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SYSTEM AND METHOD FOR PROCESSING DATA USING A MATRIX OF
PROCESSING UNITS

[0001] Embodiments of the invention relate generally to electronic systems
and, more particularly, to a system and method for processing data.

[0002] Processing data, for example, changing the locations of bits in a data
word and performing bitwise operations, is important to a variety of electronic
systems and applications. In applications such as Fast Fourier Transform (FFT),
Single Instruction Multiple Data (SIMD) logic instructions, and Galois field
arithmetic operations for Reed Solomon decoders, dedicated hardware is
implemented to perform fixed data processing functions, which results in low
flexibility and reusability of the dedicated hardware.

[0003] Thus, there is a need for a system and method for processing data

that improves the flexibility and reusability of dedicated hardware.

[0004] A system and method for processing data utilizes a matrix of
processing units using an array of commands stored in memory to process input
data words to generate output data words, which can be used in various
applications.

[0005] In an embodiment, a system for processing data comprises a matrix
of N rows and M columns of processing units, where N and M are integers greater
than zero, memory, and a controller. In the matrix of N rows and M columns of
processing units, each processing unit includes at least one logic circuit and each
logic circuit is configured to perform a bit operation. The memory is configured
to store an array of N rows and M columns of commands, wherein each command
of the array of N rows and M columns of commands defines a configuration of the
bit operation of one processing unit of the matrix of N rows and M columns of
processing units. The controller is configured to control the matrix of N rows and
M columns of processing units using the array of N rows and M columns of
commands stored in the memory to process at least one input data word having N

bits to generate at least one output data word having M bits.
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[0006] In an embodiment, a method for processing data comprises (a)
obtaining an array of N rows and M columns of commands, where N and M are
ntegers greater than zero; (b) applying the array of N rows and M columns of
commands to a matrix of N rows and M columns of processing units, wherein
each processing unit includes at least one logic circuit and each logic circuit is
configured to perform a bit operation, each command of the array of N rows and
M columns of commands defining a configuration of the bit operation of one
processing unit of the matrix of N rows and M columns of processing units; and
(c) at the matrix of N rows and M columns of processing units, performing bit
operations on at least one input data word having N bits in response to the array of
N rows and M columns of commands to generate at least one output data word
having M bits.

[0007] In an embodiment, a system for processing data comprises a matrix
of processing units, memory, and a controller. The matrix of processing units
includes eight rows and eight columns of processing units, wherein each
processing unit includes at least one logic circuit and each logic circuit is
configured to perform a bit operation. The memory is configured to store an array
of eight rows and eight columns of commands, wherein each command of the
array of eight rows and eight columns of commands defines a configuration of the
bit operation of one processing unit of the matrix of processing units. The
controller is configured to control the matrix of processing units using the array of
eight rows and eight columns of commands stored in the memory to process at
least one input data word having eight bits to generate at least one output data
word having eight bits.

[0008] Other aspects and advantages of embodiments of the present
invention will become apparent from the following detailed description, taken in
conjunction with the accompanying drawings, illustrated by way of example of

the principles of the invention.

[0009] Fig. 1 illustrates a system for processing data in accordance with an

embodiment of the invention.
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[0010] Fig. 2 illustrates an embodiment of a matrix of eight rows and eight
columns of processing units and memory to store arrays of eight rows and eight
columns of commands in the system of Fig. 1.

[0011] Fig. 3 illustrates an embodiment of a processing unit of the matrix of
processing units of Fig. 1.

[0012] Fig. 4.A - 4.G, Figs. SA - 5H, Figs. 6A - 6F, Figs. 7A - 7B, and Fig.

8 illustrate some operations that may be performed by the processing unit of Fig.
3.

[0013] Fig. 9 illustrates an embodiment of bit operations performed
according to the array of eight rows and eight columns of commands by the matrix
of eight rows and eight columns of processing units of Fig. 2.

[0014] Fig. 10 illustrates another embodiment of bit operations performed
according to the array of eight rows and eight columns of commands by the matrix
of eight rows and eight columns of processing units of Fig. 2.

[0015] Fig. 11 illustrates another embodiment of bit operations performed
according to the array of eight rows and eight columns of commands by the matrix
of eight rows and eight columns of processing units of Fig. 2.

[0016] Fig. 12 illustrates bit operations performed according to an array of
eight rows and eight columns of commands by a matrix of processing units of
cight rows and eight columns of a system for processing data in accordance with
another embodiment of the invention.

[0017] Fig. 13 is a schematic flow chart diagram of a method for processing
data in accordance with an embodiment of the invention.

[0018] Throughout the description, similar reference numbers may be used

to identify similar elements.

[0019] With reference to Fig. 1, a system for processing data 100 in
accordance with an embodiment of the invention is described. Embodiments of
the system for processing data can be applied to various electronic systems, in
particular, spectrum analysis and feature extraction systems, digital
communication systems, multimedia audio and video compression systems, and
logic and control systems. Example applications of the various electronic systems

may include FFT, decision bit compaction in Viterbi decoding, frequency
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deinterleaving in OFDM-based digital broadcast channel decoding, Galois field
arithmetic for Reed-Solomon decoding, encryption, or any applications that use
complex masking, shifting, and combining of bits.

