identify’
should be taken to imply the detection of a sufficient
number of characteristics present in sufficient degree so
as to remove enough uncertainty as to whether two ex-
periences of an object, separated in time or space, con-
cern the same object. The use of the term ‘enough’ here
is deliberate — everything in the universe known to con-
temporary physics is subtly altered by the passage of
time. Therefore the concept of identification has to allow
for these changes. The mention of ‘separated in space’
covers the mathematical (or ideal) case of, for example,
two congruent triangles some distance apart, that can
brought into perfect coincidence of all their points via
some translation. When they are in perfect coincid-
ence it is possible to cease to consider them as two tri-
angles and identify them in a single representative tri-
angle. Note however, that the (augmented) definition of
‘identify’ leaves open the real possibility that a person
encountering each of two ‘identical’ twins in separate
experiences can be mistaken about considering them (by
removing enough uncertainty) to be the same one per-
son.

Now it becomes pertinent to ask what mechan-
isms underlie the capacity of people to identify objects.
Clearly, in order to detect a sufficient number of char-
acteristics of some object, a person would need to have
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had prior experience of that object. Someone encounter-
ing some (highly distinctive!) squirrel for the first time
is not likely to remark that it is in fact Sidney the squir-
rel and is their neighbour’s pet. Therefore, identifica-
tion in the real world rests upon memory —there is an
interposed time interval. Ideal mathematical identifica-
tion however, is in a sense the deliberate removal of any
dependence upon memory, until properties are entirely
coincident. But it relies on the ability to suggest initially
that, for example, two triangles are congruent, which in
turn relies upon memory of key characteristics. Earlier
in this paper (§II) it was asserted that memory is pat-
tern storage, and now it is possible to say more about
what comprises a pattern. A pattern is made up of char-
acteristics, and these latter can be spatially related and
temporally ordered.

As an aside, it is interesting to note how advert-
ising gains its power from compelling the retention of
characteristics mashed together in some artificially con-
structed pattern. Accounts of human rationality often
resort to distinguishing between rationality proper and
human susceptibility to advertising and the creation of
impulses. This is the same concern as is involved in the
desire for an ARE with reasonable behaviour. However,
assume for a moment that cognition just is traversing
through some realm of retained patterns, and that the
(continuous in time) trajectory taken in that traversal is
also heavily influenced (if not controlled outright) by
retained patterns. What then distinguishes reasonable
from unreasonable? At the end of §III it was sugges-
ted that some property related to the trajectory would
determine whether thinking behaviour is reasonable or
not. The notion of the accountability of some trajectory
rests upon some criteria as to what makes sense. This
becomes circular if it is just asserted that sensible people
determine what makes sense. It therefore becomes ne-
cessary to dig deeper and ask how sense is made, as
contrasted with nonsense. From the example of advert-
ising it is clear that it is not the content of object patterns
that matters here, but the ways in which it is possible to
traverse through them — how they are interconnected.

Before discussing these properties of trajectories
further, note that it is now possible to connect the
account of a trajectory of a set of points on some
high-dimensional manifold with the idea of traversing
through a realm of patterns to give a limited view of
how reason might operate. Imagine an ARE with only
one pattern in memory. Obviously there is nowhere to
traverse to, so this ARE cannot be said to be reasoning.
Now imagine an ARE with as many patterns in memory
as an average person, but as time passes this ARE sees
all of these patterns at once, all the time. Again, this
ARE cannot be said to be reasoning, as there is no tra-
versal, no movement. Reasoning therefore involves, at
minimum, traversal through some subset of the avail-
able patterns in order to cope with (or perhaps even be
creative into) some situation in the world. Moreover,
on the assumption that trajectories are continuous in

time and that characteristics are statistically detected, is
it possible to view reason as blending/morphing paths
between patterns? This might be the reality that under-
lies the way people consciously think, with all the in-
terleaved blending between patterns with a concerted
degree of identity lost under the surface in the subcon-
scious. Although this is speculation, it could account
for the extent to which people find it hard to detect and
override insufficiently examined links between patterns.
A means to examine these links might therefore provide
a basis for assessing what is reasonable.

