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Suppose 1+1 is not 2

Most people probably at one time have been invoimeddiscussion wherein somebody
brings up the point that the arithmetical exprasdi®1=2 is just a convention. And that it
is possible to create a valid expression whereiimn&tance 1+1=7.

The question that arises is: is that possible? #&edhere rules that have to be applied?

First of all it is assumed that the statement 121s not merely one of naming, in the
sense that 2 in a new naming convention actualgnmsomething else, like 3 and that 7
actually means 2.

Secondly. The statement 1+1 is a not countingrsi@ate Counting statement means: |
count a first object and then | count another dbjecthat case | have counted two
objectsandso 1 + 1= 2.

Thirdly. The statement does not pertain to a bimeimadix-2 arithmetic. There is no 2 in
a radix-2 arithmetic, unless the naming convenigochanged. In radix-2: 1 +1 =1 0.

Sowhatif1+1 2

In general the statement a + b = ¢, wherein adbcaare single digits signifies the
determination of the residue in a modulo-n additiora modulo-10 addition 1+1=2 and
2+3=5. When the sum is greater than 9, 10 is sciletlaand the difference is the residue.
So the residue of 7+9 is 6. That is 16-10. Detemmgithe residues in an addition is one
operation of determining the sum.

The second operation that is required for estahblish sum is the determination of the
carry digit. This operation, in standard radix-Haligion, can either be 0 or 1. When the
addition of two digits is a sum greater than 9@aery is a 1. When the sum is 9 or less
the Carry is 0.

In this example arithmetic and logic are mixeds Ipossible to describe the addition as a
10-valued logic operation. The 10-valued logic fimt ‘+’ and the function C are used.

The following two truth tables (or switching tabjeescribe the two logic functions ‘+’
and C.



Function ‘+’:

+]0[(1]2[3[4]5]6]7|8]9
0jJ0(1|12[3[(4]|5|6]7|8]|9
111234 |5|6|7[8|9]|0
21213]14]15]6]7]18]9]0]1
313[4|5]6|7]|8]9]0]1]2
414/5/6]7]18]9]0]1]2|3
515(6|7(8](9|0[1]2|3]|4
616]7]18]19]0]1]2]|3]4]5
71718]9]10]1]2]|3]4]|5]6
818(9|0[1(2]|3]4|5|6]|7
919/0|11|2|3|4|5|/6|7|8

The function ‘+’ is the modulo-10 addition.

The function C:

Cl|0}1/2[3]4|5[6]7|8]9
0]0]0]0]0]0]0]0]0O]0O]O
110/0]0(0]0]0|0]|0]0O]1
210]0]0]0]0]0|0]|0O]1]|1
310]0]0]0]0]0O]0O]1]1]1
410/0/0]0]0OJO]1]1|1]1
5]0/0/0|0]0OJ1]1]1]1]1
6]1]0/0/0|0O]1|1]21]1|1]1
7]10]0]0]J1]1]1]1]|1]1]|1
810|011 ]1]1]1]1]1]1
9]0j1)1|j1j1)1|1j1|1]1

The function C determines when a carry will be gatesl as a result of adding two
digits. The function ‘+” will be renamed as ‘R’.

The following table provides the different express to determine the digits of the sum
of a radix-10 addition of two 2-digit numbers alulanl.

- a b

- C d
residue - (aRc)| (bRd)
carry - (bCd) -
residue - | (@Rc)R(bCd) -
carry (aRc)C(bCd - -
residue (aRc)C(bCd) (aRc)R(bCd) (bRd)

The expressions in the bottom row of the table sti@nndividual digits of the sum.
When numbers with more digits are added the exjmessvill expand. The expressions



have to be evaluated until a row does not contaynvalid Carry digits. The result will
appear in the last ‘residue’ row. This approactifisourse the well known ripple adder.

The functions ‘+’ and C may be called primitive @tions. This means that for adding
two single digit numbers only ‘+’ and C can be usedchieve the correct result.
However it is clear that adding two digit numbessfiore-digit numbers) will create
extended or composite expressions as a resuleafatry ripple effect.

Composite expressions in many cases can be repgbgoeguivalent expressions,
applying the same number of functions, wherein sorredl of the functions are not
primitive.

In order to create the equivalent expressions timeipve expressions have to be
completed by considering the first carry occuriimghe addition of the last two digits. It
is automatically assumed that this carry is 0. gsirmore formal approach it can be said
that this carry is 0 because the digits on therdakpositions are actually 0. It is also
important to be aware that leading and trailing@sdropped from the numbers.

0 a b|O0

0 C d|0
residue 0 (aRc)| (bRd)
carry 0 (bCd) | (0CO0)
residue 0| (aRc)R(bCd) 0
carry (aRc)C(bCd 0 0
residue (aRc)C(bCd) (aRc)R(bCd) (bRd)

A 10-valued equivalent expression

The following truth table shows a function R thahde applied in an equivalent
composite expression.

R{0]1]2]3]4/5/6|7[8|9
0]19]8]7]6]5]4]3]2]1]0
118/7]|6]5[4[3]2|1]0]9
217/6|5(4(3]2]1(0]98
3]16|5|4]13]2]1{0]9|8]|7
415(4(13[2]1/0|9|8|7]|6
51413]2]1]0]9]8]7]6]5
6]13/2]1]0]9]|8]|7|6]|5]4
712/1]1]0]9|8]|7]|6[5]4]|3
81110]9]|8|7|6[5]4|3]|2
910|19|8|7|6|5|4|3|2]|1

The expression (a + b) using this function will(eeR b). By using this function the
expression (1 + 1) will generate (1 + 1) = 7.



The alternative function C in the equivalent expi@s has the following truth table:

Cl|0[1[/2]3]4|5[6]7[8]9
01]0j/0|0]0O|0|0O|0O|0O]O]O
11]0/0/0/0|0|0]0]0|0]9
210/0/0]0]0|0]|0]0O]9]9
310/{0/0]0]0|0]|0]9]9]°9
410/0]0[/0|0]0]9]9]9]9
510[0|0]0]0|9]9]9]9]9
61]0[0/0]0]9]9]9]9]9]9
710[0/0]9]9]9]19]9]9]°9
810[0]9]19]9]9]9]9]9]°9
910/91919]19191919]9]9

The addition of two 2-digit numbers will then lobke:

Number lac; 0 5 2

Number 2cd: 0 8 9

residue 9 6 8
carry 9 9 0
residue 1 4 1

Though the intermediate steps look different fréva well known modulo-10 addition
and carry generation, the complete equivalent esgima generates the correct answer.

This is a relatively simple example of possibleiegient expressions. But is shows what
could and should happenif (1 +1) =7.

About Ternarylogic LLC: Ternarylogic LLC is a New Jersey based R&D compétsy
mission is to create novel MVL technology. The campowns a portfolio of inventions
related to scramblers/descramblers, sequence gerseaad sequence detectors,
sequence correlators, gates and inverters basrdtigir non-binary multipliers, latches
and other non-volatile memory elements, opticak digplications and MC-DSSS
technology.

© 2005, Ternarylogic LLC. All rights reserved.



