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Consciousnesand Life

Panpsychism is thghilosophicad oct ri ne t hat every physical enti
| will mean anyhysicalobject or naturally occurring process.

Note that panpsychism different from (although consistent wittije pantheistiaoctrine that the
universe as a whole has a conscious mind. Panpsyeali@nsthat the universenay beconscious, but
its primary statement is thaach object and each process &bitle consciousnesof its own Galaxies,
rocks, planets, atomslectronsair currentsfires, river® each of them has a mind

Panpsychisnis relatedbut not egivalent tohylozoismwhich says that every objectabve. That
curiousword comes from the Greek worldgle, matter +zoe life.

To clarify the distinction between the two doctrines, we can divide entities into four distinct categories,
listed in the lefthand column of Table 1. And the rigiénd column of the table lists some possible
candidates for each tegory.

Category Possible Examples
Conscious but not alive. Brittle chip-based ultracomputers. Ghosts
Conscious and alive. Humans, hi gherremrnad dn

robots who build more robots.

Alive but not conscious. Bacteria. Biological viruses Group
organisms such as anthills or human
societies. Selmodifying computer viruses.

Not alive and not conscious. | Stones. Atoms. Planets. Fires. Waterfal
Air currents. Fluttering flags.

Table 1: Consciousness and Life

Despite these seeng distinctions)] 6 m going to argue that everythi:i
and al i veolamwbotha gaopsychic afid@ hylozoist. Certainly | realize this is not a common
point of view! To some extent, | am ongdoptingthese ideasroto see how they feel, that Igractice

ein philosophie als ab a philos@hyas if



| currently work as a science fiction novelist as well philosopheiof computer science. | find it

useful to adopt extreme philosophical positisnghat | carramatize them as novels. One might

regard my novelas extended thought experiments. Some of the ideas | discuss in this paper are finding
their way into my most recent two novaPostsingulay [Rucker 200, andHylozoig [Rucker 20@)].

Part of the attretion of panpsychism and hylozoisimemotional. It feels pleasant to imagine oneself to

be surrounded by living minds. Th&eteentlcenturyphilosopher Gustav Fechneasan eloquent

advocate for the satisfactionsgdnpsychismi Hu ma n s a rdeat ali lavels ob heingd by varying
degrees of soul . T h © ¢he human Boell@atrhome in @rsensbuded gosmog ht v
This he contrasted to the materialist &énight vi
utter blacke s € .Quooted in[Skrbina200g, p. 122

In the long, run, | believe there will be quite practical reasons for believing in panpsydhistty, it

begins to seermossible that we can build computers which are consckngsecondly, in the longer

run,our computers will consist of ordinary objects. Ha history of technology tells us that digital
chipbasec o mput ers are | ikely to disappear from the
clockwork gears i n our maketradidseu of mouynmiobese The agerad we
digital computer chips is going to be over and done, if not in a hundred years, then certainly in a
thousandBy then we will be working with the quantum computations of ordinary objects.

Il n t hi s presmtmlegical arguménfor panpsychisnand hylozoismMy argument hinges on
theconceptofignar |l y comput at iapplytodhaotepracesdsthatasescamevitha r m |
orderly. My argument will proceethrough the followingnine steps

(1):Universal AitomatismEvery physical entitys a computation.
(2): Moreover, gery physicalentityis agnarly computation.

(3): Wo | f r anuiplesof ®@mputational EquivalenceEverynaturally occurringgnarly
computation is universal computation.

(4): Consciousness = Unikgal Gmputation +Self-Reflection

(5): Any complex systensan be regarded as havisgjf-reflection.

(6): PanpsychismEvery physical entityis conscious.

(7):Wa |l k er 6 kife IFUnwegsal Computatiorr Memory.

(8): Every physical entity has memory viaitgeracionswith the universe.
(9): Hylozoism Everyphysicalobject is alive.

Everything is a Gnarly Computation

| enjoyusing a dialectic approach to develdpas, aslate o r g Kreaggeedtgreat grandsan
Usually we think of dialectic in terms of thesantithesis, and synthedishe synthesis represents an
escape from the contradiction found between the thesis and antithibsattern is called a dialectic
triad.

| 61 1 st ar t triad whose syathetid canipeneniniyy statement (2)Every naturallyoccurring
phenomenon can be regarded as a gnarly computaigiiirst version of thidriad appears a book

whose title summarizes the argumértie Lifebox, the Seashell and the Sprilicker 2005]This title

is a pattern of the form tises, synthesis, and antithesis. (If | wanted to closely match the usual order of



ideas, | might have called my bodke Lifebox, the Soul and the Seashell But t hat phras
off the tongue so well.)

My thesisin this case istatement (1)Every object or process is a computation. My name for this
thesisUniversal Aitomatism Universal Automatism saykd world is made of computationa.
particularly contentiousaseof Universal Automatism is the statemémat ahuman minds a
computation I n my b o o kgl his tasetof the Universahtamatisretteess by the word
Al i febox, (st seiéncefictional) device that holdenoughdata and algorithmi® fully
emul at e a p e tfeebthattve wibsedlitelsods onrsale within a century or two.