VII. PATHFINDERS

In the realm of human action, what is considered
reasonable, tends to be any action that is either harm-
less or constructive, or in the case of defence, a justi-
fiably proportionate response. In the case of a human
being faced with a new situation, there is a great deal
of mental processing related to selecting the most con-
structive action, according to some subjective metric as
to what is constructive. It is conceivable that this sub-
jective metric has to be learned. (It is also conceivable
that psychopaths lack the ability to construct or retain a
metric involving compassion for, or empathy with, oth-
ers.) However, as noted above, what might be more im-
portant is the way a person’s mind is able to traverse
between patterns in unexamined ways. A person might
believe they are reasoning well, but, assuming they have
sufficient patterns, in fact prior reinforcements of certain
connections leads them to choose outcomes that could
be suboptimal (which is to say that they could do bet-
ter if only they knew how). Not only does this account
require sufficient patterns and sufficient ways of travers-
ing smoothly between subsets of patterns, but it requires
sufficient prior context-dependent influences of traject-
ory to create and reinforce ‘reasonable’ predictions and
choices. These prior context-dependent influences are
guided by error-checking procedures. It becomes pos-
sible to suggest that John Nash’s illness arose not from
lack of patterns or routes to traverse between them,
but in a subtle loss of error-checking of the traversals
between subsets of patterns and the concurrent connec-
tions between them, even as new information was pour-
ing into his mind. (For someone with a thoroughbred
mind, perhaps even small doses of alcohol, or dietary
intolerances, were problematic triggers in this respect.)
According to this argument, reasonable minds have bet-
ter error-checking procedures. However, an addition to
this account could also be offered. Reasonable people
not only have better error-checking procedures but per-
haps they are also concomitantly slower to move to ac-
tion.

This is not to argue that an ARE must only oper-
ate with information that it is one hundred percent cer-
tain about. In this respect an ARE might need to oper-
ate more in the manner of an intelligence analyst than
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a scientist. That is, an ARE would need to reason with
uncertainty, much as people do, while keeping track of
how much confidence could be given to identifications
and predictions. The catch involved in this approach
is that the ARE is continuously maintaining, simultan-
eously, multiple possible views of almost all states of af-
fairs, with each view holding some degree of influence.
Here again, there might be a need to envision the sim-
ultaneity of views held concurrently not as a set of dis-
tinct objects, views V = {a, b, c, d...}, but more as a total-
ity — perhaps somewhat like an animated impressionist
painting. Blobs of colour and forms morph continually,
while somehow entailing, for people at least, a plurality
of semantics in respect of the world. Given an account
like this, it is not difficult to postulate an analogy with
the movements of clouds of neural activity seen on time-
lapsed MRI scans of human brains.

So what does it mean to have error-checking on
the flow of patterns, on unexamined traversals? For an
ARE, the possibility of its being able to introspect its
own traversals arises. One possibility hinted at above,
is that the ARE keeps track of the amount of informa-
tion, in its current account of some state of affairs, that
it is more than, say, 95% certain about. Those aspects
of the state of affairs would then carry weight when the
ARE generates plans, while others would be discoun-
ted. Alternatively, it has to be asked whether plans for
action are really separate strands, or whether statistical
accounts of aspects of state allow for a view of planning
more akin to a plume of injected ink in a fluid. Ow-
ing to uncertainties about the current state of affairs,
there would be a narrow probability distribution of ini-
tial conditions around the current point with a continu-
ous plume of future trajectory extending from it. Any
single curve within the plume would represent a calcu-
lation about where to go next. Some curves could be
‘denser’ than others, akin to fluid streamlines, indicat-
ing the heavier influence of information the ARE is suf-
ficiently confident about. Being reasonable might then
be thought of as remaining within regions of the (con-
tinuously evolving) plume where the ‘density’ is high
enough. Note also that this description of planning and
flow requires a means of description that is sufficiently
continuous, demanding a mathematical approach.

