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[57} ABSTRACT

A circuit for inverting a number of n bits of a finite field of
2"=N+1 elements comprises a first circuit for raising to the
power t=2"2 receiving the number to invert. A first complete
multiplier receives the number to invert and the output of the
circuit for raising to the power t. A second circuit provides
the product of the output of the circuit for raising to the
power t and the inverse of the output of the first complete
multiplier.

18 Claims, 2 Drawing Sheets

N

[56] References Cited
U.S. PATENT DOCUMENTS
4,866,654  9/1989 Yamada ........ccccovreeeeeenrereereeas 364/754
10
AY
n t
X
X — o x!

(X

)"




U.S. Patent Mar. 18, 1997 Sheet 1 of 2 5,612,910

10

J 16

t o
X " . Xt X N >< ;x'i

12 3 13
14 .
Fig |
18
o© :W IK)
X0 |
r
18 l
it R (!
r{/' AN
X4
18 |
20
azt +
X
X2
|
|
18
1
{n-1} t [\< 20
a !_;4/ '<+>‘v
L Xn-1

Fig 2



U.S. Patent Mar. 18, 1997 Sheet 2 of 2 5,612,910

B B2 p p2!
22 24 22 24 22 24 22 24
! v ! /
tX - !
MUX MUX MUX ‘—[ MUX |-
= ————>;
t+1 -
% DEC
yd
26S
Fig 3
40

X 3 X
T | R
)
o .

48

DEC

Fig 4



5,612,910

1

CIRCUIT FOR INVERTING ELEMENTS OF
A FINITE FIELD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to circuits and methods
carrying out calculations on elements of a finite filed, and
particularly to circuits and methods for calculating the
inverse of these elements.

2. Discussion of the Related Art

A finite field is a finite set of binary numbers used, for
example, to correct errors during transmission of data which
are Reed-Solomon encoded.

All the binary numbers of n bits constitute a finite field of
2"=N+1 elements, in which an internal addition and multi-
plication are defined, such that the sum or the product of two
numbers of the field is also a number of the field. The
addition of two numbers is defined by a bit-to-bit Exclusive-
OR between these two numbers. As a consequence, if x is an
arbitrary element of the field,

xix=2x=0.

The multiplication is a conventional multiplication of two
binary numbers of n bits as long as it does not generate a
carry, i.e., as long as the result does not have bits at 1 of a
weight higher than n—1. As soon as a carry is generated, it
is combined through Exclusive-OR operations with prede-
termined bits of the bits of weights from 0 to n—1, that are
defined by a so- called generator polynomial of the finite
field.

Any non-zero element of the finite field is a power of
another non-zero and non-unity element of this finite field.
In a finite field of N+1 elements, the powers are defined
modulus, N, ie., x=x"", where x is a non-zero and non-
unity element of the finite field and i is a positive or negative
integer. The elements of a finite field are written 0, o, a?,

.., o}, The elements o to o*™! are the numbers 2°, 2!,
.. -, 2" constituting the base of the binary numbers of n
bits. :
To calculate correction coefficients in a Reed-Solomon
decoder, it is necessary to calculate ratios y/x, where y and
x are numbers calculated by the decoder and that may have
arbitrary values. For this purpose, y is generally multiplied
by the inverse of x.

To calculate an inverse, an inverse table stored in a ROM
can be used. However, the use of a ROM is not adapted to
an integration among other processing circuits with the
existing techniques for designing integrated circuits. With
these existing techniques, the ROM must be located outside
an area where the other elements of the processing circuit are
integrated. This causes a substantial large surface to be lost
although a ROM needs a relatively small surface.

Another approach is to generate inverses in a wired
manner, using logic gates. However, the number of connec-
tions between the logic gates in order to carry out the
inversion function is so important that the corresponding
metallizations occupy a surface equivalent to the lost surface
caused by the use of a ROM, although the wired inverter can
be integrated among the processing circuits.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a circuit
for inverting the elements of a finite field occupying a
particularly small surface.
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2

To achieve this object, the present invention decomposes
an inversion in several particular operations that can be
carried out by circuits occupying a small surface.

A decomposition according to the invention provides a
circuit for inverting a number of n bits of a finite field of
2"=N+1 elements, comprising a raising circuit for receiving
the number and raising the number to the power t=2"2. A
first complete multiplier receives the number to invert and
the output of the raising circuit for raising the number to the
power t. A calculating circuit provides the product of the
output of the raising circuit for raising the number to the
power t and of the inverse of the output of the first complete
multiplier.

