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Analog and Digital Realms
in Computing and Physics


The binary arithmetic which I have invented is the same as
that used by the ancient Chinese in their figures of Fohi [Fu-Xi]… the figures
composed of broken and unbroken lines follow the same law as my binary numbers.


It is a remarkable confirmation of my belief that binary
arithmetic reflects the order of creation, where unity and nothingness—1 and
0—underlie all things.


The hexagrams reveal a kind of algebra of thought, an
ancient characteristica universalis, where the interplay of dualities
models the transformations of nature and mind. 


Gottfried Wilhelm Leibniz
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Introduction


The German mathematician and polymath Gottfried Wilhelm
Leibniz (1646-1716) invented the binary code, but after discovering the 64
hexagrams that form the basis of the I Ching, he wrote a paper crediting
the Chinese with pioneering a binary code. They used different symbols (broken
and unbroken likes rather than 0 and 1), but Leibniz argued the hexagrams were
the first example of symbolic logic based on a binary code. 


Historians have long dismissed Leibniz's claim, but a closer look
at the origin of the hexagrams and the history of binary computing suggest that
Leibniz's intuition was right. The hexagrams as they are used in the I Ching
represent an early form of "fuzzy logic," a type of many-valued logic
that allows for partial truth values, ranging from 0 (completely false) to 1
(completely true), depending on the contextual situation. 


Moreover, the hexagrams, based on yin-yang polarities, shaped
nearly all aspects of Chinese civilization, from its cosmology and social
structure to its art and architecture. Long before Einstein integrated space
and time scientifically, the Chinese had done so conceptually and
aesthetically. Chinese architects developed a projection system that
accommodated space (yin) and time (yang) which came to play a key role in the
modernization of Western architecture in the 1920s. 


From Hexagrams to Algorithms weaves together philosophy,
culture, and the history of symbolic logic used in binary computation,
including Artificial Intelligence. As the second volume in a trilogy exploring
the global roots of thought and technology, this essay complements Putting
Consciousness to the Test, which probes the nature of mind across cultures,
and Between Waves and Bits, which explores the analog-digital divide in
computing and physics. 


1. The 64 Hexagrams


In the late 17th century, the German mathematician
Gottfried Leibniz invented the binary code, a new form of mathematics that used
only two digits, 0 and 1. Leibniz was working on the design of a mechanical calculator,
and he concluded that the construction of such a device would be easier if it
used only two numerical units. 


Leibniz sent an explanation of the binary code to
Father Joachim Bouvet, a Jesuit priest working in Beijing. Father Bouvet was deeply
involved in the cultural and intellectual exchange between China and Europe,
and Leibniz believed his binary code could be of interest to the Chinese.


Father Bouvet responded by sending Leibniz a print
of the 64 hexagrams, the six-lined figures used in the I Ching (Book of
Changes), China's oldest classic text. Father Bouvet informed Leibniz that the
Chinese had developed a binary code centuries earlier. They used different
symbols–broken and whole lines rather than 0 and 1, but the principle appeared
to be the same. He wrote to Leibniz: 


These hexagrams, which the Chinese use for
divination and understanding the order of the universe, seem to me a vestige of
a more ancient and universal knowledge. I cannot help but see in them a shadow
of the divine truths we both seek, perhaps even a confirmation of the prisca
theologia [ancient theology] that you have written of…. I eagerly await
your thoughts, Sir, on this figure and its implications. Your insights into
mathematics and philosophy far exceed my own, and I trust you will illuminate
what I can only dimly perceive. May God guide our efforts to uncover the
harmony between these distant traditions. 
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Leibniz was elated. He subsequently wrote a second
paper on the binary code with the lengthy title "Explanation of the Binary
Arithmetic, which uses only the characters 0 and 1, with some remarks on its
usefulness, and on the light it throws on the ancient Chinese figures of Fu Xi."
He recounted the correspondence with Father Bouvet (who had died in Beijing
before Leibniz received his letter): 


What is astounding in this (binary) reckoning is
that this arithmetic by 0 and 1 happens to contain the secret of the lines of
an ancient king and philosopher named Fohy [Fu-Xi], who is believed to have
lived more than 4000 years ago, and whom the Chinese regard as the founder of
their empire and their sciences… 


The Chinese lost the significance of these Cova
of Lineations [the hexagrams] of Fohy, perhaps more than 1000 years ago… It is
hardly more than two years ago that I sent to R.P. Bouvet, the celebrated
French Jesuit, who died in Peking, my method of counting by 0 and 1. He needed
nothing further to make the observation that this was the key to the Figures of
Fohy. [i.e., legendary ruler Fu-Xi]. 


When he thus wrote me on November 14, 1701, he
sent me this princely philosopher’s Grand Figure [the 64 hexagrams], which is
such that this Father had deciphered the Enigma of Fohy with the aid of that
which I had communicated to him
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Fig. 1. Print of the 64 hexagrams sent to Leibniz by Father Joachim Bouvet
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