[0020] As shown in Fig. 1, the system for processing data 100 includes a
processor 102, which operates on input data words having N bits to produce
output data words having M bits, where N and M are integers greater than zero,
and a controller 104, which controls the operation of the processor. In some
embodiments, the processor may be a coprocessor. Although the depicted system
includes several components described herein, other embodiments may include
fewer or more components.

[0021] The processor 102 includes an input buffer 106, a matrix of N rows
and M columns of processing units 108, memory 110, and an output buffer 112.
The input buffer is configured to buffer one or more incoming input data words.
The size of the input buffer can vary depending on the size of the input data
words. The depth of the input buffer can vary depending on the number of inputs
(e.g., ong input as in Fig. 9 or two inputs as in Fig. 11). The matrix of N rows and
M columns of processing units is configured to perform various bit operations on
the input data words to produce the output data words based on a set of commands
applied to the matrix of processing units. Thus, by applying different sets of
commands, the matrix of processing units can perform different bit operations on
the input data words to produce the desired output data words, which can vary
depending on the application for which the system 100 is being used. In some
embodiments, the number of rows of processing units in the matrix of processing
units and the number of columns of processing units in the matrix of processing
units are equal, i.e., N=M. In other embodiments, the number of rows of
processing units in the matrix of processing units and the number of columns of
processing units in the matrix of processing units are not equal, i.e., NAM. Each
processing unit of the matrix of processing units includes at least one logic circuit,
where each logic circuit is configured to perform a bit operation. In some
embodiments, the processing units are structurally identical to each other. An
exemplary processing unit is described in detail below with reference to Fig. 3.
The memory is configured to store one or more arrays of commands, where each

command of the array of commands defines a configuration of the bit operation of
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one processing unit of the matrix of processing units. Although three arrays of
commands 114, 116, and 118, are shown to be stored in the memory in Fig. 1, the
memory may store any number of arrays of commands, which is only limited by
the storage capacity of the memory. In an embodiment, each array of commands
includes N rows and M column of commands so that each command is used to
configure a particular processing unit of the matrix of processing units. The
matrix of processing units and the memory are described in more detail below
with reference to Fig. 2. The output buffer is configured to buffer the output data
words produced by the matrix of processing units. The size of the output buffer
can vary depending on the size of the output data words.

[0022] The controller 104 is connected to the matrix of processing units 108
and the memory 110 to control the matrix of processing units using arrays of
commands stored in the memory to process input data words to generate output
data words. As shown in the embodiment of Fig. 1, the controller is separate from
the processor 102. However, in other embodiments, the controller may be
integrated in the processor. The operation of the controller to control the matrix
of processing units using arrays of commands stored in the memory will be
described below.

[0023] Fig. 2 illustrates an embodiment of the matrix of eight rows and eight
columns of processing units 108 and memory 110 in the system 100 of Fig. 1.
However, in Fig. 2, the memory is shown with only one array of commands 200.
In the illustrated embodiment of Fig. 2, the matrix of processing units includes
eight rows and eight columns of processing units and the array of commands
includes eight rows and eight columns of commands. In Fig. 2, each of the
processing units of the matrix of processing units and each of the commands in the
array of commands are indicated with i and j, which represent row and column
numbers, respectively, where 1 is an integer between one and eight and j is an
integer between one and eight. Each command (i, j) of the array of commands
defines a configuration of the bit operation of a corresponding processing unit (i,
j) of the matrix of processing units. For example, the command (1, 1) defines a
configuration of the bit operation of the processing unit (1, 1) and the command
(8, 8) defines a configuration of the bit operation of the processing unit (8, 8). In

this embodiment, the controller 104 controls the matrix of processing units using



WO 2010/044033 PCT/IB2009/054449

10

15

20

25

30

the array of eight rows and eight columns of commands stored in the memory to
process input data words of eight bits to generate output data words of eight bits.
[0024] In some embodiments, each processing unit of the matrix of
processing units 108 may output its output data bit to other processing unit(s) as
an input for the other processing unit(s). In some embodiments, each processing
unit may output its output data bit to another processing unit in the same column
of the matrix of processing units as an input for that processing unit. For example,
the processing unit (1, 1) may output its output data bit to the processing unit (2,
1), which may output its output data bit to the processing unit (3, 1), etc. In some
embodiments, each column of the matrix of processing units may execute a
corresponding column of the array of commands 200 on an input data word to
generate one bit of an output data word. For example, the column of processing
units (i, 1) may perform the column of commands (i, 1) on an input data words to
generate one bit of an output data word.

