CHAPTER TEN’
Homunculus’ Quest for a Body

Bruce J. MacLennan

I Introduction

Goethe’s Faust strikes resonant chords in any thoughtful modern person, but for those of
us employed in Faustian endeavors, it is difficult not to take the drama personally. There-
fore, at the risk of adding to the numerous subjective interpretations of Faust, in this
chapter I will explore some of its intimations and implications for several Faustian tech-
nologies with which I am involved: artificial intelligence, autonomous robotics, artificial
life, and artificial morphogenesis. Faust has relevance to science and technology beyond
these specific disciplines, of course, but they are beyond the scope of this chapter. First,
however, it is necessary to define these technological pursuits and their goals.

Artificial intelligence (Al) is perhaps best known; it seeks to design artificial sys-
tems that have a behavior that would be called intelligent if exhibited by humans.' Much
current research is devoted to relatively specific behaviors, such as recognizing faces,
controlling vehicles, and scanning images or text for patterns of interest. This is largely
an engineering activity, and greater insight into natural (human and animal) intelligence
is neither an explicit goal nor an inevitable result. Nevertheless, research continues in ar-
tificial general intelligence (AGI), which refers to the creation of an artificial intelligence
comparable to human intelligence in scope, flexibility, and generality.” Although we are
still many years from developing an AGI, even the possibility raises questions in the phi-
losophy of mind, such as whether such an artificial intelligence could or would exhibit
consciousness or free will. Our inability to give clear, defensible answers to such ques-
tions reveals gaps and aporia in contemporary philosophy and psychology.’

Autonomous robotics is an active research area. Literally, an autonomous robot
would be self-governing (autos + nomos), a law unto itself,* but in common usage the
autonomy of a robot may be limited to its ability to operate without direct human control.
In this context, “Autonomy refers to systems capable of operating in the real-world envi-
ronment without any form of external control for extended periods of time.”” The longer-
range goal is to develop robots that are truly autonomous, able to take care of themselves,
to pursue their own goals, and, to this end, to be able to cooperate with each other or with
humans and other animals. Successfully implementing truly autonomous robots would
help us to understand our own autonomy.

The discipline of artificial life (alife) seeks to create “sufficiently lifelike” artifi-
cial systems out of non-biological materials. In this it may be contrasted with synthetic
biology, which seeks to re-engineer living matter for technological purposes. Some alife
organisms are implemented with robotic technology, but many live in virtual environ-
ments that exist in a computer’s memory (computer viruses and worms are simple, but all
too familiar, examples). Current alife systems are not literally alive, but they display
many lifelike attributes, such as reproduction, heritable traits, sensorimotor coordination,
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decision-making, competition, and cooperation. These life-like systems allow us to ex-
plore the characteristics and boundary conditions of life. Nevertheless, most alife re-
searchers expect that, in the long run, true artificial life will be developed and that this
accomplishment will help us to understand the necessary and sufficient conditions of life.

Artificial morphogenesis is a promising approach to nanotechnology.® Current
nanotechnology focuses on the development of new, nanostructured materials, which, for
the most part, are assembled into macroscopic products by conventional manufacturing
techniques. Unfortunately, this approach is limited in its ability to assemble complex hi-
erarchical systems with significant structure from the nanoscale up to the macroscale.
Organisms display this hierarchical structure, with complex structures at every length
scale, and we can anticipate that future autonomous robots and alife systems will have to
be similarly structured (see below). Fortunately, nature shows an alternative assembly
process in embryological morphogenesis, by which cells proliferate, differentiate, and
coordinate their activity to create complex three-dimensional forms. Thus we expect fu-
ture nanostructured systems to assemble themselves by processes of growth, differentia-
tion, and self-organized motion.’

These disciplines—artificial intelligence, autonomous robotics, artificial life, and
artificial morphogenesis—merge in the project of developing truly autonomous, intelli-
gent robots able to behave independently and competently in the real world. Our current
understanding of intelligence is that it depends on dense, intricately connected neural
networks, which cannot be efficiently implemented on conventional digital computers.
Conventional manufacturing techniques are unlikely to be able to assemble sufficiently
intricate artificial neural networks, and therefore artificial morphogenesis will be required
to “grow” (self-assemble) them. Furthermore, the creation of complex sense organs and
effectors (such as artificial muscles) will require artificial morphogenesis. Research in
autonomous robotics and artificial life will show us how to make these robots cooperate
with each other and with us.®

These technologies promise many benefits, and so we might go groping blindly
forward, like Faust, “foretasting such high happiness to come” (“Im Vorgefiihl von sol-
chem hohen Gliick™) (F, 11585) that we exclaim, “Abide, you are so fair” (“Verweile
doch! du bist so schén!”) (E, 1700),” and seal our fate. The Faustian character of these
technologies is apparent; what might we have to bargain away to obtain them? What
might machines with more than human intelligence mean for the future of humankind?
What are the ethical implications of using autonomous robots in warfare?'® What are the
environmental implications of artificial organisms, which might be microscopic in size?
And so on. Aside from their obviously Faustian character, these technological and social
issues might seem remote from Goethe’s drama, but his deep insights into nature and
human nature allowed him to anticipate many of the problems and sometimes their solu-
tions. In particular, Homunculus’ quest for a body symbolically prefigures the history of
Al in the twentieth century, including the emergence of theories of embodied and situated
intelligence, and offers new insights into the relation of mind and matter. Therefore, in
this chapter I will limit myself to this issue and leave Faust’s broader implications to a
book in preparation.
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I1 Words and Deeds

Symbolic AI

The discipline of artificial intelligence arose in the late 1950s, although it has
much deeper roots, stretching back through Aristotelian logic into Pythagorean numerol-
ogy."! Its history may be divided into two overlapping phases, symbolic Al (also known
as traditional Al or GOFAI, “good old-fashioned AI”) and, since the mid-1980s,
connectionist Al. The latter takes seriously the embodiment of natural intelligence, both
in the brain and, as more recently recognized, in a body situated in its physical environ-
ment. These developments were impeded by background assumptions about the nature of
intelligence that were grounded in European traditions such as rationalism, idealism, Car-
tesian dualism, and the mechanical philosophy. As a consequence researchers focused on
human intelligence (supposedly the only intelligence truly worthy of study) and in par-
ticular on the faculties considered most characteristic of human intelligence: language
and abstract reason. Symbolic Al gets its name from its focus on “symbols,” in this con-
text: words, concepts, and abstract categories.

Symbolic Al is a direct outgrowth of developments in symbolic logic and formal-
ist mathematics in the late nineteenth and early twentieth centuries. For example, in his
Investigation of the Laws of Thought (1854) George Boole expressed logic in a formal
algebraic notation, which is the ancestor of modern symbolic logic as developed by Ber-
trand Russell, Alfred North Whitehead, and others. Further, in the years leading up to
1900 mathematicians were successful in reducing much of mathematics to a system of
axioms from which, in principle, all the truths of mathematics could be deduced by for-
mal inference expressible in symbolic logic. David Hilbert is well known for advocating
a formalist philosophy of mathematics, in which the truths of mathematics consist en-
tirely in the formal relations among contentless symbolic structures (words, sentences,
formulas, etc.). Thus Ludwig Wittgenstein famously remarked, ““all propositions of logic
say the same thing, to wit nothing” (“Alle Sitze der Logik sagen aber dasselbe. Namlich
nichts”) he called them senseless (“Sinnlos™), but not nonsense (“Unsinn”).'?

In the early twentieth century philosophers of science, especially those of the Vi-
enna Circle, such as Rudolph Carnap, began to apply symbolic logic to scientific knowl-
edge, thus laying the foundations of logical positivism and logical empiricism, which
dominated the philosophy of science in the first half of the century. In this approach, the
structure of knowledge is formal and logical, but the empirical content resides in primi-
tive terms and properties defined in terms of physical measurement. Anything that could
not be expressed in these logical-empirical terms was taken to be meaningless or at least
nonscientific.

