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Structure of a multiplier

A multiplication in binary logic of two words of bary symbols is a shift-and-add
operation. A multiplication in n-valued logic isfertunately a shift-and-multiply-and-
add operation. For instance one wants to n-valulépty a first word of three n-valued
symbols [x y z] with a second word of n-valued swisida b c]. The following provides
a structure of such a multiplication.

word1: X y z
word2: a b c
CX cy cz
bx by bz
ax ay az

result: ax + (bx+ay) + (cx+by+ag)(cy+bz) + cz

It should be clear that with longer words havingeneymbols there will be a plurality of
terms like (bx + ay).

Reducing ax + by

It is assumed that ‘a’ and ‘b’ are n-valued constafhhe symbols x and y are variables
which are multiplied respectively with ‘a’ and ‘bThe expression (ax + by), wherein all
elements are single n-valued symbols can be ex¢auits entirety by 2 circuits of
which diagrams are provided below.

y

This circuit determines the residue ‘res’of fortarsce the modulo-n addition of axx and
bxy.



Assume that n = 3 and that the operations arergltogic based. For the multipliers a =
2 and b = 2. The above diagram can then be redoabdeé following diagram.

X res

The ternary function ‘sc’ is the modulo-3 adderueed over the ternary inverters [0 2 1]
at both inputs, which are identical to a multipllemodulo-3. The truth table of ‘sc’ is
provided below.

sc y
res|0]1]|2
x |0 |0]21
1 |2|11|0
2 |1]0(2

For a true multiplication also a carry has to beayated at the appropriate time. For
instance 2 + 2 = 4 in decimal form. However inixa® (2 + 2) will provide a residue 1
and a carry 1.

As an example it will be shown how the carry maydbeermined of the expression
2x + 2y in radix-3. In the following truth tabike inputs to a radix-2 adder after
multiplication will be shown. The result is showndecimal form.

dec 2y
res|0( 2|4

2x |0 |0]|2]|4
2 2|46
4 |4/6|8

In a next step, any number <3 in the truth tabléhe replaced by 0 (no carry). Any
number < 2 <6 will be replaced by 1 and any nund#iewill be replaced by a 2. This
will then provide the truth table ‘car22’ for tharcy of 2x + 2y.

car22 y
res|0| 1|2

X 0O |0/0]|1
1 |0j1|2
2 |112|2




The diagram for this circuit is provided below.

X carrv

\Y

One can thus in one clock cycle of 2 parallel opena determine ax + by.
This approach applies to any n-valued logic impleting a radix-n arithmetic.
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