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(54) ARITHMETIC PROCESSING DEVICE AND ARITHMETIC PROCESSING METHOD

(57) Provided is an arithmetic processing apparatus
and an arithmetic processing method which can perform
block floating point processing with small circuit scale
and high precision.

A first normalization circuit (120) performs a first nor-
malization, in which a plurality pieces of data, which have
a common exponent and which are either fixed-point
number representation data or mantissa portion data of
block floating-point number representation, are inputted
in each of a plurality of cycles and the plurality of pieces
of data inputted in each of the plurality of cycles are re-
spectively normalized with the common exponent on the
basis of a maximum exponent for the plurality of pieces
of data inputted in a corresponding one of the plurality of
cycle. A rounding circuit (130) outputs a plurality of pieces
of rounded data which are obtained by reducing a bit
width of respective one of the plurality of pieces of data
on which the first normalization is performed. A first stor-
age circuit (140) stores a plurality of pieces of rounded
data regarding the plurality of cycles in which the first
normalization is performed and outputs a plurality of des-
ignated pieces of rounded data among the stored plurality
of pieces of rounded data. A second normalization circuit
(150) performs a second normalization, in which the plu-
rality of designated pieces of rounded data are respec-
tively normalized with an exponent which is common to
the plurality of designated pieces of rounded data on the
basis of the maximum exponents used in the first nor-
malization for the plurality of designated pieces of round-
ed data and a maximum value of the maximum expo-
nents, and outputs a result of the second normalization.
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Description

Technical Field

[0001] The present invention relates to an arithmetic processing apparatus and an arithmetic processing method and
in particular, relates to an arithmetic processing apparatus and an arithmetic processing method which perform block
floating point processing.

Background Art

[0002] In the digital signal processing, calculation based on a floating point has an advantage that a high precision
can be obtained even when a range of values of signal data dealt with is wide. On the other hand, it has a problem that
circuit scale and electric power consumption are large since it needs complicated circuits. Calculation based on a fixed
point has an advantage that a circuit is simple, and circuit scale and electric power consumption are small. On the other
hand, it has a problem that an arithmetic calculation precision is low.
[0003] In contrast, as an arithmetic method having advantages of both the fixed point and the floating point, calculation
based on a block floating point is known. In the calculation based on the block floating point, a plurality pieces of signal
data are bundled as one block, the whole block is normalized in such a way that each block has a common exponent.
[0004] More in detail, in the block floating point processing, the normalization processing of a block floating point is
performed in the following steps (patent literature 1 and patent literature 2, for example).

(1) Obtain the maximum exponent for all pieces of data in a block
(2) Carry out shift operation (normalize) for the whole of the block with the maximum exponent.

[0005] Here, "maximum exponent" indicates the maximum exponent which does not cause an overflow for any piece
of data in the block. The maximum exponent is equivalent to an exponent value of a piece of data whose absolute value
is maximum among all pieces of data in the block.

[Citation List]

[Patent Literature]

[0006]

[Patent literature 1] Japanese Patent Application Laid-Open No. H09-128213
[Patent literature 2] Japanese Patent Application Laid-Open No. H08-212052

Summary of Invention

[Technical Problem]

[0007] A specific example of normalization processing of a usual block floating point will be described below. Fig. 5
is a block diagram showing a configuration of a usual arithmetic processing apparatus 200 which performs normalization
processing of a block floating point. The arithmetic processing apparatus 200 includes a first arithmetic circuit 201, a
normalization circuit 202, a data memory circuit 203, rounding circuits 241-243 and a second arithmetic circuit 204.
[0008] The first arithmetic circuit 201 carries out an arithmetic operation to received three pieces of input data, and
outputs arithmetic operation results as data D211-D213, respectively. The different pieces of input data included in one
block are inputted to the first arithmetic circuit 201 in order. For example, in Fig. 5, the first arithmetic circuit 201 receives
nine pieces of input data composing a block. In this case, the first arithmetic circuit 201 receives three pieces of input
data per each of three cycles. The first arithmetic circuit 201 carries out an arithmetic operation to the received pieces
of input data, and outputs data D211-D213 which are the arithmetic operation results in each of three cycles. The pieces
of input data are outputted from an external apparatus (not shown) to the first arithmetic circuit 201 in order.
[0009] A normalization circuit 202 has a maximum exponent calculation circuit 210 and shift circuits 221-223. The
maximum exponent calculation circuit 210 receives data D211-D213 composing the block outputted from the first arith-
metic circuit 201 in order, and calculates the maximum exponent Imax for the data D211-D213 belonging to the block.
That is, each time a block is received from the first arithmetic circuit 201, the calculation operation of the maximum
exponent Imax is performed. Then the maximum exponent calculation circuit 210 outputs the calculated maximum
exponent Imax.
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[0010] While the maximum exponent calculation circuit 210 is receiving the data D211-D213 from the first arithmetic
circuit 201 and calculating the maximum exponent Imax for the data D211-D213 belonging to a block, the data memory
circuit 203 holds the data D211-D213 belonging to the same block. That is, the data memory circuit 203 holds the data
D211-D213 by each block. Specifically, the data memory circuit 203 stores and holds the data D211-D213 in addresses
corresponding to write addresses Aw21-Aw23 which are received from the outside, respectively.
[0011] After the maximum exponent Imax is calculated by the maximum exponent calculation circuit 210, the data
memory circuit 203 outputs the held data D211-D213 as data D221-D223. At that time, the output data memory circuit
203 may rearrange order of the data D211-D213 and output them as the data D221-D223. Specifically, the data memory
circuit 203 outputs data held in addresses corresponding to readout addresses Ar21-Ar23 which are received from the
outside as the data D221-D223, respectively.
[0012] The write addresses Aw21-Aw23 and the readout addresses Ar21-Ar23 inputted to the data memory circuit
203 are outputted from an external apparatus (not shown) to the data memory circuit 203 in order, for example.
[0013] Shift circuits 221-223 of the normalization circuit 202 receive the data D221-D223 from the data memory circuit
203. The shift circuits 221-223 carry out shift operation on the D221-D223, respectively, based on the maximum exponent
Imax calculated by the maximum exponent calculation circuit 210. As a result, the normalization processing is performed
for the data D221-D223. The shift circuits 221-223 output the data after the normalization processing as data D231-D233.
[0014] Rounding circuits 241-243 receives the data D231-D233 from the shift circuits 221-223, respectively. The
rounding circuits 241-243 performs the rounding processing to the data D231-D233, respectively, and outputs data
D241-D243 whose data bit width is reduced.
[0015] The second arithmetic circuit 204 receives the data D241-D243 from the rounding circuits 241-243. The second
arithmetic circuit 204 carries out an arithmetic operation to the data D241-D243, and outputs arithmetic operation results
to an external apparatus (not shown) as output data.
[0016] In this way, because the arithmetic processing apparatus 200 reduces a bit width of data by the rounding
processing by the rounding circuits 241-243, the bit width of the data D241-D243 received by the second arithmetic
circuit can be smaller than bit width of the data D211-D213 outputted by the first arithmetic circuit 201.
[0017] Next, operation of the arithmetic processing apparatus 200 will be explained in detail. Fig. 6 is a timing chart
showing the operation of the arithmetic processing apparatus 200. In below, a block to be processed by the arithmetic
processing apparatus 200 includes data D1-D9 each having 12 bits. A value of each of the data D1-D9 is represented
with two’s complement representation. Note that, in a bit string of data, the leftmost bit is MSB (Most Significant Bit),
and the rightmost bit is LSB (Least Significant Bit). The MSB is a sign bit. The operation of the arithmetic processing
apparatus 200 includes cycles C1-C6. The operation of the arithmetic processing apparatus 200 is broadly divided into
cycles C1-C3 and cycles C4-C6. In below, the cycles C1-C3 will be described, first. The progress of the cycles is controlled
using a clock signal CLK, for example.
[0018] In the cycle C1, the first arithmetic circuit 201 carries out an arithmetic operation for three inputted pieces of
data, and outputs the results as data D211-D213, respectively. The data D211-D213 outputted at that time are represented
as data D1-D3, respectively. In the cycle C2, the first arithmetic circuit 201 carries out the arithmetic operation for three
inputted pieces of data, and outputs the results as the data D211-D213, respectively. The data D211-D213 outputted
at that time are represented as data D4-D6, respectively. In a cycle C3, the first arithmetic circuit 201 carries out the
arithmetic operation for three inputted pieces of data, and outputs the results as the data D211-D213. respectively. The
data D211-D213 outputted at that time are represented as data D7-D9, respectively. The data D1-D9 are shown below.

