
EP 0 185 025 B1 Description Technical Field 5     This invention relates
generally to multiplier and multiplier/accumulator circuits and, more
particularly, to multiplier and multiplier/accumulator circuits which
implement modified Booth's algorithm. Background Art 10     Circuits which
multiply two numbers and sum or accumulate the resulting product with a
third number are widely used in signal processing. A typical application of
a multiplier/accumulator is the Implementation of a finite impulse response
(FIR) digital filter which sums N products to obtain a sample value at a
predetermined time, where N is an integer. A primary objective in
performing multiplications and accumula- tions is to accomplish the
mathematical calculation as quickly as possible. However, an increase in
speed 15  typically involves an increase in the amount of circuitry and
irregularity of structure. Various attempts to increase the speed of an
array multiplier have been made. Stylianos Pezaris in an article entitled
"A 4[err]-ns 17-Bit by 17-Bit Array Multiplier" In IEEE Transactions On
Computers, Vol. C-2[err] No. 4, April 1971, pp. 442- 447, teaches the
reduction of propagation path delays by using carry-save adders modified by
a "sum skip" arrangement to speed up vertical propagation of sum signals in
an array multiplier. Since the Lincoln 20  multiplier is a conventional
multiplier, N rows of adders are required for an N-bit by N-bit multiplier
to implement a multiplication in a conventional carry save scheme. Others
have skipped both sum and carry signals over alternate rows of adders in a
multiplier array as taught by Iwamura et al. in "A 16-Bit CMOS/SOS
Multiplier-Accumulator" In IEEE International Conference on Circuits and
Computers, Septem- ber 29, 1982, pp. 151-154. Iwamura et al. describe on
page 151 of the above noted article a multiplier which 25  utilizes a row
skipping technique of carry and sum signals. The skipping technique is used
with a conventional array multiplier rather than other methods such as
Wallace's tree or Booth's method because of the complicated
interconnections and irregularity of structure associated with these other
methods. However, by skipping carry and sum signals over the next row, the
array is effectively divided into two separate arrays, each of which
provides a sum and a carry accumulation. At the bottom of the array, two 30
combining rows of adders (not shown by Iwamura et al.) are required. The
combining rows reduce the four outputs (two sums and two carrys) of the
separate accumulator paths to two outputs (one sum and one carry) for carry
propagation in a final row. A final row of carry look ahead adders Is
required to provide the output product. As stated by Iwamura et al., this
method Is used instead of techniques such as Booth's method or Wallace's
tree because of the complicated interconnections and poor structural
regularity of the 35  latter schemes. A disadvantage with the multiplier
taught by Iwamura et al. is that two rows of combining adders are required,
thereby creating additional propagation delays. Hartring et al. in an
article entitled "High-Speed Low-Power Silicon MESFET Parallel Multipliers"
In IEEE Journal of Solid State Circuits, Vol. SC-17, No. 1, February 1982,
pp. 69-73, teach the use of a conventional array multiplier using a
systematic carry-save adder scheme. Speed is improved by utilizing 40  both
positive and negative logic properties of full adders to provide inverting
multiplier cells. Hartring et al. teach the use of a combinatorial
multiplier over other methods such as modified Booth's algorithm (see for
example IEEE Journal of Solid-State Circuits, volume Sc-17 No 5, October
1982, pages 898-906; FA Ware a.o.: "64 Bit Monolithic Floating Point
Processors") and the Wallace scheme because the latter methods are slower
and less systematic in structure. 46     EP-A-90298 shows a multiplier
where the sum bit outputs of the partial products outputs of the adders in
a row are skipped to at least two row ranks greater in order to take
account of different propagation delays for the sum and carry signals.
Summary of the Invention 50 An object of the present invention is to
provide an improved XxY bit array multiplier/accumulator circuit, where X
and Y are integers, for multiplying two numbers or multiplying two numbers
and accumulating the resulting product with a third number. Accordingly,
the inventor provides an array multiplier as defined in claim 1 and a
method of providing a 55 product as defined in claim 4. 



A preferred feature of the invention is that the array
multiplier/accumulator circuit utilizes a modified Booth's algorithm and
has a systematic and uniform array structure. It is an advantage of the
invention that the array multiplier/accumulator circuit has improved speed
by 3    EP 0 185 025 B1 minimizing propagation delays between adders. In a
further preferred embodiment, the circuit achieves improved speed by using
both positive and negative logic circuits. The circuit is capable of either
adding an (X + Y) bit input number to the (X + Y) bit product of an X bit 5
and a Y bit number. The circuit may also only provide the product of the X
bit and the Y bit numbers. Encoding circuitry Is preferably provided for
implementing modified Booth's algorithm in response to the Y bit number and
for providing a rank ordered plurality of first control signals In
accordance with modified Booth's algorithm. At least (Y/2) rank ordered
rows of (X+2) rank ordered multiplexing circuits are provided wherein each
row is controlled by a predetermined one of the first control signals. The
multiplexing circuits 10  form (X+Y) rank ordered columns, wherein the
first row includes multiplexing circuits forming columns of rank 1 to (X +
2) and the (Y/2)th row includes multiplexing circuits forming columns of
rank (Y-1) to (X + Y). The remaining rows of multiplexing circuits, if any,
have multiplexing circuits each of which is included In a predetermined
column. The first multiplexing circuit of each such remaining row or rows
have a column rank which is two ranks greater than the first multiplexing
circuit of the row of immediately lower rank. Each 15  multiplexing circuit
has inputs selectively coupled to either predetermined bits of the X bit
number, to predetermined logic levels, or to a sign mode control signal for
signed/unsigned mode of operation. The multiplier/accumulator array also
comprises at least (Y/2) rank ordered rows of adder circuits. Of the (Y/2)
adder rows, the [(Y/2)-2] rows of lowest rank comprise (X + 1) adder
circuits, the row of next to highest rank comprises (X + Y-4) adder
circuits, and the row of highest rank comprises (X + Y) carry propagate
adder 20  circuits. Each of the (X+ 1) adder circuits has a predetermined
column rank and an output sum propagation delay which is substantially
twice an output carry delay thereof. The (X+ 1) adder circuits of highest
row rank each provide an output sum bit which is a partial product sum of
predetermined rank and which Is coupled as an Input to an adder input of an
adder having the same column rank but a row rank which is one rank greater.
Each (X + 1) adder circuit of remaining lower ranked rows provides an
output sum bit which is 25  a partial product sum of predetermined rank and
which is coupled as an input to an adder input of an adder having the same
column rank but a row rank which is two ranks greater. In other words, the
sum bit is skipped over the immediately following row of adders. Each of
the (X + 1) adder circuits also provides an output carry bit which is
coupled as an Input carry bit to an adder input of an adder having a column
rank and a row rank which is one rank greater. The row of (X + Y) adders
provide the (X + Y) bits of the output 30  accumulated product. Sign
extension circuitry is coupled to the multiplexing circuits and to the
adder circuits for providing an output sign bit. Brief Description of the
Drawings 36    FIGS. 1(a)-1(d), In combination, illustrate a complete block
diagram  of an XxY  bit array multiplier/accumulator in accordance with the
present Invention; FIG. 2 is a diagram illustrating how FIGS. 1(a)-1(d) may
be fitted together to provide a complete block diagram of the
multiplier/accumulator; FIGS. 3(a) and 3(b) illustrate in logic diagram
form recoder control generation circuits for implementing 40   the
multiplier/accumulator according to the present invention; FIGS. 4(a) and
4(b) illustrate in logic diagram form recoder carry generation circuits for
implementing the multiplier/accumulator according to the present invention;
FIGS. 5(a) and 5(b) illustrate in schematic form multiplexer circuits
having four inputs for Implementing the multiplier/accumulator according to
the present invention; 45    FIG. 5(c) illustrates in block diagram form
functional interconnection of multiplexer and adder circuits for 