According to an embodiment of the invention, the calcu-
lating circuit providing the product comprises an inversion
circuit to provide the inverse of the output of the first
complete multiplier among t—1 possible values, and a second
complete multiplier which receives the output of the inver-
sion circuit and the output of the raising circuit for raising
the number to the power t.

According to an alternative embodiment of the invention,
the calculating circuit which provides the product comprises
n/2 ‘multipliers, each multiplier multiplying an input by a
constant, the i-th multiplier (i=1, 2, . . . , n/2) having a
multiplication constant %, where B is a (t—1)th root of the
unit; n/2 multiplexers, the i-th multiplexer receiving the
output of the i-th multiplier at a first input and the output of
the (i~1)th multiplexer at a second input, and providing its
output to the (i+1)th multiplier, the second inputs of both the
first multiplier and the first multiplexer receiving the output
of the raising circuit for raising the number to the power t;
and a decoder receiving the output of the first complete
multiplier and acting on the multiplexers to set in series the
multipliers having the constants whose product is the inverse
of the output of the first complete multiplier.

According to an embodiment of the invention, the raising
circuit for raising to the power t comprises n groups of gates,
the i-th group (i=0, 1, . . ., n—1) providing the i-th non-zero
element of the finite field or a value O depending upon the
state 1 or O, respectively, of the i-th bit of the number to be
raised to the power t; and n—1 adders, the j-th adder (j=1, 2,
..., n—1) receiving the output of the j-th group of gates and
the output of the (j—1)th adder, the first adder receiving the
outputs of the first two groups of gates.

According to an embodiment of the invention, the calcu-
lating. circuit which provides the product comprises t/2-1
multipliers for multiplying the number raised to the power t
by a constant, whose constants are (t—1)th roots of the unit
distinct one from the other and from the unit, each receiving
the output of the raising circuit for raising the number to the
power t; a multiplexer controlled by a decoder for selecting
the output of one of the t/2~1 multipliers as a function of the
output of the first complete multiplier; and an adder receiv-
ing the output of the multiplexer and, depending upon the
output of the first complete multiplier, value O or the number
to invert.

The foregoing and other objects, features, aspects and
advantages of the invention will become apparent from the
following detailed description of the present invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents an embodiment of an inversion circuit
according to the present invention;
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FIG. 2 represents an embodiment of a circuit for raising
to a power of a power of two used in the inversion circuit of
FIG. 1;

FIG. 3 represents a second embodiment of some of the
elements of the circuit of FIG. 1; and

FIG. 4 represents a third embodiment of some of the
elements of the circuit of FIG. 1.

DETAILED DESCRIPTION

According to the present invention, the inverse x™* of a
number x of n bits is expressed by:

et

0]

where t=2"2,

Number x’ is particularly easy to calculate, as it will be
seen hereinafter, because it is a number raised to the power
of a power of two (t=2"2).

Number x**! is a (t-1)th root of the unit because

(Y g2 g

Accordingly, whatever may be the value of x, x**! takes only
one of the t—1 values

atl, g2 DD,

These t~] values are written hereafter B, B2, . . ., B

Thus, the inverse of number x**' which has only t—1
=2"2—1 possible values B, B2, . . ., B is calculated instead
of the 21 possible values of the inverse of an arbitrary
number. For example, if n=8, number x**! has 15 possible
values instead of 255. Thus, an inversion circuit of number
x"*" occupies a significantly smaller surface than an inver-
sion circuit of an arbitrary number, whether it is calculated
with a table in ROM or with logic circuits. In addition, this
inversion circuit can be provided with only some of the bits
of number x*** which allow to differentiate the t-1 possible
values of number x*!,

FIG. 1 represents an embodiment of the inversion circuit
directly obtained from the above decomposition (1). Num-
ber x, of n bits, is provided to a circuit 10 for raising to the
power t. A multiplier 12 receives the output of circuit 10 on
a first input and number x on a second input. A calculating
circuit 13 receives the output of circuit 10 and the output,
X" of the multiplier 12, and outputs the inverse X*. An
inversion circuit 14 of the calculating circuit 13 receives the
output, x**', of the multiplier 12 and provides the corre-
sponding inverse, x“*Y, to a first input of a multiplier 16.
As above indicated, inversion circuit 14 only needs to
provide t-1 values. The multiplier 16 of the calculating
circuit 13 receives on a second input the output of circuit 10
and provides the desired inverse, x .

