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{571 ABSTRACT

The digital dividing apparatus includes a comparator for
comprising a first input signal A with a second input signal
B; a selector responsive to an output from the comparator for
selecting a larger one out of the first and the second input
signals; a priority encoder for outputting a priority signal in
which only a bit corresponding to the most significant bit out
of bits having a value of “1” of the selected input signal is
set to a value “17; a bit difference encoder responsive to the
priority signal for producing a bit difference between the
most significant bit of the selected input signal and the most
significant bit out of bits having a value of “1” of the selected
input signal; a first shifter for shifting the first input signal
A to an upper side by the bit difference; a second shifter for
shifting the second input signal B to an upper side by the bit
difference; a first round-down circuit for rounding down
lower bits of the signal shifted by the first shifter to produce
a first m-bit round-down signal o; a second round-down
circuit for rounding down lower bits of the signal shifted by
the second shifter to produce a second n-bit round-down
signal B; a LUT memory for pro-storing a look-up table; and
an LUT control circuit for controlling the LUT memory.

4 Claims, 5 Drawing Sheets
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DIGITAL DIVIDING APPARATUS USING A
LOOK-UP TABLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital dividing appa-
ratus using a look-up table, and more particularly, to an
apparatus for calculating a ratio of one digital input signal to
a sum of two digital input signals.

2. Description of the Background Art

In electronic apparatuses such as a video camera and a
video tape recorder, signals like a video signal and an audio
signal have been conventionally processed by an analog
circuit in an analog manner. In recent years. however. such
analog signal processing is increasingly being replaced with
a technique of converting signals into a digital form and
processing them in a digital manner.

A digital signal processing circuit which performs such a
signal processing as described above is often required to
calculate a ratio of one input signal to the sum of two digital
input signals. For calculation of such a ratio, a dividing
apparatus 52 including an adder 50 and a divider 51 as
illustrated in FIG. 1, for example, is used. Adder 50 calcu-
lates the sum of input signals A and B. and divider 51 divides
input signal B by sum calculated by adder 50. As a result,
dividing apparatus 52 outputs a value of B/(A+B). Such a
dividing apparatus 52 needs to perform its operation every
time input signals A and B are supplied. and therefore, it
requires a significant amount of time to perform these
operations, resulting in long delays for signals to pass
through dividing apparatus 52.

For an increased operating speed and simplification of
such a signal processing circuit, a method of substituting a
look-up table (hereinafter referred to as “LUT”) for a
function of a conventional dividing apparatus 52 is possible.

This LUT is constituted by addresses corresponding to
every possible value of each of input signals A and B and
ratios of B/(A+B) calculated for each value of input signals
Aand B. The LUT is pre-stored in a LUT memory. This LUT
enables a ratio of B/(A+B) to be read from the memory in
response to input signals A and B without actually calcu-
lating the ratio.

The ratio of B/(A+B) calculated by dividing apparatus 52
of FIG. 1 is, of course, “1” or less. In digital calculation,
however, decimal parts will not be used as they are. An
output signal of dividing apparatus 52 is converted so that a
prescribed value of the output signal indicates “l. and
decimal parts of the output signal are rounded down. For an
8-bit output signal, for example, a value of the output signal
can be in the range from the minimum value “0” to a
prescribed value “128 (=27)". If all the bits of the output
signal are “0”, the output signal has the minimum value *“0”.
If only a most significant bit (MSB) of the output signal is
“1”, the output signal has the above-mentioned prescribed
value “128”.

Accordingly, a digital dividing apparatus for calculating
such a ratio as described above outputs digital quotient data
C given by the following equation (1) where “ins” indicates
that decimal parts of a value in the subsequent parentheses
are rounded down, and W represents the number of bits (bit
width) of an output signal. When both input signals, i.e., A
and B, are “0”, data C is 272,
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A=8

C=im‘( xzw-l)

The LUT includes digital quotient data C defined by the
above equation (1) corresponding to addresses representing
input signals A and B. Assuming that each of input signals
A and B has 10 bits, for example, the LUT requires 2%°
(=21°%21%) addresses. In addition, assuming that an output
signal is 8 bits, memory capacity for each data C. Therefore,
in order to store such an LUT in a memory, a memory having
a capacity of 2°° bytes, that is, 1 Mbyte is required.