[0025] In some embodiments, the matrix of processing units 108 may
perform the bit operations in a predefined order. In some embodiments, the
matrix of processing units may perform the bit operations in an order, which
begins from the top row of the processing units from left to right, then goes down
each column of the processing units to the next row, where this sequence is
repeated until the last row of the processing units. In other words, the matrix of
processing units first performs the bit operations horizontally from the processing
unit (1, 1) to the processing unit (1, 8), then vertically from the processing units
(1, j) to the processing units (2, j). The matrix of processing units then performs
the bit operations horizontally from the processing unit (2, 1) to the processing
unit (2, 8), then vertically from the processing units (2, j) to the processing units
(3, ), and so on until the bit operations are performed horizontally from the
processing unit (8, 1) to the processing unit (8, 8).

[0026] In operation, the controller 104 may directly load the array of
commands 200 stored in the memory 110 into the matrix of processing units 108.
In each processing unit of the matrix of processing units, at least one of the logic
circuits of the processing unit configures its bit operation according to a command
that is received by the processing unit. The matrix of processing units receives

input data words from the input buffer 106, performs bit operations on the input
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data words in the logic circuits of the processing units according to their current
configurations, and generates output data words, which are buffered by the output
buffer 112. In some embodiments, the controller may directly load one of the
arrays of commands stored in the memory into the matrix of processing units
according to a schedule. In other embodiments, the controller may directly load
one of the arrays of commands stored in the memory into the matrix of processing
units in response to an external signal.

[0027] Alternatively, the controller 104 may convert the array of commands
200 stored in the memory 110 into control signals and loads the control signals
into the matrix of processing units 108. In each processing unit of the matrix of
processing units, at least one of the logic circuits of the processing unit configures
its bit operation according to a control signal that is received by the processing
unit. The matrix of processing units receives input data words from the input
buffer 106, performs bit operations on the input data words in the logic circuits of
the processing units according to their current configurations, and generates
output data words, which are buffered by the output buffer 112. In some
embodiments, the controller may convert one of the arrays of commands stored in
memory into control signals and load the control signals into the matrix of
processing units according to a schedule. In other embodiments, the controller
may convert one of the arrays of commands stored in memory into control signals
and load the control signals into the matrix of processing units in response to an
external control signal.

[0028] Fig. 3 illustrates an embodiment of a processing unit 300 of the
matrix of processing units 108 of Fig. 1. In the embodiment described with
reference to Fig. 3, the processing unit includes four logic circuits LC; 302, LC,
304, LC; 306, and L.C,4 308 that are connected to an input multiplexer 310 and an
output multiplexer 312. Two input data bits IDB1 and IDB2 are inputted into the
input multiplexer and processed by one or more logic circuits of the four logic
circuits LC;, LCy, LCs, and LC4. Two output data bits ODB1 and ODB2 are
outputted from the output multiplexer. Although the processing unit includes four
logic circuits in Fig. 3, the processing unit may include fewer than four logic

circuits or more than four logic circuits.
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[0029] Each logic circuit of the processing unit 300 is configured to perform
a bit operation. In the embodiment described with reference to Fig. 3, the logic
circuit LC; 302 performs a bit copy operation to copy the value of an input data
bit to an output data bit. The logic circuit LC; may be implemented by an AND
gate with two inputs, the input data bit and a fixed logic value of one. The logic
circuit LC, 304 performs a bit set operation to set the value of the output data bit
to one. The logic circuit LC, may be implemented by an OR gate with two inputs,
the input data bit and a fixed logic value of one. The logic circuit LCs 306
performs a bit reset operation to set the value of the output data bit to zero. The
logic circuit LC; may be implemented by an AND gate with two inputs, the input
data bit and a fixed logic value of zero. The logic circuit LC4 308 performs a bit
inverse operation to set the value of the output data bit to the complement of the
input data bit. The logic circuit LCs may be implemented by an XOR gate with
two inputs, the input data bit and a fixed logic value of one.

[0030] In some embodiments, one or more logic circuits of the processing
unit 300 may perform a bit operation other than the bit copy operation, the bit set
operation, the bit reset operation and the bit inverse operation described above. In
some embodiments, one or more logic circuits of the processing unit may perform
a bit operation on more than one input data bits from one or more input data
words. For example, a logic circuit of the processing units may perform an
Exclusive OR (XOR) operation or an AND operation on input data bits from
multiple input data words. In some embodiments, one or more logic circuits of
the processing unit may perform a bit operation on only one input data bit of a
selected input data word of multiple input data words. In some embodiments, one
of the logic circuits of the processing unit may output its output data bit to other
logic circuit(s) of the processing unit. Each command of an array of commands
stored in memory defines a configuration of the bit operation of the processing
unit. In some embodiments, each command enables one logic circuit and disables
the other logic circuit(s) of a particular processing unit. As an example, a
command for the processing unit may enable the logic circuit LC; 302 and disable
the logic circuits LC» 304, LCs 306, and LCs 308 such that the processing unit is

configured to perform the bit copy operation.
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[0031] Fig. 4A - 4G, Figs. 5A - 5H, Figs. 6A - 6F, Figs. 7A - 7B, and Fig. 8
illustrate some operations that may be performed by the processing unit 300 of
Fig. 3. However, the operations that may be performed by the processing unit are
not limited to these operations.

