Transmathematics




lopics

 \WWhy computer scientists like totality:

e [ransarithmetic - no error states




lotallity

e Jotality - every function is a total function

e |t IS not necessary to waste states - so hardware




lotallity

e Geometrical construction of the transreal numbers
1997

* Axiomatisation and machine proot of the

onsistency of transreal arithmetic (2007



https://doi.org/10.1098/rstb.1997.0096
http://www.bookofparagon.com/Mathematics/PerspexMachineVIII.pdf
http://www.iaeng.org/IJAM/issues_v46/issue_1/IJAM_46_1_03.pdf
http://www.iaeng.org/publication/WCECS2014/WCECS2014_pp97-102.pdf
https://doi.org/10.1098/rstb.1997.0096
http://www.bookofparagon.com/Mathematics/PerspexMachineVIII.pdf
http://www.iaeng.org/IJAM/issues_v46/issue_1/IJAM_46_1_03.pdf
http://www.iaeng.org/publication/WCECS2014/WCECS2014_pp97-102.pdf

Arithmetica
Universalis

Sir Isaac Newton

-




Arithmetica Universalis

e Newton used the arithmetica universalis, which
redates real arithmetic

e Arithmetica universalis does not outlaw division by
Zero



http://www.bookofparagon.com/Mathematics/PerspexMachineXII_web.pdf
http://www.bookofparagon.com/Mathematics/PerspexMachineXII_web.pdf

Arithmetica Universalis

 Newton gave a faulty proof that division by zero is
inconsistent

« Newton definedx=y < x—y=90

« This blocks transreal 00, ® because




Transreal Numbers

Transreal numbers, t, are proper fractions of rea
numbers, with a non-negative denominator, d, an
a numerator, n, thatisone of -1, 0, 1Twhend =0




Improper Fractions

Improper fractions have a negative
denominator (-k) which must be made positive
efore any arithmetical operator is applied




Multiplication




DIvISION




Addition of Two Infinities

1 +1 e

0 ) = N e e o O, == =0

0>c)




General Addition

ad + bc
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Subtraction
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Associativity

a+b+c)=(@+b)+c




ommutativity
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Partial Distributivity

alb+c)=ab+ac




Real Arithmetic versus
Transreal Arithmetic

* Real arithmetic checks for division by zero
and, If found, it fails




Newtonian Physics

e Newton used the arithmetica universalis

e The arit
real arit

nMmetica universa
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Newtonian Physics

* |f we read Newton’s 18th Century physics as
applying to real numbers then they fail at
singularities




Transreal Analysis

o [ransreal analysis replaces the symbols — 00, oo
of real analysis with the transreal numbers

e |




Trans-Newtonian Physics

 Newton’s laws of motion and gravity can be
restated with transreal arithmetic and transreal



https://dialnet.unirioja.es/descarga/articulo/6356671.pdf
https://dialnet.unirioja.es/descarga/articulo/6356671.pdf

Transreal-Number Line




Transreal-Number Line
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Transphysics




Two’'s Complement




Two’'s Complement

* Wrap-around error

e \Weird-number error

* One more negative than positive numbers




Trans-Two’'s Complement
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Trans-Two’'s Complement

 No wrap-around error

e No weird-number error

 Equal number of positive and negative numbers




Floating-Point (NaN
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04-Bit Floating-roint

* 9,007,199,254,740,990 error L N
NaN) states

e 25,000 error (NaN) states for
each star in our Milky Way



Transfloating-Point

 Replace negative zero, —0 % 0, with nullity @




Transfloating-Point

* Twice the range of real numbers mapped to a
doubling of accuracy, by halving the smallest,
representable number




Transcomplex Plane

Revolution of the transreal number line
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ITransangle

Real and nullity angles
are arc length divided by
radius in a unit wheel




Transangle

The infinity angles are
the windings of the a
outer line segments at




Transtangent

Anclent construction
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Transtangent




Transtangent

* |s defined for all transreal angles

* |s single valued everywhere

* The real values of the transtangent have




Transtangent

* The ancient construction of the tangent has
transreal solutions that are not available to
modern (non-trans) geometry and trigonometry




Degenerate
artesian Co-ordinates




Non-Degenerate
artesian Co-ordinates

o (0,00) =1[00,n/2]

(—00,0) = [00,37/4] e o (00,00)= |00, n/4]

(—00,0) = [0, 1] o (00,0)=[00,0]




Transcomplex Integral

e [ranscomplex numbers are represented in polar
form to avoid Cartesian degeneracy




Transcomplex Analysis

e With the exception of the general transcomplex
derivative, which has not




Transcomplex Arithmetic

e Solid cylinder composed of
unit radius discs with zero and o0
all positive real heights

* Unit radius disc at infinite




Transcomplex
Multiplication and Division

e Polar multiplication and




Transcomplex
Addition and Subtraction

« Draw polar vector [r, 8] as a
unit vector [1,0] on the disc at
height r

e et m be the maximum heigh
of the unit vectors in the
diagram




Transcomplex
Addition and Subtraction

* Perform vector addition
e Scale resultant vector by m
« Redraw resultant vector [r, 0]

as unit vector [1,0] in the disc
at height r




Transcomplex
Addition and Subtraction

o For all transreal ¢
[D, D] + [1,0] =
O{[1,P] + [t/D, O]}
O{[D, D] + [D, D]}
D, D Q)

e [00,0] —[00,0] =




Transcomplex Cone




Transcomplex Plane




Non-Associativity

e After renormalisation, to the
disc at height infinity, the sum
of infinite vectors can be non-




Algebraic Structure

 Multiplying by infinity can be non-distributive




Transcomputation

* Prototype transcomputer in
~hardware and software

r . :



Architectural Prototype

e Joken = 12-bit header + 80-bit transfloat datum

64 k mills per chip

* 2 M mills per board
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e Systolic arrays have one dimensional 1/O which
has linear scaling and is impossible to tabr




Relative Addressing

e Fixed size, relative address implements an
address horizon in an arbitrarily large machine
and maintains constant computational efficiency




Processor Grid

o Square grid of mills

e Pipelined communication not just nearest
neighbour




Slipstream

* A grid of mills may be arranged in any
dimensionality of space (2D is convenient for
chips!




Slipstream

e Slipstream programs execute in a cadence
period) of the longer of the input and output
times




Slipstream

* A practical slipstream machine cannot achieve a
cadence of zero

e But the ratio of the execution time of a practical




. Fourier Transform (FT) time order O(n?)




Slipstream FFT

 Multitap liner-time processing:
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Fused Zip/Unzip
Permutations
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e Juring-complete compiler
Optimise cadence

e Optimisers
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summary

e |[f Newton’s arithmetica universalis Is restricted to
real arithmetic then his 18th Century physics falil
at singularities




summary

e Jotality - every tunction is a total function

* |t s not necessary to waste states - so hardware
and software can be more efficient




summary

* Transfloating-point arithmetic is up to twice as

accurate as floating-point arithmetic, using the
same number of bits

e Every syntactlcally correct program Is




ummary

» There are many areas of transmathematics, its



summary

 More than 10 people have published
transmathematics in conference proceedings
and journals, about half are computer scientists

A

* Iransmathematica journal


http://transmathematica.org
https://transmathematica.org/index.php/journal/Transmathematica_Conferences
https://join.skype.com/hwPBDqeqT6hn
https://join.skype.com/hwPBDqeqT6hn
http://transmathematica.org
https://transmathematica.org/index.php/journal/Transmathematica_Conferences
https://join.skype.com/hwPBDqeqT6hn
https://join.skype.com/hwPBDqeqT6hn