Data D1 (cycle C1, data D211): 000101110111
Data D2 (cycle C1, data D212): 001100010001
Data D3 (cycle C1, data D213): 000001101100
Data D4 (cycle C2, data D211): 111100111000
Data D5 (cycle C2, data D212): 111110000000
Data D6 (cycle C2, data D213): 000000100101
Data D7 (cycle C3, data D211): 000010111110
Data D8 (cycle C3. data D212): 000011010001
Data D9 (cycle C3, data D213): 000010111001

[0019] The maximum exponent calculation circuit 210 receives the data D1-D9 composing a block, sequentially. The
maximum exponent calculation circuit 210 calculates a maximum exponent for the data D1-D9. Specifically, the maximum
exponent calculation circuit 210 calculates absolute values of the data D1-D9, respectively. The respective absolute
values ABS1-ABS9 of the data D1-D9 are shown below.

Absolute value ABS1 (absolute value of data D1): 000101110111
Absolute value ABS2 (absolute value of data D2): 001100010001
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Absolute value ABS3 (absolute value of data D3): 000001101100
Absolute value ABS4 (absolute value of data D4): 000011001000
Absolute value ABS5 (absolute value of data D5): 000010000000
Absolute value ABS6 (absolute value of data D6): 000000100101
Absolute value ABS7 (absolute value of data D7): 000010111110
Absolute value ABS8 (absolute value of data D8): 000011010001
Absolute value ABS9 (absolute value of data D9): 000010111001

[0020] The maximum exponent calculation circuit 210 calculates a logical sum ADD of the absolute values ABS1-
ABS9. The logical sum of the absolute value ABS1-ABS9 is shown below.
[0021] The logical sum ADD (logical sum of absolute values ABS1-ABS9): 001111111111.
[0022] The maximum exponent calculation circuit 210 detects the first bit position indicating one as a value of the bit
from the MSB (Most Significant Bit) side of the logical sum ADD. In this example, the 9-th bit is detected as the first bit
position indicating one as the value of the bit from the MSB side of the logical sum ADD (here, it is assumed that the
MSB is 11-th bit and, the LSB (Least Significant Bit) is 0-th bit).
[0023] Here, the case that bit shift operation of shifting left is carried out on each of the data D1-D9 with a same shift
size to normalize the data D1-D9 with a common exponent is considered. In this case, when the shift size is 1 bit, values
after the normalization are correctly represented without changing a sign of any of the data D1-D9. Accordingly, in this
case, the maximum exponent Imax is "-1 ".
[0024] In the cycles C1-C3, that is, while the maximum exponent calculation circuit 210 is calculating the maximum
exponent Imax for the data D1-D9, the data memory circuit 203 receives and holds the data D1-D9. In the cycles C4-
C6 after the maximum exponent Imax is calculated by the maximum exponent calculation circuit 210, the data memory
circuit 203 outputs the held data D1-D9 as data D221-D223. At that time, the data memory circuit 203 outputs the data
D221-D223 as follows, for example, for the arithmetic operation carried out by the second arithmetic circuit 204.
[0025] In the cycle C1, the data memory circuit 203 stores the data D1-D3 in addresses A1-A3 designated by write
addresses Aw21-Aw23, respectively. In the cycle C2, the data memory circuit 203 stores the data D4-D6 in addresses
A4-A6 designated by write addresses Aw21-Aw23, respectively. In the cycle C3, the data memory circuit 203 stores the
data D7-D9 in addresses A7-A9 designated by write addresses Aw21-Aw23, respectively.
[0026] Next, the cycles C4-C6 will be described. In the cycles C4-C6, the maximum exponent calculation circuit 210
outputs "-1" as the calculated maximum exponent Imax, to the shift circuits 221-223.
[0027] In the cycle C4, the data memory circuit 203 outputs the held data D1 in the address A1 designated by readout
address Ar21 as the data D221. The data memory circuit 203 outputs the held data D3 in the address A3 designated
by readout address Ar22 as the data D222. The data memory circuit 203 outputs the held data D5 in the address A5
designated by readout address Ar23 as the data D223.
[0028] In the cycle C5, the data memory circuit 203 outputs the held data D2 in the address A2 designated by the
readout address Ar21 as the data D221. The data memory circuit 203 outputs the held data D4 in the address A4
designated by the readout address Ar22 as the data D222. The data memory circuit 203 outputs the held data D7 in the
address A7 designated by the readout address Ar23 as the data D223.
[0029] In the cycle C6, the data memory circuit 203 outputs the data D6 held in the address A6 designated by the
readout address Ar21 as the data D221. The data memory circuit 203 outputs the data D8 held in the address A8
designated by the readout address Ar22 as the data D222. The data memory circuit 203 outputs the data D9 held in the
address A9 designated by the readout address Ar23 as the data D223.
[0030] The respective shift circuits 221-223 performs the normalization processing by carrying out shift operation on
the data D1-D9 outputted as the data D221-D223 based on the value "-1" of the maximum exponent Imax. The shift
circuits 221-223 output the generated normalized data ND1-ND9 from the data D1-D9 by the normalization processing.
[0031] Specifically, in the cycle C4, the respective shift circuits 221-223 carry out shift operation on the data D1, D3
and D5 outputted as the data D221-D223, based on the value "-1" of the maximum exponent Imax. As a result, the
normalized data Nod1, ND3 and ND5 are generated. The normalized data ND1, ND3 and ND5 are outputted as data
D231-D233, respectively.
[0032] In the cycle C5, the respective shift circuits 221-223 carry out shift operation on the data D2, D4 and D7 outputted
as the data D221-D223, based on the value "-1" of the maximum exponent Imax. As a result, the normalized data ND2,
ND4 and ND7 are generated. The normalized data ND2, ND4 and ND7 are outputted as the data D231-D233, respectively.
[0033] In the cycle C6, the respective shift circuits 221-223 carry out shift operation on the data D6, D8 and D9 outputted
as the data D221-D223, based on the value "-1" of the maximum exponent Imax. As a result, the normalized data ND6,
ND8 and ND9 are generated. The normalized data ND6, ND8 and ND9 are outputted as the data D231-D233, respectively.
[0034] The normalized data NDI-ND9 are shown below.