[0032] The processing unit 300 may be configured to perform a bit copy
operation to copy the values of one or more input data bits to one or more output
data bits. Fig. 4A - 4G illustrate seven bit copy operations that may be performed
by the processing unit. As shown in Fig. 4A, the processing unit performs a bit
copy operation C1 to copy the value of the input data bit IDB1 to the output data
bit ODB1. As shown in Fig. 4B, the processing unit performs a bit copy operation
C2 to copy the value of the input data bit IDB2 to the output data bit ODB2. As
shown in Fig. 4C, the processing unit performs a bit copy operation C12 to copy
the value of the input data bit IDB1 to the output data bit ODB2. As shown in
Fig. 4D, the processing unit performs a bit copy operation C21 to copy the value
of the input data bit IDB2 to the output data bit ODB1. As shown in Fig. 4E, the
processing unit performs a bit copy operation C1C2 to copy the value of the input
data bit IDBI1 to the output data bit ODB1 and the value of the input data bit IDB2
to the output data bit ODB2. As shown in Fig. 4F, the processing unit performs a
bit copy operation C121 to copy the value of the input data bit IDB1 to the output
data bit ODBI and the output data bit ODB2. As shown in Fig. 4G, the
processing unit performs a bit copy operation C212 to copy the value of the input
data bit IDB2 to the output data bit ODB1 and the output data bit ODB2.

[0033] The processing unit 300 may be configured to perform a bit set/reset
operation to set the values of one or more output data bits to one or zero. Figs. SA
- 5H illustrate eight bit set/reset operations that may be performed by the
processing unit. As shown in Fig. SA, the processing unit performs a bit reset
operation R2 to reset the value of output data bit ODB2 to zero. As shown in Fig.
5B, the processing unit performs a bit reset operation R1 to reset the value of
output data bit ODB1 to zero. As shown in Fig. 5C, the processing unit performs
a bit reset operation R12 to reset the values of output data bits ODB1 and ODB2
to zero. As shown in Fig. 5D, the processing unit performs a bit set operation S2
to set the value of output data bit ODB2 to one. As shown in Fig. 5E, the

processing unit performs a bit set operation S1 to set the value of output data bit
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ODBI to one. As shown in Fig. 5F, the processing unit performs a bit set
operation S12 to set the values of output data bits ODB1 and ODB2 to one. As
shown in Fig. 5G, the processing unit performs a bit set operation R2S1 to reset
the value of output data bit ODB2 to zero and the value of output data bit ODBI
to one. As shown in Fig. 5H, the processing unit performs a bit set operation
R182 to reset the value of output data bit ODBI1 to zero and to set the value of
output data bit ODB2 to one.

[0034] The processing unit 300 may be configured to perform a bit logic
operation, for example, a bit inverse operation I to set the value of the output data
bit to the complement of the input data bit. Figs. 6A - 6F illustrate six bit logic
operations that may be performed by the processing unit. As shown in Fig. 6A,
the processing unit performs a bit logic operation X2 to set the value of the output
data bit ODB?2 to the logic XOR result of the input data bits IDB1 and IDB2. As
shown in Fig. 6B, the processing unit performs a bit logic operation X1 to set the
value of the output data bit ODB1 to the logic XOR result of the input data bits
IDB1 and IDB2. As shown in Fig. 6C, the processing unit performs a bit logic
operation A2 to set the value of the output data bit ODB2 to the logic AND result
of the input data bits IDB1 and IDB2. As shown in Fig. 6D, the processing unit
performs a bit logic operation A1 to set the value of the output data bit ODBI1 to
the logic AND result of the input data bits IDB1 and IDB2. As shown in Fig. 6E,
the processing unit performs a bit logic operation X12 to set the values of the
output data bits ODB1 and ODB?2 to the logic XOR result of the input data bits
IDB1 and IDB2. As shown in Fig. 6F, the processing unit performs a bit logic
operation A12 to set the values of the output data bits ODB1 and ODB?2 to the
logic AND result of the input data bits IDB1 and IDB2.