Logical empiricism provided what seemed to be an ideal foundation for artificial
intelligence, since it was supposed that any “genuine knowledge” could be expressed in
these symbolic structures and that cognition was essentially reasoning, which could be
reduced to the mechanical manipulation of formal symbols.'”

Formal logic and formalist mathematics do not depend on empirical data; they are
purely formal. Thus, as Wittgenstein observed, the knowledge structures in a purely sym-
bolic Al system are apparently not about anything. Stevan Harnad has called this the



MacLennan: Homunculus’ Quest for a Body

symbol grounding problem: how do the symbols in an Al system—or in our minds, if we
suppose they are like a symbolic Al system—get their meanings? One answer is that
there is no primary content, and the only meaning resides in the formal (contentless) rela-
tionships among “ungrounded” symbols. In the words of the “formalists’ motto,” widely
accepted in Al “If you take care of the syntax, the semantics will take care of itself.”'* Or
as Mephistopheles wisely observes, “Men usually believe, if only there be words, / That
there must also be some sort of meaning” (“Gewohnlich glaubt der Mensch, wenn er nur
Worte hort, / Es miisse sich dabei doch auch was denken lassen”) (F, 2565-66)."> How-
ever, when applied to human cognition this is an unsatisfactory resolution, and Harnad
and others have argued that symbols are grounded ultimately in sensory perception.
Goethe, too, observed, “How difficult it is . . . to refrain from replacing the thing with its
sign, to keep the object alive before us instead of killing it with the word” (“Jedoch wie
schwer ist es, das Zeichen nicht an die Stelle der Sache zu setzen, das Wesen immer le-
bendig vor sich zu haben und es nicht durch das Wort zu t6ten”).'® This issue brings us
back to Faust.

Word and Sense

The drama regularly reminds us of the power and limitations of senseless dis-
course. Examples include the familiar parodies of the Schoolmen’s logic-chopping and of
the Humanists’ empty rhetoric and pedantic antiquarianism;'’ both are examples where
form dominates content. In contrast Faust understands that meaningful language, signifi-
cant speech, is grounded in one’s inmost understanding.'® Sometimes the substitution of
form for meaning is successful, at least for a time, as in Mephistopheles’ institution of
fiat money to cure the Emperor’s economic woes and his use of illusion to rout the rival
emperor.'” In both cases we have only the appearance of something real, but the appear-
ance is sufficient to the purpose.

But the problems in symbolic Al were not limited to senseless knowledge struc-
tures, but also stemmed from formal logical deduction as a model of cognition. Mephi-
stopheles accurately describes the limitations of sequential formal reasoning in his collo-
quy with the Student in Part I, “Study” (“Studierzimmer II"°):

My friend, I shall be pedagogic,

And say you ought to start with Logic.
For thus your mind is trained and braced,
In Spanish boots it will be laced,

That on the road of thought maybe

It henceforth creep more thoughtfully,
And does not crisscross here and there,
Will-o’-the-wisping through the air.

(Mein teurer Freund, ich rat’ euch drum
Zuerst Collegium Logicum.
Da wird der Geist euch wohl dressiert,
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In spanische Stiefeln eingeschniirt,

DaB er beddchtiger so fort an
Hinschleiche die Gedankenbahn,

Und nicht etwa, die Kreuz’ und Quer,
Irrlichteliere hin und her.) (F, 1910-17)%

Creeping along the “Gedankenbahn” (“road of thought”) has proven to be the Achilles’
heel of many symbolic Al systems, for the more the knowledge in the system, the more
the combinations of formulae the reasoning engine must sequentially evaluate. This is
called the problem of combinatorial explosion, and it defeats even the fastest computers.
Early robots were extremely slow, sometimes taking an hour to make a movement, be-
cause they used sequential, discursive logic, analysis, and planning to coordinate their
behavior, but animals and insects with very simple brains behave competently and
quickly in the world. As Mephistopheles recognizes, sometimes we must resort to such
tortured methodical and analytical reasoning, but it is inefficient, and in most cases we
are better served by holistic embodied behavior:

They teach you for a year or so
That what you did all at one go,
Like eating and drinking, fancy-free,
Needs stages one, and two, and three.

(Dann lehret man euch manchen Tag,

DaB, was ihr sonst auf einen Schlag

Getrieben, wie Essen und Trinken frei,

Eins! Zwei! Drei! dazu nétig sei.) (F, 1918-21)*'

Mephistopheles next uses the metaphor of weaving for thinking, which reminds
computer scientists of the Jacquard loom (dating from 1801), which used punched cards
to control an automatic weaving machine. Charles Babbage intended to use this technol-
ogy to control his “analytical engine,” perhaps the first automatic computer (under devel-
opment from 1837 to 1871), and punched card technology continued to dominate auto-
matic data processing through much of the twentieth century. But this is what Mephi-
stopheles says:

Yet the web of thought has no such creases
And is more like a weaver’s masterpieces:
One step, a thousand threads arise,

Hither and thither shoots each shuttle,

The threads flow on, unseen and subtle,
Each blow effects a thousand ties.

(Zwar ist’s mit der Gedanken-Fabrik
Wie mit einem Weber-Meisterstiick,
Wo Ein Tritt tausend Faden regt,

Die Schifflein heriiber hiniiber schief3en,
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Die Fédden ungesehen flief3en,
Ein Schlag tausend Verbindungen schlégt.) (F, 1922-27)*

This does not describe the slow sequential mechanism of a symbolic Al system, but
rather the spreading activity in a connectionist neural network (a web of thought), in
which thousands of nerve fibers converge on each neuron, which then influences thou-
sands of others, to create a continuous field of activity in the cortical “Gedanken-Fabrik”
(“thought factory”).” Thus in his 1937-38 Gifford Lectures on Natural Religion the pio-
neer neurophysiologist Sir Charles Sherrington, whose own poetry was inspired by
Goethe’s, described the brain as “an enchanted loom where millions of flashing shuttles
weave a dissolving pattern, always a meaningful pattern though never an abiding one; a
shifting harmony of subpatterns.”**

Logos — Idea — Dynamis — Energeia

Faust’s efforts (F, 1224-37) at translating logos in the first verse of the Gospel of
John are not unprecedented; Jantz observes, “he was being an excellent classical philolo-
gist, solidly traditional and thoroughly grounded in the history of the concept from Hera-
clitus to St. John.””* His attempts reflect, according to Jantz, a progressively deeper pene-
tration into the phenomenology of the symbol (“Wort”), the comprehension (“Sinn”) of
which gives the Renaissance mage power (“Kraft”) over nature, which is actualized
(“Tat”) in the magical operation.*® Faust’s successive translations also anticipate the use
of computational models in Al and cognitive science, for computing submits a formal
symbolic structure (the program) to a mechanical interpreter (the computer) so that, ex
opere operata, the potential computation is actualized in specific behavior to achieve
some end: word, interpretation, power, action.

The semiotician and logical empiricist Charles Morris divided semiotics into syn-
tax, semantics, and pragmatics; the first studies the structure of linguistic forms inde-
pendently of their meanings, the second studies their relationships to their meanings, and
the third addresses the effects of linguistic expressions on interpreters in the context of
communicative situations. Formal syntax and semantics have been studied extensively by
logicians and, when semantics is grounded in measurement, syntax and semantics corre-
spond to the “logical” and “empirical” parts of logical empiricism. Pragmatics, due to its
resistance to mathematical analysis, has been the neglected stepchild.”’