(Cycle C4)
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Normalized data ND1: 001011101110
Normalized data ND3: 000011011000
Normalized data ND5: 111100000000

(Cycle C5)

Normalized data ND2: 011000100010
Normalized data ND4: 111001110000
Normalized data ND7: 000101111100

(Cycle C6)

Normalized data ND6: 000001001010
Normalized data ND8: 000110100010
Normalized data ND9: 0001011 10010

[0035] In the cycles C4-C6, the respective rounding circuits 241-243 perform the rounding processing to the normalized
data ND1-ND9 outputted as the data D241-D243. As a result, rounded data RD1-RD9 each having a bit width of six
bits, reduced from the normalized data ND1-ND9, are generated.
[0036] Specifically, in the cycle C4, the rounding circuits 241-243 round the normalized data ND1, ND3 and ND5
outputted as the data D231-D233 and generate the rounded data RD1, RD3 and RD5, respectively. The rounded data
RD1, RD3 and RD5 are outputted as data D241-D243, respectively.
[0037] In the cycle C5, the rounding circuits 241-243 round the normalized data ND2, ND4 and ND7 outputted as the
data D231-D233 and generate the rounded data RD2, RD4 and RD7, respectively. The rounded data RD2, RD4 and
RD7 are outputted as the data D241-D243, respectively.
[0038] In the cycle C6, the rounding circuits 241-243 round the normalized data ND6, ND8 and ND9 outputted as the
data D231-D233 and generate the rounded data RD6, RD8 and RD9, respectively. The rounded data RD6, RD8 and
RD9 are outputted as the data D241-D243, respectively.
[0039] The rounded data RD1-RD9 are shown below.

(Cycle C4)

Rounded data RD1: 001011
Rounded data RD3: 000011
Rounded data RD5: 111100

(Cycle C5)

Rounded data RD2: 011000
Rounded data RD4: 111001
Rounded data RD7: 000101

(Cycle C6)

Rounded data RD6: 000001
Rounded data RD8: 000110
Rounded data RD9: 000101

[0040] The second arithmetic circuit 204 carries out the arithmetic operation to the data D241-D243 outputted by the
shift circuits 221-223, and outputs the results, respectively.
[0041] Specifically, in the cycle C4, the second arithmetic circuit 204 carries out the arithmetic operation to the rounded
data RD1, RD3 and RD5 and outputs the results, respectively. In the cycle C5, the second arithmetic circuit 204 carries
out the arithmetic operation to the rounded data RD2, RD4 and RD7and outputs the results, respectively. In the cycle
C6, the second arithmetic circuit 204 carries out the arithmetic operation to the rounded data RD6, RD8 and RD9 and
outputs the results, respectively.
[0042] As mentioned above, the normalization circuit 202 performs the normalization processing before the rounding
circuits 241-243 perform the round processing in the arithmetic processing apparatus 200. Therefore, it is possible to
reduce a bit width by the round processing while keeping effective bits which are not redundant. Accordingly, it is possible
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to obtain higher precision of the arithmetic operation compared with the case that the round processing is performed to
a fixed point data.
[0043] In the arithmetic processing apparatus 200, rounding circuits 241-243 reduces the bit width of the data by
performing the round processing. Therefore, the bit width of the data received by the second arithmetic circuit 204 can
be smaller than the bit width of the data outputted by the first arithmetic circuit 201. That is, the bit width of the data to
which the second arithmetic circuit 204 carry out arithmetic operation can be reduced. Accordingly, circuit scale and
electric power consumption of the second arithmetic circuit 204 can be reduced.
[0044] However, in the arithmetic processing apparatus 200, in order to calculate the maximum exponent, it is necessary
to hold the all pieces of data in a block before the normalization processing and the round processing in the data memory
circuit 203. Therefore, the required memory capacity for the data memory circuit 203 becomes large. As a result, there
is a problem that the circuit scale becomes large.
[0045] In addition, in the arithmetic processing apparatus 200, all pieces of data in the block are normalized with a
common exponent. Therefore, when the number of pieces of data in the data processing becomes large, there is a
problem that the precision is reduced in the case that a range (a dynamic range) regarding a value of each piece of data
is wide.
[0046] The present invention has been devised with the foregoing in mind. An object of the present invention is to
provide an arithmetic processing apparatus and an arithmetic processing method with small circuit scale that can perform
block floating point processing with high precision.

[Solution to Problem]

[0047] An arithmetic processing apparatus according to an exemplary aspect of the invention includes: a first normal-
ization means for performing a first normalization, in which a plurality pieces of data, which have a common exponent
and which are either fixed-point number representation data or mantissa portion data of block floating-point number
representation, are inputted in each of a plurality of cycles and the plurality of pieces of data inputted in each of the
plurality of cycles are respectively normalized with the common exponent on the basis of a maximum exponent for the
plurality of pieces of data inputted in a corresponding one of the plurality of cycle; a rounding means for outputting a
plurality of pieces of rounded data which are obtained by reducing a bit width of respective one of the plurality of pieces
of data on which the first normalization is performed; a first storage means for storing a plurality of pieces of rounded
data regarding the plurality of cycles in which the first normalization is performed and outputting a plurality of designated
pieces of rounded data among the stored plurality of pieces of rounded data; and a second normalization means for
performing a second normalization, in which the plurality of designated pieces of rounded data are respectively normalized
with an exponent which is common to the plurality of designated pieces of rounded data on the basis of the maximum
exponents used in the first normalization for the plurality of designated pieces of rounded data and a maximum value
of the maximum exponents, and outputting a result of the second normalization.
[0048] An arithmetic processing method according to an exemplary aspect of the invention includes: performing a first
normalization, in which a plurality pieces of data, which have a common exponent and which are either fixed-point
number representation data or a mantissa portion data of block floating-point number representation, are inputted in
each of a plurality of cycles and the plurality of pieces of data inputted in each of the plurality of cycles are respectively
normalized with the common exponent on the basis of a maximum exponent for the plurality of pieces of data inputted
in a corresponding one of the plurality of cycle; outputting a plurality of pieces of rounded data which are obtained by
reducing a bit width of respective one of the plurality of pieces of data on which the first normalization is performed;
storing a plurality of pieces of rounded data regarding the plurality of cycles in which the first normalization is performed
and outputting a plurality of designated pieces of rounded data among the stored plurality of pieces of rounded data;
and performing a second normalization, in which the plurality of designated pieces of rounded data are respectively
normalized with an exponent which is common to the plurality of designated pieces of rounded data on the basis of the
maximum exponents used in the first normalization for the plurality of designated pieces of rounded data and a maximum
value of the maximum exponents, and outputting a result of the second normalization.

[Advantageous Effect of Invention]

[0049] According to the present invention, it is possible to provide an arithmetic processing apparatus and an arithmetic
processing method which can perform block floating point processing with small circuit scale and high precision.

Brief Description of Drawings

[0050]
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Fig. 1 is a block diagram which showing a configuration of a arithmetic processing apparatus 100 according to an
exemplary embodiment 1.
Fig. 2 is a block diagram showing the configuration of the arithmetic processing apparatus 100 according to the
exemplary embodiment 1 more in detail.
Fig. 3 is a timing chart showing operation in a first normalization phase (cycles C1-C3) of the arithmetic processing
apparatus 100 according to the exemplary embodiment 1.
Fig. 4 is a timing chart showing operation in a second normalization phase (cycles C4-C6) of the arithmetic processing
apparatus 100 according to the exemplary embodiment 1.
Fig. 5 is a block diagram showing a configuration of a usual arithmetic processing apparatus 200 which performs
normalization processing of a block floating point.
Fig. 6 is a timing chart showing operation of the arithmetic processing apparatus 200.
Fig. 7 is a block diagram showing a characteristic configuration of the exemplary embodiment 1.