implementing the present invention; FIGS. 6(a) and 6(b) illustrate In
schematic form multiplexer circuits having five inputs for implementing the
multiplier/accumulator according to the present invention; FIG. 7(a)
Illustrates in block diagram form a carry save full adder circuit for
Implementing the 50    multiplier/accumulator according to the present
invention; FIG. 7(b) illustrates in schematic form the full adder circuit
of FIG. 7(a); FIG. 8(a) illustrates in logic diagram form a half adder
circuit for Implementing the multiplier/accumulator according to the
present invention; FIG. 8(b) illustrates in logic diagram form a fast carry
full adder circuit for implementing the 55    multiplier/accumulator
according to the present invention; and FIG. 9(a) Illustrates in block
diagram form a sign extension circuit having two inputs; FIG. 9(b)
illustrates in block diagram form a sign extension circuit having three
inputs; and FIG. 10 illustrates in logic diagram form an overflow circuit
for implementing the multiplier/accumulator 4    EP 0 185 025 B1 according
to the present invention. Detailed Description of the Present Invention 5
A conventional method used to improve the speed of a multiplication is to
reduce the number of summands created during the multiplication. The number
of summands can be reduced by means of a multiplier recoding scheme wherein
more than one multiplier bit is examined simultaneously and multiple-bit
shifts are made. A conventional recoding method which involves a constant
shift of two bits between examinations of multiplier bit sets is known as
modified Booth's algorithm. Each recoding operation requires 10  examining
two multiplier bits [err] and [err] and a previous bit [err]. The advantage
of the recoding operation is that one partial product results rather than
two partial products which would result for two multiplier bits without
utilizing recoding. However, the partial product may be one of five
different operations as compared to two different operations for a
nonrecoded partial product. For purposes of briefly illustrating a well
known form of modified Booth's algorithm and the recoding operation
associated with this form of Booth's 15  algorithm, a conventional truth
table is shown below. [err]        [err]       [err]         NET
OPERATION EFFECT 20                         0        0              0
+0                                                  Add g 0        0
1          +1       Add 1X 0        1          0        +1       Add 1X 25
0        1         1         +2        Add 2X 1        0         0       +2
Subtract 2X 1        0       1           +3       Subtract 1X 1        1
0         +3  Subtract 1X 30                     1        1         1
+4     Subtract 0 Table  1 35  The modified Booth algorithm sometimes
requires a subtraction to be performed. The bit [err] may be used to
indicate subtraction and a resulting two's complement can be performed by
adding its value to the LSB of the partial product. An example of a
multiplication operation utilizing modified Booth's algorithm in
conjunction with the present Invention will be illustrated below. Shown in
FIGS. 1(a), 1(b), 1(c) and 1(d) is a block diagram of an array
multiplier/accumulator 10. Shown 40  in FIG. 2 is a diagram Illustrating
how FIGS. 1(a)-1(d) may be placed side by side to form a complete diagram
of multiplier/accumulator 10. In the illustrated form,
multiplier/accumulator 10 Is an 8x8 bit array multiplier/accumulator for
multiplying eight bits Y0, Y1, Y2, Y3, Y4, Y5, Y6 and Y7 of a multiplier
number with eight bits X0, X1, X2, X3, X4, X5, X6 and X7 of a multiplicand
number. Concurrently, the resulting 



sixteen bit product is added to a sixteen bit input number having Input
bits S0-S15 to provide sixteen output 45  bits P0-P15 representing an
accumulated product. It should be well understood that the invention may be
practiced by multiplying numbers having the same or differing number of
bits. As will be explained below, the regularity of the structure may be
maintained regardless of the bit size of the muliplier and multiplicand.
The bit size of the sum Input number to be added to the resulting product
must be at least the sum of the bits of the multiplier and the
multipilcand. In general, multiplier/accumulator 10 comprises an encoding
50  portion 11, a multiplexing portion 12, an adder portion 13, and a sign
bit extension portion 14. A sign mode portion 15 provides a mode control
signal for signed and unsigned modes of the multiplicand number. Encoding
portion 11 comprises a rank ordered plurality of recoder circuits 17, 18,
19 and 20. Each recoder circuit has two inputs for receiving two
predetermined input bits of the multiplier number bits Y0-Y7. A carry input
bit, [err], is coupled to a carry input of recoder circuit 17. A carry
output bit of recoder circuit 55  17 is coupled to a carry input terminal
of recoder circuit 18 via a conductor 22. A carry output bit of recoder
circuit 18 is coupled to a carry input terminal of recoder circuit 19 via a
conductor 23, and a carry output bit of recoder circuit 19 is coupled to a
carry input terminal of recoder circuit 20 via a conductor 24. Input bit Y7
is utilized as a carry out bit, [err], which can be coupled back to the
carry input of recoder circuit 17 on 5    EP 0185 025 B1 successive
multiplications if multiple precision Y multiplier values are used. Recoder
circuits 17, 18, 19 and 20 each provide a plurality of rank ordered control
signals. In a preferred form, recoder circuits 17, 18 and 19 provide four
control signals C1, C2, C3 and C4 and recoder circuit 20 provides five
control signals C1. C2, C3, C4 and C5. Recoder circuits 17, 18, 19 and 20
also provide an output subtract signal via 5  conductors 26, 27, 28 and 29,
respectively. Multiplexer portion 12 comprises at least (Y/2) rank ordered
rows of multiplexers, where Y is the number of multiplier bits. Each
multiplexer is labeled "M" in FIGS. 1(a)-1(d). The number of multiplexers
In each row is (X+2), where X is the number of multiplicand bits. The
multiplexers form (X+Y) rank ordered columns. The column of lowest rank is
the column which provides output bit P0 and the column of highest 10  rank
provides output bit P15. The first multiplexer of the lowest ranked row is
multiplexer 31 which is the lowest column ranked multiplexer of Its row.
The lowest column ranked multiplexer of the next higher ranked row of
multiplexers is multiplexer 32. However, multiplexer 32 is positioned in a
column of two ranks greater than the column of multiplexer 31. The lowest
column ranked multiplexer of the next higher ranked row of multiplexers is
multiplexer 33. Multiplexer 33 is positioned In a column of two ranks
greater than the is  column of multiplexer 32. Similarly, multiplexer 34 is
positioned In a column having a rank which is two ranks greater than the
column rank of multiplexer 33. The lowest column ranked multiplexer of the
highest ranked row of multiplexers is multiplexer 34. The highest column
ranked multiplexers of each row of multiplexers from lowest to highest row
rank are multiplexers 35, 36, 37 and 38, respectively. The multiplexers of
the highest ranked row of multiplexers each have five inputs. Each input of
the five 20  Input multiplexers Is selectively coupled to a multiplexer
output in response to a predetermined one of the five control signals
provided by recoder circuit 20. Although only four input signals are shown
as being coupled to each multiplexer of the highest ranked row, an
additional signal such as a high or a low logic level is utilized.
Typically, in a noninverted adder or multiplexer cell, a power supply
voltage [err] is used to designate a high logic level and a power supply
voltage [err] is used to designate a low logic level. The 25  Inputs which
are coupled to multiplexer 34 are the first multiplicand bit XO and the
complement thereof, a logic "1", and a logic "0". In addition, an internal
logic level is utilized as a fifth input signal to multiplexer 34. The next
higher ranked mutliplexer of the same row utilizes input bits X0, X1, the
complements thereof, and an internal logic level as its five input signals.
Further illustration of the five Input multiplexer structure will be given
below. so     Each of the multiplexers of all other lower ranked rows of
multiplexers has four Inputs. Each input of the four input multiplexers is
selectively coupled to a multiplexer output in response to a predetermined
one of 



the four control signals provided by one of recoders 17, 18 or 19. Although
only three input signals are shown as being coupled to each multiplexer of
all the other lower ranked rows of multiplexers, an additional input such
as a high or low logic level is utilized to provide four input signals.
Further illustration of the four 35   input multiplexer structure will also
be given below. Adder portion 13 comprises a rank ordered plurality of at
least (Y/2) rows of adder circuits. The lowest ranked row of adders is
positioned in the array immediately after the two lowest ranked rows of
multiplexers. The lowest ranked row of adders comprise (X+1) adders or nine
adders when an eight bit multiplicand is used. In a preferred form, the
adders of the lowest ranked row are carry save full adders 40  designated
by "FA" and having three Inputs. Each input of the adders is adapted for
receiving either a predetermined output from one of the multiplexers of the
two lowest ranked rows or a predetermined bit of the (X+Y) bit Input
number. Each adder has a sum output for providing a partial product sum of
predetermined rank which is coupled to an adder input of an adder having
the same adder column rank and an adder row rank two ranks greater. In
other words, the sum output is skipped over the immediately 45 following
row of adders. Each adder also has a carry output which provides a carry
input signal to an adder input of an adder having an adder column rank one
greater and an adder row rank one greater. Specific adder circuit details
will be discussed below. In the Illustrated form, the next higher ranked
row of adders is separated from the lowest ranked row of adders by two rows
of multiplexers and also comprises (X + 1) or nine adders. In a preferred
form, the (X-1) 50   adders of lowest column rank are full adder circuits
having three inputs, and the two highest column ranked adders are half
adder circuits designated by "HA" and having two inputs. Two of the three
inputs of each of the full adder circuits are sum inputs which are coupled
to multiplexer outputs of the two intervening rows of multiplexers. The
third input of each of the full adder circuits is coupled to either a
predetermined carry output of the lowest ranked row of adders or to a
predetermined bit of the (X + Y) bit input number. One of 55   the inputs
of each of the half adder circuits is a predetermined bit of the (X + Y)
bit input number and the other input is a multiplexer output of a
multiplexer having the same column rank and forming the second row of the
two intervening rows of multiplexers. Each of the full and half adders
provide a sum output and a carry output.    EP 0185 025 B1 In the
Illustrated form of an 8x8 bit array multiplier, two rows of multiplexing
means are interposed between the ranked rows of [(Y/2)-2] adders. However,
if a larger array size is utilized, only one ranked row of multiplexers is
interposed between the remaining [(Y/2)-2] rows of adders after the two
lowest ranked rows of adders. With the exception of the two highest column
ranked adders of each additional row, each 5  adder of such additional rows
of [(Y/2)-2] adders not shown would have three inputs. A first input of
such additional adders would be coupled to a multiplexer output of equal
column rank from the interposed row of multiplexers. A second input would
be coupled to an adder carry output of one less column rank and one less
row rank. A third input would be coupled to an adder sum output of equal
column rank and a two lower row rank. The two highest column ranked adders
of each such additional row of adders would only have two 10   inputs and
would be implemented as half adders. The two inputs would be coupled to
either a predeter- mined multiplexer output or a predetermined bit of the
accumulated input number. Regardless of the actual number of rows of
[(Y/2)-2] adders, the sum output of each adder of the highest ranked row of
[(Y/2)-2] adders is coupled to an input of an adder of the next to highest
ranked row of adders and having the same column rank. The carry output of
each adder of the highest ranked row of [- 15 (Y/2)-2] adders is coupled to
an adder of the next to highest ranked row of adders and having the next
greater column rank. The next to highest ranked row of adders Is positioned
Immediately after the row of adders receiving the highest ranked
multiplexer row and comprises (X+Y-4) adders. In the preferred form, the
(X+Y-4) adders are full adder circuits having three inputs for receiving a
bit representing either a partial product bit, 20 a predetermined subtract
signal bit used to perform subtraction associated with recoders 17-20 and 



