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2419005

PROVIDING A REGISTER FILE MEMORY WITH
LOCAL ADDRESSING IN A SIMD PARALLEL PROCESSOR

Background of the Invention

[0001] This invention relates to local addressing for
a register file memory. More particularly, this
invention relates to local addressing for a register file
memory in a single instruction multiple data (SIMD)
parallel processor.

[0002] A basic computer generally includes a central
processing unit (CPU) and a main memory. The CPU
implements a sequence of operations encoded in a stored
program. The program and data on which the CPU acts is
typically stored in the main memory. The processing of
the program and the allocation of main memory and other
resources are controlled by an operating system. In
operating systems where multiple applications may share
and partition resources, the computer's processing
performance can be improved by partitioning main memory
and developing active memory.

[0003] Active memory is memory that processes data as
well as stores data. It can be told to operate on its
contents without transferring those contents to the CPU
or to any other part of the system. This is typically
achieved by distributing parallel processors throughout
the memory. Each parallel processor is connected to the
memory and operates on its own block of the memory
independently of the other blocks. Most of the data

processing is performed within the active memory and the
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work of the CPU is reduced to the operating system tasks
of scheduling processes and allocating system resources
and time.

[0004] A block of active memory typically consists of
the following: a block of memory (e.g., dynamic random
access memory (DRABM)), an interconnection block, and a
memory processor (processing element array). The
interconnection block provides a path that allows data to
flow between the block of memory and the processing
element array. The processing element array typically
includes multiple identical processing elements
controlled by a sequencer. Processing elements are
generally small in area, have a low degree of hardware
complexity, and are quick to implement, which leads to
increased optimization. Processing elements are usually
designed to balance performance and cost. A simple more
general -purpose processing element will result in a
higher level of performance than a more complex
processing element because it can be easily copied to
generate many identical processing elements. Further,
because of its simplicity, the processing element will
clock at a faster rate.

[0005] A system in which numerous identical processing
elements (e.g., in the hundreds or thousands) operate
under the control of a single sequencer and are closely
connected to memory is known as a single instruction
multiple data (SIMD) parallel processor. Memory is
generally partitioned so that each processing element has
access to its own block of the memory. As a result, all
processing elements can execute the same instruction
concurrently on different pieces of data.

o006} Each processing element has a certain amount of
local autonomy that allows each processing element to
make data dependent decisions. With early SIMD parallel
processors, each processing element can determine whether

to write a result to its particular block of memory.
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With an 8-bit SIMD parallel processor, additional
locally-enabled functions have been permitted, including
conditional shifting and result selection within each
processing element. These additional locally enabled
functions are particularly useful for operations such as
floating point arithmetic and multiplies.

[0007] Other SIMD parallel processors have also
allowed a more complex and powerful form of local
autonomy: the ability of each processing element to
generate its own local memory or register file address.
There are penalties associated with this form of local
autonomy. For instance, a locally addressed access to
memory 1is generally slower than a global centrally
addressed access. However, the access time penalty can
be minimal compared to the savings in the overall
execution time of a program. Another penalty for
implementing local addressing is the additional hardware
needed for each processing element to generate and
deliver an address to its own block of memory. The area
and cost overhead is typically very high and thus many
SIMD parallel processors do not implement local
addressing.

[oo08] In view of the foregoing, it would be desirable
to provide a register file memory with partial local
addressing while minimizing the increase in hardware

complexity and cost.

Summary of the Invention

[0009] In accordance with this invention a register
file memory with partial local addressing is provided
that minimizes the increase in hardware complexity and
cost. A single instruction multiple data (SIMD) array
(e.g., a processing element array) can be integrated with
a main memory, typically dynamic random access memory
(DRAM) , on a single chip. A simple SIMD array can be