Description of Embodiments

[0051] Hereinafter, an embodiment of the present invention will be described with reference to drawings. In each
figure, an identical reference sign is used for an identical element and duplicated description is omitted where appropriate.

(Exemplary embodiment 1)

[0052] First, an arithmetic processing apparatus 100 according to an exemplary embodiment 1 of the present invention
will be described. Fig. 1 is a block diagram showing a configuration of an arithmetic processing apparatus 100 according
to the exemplary embodiment 1. The arithmetic processing apparatus 100 includes a first normalization circuit 120, a
rounding circuit 130, a data memory circuit 140 and a second normalization circuit 150. Note that, the first normalization
circuit 120 and the second normalization circuit 150 correspond to a first and a second normalization means, respectively.
The rounding circuit 130 corresponds to a rounding means. The data memory circuit 140 corresponds to a first storage
means.
[0053] A plurality of pieces of fixed point number representation data or mantissa part data of block floating point
number representation composing a block is inputted to the arithmetic processing apparatus 100, a plurality of times,
via the first arithmetic circuit 110. In other words, n (n is an integer which is equal to or greater than 2) pieces of data
per each cycle are inputted during m (m is an integer which is equal to or greater than 2) cycles to the arithmetic processing
apparatus 100. In this case, the number of pieces of data composing one block is (m 3 n) pieces.
[0054] In below, for simplification of the description, the case where three pieces of data are inputted three cycles to
the arithmetic processing apparatus 100 will be described. In this case, each three of different pieces of input data
included in one block are inputted to the first arithmetic circuit 110, in order. The first arithmetic circuit 110 carries out
an arithmetic operation to the received three pieces of input data, and outputs the arithmetic operation results as data
D111-D113, respectively. The pieces of input data are outputted from an external apparatus (not shown) to the first
arithmetic circuit 110, for example, in order. For example, in Fig. 1, the first arithmetic circuit 110 receives nine pieces
of input data composing a block. In this case, the first arithmetic circuit 110 receives three pieces of input data per each
of three cycles. The first arithmetic circuit 110 carries out the arithmetic operation to the received pieces of input data,
and outputs the data D111-D113 which are the arithmetic operation results, three cycles.
[0055] The arithmetic processing apparatus 100 performs predetermined processing to the inputted pieces of data
included in the block and outputs data D151 -153 after the processing to the second arithmetic circuit 160. The second
arithmetic circuit 160 carries out an arithmetic operation to the data D151-D153, and outputs arithmetic operation results
to an external apparatus (not shown).
[0056] Fig. 2 is a figure showing the configuration of the arithmetic processing apparatus 100 more in detail. As shown
in Fig. 2, the first normalization circuit 120 includes shift circuits SC11-SC13 and a maximum exponent calculation circuit
121. In Fig. 1, for simplification, "shift circuit" is represented with "SC". Note that, the shift circuits SC11-SC13 correspond
to second shifting means, respectively. The maximum exponent calculation circuit 121 corresponds to a second calcu-
lation circuit.
[0057] The maximum exponent calculation circuit 121 receives the data D111-D113 and calculates the maximum
exponent Imax for the data D111-D113 in each cycle. The maximum exponent calculation circuit 121 outputs the cal-
culated maximum exponent Imax in each cycle.
[0058] The shift circuits SC11-SC13 perform a first normalization processing by shifting bits of the data D111-D113
based on the maximum exponent Imax calculated by the maximum exponent calculation circuit 121, in each cycle. Data
D121-D123 for which the first normalization processing has been performed are outputted to rounding circuits 131-133,
respectively. In Fig. 1, for simplification, "rounding circuit" is represented with "RC".
[0059] The rounding circuit 130 includes the rounding circuits 131-133. Note that, the rounding circuits 131-133 cor-
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respond to first to third rounding means, respectively. The rounding circuits 131-133 generate rounded data D131-D133
by performing rounding processing, which reduces a bit width, to the data D121-D123. The rounded data D131-D133
are outputted to a data memory circuit 140.
[0060] The data memory circuit 140 holds the rounded data D131-D133 by each block. That is, the data memory circuit
140 holds the data D131-D133 by each block. Specifically, the data memory circuit 140 stores and holds the data D131-
D133 in the addresses corresponding to write addresses Aw1-Aw3 which are received from the outside.
[0061] The data memory circuit 140 outputs the held data of each block as data D141-D143. At that time, the data
memory circuit 140 may rearrange order of the data D131-D133 and output them as data D141-D143. Specifically, the
data memory circuit 203 outputs the data held in the addresses corresponding to readout addresses Ar1-Ar3 which are
received from the outside as the data D141-D143, respectively.
[0062] The write addresses Aw1-Aw3 and the readout addresses Ar1-Ar3 received by the data memory circuit 140
are outputted from an external apparatus (not shown) to the data memory circuit 140 in order, for example.
[0063] The second normalization circuit 150 includes an exponent memory circuit 151, a corrected exponent calculation
circuit 152 and shift circuits SC21-SC23. Note that, the exponent memory circuit 151 corresponds to a second storage
means. The corrected exponent calculation circuit 152 corresponds to a first calculating means. Shift circuits SC21-
SC23 corresponds to first shifting means, respectively.
[0064] The exponent memory circuit 151 holds the maximum exponent Imax outputted by the maximum exponent
calculation circuit 121 in each cycle, in an address designated from the outside. The exponent memory circuit 151 outputs
the maximum exponents Imax(s) which are held in addresses designated from the outside, as exponent data ID1-ID3.
[0065] The corrected exponent calculation circuit 152 calculates corrected exponents CI1-CI3 based on the exponent
data ID1-ID3. The calculated corrected exponents CI1-CI3 are outputted to the shift circuits SC21-SC23, respectively.
[0066] The shift circuits SC21-SC23 receive the data D141-D143 from the data memory circuit 140. The shift circuits
SC21-SC23 carry out shift operation on the data D141-D143, respectively, based on the corrected exponents CI1-CI3.
As a result, the second normalization processing is performed for the data D141-D143. The shift circuits SC21-SC23
output the data after the second normalization processing as data D151-D153.
[0067] Next, operation of the arithmetic processing apparatus 100 will be explained in detail. The operation of the
arithmetic processing apparatus 100 includes cycles C1-C6. The operation of the arithmetic processing apparatus 100
is broadly divided into cycles C1-C3 and cycles C4-C6. In below, in the view of the operation of the arithmetic processing
apparatus 100, the cycles C1-C3 and the cycles C4-C6 will be described as a first normalization phase P1 and a second
normalization phase P2, respectively. The progress of the cycle is controlled using a clock signal CLK, for example.
[0068] First, the operation of the arithmetic processing apparatus 100 in the first normalization phase P1 (cycles C1-
C3) will be described. Fig. 3 is a timing chart showing the operation in the first normalization phase P 1 (cycles C1-C3)
of the arithmetic processing apparatus 100 according to the exemplary embodiment 1.
[0069] In this exemplary embodiment, the first arithmetic circuit 110 outputs data D1-D9, each having 12 bits, as a
block to be processed by normalization of a block floating point. In below, values of the data D1-D9 are represented
with two’s complement representation. In a bit string of data indicated below, the leftmost bit is MSB (Most Significant
Bit), and the rightmost bit is LSB (Least Significant Bit). Note that, the MSB is a sign bit. The data D1-D9 are shown below.

