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Algorismus Algorithms Numerology? What we know References

The Indian Calculus

• Muḥammed ibn Mūsā al-Khwārizmī

• Born in Kwarezm, modern day Khiva in Uzbekistan, around 780
• Wrote a treatise on how to denote, and perform various computations, using the
Indo-Arabic numerals

• Original in Arabic is now lost
• De numero indorum

• 12th century translation of al–Khwārizmī’s treatise
• Numerous versions produced over the next few centuries
• A versified version, the Carmen de Algorismo of Alexander of Villedieu, appears in
the 13th century

• Vernacular versions begin to appear in the 13th century
• And one in Old Norse at the beginning of the 14th century
• One copy is in Gammel kongelig samling 1812 quarto (GKS 1812 4to)
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• Plato, the Timaeus, and the line between mathematics and numerology
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Knuth in Khiva

• 1979 symposium on the role of algorithms in mathematics and computer science

• Knuth:

My purpose in this paper is to stimulate discussion about a philosophical ques-
tion that has been on my mind for a long time: What is the actual rôle of the
notion of an algorithm in mathematical sciences?

• Knuth thought “algorithmics” was a better name for his discipline, emphasizing
the study of algorithms over the machines on which algorithms are implemented.

• Development of the discipline of computer science not because computers became
more common, but because algorithmic thinkers found a home.

• Q: How are algorithmic thinking andmathematical thinking related?
• But what is mathematics?
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Mathematics (5th century CE)

• Proclus:

The Pythagoreans considered all mathematical science to be divided into four
parts: one half they marked off as concerned with quantity (ποσόν), the other
half with magnitude (πηλίκον); and each of these they posited as twofold. A
quantity can be considered in regard to its character by itself or in its relation
to another quantity, magnitudes as either stationary or in motion. Arithmetic,
then, studies quantities as such, music the relations between quantities, geome-
try magnitude at rest, spherics magnitude inherently moving.

• These four areas of study, arithmetic, geometry, music, and spherics (that is,
astronomy), would become the quadrivium, forming, along with the trivium of
grammar, logic, and rhetoric, the core of medieval education.
• But our notion of what topics are part of mathematics has changed with time.
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Mathematics

• Knuth’s answer: “Mathematics is what mathematicians do.”

• Terence Tao in a recent post on Mastodon:

My own personal definition of mathematics is more descriptive than prescrip-
tive: mathematics is whatmathematicians do, andmathematicians are the peo-
plewho studymathematics. This sounds like a tautologically circular definition,
but I think of it more as describing the equations of motion of a stochastic dy-
namical system, in which breakthroughs inmathematics attract more attention
by mathematicians, which in turn redefines the relative weighting of different
fields of mathematics.

• Whatever the nature of mathematical objects and mathematical knowledge, the
academic discipline of mathematics is a social construct.
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Random examples

• Knuth chose nine mathematics texts and looked at page 100:

• Calculus by George Thomas (Snell’s law)
• Mathematics: Its Content, Methods and Meaning 1 by A. D. Aleksandrov et al.
(derivative of loga(x))

• General Topology by John Kelley (continuous image of an open set)
• Source Book in Mathematics by D. J. Struik (factorization of a quartic polynomial)
• Commutative Algebra by Zariski and Samuel (additivity of the transcendence degree
of a field over a field)

• Introduction to Metamathematics by Stephen Cole Kleene (disjunction elimination
(argument by cases))

• Fundamental Algorithms by Donald Knuth (mean and variance of a binomial
random variable)

• Problems and Theorems in Analysis I by Pólya and Szegö (limit of a certain integral)
• Foundations of Constructive Mathematics by Errett Bishop (corollary to the
Stone-Weierstrass theorem)
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Not surprising

• Which text was most algorithmic?

• A: Foundations of Constructive Mathematics
• But some important differences:

• No use of replacement (that is, statements such as x← x + 2)
• No emphasis on optimizing the number of operations
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• The methods of arithmetic presented in the Algorismus are true algorithms in the
sense of Knuth’s algorithmics.

• The algorithms replace intermediate results as they progress.

• Our numerals are descended from the ghubār numerals, literally “dust numerals”,
which were written on dust boards.

• They are designed to optimize arithmetical computations.

• Does the Algorismus belong to the prehistory of algorithmics, or to the history of
mathematics?
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The Timaeus

• Last section of the Old Norse Algorismus: Four elements

• God created Fire and Earth so that creation would be visible and tangible
• The world is three-dimensional and Fire and Earth have three contrary properties:
sharp/blunt, fine/dense, mobile/immobile

• Earth identified with 8 = 2× 2× 2, the first cube
• Fire with 27 = 3× 3× 3, the second cube
• Two intermediaries needed to connect Earth and Fire in a geometric progression:

• Water - 12 = 2 × 2 × 3
• Air - 18 = 2 × 3 × 3

• Ultimate source is the Timaeus

• Elaborated upon by neoplatonists (in both philosophical and arithmetical texts)
from late antiquity through the Middle Ages

• Immediate source could be 12th century neoplatonist commentaries on the Timaeus
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Scientific description or numerology?

• I. J. Good:

The question is whether a piece of scientific numerology unsupported by amodel
is sufficiently striking to make us say that people ought to look for a scientific
model in order to explain it.

• Examples:

• Bode’s Law: If dn is the distance from the sun to the nth planet in astronomical units,
then

d1 = 0.4, dn+1 = 0.4 + 0.3 · 2n−2, n = 2, 3, 4, . . . .

• Johann Balmer’s sequence for the frequencies of the spectrum lines of hydrogen
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Numbers and nature

• Proclus warns us not to identify numbers with physical reality:

But on the other hand, it is also necessary not to dwell [too much] on the mathe-
matical [parts of the dialogue] as some do. For this too engenders false opinions
in the audience in as much as they come to think of physical figures being the
same thing as mathematical numbers.

• Dirac

There is thus a possibility that the ancient dream of philosophers to connect all
Nature with the properties of whole numbers will some day be realized. To do
so physics will have to develop a long way to establish the details of how the
correspondence is to be made. One hint for this development seems pretty obvi-
ous, namely, the study of whole numbers in modernmathematics is inextricably
bound up with the theory of functions of a complex variable, which theory we
have already seen has a good chance of forming the basis of the physics of the
future.
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To Predict is Not to Explain

• René Thom: Prédire n’est pas expliquer

• Some models are predictive

• Newton’s law of gravitation

• Some models are explanatory

• Nearest neighbor interactive particle systems
• E.g., Ising models explains phase transitions in matter with a probabilistic model
• States of matter: solid – liquid – gas – plasma
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Geometric progression between cubes

• Progression from earth to fire: p3 – p2s – ps2 – s3
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Christianity meets neoplatonism

• Book of Genesis begins with “In principio creavit Deus caelum et terram”

• Decorated initial “IN” from the 11th century Saint-Hubert Abbey Bible, with
circular bands with the inscriptions:

BIS. BINI. BIS. VIII.
BIS. BINI. TER. XII.
TER. TRIA. BIS. XVIII.
TER. TRIA. TER. XXVII.
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Paintings on the walls

• Cormac McCarthy (The Passenger)

She knew that in the end you really cant know. You cant get hold of the world.
You can only draw a picture. Whether it’s a bull on the wall of a cave or a partial
differential equation it’s all the same thing.
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