modified Booth's algorithm, or a predetermined bit of the (X+Y) bit input
number. The five highest column ranked adders receive a sign bit from sign
bit extension portion 14. In the particular illustrated form, all adders
except the two lowest column ranked adders each have an input connected to
a sum output of the row of adders of immediately lower row rank. All adders
of the next to highest ranked row except the lowest 25 three column ranked
adders have a carry-in input connected to a carry-out output of the adder
of immediately lower row and column rank. An inverted subtract signal of
recoder 20 is connected to a carry-in input of an adder 40 via conductor
29. A carry-out output of the highest column ranked adder of the next to
highest ranked row of adders is connected to a first input of an overflow
circuit 42. In a general form, only the highest column ranked (X +1) adders
in the next to highest ranked row of adders each have an input 30  coupled
from a sum output of an adder of corresponding column rank and an
immediately lower row rank. The highest ranked row of adders is positioned
immediately after the next to highest ranked row of adders and comprises (X
+ Y) carry propagate adders, each of which provides an output bit of the
total multiply/accumulator. The two lowest column ranked adders each have a
first sum input bit coupled to a predetermined bit of the (X+Y) bit input
number. The two lowest column ranked adders each have a 35 second sum Input
bit connected to the output of the two lowest column ranked multiplexers of
the lowest ranked row, respectively. The lowest column ranked adder of the
highest ranked row has a carry-In input connected to a subtract signal of
recoder 17 via conductor 26. A carry-out output of each adder is connected
to a carry-in Input of an adder of immediately greater column rank from the
lowest column ranked adder to the highest column ranked adder. The
carry-out output of the adder of greatest column 40 rank is connected to a
second input of overflow circuit 42. A carry-in input of an adder 39 is
connected to a subtract signal from recoder 19 via conductor 28. Sign bit
extension portion 14 comprises sign bit circuits 44, 45 and 46. Sign bit
circuit 44 has a first input connected to the output of the highest column
ranked multiplexer of the next to lowest ranked row, a second input
connected to a predetermined bit of the (X + Y) bit input number, and a
third input connected 45 to the output of the highest column ranked
multiplexer of the lowest ranked row. First and second outputs of sign bit
circuit 44 are connected to inputs of predetermined adders of either an
adder row of two row ranks greater or the next to highest ranked adder row,
depending upon the number of adder rows. Sign bit circuit 45 has a first
input connected to the output of the highest column ranked multiplexer of
the next to highest ranked row of multiplexers. A second Input of sign bit
circuit 45 is connected to the first output of sign bit so circuit 44.
First and second outputs of sign bit circuit 45 are connected to Inputs of
predetermined adders of either an adder row of two row ranks greater or the
next to highest ranked adder row, depending upon the number of adder rows.
Sign bit circuit 46 has a first input connected to the output of the
highest column ranked multiplexer of the highest ranked row of
multiplexers. A second input of sign bit circuit 46 is connected to the
first output of sign bit circuit 45. Sign bit circuit 46 has a first output
connected to a third 65 Input of overflow circuit 42, and a second output
connected to an input of the highest column ranked adder of the next to
highest ranked row of adders. Sign mode portion 15 comprises an AND logic
gate 48 for providing a multiplicand sign signal, XS, indicative of an
unsigned/signed multiplicand mode of operation. The highest order bit of
the multiplicand, 7    EP 0185 025 B1 X7, is connected to a first input of
AND gate 48. A sign mode control signal labeled "Sign Mode" is connected to
a second input of AND gate 48. When a signed multiplicand number is used,
the sign mode signal is at a logic high level to provide signal XS as a
copy of the highest rank ordered multiplicand bit X7. When an unsigned
multiplicand number is used, the sign mode signal is at a logic low level
to provide 6  signal XS as a low logic level signal. The sign mode signal
is coupled to predetermined inputs of the two highest column rank
multiplexers of all rows of multiplexers. In operation, assume that input
bits Y0-Y7, X0-X7 and S0-S15 are coupled substantially simultaneously to
the respective inputs illustrated in FIGS. 1(a)-1(d) where Y0-Y7 represent
the multiplier and X0-X7 



represent the multiplicand. Recoder circuits 17-20 transform the multiplier
input Into a "number representa- 10  tion" that can be directly used by the
multiplexer and adder portions. Shown In FIG. 3(a) is a logic diagram of a
portion of recoder section 11 Illustrating a control circuit for recoder
circuits 17, 18 and 19. Shown In FIG. 3(b) is a logic diagram of recoder
circuit 20. Referring to FIG. 3(a), the input bit [err] corresponds to
multiplier bits Y0, Y2 and Y4 for recoders 17, 18 and 19, respectively.
Similarly, input bit [err] corresponds to multiplier bits Y1, Y3 and Y5,
respectively. 15 Shown below is a logic table for the circuit of FIG. 3(a).
[err]  [err] [err]                           MULTIPLEXER    MULTIPLEXER
ENCODED 20        VALUE      BIT   WEIGHT        [err]  SUBTRACT  CONTROL
LINES            RESULTS +2  +3   +1        +4        -1      C1  C2  C3
C4 0           0   0    0         0         0        0   0   0   1
0 26 +1          0   0    1         0         0        1   0   0   0
X +1          0   1    0         0         0        1   0   0   0
X +2         0    1    1         0         0       1   0   0   0
2X +2         1    0     0       0        0      0   1   0      0
2X 30        +3       1       0    1       1     1   0   0   1   0
[err](-x) +3         1      1    0       1          1      0   0   1   0
[err](-x) +4         1    1    1           1         0       0   0   0   1
0 35 Table 2 40 Shown in the table are encoded values for the possible
Inputs. It should be readily understood that each carry-In signal for
recoders 18 and 19 corresponds to the signal coupled via conductors 22 and
23, respectively. The carry-in signal of recoder 18 is a carry-out signal,
[err], of recoder 17 and has a bit weight of four since recoder 17 is using
two multiplier bits. Shown In FIG. 4(a) is a carry generation circuit for
recoder 17. Shown in FIG. 4(b) is a carry generation circuit for recoders
18 and 19. 45     Each combination of input bits  [err] and CIN provides
four output control signals wherein a predetermined one of the four control
signals is at a high logic state while the remaining three control signals
are at a low logic state. The effective multiplexer result provided by the
control signals is also shown in Table 2. For example, when the encoded
value of the three input bits is + 2, the multiplexer result is to add two
times the multiplicand X. This Is accomplished by a one bit left shift in
the multiplexer. Similarly, 60 when the encoded value of the three input
bits is + 3, the multiplexer result is to subtract the multiplicand X. The
subtraction is performed by adding the two's complement of X. In this case,
the multiplexer adds the one's complement of the multiplicand X. The two's
complement of X is obtained by adding "one" to the one's complement of X.
The "one" which is added is represented by a "1" In the subtract column.
The encoded value of +3 Is obtained by generating a carry in the recoder
carry generation circuit illustrated in 66 FIG. 4(b). The recoder carry
output is inputted to the next higher ranked recoder with an effective bit
weight of + 4 relative to the originating recoder row. The carry encoded
value of + 4 is added to the -1 encoded value of the multiplexer result to
provide an effective + 3 encoded value. Shown in FIG. 3(b) is a control
circuit for recoder circuit 20. Input bit [err] corresponds to bit Y6 and
input 8    EP 0 185 025 B1 bit [err] corresponds to bit Y7. Carry-in bit
[err] is the carry-out bit COUT of recoder circuit 19. Recoder circuit 20
provides five control signals C1, C2, C3, C4 and C5 in response to bits
[err] and [err]. A subtract signal illustrated as "subtract" is provided
and coupled to a predetermined input of adder circuit 40. Illustrated below
is a truth table for the circuit of FIG. 3(b) which illustrates the control
line output for the 5  possible input combinations. 