In order to make Universal Automatism more believable, | have to use a very inclusive notion of
computation. So | sayatacomputations anyprocess that ays finitely describable rules.

Do note that, rather thamyng the world is one single computatiopyéfer to sayhat he world
consists ofnanycomputationd at high and low levels. There need notbgsingle underlying master
computatiod no robot voice reciting numbers in the dark. Instead we are argpstiarm of little
computations made of yet smaller computations.

My antithesis n t h edialbcticdriagbespresseth y t he wor d @ s oabbervationi s t h
that consciousnesi® e s fedllike a mmputation We have an innate sense ofaag@ness that we
express by amhGhe mhafeel@that b@ihg conscious involves merging into the world,

which doesnét seem | i ke something a computation
give us a sense that consciousressa texture not captured by computation. Dreams and religious
visionsalsogi ve us a feeling of having a higher consc

My synthesisn this dialectic triad is to claim thataturally occurringgomputationgan in facthave the
richness of consciousnedsr the reason that they agearly computations Furthermore, | argue that
all naturally occurring processes are in fact complex enough to be gnarly computations.

| 61 I s ay gnarlycomputatibngnithe next section, but for now suffice it to shagyare
complex and unpredictablé. n my bookdés title, | wuse the word
gnarly computations because certain seashell patterns are believed to be naturally occurring
computaions of this complex sort. (See Figure 1.)

[Insert rucker_figurel.eps]

Figure 1: A Cone Shell Bearing a Gnarly Cellular Automata Pattern



To summarizemy original dialectic argument says:
e Thesis Everything is a computation.
e AntithesisHuman consciouse s s doesnoét f eel |l i ke a comp
e SynthesisEverything is a gnarly computation.

Sothis argument takes us from my statement (1) to my statement (2).

What is Gnarl?

By way of explaining more preciselyutthatat | mean
computations li@mna spectrum of complexityMy analysis follows that of Stephen Wolfram in his
book,A New Kind of Scienc@Nolfram 2002].

[Insert rucker_figure2.eps]

Simple Complex

Too Cold Gnarly Too Hot

Figure 2: The Spectrum of Computational Complexity

Suppose that we focus snme particular category of computations such as Turing machines or cellular
automata rules. No matter what the category, we always find four basic kinds of behaviosgso@me
halt; gaesinto a repeating loop; produsenpredictable but somewhatdety output, producgrandom
looking output.

We view the first two types of behavior as simple, and the second two types as complexos

theory, both of the complex classes are regarded as chaotic. The reason | have introduced the word
Afignar |l gothiordtdol ass is so as to have a more con
Christopher Langton refers to this zone asettige of chaaos

In this context, ' a rveryrinfetested in the distinction between the terminating and repeating
compuations, so we lump those two simple classes together. Thagiwe at three general classes
simple, gnarly, and randcitooking. And just as in the fairy tale about Goldilocks and the Three Bears,
we can view the behaviors as too cold, just right,tanchot.

e Simple (Too Cold)Dies Out or Repeats
¢ Gnarly (Just Right)Complex, moving, unpredictable. Life. Natural processes.
¢ Randan-looking (Too Hot): Seething.

Most of myown taxonomic research on computations has centered editmensional cellular
automata. We can think of these computations as taking place on a computer screen. Each pixel acts as



a tiny independent computeach pixel updates its state on the basis of #tesof its neighboring
pixels, and the states are depicted as colors.

At the end of his life, the computer science pioneer Alan Turing was beginning to use these kinds of
rules to show how the patterns on animal coats and butterfly wings might emerge from cellular automata
rules based on two competing chemicals, an actieatord an i nhi bi t or . The AT
emerge from these rules can look like spots or filigrees.

[Insert rucker_figure3.eps]

Figure 3: Gnarly Two-Dimensional Cellular Automata

We can create computer simulations of these rules by supposing thttéhef each pixel includes two

real numbers representing the intensities of activator and inhibitor. Figure 3 shows some of the patterns
generated by these rules. In these images we see the spontaneously generated scrolls that biochemists
call Belousw@-Zhabotinsky scrolls. The dynaosi of these patterns are lovelyhéelspirals are

constantly turning, and the scrolls expand, swallow each other, and spawn off new sdmdbst like

living creatures.

Getting back to my ma line of argument, let me saybit morein my support of my statement (2):

Every object or process is a gnarly computattom many cases itodés intuitiyv
performing a gnarlgomputationthink of swaying trees, a flickering fire, the cracks in drying mud,

flowing water, or even a rock. A rock? To the human eye, a rock appears not to be doing much. But
viewed as a quantum computation, the rock is as lively and seething as, say, a small star. At the atomic
level, a rock is like a zillion b connected by forcsprings, andve know this kind of compound

oscillatory system behaves chaotically.

Panpsychism

For the nexstageof my argument, | want to argue farform ofwhat Wolfram calls th&rinciple of
Computational EquivalenceThis ismy statemeng3): Every naturally occurringgnarly computation is
a universal computation.

Computer scientists define universal computers as systems capable of emulating the behavior of every
other computing system. The complexity threshold for universal computation is iefgdow. Any
desktop computer is a universal computer. A cell phone is a universal computer. A Tinkertoy set or a