Following in this tradition, symbolic Al at first adopted the formalists’ motto; that
is, if the semantic relations are completely encoded by the syntax (formal relations), then,
from a formalist perspective, there is no further need to consider semantics. This is ideal
from the perspective of symbolic Al, since computers are purely syntactic: the symbols in
the computer are meaningless (to the computer); they lack original intentionality.”® Like-
wise, the computer’s “thinking” is purely formal, like formal logic, and depends only on
the formal structure of knowledge representations (their syntax), not on their meanings.
Similarly, early attempts at machine translation focused on syntax to the exclusion of se-
mantics.

To make a long story short, it was eventually discovered that syntax was insuffi-
cient on its own, and that machine translation and other Al applications had to take mean-
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ing into account. As Faust recognized, “das Wort” (“word,” Gk. logos) was overvalued
until the importance of “der Sinn” (“sense,” “meaning,” Gk. idea) was recognized. How-
ever, while syntax and semantics may be adequate for disembodied cogitation (itself a
debatable supposition),” they are pragmatically impotent. Thus Faust anticipates recent
work in Al, cognitive science, and philosophy showing that true intelligence is embodied
and situated in a pragmatic background of concerns, purposes, needs, etc.’’ This corre-
sponds to the last two refinements in Faust’s translation: “die Kraft” (“force,” “power”),
which expresses the power of the Logos as potentiality (Lat. potentia, Gk. dynamis), and
then “die Tat” (“deed,” “act”), which expresses it as purposeful activity or effect (Lat.
actio, Gk. energeia). Al and cognitive science are following a similar path, from the su-
perficiality of syntax, through disembodied semantics, to pragmatic, goal-directed action
in the world: “striving” (“Streben”). As for Faust and Mephistopheles, so for A, Homun-
culus lights the way toward embodiment (F, 6987).

III The Little Man Within

The Modern Quest for the Homunculus

The economist Hans Christoph Binswanger, with explicit reference to Faust, has
described the modern economy as “a continuation of alchemy by other means.”' The
same description applies to Al and alife, for they effectively seek to create a homunculus,
an artificial mind or person. More generally the goal of alchemy may be described as the
materialization of spirit and the spiritualization of matter.’* That is, spirit is to be drawn
down into matter at the same time as matter is spiritually elevated. Thus base prima mate-
ria (symbolized by lead) is purified, ennobled, made incorruptible (symbolized by gold).

In AI the goal is to arrange material processes (e.g., by programming a computer)
so that they exhibit genuine intelligence. According to the criteria of strong Al (reflected
in the well-known Turing Test and ultimately rooted in logical empiricism), if an Al sys-
tem is behaviorally indistinguishable from a human, then we are scientifically obliged to
consider it genuinely intelligent and literally to have a mind.>® From this perspective, the
goal of AGI is to “spiritualize” matter, in the sense of imparting a mind to otherwise
mindless matter. Conversely, such an artificial intelligence would accomplish the materi-
alization of spirit by producing mind through material processes.

The goals of artificial life are similar: the animation of matter and the materializa-
tion of life. In one sense this has been accomplished already, for the techniques of syn-
thetic biology have been used to assemble two viruses according to their genetic codes.”
This in vitro creation of life is only a beginning, however, since viruses occupy a gray
area between living and nonliving and because organic materials were used as a basis.
More generally alife is directed toward the creation of definitely living artifacts from
non-biological materials, perhaps within a computer.

Nowadays we commonly distinguish in vivo (“in life”’) and in vitro (“in glass”)
experiments, but many scientists now describe three sorts of experiments: in vivo, in vi-
tro, and in silico (“in silicon™). The latter refers to computational science: the simulation
of actual or hypothetical physical systems in a computer. This method has become the
indispensable third branch of twenty-first-century science, complementing theory and
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experiment (whether in vivo or in vitro).

Traditionally alchemy has sought to create the homunculus in a hermetically
sealed alchemical vessel (symbolically spherical—a microcosm—or egg-shaped), such as
we find Wagner using in the Laboratory of Act II.>> Synthetic biology still seeks in vitro
creation of life, but Al and alife make greater use of in silico methods. In some cases
these are mere simulations of intelligence or life, but the more ambitious goal is to make
the real thing. However, the fact that a process takes place in silico does not imply that it
is a simulation and thus unreal. It’s important to keep in mind that computers are physical
devices and that computations are physical processes. If a computer (or robot) exhibits
genuine intelligence or life, then it is physically real intelligence or life.

Some 35 years ago [ was given a tour of Intel’s fabrication facilities. At one place
my guide introduced me to a highly skilled technician who was rinsing the silicon wafers
in a solution. “She is watching,” I was told, “for a sign that not everyone can see, a cer-
tain iridescent sheen, which tells her the process is done.” “The peacock’s tail!” I
thought, but didn’t say.’® It is also interesting that the raw material of most semiconductor
devices is silica (silicon dioxide, quartz), that is, sand, one of the commonest substances
on earth; for, as the alchemists say, “The prima materia has the quality of ubiquity: it can
be found always and everywhere.”’ It “is found everywhere, being a stone, and also not
a stone; common and precious; hidden and concealed, yet known by everyone.”®

Of course, semiconductor manufacturing has other, less romantic similarities to
alchemical practice, including the use of noxious, toxic, and corrosive chemicals, to
which workers are exposed and which contaminate the environment. Both activities in-
volve high temperatures, molten metals, poisonous gases, and toxic wastes.

Masculine Creation

It is significant that Wagner’s accomplishment was a purely masculine affair, as
was much of “good old-fashioned AL” in fact as well as spirit. Normally the alchemical
Magnum Opus requires cooperation between the alchemist and his Soror Mystica, a
woman who provides the required sexual polarity and gender balance, which symbolizes
on the level of the operators the necessary coniunctio oppositorum necessary on the level
of the operation.” Perhaps this is why Wagner has been hitherto unsuccessful in this op-
eration, for I expect he is celibate in mind as well as body.* The necessity of synthesizing
the masculine and feminine perspectives is an important psychological insight, not con-
fined to alchemy.*' Alice Raphael explains:

According to legend, Pythagoras received the greater part of his ethical
knowledge from a Delphic priestess. Historically, the relationships of
Plutarch to Klea and of Socrates to Diotima illustrate that a serious
exchange of thought and feeling existed between men and women of
superior philosophic interests in antiquity. The Soror Mystica was
manifest also in the alchemical tradition, for many an alchemist had as
disciple either his wife or a Mystical Sister, who assisted him in his
laboratory and represented the all-important feminine principle in the
production of the philosophers’ stone.*
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More directly relevant to Faust, we may add the example of Simon Magus and his He-
lena, with all its “tantric” implications, for she was simultaneously courtesan, muse, and
embodied divine Wisdom. Thus the Gnostic mage called himself Faustus (Lat. “Fortu-
nate”), and Helena incarnated divine Thought or Sophia, the fallen World-Soul, whose
ascent to the Godhead would redeem the world.” Simon also claimed to have created a
homunculus nobler than God’s creation, with a purer soul than ordinary people, because
conjured from subtle air rather than molded from earth.** Faust’s Homunculus, like tradi-
tional Al systems, is similarly subtle and ungrounded.

When Mephistopheles drops in on Wagner’s alchemical laboratory and inquires
what he is up to, Wagner announces that a man is being made. The devil playfully asks,
“And what loving pair / Have you got hidden in the smoke-hole there?” (“Und welch ver-
liebtes Paar / Habt ihr in’s Rauchloch eingeschlossen?”) (F, 6836-37), ** but there is nei-
ther love nor sexual union in Wagner’s machinations, who disdains such irrational messi-
ness:

No God forbid! That old style we declare

A poor begetting in a foolish fashion.

The tender core from which life used to surge,
The gracious force that came from inward urge,
Which took and gave, for self-delineation,
Blending near traits with far in new mutation,
To this we now deny its lordly height;

What if beasts still find it their delight,

In future man, as fits his lofty mind,

Must have a source more noble and refined.