The circuit 10 for raising to the power t, t being a power
of 2, is particularly simple to realize for the reasons men-
tioned below.

Number x is expressed by

x=x0 041y 0l 0%+ L L X, oL,

where X, X, . .
of number x.

By raising number x to the power t, t being a power of 2,
the second member is raised to the power t, which provides
the sum of terms x; o (i=0, 1, . . . ; n—1) and of additional
terms which are repeated an even number of times. Since the
sum in the finite field is a bit-to-bit Exclusive-OR, all these
additional terms cancel mutually. Hence:

.» X,,-; are values of bits of increasing weight
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FIG. 2 represents a circuit for raising to the power t which
is directly established from this equation. With each bit x,
(i=0, 1, ..., n-1) is associated a group of AND gates 18
which receive the bit x; on first inputs and the respective bits
of number o on second inputs. Thus, each number o is
transmitted to the output of the corresponding group 18 if
xz=1. A first adder 20 receives on a first input the output of
the group 18 associated with bit x,, and on a second input
the output of the group 18 associated with bit x,. Additional
adders 20 are respectively associated with the remaining
groups, each adder 20 receiving on a first input the output of
the associated group 18, and on a second input the output of
the preceding adder 20. The last adder 20 provides number
x’,

Of course, in each group of AND gates 18 associated with
a bit x,, AND gates are effectively provided for only the
non-zero bits of number o, Similarly, adders 20 (groups of
Exclusive-OR gates) can also be simplified by taking into
account that some of their input lines are at a constant state.

FIG. 3 represents an embodiment of a circuit designed to
advantageously replace the inversion circuit 14 and multi-
plier 16 of FIG. 1. This circuit includes n/2 multipliers 22 for
multiplying by a constant. The multiplication constants are
respectively the numbers B to (B2, where i varies from 0 to
n/2-1.

Each multiplier 22 is associated with a multiplexer 24
which receives in a first channel the output of the multiplier
and in a second channel the output of the preceding multi-
plexer, the latter output being also provided to the input of
the multiplier. With this arrangement, by suitably controlling
multiplexers 24, a multiplication by any value [/ is obtained,
where j varies from 1 to t—1. The first multiplier 22 and first
multiplexer 24 receive number x’ provided by circuit 10. The
last multiplexer 24 provides the desired inverse x'. A
decoder 26, which receives the number x** provided by the
multiplier 12, controls the multiplexers 24 to set in series the
multipliers 22 associated with the constants whose product
is equal to the inverse of x™*',

The circuit of FIG. 3 is particularly simple because it uses
multipliers for multiplying by a constant; providing n/2
multipliers by a constant with associated multiplexers
remains simpler than providing a complete multiplier 16.
Moreover, the decoder 26 has n/2 outputs only rather than n
outputs of the inversion circuit 14 of FIG. 1. Decoder 26 is
controlled by only those bits of number x** which differ-
entiate the t—1 possible values of number x*',

In some applications, the structure of FIG. 3 might not be
fast enough because number x’ may have to go through a
large number of multipliers 22, each of which introduces a
delay.

FIG. 4 represents a particularly fast alternative of the
structure of FIG. 3. Number x’ is_provided in parallel to
t/2-1 multipliers 40 by a constant. The respective constants
are B, to ot,,,_,. Constants [3; to B,,,_, are t/2—1 (t~1)th of the
unit roots distinct one from the other and from the unit, and
such that the t/2-1 remaining roots are 1+, to 1+B,, ;. In
a finite field, if a number r is a p-th root of the unit, number
r+1 is also a root of the unit (p being an arbitrary integer
lower than N+1).

A multiplexer 42 receives the outputs of multipliers 40
and selects one of them depending upon a control signal
provided by a decoder 44. The output of a multiplexer 42 is
provided to a first input of an adder 46 which receives at a
second input the output of a group of AND gates 48. A first
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input of gates 48 receives an output of decoder 44, which is
set to a state depending upon the parity of the inverse of
number x***,

The second inputs of gates 48 respectively receive the bits
of number x. Thus, number x is summed or not summed to
the output of multiplexer 42 depending upon the values of
number x**!. With this configuration, x' is multiplied by B,
or 14§, (=1, 2, ..., t/2-1), i.e., by either one of two (t—1)th
roots distinct from the unit. Decoder 44, as a function of the
n—1 most significant bits of number x"** selects the suitable
multiplier 40 so that number B; or 1-+J; by which number x‘
is finally multiplied is the inverse of number x**'. In addi-
tion, the decoder receives only those bits of number x**!
which differentiate the t/2-1 roots B, to B,p_;.