As described above, in the method using an LUT in a
circuit for calculating a ratio of one input signal to the sun
of two input signals, it is necessary that one address be
applied for each combination of possible values of both
input signals, and data of that ratio be prepared for that
address. For a p-bit input signal A and a g-bit input signal B.
for example, 27+ addresses are required in order to prepare
data for all the ratios which may be calculated. Therefore,
the number of bits of each of input signals A and B increases,
the number of addresses required for a memory also
increases substantially. As a result, memory capacity as well
as a circuit scale might increase.

In order to suppress the increase in the required memory
capacity and reduce the circuit scale for the LUT, a method
of rounding down lower bits of each of input signals A and
B is possible. If both input signals A and B are small,
however, lower bits thereof are rounded down although they
are very important. Therefore, the ratio obtained by such an
LUT is significantly different from the ratio that would be
actually calculated; hence resulting operation error might be
extremely large, as a result.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a digital
dividing apparatus capable of operating at high speed.

It is another object of the present invention to provide a
digital dividing apparatus having a small circuit scale.

It is a further object of the present invention to provide a
digital dividing apparatus that produces a small error.

According to the present invention, a digital dividing
apparatus responsive to a first M-bit digital input signal A
and a second N-bit digital input signal B (where each of M
and N is a positive integer) for producing a digital output
signal for B/(A+B) includes a first multiplying circuit, a
second multiplying circuit, a first round-down circuit, a
second round-down circuit, a look-up table storage circuit,
and a control circuit. The first multiplying circuit multiplies
the first digital input signal A by 2%, where K is a positive
integer. The second multiplying circuit multiplies the second
digital input signal B by 2X. The first round-down circuit
rounds down at least one bit of a first digital product signal
Ax2¥ output from the first multiplying circuit and produces
a first m-bit digital round-down signal a where m is a
positive integer smaller than M. The second round-down
circuit rounds down at least one bit of a second digital
product signal Bx2¥ output from the second multiplying
circuit and produces a second n-bit digital round-down
signal B, where n is a positive integer smaller than N. The
look-up table storage circuit pre-stores a look-up table. The
look-up table includes 2™"" digital quotient data for B/(c+J3)
corresponding to 2™ combinations of 2™ possible values of
the first digital round-down signal ot and 2" possible values
of the second digital round-down signal B. The control
circuit is responsive to the first digital round-down signal o
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from the first round-down circuit and the second digital
round-down signal f from the second round-down circuit,
and controls the look-up table storage circuit so that corre-
sponding one of 2™ digital quotient data is read as a digital
output signal.

Since this digital dividing apparatus includes the look-up
table storage circuit and calculates the ratio of B/{A+B)
using a look-up table stored therein, calculation speed
thereof increases. This digital dividing apparatus further
includes the first and the second round-down circuits by
which lower bits of the first and the second input signals A
and B are rounded down, respectively, and therefore, a scale
of the Iook-up table storage circuit is reduced. The digital
dividing apparatus further includes the first and the second
multiplying circuits which multiplies the first and the second
digital input signals A and B by 2% before rounding down the
first and the second digital input signals A and B, respec-
tively; hence, operation error thereof is reduced as a result.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
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 is a block diagram showing a conventional appa-
ratus for calculating a ratio of B/(A+B).

FIG. 2 is a block diagram showing an entire arrangement
of a digital dividing apparatus in accordance with a first
embodiment of the present invention.

FIGS. 3(a)-3(k) are diagrams illustrating an operation of
the digital dividing apparatus shown in FIG. 2.

FIG. 4 is a block diagram showing an entire arrangement
of a digital dividing apparatus in accordance with a second
embodiment of the present invention.