[err]    [err]    [err]              MULTIPLEXER        MULTIPLEXER ENCODED
VALUE     BIT   WEIGHT     SUBTRACT         CONTROL LINES       RESULTS 10
-2   +1   +1                C1  C2  C3  C4  C5 0        0    0    0
0      0   0   0   1   0         0 +1        0    0    1           0      1
0   0   0   0          X +1       0    1    0            0      1   0   0
0   0          X +2        0    1    1           0      0   1   0   0   0
2X -2        1    0    0           1      0   0   0   0   1         [err]
-1        1    0    1           1      0   0   1   0   0         [err](-X)
-1        1    1    0           1      0   0   1   0   0         [err](-X)
0        1    1    1           0      0   0   0   1   0              0 25
Table 3 The previous recoders 17, 18 and 19 each encoded a predetermined
two bit multiplier portion as an 30 unsigned encoded value. Recoder 20
encodes a predetermined two bit multiplier portion as a signed encoded
value. This can be seen from the above truth table where bit [err] has an
effective bit weight of -2 because it is in the sign bit position of the
multiplier number. Recoder 20 may also be used as an unsigned recoder for
multiple precision multiplier numbers. The multiple precision multiplier
number will consist of a multitude of Y multiplier values where the most
significant Y value is signed and the remaining Y values are 35 unsigned.
The most significant multiplier value contains a sign bit and requires a
signed multiplier encoding for recoder 20. The remaining portions of the
multiplier value require an unsigned multiplier encoding for recoder 20. A
typical sequence of operations is to multiply each multiplicand X value by
a series of multiplier Y values from the least significant to the most
significant Y value. The carry-out output, [err], of recoder 20 is used as
a carry-in to recoder 17 on each immediately successive multiplication
operation. The 40 carry-out signal of recoder 20 is the same as input
multiplier bit Y7. The introduction of Y7 as a carry input to the next
higher order multiplier Y value adds an effective bit weight of +4 relative
to recoder 20. The sum of the Y7 bit weights is (-2 + 4) and provides an
effective bit weight of + 2 for Y7. This is the same bit weight as an
unsigned recoder. Thus, the introduction of the recoder 20 carry-out output
into recoder 17 carry-in input on a next higher order multiplier Y value
converts the previous Y multiplier encoding to an 45 unsigned value. Shown
in FIGS. 5(a) and 5(b) are schematic diagrams of multiplexer circuits 51
and 53, respectively. The circuits of FIGS. 5(a) and 5(b) are identical
with the exception that opposite polarities of multiplexer input bits are
controlled by control signals C1, C2, C3 and C4. Multiplexer circuit 51 has
a positive logic output where a binary one is represented as a high logic
level. Multiplexer circuit 53 has a negative logic so output where a binary
one is represented as a low logic level. Table 4 below illustrates the
truth table for multiplexer circuits 51 and 53 assuming a multiplexer
column rank of i.    EP 0 185 025 B1 C1       C2      C3        C4
[err]              [err] 1        0       0          0            xi
[err] 0       1         0       0          X(i-1)           [err](i-1) 10 0
0         1         0          [err]        Xi 0       0         0
1            0           1 15                                         Table
4 It should be noted that the logic polarity of input bits at the
predetermined inputs is inverted in each multiplexer circuit 51 and 53. The
logic polarity of the multiplexer output, [err], and the inverse thereof,
is 



20 the inverse of the logic polarity of the predetermined input bits. An
explanation of which polarity of multiplexer output Is used will be given
below. Shown in FIGS. 6(a) and 6(b) are schematic diagrams of five input
multiplexer circuits which are used in the highest ranked row of
multiplexers. The circuits of FIGS. 6(a) and 6(b) are identical with the
exception that opposite polarities of multiplexer input bits are controlled
by control signals C1, C2, C3, C4 and C5. 25 Table 5 below illustrates the
truth table for multiplexer circuits 57 and 58 assuming a multiplexer
column rank of i. 30           C1       C2       C3       C4       C5
[err]            [err] 1        0        0        0        0       Xi
[err] 35            0        1     0           0          0     X (i-1)
[err](i-1) 0       0        1        0        0        [err]
xi 40 0       0        0        0        1       [err](i-1)
X(i-1) 45 Table 5 50  It should be readily apparent from the multiplexer
circuits and associated truth tables that the function of the multiplexer
Is to couple a predetermined multiplicand bit of predetermined bit weight
to an input of an adder circuit having the same column rank. The
multiplexer circuits thereby generate partial products in the
multiplication operation by providing correct multiplicand values to adders
for generating partial sums. Shown in FIG. 5(c) is a portion 49 of the
array multiplier/accumulator which illustrates the functional 55
interconnection of multiplexer and adder circuits. For purposes of example
only, multiplexers having only four inputs are illustrated. Operation of
the multiplexers having five inputs is analogous to operation of
multiplexers having four inputs as will be discussed below. Portion 49
illustrates a connection of multiplexer 51 and 53 inputs to multiplicand
bits X of predetermined bit weight where both the true and inverse of each
10    EP 0 185 025 B1 multiplicand bit [err] are provided. Portion 49
illustrates a multiplexer 51 which is positioned in an ith column which
corresponds to the circuit of FIG. 5(a). Multiplexer 51 has a first input
coupled to the inverse of multiplicand bit [err] of the same ranked column.
Since multiplexer output circuit 51 inverts the Input bit, the bit has a
weight of +X. A second input of multiplexer 51 is coupled to the inverse of
multiplicand bit [err] of 5  the immediately lower column rank. The
multiplexer output has a bit weight of + 2X when the second input Is
coupled to the output of multiplexer 51. A third input of multiplexer 51 is
coupled to multiplicand bit [err] of the same column rank. The
corresponding multiplexer output has a bit weight of -X. A fourth input is
coupled to an internal logic high level [err]. The multiplexer output has a
bit weight of 0. The inverse of the four input bits Is coupled to an output
of multiplexer 51 in response to control signals C1-C4. The output of 10
multiplexer 51 has a positive logic representation and is coupled to a full
adder circuit 52 having the same column rank. Full adder 52 has a positive
logic input representation corresponding to the positive logic output of
multiplexer 51. Control signals C1-C4 simultaneously couple a corresponding
Input of a mul- tiplexer 53 having a column rank of i + 1 to an input of an
adder 54. Multiplexer 53 corresponds to the circuit of FIG. 5(b) and has a
negative logic output representation. Multiplexer 53 Is Identical in
operation to 15  multiplexer 51 with the exception that a negative output
representation of the partial product is provided In response to the
control signals C1-C4. Adder 54 has a negative logic input representation
corresponding to the negative logic output of multiplexer 53.
Simultaneously, other multiplexers not shown but which are In different
ranked columns couple an input bit to an adder of different column rank In
response to control signals from the same ranked row. 20     After all
multiplexer circuits have generated partial products, the partial products
are added by at least [(Y/2)-2] rank ordered rows of carry save adders
where a sum word and a carry word are passed down to higher ranked rows. In
the preferred form, the carry save adders are adder circuits such as adder
circuit 61 



illustrated in FIGS. 7(a) and 7(b). Adder circuit 61 generally comprises a
carry portion 62 and a sum portion 63, each of which has inputs for
receiving sum bits [err] and [err] and a carry-in bit [err]. Sum portion 63
has an 25 additional input for receiving the output of carry portion 62.
Shown below in Table 6 is a truth table illustrating the carry and sum
outputs for all the possible logic combinations of the inputs. 30
Ai      Di    Ci      CARRY         SUM 0       0     0        1
1 0       0     1        1             0 0       1     0        1
0 0       1     1        0             1 1       0     0        1
0 40 1       0     1        0             1 1       1     0        0
1 1       1     1        0             0 45 Table  6 It should be noted
that an Inherent characteristic of full adder circuit 61 Is to provide
Inverted sum and carry 50 outputs. As shown in the above truth table, the
full adder is totally symmetrical and may be used identically with either
positive or negative logic Inputs. The full adder outputs will always have
an output logic representation which is opposite that of the full adder
inputs. Furthermore, since the sum portion 63 utilizes the output of carry
portion 62, the output sum propagation delay of adder circuit 61 Is
substantially twice the output carry propagation delay. 56     Shown in
FIG. 7(b) Is a schematic implementation of adder circuit 61. While specific
N-channel and P- channel MOS devices are shown, it should be clear that
adder circuit 61 could be Implemented by utilizing other types of
transistors. However, the present invention may also be practiced with any
other type of adder circuit and In no way is limited to a particular type
of adder circuit. 11    EP 0 185 025 B1 Shown in FIG. 8(a) is a block
diagram  of a half adder circuit 71 which may be used In
multiplier/accumulator 10 for half adders designated by "HA". Only two
input sum bits are utilized and circuit 71 operates in accordance with the
following truth table of Table 7. Ai         Bi         CARRY
SUM 10                            0           0         1                1
0           1         1                0 1           0         1
0 15 1           1         0                0 20 Table 7 It should also be
noted that the sum and carry outputs are provided in inverted forrn. The
truth table of 25  Table 7 is not symmetrical and can be used for positive
logic inputs only. However, half adders with negative logic input
representation may also be used to implement the present invention. It
should be well understood that any type of half adder circuit could be used
to practice the present invention. In the illustrated form, the highest
ranked row of adders are comprised of fast carry full adder circuits. Shown
in FIG. 8(b) is a fast carry full adder circuit having sum inputs [err] and
[err] and a carry-in input CIN. An 30    output sum bit and an output carry
bit are provided in non-inverted form. Adder circuit 76 functions In
accordance with the following truth table of Table 8. 35 