(Behiite Gott! wie sonst das Zeugen Mode war

Erkldren wir fiir eitel Possen.

Der zarte Punkt aus dem das Leben sprang,

Die holde Kraft die aus dem Innern drang

Und nahm und gab, bestimmt sich selbst zu zeichnen,

Erst Néchstes, dann sich Fremdes anzueignen,

Die ist von ihrer Wiirde nun entsetzt;

Wenn sich das Tier noch weiter dran ergotzt,

So muB3 der Mensch mit seinen groflen Gaben

Doch kiinftig héhern, héhern Ursprung haben.) (E, 6838-47) *

Wagner ridicules the delicate process, of which Goethe was so aware, of organic growth
and development, by which the organism defines itself out of its own inner necessity, a
self-organizing process that, as we now know, has evolved by random mutation and re-
combination of traits.*” Similarly, in the past we tried to engineer Al and robotic systems,
rather than to grow them, but despite Wagner’s optimism (or arrogance), we often reach
the limits of our ability to design complex systems and must resort to various forms of
evolutionary computation, which use selective retention in combination with random mu-
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tation and recombination, aping biology to achieve what rational design cannot. Never-
theless, Wagner predicts,

What men as Nature’s mysteries would hold,
All that to test by reason we make bold

And what she once was wont to organize,
That we bid now to crystallize.

(Was man an der Natur geheimnisvolles pries,
Das wagen wir verstindig zu probieren,

Und was sie sonst organisieren lie3,

Das lassen wir kristallisieren.) (F, 6857-60) **

Crystals are closely connected to computing. Of course semiconductor devices are
made from silicon crystals, but crystals are also a good metaphor for computers and com-
putation for, like crystals, computers are highly organized and regular in structure, and
programs and data structures have the austere beauty of crystals.*” We also find crystal-
like structures in living nature, but as implied in the title of Donna Haraway’s history of
embryology, Crystals, Fabrics, and Fields, other metaphors also apply, and self-
organizing organic material, especially during embryological development, is better char-
acterized as soft matter (or viscoelastic material).”’ Roughly, these are materials that
stretch elastically when you pull on them weakly, but deform and flow when you pull on
them strongly enough. These are the characteristics of most living tissues, and they are
likely to be the characteristics of robots grown by artificial morphogenesis. (So far, how-
ever, the crystal metaphor has dominated research on self-reconfigurable robotics and
programmable matter, which often is based on fixed “lattice architectures.”) We will look
further at the flexibility of living matter below.

The distinction between rigid crystals and soft matter also applies at a more meta-
phorical level, for symbolic Al viewed knowledge as rigid, formula-like structures con-
structed from atomic word-like units, that is, as formal, logical, abstract objects. Their
inflexibility led to “brittle” behavior; that is, minor exceptions or unexpected circum-
stances could break the systems (cause them to behave unintelligently). Furthermore, the
rigidity of these structures complicated learning and adaptation, since these processes
could not be gradual. Dissatisfied with brittle, inflexible behavior, Al researchers have
returned to organic intelligence and the brain (sometimes called “wetware” to distinguish
it from hardware and software), and developed new connectionist techniques, which
permit flexible, adaptable, deformable, and fluid ways of representing knowledge and
cognition. Metaphorically, organic knowledge is soft.>

Moreover this organic knowledge is grounded in an organic body, and recent
work in Al and cognitive science has shown the importance of the physical body and its
physical environment in structuring and molding these knowledge structures.” It has be-
come apparent that intelligence is as inseparable from its physical embodiment as the
hole is from the doughnut.

But Wagner, the pedantic academic, has not learned this lesson, for he has created
an artificial, idealized version of himself: an intellect without a body, a talking head.

10
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Homunculus is not so much a “little man” as a little brain in a vat. As Charles Passage
states, “he is without substance, the mere ‘idea’ of a man, though the chemicals in the
retort have apparently assumed the crinkled half-a-walnut-meat appearance of an ex-
tracted brain.” >* This chemical brain comes stocked with universal knowledge, according
to Goethe in his second Helena sketch,”® nor does Homunculus have to learn language,
for it is also preloaded in his artificial brain.’® As will be discussed in more detail below,
much Al research has been directed to the production of disembodied (or minimally em-
bodied) “brains in vats,” which, it was hoped, would be intellectually developed from the
moment of their creation and could be preloaded with knowledge by their creators. (The
Cyc project, which is attempting to encode all of common sense into a comprehensive Al
knowledge-base, is an excellent example.”’) Behind these projects is the widespread
Western intellectualist assumption that the mind comprises facts and inferential processes
and that the body is an unfortunate impediment to our swift soaring rational intellects.”

Is intellect all there is to being human? Some futurists interested in AGI talk of an
eventual technological singularity, when artificial intelligence surpasses human intelli-
gence.”’ The idea is that this achievement would mark “the end of the human era,” since
such an artificial intelligence would be better able to design Al systems than we are, and
therefore a self-reinforcing acceleration of Al technology would leave us behind.*® While
some, such as Bill McKibben and Bill Joy, have seen the singularity as catastrophic for
humankind, others, such as Al researchers Ray Kurzweil and Hans Moravec, have hailed
it as humanity’s destined self-transcendence.’’ They argue that we should not feel sad if
humans are superseded, for by designing our successors we are fulfilling our role in the
evolution of intelligent life on earth. Moravec writes,

At the same time, by performing better and cheaper, the robots will
displace humans from essential roles. If their capacities come to
include self-replication (and why not?), they may displace us alto-
gether . . . Personally, I am not alarmed at this; these future ma-
chines will be our progeny, our mind children, built in our image
and likeness, ourselves less flawed, more potent.®

Homunculus is nothing if not a “mind child.”

Wagner, the intellectualist technologist hiding in his laboratory, is of course in
agreement. He sees the random processes of evolution being bettered by scientific
technology:

Insane, at first, appears a great intent;

We yet shall laugh at chance in generation;
A brain like this, for genuine thinking meant,
Will henceforth be a thinker’s sure creation.

(Ein groBer Vorsatz scheint im Anfang toll,

Doch wollen wir des Zufalls kiinftig lachen,

Und so ein Hirn, das trefflich denken soll,

Wird kiinftig auch ein Denker machen.) (F, 6867-70) ®*

Likewise, “good old-fashioned AI” attempted the rational design of intelligent systems,

11



MacLennan: Homunculus’ Quest for a Body

whereas now we depend more on biologically-inspired self-organization, which can re-
sult in systems that are effective but may not be intellectually comprehensible.

Moravec advises that for our mind children, as for our biological children, “It be-
hooves us to give them every advantage and, when we have passed evolution’s torch,
bow out.”** With foresight, our twilight need not be unpleasant; he contends,

As with biological children . . . we probably can bargain for some consid-
eration in our retirement. Good children like to see their parents comfort-
able in their later years. ‘Tame’ super intelligences could be created and
induced to protect and support us, at least for awhile. The relationship,
however, requires advance planning and diligent maintenance. It is not too
early to start paying attention.®

As superintelligent Homunculus abandons his creator, leaving him to dot his “i”’s, Mephi-
stopheles reminds us, “Upon the creatures we have made / We are, ourselves, at last, de-
pendent” (“Am Ende hdngen wir doch ab / Von Kreaturen die wir machten”) (F, 7003—
4).%

Since Mephistopheles has just acknowledged his dependence on Homunculus in
their immanent journey to the classical world (F, 7001-2), these lines hint that he has had
a hand in Homunculus’ creation, which Goethe acknowledged in his December 16, 1829
conversation with Eckermann.’” Wagner’s learned experimentation had been impotent
until the devil’s well-timed arrival, as Homunculus recognized (F, 6885-88). Mephi-
stopheles brought the needed shadow element, an urge to embodiment and physical activ-
ity, to Wagner’s intellectual but inanimate creation, and at exactly the right psychological
moment (the kairos or occasio). As Edward Edinger explains, “Psychologically, the ho-
munculus signifies the birth of the conscious realization of the autonomous psyche.”®®
That is, a new psychic center has been constellated that is independent from the con-
scious ego, represented by Faust. It represents “the ego’s dawning awareness of the exis-
tence of a second psychic center, the [unconscious] Self.”® Homunculus is enlightened
consciousness, which has the wisdom to seek union in the depths of the unconscious.
Thus his illumination leads Faust/Ego and Mephistopheles/Shadow into the archetypal
world of the Aegean Festival, where the beauty at the heart of nature will revive Faust.