Of course, among the (t—1)th roots of the unit, the unit is
present. If number x** is equal to 1, number x is also equal
to 1; then, for example, the multiplexer 42 is selected to
provide number O to the adder 46 which then provides the
value 1(x) through the group of gates 48.

Having thus described at least one illustrative embodi-
ment of the invention, various alterations, modifications, and
improvements will readily occur to those skilled in the art.
Such alterations, modifications, and improvements are
intended to be within the spirit and scope of the invention.
Accordingly, the foregoing description is by way of example
only and is not intended to be limiting. The invention is
limited only as defined in the following claims and the
equivalents thereto.

What is claimed is:

1. A circuit for inverting a number of n bits, the number
being of a finite field of 2"=N+1 elements, comprising:

a raising circuit that receives the number, and raises the
number to a power t=2"%;

a first complete multiplier that receives both the number
and an output of the raising circuit that raises the
number to the power t; and

a calculating circuit that provides a product of the output
of the raising circuit that raises the number to the power
t and an inverse of an output of the first complete
multiplier, including:

t/2—1 multipliers that multiply the output of the raising
circuit by constants, the constants being (t—1)th roots
of a unit, and being distinct from each other and the
unit, each multiplier receiving the output of the
raising circuit that raises the number to the power t;

a multiplexer controlled by a decoder that selects an
output of one of the t/2—1 multipliers as a function of
the output of the first complete multiplier; and

an adder that receives both an output of the multiplexer
and, depending upon the output of the first complete
multiplier, one of a value 0 and the number.

2. The circuit of claim 1, wherein the raising circuit that

raises the number to the power t includes:

n groups of gates, an i-th group of the n groups of gates
providing an i-th non-zero element of the finite field
when a state of an i-th bit of the number is 1, and
providing a value O when the state of the i-th bit of the
number is 0; and

n—1 adders, a j-th adder of the n—1 adders receiving an
output of a j-th group of the n groups of gates and an
output of a (j—1)th adder of the n—1 adders, a first adder
of the n—1 adders receiving outputs of a first group and
a second group of the n groups of gates.

3. A circuit for inverting a number of n bits, the number

being of a finite field of 2"=N+1 elements, comprising:

a raising circuit that receives the number, and raises the
number to a power t=2">;
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6

a first complete multiplier that receives both the number
and an output of the raising circuit that raises the
number to the power t; and
a calculating circuit that provides a product of the output
of the raising circuit that raises the number to the power
t and an inverse of an output of the first complete
multiplier, including
n/2 multipiiers, each multiplier having an’ input and
multiplying the input by a constant, an i-th multiplier
of the n/2 multipliers multiplying its input by a
constant B%, where P is a (t—1)th root of a unit;

1/2 multiplexers, an i-th multiplexer of the n/2 multi-
plexers receiving an output of the i-th multiplier at a
first input and an output of an (i~1)th multiplexer at
a second input, and providing an output to an (i+1)th
multiplier, an input of a first multiplier of the n/2
multipliers and an input of a first multiplexer receiv-
ing the output of the raising circuit that raises the
number to the power t; and

a decoder that receives the output of the first complete
multiplier and acts on the n/2 multiplexers to set in
series multipliers, of the n/2 multipliers, that multi-
ply their inputs by constants whose product is the
inverse of the output of the first complete multiplier.

4. An apparatus for inverting a first number, the apparatus

comprising:

a raising circuit having an input that receives the first
number, and an output that provides a second number,
the second number being equal to the first number
raised to a power t;

a first multiplying circuit having a first input that receives
the first number, a second input coupled to the output
of the raising circuit, and an output that provides a third
number equal to the first number times the second
number; and