40 45 60 55 12    EP 0 185 025 B1 Ai        Bi       [err]        CARRY
SUM 5 0         0          0            0                 0 0         0
1            0                 1 0         1          0            0
1 0         1         1         1                0 1         0         0
0                1 1         0         1           1         0 1        1
0           1           0 20 1        1        1             1          1
25 Table 8 Adder circuit 76 provides a non-restored logic level at its
carry-out output when the carry-in input Is directly 30   presented at the
carry output. It should be well understood that conventional logic level
restoration is periodically required for the carry signal of higher column
ranked adders of the highest ranked row of adders. Any type of adder having
a fast carry propagation may be used for the highest ranked row of adders.
Also, any form of additional adder logic such as carry look ahead or carry
selection adders may be used to improve speed of the carry propagation in
the highest ranked row of adders. 36     The multiplicand X may be a signed
two's complement number. Each multiplexer produces a partial product which
can also be a signed two's complement number where the most significant
column rank multiplexers 35, 36, 37 and 38 represent the sign bit of each
partial product. The contribution of these sign bits must be extended out
to the sign bit P15 of the result which Is in the (X+Y-1) ranked column.
The circuits of sign bit extension portion 14 function as sign bit
combiners to combine the contributions of two 40 partial product sign bits.
In particular, one of the inputs of the sign bit extension logic is the
sign bit of a partial product having the current column rank. The other
input is the total composite sign of all lower column ranked partial
product sign bits. The output of each of the sign bit extension logic
circuits is the composite sign contribution to the current column rank and
a composite sign bit to be extended to all higher column ranks. This
composite sign bit is effectively extended to the sign bit of the output
product P15 by 45 higher column ranked sign bit extension logic. Therefore,
each sign bit extension logic circuit provides or contributes two bits of a
sign extension to the total product. The combination of all sign bit
extension circuits provides a complete sign extension from the sign bit of
the lowest row ranked multiplexer representing the lowest column ranked
sign bit to the highest column ranked output sign bit P15. This iterative
technique provides a signed multiplication capability and does not require
an additional row of adders for sign 50 extension correction. Use of
inverting logic of inputs and outputs between rows of multiplexers and
adders of the multipler/accumulator 10 Increases the propagation speed of
bits through a column of the array. Although predetermined logic polarities
of inputs and outputs of multiplexers and adders are illustrated, numerous
combinations of inverting cell logic may be utilized. The reason for using
inverting logic levels is to take 55 advantage of the inherent Inverting
characteristics of the adders implemented by the illustrated embodi- ment.
When an adder receives an input in true or noninverted form, the output is
provided in inverted form. Similarly, the logic form of the inputs to the
multiplexers determine the logic form of the outputs thereof. 



Occasionally, the logic form of an output of an adder is not the same as
the logic form of the input to which 13    EP 0185 025 B1 it is coupled.
Therefore, a few inverter circuits which are not specifically labeled are
required as shown in FIGS. 1(a)-(d) to provide a proper logic form of a
signal before being coupled to an adder circuit of higher row rank. The use
of inverting logic levels greatly reduces the number of logic level
inversions required in every column and provides faster circuit operation.
5     Shown in FIG. 9(a) is a sign bit extension circuit 81 having two
inputs and which is used in the sign bit extension portion 14 as circuits
45 and 46. A first input of circuit 81 is a predetermined multiplexer
output from an ith ranked column designated by [err] and is in negative
logic form. A second Input of circuit 81 Is a sign carry input from a
previous column designated by [err]  and is also In negative logic form.
Sign bit extension circuit 81 provides a sign output, [err], in negative
logic form and a sign carry output designated 10 by [err], also in negative
logic form. Sign bit extension circuit 81 operates in accordance with the
truth table illustrated in Table 9. 15                   [err]      [err]
SIGN  EXTENSION               [err]         [err] VALUE 0          0
-2                 0         1 20 0          1      -1                 0
0 1          0      -1                 0         0 1          1      0
1         1 Table 9 30 The value of the sign extension Is indicated In
Table 9 for a predetermined input. The effective bit weight of each input
is -1 and indicates that a negative sign extension is required for the
present and higher column ranks of the product. The sign extension value of
-2 indicates that two negative contributions are present in the ith column,
one from the Ith column and one from the combining of all previous partial
products. The sign extension of -1 and 0 indicates that one or no negative
contributions are present in the ith column rank. as  These sign extensions
of 2, 1 or 0 negative contributions indicate that the values -2, -1 or 0,
respectively, should be added to the product relative to the Ith column
rank. Sign extension bit circuit 81 may be readily implemented by the half
adder circuit of FIG. 8(a) with an inverter coupled to the [err] output.
Shown in FIG. 9(b) is a sign bit extension circuit 82 having three inputs
and which is used in sign bit extension portion 14 as circuit 44. Two of
the three inputs are analogous to the two inputs of circuit 81. The 40
third input of circuit 82, [err], is a predetermined bit of the accumulator
input number. Circuit 82 functions In accordance with the following truth
table of Table 10. 45 60 55 14    EP 0185 025 B1 Ai      [err]     [err]
SIGN  EXTENSION          [err]    [err] 5
VALUE 0        0         0               -2                 0        1 0
0         1               -1                 0        0 10
0        1          0               -1                 0        0 0
1          1               0                  1        1 



1         0        0                -1                 0      0 1       0
1                 0                1       1 1        1         0
0                 1        1 20 20                 1   1         1
+1                 1        0 Table 10 The value of the sign extension is
given for predetermined values of the inputs. Sign bit extension circuit 82
may be implemented by utilizing a full adder such as circuit 61 of FIG.
7(b) with an inverter coupled to the 30 [err] output. The
multiplier/accumulator output is the sum of the (X+Y) bit product and the
(X+Y) bit input number. It is possible that the addition of two (X+Y) bit
numbers will yield a (X+Y+1) bit output from the multiplier/accumulator.
Such an output would exceed the number of output bits provided and would
result In an incorrect number at the multiplier/accumulator output. This is
called an arithmetic overflow and may be 35 in a positive or a negative
direction. It is desirable to detect such an error. Shown in FIG. 10 is a
logic diagram of overflow circuit 42. Overflow circuit 42 functions in
accordance with the following truth table of Table 11. 40 45 50 55 15    EP
0185 025 B1 [err]      CB        CA        SIGN  EXTENSION    [err] VALUE 5
0         0         0              -1             1 0         0         1
0             0 0         1         0               0             0 10 0
1         1               +1            1 1         0         0
0             0 1         0         1               +1            1 1
1         0               +1            1 1         1         1
+2(NA)        0(NA) 20 26 Table 11 As shown in Table 11, overflow circuit
42 combines the sign carry output and adder carry outputs of so  column
rank one greater than the highest column rank of the multiplier/accumulator
output This combina- tion indicates the sign extension value for column
ranks higher than the sign bit P15 of the multiplier/accumulator output.
Any sign extension other than a zero (no sign extension) would indicate an
overflow condition as shown by the [err] output. A sign extension value of
+ 2 is not possible because of the adder array interconnections, and is
Indicated as not applicable, "NA", in the truth table above. Since 36 the
multiplier/accumulator output is bounded to (X + Y + 1) bits, only sign
extensions of -1, 0 and +1 are possible. The overflow output value of 0 for
a sign extension value of + 2 Is used to provide an easy implementation of
the overflow circuit. It should be noted that overflow circuit 42 could be
replaced by circuitry for controlling additional adders of higher column
rank in the highest ranked adder row. As shown by the sign bit extension
value in the 



40  above truth table, such replacement circuitry could increment,
decrement, or have no effect on predeter- mined bits of additional adders
of higher column rank in the highest ranked adder row. This will allow an
accumulator extension to accomodate increasing multiplier/accumulator
output word size in repetitive multiply/accumulate operations. These adders
would have input accumulator bits (not shown) of higher column rank and
would provide additional multiplier/accumulator output bits (not shown) of
higher column 45  rank. An illustration of the operation of the
multiplier/accumulator of the present invention utilizing eight bit
multiplier values will be given below. For a two's complement signed
integer, the eight bit multiplier value can represent numbers in the range
-128 to + 127. Therefore, the multiplier output must be capable of
producing every multiple of the multiplicand value X from -128X to + 127X.
The multiplier output will be the so  sum of the accumulator input number
and the four partial products generated by four ranked ordered rows of
multiplexers as described above. Each multiplexer can provide one of the
predetermined multiples of the multiplicand value X as shown in the
following Table 12. 55 16    EP 0185 025 B1 MULTIPLEXER RESULT MULTI PLEXER
ROW                0        X       -X       +2X       -2X 5 1
0       +X       -X       +2X         - 2                0       +4X
-4X      +8X         - 10                    3                 0      +16X
-16X   +32X        - 4                0       +64X   -64X   +128X   -128X
15 As shown in Table 12 above, the first three lower ranked rows of
multiplexers provide one of four sets of predetermined partial product
outputs in response to control signals from the recoder section. The
highest ranked row of multiplexers provides one of five sets of
predetermined partial product outputs in response to control signals from
the recoder section. The highest ranked row of multiplexers provides a
fifth input to accomodate the sign bit of the multiplier Y value. The
effective multiplication performed by the partial 20 product generation is
the combination of the recoder control selection and the column rank of the
multiplexer row in the multiplier array. Each multiplexer row will select
one of its possible partial product outputs per table 12 above. These
partial product outputs are summed along with the accumulator input number
by the adders in the multiplier array to produce the accumulated product.
This operation is best shown by Table 13 below. 25 MULTIPLIER Y
PARTIAL PRODUCT VALUE
ACCUMULATED DECIMAL   BINARY       ROW 4   ROW 3   ROW 2   ROW 1
PRODUCT 127    01 11 11 11    +128X   +0       +0       -X           127X
64    01 00 00 00    +64X    +0       +0       +0           +64X 32    00
10 00 00     +0      +32X    +0      +0           +32X 4    00 00  01 00
+0      +0      +4X     +0            +4X 35              3     00 00  00
11   +0        +0      +4X     -X      +3X 2    00 00 00 10     +0       +0
+0     +2X    +2X 1    00 00 00 01     +0       +0      +0     +X     +X 0
00 00 00 00     +0       +0      +0     +0     +0 -1   11 11 11 11     +0
+0      +0     -X     -X -2   11 11 11 10     +0     +0       -4X    +2X
-2X 