Mephistopheles and Homunculus are akin; they are both daemones (Ddmonen), as
Goethe told Eckermann.”® In psychological terms, a daemon (Gk. daimén) is a subcon-
scious complex, which can behave as an autonomous personality.”' The two share “clear-
ness of intellect” (“geistiger Klarheit”), as Goethe said,”> and a disposition to act. They
are also akin in that, as Denton Snider observes,” Mephistopheles is “the spirit of nega-
tion” (“der Geist der stets verneint”) (F, 1338) and Homunculus is defined by limitation,
for he is confined to his little flask, at least until his final immolation. “Thus Homunculus
is related to Mephisto by his limit.””* Homunculus’ strict determination is nothing other
than Mephistopheles’ negation, according to the Spinozan principle, “omnis determinatio
est negatio” (“all determination is negation™).”

Indeed, as Snider also points out, all three personalities present at Homunculus’
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genesis contribute to his character.”® We may call them Man, Devil, and Professor (or
Scientist or Engineer). Professor Wagner contributes theory, technical skill, and raw ma-
terials, as well as the little man’s intellectual endowments, the light that will guide the
others, but also his tendency to trust authority over personal experience.”’ This benefactor
is left behind, for Homunculus is also motivated by Mephistopheles’ contribution of “ne-
gation, activity, and life,” and by his own Faustian aspiration to transcend limitation and
seek beauty and embodiment.”® For Faust, though hailing from the Professor’s environ-
ment, has escaped the academic cloister and contributes “aspiration [and] freedom from
the narrow world of Wagner.”79 Nevertheless, Faust the Man, as conscious ego, remains
unconscious while these archetypal forces mobilize.

These psychological considerations may seem far removed from Al, but they sug-
gest the neglect of embodiment and the unconscious mind that characterized Al, cogni-
tive science, and philosophy throughout so much of their history. They are relevant also
to our disembodied, intellectualist relation with nature and to how we understand it. So
Homunculus’ quest for a body is also ours.

Fiery Spirit

It is worthwhile to dwell a little more on the nature of Homunculus and what it
suggests about a disembodied artificial intelligence, for he is consistently described as a
flame, fiery, brilliant, flashing, shining, etc.*® This is certainly appropriate to his nature,
for both fire and light are subtle and immaterial, and in alchemy fire is the element of
transformation.®’ Thus we can get additional insight into Homunculus’ nature by recall-
ing that traditionally fire is characterized by two qualities or powers (Lat. potentiae, Gk.
dynameis): it is hot and dry.® Heat is the power that decomposes mixtures into their con-
stituents, for it causes unalike to separate and like to cling to like;* think of distillation.
Thus heat is the power of discrimination; it makes distinctions, and so it symbolizes
analysis. Therefore heat and light are appropriate to Homunculus as an active intellectual
spirit. The traditionally masculine warm elements (fire and air) always strive upward,
whereas the traditionally feminine cool elements (water and earth) sink into the depths.®

The other quality of fire is dryness, which, as Aristotle explains, gives form to
things, and is opposed to the formlessness of fluids.* Thus dryness represents determina-
tion, but it is the fixed determination of a static form, as opposed to the active discrimina-
tion of heat. Thus the combined qualities of fire suggest active analysis leading to rigid
systemization (as might be expected of Wagner’s creation).

Symbolic Al systems are similarly fiery, acting through the fundamental dis-
crimination of 1 and O (true and false) to operate on rigid symbolic structures, often rep-
resenting logical propositions of one sort or another. Even machine learning systems, if
they are symbolic (based on fixed, word-like symbols), are ultimately inflexible and brit-
tle, for they can only rearrange the fixed parts of these knowledge structures. Therefore it
is symbolically consistent that Homunculus’ body is a rigid crystalline vessel, which con-
fines and delimits him. Likewise, the electrical currents in our computers (which suggest
fire and are physically akin to light) are confined within their silicon crystals.

Living things, in contrast, are characterized by moistness, which is the opposite
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quality to dryness. Dry things are rigid, moist things are supple, and life requires such
flexibility. Most organisms are either soft on the outside or soft on the inside (or both),
and the physics of soft matter is especially appropriate to living things.*® Likewise water
is expansive, but conforms to its surroundings, adapting to its environment.®” Therefore,
it is appropriate that Homunculus’ quest for an organic body ends in the Aegean Sea.
This suggests that AI’s quest for embodiment will end likewise in structures that are soft,
both literally and figuratively.*®

Minimal Embodiment

Of course Al systems are not literally disembodied — existing only in a mental
realm — for computers are physical objects — but they are minimally embodied; that is,
they have trivial bodies capable of only impoverished interaction with their environ-
ments, like brains in vats. In this they are very like Homunculus.

For example, Thales notices an embarrassing aspect of Homunculus’ inadequate
embodiment:

Another aspect would seem critical —
He is, I think, hermaphroditical.

(Auch scheint es mir von andrer Seite kritisch,
Er ist, mich diinkt, hermaphroditisch.) (F, 8255-56) *

This is to be expected from alchemical tradition, for the homunculus is a rebis (“two-
thing”) resulting from a coniunctio oppositorum, especially of male and female.” More
to the point, Homunculus is a thinking machine. The rational mind is traditionally sex-
less, and while the issue is not closed, contemporary research supports the fact that there
are no sex-linked differences in adult cognition.”’ Be that as it may, sexual dimorphism is
more significant in the body and “lower” psychological faculties, including the nonra-
tional and unconscious minds, where the drives reside, than it is in the idealized intellect
represented by Homunculus.

Second, although Homunculus can apparently perceive his environment, we can-
not conclude that he must have sense organs, for he may be clairvoyant, as mentioned in
some alchemical sources.”” Even if he does have sense organs, he does not have limbs
with which he can interact with his environment. Limbs are important not only for loco-
motion and manipulating physical objects, but also as a prerequisite to active perception,
which, in contrast to passive observation, is essential to embodied intelligence in humans
and other animals. Physical interaction with the environment structures the information in
our brains and creates knowledge. As Bergson said, “Intellectuality and materiality have
been constituted, in detail, by reciprocal adaptation.””

Finally, Homunculus’ means of locomotion is to float in the air in his crystalline
vehicle; he is literally ungrounded, minimally connected with the physical world. Simi-
larly, most Al systems have resided in immobile computers. Even most robots, at least
until very recently, have been very limited in their ability to interact with their environ-

14



MacLennan: Homunculus’ Quest for a Body

ment. Typically they roll around on wheels and have simple grippers for manipulating
objects.

Thus Homunculus has much in common with traditional disembodied Al systems,
which are like brains in vats in that they have little or no significant interaction with their
environments. For example, since much Al research has focused on higher cognitive ca-
pacities, such as language understanding, abstract reasoning, playing board games, etc.,
the input-output medium was often textual, some formal artificial language or some for-
mal approximation to a natural language. Even systems that did process sensory informa-
tion, such as computer vision systems, did so in a remarkably passive and disembodied
way. For example, such a system might take a digitized photographic image and attempt
to segment the scene into discrete objects and to identify these objects (i.e., to attach
words to them). In contrast, natural perception is usually a more active process in which
perceptual structures are revealed by the organism’s purposeful motion in and interaction
with its environment.”