a calculating circuit having a first input coupled to the
output of the raising circuit, a second input coupled to
the output of the first multiplying circuit, and an output
that provides an inverse of the first numbers, wherein
the calculating circuit includes:
a decoding circuit having an input coupled to the output
of the first multiplying circuit, a first output, and a
second output;
a multiplexer having a first input coupled to the first
output of the decoding circuit, a plurality of second
inputs, and an output;
a plurality of multipliers, each multiplier having a first
input coupled to the output of the raising circuit, a
second input that receives a constant, and an output
coupled to a respective one of the plurality of second
inputs of the multiplexer; and
a gate circuit having a first input coupled to the second
output of the decoding circuit, a second input that
receives the first number, and an output that provides
one of a value 0 and the first number according to a
signal of the second output of the decoding circuit;
and
an adding circuit having a first input coupled to the
output of the multiplexer, a second input coupled to
the output of the gate circuit, and an output that
provides the inverse of the first number.
5. The apparatus of claim 4, wherein the first number has
n bits, and wherein the power t.equals 22

6. The apparatus of claim 5, wherein the first number is an
element of a finite field of 2" elements, each element of the
finite field having n bits, and wherein the raising circuit
includes:
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a plurality of gate circuits, each gate circuit having a first
input that receives one of the n bits of the first number,
a second input that receives one of the elements of the
finite field, and an output that provides the one of the
elements of the finite field when the one of the n bits is
in a first state, and a value 0 when the one of the n bits
is in a second state; and

a cascading series of adding circuits, the cascading series
of adding circuits including a plurality of inputs, each
input coupled to the output of one of the plurality of
gate circuits, and an output that provides the second
number.

7. An apparatus for inverting a first number, the apparatus

comprising:

a raising circuit having an input that receives the first
number, and an output that provides-a second number,
the second number being equal to the first number
raised to a power t;

a first multiplying circuit having a first input that receives
the first number; a second input coupled to the output
of the raising circuit, and an output that provides a third
number equal to the first number times the second
number; and

a calculating circuit having a first input coupled to the
output of the raising circuit, a second input coupled to
the output of the first multiplying circuit, and an output
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means, coupled to both the output of the raising circuit

and the output of the first multiplying circuit, for

calculating an inverse of the first number as a function

of the second number and the third number, wherein the
means for calculating includes:

a decoding circuit having an input coupled to the output
of the first multiplying circuit, a first output, and a
second output;

a multiplexer having a first input coupled to the first
output of the decoding circuit, a plurality of second
inputs, and an output;

a plurality of multipliers, each multiplier having a first
input coupled to the output of the raising circuit, a
second input that receives a constant, and an output
coupled to one of the plurality of second inputs of the
multiplexer; and

a gate circuit having a first input coupled to the second
output of the decoding circuit, a second input that
receives the first number, and an output that provides
one of the first number and a value 0 according to a
signal of the second output of the decoder; and

an adding circunit having a first input coupled to- the
output of the multiplexer, a second input coupled to
the output of the gate circuit, and an output that
provides the inverse of the first number.

10. The apparatus of claim 9, wherein the first number has
n bits, and wherein the power t equals 22,
a decoder having an input coupled to the output of the 11. The apparatus of claim 10, wherein the first number is
first multiplier, and a plurality of outputs; and an element of a finite field of 2" elements, each element of
a cascading series of processing circuits, each of the 30 the finite field having n bits, and wherein the raising circuit

that provides an inverse of the first number, wherein the
calculating circuit includes:

processing circuits including a first input that includes:
receives a constant, a second input coupled one of to a plurality of gate circuits, each gate circuit having a first
the output of the decoder, an output, and a third input input that receives one of the n bits of the first number,
coupled to an output of a previous processing circuit, a second input that receives one of the elements of the
wherein the first processing circuit in the series has 35 finite field, and an output that provides the one of the
its input coupled to the output of the raising circuit, elements of the finite field when the one of the n bits is
and the last processing circuit in the series has an in a first state, and a value 0 when the one of the n bits
output that provides the inverse of the first number. is in a second state; and
8. The apparatus of claim 7, wherein each processing a cascading series of adding circuits, the cascading series
circuit of the cascading series of processing circuits 40 of adding circuits including a plurality of inputs, each
includes: input coupled to the output of one of the plurality of
a multiplexer having an output, a first input, a second gate circuits, and an output that provides the second
input coupled to one of the output of the raising circuit number.
and the output of the multiplexer of a previous pro- 12. An apparatus for inverting a first number, the appa-
cessing circuit of the cascading series of processing 4 ratus comprising:
circuits, and a third input coupled to one of the plurality a raising circuit having an input that receives the first
of outputs of the decoder; and number, and an output that provides a second number,
a processing circuit multiplier having a first input coupled the second number being equal to the first number
to a respective one of the plurality of first inputs of the 50 raised to a power t;
cascading series of processing circuits, a second input a first multiplying circuit having a first input that receives
coupled to one of the output of the raising circuit and the first number, a second input coupled to the output
the output of the multiplexer of the previous processing of the raising circuit, and an output that provides a third
circuit of the cascading series of processing circuits, number equal to the first number times the second
and an output coupled to the first input of the multi- 55 number; and
plexer. , ; means, coupled to both the output of the raising circuit
9. A.n.apl.)aratus for inverting a first number, the apparatus and the output of the first multiplying circuit, for
comprising: calculating an inverse of the first number as:a function
a raising circuit having an input that receives the first of the second number and the third number, wherein the
number, and an output that provides a second number, g means for calculating includes:
the second number being equal to the first number a decoder having an input coupled to the output of the
raised to a power t; first multiplier, and a plurality of outputs; and
a first multiplying circuit having a first input that receives a cascading series of processing circuits, each of the
the first number, a second input coupled to the output processing circuits including a first input that
of the raising circuit, and an output that provides a third 65 receives a constant, a second input coupled one of to
number equal to the first number times the second the output of the decoder, an output, and a third input

