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1. Overview

‘Axiomatization’ or modeling, as approximate structure
‘Applications’ mainly to suffering and its release

Inspiration comes from

o Turing machines (including type B machines)

° BUdC.thS.t psycholf)gy > discreteness

o Meditation experience

° Emperical evidence )

o Friston's Free Energy Principle life is risky

o N.G. de Bruijn's model of consciousness associative memory

Central notion: (mind-)state s determining actions, experience, physiology

[unwholesome states may bring us in contact with police, psychiatry, physicians
wholesome ones increase chances for creativity, flow and health]

states appear in time {s; }+cT and conscious time is discrete T = Z

HB Axiomatizing Consciousness & Applications AITP'18, March 26, 2018



2. Turing Machine: well-known, tape (world) made explicit

1€l (input), s€q) (state), a€A (action), weW (world)
an action a can be a move {L, R} or {write(?) }iex

(i, a,s')
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3. Agents (machines, robots, animals, humans)

Add sensors and actuators to the TM
Generalize X to Z, () to S, A to A, transitions by a NN

Now i€Z has a zillion possibilities, similarly for ac.A

This is the Hybrid Turing Machine Model in

Zylberberg-Dehaene [2011], Barendregt-Raffone [2013]

To model transitions (i, s, a;w) — (i, s, a’; w') — (i, 5", a";w") ...
we Interpret states as actors:

S=ZIxAXW)—= (T xSExAxW)
next(z, s, a;w) = s(i,a;w) = (¢, 8, a’;w"), etcetera

This if the world w is as obedient as a TM tape
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4. Prediction/intention correction by the harsh /resisting world

To model resistence, consider YWV*, the agent's intentions,
with a stochastic w : W* x W—W (prediction correction)

Intended w* in (..., w") = s(...,w) gets ‘corrected’

Friston considers things from the other side and speaks about prediction error
Reality view: focus on the result, the corrected intention;

Friston's view: focus on the not accomplished intention, an error

Now we model things as follows

S = (IxAXW)—= (I xSxAxW)

next(i, a; w) (', s a";w"), with w" = w(w*,w) and

(i, s, a";w") = s(i,a; w)
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5. Agents with attention: priorities; coalition of substates

Sensorial input comes in parallel, but one can focus

i = ({11,...,i,}, F') with F C {iy,...,1,} (attention)
Also for actions (empirical data for animals exists)
a= ({ay,...,a,},G) with G C{ay,...,an}

An action moves the world or attention (like in a TM!)

A state consists of coalition of collaborating substates

s =q1|q]| - |

[A state can be approximated by a large set of parameters
and a substate is a subset of these (wheather: a snow storm)]

An important substate is gr feeling-tone: pleasant, unpleasant, neutral
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6. Consciousness and time

Axioms for consciousness

l.c = {Ct}tET consciousness as time-stream of configurations

2. C

3.i={ir,...,in}; F), a={ar,...,an}; @), s=aql| - |ax
4. T = Z

(i, S, (1) each c consists of an object, state and action

: discrete time with Z ={..., —-2,—-1,0,1,2, ...}

‘flexibly embedded’ into real time R

D. A pre-conscious moment is not a snapshot but an elaboration, like
spatial /temporal interpolation, of what happened in the preceding real time interval

being elaborated and presented at next consciousness configuration

~ =

— configurations

® ® @ @ @ @ ® @ @® time —
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7. Evidence and consequences

Partial evidence

Lehmann et al [20]
VanRullen, Koch [26]

Atoms of the mind

Continuous Wagon-wheel illusion

The model allows for spatial /temporal interpollation

Consequences

Brouwer [4]

Time perception: difference between c; and c;_1
the latter being still somewhat accessible

e von Neumann "How to explain precision under biological noise?”
Zylberberg, Dehaene et al [30]: by discretization
e Wertheimer [29] The ®-phenomenon
e Gestalt psychologists The illusion of the sensory mosaic
e Sperling [23] Unconscious attention
e Slagter, Lutz et al. [31] Variable attentional blink
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8. Narative self

The stream of consciousness so far is
C1,Co, C3, -+ With ¢; = (iy, S¢, ay)