divided into the following: a register file memory, one
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or more processing elements, a control logic sequencer,
an interconnect, and a memory buffer register. The
register file memory is preferably implemented using
static random access memory (SRAM) because SRAM is more
area efficient for large memories compared to other types
of memory. Two major area overheads for the register
file SRAM are (1) decode logic and (2) read logic and
sense amplifiers (RLSAs). Decode logic decodes an
address in the register file SRAM. RLSAs provide a
method of reading data from or writing data to the
decoded address. Each processing element processes data
from its own block of the register file SRAM. The
control logic sequencer can direct the processing of data
in each processing element and control data flow between
processing elements via the interconnect. The control
logic sequencer can also direct the transfer of data
between each processing element and a partitioned block
of DRAM via memory buffer registers. Data may flow from
each block of DRAM to the SIMD array via data paths.
[0010] To minimize the hardware complexity and cost
associated with full local addressing, partial local
addressing is implemented for the register file SRAM.
Instead of allocating a unique register file SRAM (e.g.,
an 8-bit wide SRAM) for each processing element, multiple
processing elements (e.g., 8) can be assigned to a
register file SRAM (e.g., a 64-bit wide SRAM). Because
the decode logic and RLSAs are roughly constant in size
in one-dimension regardless of the depth and width of the
register file SRAM, this generally results in less area
overhead for the 64-bit wide SRAM compared to its
equivalent of eight 8-bit wide SRAMs.

{o011] The register file SRAM may be provided in
different sizes and can be organized in multiple ways.

In one embodiment, for example, an SRAM may be
partitioned into multiple data columns, where each data

column containing rows of data cells is provided for each
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processing element. In another embodiment an SRAM may be
partitioned into multiple data rows, where each data row
containing columns of data cells is provided for each
processing element. In yet another embodiment, an SRAM
may be partitioned into multiple data columns with
multiple data rows, where each block provides data for
each processing element. Although the register file
memory may be organized in a number of ways, the register
file memory is primarily described herein as being
organized in data columns for clarity.

[0012] For a register file memory that is organized in
data columns, each data column may include groups of one
or more bit columns that each provide one data bit to a
processing element. Where there is more than one bit
column for each processing element bit, there may be more
than one register file address associated with each row
of data cells in each data column. For reads, a
multiplexer may be provided in RLSAs to select data from
the selected row of data cells to be read. For writes, a
demultiplexer may be provided in RLSAs to select from the
selected row of data cells to be written.

[0013] In accordance with one embodiment of the
invention, each data column is provided with an
additional select column of select cells, where each
select cell is associated with a row of data cells in a
corresponding data column. Each select cell can have two
inputs: a master row select line and a select cell write
line. The master row select line is coupled to an output
of an address decoder (i.e., row decoder) and corresponds
to a register file address of the associated row of data
cells across each data column. The select cell write
line is coupled to a corresponding processing element and
is connected to each select cell in a corresponding
select column. A select cell reads the value driven on a
corresponding master row select line when a corresponding

select cell write line is set to binary "1."
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Combinatorial logic may be used to perform a logical sum
or logical product on a master row select line and a
corresponding select cell. The result is then output
onto a secondary row select line that extends into a
corresponding row of data cells in a corresponding data
column. For example, the combinatorial logic may be a
two-input AND gate. When both inputs are binary "1," data
is read from or written to the selected row of data cells
in the selected data column.

[0014] Local addressing allows data to be read from or
data to be written to different register file addresses
for different processing elements (i.e., different rows
of data cells for different data columns, different
columns of data cells for different data rows). 1In a
first stage, an address may be presented to a decoder.
Each processing element associated with that address
drives a corresponding select cell write line with a
binary "1," while other processing elements associated
with a different address drive a corresponding select
cell write line with a binaxy "0." The decoded address
is driven across the master row select lines and each
select column with a corresponding select cell write line
of "1" writes their select cells with a value on a
corresponding master row select line. 1In a second stage,
if another address is available for other processing
elements, the select cells associated with those
processing elements are written using the same approach
as described for the first stage. This is repeated until
all the select columns have been written (i.e., all the
addresses have been decoded). Once all the addresses
have been decoded, binary "1's" are driven across each
master row select line. The row of data cells in each
data column that has a corresponding select cell of
binary "1" is selected to be read or to be written.

[0015] To perform a read, data from each data cell in

the selected row in each data column is sent along
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individual bit lines to RLSAs. When more than one bit
column provides one data bit to a processing element,
data from the selected row for each of these bit columns
are sent to a multiplexer. A select bit selects the bit
line from which data is to be sent to a corresponding
processing element.

[0016] To perform a write, each bit from each
processing element is sent to RLSAs. When more than one
bit column is associated with one data bit of a
processing element, each bit is sent to a demultiplexer.
A select bit selects which bit line to send the data to.
The data is then written to the selected data cell in the
selected row.