A. Language and Simulation

Given an account of cognition like the above, it be-
comes possible to suggest that the way language op-
erates is both bidirectional and flexible. Bidirectional,
because people have the capacity to consciously label
some set of features (detected using statistical mechan-
isms like those in [5]) with a word or phrase, but they
are also able to ‘reignite’ those feature detectors when
only the word is perceived and recognised. Flexible, be-
cause the underlying mechanisms of feature detection
have statistical properties, so the interplay between fea-

ture detection and word is somewhat elastic. To think
about words more deeply, a word is at minimum sim-
ultaneously a prototyping necessary pattern set stored
in memory for each of: a written object seen in the
world, a phoneme stream heard in the world, an event
stream stored in memory (to reproduce the sound when
spoken), a statistical object simulation/recognition ca-
pacity, and a set of connections to other patterns (per-
ceptual or behavioural)[16]. If this is the case, then there
is an argument for saying that linguistic communica-
tion works because words can drive rich mental simu-
lations. Moreover, that as long as the mental simula-
tions of two or more people have enough overlap (Note
the deliberately vague ‘enough’!), then these people can
be said to share some understanding. However, they
might not share opinions, insofar as the case that opin-
ions and planning capacities are related can be made, as
their planning ‘plumes’ might be affected by even small
discrepancies of stored patterns[17].

With AREs the picture would probably be rather
different, because they could in principle exchange and
federate: the data of observation; the information pat-
terns generated; the mathematical formulas and their
instantiating algorithms that enabled information cap-
ture; further information about their precise internal
state (their point positions and distributions upon the
high-dimensional manifold as postulated in §IV); and so
on. Therefore, in principle, AREs could operate with a
much tighter tolerance for shared understanding than
people normally would. The potential for AREs to have
‘hive-reasoner’ capabilities might in this aspect outstrip
human capacities. This then raises questions about the
interface between people and AREs. Humans might, at
some time in the future, be able to construct effective,
reasonable AREs, but will they be able to get along with
them?

VIII. LEGAL DIMENSIONS

In 1790, Immanuel Kant published his Critique
of Judgement, a text that investigated the connection
between reason, with its capacity to consider all sorts of
plans, and morality, which might consider some plans to
be harmful. This connection necessarily involves a filter-
ing of plans for action based upon some notion of com-
passion, and for Kant this lay in the deliberate postula-
tion of an ideal rational being (albeit rather anthropo-
morphized). One might argue that the reason Kant had
to resort to postulating an ideal rational being was be-
cause the perfect moral person is hard to find, let alone
a generic morality. As with intellect, it could be sugges-
ted that there are almost as many different moralities
as there are people on the planet, and that these range
across a spectrum from ‘positively angelic’ to ‘hideously
demonic’ (or similar metaphors). In reality, the closest
people get to a generic morality is in their legal systems
— specifically the legal systems of their nations. It is
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thus more meaningful to describe people as law-abiding
than it is to describe them as moral. A neat feature of
this approach is that the existence of a written corpus
of law means that people can learn what to do or not
do. Though some people have been known to learn as-
pects of the their laws and then deliberately not abide
by them. On the assumption that an ARE could learn
about laws, could it also be constrained to respect them
in its choice of actions?