[0035] In some embodiments, the processing unit 300 may be configured to
perform a bit operation other than the bit copy operations, the bit set/reset
operations and the bit logic operations described above on one or more input data
bits. In some embodiments, the processing unit may perform a combination of
one or more bit copy operations, one or more bit set/reset operations, and/or one
or more bit logic operations described above on one or more input data bits. In
some embodiments, the processing unit may perform a bit operation on one of the

two input data bits and another bit logic operation on the other input data bit.
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Figs. 7A - 7B illustrate two combinations of bit operations that may be performed
by the processing unit. Other embodiments may include any other combination of
logic operations that takes two one-bit inputs and results in two one-bit outputs.
As shown in Fig. 7A, the processing unit performs the bit logic operation X1 to
set the value of the output data bit ODB1 to the logic XOR result of the input data
bits IDB1 and IDB2 and the bit logic operation A2 to set the value of the output
data bit ODB2 to the logic AND result of the input data bits IDB1 and IDB2. As
shown in Fig. 7B, the processing unit performs the bit logic operation Al to set
the value of the output data bit ODB1 to the logic AND result of the input data
bits IDB1 and IDB2 and the bit logic operation X2 to set the value of the output
data bit ODB2 to the logic XOR result of the input data bits IDB1 and IDB2. In
some embodiments, the processing unit may not perform any bit operation. For
example, as shown in Fig. 8, the processing unit may be in a pass-through mode o,
where the processing unit performs no operation (“NOP”).

[0036] Turning now Fig. 9, an embodiment of bit operations performed
according to the array of eight rows and eight columns of commands 200 by the
matrix of eight rows and eight columns of processing units 108 of Fig. 2 is
illustrated. In this embodiment, the matrix of eight rows and eight columns of
processing units receives input data words, which have eight bits Iy - 17, and
processes the input data words according to the configurations of bit operations of
the processing units, as defined by the array of eight rows and eight columns of
commands, to generate output data words, which have eight bits Og - O5.

[0037] As shown in Fig. 9, each of the processing units (1, 1) - (1, 7), (2, 1) -
(2,6),(3,1)-(3,5), 4, 1)-4,4), (5,1)-(5,3),(6,1)-(6,2)and (7, 1) is
configured to perform the bit copy operation C1 described above, as defined by
the corresponding commands (1, 1) - (1,7), (2, 1)-(2,6),(3, 1) - (3,5), (4, 1) -
(4,4), (5, 1)-(5,3),(6,1)-(6,2)and (7, 1) in the array of commands 200. Each
of the processing units (1, 8), (2, 7), (3, 6), (4, 5), (5,4), (6,3),(7,2)and (8, 1) is
configured to perform the bit copy operation C12 described above, as defined by
the corresponding commands (1, 8), (2, 7), (3, 6), (4, 5), (5,4), (6,3),(7,2) and
(8, 1) in the array of commands. Each of the processing units (2, 8), (3, 7) - (3, 8),
(4,6)-(4,8), (5,5)-(5,8), (6,4)-(6,8),(7,3)-(7,8),and (8,2) - (8, 8) is
configured to perform the bit copy operation C2 described above, as defined by

11
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the corresponding commands (2, 8), (3, 7) - (3, 8), (4, 6) - (4, 8), (5,5)- (5, 8),
(6,4)-(6,8),(7,3)-(7,8),and (8, 2) - (8, 8) in the array of commands. After
the bit operations performed by the processing units, the value of output data bit
Oois equal to the value of input data bit I, the value of output data bit O; is equal
to the value of input data bit Ig, the value of output data bit O, is equal to the value
of input data bit Is, the value of output data bit O3 is equal to the value of input
data bit 14, the value of output data bit O4is equal to the value of input data bit Is,
the value of output data bit Os is equal to the value of input data bit I,, the value of
output data bit Og is equal to the value of input data bit [;, and the value of output
data bit O;is equal to the value of input data bit Ip. Thus, in this embodiment, the
positions of Iy- I; of the input data words have been reversed in the output data
words.

[0038] Fig. 10 illustrates another embodiment of bit operations performed
according to the array of eight rows and eight columns of commands 200 by the
matrix of processing units 108 of Fig. 2. In this embodiment, the processing unit
(1, 1) is configured to perform the bit reset operation R2 described above, as
defined by the corresponding command (1, 1) in the array of commands. The
processing unit (2, 2) is configured to perform the bit set operation S2 described
above, as defined by the corresponding command (2, 2) in the array of commands.
Each of the processing units (1, 2) - (1, 8), (2,3)-(2,8), (3,4) - (3, 8), (4,5) - (4,
8), (5,6)-(5,8),(6,7)-(6,8),and (7, 8) is configured to be in the pass-through
mode o described above, as defined by the corresponding commands (1, 2) - (1,
8),(2,3)-(2,8),(3,4)-(3,8), (4,5 -(4,8), (56)-(5,8),(6,7)-(6,8),and (7,
8) in the array of commands 200. Each of the processing units (2, 1), (3,1) - (3,
2),(4,1D)-(4,3), 5, 1DH-(54), (6,1)-(6,5),(7,1)-(7,6),and (8, 1) - (8, 7) is
configured to perform the bit copy operation C1C2 described above, as defined by
the corresponding commands (2, 1), (3,1) - (3, 2), (4, 1) - (4, 3), (5, 1)-(5,4), (6,
1)-(6,5),(7,1)-(7, 6),and (8, 1) - (8, 7) in the array of commands. Each of the
processing units (3, 3), (4, 4), (6, 6), and (8, 8) is configured to perform the bit
copy operation C12 described above, as defined by the corresponding commands
(3,3),(4,4), (6, 6), and (8, 8) in the array of commands. Each of the processing
units (5, 5) and (7, 7) is configured to perform the bit inverse operation I described

above, as defined by the corresponding commands (5, 5) and (7, 7) in the array of
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commands. After the bit operations performed by the processing units, the value
of output data bit Oy is reset to zero, the value of output data bit O is set to one,
the value of output data bit O, is equal to the value of input data bit I, the value of
output data bit Oz is equal to the value of input data bit 5, the value of output data
bit O4is equal to the complement of input data bit I, the value of output data bit
Os s equal to the value of input data bit Is, the value of output data bit O¢is equal
to the complement of input data bit I, and the value of output data bit O;is equal
to the value of input data bit ;.