FIGS. 5(a)-5(c) are diagrams illustrating an operation
specific to the digital dividing apparatus shown in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the present invention will now be
described in detail in conjunction with the accompanying
drawings. A like or a corresponding portion in the figures is
indicated by a like reference, and description thereof will not
be repeated.

[FIRST EMODIMENT]

Referring to FIG. 2, a digital dividing apparatus includes
an input terminal 1 for one bus and an input terminal 2 for
another bus. A 10-bit digital input signal A is supplied to
input terminal 1. Another 10-bit digital input signal B is
supplied to input terminal 2. The digital dividing apparatus
further includes a comparator 3 for receiving input signals A
and B and comparing input signal A with input signal B; a
selector 4 responsive to an output from comparator 3 for
selecting a larger input signal out of input signals A and B;
a priority encoder 5 for receiving the input signal selected by
selector 4 and outputting a digital priority signal in which
only a bit corresponding to a most significant bit out of those
bits which have a value of *“1” of the selected input signal is
itself set to “1”; a bit difference encoder 6 responsive to the
digital priority signal output from priority encoder § for
outputting a bit difference K between the most significant bit
(MSB) of the selected input signal and the most significant
bit out of bits indicating *“1” of the selected input signal; a
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4

shifter 7 for shifting each bit of input signal A to an upper
side thereof (i.c., left) by the bit different K; a shifter 8 for
shifting each bit of input signal B to an upper side thereof
(i.e., left) by the bit difference K; a round-down circuit 9 for
rounding down lower 6 bits of input signal A shifted by
shifter 7 and producing a 4-bit digital round-down signal o;
a round-down circuit 10 for rounding down lower 6 bits of
input signal B shifted by shifter 8 and producing a 4-bit
digital round-down signal B; and look-up table (LUT)
memory 11 for pre-storing a LUT, and an LUT control
circuit 12 responsive to digital round-down signals o and
for controlling LUT memory 11.

The LUT has 256 addresses corresponding to 256 com-
binations of 16 (=2*) possible values of a digital round-down
signal o and 16 possible values of a digital round-down
signal B. The LUT further includes 256 8-bit digital quotient
data C for P/a+P) comresponding to 256 addresses. LUT
memory 11 is controlled by LUT control circuit 12, whereby
one of 256 digital quotient data C described above is read as
a digital output signal.

Each address of LUT memory 11 is constituted by 8 bits.
Upper 4 bits of each address correspond to the digital
round-down signal ¢, and lower 4 bits thereof correspond to
the digital round-down signal P. Since both digital round-
down signals o and P can have 2* values, LUT memory 11
requires 256 (=2*x2*) addresses.

Digital quotient data C for f/(o+f) is calculated with the
following equation (2) for every possible value of each of
the digital round-down signals o and B, and each of the
calculated data C is pre-stored at a corresponding address in
the LUT.

sz'(TgB_ Xz"’l) @
Where W is the number of bits of an output signal. In this
case, the number of bits of the output signal is “8”, and
therefore, W=8. In using this equation (2). A and B are
simply replaced with o0 and B, respectively, since the digital
dividing apparatus converts inmput signals A and B into
round-down signals ¢ and B, respectively. and calculates the
ratio of B/(o+f) based on the converted round-down signals
o and f.

A operation of the digital dividing apparatus shown in
FIG. 2 will now be described with reference to FIG. 3. For
simplification of description, it is here assumed that a
specific value “31” is applied as input signal A and a specific
value “15” is applied as input signal B. FIG. 3a) is a 10-bit
digital input signal A having a value of *31”. FIG. 3(b) is a
10-bit digital input signal B having a value of “15”,

Comparator 3 compares input signal A with input signal
B. and determines which input signal is larger. In this case,
since input signal A is larger than input signal B. comparator
3 supplies selector 4 with the result showing input signal A
is larger than input signal B. Selector 4 receives the result,
the selects the larger input signal A as shown in FIG. 3(c) for
supply to priority encoder 5.