Data D1 000101110111

Data D2: 001100010001

Data D3: 000001101100

Data D4: 111100111000

Data D5: 111110000000

Data D6: 000000100101

Data D7: 000010111110

Data D8: 000011010001

Data D9: 000010111001

[0070] In the cycle C1, the first arithmetic circuit 110 carries out an arithmetic operation for inputted data, and outputs
the data D1-D3 which are arithmetic operation results as the data D111-D113, respectively. Similarly, in the cycle C2,
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the first arithmetic circuit 110 carries out the arithmetic operation for inputted data, and outputs the data D4-D6 which
are arithmetic operation results as the data D111-D113, respectively. In the cycle C3, the first arithmetic circuit 110
carries out the arithmetic operation for inputted data, and outputs the data D7-D9 which are arithmetic operation results
as the data D111-D113, respectively.
[0071] In the cycles C1-C3, the maximum exponent calculation circuit 121 receives the data D111-D113, in each cycle.
The maximum exponent calculation circuit 121 calculates a maximum exponent Imax for the data D111-D113, in each
cycle.
[0072] Specifically, the maximum exponent calculation circuit 121 calculates absolute values of the data D1-D9 in the
block, in each cycle. The absolute values ABS1-ABS9 of the data D1-D9 are shown below.

(Cycle C1)

Absolute value ABS1 (absolute value of data D1): 000101110111
Absolute value ABS2 (absolute value of data D2): 001100010001
Absolute value ABS3 (absolute value of data D3): 000001101100

(Cycle C2)

Absolute value ABS4 (absolute value of data D4): 000011001000
Absolute value ABS5 (absolute value of data D5): 000010000000
Absolute value ABS6 (absolute value of data D6): 000000100101

(Cycle C3)

Absolute value ABS7 (absolute value of data D7): 000010111110
Absolute value ABS8 (absolute value of data D8): 000011010001
Absolute value ABS9 (absolute value of data D9): 000010111001

[0073] Next, in each cycle, the logical sums ADD1-3 of the calculated absolute values ABS1-ABS9 are calculated.
The respective logical sums ADD1-3 of the absolute values ABS1-ABS3, the absolute values ABS4-ABS6 and the
absolute values ABS7-ABS9 are shown below.

(Cycle C1)

Logical sum ADD1 (logical sum of absolute values ABS1-ABS3): 001101111111

(Cycle C2)

Logical sum ADD2 (logical sum of absolute values ABS4-ABS6): 000011101101

(Cycle C3)

Logical sum ADD3 (logical sum of absolute values ABS7-ABS9): 000011111101

[0074] Next, in the respective cycles, the first bit position indicating one as a value of the bit from the MSB (Most
Significant Bit) side of the logical sum is detected. In below, it is assumed that the MSB is 11-th bit and, the LSB (Least
Significant Bit) is 0-th bit.
[0075] First, in the cycle C1, the 9-th bit is detected as the first bit position indicating one as a value of the bit from the
MSB side. Here, the case that bit shift operation of shifting left is carried out on each of the data D1-D3 with a same shift
size to normalize the data D1-D3 with a common exponent is considered. In this case, when the shifting size is 1 bit,
values after the normalization are correctly represented without changing a sign of any of the data D1-D3. Accordingly,
the maximum exponent Imax1 of the cycle C1 is "-1". In the cycle C1, the maximum exponent calculation circuit 121
outputs "-1" as the calculated maximum exponent Imax 1.
[0076] Similarly, in the cycle C2, the 7-th bit is detected as the first bit position indicating one as a value of the bit from
the MSB side. In the case that the bit shift operation of shifting left is carried out on each of the data D4-D6 with a same
shift size to normalize the data D4-D6 with a common exponent, values after the normalization are correctly represented
without changing a sign of any of the data D4-D6, if the shifting size is 3 bits. Accordingly, the maximum exponent Imax2
of the cycle C2 is "-3". In the cycle C2, the maximum exponent calculation circuit 121 outputs "-3" as the calculated
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maximum exponent Imax2.
[0077] In a cycle C3, the 7-th bit is detected as the first bit position indicating one as a value of the bit from the MSB
side. In the case that the bit shift operation of shifting left is carried out on each of the data D7-D9 with a same shift size
to normalize the data D7-D9 with a common exponent, values after the normalization are correctly represented without
changing a sign of any of the data D7-D9, if the shifting size is 3 bits. Accordingly, the maximum exponent Imax3 of the
cycle C3 is "-3". In the cycle C3, the maximum exponent calculation circuit 121 outputs "-3" as the calculated maximum
exponent Imax3.
[0078] In the cycle C1, the exponent memory circuit 151 writes the value "-1" of the maximum exponent Imax1 in an
address Am1 designated by a write address Awm. In the cycle C2, the exponent memory circuit 151 writes the value "-
3" of the maximum exponent Imax2 in an address Am2 designated by a write address Awm. In the cycle C3, the exponent
memory circuit 151 writes the value "-3" of the maximum exponent Imax3 in an address Am3 designated by a write
address Awm.
[0079] Next, operation of the shift circuits SC11-SC13 will be described. The shift circuits SC11-SC13 perform the
first normalization processing by carrying out shift operation on the data D111-D113, based on the maximum exponent
Imax calculated by the maximum exponent calculation circuit 121, in each cycle.
[0080] Specifically, in the cycle C1, the shift circuits SC11-SC13 carry out shift operation on the data D1-D3 received
as the data D111-D113, based on the value "-1" of the maximum exponent Imax1 calculated by the maximum exponent
calculation circuit 121, respectively. The shift circuits SC11-SC13 output first normalized data ND11-ND13 after the first
normalization processing as data D121-D123, respectively.
[0081] In the cycle C2, the shift circuits SC11-SC13 carry out shift operation on the data D4-D6 received as the data
D111-D113, based on the value "-3" of the maximum exponent Imax2 calculated by the maximum exponent calculation
circuit 121, respectively. The shift circuits SC11-SC13 output first normalized data ND14-ND16 after the first normalization
processing as the data D121-D123, respectively.
[0082] In a cycle C3, the shift circuits SC11-SC13 carry out shift operation on the data D7-D9 received as data D111-
D113, based on the value "-3" of the maximum exponent Imax3 calculated by the maximum exponent calculation circuit
121, respectively. The shift circuit SC11-SC13 output first normalized data ND17-ND19 after the first normalization
processing as the data D121-D123, respectively.
[0083] The first normalized data ND11-ND19 after the first normalization processing in each cycle of the first normal-
ization phase P1 (cycles C1-C3) is shown below.