[0039] Fig. 11 illustrates another embodiment of bit operations performed
according to the array of eight rows and eight columns of commands 200 by the
matrix of processing units 108 of Fig. 2. In this embodiment, the matrix of eight
rows and eight columns of processing units receive two input data words IN1 and
IN2, where the input data word IN1 has eight bits Io; - I71 and the input data word
IN2 has eight bits Ios - I2. The matrix of eight rows and eight columns of
processing units process the two input data words according to the configurations
of bit operations, as defined by the array of eight rows and eight columns of
commands, to generate output data words, which have eight bits Og - O.

[0040] As shown in Fig. 11, the processing unit (1, 1) is configured to
perform a combination of bit operations C1X2, as defined by the corresponding
command (1, 1) in the array of commands. The processing unit (1, 2) is
configured to perform a combination of bit operations C1S2, as defined by the
corresponding command (1, 2) in the array of commands. Each of the processing
units (1, 5) - (1, 8), (2,5)-(2,8),(3,5)-(3,8), 4,5)-(4,8), (5,6)-(5,8), (6,
7) - (6, 8), and (7, 8) is configured to be in the pass-through mode ¢ described
above, as defined by the corresponding commands (1, 5) - (1, 8), (2, 5) - (2, 8), (3,
5)-(3,8), (4,5)-(4,8), (5,6)-(5,8),(6,7)-(6,8),and (7, 8) in the array of
commands 200. Each of the processing units (1, 3), (2, 1) - (2, 2), (3, 1) - (3, 3),
4,1)-(4,3),(5,1)-(54), (6, 1)-(6,5),(7,1)-(7,6),and (8, 1) - (8, 7) is
configured to perform the bit copy operation C1C2 described above, as defined by
the corresponding commands (1, 3), (2, 1)-(2,2), (3, 1)-(3,3), (4, 1) - (4, 3), (5,
1)-(5,4), (6,1)-(6,5),(7,1)-(7,6),and (8, 1) - (8, 7) in the array of
commands. Each of the processing units (5, 5), (6, 6), (7, 7), and (8, 8) is
configured to perform the bit copy operation C12 described above, as defined by
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the corresponding commands (5, 5), (6, 6), (7, 7), and (8, 8) in the array of
commands. Each of the processing units (1, 4), (2, 3), (3, 4) and (4, 4) is
configured to perform the bit inverse operation A2 described above, as defined by
the corresponding commands (1, 4), (2, 3), (3, 4) and (4, 4) in the array of
commands. After the bit operations performed by the processing units, the value
of output data bit Ogis equal to the result of Iy; XOR Iy, the output data bit O; is
set to one, the value of output data bit O, is equal to the result of 1;; AND Iy, the
value of output data bit Os is equal to the result of (((Ip; AND Is;) AND I;) AND
1s1), the value of output data bit O4is equal to the value of input data bit 14, the
value of output data bit Os is equal to the value of input data bit 5, the value of
output data bit Ogis equal to the value of input data bit Is;, and the value of output
data bit O7is equal to the value of input data bit I;.

[0041] Fig. 12 illustrates bit operations performed according to an array of
eight rows and eight columns of commands by a matrix of processing units of
eight rows and eight columns 1200 of a system for processing data in accordance
with another embodiment of the invention. The system is similar to the system
100 of Fig. 1 except for the addition of a Galois field multiplier 1202, which
receives input data bits and produces Galois Field multiplication results that are
transmitted to the matrix of processing units. In this embodiment, the matrix of
eight rows and eight columns of processing units receive two input data words
IN1 and IN2. The input data word IN1 has eight bits and two field elements A
and Bi, where each field element includes three bits. The input data word IN2
also has eight bits and two field elements A, and B,, where each field element
includes three bits. The Galois field multiplier is positioned in front of the matrix
of eight rows and eight columns of processing units and initialized with an
appropriate field size and a primitive polynomial. The Galois field multiplier
produces Galois Field multiplication results B1*B2 from the field element B; of
the input data word IN1 and the field element B, of the input data word IN2. The
Galois Field multiplication results B1*B2 are then applied to the matrix of eight
rows and eight columns of processing units. The matrix of eight rows and eight
columns of processing units process the bits in the field elements A; and A, of the
two input data words IN1 and IN2 and the resulting bits B1*B2 from the Galois

field multiplier according to the configurations of bit operations, as defined by the
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array of eight rows and eight columns of commands, to generate output data
words, which have eight bits and two field elements A’ and B’, where each field
element includes three bits.