In part, this Al research strategy was a manifestation of an intellectualist bias in
Western psychology, but it was also a consequence of incorrect assumptions about the
relative difficulty of “pure thought” and interaction with the physical world. For example,
it was supposed that it would easier to understand typed text than situated spoken lan-
guage, and that it would be easier to parse a static scene than for a situated agent to ex-
tract relevant information from an environment with which it was purposefully interact-
ing. In fact the opposite is the case, and it is often easier for a situated embodied agent to
behave competently in its environment than for a disinterested observer to make sense of
it. For example, an embodied agent does not need a complete mental model or description
of its environment; it is sufficient to be able to identify affordances (perceivable potential
actions) that enable its intended behavior. (Thus insects and other simple organisms be-
have very effectively, in spite of their tiny brains.) As the phenomenologist philosopher
Hubert Dreyfus observed long ago, there are many things that we “know” simply by vir-
tue of having a body, and therefore an embodied intelligence does not have to explicitly
represent or process this “knowledge.”

Fortunately there has been a sea change in Al research, and a growing number of
theoreticians and experimenters understand the importance of embodiment as a founda-
tion for intelligence.”® In particular, we now understand that genuine information is not
simply a given (datum), but that it is created by agents’ embodied purposeful interaction
with an environment in which they are situated. ”’

Embodiment is becoming an important and indeed transformative concept in con-
temporary philosophy, psychology, cognitive science, and linguistics, as well as in Al
Although the significance of embodiment has roots in Kant, and more recently in the
pragmatism of Dewey and James, and in phenomenology and existentialism (e.g., Mer-
leau-Ponty, Heidegger, and Dreyfus), it has been increasing in importance since about
1990.”* Among the recent contributors are Terry Winograd and Fernando Flores in Al,
Rodney Brooks, Hans Morovec, and Rolf Pfeifer in robotics, and George Lakoff, Mark
Johnson, and Raphael Nuiiez in cognitive science.
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Fluid Morphogenesis

Homunculus’ apotheosis is achieved in the Aegean Festival, the climax of Part II
Act II, a “mythical festival of life and love, procreation and organic evolution.”” Here
Galatea appears as a goddess of nature, but also as a surrogate for sea-born Aphrodite.'"”
Thus, she is surrounded by Erotes in Raphael’s Triumph of Galatea, which Goethe knew.
As a goddess of both nature and beauty, she is the goal of the striving of Homunculus,
who is possessed by Eros; the two are desire and the object of desire. But why does
Homunculus seek his consummation in the sea?

Water is a common symbol of matter, the flux of material existence, and the realm
of Becoming.'”" For example, in Porphyry’s commentary On the Cave of the Nymphs,
which allegorizes Odysseus’ wanderings over the sea as the soul’s sojourn in matter,'®*
we read, “Again, according to Plato, the deep, the sea, and a tempest are images of mate-
rial reality. And on this account, I think, the poet called the port by the name of Phorcys.
For he says, ‘It is the port of the ancient marine Phorcys.””'”> Of Phorcys, to whom Plato
attributes generation, Proclus remarks, “that as the Jupiter in this ennead causes the unap-
parent divisions and separation of forms made by Saturn to become apparent, and as
Rhea calls them forth into motion and generation, so Phorcys inserts them into matter,
produces sensible natures and adorns the visible essence . . . ”'** The daughters of Phor-
cys are the Phocyads, “sprung forth from Night” (“In Nacht geboren”), who “stem from
Chaos by undoubted right” (“Des Chaos Tochter sind wir unbestritten™) (F, 8010, 8028),
whom Mephistopheles met on the Upper Peneios, and of whom he became an honorary
member as Phorcyas (F, 8012-33). Rhea, the Great Mother, was connected with rhed (“to
flow”) and its derivatives, rhoé (“flux”), and rhythmos (“measured motion,” “order”), and
thus with the cycles and processes of nature.'”

Porphyry also describes the descent of souls into fluid material reality, which is
Homunculus’ goal as well:

Since, however, [matter] is continually flowing, and is of itself
destitute of the supervening investments of form, through which
it participates of morphe, and becomes visible, the flowing
waters, darkness, or, as the poet says, obscurity of the cavern,
were considered by the ancients as apt symbols of what the
world contains, on account of the matter with which it is
connected.'*

He further observes that this is the cave of not just any Nymphs, but those whom Homer
calls Naiads,'"” whose name comes from the verb na6 (“to flow”).'”® Porphyry continues,

For we peculiarly call them Naiades, and the powers that
preside over waters, Nymphs; and this term, also, is commonly
applied to all souls descending into generation. For the ancients
thought that these souls are incumbent on water which is
inspired by divinity . . .'”
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Likewise, Homunculus descends into generation, an artificial being eager to be reborn
through organic evolution and development.''® Here, the bountiful sea is a symbol of
fruitful matter, as Thales’ paean (F, 8433-43) reminds us: “From the water has sprung all
life! / All is sustained by its endeavor!” (“Alles ist aus dem Wasser entsprungen!! / Alles
wird durch was Wasser erhalten!”) (F, 8435-36).""" Everyone sings, “Of life’s renewal
you are the fount” (“Du bists dem das frischeste Leben entquellt”) (F, 8444).''>  Ho-
munculus immerses his fiery spirit into Galatea’s fluid depths, but the opposites do not
cancel, for fire and water have been intensified in the persons of Eros and Galatea, and
thus their union creates a new synthesis. As Goethe explains,

Whatever appears in the world must divide if it is to appear at
all. What has been divided seeks itself again, can return to itself
and reunite. This happens in a lower sense when it merely
intermingles with its opposite, combines with it; here the
phenomenon is nullified or at least neutralized. However, the
union may occur in a higher sense if what has been divided is
first intensified; then in the union of the intensified halves it
will produce a third thing, something new, higher, unexpected.

(Was in die Erscheinung tritt, muf3 sich trennen, um nur zu
erscheinen. Das Getrennte sucht sich wieder und es kann sich
wieder finden und vereinigen; im niedern Sinne, indem es sich
nur mit seinem Entgegengestellten vermischt, mit demselben
zusammentritt, wobei die Erscheinung Null oder wenigstens
gleichgiiltig wird. Die Vereinigung kann aber auch im hohern
Sinne geschehen, indem das Getrennte sich zuerst steigert und
durch die Verbindung der gesteigerten Seiten ein Drittes,
Neues, Hoheres, Unerwartetes hervorbringt.)113

Further, in their debate about the relative merits of fire and water as creative forces,
Anaxagoras praises the rapidity with which fire can cause change, but Thales answers
that the sea creates forms gently:

Never was Nature and her fluid power
Indentured yet to day and night and hour.

She shapes each form to her controlling course
And be the scale immense, eschews all force.

(Nie war Natur und ihr lebendiges FlieBen

Auf Tag und Nacht und Stunden angewiesen;

Sie bildet regelnd jegliche Gestalt,

Und selbst im Grofen ist es nicht Gewalt.) (F, 7861-64)""*

Fire is an active agent of change and discrimination, and so it leads to sudden transforma-
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tion and phase changes, as when water boils or ice melts; it is ultimately violent, as we
witness on the Upper Peneios, which recalls the hellish technology (“Flimmchen” [F,
11125]; “Feuergluten” [E, 11129]) of Faust’s project to drive the ocean from his land.""”
Water, in contrast, is a more passive catalyst of union, mixture, and adaptation. Thales
says that, while fire can create inanimate objects, life came to be through moisture (F,
7856), which Homunculus realizes is precisely his objective (F, 7858). In practice, both
fiery and watery processes are required for the self-organization of complex, organic
forms, an insight we can apply in Al, alife, and artificial morphogenesis.