(Cycle C1)

First normalized data ND11 : 001011101110
First normalized data ND12: 011000100010
First normalized data ND 13: 000011011000

(Cycle C2)

First normalized data ND 14: 100111000000

First normalized data ND 15: 110000000000

First normalized data ND16: 000100101000

(Cycle C3)

First normalized data ND 17: 010111110000

First normalized data ND 18: 011010001000

First normalized data ND19: 01111001000

[0084] In the cycle C1-C3, the rounding circuits 131-133 perform the rounding processing to the first normalized data
ND11-ND19 outputted as the data D121-D123, respectively. As a result, the rounding circuits 131-133 generate rounded
data RD11-RD19 each having a bit width of 6 bits, reduced from the normalized data ND1-ND9.
[0085] In other words, in the cycle C1, the rounding circuits 131-133 output the rounded data RD 11-RD13 each having
a bit width reduced from the first normalized data ND11-ND13, as rounded data D131-D133, respectively.
[0086] In the cycle C2, the rounding circuits 131-133 output the rounded data RD14-RD16 each having a bit width



EP 2 711 835 A1

11

5

10

15

20

25

30

35

40

45

50

55

reduced from the first normalized data ND14-ND16, as the rounded data D131-D133, respectively.
[0087] In the cycle C3, the rounding circuits 131-133 output the rounded data RD17-RD19 each having a bit width
reduced from the first normalized data ND17-ND19, as the rounded data D131-D133, respectively.
[0088] The rounded data RD11-RD19 after the rounding processing in each cycle of the first normalization phase P1
(cycles C1-C3) are shown below.

(Cycle C1)

Rounded data RD11: 001011

Rounded data RD12: 011000

Rounded data RD13: 000011

(Cycle C2)

Rounded data RD14: 100111

Rounded data RD15: 110000

Rounded data RD16: 000100

(Cycle C3)

Rounded data RD17: 010111

Rounded data RD18: 011010

Rounded data RD19: 010111

[0089] The data memory circuit 140 receives and holds the rounded data RD11-RD19 outputted by the rounding
circuits 131-133 as the data D131-D133, in the first normalization phase P1 (cycles C1-C3).
[0090] Specifically, in the cycle C1, the data memory circuit 140 stores and holds the rounded data RD11-RD13,
outputted as the data D131-D133, to addresses A1-A3 designated by write address Aw1-Aw3, respectively.
[0091] In the cycle C2, the data memory circuit 140 stores and holds the rounded data RD14-RD16, outputted as the
data D131-D133, to addresses A1-A3 designated by the write address Aw1-Aw3, respectively.
[0092] In the cycle C3, the data memory circuit 140 stores and holds the rounded data RD17-RD19, outputted as the
data D131-D133, to addresses A1-A3 designated by the write address Aw1-Aw3, respectively.
[0093] The exponent memory circuit 151 stores and holds the maximum exponents Imax1-Imax3 calculated in each
of the cycles C1-C3.
[0094] Specifically, in the cycle C1, the exponent memory circuit 151 stores and holds the value "-1" of the maximum
exponent Imax1 in address Am1 designated by write address Awm. Similarly, in the cycle C2, the exponent memory
circuit 151 stores and holds the value "-3" of the maximum exponent Imax2 in address Am2 designated by the write
address Awm. In the cycle C3, the exponent memory circuit 151 stores and holds the value "-3" of the maximum exponent
Imax3 in address Am3 designated by the write address Awm.
[0095] Next, the operation of the arithmetic processing apparatus 100 in the second normalization phase P2 (cycles
C4-C6) will be described. Fig. 4 is a timing chart showing the operation in the second normalization phase P2 (cycles
C4-C6) of the arithmetic processing apparatus 100 according to the exemplary embodiment 1.
[0096] The data memory circuit 140 outputs the held rounded data RD11-RD19 as data D141-D143. At that time, the
data memory circuit 140 outputs pieces of data in the different order from the input, for the arithmetic operation performed
by the second arithmetic circuit 160.
[0097] Specifically, in the cycle C4, the data memory circuit 140 outputs the rounded data RD11 held in the address
A1 designated by readout address Ar1 as the data D141. Similarly, the data memory circuit 140 outputs the rounded
data RD13 held in the address A3 designated by readout address Ar2 as the data D142 and outputs the rounded data
RD 15 held in the address A5 designated by readout address Ar3 as the data D143.
[0098] In the cycle C5, the data memory circuit 140 outputs the rounded data RD12 held in the address A2 designated
by the readout address Ar1 as the data D141. Similarly, the data memory circuit 140 outputs the rounded data RD 14
held in the address A4 designated by the readout address Ar2 as the data D142 and outputs the rounded data RD17
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held in the address A7 designated by the readout address Ar3 as the data D 143.
[0099] In the cycle C6, the data memory circuit 140 outputs the rounded data RD16 held in the address A6 designated
by the readout address Ar1 as the data D141. Similarly, the data memory circuit 140 outputs the rounded data RD18
held in the address A8 designated by the readout address Ar2 as the data D142 and outputs the rounded data RD 19
held in the address A9 designated by the readout address Ar3 as the data D 143.
[0100] In the second normalization phase P2 (cycles C4-C6), the exponent memory circuit 151 outputs the held
maximum exponents Imax1 -Imax3 as exponent data ID1-ID3.
[0101] Specifically, in the cycle C4, the exponent memory circuit 151 outputs the value "-1" of the maximum exponent
Imax1 held in the address Am1 designated by readout address Arm1 as the data ID1. Similarly, the exponent memory
circuit 151 outputs the value "-1" of the maximum exponent Imax1 held in the address Am1 designated by readout
address Arm2 as the exponent data ID2 and outputs the value "-3" of the maximum exponent Imax3 held in the address
Am2 designated by readout address Arm3 as the exponent data ID3.
[0102] In the cycle C5, the exponent memory circuit 151 outputs the value "-1" of the maximum exponent Imax1 held
in the address Am1 designated by the readout address Arm1 as the data ID1. Similarly, the exponent memory circuit
151 outputs the value "-3" of the maximum exponent Imax2 held in the address Am2 designated by the readout address
Arm2 as the exponent data ID2 and outputs the value "-3" of the maximum exponent Imax3 held in the address Am3
designated by the readout address Arm3 as the exponent data ID3.
[0103] In a cycle C6, the exponent memory circuit 151 outputs the value "-3" of the maximum exponent Imax2 held
in the address Am2 designated by the readout address Arm1 as the data ID1. Similarly, the exponent memory circuit
151 outputs the value "-3" of the maximum exponent Imax3 held in the address Am3 designated by the readout address
Arm2 as the exponent data ID2 and outputs the value "-3" of the maximum exponent Imax3 held in the address Am3
designated by the readout address Arm3 as the exponent data ID3.
[0104] In each cycle of the second normalization phase P2 (cycles C4-C6), the corrected exponent calculation circuit
152 calculates corrected exponents CI1-CI3 based on the exponent data ID1-ID3. The corrected exponent calculation
circuit 152 outputs the corrected exponents CI1-CI3 to the shift circuits SC21-SC23, respectively.
[0105] First, in the cycle C4, the corrected exponent calculation circuit 152 calculates the corrected exponents CIl-CI3
from the values "-1", and "-3" of the exponent data ID1-ID3, respectively. Specifically, the corrected exponent calculation
circuit 152 finds the maximum value of the inputted exponent data ID1-ID3. In this case, the maximum value for the
exponent data ID1-ID3 is the value "-1 of the exponent data ID1. The corrected exponent calculation circuit 152 calculates
the corrected exponents CI1-CI3 of the exponent data ID1-ID3. Here, the corrected exponents CI1-CI3 are numbers
wherein each of values obtained by adding the numbers to exponent data ID 1-ID3 respectively is equal to the maximum
value. Accordingly, the corrected exponent calculation circuit 152 outputs "0", "0" and "+2", respectively, as the corrected
exponents CI1-CI3.
[0106] In the cycle C5, the corrected exponent calculation circuit 152 calculates the corrected exponents CI1-CI3 from
the values "-1", "-3" and "-3" of exponent data ID1-ID3, respectively. In this case, the maximum value for the exponent
data ID1-ID3 is the value "-1" of the exponent data ID1. Accordingly, the corrected exponent calculation circuit 152
outputs "0", "+2" and "+2", respectively, as the corrected exponents CI1-CI3.
[0107] In the cycle C6, the corrected exponent calculation circuit 152 calculates the corrected exponents CI1-CI3 from
the values "-3", "-3" and "-3" of the exponent data ID1-ID3. In this case, the maximum value for the exponent data ID1-
ID3 is the value "-3" of the exponent data ID1. Accordingly, the corrected exponent calculation circuit 152 outputs "0"
respectively, as the corrected exponents CI1-CI3.
[0108] In the second normalization phase P2 (cycles C4-C6), the shift circuits SC21-SC23 perform the second nor-
malization processing by carrying out shift operation on the data D141-D143, based on the corrected exponents CI1-
CI3 calculated by the corrected exponent calculation circuit 152, respectively. Data D151-D153 generated by the second
normalization processing are outputted to the second arithmetic circuit 160. Note that, by the second normalization
processing, second normalized data ND21-ND29 are generated based on the rounded data RD11-RD19.
[0109] Specifically, in the cycle C4, the shift circuit SC21 generates the second normalized data ND21 by shifting the
rounded data RD11 received as the data D141 by "0", which is the value of the corrected exponent CI1. The shift circuit
SC22 generates the second normalized data ND23 by shifting the rounded data RD13 received as the data D142 by
"0", which is the value of the corrected exponent CI2. The shift circuit SC23 generates the second normalized data ND25
by shifting the rounded data RD15 received as the data D143 by "+2", which is the value of the corrected exponent CI3.
The second normalized data ND21, ND23 and ND25 are outputted as data D151-D153, respectively.
[0110] In the cycle C5, the shift circuit SC21 generates the second normalized data ND22 by shifting the rounded data
RD12 received as the data D141 by "0", which is the value of the corrected exponent CI1. The shift circuit SC22 generates
the second normalized data ND24 by shifting the rounded data RD14 received as the data D142 by "+2", which is the
value of the corrected exponent CI2. The shift circuit SC23 generates the second normalized data ND27 by shifting the
rounded data RD 17 received as the data D143 by "+2", which is the value of the corrected exponent C13. The second
normalized data ND22, ND24 and ND27 are outputted as the data D151-D153, respectively.
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[0111] In the cycle C6, the shift circuit SC21 generates the second normalized data ND26 by shifting the rounded data
RD16 received as the data D 141 by "0", which is the value of the corrected exponent CI1. The shift circuit SC22 generates
the second normalized data ND28 by shifting the rounded data RD18 received as the data D142 by "0", which is the
value of the corrected exponent CI2. The shift circuit SC23 generates the second normalized data ND29 by shifting the
rounded data RD19 received as the data D143 by "0", which is the value of the corrected exponent C13. The second
normalized data ND26, ND28 and ND29 are outputted as the data D151-D153, respectively.
[0112] The second normalized data ND21-ND29 after the second normalization processing in each cycle of the second
normalization phase P2 (cycles C4-C6) are shown below.