In the 1940s, Isaac Asimov wrote the science-fiction
stories that were eventually collected under the title “I,
Robot”(1950), which contained his formulation of the
“Three Law of Robotics” as a plot device[18]. The plot
device was intended to be exploited to show that any
simple attempt to codify ethics for robots was doomed
to failure. For comparison, there is also a contempor-
ary set of robot laws in [9]. The laws therein rest upon
restricting deployments of AREs by humans unto, “the
highest legal and professional standards of safety and
ethics”, which, in a sense, sidesteps any attempt to actu-
ally imbue AREs with intrinsic ethical judgement. Most
traditional AI takes the approach of codifying all the
parts of law considered relevant to some robot’s task as
rules and putting the rules in a database. When the ro-
bot decides that it is in situation X and makes a set of
plans Y, each one of the set of plans must be compared
against all (detectably) relevant rules in the database of
laws. This is often too slow even with substantial pro-
cessing power allocated to the task. However, the model
for cognition presented in this paper points to another
approach.

A recap of relevant parts of this paper could be:
Brains learn patterns and learn associations between
them. Possibly, all forms of cognition rest on (statistical)
pattern associations, and there is a fundamental connec-
tion between simulation and cognition. Possibly, cogni-
tion, in many respects, just is simulation. For an ARE,
patterns and their associations can be captured as math-
ematical properties of some high-dimensional model.
The reasoning processes of an ARE involve traversals
over the manifold of this model. AREs could also, in
principle, exchange all sorts of information about their
states and processes.

Armed with this account, it could be argued that
the key to an ethical ARE is in training it to associate cer-
tain marking patterns, such as ‘legal requirement’ and
‘not legal’, with other pattern sets. That is, the capacity
for an ARE to be law-abiding lies in filling out the pat-
tern sets with additional connections. As an extreme ex-
ample, people would normally condemn a person who
put another person on a table and then stuck a big knife
into their chest. But if the person on the table is anaes-
thetised, gave prior consent, and the person with the big
knife is a qualified surgeon operating in a hospital then
the pattern set (often) becomes a legal one. The set of
patterns will determine the state of the ARE, given as a

position on a high-dimensional manifold. Since the two
pattern sets can have distinct positions on this manifold
(assuming rich enough feature sets and memory capa-
cities), additional properties concerning legality might
be readily assigned as a value on an extra dimension.

The learning speed for AREs could come from be-
ing able to run many simulations in parallel and dissem-
inating the results. The processing speed could come
from the fact that perception and simulation are related,
using the same underlying mechanisms, so that pattern
sets once learnt would come automatically tinted as to
their legality. It also matters for the purposes of avoid-
ing expensive combinatorics, for example, that the scen-
ario where the surgeon operates on a person is con-
sidered to be the more frequent and usual situation.
Thus, the absence of key patterns would rapidly sug-
gest illegality. The statistical properties of pattern sets
could then be used to assess large patches of the plan-
ning ‘plume’ based on pattern set blends and overlaps.
The planning plume as a whole might be ‘coloured’ with
the measure of legality of the points within it, facilitat-
ing rapid assessment of legal trajectories.

IX. IN CONCLUSION

Hopefully, the preceding sections have provided
some means by which to assess the plausibility of con-
structing an effective, reasonable, even ethical, ARE. As-
suming that, armed with a new science of reason, it be-
comes possible to construct such AREs and deploy them
widely, how is this likely to transform society? One ob-
vious response might be that, within the current eco-
nomic paradigm, a great many people might be made
redundant. Almost all roles within society that have an
intellectual component could be vulnerable to some ex-
tent. A dystopian vision might also suggest that, if left
to evolve, AREs will eventually become AIs, and people
will become tools used by AIs rather than the other way
around. In addition, there is the (almost) inevitable ex-
ploitation of such technologies for criminal or military
aims. While it is worth considering these possibilities,
it is also worth acknowledging that there is consider-
able scope in the use of effective AREs for educational
and other training needs, and for providing intellectual
assistance in almost all spheres of life. Children and
old people, especially, might benefit from such assist-
ants when faced with an increasingly complex and, in
some senses, difficult world.

Would the advent of AREs transform the world?
Yes, undoubtedly. Moreover, the opinion expressed in
this paper is that the legislators of the world’s nations
should prepare for their arrival. As with many other
powerful technologies, there is scope for great harm as
well as for great good.
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