[0042] As shown in Fig. 12, each of the processing units (1, 1), (2, 2), and
(3, 3) is configured to perform the bit inverse operation X2 described above on an
input data bit from each of the field element A; of the input data word IN1 and the
field element A, of the input data word IN2, as defined by the corresponding
commands (1, 1), (2, 2), and (3, 3) in the array of commands. Each of the
processing units (1, 2), (1, 3), and (2, 3) is configured to perform the bit inverse
operation C2 described above, as defined by the corresponding commands (1, 2),
(1, 3), and (2, 3) in the array of commands. Each of the processing units (1, 4) -
(1,8),(2,4)-(2,8),3.4-(3,8), (4,4)-(4,8), (5,6)-(5,8),(6,7)- (6, 8), (7,
8), and (8, 8) is configured to be in the pass-through mode ¢ described above, as
defined by the corresponding commands (1, 4) - (1, 8), (2,4) - (2, 8),(3,4) - (3,
8), (4,4)-(4,8), (56)-(5,8),(6,7)-(6,8),(7,8), and (8, 8) in the array of
commands. Each of the processing units (2, 1), (3, 1) -(3,2), (4, 1)-(4,3), (5, 1)
-(5,3), (6, )-(6,3), (6,5 (7, 1)-(7,3),(7,5)-(7,6),(8,1)-(8,3),and (8, 5)
- (8, 7) is configured to perform the bit copy operation C1C2 described above, as
defined by the corresponding commands (2, 1), (3, 1) - (3,2), (4, 1)- (4, 3), (5, 1)
-(5,3), (6, )-(6,3), (6,5 (7, 1)-(7,3),(7,5)-(7,6),(8,1)-(8,3),and (8, 5)
- (8, 7) in the array of commands. Each of the processing units (5, 5), (6, 6), and
(7, 7) is configured to perform the bit copy operation C12 described above on one
of the resulting bits B1*B2 from the Galois Field multiplier 1202, as defined by
the corresponding commands (5, 5), (6, 6), and (7, 7) in the array of commands.
Each of the processing units (5, 4), (6, 4), (7,4) and (8, 4) is configured to
perform the bit inverse operation C1 described above, as defined by the
corresponding commands (5, 4), (6, 4), (7, 4) and (8, 4) in the array of commands.
Thus, the field element A’ of the output data words is derive from the X2
operation of the bits in the field element A; of the input data word IN1 and the
field element A; of the input data word IN2. In addition, the field element B’ of
the output data words is derived from the Galois Field multiplication results of the
bits in the field element B; of the input data word IN1 and the field element B, of
the input data word IN2. The embodiment of Fig. 12 may be used in systems

15



WO 2010/044033 PCT/IB2009/054449

10

15

20

evaluating polynomials on Galois field elements, for example, Reed Solomon
decoders.

[0043] Fig. 13 is a schematic flow chart diagram of a method for processing
data. At block 1302, an array of N rows and M columns of commands is
obtained, where N and M are integers greater than zero. At block 1304, the array
of N rows and M columns of commands is applied to a matrix of N rows and M
columns of processing units, where each processing unit includes at least one
logic circuit. Each logic circuit is configured to perform a bit operation, and each
command of the array of N rows and M columns of commands defines a
configuration of the bit operation of one processing unit of the matrix of N rows
and M columns of processing units. At block 1306, at the matrix of N rows and
M columns of processing units, bit operations are performed on at least one input
data word having N bits in response to the array of N rows and M columns of
commands to generate at least one output data word having M bits.

[0044] Although the operations of the method herein are shown and
described in a particular order, the order of the operations of the method may be
altered so that certain operations may be performed in an inverse order or so that
certain operations may be performed, at least in part, concurrently with other
operations. In another embodiment, instructions or sub-operations of distinct
operations may be implemented in an intermittent and/or alternating manner.
[0045] Although specific embodiments of the invention have been described
and illustrated, the invention is not to be limited to the specific forms or
arrangements of parts so described and illustrated. The scope of the invention is

to be defined by the claims appended hereto and their equivalents.
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WHAT IS CLAIMED I8S:

1. A system for processing data, the system comprising:

a matrix of N rows and M columns of processing units, where N and M are
integers greater than zero, wherein each processing unit includes at least one logic
circuit and each logic circuit is configured to perform a bit operation;

memory configured to store an array of N rows and M columns of
commands, wherein each command of the array of N rows and M columns of
commands defines a configuration of the bit operation of one processing unit of
the matrix of N rows and M columns of processing units; and

a controller configured to control the matrix of N rows and M columns of
processing units using the array of N rows and M columns of commands stored in
the memory to process at least one input data word having N bits to generate at

least one output data word having M bits.