Before his hieros gamos, Homunculus’ embodiment had been minimal (just
enough to contain his form); it was transparent, thin, and fragile (easily broken by contact
with matter)—rather like a sperm, which must break itself on the egg in the womb; only
the nucleic acid, encoding the genotype, penetrates through the egg’s membrane. The fu-
sion of the information-bearing sperm with the egg, which provides substance as well as
information, triggers the developmental process (Bildung) by which cells divide, prolifer-
ate, and rearrange flexibly and fluidly to create the embodied organism. Morphogenesis is
watery, because water is synthetic, cooperative, and coordinating, as opposed to fire,
which is analytic, competitive, and isolating.

The zygote (fertilized egg) polarizes, into animal and vegetable poles (above and
below), which then interpenetrate, leading to successive stages of polarization and spiral-
ing differentiation governed by mutually interacting cooperation and competition.''® The
process is characterized by circular causation, a fundamental law of self-organization by
which local interactions among the cells create global patterns and fields, which in turn
govern the behavior of the cells.''” We find analogous processes in Goethe’s theory of
morphology and in his alchemical inspirations, which are, however, outside the scope of
this chapter. We are applying these insights in artificial self-organizing systems.

Embryological morphogenesis, and many other natural processes of formation,
transformation, and re-creation,''® are fundamentally fluidic.'” Cells proliferate and
move according to the laws of viscous fluids; they coordinate their activity and create
physical form by processes such as chemical reactions, growth, diffusion, and chemotaxis
(following differences in chemical concentration). Embryology is best understood in
terms of soft matter,'*” and this understanding can be applied to artificial morphogene-
sis.'!

Homunculus’ self-immolation unites his fiery spirit with Galatea’s watery nature.
In addition to tempering his discriminative heat with integrative coolness, it allows him to
dissolve his crystalline limitations and boundaries because formless moisture opposes
rigid dryness. Conversely, Homunculus is the agent of transformation:

this is Eros, Love, the first of the Gods, according to Plato
(Symposium 178, 6), who came out of Chaos, hence the
primitive form and maker of forms. Love is, then, really the
ultimate shape, the little demiurge at work in Nature and in
Man, transforming them both, breaking the hard limits of all
that is fixed and throwing them into his flame for a new
creation.'*

18



MacLennan: Homunculus’ Quest for a Body

This process is an alchemical “blending and fusion of opposites—of fire and water, of
spirit and substance, of the masculine and the feminine—through which life is created in
the sea.”'”> An alchemical text in which Goethe “found particular pleasure,”'** the Aurea
Catena Homeri (Golden Chain of Homer), states:

God has ordained it so that the Universal spirit by means of
Humidity should work all things, because Humidity mixes
easily with everything, by means of which the spirit can soften,
penetrate, generate, destroy and regenerate all things. Thus
Humidity or water is the Body, the Vehicle and Tool, but the
spirit or fire is the Operator, the Universal Agent and fabricator
of all Natural Things.'*

Whosoever wishes to arrive at the Fountain of Secret Wisdom,
let him mind this well; and let him go with this Central Point of
Truth to the circumference, and forever imprint in his memory:
that from fire and water, or spirit enclosed in Humidity all
things in the World are generated, preserved, destroyed and
regenerated.'*®

In summary, fire is hot and dry, but water is cool and moist. Coolness reflects a
lack of discrimination (hot), and so a mixture of diverse qualities, integration, blending,
even chaos.'”” Moistness reflects a lack of rigidity or fixed form (dryness), and so con-
formability and adaptability to surroundings.'*® Organisms are characterized by integra-
tion, coordination, cooperation, and adaptability; thus the qualities of water are especially
characteristic of life, and should be a basis for alife as well, but fire cannot be omitted.
For Homunculus and Galatea effect a coniunctio oppositorum, an alchemical union of all
the opposites (fire+water = hot+dry + cold+moist), which provides the foundation of life:
activity (hot = discrimination) + structure (dry = rigidity) + integration (cold) + adaptabil-
ity (moist). In this way the quintessence is created from the union of all four elements
(fire, water, air, earth), which the Sirens and then the chorus hymn:

Let Eros who wrought it be honored and crowned!
Hail to the Ocean! Hail the wave,

The flood with holy fire to lave!

Waters hail! All hail the fire!

The strange event hail we in choir!

ALL VOICES IN CONCERT:
Hail light airs now floating free!
Hail earth’s caves of mystery!
Held in honor evermore

Be the elemental four!
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(So herrsche denn Eros, der alles begonnen!
Heil dem Meere! Heil den Wogen!

Von dem heilgen Feuer umzogen,;

Heil dem Wasser! Heil dem Feuer!

Heil dem seltnen Abenteuer!

ALL-ALLE!

Heil den mildgewogenen Liiften!

Heil geheimnisreichen Griiften!
Hochgefeiert seid allhier

Element’ ihr alle vier!) (E, 8479-87)"%’

New approaches to computing, called natural computation, are more suggestive of
organic fluidity and embodied action than of fiery words and pure spirit. These include
new forms of analog computing (which admits a continuum between 0 and 1), soft com-
puting, DNA and molecular computing and self-assembly (which actually take place in
solutions), swarm intelligence, fluid computation, field computation, evolutionary com-
puting, and artificial morphogenesis, as well as algorithms such as simulated annealing
and particle swarm optimization, which is inspired by the fluid motions of flocks of birds
and schools of fish."”” Polarity and intensification play an important role in these self-
organizing and form-creating systems. Like Homunculus, Al and computing have taken
the plunge.

Eros and the Orphic Egg

Deeper insights into the “spiritualization of matter and the materialization of spirit”
and the basis for a true artificial mind come from further penetration into the symbolism
of the sea. Goethe says that he had especially great sympathy for Hesiod, the Orphic po-
ems, and Stoic philosophy:

With the most ancient men and schools I was best pleased, because
poetry, religion, and philosophy were completely combined into one;
and I only maintained that first opinion of mine with the more
animation, when . . . the lays of Orpheus and Hesiod, seemed to bear
valid witness in its favor . . . For the Stoics, on the contrary, I had
already conceived some affection, and even procured Epictetus, whom
I studied with much interest.

(An den dltesten Minnern und Schulen gefiel mir am besten, dafl
Poesie, Religion und Philosophie ganz in Eins zusammenfielen, und ich
behauptete jene meine erste Meinung nur um desto lebhafter, als . . . die
Orphischen und Hesiodischen Gesdnge dafiir ein giiltiges Zeugnif3
abzulegen schienen . . . Zu den Stoikern hingegen hatte ich schon
frither einige Neigung gefaf3t, und schaffte nun den Epiktet herbei, den
ich mit vieler Theilnahme studirte.)'*’
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Therefore, unlike the Herald, we are not surprised when the Orphic Egg makes an un-
scheduled appearance in the masque for the Emperor (“Spacious Hall” [“Weitldufiger
Saal]).

Although the Orphic poems differ among themselves, in most Orphic cosmolo-
gies either Night or Water (but sometimes Matter, Gk. hulé) is the ultimate origin.'*>
From this first principle an Egg is produced, often by means of Aithér or Chaos as an in-
termediary. The Egg splits, its halves becoming Heaven and Earth, and from it emerges
an incorporeal (Gk. asdmatos) god described as “winged, bisexual and self-fertilizing,
bright and aitherial.”'** He is most often called Phanés (“the one who appears™) and Eros,
but also Protogonos (“first-born”), and Métis (“practical wisdom”)."**

In the Emperor’s masque there was a premature, aborted, or false birth from the
cosmic egg, perhaps because it was a diabolical affair engineered by Mephistopheles,
who, with a stroke from the Herald’s wand, transforms himself into dark and chaotic
prima materia. The Herald describes the events:

Lo, how this double-dwarf, this ape,

Curls in a ball, a loathsome shape!

