Trans-rFloating-roint
Arithmetic

D) Anderson FBCS CITP CSci
L AT Y = A X e st Aot L s el ol S TRl S o e et e T R § (et e e b IR S o L A e R 2 OO UM S8 # il 5
b “'-:;'."‘ o o=l Skl t ol Lot L e den el SRR LAy P R St Sodialte e ) (LA 136 S o 32 i R b S S s Ot b S o d R . e S £
\ > Ty h " ' v . 3 . L . Ui -y b Yy iy Voo o L H &P NA ’ f > ‘ .




Agenaa

* Advantages of totallity

 How to divide by zero
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Advantages of Totallity




Totallity

* Every operation can be applied to any
arguments giving a valid result
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Dividing by Zero




Transreal Number Line




Two’s Complement
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Trans Two's Complement




Transreal Numbers

Transreal numbers, t, are proper fractions of rea
numbers, with a non-negative denominator, d, and
a numerator, n, thatisone of -1, 0, 1whend =0
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Negative Denominators

An improper fraction may have a negative
denominator (-k) which must be made positive
before any arithmetical operator is applied
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Multiplication
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DivISION




Addition of Two Infinities




eneral Addition

ad + bc




Subtraction




Associativity

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




Commutativity
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Partial Distributivity

alb+c)=ab+ac




Comparison

 Mathematics checks for division by zero and,
if found, it fails




Doubling Real Range




Floating-Point (NaN)
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Trans-Float Infinities
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Trans-rloat Zero and Nullity
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Abolishing NaNs

 Doubles real range - giving larger numbers
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iIndependent
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~loating-Point

* Four primitive, relational operators: <, =, >, ?
e Said to be mutually independent

. So must be 24 16 Compound operators
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Mathematics

* [hree primitive, relational operators: <, =, >
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Trans Float/Mathematics

* [hree primitive, relational operators: <, =, >

e Can be combined with not: !
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Epsilon




2
Not Epsilon













Not Equal




GGreater




Not Greater




L ess-or-Equal
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Not Less-or-Equal
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| ess-or-Greater
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Not Less-or-Greater
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Equal-or-Greater
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Not Equal-or-Greater
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Not Less-or-Equal-or-Greater




Relops and Negation

* Floating-point wastes 10 states
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Total Order

* [rans Float/Mathematics is totally ordered in
the extended-real numbers, with nullity as the
uniguely unordered, transreal number
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ITrans-Floating-rPoint

e NoO wasted states

e NO minus zero
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Compilation

* Every syntactically correct program is
semantically correct
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JTotal Mathematics

+71/2
-311/2




JTotal Mathematics




Total Physics




Consistency

e Jwo’'s Complement

* Floating-Point
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Irans-Floating-Point
Arithmetic
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