2. The system of claim 1, wherein the at least one logic circuit includes a first
logic circuit configured to performs a bit copy operation to copy the value of one
or more input data bits to one or more output data bits, a second logic circuit
configured to perform a bit set operation to set the values of the one or more
output data bits to one, a third logic circuit configured to perform a bit reset
operation to set the values of the one or more output data bits to zero, and a fourth
logic circuit configured to perform of a bit inverse operation to set the values of
one or more output data bits to complements of the values of the one or more

input data bits.

3. The system of claim 1, wherein the at least one logic circuit includes a
logic circuit configured to perform a bit operation on a plurality of input data bits

from a plurality of input data words.

4. The system of claim 1, wherein the at least one logic circuit includes a
logic circuit configured to perform a bit operation on only one input data bit of a

selected input data word of a plurality of input data words.
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5. The system of claim 1, wherein each column of the matrix of N rows and
M columns of processing units executes a corresponding column of commands of
the array of N rows and M columns of commands on the at least one input data

word to generate one bit of the at least one output data word.

6. The system of claim 1, wherein each row of the matrix of N rows and M
columns of processing units executes a corresponding row of commands of the

array of N rows and M columns of commands on the at least one input data word.

7. The system of claim 1, wherein the controller is configured to directly load
the array of N rows and M columns of commands stored in the memory into the

matrix of N rows and M columns of processing units.

8. The system of claim 1, wherein the controller is configured to convert the
array of N rows and M columns of commands stored in the memory into control
signals and to load the control signals into the matrix of N rows and M columns of

processing units.

9. The system of claim 1, further comprising a Galois field multiplier
configured to perform a Galois field multiplication on the at least one input data

word to produce results that are applied to the matrix of processing units.

10. A method for processing data, the method comprising:

obtaining an array of N rows and M columns of commands, where N and
M are integers greater than zero;

applying the array of N rows and M columns of commands to a matrix of
N rows and M columns of processing units, wherein each processing unit includes
at least one logic circuit and each logic circuit is configured to perform a bit
operation, each command of the array of N rows and M columns of commands
defining a configuration of the bit operation of one processing unit of the matrix
of N rows and M columns of processing units; and

at the matrix of N rows and M columns of processing units, performing bit

operations on at least one input data word having N bits in response to the array of
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N rows and M columns of commands to generate at least one output data word

having M bits.

11. The method of claim 10, wherein the performing includes performing a bit
copy operation to copy the values of one or more input data bits to one or more
output data bits, performing a bit set operation to set the values of the one or more
output data bits to one, performing a bit reset operation to set the values of the one
or more output data bits to zero, and performing a bit inverse operation to set the
values of the one or more output data bits to complements of the values of the one
or more input data bits at one processing unit of the matrix of N rows and M

columns of processing units.

12. The method of claim 10, wherein the performing includes performing a bit
operation on a plurality of input data bits from a plurality of input data words at

one processing unit of the matrix of N rows and M columns of processing units.

13. The method of claim 10, wherein the performing includes performing a bit
operation on only one input data bit of a selected input data word of a plurality of
input data words at one processing unit of the matrix of N rows and M columns of

processing units.

14. The method of claim 10, wherein the performing includes executing a
corresponding column of commands of the array of N rows and M columns of
commands at each column of the matrix of N rows and M columns of processing
units on the at least one input data word to generate one bit of the at least one

output data word.

15. The method of claim 10, wherein the performing includes executing a
corresponding row of commands of the array of N rows and M columns of
commands at each row of the matrix of N rows and M columns of processing

units on the at least one input data word.
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16. The method of claim 10, wherein the applying the array of N rows and M
columns of commands to a matrix of N rows and M columns of processing units
includes directly loading the array of N rows and M columns of commands stored

in the memory into the matrix of N rows and M columns of processing units.

5 17. The method of claim 10, wherein the applying the array of N rows and M
columns of commands to a matrix of N rows and M columns of processing units
includes converting the array of N rows and M columns of commands stored in
the memory into control signals and loading the control signals into the matrix of

N rows and M columns of processing units.

10 18. The method of claim 10, further comprising performing a Galois field
multiplication on the at least one input data word to produce results and applying

the results to the matrix of processing units.

19. A system for processing data, the system comprising:
a matrix of processing units including eight rows and eight columns of
15 processing units, wherein each processing unit includes at least one logic circuit
and each logic circuit is configured to perform a bit operation;
memory configured to store an array of eight rows and eight columns of
commands, wherein each command of the array of eight rows and eight columns
of commands defines a configuration of the bit operation of one processing unit of
20  the matrix of processing units; and
a controller configured to control the matrix of processing units using the
array of eight rows and eight columns of commands stored in the memory to
process at least one input data word having eight bits to generate at least one

output data word having eight bits.

25 20. The system of claim 19, further comprising a Galois field multiplier
configured to perform a Galois field multiplication on the at least one input data

word to produce results that are applied to the matrix of processing units.

30
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