-32    11 10 00 00    -64X    +32X  +0       +0            -32X 45
-64    11 00 00 00    -64X      +0        +0      +0            -64X -127
10 00 00 01   -128X    +0    +0      +X      -127X -128   10 00 00 00
-128X    +0    +0      +0      -128X 50 As indicated In Table 13 above, the
multiplier Y value is encoded two bits at a time by the multiplier recoders
into control signals which select the appropiate partial product outputs
for each multiplexer row. These partial product selections are made in
accordance with tables 12 and 13 above. The accumulated product is the sum
of the four multiplexer rows and represents the accumulated partial
products. The 55  multiplier/accumulator output is the sum of the
accumulator input number and the accumulated product. The effective
multiplication factor applied to the multiplicand X input is seen to be
identical to the multiplier Y value. Hence, two's complement signed
multiplication with input accumulation is shown for the present invention.
17    EP 0 185 025 B1 When the present invention Is utilized as only a
multiplier, the input bits S0-S15 are coupled to logic zeroes which
effectively accumulates the number zero with the XxY bit product. This mode
of operation is easily accomplished since the accumulator inputs are
positioned at the top of the array. A further advantage of the location of
the accumulator inputs is the reduction of an additional row of adders
which is typically 5  required if the accumulator Inputs are positioned at
the bottom of the array. In another form, the present invention may also be
utilized as only a multiplier having no external number accumulation
function. In this form, one less row of adders is required due to the
reduction In the number of summations required so that only [(Y/2)-l ]
ranked rows of adders are provided. In particular, the lowest ranked row of
adders Illustrated in FIGS. 1(a)-1(d) would not be required since inputs
S0-S15 would 10  not exist. The remaining two inputs of each adder of the
presently illustrated lowest ranked row of adders could be coupled to
higher row ranked adders In the same manner as the outputs of the presently
Illustrated adders of lowest row rank are coupled In FIGS. 1 (a)-1 (d). By
now It should be apparent that a multiplier and a multiplier/accumulator
which encodes and utilizes modified Booth's algorithm has been provided.
The present Invention utilizes adder circuits using Inverting 15  logic for
reducing propagation delays, circuit size and complexity. An important
resulting feature of the present invention Is that an array having a
regular structure is maintained while utilizing a sum skipping technique
and inverting cell logic in a carry save adder array which utilizes
modified Booth's recoding for generating partial products. Sign bit
extension circuitry is provided which minimizes propagation delays In the
array. Recoder logic for implementing modified Booth's algorithm in the
multiplier utilizes carry circuitry 20  which can provide multiple
precision multiplication. The number of adder rows required to perform a
composite multiplylaccumulate operation has been minimized by the present
invention. Claims 25     1. An XxY bit array circuit (10) providing the
product of an X bit number and a Y bit number, where X and Y are integers,
comprising: encoding means (11) for Implementing a predetermined algorithm
to reduce the number of partial product results and providing a rank
ordered plurality of first control signals [err] in response to the Y bit
number; 30        said encoding means being formed by a plurality of logic
circuits (17-20), each of the logic circuits having inputs for receiving
predetermined bits of the Y bit number, a carry Input [err] terminal and a
carry output [err] terminal; a rank ordered plurality of multiplexer means
(12) forming rank ordered rows and (X+Y) rank ordered columns, each of the
multiplexer means having a plurality of control inputs, each control Input
35     being coupled to a predetermined one of the corresponding rank
ordered first control signals, for 



coupling either a predetermined one of a plurality of Input bits of the X
bit number of predetermined bit weight   [err]  or a predetermined logic
level  [err]  to an output thereof; and a rank ordered plurality of adder
means (13) coupled to the multiplexer means and forming at least Y/2 rank
ordered rows, each of said adder means having a predetermined column rank
within said X + Y 40     columns, the highest ranked row of the adder means
providing an accumulated product output number [err], the remaining rows
providing output sum and carry bits providing partial product output bits
of predetermined bit weight, which are coupled to inputs of adder means
having a higher row rank, at least one row of said adder means having each
partial product output sum bit thereof coupled to the adder Input of adder
means of corresponding column rank and at least two row ranks greater, 45
characterized in that: the XxY bit array selectively adds an input number
having X+Y bits to an X+Y bit product and said encoding means, for handling
a series of multiple precision multiplier values, is configured to encode
either a signed or unsigned encoded value of the Y bit number by coupling
the most significant bit input [err] of the logic circuits (17-20) to the
carry input [err] of the lowest ranked logic circuit (17) on a so     next
higher order multiplier value to convert the signed multiplier encoder to
an unsigned encoder. 2. The XxY bit array circuit of claim 1 further
characterized by: sign bit extension means (14) coupled to the plurality of
multiplexer means (12) and to the plurality of adder means (13), for
providing an output sign bit for the accumulated product. 55 3. The XxY bit
array circuit of claim 1 where said plurality of adder means further
comprise: at least Y/2 rank ordered rows and X+Y columns of adders, said
Y/2 rows of adders further characterized by (Y/2)-2 rows of X + 1 adders,
each of the adders having at least two inputs, each input 18    When the
present invention is utilized as only a multiplier, the input bits S0-815
are coupled to logic zeroes which effectively accumulates the number zero
with the XxY bit product. This mode of operation Is easily accomplished
since the accumulator inputs are positioned at the top of the array. A
further advantage of the location of the accumulator inputs is the
reduction of an additional row of adders which is typically 5  required if
the accumulator inputs are positioned at the bottom of the array. In
another form, the present Invention may also be utilized as only a
multiplier having no external number accumulation function. In this form,
one less row of adders is required due to the reduction In the number of
summations required so that only [(Y/2)-1]  ranked rows of adders are
provided. In particular, the lowest ranked row of adders illustrated In
FIGS. 1(a)-1(d) would not be required since inputs S0-S15 would 10  not
exist. The remaining two inputs of each adder of the presently illustrated
lowest ranked row of adders could be coupled to higher row ranked adders In
the same manner as the outputs of the presently illustrated adders of
lowest row rank are coupled in FIGS. 1(a)-1(d). By now It should be
apparent that a multiplier and a multiplier/accumulator which encodes and
utilizes modified Booth's algorithm has been provided. The present
Invention utilizes adder circuits using inverting is  logic for reducing
propagation delays, circuit size and complexity. An Important resulting
feature of the present invention is that an array having a regular
structure is maintained while utilizing a sum skipping technique and
Inverting cell logic in a carry save adder array which utilizes modified
Booth's recoding for generating partial products. Sign bit extension
circuitry is provided which minimizes propagation delays In the array.
Recoder logic for implementing modified Booth's algorithm in the multiplier
utilizes carry circuitry 20 which can provide multiple precision
multiplication. The number of adder rows required to perform a composite
multiply/accumulate operation has been minimized by the present invention.
Claims 25  1. An XxY bit array circuit (10) providing the product of an X
bit number and a Y bit number, where X and Y are integers, comprising:
encoding means (11) for implementing a predetermined algorithm to reduce
the number of partial 



product results and providing a rank ordered plurality of first control
signals [err] in response to the Y bit number; 30        said encoding
means being formed by a plurality of logic circuits (17-20), each of the
logic circuits having inputs for receiving predetermined bits of the Y bit
number, a carry input [err] terminal and a carry output [err] terminal; a
rank ordered plurality of multiplexer means (12) forming rank ordered rows
and (X+Y) rank ordered columns, each of the multiplexer means having a
plurality of control inputs, each control input 35     being coupled to a
predetermined one of the corresponding rank ordered first control signals,
for coupling either a predetermined one of a plurality of input bits of the
X bit number of predetermined bit weight   [err]  or a predetermined logic
level  [err]  to an output thereof; and a rank ordered plurality of adder
means (13) coupled to the multiplexer means and forming at least Y/2 rank
ordered rows, each of said adder means having a predetermined column rank
within said X + Y 40     columns, the highest ranked row of the adder means
providing an accumulated product output number [err], the remaining rows
providing output sum and carry bits providing partial product output bits
of predetermined bit weight, which are coupled to inputs of adder means
having a higher row rank, at least one row of said adder means having each
partial product output sum bit thereof coupled to the adder input of adder
means of corresponding column rank and at least two row ranks greater, 45
characterized in that: the XxY bit array selectively adds an input number
having X + Y bits to an X + Y bit product and said encoding means, for
handling a series of multiple precision multiplier values, is configured to
encode either a signed or unsigned encoded value of the Y bit number by
coupling the most significant bit input [err] of the logic circuits (17-20)
to the carry input (CIN) of the lowest ranked logic circuit (17) on a 50
next higher order multiplier value to convert the signed multiplier encoder
to an unsigned encoder. 2. The XxY bit array circuit of claim 1 further
characterized by: sign bit extension means (14) coupled to the plurality of
multiplexer means (12) and to the plurality of adder means (13), for
providing an output sign bit for the accumulated product. 55 3. The XxY bit
array circuit of claim 1 where said plurality of adder means further
comprise: at least Y/2 rank ordered rows and X + Y columns of adders, said
Y/2 rows of adders further characterized by (Y/2)-2 rows of X + 1 adders,
each of the adders having at least two inputs, each Input 18    adapted for
receiving either a predetermined one of the X + Y bits of the input number,
an output from a predetermined one of the multplexing means, or a partial
product bit; one row of X+Y-4 adders of next to highest row rank, each of
said X+Y-4 adders having a predetermined column rank and three inputs, each
input adapted for receiving an input bit representing 5      either a
partial product bit or a bit of the Input number; and one row of X + Y
carry propagate adders having a predetermined column rank and three inputs
representing sum and carry input bits of a multiply/accumulate operation
and a carry bit from the carry propagate adder of immediately lower column
rank, a first output representing a predetermined sum bit of the Input
number and the product of the X bit and Y bit numbers, and a second output
representing 10     a carry ouput bit of predetermined rank. 4. In an array
circuit, a method for providing the product of an X bit number and a Y bit
number, where X and Y are integers, comprising the steps of: encoding the Y
bit number with a plurality of logic circuits (17-20) according to a
predetermined 15     algorithm to reduce the number of partial product
results; each of the logic circuits having inputs for receiving
predetermined bits of the Y bit number, a carry input [err] terminal and a
carry output [err] terminal; providing a rank ordered plurality of control
signals [err] and a carry output bit in response to the 