(Cycle C4)

Second normalized data ND21: 001011
Second normalized data ND23: 000011
Second normalized data ND25: 111100

(Cycle C5)

Second normalized data ND22: 011000
Second normalized data ND24: 111001
Second normalized data ND27: 000101

(Cycle C6)

Second normalized data ND26: 000100
Second normalized data ND28: 011010
Second normalized data ND29: 010111

[0113] Next, a characteristic configuration of the present invention will be described.
[0114] Fig. 7 is a block diagram showing a characteristic configuration of the exemplary embodiment 1.
[0115] An arithmetic processing apparatus 100 includes a first normalization circuit 120, a rounding circuit 130, a data
memory circuit (first storage circuit) 140, and a second normalization circuit 150.
[0116] The first normalization circuit 120 performs a first normalization, in which a plurality pieces of data, which have
a common exponent and which are either fixed-point number representation data or mantissa portion data of block
floating-point number representation, are inputted in each of a plurality of cycles and the plurality of pieces of data
inputted in each of the plurality of cycles are respectively normalized with the common exponent on the basis of a
maximum exponent for the plurality of pieces of data inputted in a corresponding one of the plurality of cycle.
[0117] The rounding circuit 130 outputs a plurality of pieces of rounded data which are obtained by reducing a bit width
of respective one of the plurality of pieces of data on which the first normalization is performed.
[0118] The data memory circuit (first storage circuit) 140 stores a plurality of pieces of rounded data regarding the
plurality of cycles in which the first normalization is performed and outputs a plurality of designated pieces of rounded
data among the stored plurality of pieces of rounded data.
[0119] The second normalization circuit 150 performs a second normalization, in which the plurality of designated
pieces of rounded data are respectively normalized with an exponent which is common to the plurality of designated
pieces of rounded data on the basis of the maximum exponents used in the first normalization for the plurality of designated
pieces of rounded data and a maximum value of the maximum exponents, and outputs a result of the second normalization.
[0120] As mentioned above, according to the exemplary embodiment, in a data processing circuit which includes a
plurality of parallel arithmetic circuits and carries out arithmetic operation on a plurality of pieces of data in parallel, block
floating point processing is performed bundling pieces of data to be calculated simultaneously in the respective arithmetic
circuits into one block. Therefore, without depending on the size of the data to be processed, the block size can be
decided according to the paralleling degree of the arithmetic operation. Accordingly, because the block can be small
even when the size of the data to be processed is large, there is an effect that a precision is not reduced even when a
range of values of respective pieces of data is wide.
[0121] In the arithmetic processing apparatus 100, it is possible to perform the first normalization processing and the
rounding processing at the former stage of the data memory circuit 140 which holds the data, and perform the second
normalization processing at the latter stage of the data memory circuit 140.
[0122] In addition, based on the exponent values in the first normalization processing, the corrected exponents for the
second normalization processing are determined. That is, in the arithmetic processing apparatus 100, the corrected
exponents are calculated in such a way that the cycles in which the rounded data RD 11-RD19, which are base of the
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data D141-D143 on which the second normalization processing is performed by the shift circuit SC21-SC23, are gen-
erated and the cycles in which the maximum exponents, which are used in a subtraction for calculating the corrected
exponents for normalizing the rounded data RD11-RD19, are calculated are the same, respectively.
[0123] Accordingly, in the arithmetic processing apparatus 100, because the bits of the data are reduced by the
rounding processing in front of the data memory circuit 140, the memory capacity required for the data memory circuit
140 can be reduced. As a result, the arithmetic processing apparatus with the small circuit size and the low power
consumption can be provided.
[0124] Note that, the present invention is not limited to the embodiment mentioned above, and it can be changed
appropriately without departing from the spirit. For example, in the exemplary embodiment mentioned above, although
3 is used as the values of n and m, it is only an example. Accordingly, any integer equal to or greater than 2 can be used
as n and m.
[0125] In addition, in the exemplary embodiment mentioned above, the combination of pieces of data outputted from
the data memory circuit 140 in each cycle is not limited to the example mentioned above. That is, as long as it is outputted
by n pieces, the data memory circuit 140 can output any combination of pieces of data.
[0126] This application is based upon and claims the benefit of priority from Japanese Patent Application No.
2011-109554, filed on May 16, 2011, the disclosure of which is incorporated herein in its entirety by reference.