The shape turns egg-like! Wondrous view!
Puffs itself out, and breaks in two!

And strange twin-progeny appear;

A bat, an adder have we here:

The one in dust-tracks slides and curls,
The dark thing round the ceiling whirls,
Now out to join her mate she’s whirred,

I would not care to make a third.

(Wie sich die Doppelzwerggestalt

So schnell zum eklen Klumpen ballt!—

—Doch Wunder!—KIlumpen wird zum Ei,

Das bléht sich auf und platzt entzwei.

Nun fallt ein Zwillingspaar heraus,

Die Otter und die Fledermaus.

Die eine fort im Staube kriecht,

Die andre schwarz zur Decke fliegt.

Sie eilen drauflen zum Verein,

Da mécht’ ich nicht der Dritte sein.) (F, 5474 — 83) '*°

The Herald, sensing the shadiness of the operation, does not want to be the Third to effect
reunification of this polarity, opposed creatures of earth and air. As Raphael says on this
passage, “Goethe has inducted us gently into Orphic theology.”"*°

Perhaps the Boy Charioteer, who unexpectedly appears at this point, was born like
Phanes from the egg. His character suggests the alchemical quintessence, since he is driv-
ing a levitating chariot pulled by four dragons, which could correspond to the elements,
which he has mastered. The Herald thinks he looks effeminate (F, 5548—51), and so sym-
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bolically he is hermaphroditical, an alchemical rebis uniting the opposites, as do Homun-
culus and Euphorion, who are his later manifestations; the three are spirits of inspira-
tion."”” Faust calls him “spirit of my spirit” (“Geist von meinem Geiste™) (F, 5623), sug-
gesting the highest essence of the mind. Raphael explains that this “soul-daemon came as
a stranger-guest from the distant land of the gods, entering into man in order to give him
a soul”; it is “active in the higher mode of knowledge, in ecstatic inspiration.”’*® In
Jung’s terms, he is the unconscious self, the innermost archetypal core, unification with
which is the goal of the lifelong process that he called “individuation” (“becoming undi-
vided,” Lat. individuus). But apropos artificial minds, Jung stresses that “our conscious-
ness does not create itself—it wells up from the unknown depths . . . out of the primordial
womb of the unconscious.”"*” Is this possible in an artificial intelligence?

The Depths of the Embodied Mind

Artificial intelligence, like cognitive science, has focused primarily on the con-
scious mind, but it is discovering the mind’s necessary material embodiment. Even here,
however, it has focused on the faculties of the conscious mind, such as discursive reason,
rather than on conscious experience itself. Fortunately, after a long period of neglect,
neuroscience and allied disciplines are taking consciousness seriously, but a coherent
theory of the relation between conscious experience and physical processes, which
Chalmers calls the Hard Problem,'*’ eludes us. The issue is salient in AL and the problem
of artificial consciousness provides a useful test case for natural consciousness.'*' The
problem is not restricted to rational cognition, and the importance of emotions in
autonomous robotics has been recognized,142 but whether it is possible for robots to feel
their emotions, and under what conditions they might do so, is an open question.'*’

What can we learn from Homunculus’ quest? The sea is a traditional symbol of ma-
terial existence, but it is also a potent symbol of the unconscious mind. Anthony Stevens,
a Jungian analyst, writes, “As the source of life, the sea is equated with the mother and
the unconscious psyche . . . This association stresses the life-generating potential of the
unconscious.”'** The unconscious mind (both personal and collective) is the Third be-
tween the polarities of the conscious mind and materiality, for as Jung says,

The deeper “layers” of the psyche lose their individual
uniqueness as they retreat further and further into darkness.
“Lower down,” that is to say as they approach the autonomous
functional systems, they become increasingly collective until
they are universalized and extinguished in the body’s
materiality, i.e., in chemical substances. The body’s carbon is
simply (l:fsrbon. Hence ‘“at bottom” the psyche is simply
“world.”

Thus Homunculus’ immersion of his brilliant light into dark watery depths is also a reuni-
fication of the conscious and unconscious minds, which is essential to individuation.'*®
Therefore Mephistopheles is correct when he explains that he (as Shadow, part of the un-
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conscious mind, grounded in matter) is prior to the light of consciousness, which thus de-
pends on matter:

I am a part of the part that once was everything,
Part of the darkness which gave birth to light,
That haughty light which envies mother night
Her ancient rank and place and would be king—
Yet it does not succeed: however it contend,

It sticks to bodies in the end.

It streams from bodies, it lends bodies beauty,

A body won’t let it progress;

So it will not take long, I guess,

And with the bodies it will perish, too.

(Ich bin ein Teil des Teils, der Anfangs alles war,

Ein Teil der Finsternis, die sich das Licht gebar,

Das stolze Licht, das nun der Mutter Nacht

Den alten Rang, den Raum ihr streitig macht,

Und doch gelingt’s ihm nicht, da es, so viel es strebt,

Verhaftet an den Korpern klebt.

Von Korpern stromt’s, die Korper macht es schon,

Ein Korper hemmt’s auf seinem Gange;

So, hoff” ich, dauert es nicht lange

Und mit den Korpern wird’s zu Grunde gehn.) (F, 1349-58)'%
Spirit and matter are a polarity (included in Goethe’s list in “Polarity”),'*® and
their higher reunion requires a Third, with a necessary connection to each of the poles.
This Third is the unconscious mind. On the one hand, it is psychical, like consciousness.
On the other, like material reality, it is never completely illuminated by consciousness; it
is the inner darkness corresponding to the outer darkness of the unperceived physical
world.'"” Although the Herald declined to be the Third in Mephistopheles’ attempted co-
niunctio oppositorum, he is perhaps the alchemist who can do the job. As master of
ceremonies of the masque, a phantasmagoria of often archetypal figures, he stands in for
Goethe,"™® but we cannot fail to see him also as Hermes, herald of the gods and inter-
preter (herméneus) of their signs, the psychopomp who with his sleep-inducing wand
leads souls into the archetypal realms.

IV Conclusions

The challenge of modern embodied philosophy, theory of the mind, and artificial
intelligence is to understand the necessary interrelation of mind and matter (a polarity,
connected by the unconscious as a Third), without a simplistic reduction of one to the
other. For this, traditional science, which looks outward, must be supplemented with phe-
nomenology, which looks inward. But phenomenology can look only as deep as the light
of consciousness can penetrate, and so it too must be supplemented, by depth psychology.
By thus filling in the gap between conscious mind and unconscious matter we will see
better how to create an artificial mind.
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Traditional symbolic Al was akin to Wagner’s scholasticism and to Homunculus’
inadequate embodiment. The focus was on words devoid of content and on intellect di-
vorced from action. Contemporary developments of embodied Al and cognitive science
have shadowed Faust’s progression from dry intellectualism to embodied striving, and
Homunculus’ union of his subtle thought with the oceanic depths of the unconscious
mind and the material body. In both cases the agent of change was Mephistopheles, the
archetypal Shadow and Spirit of Negation, creating an antithesis to the word and catalyz-
ing the synthesis.

Because of his deep insights into nature, the mind, and biological form and devel-
opment, Goethe was able to see beyond some of the problems that Al and alife would
encounter and to anticipate solutions that we are still learning to apply. These insights
informed Faust, his life’s work, his alchemical magnum opus, which explores our rela-
tions with nature, both seen and unseen, and the conscious ego’s relation with the uncon-
scious self, which is continuous with nature. Therefore it continues to be a fount of inspi-
ration for those of us frequenting the shoreline where mind meets matter.
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