number; and coupled to an output of a previous processing circuit,
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wherein the first processing circuit in the series has 15. The method of claim 14, wherein first signal is a
its input coupled to the output of the raising circuit, digital signal having.n bits, and wherein the power t equals
and the last processing circuit in the series has an 22,
output that provides the inverse of the first number.
13. The apparatus of claim 12, wherein each processing
circuit includes:

a multiplexer having an output, a first input, a second
input coupled to one of the output of the raising circuit
and the output of the multiplexer of a previous pro-
cessing circuit of the cascading series of processing 10
circuits, and a third input coupled to one of the plurality
of outputs of the decoder; and

a processing circuit multiplier having a first input that
receives one of the plurality of constants, a second
input coupled to one of the output of the raising circuit
and the output of the multiplexer of the previous
processing circuit of the cascading series of processing
circuits, and an output coupled to the first input of the
multiplexer.

14. A method for inverting a first number, the method

comprising the steps of:

-A. generating a second signal according to a first signal, -
the first signal being indicative of the first number, and
the second signal being indicative of the first number
raised to a power t;

B. multiplying the first signal by the second signal to

16. The method of claim 15, wherein the first number is
an element of a finite field of 2" elements, each element of
the finite field being representable as a signal having n bits,
and wherein step A includes the steps of:

providing a plurality of element signals, each element
signal being provided for one of the n bits of the first
signal, and each element signal being indicative of one
of the 2" elements of the finite field when the one of the
n bits is in a first state, and a value 0 when the one of
the n bits is in a second state; and

adding the plurality of element signals to provide the
15 second signal.
17. A method for inverting a first number, the method
comprising the steps of:
A. generating a second signal according to a first signal,
the first signal being indicative of the first number, and
20 the second signal being indicative of the first number
raised to a power t;

B. multiplying the first signal by the second signal to
provide a third signal, the third signal being indicative
of the first number times the second number; and

25 C. generating an inverse signal as a function of both the

second signal and the third signal, the inverse signal
being indicative of an inverse of the first number,

w

provide a third signal, the third signal being indicative
of the first number times the second number; and

C generating an inverse signal as a function of both the

wherein step C includes the steps of:
decoding the third signal to provide a plurality of
contro] signals; and

30 . . .
second signal and the third signal, the inverse signal pas§ing_the second signal thrf)ugh aseries ofproc;ssmg
being indicative of an inverse of the first number, circuits thfit generates the. inverse signal according to
wherein step C includes the steps of: the plurality of control signals. ,
decoding the third signal to provide a control signal and 18. T_he mf:tho_d of claim 17, wherein each of the series of

a state signal; 35 Processing circuits performs the steps of:
multiplying the second signal by a plurality of con- multiplying one of the second signal and an in.termediate
stants to produce a plurality of product signals; signal by a constant to produce a product signal; and
multiplexing the plurality of product signals according multiplexing the product signal and one of the second
to the control signal to provide a multiplexed signal; signal and the intermediate signal according to one of
and 40 the plurality of control signals.

adding the first signal to the multiplexed signal when
the state signal is in a predetermined state.

* ok ok ok 3k
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[571 ABSTRACT
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