Reference Signs List

[0127]

100 arithmetic processing apparatus

110, 201 first arithmetic circuit

120 first normalization circuit

130 rounding circuit

131 first rounding circuit

132 second rounding circuit

133 third rounding circuit

140, 203 data memory circuit

150 second normalization circuit

160, 204 second arithmetic circuit

121, 210 maximum exponent calculation circuit

151 exponent memory circuit

152 corrected exponent calculation circuit

241-243 rounding circuit

200 arithmetic processing apparatus

202 normalization circuit

221-223 shift circuit

Aw1-Aw3, Aw21-Aw23, Awm write address

Ar1-Ar3, Ar21-Ar23, Arm1-Arm3 readout address
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C1-C6 cycle

CI1-CI3 corrected exponent

D1-D9, D111-D113, D121-D123, D131-D133, D141-D143, D151-D153, D211-D213, D221-D223, D231-D233, D241-
D243 data

ID1-ID3 exponent data

Imax, Imax1-Imax3 maximum exponent

P1 first normalization phase

P2 second normalization phase

SC11-SC13, SC21-SC23 shift circuit

Claims

1. An arithmetic processing apparatus comprising:

a first normalization means for performing a first normalization, in which a plurality pieces of data, which have
a common exponent and which are either fixed-point number representation data or mantissa portion data of
block floating-point number representation, are inputted in each of a plurality of cycles and the plurality of pieces
of data inputted in each of the plurality of cycles are respectively normalized with the common exponent on the
basis of a maximum exponent for the plurality of pieces of data inputted in a corresponding one of the plurality
of cycle;
a rounding means for outputting a plurality of pieces of rounded data which are obtained by reducing a bit width
of respective one of the plurality of pieces of data on which the first normalization is performed;
a first storage means for storing a plurality of pieces of rounded data regarding the plurality of cycles in which
the first normalization is performed and outputting a plurality of designated pieces of rounded data among the
stored plurality of pieces of rounded data; and
a second normalization means for performing a second normalization, in which the plurality of designated pieces
of rounded data are respectively normalized with an exponent which is common to the plurality of designated
pieces of rounded data on the basis of the maximum exponents used in the first normalization for the plurality
of designated pieces of rounded data and a maximum value of the maximum exponents, and outputting a result
of the second normalization.

2. The arithmetic processing apparatus according to claim 1, wherein
the second normalization means calculates, for each of the plurality of designated pieces of rounded data, a corrected
exponent which is obtained by subtracting the maximum exponent used in the first normalization for a corresponding
one of the plurality of designated pieces of rounded data from the maximum value of the maximum exponents used
in the first normalization for the plurality of designated pieces of rounded data, and normalizes the plurality of
designated pieces of rounded data based on the corrected exponents respectively.

3. The arithmetic processing apparatus according to claim 2, wherein
n (n is an integer which is equal to or greater than 2) pieces of the fixed-point number representation data or the
mantissa portion data of block floating-point number representation are inputted in m (m is an integer which is equal
to or greater than 2) cycles respectively, in a first normalization phase,
the first normalization means normalizes n pieces of data on the basis of the maximum exponent for the n pieces
of data, in each cycle,
the rounding means outputs n pieces of rounded data which are obtained by reducing a bit width of respective one
of the n pieces of data on which the first normalization is performed, in each cycle,
the first storage means stores (m 3 n) pieces of rounded data for the m cycles in the first normalization phase, and
outputs n designated pieces of rounded data which are selected from the stored rounded data, in each cycle, in a
second normalization phase after the first normalization phase,
the second normalization means selects n maximum exponents out of m maximum exponents for the m cycles,
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calculates n corrected exponents by subtracting respective one of the n maximum exponents from the maximum
value of the n maximum exponents, and normalizes the n pieces of designated rounded data based on the n corrected
exponents respectively, in each cycle, in the second normalization phase,
a cycle in which k-th (k is an integer which is equal to or greater than 1 and equal to or smaller than n) piece of
rounded data in the normalization by the second normalization means is generated and a cycle corresponding to
the maximum exponent used to calculate the corrected exponent in the normalization of the k-th rounded data by
the second normalization means are the same.

4. The arithmetic processing apparatus according to claim 3, wherein the second normalization means includes:

a second storage means for storing each of the m maximum exponents in an addresses designated as a write
address from the outside, and outputting the n maximum exponents stored in n addresses designated as
exponent read-out addresses from the outside in each cycle in the second normalization phase; and
a first calculating means for detecting the maximum value of the n maximum exponents outputted from the
second storage means, and calculating the n corrected exponents by subtracting respective one of the n max-
imum exponents from the detected maximum value, in each cycle.

5. The arithmetic processing apparatus according to claims 3 or 4, wherein
the first storage means stores respective one of the (m 3 n) pieces of rounded data in an address designated as a
write address from the outside in the first normalization phase, and outputs n pieces of rounded data stored in
addresses designated as readout addresses from the outside in each cycle in the second normalization phase.

6. The arithmetic processing apparatus according to any one of claims 3 to 5, wherein
the second normalization means further includes n first shifting means for shifting a bit of n designated pieces of
rounded data based on the n corrected exponents respectively, in each cycle.

7. The arithmetic processing apparatus according to any one of claims 3 to 6, wherein the first normalization means
includes:

a second calculating means for calculating n exponents for normalizing received the n pieces of data in each
cycle, and outputting the maximum value of the n exponents as the maximum exponent, and
n second shifting means for shifting a bit of the n pieces of data based on the maximum exponent respectively,
in each cycle.

8. The arithmetic processing apparatus according to any one of claims 3 to 7, wherein
the rounding means includes n rounding means for reducing a bit width of respective one of the n pieces of data
normalized by the first normalization means, in each cycle.

9. An arithmetic processing method comprising:

performing a first normalization, in which a plurality pieces of data, which have a common exponent and which
are either fixed-point number representation data or a mantissa portion data of block floating-point number
representation, are inputted in each of a plurality of cycles and the plurality of pieces of data inputted in each
of the plurality of cycles are respectively normalized with the common exponent on the basis of a maximum
exponent for the plurality of pieces of data inputted in a corresponding one of the plurality of cycle;
outputting a plurality of pieces of rounded data which are obtained by reducing a bit width of respective one of
the plurality of pieces of data on which the first normalization is performed;
storing a plurality of pieces of rounded data regarding the plurality of cycles in which the first normalization is
performed and outputting a plurality of designated pieces of rounded data among the stored plurality of pieces
of rounded data; and
performing a second normalization, in which the plurality of designated pieces of rounded data are respectively
normalized with an exponent which is common to the plurality of designated pieces of rounded data on the
basis of the maximum exponents used in the first normalization for the plurality of designated pieces of rounded
data and a maximum value of the maximum exponents, and outputting a result of the second normalization.

10. The arithmetic processing apparatus according to claim 9, wherein
the performing a second normalization calculates, for each of the plurality of designated pieces of rounded data, a
corrected exponent which is obtained by subtracting the maximum exponent used in the first normalization for a
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corresponding one of the plurality of designated pieces of rounded data from the maximum value of the maximum
exponents used in the first normalization for the plurality of designated pieces of rounded data, and normalizes the
plurality of designated pieces of rounded data based on the corrected exponents respectively.
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