Focussing on components we get

11,792,713, stream of input
S1,S89,83,+-+  Stream of states
ai,as,as, -+  Stream of actions

The 7 may be experiential 75, from the physical senses
or from the mind 7,, and often the stream is rather mental

lsy tmsytmsy tm,y *

the narrative self. This may be unwholesome if it is coupled
with states containing negative feeling-tone and aversion
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9. Modelling the thought pump: cued recall

Basic mechanism of associative memory: cued recall
When an object 77 is followed by i a couple of times,

then one remembers this and presenting 71 will produce i3 from memory

There is a mental storing factor ¢, such that a few

11(8]qs)ar — i2(s|qs)az,

i1 Is followed by io creates a mental recall tactor q,j;, i,
such that in the recall phase

11(5]qrfiy iy) )@ — 1250
I.e. the object 79 follows 7. Can create thought chains:

. 4 -/
by —> Ty —> Ty —> v
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10. Associative memory

Units of cued recall (CR) have limited capacity and reliability. Many such units can
be combined to form powerful associative memory (AM), enabling it to remember

a text of 500 pages with very high reliability

Theorem (NG de Bruijn [3]) Suppose that each unit of CR has a capacity of storing
m pairs, with a reliability of 0.5 (50%) to be correct. Suppose there are N = 10"
such units, then it is possible to construct a compound system for AM, with capa-

city vV N.m and reliability 1 — e=20.

Proof. Sketch. The 10!Y small units of CR are made to be ON/OFF at random in
a ratio 1/10* (0.5s ON vs 4h OFF). Then by simple probability at every moment
10° units are ON. During learning phase these store the (i1,75). At recall time
there are also 10° ON (a different set). Of these, 10? also had been ON during

storing time. A majority vote provides the right association. H
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11. Attention, mindfulness and p-consciousness

Attention was built in the model as ¢ = ({i1,...,0,}; F)

Mindfulness (reflection) input from precedent configuration
not from the world: can be 7, g, s, a (foundations of mindfulness)

| e

Block [3], Lamme [18], Dehaene et al. [8] claim attention creates full consciousness

de Bruiin [5]. Edelman [101 and Hobson [14] think one needs more: reflection

E Distinguishing an extra level, using

Lo attention and reflection differentially, one gets
- pre-consciousness vs (full-)consciousness

deserves to be explored

pre/proto-conscious
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12. Forms of suffering

Worldly suffering

coming from the prediction correction causing unpleasant feelings (pain) and worse

aversion or greed to cover it up. There may be a way out by improving the situation
Existential suffering (— existential fear)

coming from seeing that we are machine-like with discrete consciousness that can

be chaotically jumpy rolling on ‘without-self’

In both cases one wants to be in control, only partially possible in the first case.

We try to protect ourselves by ‘addictive’ states (side-effects)

Notably existential suffering brings us in strange attractors in the dynamic system
of consciousness streams hitting frequently unpleasant feeling. Attempts to cover

it up, even if partially successful, make us rigid
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13. Jumping out to freedom

Skillfully applying mindfulness
(7, g8, al) ~ (i -
(7, o83, al) ~ (i -

Then ‘angry’ can be avoided from focus or be reinterpreted

naming, or better noting:

(~ Turing completeness)

Disentang“ng <Z7 Sy CL) — <<{7’17 s 7in}7 F>7 C]l‘QQ‘ o ‘QIW <{CL1, s ,CLm}, G>)

it is possible that mind-states and behavior become more flexible

Given strange attractor (i1, 81,a1) — -+ — (in, Sp, an) ~ (i1,51,01)
developing concentration, fixing the ¢ and the a yields

(i,81,a) = -+ — (i, 8p,a) ~ (1,51, a)

Then clearly seeing the loop, a reset happens: system leaves attractor

From narrative self, subject to emptiness (— existential fear), to experiential self
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14. Research theme

Study comprehensively the putative discrete nature of
consciousness and the consequences of perceiving this:

fear, delusion, disenchantment [32]

Study the mechanism of overcoming the fear by

1. the capacity of mindful reification

2. Insight that consciousness is a dynamic process

and refining consciousness with improved concentration,
friendly attention, and mindfulness

If correct, this may help understanding clinical conditions
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