encoding; 20        receiving the X bit number and selecting in accordance
with the control signals either a predeter- mined one of bits of the X bit
number of predetermined bit weight (Xi, Xi-1, [err]) or a predetermined
logic level  [err]  to form inputs for making partial product results; and
sequentially adding with rows of rank ordered adders the partial product
inputs to form a plurality of partial products to form an accumulated
product output number, at least one row of adders having its 25     formed
partial product coupled to predetermined inputs of a second row of adders
at least two row ranks greater, said method being further characterized In
that: a multiple precision multiplication is performed by the array circuit
wherein a series of values of a multiple precision Y bit number are
successively multiplied by an X bit number and accumulated, the most
significant bit input [err] of the logic circuits being coupled to the
carry input [err] of the lowest 30     ranked logic circuit (17) on a next
higher order multiplier value to convert the signed multiplier encoder to
an unsigned encoder. Revendicatlons 35  1. Un circuit consistant en un
reseau de X x Y bits (10) qui fournit ie produit d'un nombre A X bits et
d'un nombre & Y bits, X et Y Mtant des nombres ontiers, compronant: des
moyons de codage (11) pour mettre en oeuvre un algorithm. pr6d6termine dans
Ie but de r~duire le nombre de rdsultats consistant en prodults partiels,
et de fournir un ensemble de premiers signaux de commando (C1 -s) ordonn6s
par rang, sous la dependance du nombre & Y bits; 40        les moyons de
codage 6tant form6s par un ensemble de circuits loglques (17-20), chacun de
ces circuits loglques comportant des entroes qui sont destindes a recevoir
des bits pr6dbterminds du nombre A Y bits, une borne d'entree de report
(CIN) et une borne de sortie de report (Cour); un ensemble de moyens
multiplexeurs (12), ordonnes par rang, formant des rang6es ordonn6es par
rang et (X+Y) colonnes ordonn6es par rang, chacun des moyene multiplexeurs
comportant un 46     ensemble d'entreos de commando, chaque entrde de
commando 6tant connecthe a lPun predetermlne des premiers signaux de
commande ordonnds par rang, pour appliquer a une sortie de ces moyens
multiplexeurs soit un bit pred6termine parmi un ensemble de bits d'entr6e
du nombre a X bits ayant un polds binaire preditermin6 (XI, XI.1, XI), soit
un niveau logique pr6determln6 (Vse, VDo); et un ensemble de moyens
additlonneurs (13), ordonnds par rang, connectds aux moyens multi- 50
plexeurs et formant au mons Y12 rang~es ordonn6es par rang, chacun de ces
moyens additionneurs ayant un rang de colonne predetermind parmi les X + Y
colonnes, la rangde de rang le plus NMev4 des moyens additlonneurs
foumissant un nombre de sortie consistent en un prodult accumuld (Po-P19),
les rang6es restantes fournissant une somme de sortie et des bits de report
constituant des bits de sortie de produits partlels de poids binaire
preddtermlne, qui sont appliques a des entrees de moyens 56
additionneurs ayant un rang de rangde supdrieur, le bit de somme de sortie
de prodult partial d au moins une rang~e des moyens additionneurs dtant
appliqu6 A I'entree d'additionneur des moyens additionneurs ayant un rang
de colonne correspondent et un rang de rangdo sup~rieur d'au moIns deux
unites, caractdrisd en ce quo:    EP 0 185 025 81                   I
1!IIII! IIII[I II lr Sl II Is r6seau de XxY bits additionne selectivement
un nombre d'entree ayant X + Y bits b un produit ayant X+ Y bits, et dang
le but de manipuler une serie de valeurs de multiplicateur b precision
multiple, les moyens de codage sont congus de fagon a coder une valeur
cod6e avoc signe ou sans signe du nombre & Y bits, en appliquant le signal
d'entree de bit de plus fort poids (Y7) des circuits logiques 6     (17-20)
a lentree de report (CIN) du circuit logique de rang le plus faible (17),
ou une valeur de multiplicateur d'ordre Immediatement superieur, pour
convertir le codeur de multipilcateur avec signe en un codeur sans signs.
2. Le circuit consistant en un reseau de XxY bits de la revendication 1,
caract*ris6 en outre par: to        des moyens d'extensdon de bit de signe
(14), connect6s & I'ensemble des moyens multiplexeurs 



(12) et & I'ensemble des moyens additlonneurs (13) pour foumir un bit de
sign. de sortie pour le produit accumui6. J  Le circuit consistant en un
r~seau de XxY bits selon la revendicatlon 1, dans lequel lPensemble de 75
moyens additonneurs comprend en outre: au moins YI2 rangees ordonnees par
rang et X + Y colonnes d'additlonneurs, ces Y12 rangees d'addltionneurs
etant en outre caract~risdes par (Y/2)-2 rangdes de X+ 1 additionneurs,
chacun des additlonneurs ayant au moins deux entrees, chaque entree dtant
congue pour recevoir soit l'un predetermin6 des X+ Y bits du nombre
d'entree, soit un signal de sortie provenant de l'un predotermi- 20     n6
des moyens de multiplexage, soit un bit de prodult partlel; une rang6e de
X+Y-4 additionnours ayant un rang de rangee lmmddlatement Inf6rdeur au rang
le plus leve , chacun de ces X+Y-4 additionneurs ayant un rang de colonne
pr6ddtermin6 et trois entrees, chaque entree 6tant congue pour recevoir un
bit d'entreo representant soft un bit de prodult partifl, soit un bit du
nombre d'entrde; et 25        une rangee de X+ Y additionneurs de
propagation de report, ayant un rang de colonne pr~determl- ne ot trois
entrees repr6sentant des bits d'entree de somme et de report d'une
operation de multlplication/accumulation, et un bit de report provenant de
lPadditionneur de propagation de report de rang de colonne immedlatement
Inferlour, une premlere sortie representant un bit de somme pr~ddter- minW
du nombre d'entr~e et le produit des nombres I X bits et I Y bits, et une
seconde sortie so    reprdsentant un bit de sortie de report de rang
priddtermin6. 4. Un proc~de applicable dans un circuit consistent en un
reseau, pour obtenir le prodult d'un nombre & X bits et d'un nombre & Y
bits, X et Y etant des nombres enters, comprenant les 6tapes suivantes: on
code le nombre a Y bits au moyen d'un ensemble do circuits loglques
(17-20), conformnment a s5    un algorithme pr6d6termine, pour redulre le
nombre de resultats consistant en produits partlels, chacun des circuits
loglques comportant des entrees qui sont destinees & recevoir des bits
predetermines du nombre a Y bits, une borne d'entree de report (CIN) et une
borne de sortie de report (Cour); on forme un ensemble de signaux de
commando (Ci -5) ordonnes par rang et un bit de sortie de report, sous la
d6pendance du codage; 40        on regoit le nombre & X bits et on
selectionne, conform~ment aux signaux de commando, solt Ilun pr6dktermin6
des bits du nombre & X bits ayant un poids binalre pr6d6termin6 (XI, X1, n,
solt un niveau logique predetermind (Vas, VDD), pour former des signaux
d'entr6e dans le but d'obtenir des r~sultats consistant en prodults
partiels; et on additionne sdquentielement au moyen de rangdes
d'additlonneurs ordonnds par rang, les 4s     signaux d'entr~e de prodults
partiels, pour former un ensemble de produits partlels dans te but de
former un nombre de sortie consistant en prodults accumules, le produit
partiel qui est form4 pour au molns une rang6e d'additlonneurs etant
appliqu6 & des entr~es predctormin~es d'une seconde rang~e d'additlonneurs
ayant un rang supdrieur d'au moins deux unites, ce proc~d4 6tant en outre
caracteils6 en ce que: so        le circuit consistant en un reseau
effectue une multiplication en pr~cision multiple dans laquelle une sdrle
de valeurs d'un nombre a Y bits en pr~cisfon multiple sont successivement
multipliees par un nombre A X bits, avec accumulation des resultats,
I'entree de bit de plus fort poids (Y7) des circuits logiques 6tant
connect6e & I'entree de report (CIN) du circuit logique de plus faible rang
(17) ou & une valeur de multiplicateur d'ordre supnrieur, pour convertir le
codeur de mumtiplicateur avoc signe en un 6s     codeur sans signe.
Patentansprttche 20    EM U lff5 025 tsl                 * c   L  M   S* 1.
Ein X x Y-Bftfeldschaltkrels (10), der das Produkt elner X-Bltzahl und
elner Y-Bitzahl, wobel X und Y ganze Zahien sind, llefert, mit: 