Priority encoder § produces a priority signal as shown in
FIG. 3(d) in response to the input signal supplied from
selector 4. The priority signal has 10 bits as input signals A
and B. One bit out of 10 bits in the priority signal indicates
*1”. This bit indicating “1” corresponds, in bit position, to
the position of the most significant bit out of the bits
indicating “1” of input signal A supplied from selector 4. In
this case, since upper 5 bits (in bit positions 0—4) of input
signal A are “0" and lower 5 bits (in bit positions 5-9)
thereof are ““1”, the sixth bit (in bit position 5) from the most
significant bit (MSB) of input signal A is the most significant
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bit out of all the bits in this signal indicating “1”.
Accordingly, as shown in FIG. 3{(d), only the sixth bit from
the most significant bit of the priority signal indicates “1".
Such a priority signal is supplied to bit difference encoder 6.

Bit difference K=0, 1, 2, . . . , 9 (measured in bit positions)
from the most significant bit is shown in FIG. 3(e), under the
10-bit priority signal of FIG. 3(d). In this priority signal, the
sixth bit from the most significant bit indicates “1”; and
therefore, the bit difference K, measured in bit positions,
between the bit position of the most significant bit (MSB})in,
e.g., input signal A and the bit position of the most signifi-
cant bit out of the bits indicating “1” in, e.g., input signal A
is “57.

Since bit difference encoder 6 converts the bit difference
K into a 4-bit signal. a 4-bit digital signal indicating the bit
difference K of “5” as shown in FIG. 3(e) is supplied to each
of shifters 7 and 8. ‘

Shifter 7 once holds the 10-bit input signal A, and then,
shifts each bit of the held 10-bit input signal A to the upper
side by the bit difference K supplied from bit difference
encoder 6. In this case, input signal A as shown in FIG. 3(a)
is shifted to the upper side (i.e., left) by 5 bits, and therefore,
a 10-bit signal as shown in FIG. 3(f) is supplied to round-
down circuit 9. Shifter 8 once holds the 10-bit input signal
B, and then, shifts each bit of the held input signal B to the
upper side (i.e.. left) by the bit difference K supplied from
bit difference encoder 6. In this case, input signal B as shown
in FIG. 3(d) is shifted to the upper side by 5 bits, and
therefore, a 10-bit signal as shown in FIG. 5(g) is supplied
to round-down circuit 10. In both shifters 7 and 8, “0” are
inserted into lower bits of the signal resulting from the shift.
More specifically, “0” bits which were on the upper side
prior to the shift are moved to the lower side. Accordingly,
input signal A is converted from “31” into “992”, while input
signal B is converted form “15” into “480”.

In other words, shifter 7 multiplies input signal A by 2%,
and shifter 8 multiples input signal B by 2%. In this case,
input signal A of “31” is multiplied by 32 (=2°), and input
signal B of “15” is multiplied by 32. If input signal A of “31”
is multiplied by a value larger than “32", for example 64
(=2%), the resultant product cannot be represented by a 10-bit
signal. Accordingly, comparator 3, selector 4, priotity
encoder 5, and bit difference encoder 6 determine the bit
difference K so that shifters 7 and 8 will not cause overflow
of input signals A and B. respectively. In addition, the bit
difference K determined is the maximum within the range
which does not cause overflow of input signals A and B.

Now, the manner through which the processing as
described above affects equation (1) will be described. If
each of a denominator and a numerator of B/(A+B) in the
equation (1) is multiplied by 2%, the following equation (3)
is obtained. The exampie described above corresponds to the
case of K=5.

x 201 )

C=im‘(

As a matter of course, if a fraction in this equation (3) is
reduced to its lowest terms, the equation (3) returns to the
original equation (1). Accordingly, even if each of input
signals A and B is multiplied by a constant before being
supplied to LUT memory 11, the ratio of B/(A+B) will not
change. As a result, even if each of input signals A and B is
shifted by 5 bits as described above, that is, each of input
signals A and B is multiplied by 2°, the resultant ratio will
not change at all.