elner Codierelnrichitung (11) fir die Abarbeitung eines vorbestlmmten
Algorithmus, urn die Zahl von -      Partialprocduktergebnissen zu
reduzieren und zum Bereitstellen elner ranggeordneten Vieizahl von ersten
Steuersignalen (Ci - Cs) In Reaktion auf die Y-Bitzahl; wobel die
Codierelnrichtung durch eine Vielzahl von Logikschaltkreisen (17 - 20)
gebildet ist, wobel jeder Loglkschaltkreis Eingfnge fUr den Empfang von
vorbestimmten Bits der Y-Bitzahl einen Ober- 10    tragselngangsanschluB
(CIN) und elnen ObertragsausgangsanschluD (Cor) aufwleit; elner
ranggeordnete Vieizahl von Multiplexerelnrichtungen (12), die ranggeordnete
Relhen und (X+Y) ranggeordnete Spalten bilden, wobel jede
Multiplexereinrichtung eine Vieizahl von Steuerelngangen aufweist, und
jeder Steuereingang mit elnem  vorbestimmten einzeinen von den
entsprechenden i6    ranggeordneten ersten SteuersIgnaien verbunden Ist zum
Verbinden entweder sines vorbestimmten einzelnen aus elner Viizahi von
Elngabebits der X-Bltzahl von vorbestimmter Bitwertigkelit (XI, Xp, XI)
oder eines vorbestimmten Loglknlveaus (V,, VDD) mit elnem Ausgang davon;
und K>                elner ranggeordneten Vleizahl von Addiereinrichtungen
(13), die mit den Multiplexeinrichtungen verbun- 20     den sind und
wenigstens Y/2 ranggeordnete Reihen biidenj woWei Jelde Addlereinrichtung
eoen vorbestimmten Spaltenrang innerhalb der X. Y Spalten aufweist, die
hochstrangige Relhe der Addler- einrichtungen eine akkumuiierte
Produktausgabezshl (Po - Pis) liefert, die verbleibenden Reihen
Ausgabesummen- und Obertragsbits bereltstellen, die
Partialproduktausgabebits von vorbestimmter Bltwertigkelt Rlefern, welche
mit Einglngen von Addlereinrichtungen mit elnern h6heren Relhenrang 26
verbunden sind, wobel jedes Partalproduktausgabesummenbit von wenigstens
elner Relhe der Addler- eintichtungen mit dem Addlereingang von
Addlereinrichtungen des entsprechenden Spaltenrangs und wenigstens zwel
RelhenrAngen groaer verbunden ist, dadurch gekennzeichnet daR das X x Y
Bitfeld selektiv sine irngabezahl, die X+Y-Bits aufweistK zu einem
X+Y-Bitprodukt 30     addlert und die Codiereinrichtung, zum Behandeln
elner Relhe von Mehrfachgenauigkeltsmuitpiikator- werten, dazu ausgebildet
st, entweder ehnen vorzelchenbehafteten oder nicht vorzeichenbehafteten
codlerten Wert der Y-Bitzahl durch Verbinden des meistsignifikanten
Biteingangs (YV) des Logikschalt- kreises (17-20) mit dem Obertrageingang
(CN) des niederrangigsten Loglkschaltkreises (17) auf elnem
Multiplikatorwert von nachsthoherer Ordnung zu codieren, um den
vorzeichenbehafteten Multiplikator- 35     codlerer In einen nicht
vorzeichenbehafteten Codlerer urmzuwandeln. 2. Der X x Y-Bitieldschaltkrels
nach Anspruch 1, welter gokennzolchnet durch eine:
Vorzeichenbiterwelterungseinrichtung (14), die mit der Vieizahl von
Multiplexereinrichtungen (12) und mit der Viizahl von Addlerelnrichtungen
(13) verbunden ist, zum Bereitstellen sines Ausgabevorzel- 40     chenbits
ftr das akkumuilerte Produkt. 3. Der X x Y-Biffeidschaltkreis nach Anspruch
1, wobel die Vlelzahl von Addlereinrichtungen femoer umfast-t wenigstens
X/2 ranggeordnete Reihen und X+Y Spalten von Addlerern, wobel die
X/2-Relhen von 45     Addlerern femer gekennzelchnet sind durch (XY2) - 2
Reihen von X +1 Addierem, wobel jeder der Addierer wenigatens zwel Elngange
aufweist, und jeder Eingang zum  Empfang entweder sines vorbestimmten
einzelnen von den X + Y Bits der Eingabezahl, sines Ausgangswertes aus
einer vorbestimmten sinzelnen von den Multiplexereinrichtungen, oder sines
Partialproduktbits vorgesehen Ist; 60 sine Reihe von X+Y-4 Addlerem vom zum
hdchsten Reihenrang nachstliegenden Relhenrang, wobel jeder der X + Y-4
Addlerer oenen vorbestfmmten Spaltenrang und drei Elngange aufweist, wobel
jedor Eingang zum Empfang sines EingangsbIts das entweder ein
Partialproduktblt odor ein Bit der Elngabe- zahl reprlsentlert, vorgesehen
ist; und 65 esne Relhe von X +Y VObertragsfortpflanzungsaddierern, die
elnen vorbestimmten Spaltenrang und drel EingAnge, die die Summen und
Obertragseingabebits von einer Multiplizier/Akkumulleroperation und ein
Obertragsbit von dem Obertragsfortpflanzungsaddierer vom unmittelbar
niedrigeren spaltenrang 21   



EP 0185 025 B1                      i                  1 reprdsentleren,
elnen ersten Ausgang, der ein vorbestimmtes Summenbit der Elngabezahl und
das Produkt der X-Blt- und Y-Bltzahl reprisentiert, und einen zwelten
Ausgang, der ein Obertragssusgabobit von vorbestimmtem Rang reprasentlert,
aufwelsen. 6  4. In einem Feldschaitkreis,.ein Verfahren zum Bereltstellen
des Produkts elner X Bitzahl und elner Y- Bltzahl, wobei X und Y ganze
Zahlen sind, mit den Verfahrensschritten: Codleren der Y-Bitzahl mit einer
Vielzahl von Loglkschaltkreisen (17-20) entsprechend einem vorbe- stimmten
Algorithmus, um die Anzahl von Partialproduktergebnlssen zu reduzieren,
wobel jeder der 10     Logikschaltkrelse Einglnge flr den Empfang
vorbestimmter Bits der Y-Bltzahl, elnen Obertragseln- gangsanschlull (CIN)
und elnen Obertragsausgangsanschluli (Cour) aufweist; Bereitsstellen einer
ranggeordneten VleIzahl von Steuersignalen (Ct- Cs) und eines
Obertragsausgabe- bits in Reaktlon auf die Codierung; t5 Empfangen der
X-Bitzahl und Auswahlen, entsprechend den Kontrollsignalen, entweder elnes
vorbe- stimmten einzelnen der Bits der X-Bitzahl von vorbestimmter
Bitwertigkelt (Qi, Xi-1, Xi) oder eines vorbestimmten Loglkniveaus (Vss,
VDD), um Eingabewerts zur Erzeugung von Partialproduktergebnissen zu
bilden; und 20 sequenzielles Addleren, mit Relhen von ranggeordneten
Addlerem, der Partialprodukteingabewerte, um eine Vieizahl von
Partlalprodukten zu bilden, um elnen.  akkumullerten Produktsausgabewert zu
bilden, wobel das gebildete Partialprodukt von wenigstens einer Reihe von
Addierem mit vorbestimmten Einglngen elner zweiten Reihe von Addierem,
deren Reihenrang um wenigstens zwel grfl3er ist, 2s     verbunden wird,
wobei das Verfahren ferner dadurch gekennzeichnet Ist, daR durch den
Feldschaltkrels eine Mehriachgenauigkeitsmultlpilkation ausgetfhrt wird,
wobel eine Relhe von Werten elner Y-Bltzahl mit Mehrfachgenauigkeit
aufelnanderfolgend mit einer X-Bitzahi multipllziert und akkumullert wird,
wobei der signifikanteste Biteingang (Y7) des Logikschaltkreises mit dem
Ubertragungseingang (C01) des nlederrangigsten Logikschaitkreises (17) auf
einem Muitiplikatorwert von ndchsthaherer Ordnung 30     verbunden 1st, um
den vorzeichenbehafteten Codierer In einen nicht vorzeichenbehafteten
Codlerer zu verwandeln. 35 40 45 60 55 22    