Input signals A and B each shifted to the side of upper bits
within the range which does not cause overflow thereof are

B 2K (3)

A-2K+B. 2K
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6

applied to round-down circuits 9 and 10, respectively.
Round-down circuit 9 rounds down lower 6 bits of the
shifted input signal A. Therefore, a 4-bit digital round-down
signal o as shown in FIG. 3(h) is applied from round-down
circuit 9 to LUT memory 11. On the other hand, round-down
circuit 10 rounds down lower 6 bits of the shifted input
signal B. Therefore, a 4-bit digital round-down signal B as
shown in FIG. 3(i) applied from round-down circuit 10 to
LUT memory 11. In this case. round-down signal o is “15”
and round-down signal B is “7".

A LUT prepared in advance has been stored in LUT
memory 11. In this LUT, 8-bit digital quotient data C have
been calculated according to the equation (2) for every
possible value of each of two round-down signals o and f.
LUT control circuit 12 applies round-down signals o and
to LUT memory 11 as an address, and reads digital quotient
data C based on the applied address. This read quotient data
C is output from LUT memory 11 as an 8-bit output signal.
In this case, “15” is applied to LUT memory 11 as round-
down signal o, and “7” is applied to LUT memory 11 as
round-down signal P; and therefore, LUT control circuit 12
accesses an address as shown in FIG. 3{j). Quotient data C
(=40) obtained by the equation (2) has been stored in this
address. As a result, digital quotient data indicating “40” as
shown in FIG. 3(k) is read from LUT memory 11 as a digital
output signal.

Since a 10-bit output signal of each of shifters 7 and 8 is
reduced to 4-bits, capacity of LUT memory It for the LUT
can be reduced. If each of two input signals applied to LUT
memory 11 is 10 bits and an output signal of LUT memory
11 is 8 bits as described above, LUT memory 11 requires 2%
byte capacity, In the present embodiment, however, lower 6
bits of each of input signals A and B are rounded down, and
therefore, 2% (=2*x2*) byte capacity is sufficient for LUT
memory 11 even though an output signal of LUT memory 11
is 8-bits as in the case described above. If comparator 3,
selector 4, priority encoder 5. bit difference encoder 6,
shifters 7 and 8, and round-down circuits 9 and 10 are not
provided, 10-bit input signals A and B are applied directly to
LUT memory 11. Therefore, LUT memory 11 requires 2°°
byte capacity. In this case, LUT memory 11 is provided with
addresses of 10-bit input signals A and B, and digital
quotient data C calculated according to the equation (1)
would be pre-stored in respective addresses. Accordingly, if
input signal A of *31” and input signal B of *15” are applied
to the LUT memory, for example, data C of “41” would be
read as an output signal.

As described above, if lower bits of each of input signals
A and B are not rounded down, an output signal of “41” is
obtained, whereas if lower bits of each of input signals A and
B are rounded down as in the present embodiment, an output
signal of “40” is obtained. Accordingly, an output signal
calculated by the present embodiment has an error of only
“1”. This is because shifters 7 and 8 shift input signals A and
B to the upper side of bits as much as possible within the
range which does not cause overflow, respectively.

On the other hand, if comparator 3, selector 4, priority
encoder 5, bit difference encoder 6. and shifters 7 and 8 are
not provided., the lower 6 bits of each of input signals A and
B are simply rounded down, and the resultant 4-bit round-
down signal is applied to LUT memory 11. Capacity of LUT
memory 11 can be reduced to a small amount also by such
a simple round-down method as in the case of the present
embodiment. However, if input signal A of “31” and input
signal B of “15” are applied directly to round-down circuits
9 and 10, respectively, for example, lower 6 bits of each of
inputs signals A and B are simply rounded down, and
therefore, two round-down signals o and (3 applied from