[0017] Successive memory reads or writes may be
implemented when multiple bit columns are associated with
one data bit of a processing element. Once a row of data
cells in each data column is selected, a read or write
may be performed using a select bit to select the data
cells from which data is to be read or to which data is
to be written. An offset may be added to the select bit
to select a successive memory location (i.e., a different
data cell in the same row) from which data is to be read
or to which data is to be written.

[0018] After the locally addressed access is complete,
all the select cells are reset to "1" to enable global
addressing mode. In global addressing mode, one register
file address is typically used to access the same row of
data cells for each data column. An address is presented
to a decoder and the decoded address is driven across the
master row select lines. Data is read from or written to
the selected row of data cells in each column.

[0019] Because the register file SRAMs have separate
write enables for each byte, there may already be a
degree of byte-wise organization in them. While there
may be some overhead in adding the extra bit column to

each data column, the additional degree of buffering
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provided may reduce the area of the decoder by a small
amount . Therefore, a register file SRAM with partial
local addressing may only have an area slightly larger
than the area of a register file SRAM without local
addressing.

[0020] The SIMD array and memory is typically
integrated onto a single chip using a layout design.
Because of the need to pitch match (a method of layout
that minimizes the routing of wire connections between
components) the SIMD array to the DRAM, the layout of the
system typically contains extra space between the bytes.
Thus, the additional bits cells and logic may be added
within the extra spaces, resulting in little or no area

overhead.

Brief Description of the Drawings

[0021] The above and other objects and advantages of
the invention will be apparent upon consideration of the
following detailed description, taken in conjunction with
the accompanying drawings, in which like reference
characters refer to like parts throughout, and in which:
[0022] FIG. 1 is a system diagram illustrating one
embodiment of an active memory block in accordance with
the invention;

[0023] FIG. 2 is a system diagram illustrating ome
embodiment of a partitioned active memory block in
accordance with the invention;

[0024] FIG. 3 is a diagram illustrating one embodiment
of a two-dimensional processing element array
interconnect in accordance with the invention;

[0025] FIG. 4 is a diagram illustrating one embodiment
of an SIMD array connected to a DRAM in accordance with
the invention;

[0026] FIG. 5 1is a diagram illustrating one embodiment
of a register file SRAM dedicated to a processing

element;
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[0027] FIG. 6 is a partial diagram illustrating one
embodiment of an 8-bit wide register file SRAM;
[0028] FIG. 7 is a partial diagram illustrating

another embodiment of an 8-bit wide register file SRAM;
[0029] FIG. 8 is a partial diagram illustrating a
further embodiment of an 8-bit wide register file SRAM;
[0030] FIG. 9 is a partial diagram illustrating yet
another embodiment of an 8-bit wide register file SRAM;
[0031] FIG. 10 is a diagram illustrating one
embodiment of a register file SRAM dedicated to multiple
processing elements;

[0032] FIG. 11 is a partial diagram illustrating one
embodiment of a register file SRAM containing additiomnal
SRAM select columns in accordance with the invention;
[0033] FIG. 12 is a diagram illustrating one
embodiment of a row select of the register file SRAM of
FIG. 11 in accordance with the invention;

[0034] FIG. 13 is a partial diagram of one embodiment
of a 4-location register file SRAM connected to two 8-bit
processing elements in accordance with the invention;
[0035] FIG. 14 is flow chart of one embodiment of a
process for implementing global addressing in accordance
with the invention; and

[0036] FIG. 15 is a flow diagram of one embodiment of
a process of reading data from, or writing data to, a
locally addressed register file SRAM in accordance with

the invention.

Detailed Description of the Invention

[0037] FIG. 1 illustrates one embodiment of an active
memory block in accordance with the invention. Active
memory block 100 can include a memory 106 and memory
processors 110. Memory 106 is preferably random access
memory (RAM), in particular dynamic RAM (DRAM). Memory
processors 110, which include processing element (PE)

arrays, can communicate with memory 106 via an
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interconnection block 108. Interconnection block 108 can
be any suitable communications path, such as a
bi-directional high memory bandwidth path. A central
processing unit (CPU) 102 can communicate with active
memory block 100 via a communications path 104.
Communications path 104 may be any suitable bi-
directional path capable of transmitting data.

[0038] FIG. 2 illustrates one embodiment of a
partitioned active memory block 200 in accordance with
the invention. A unique range of memory addresses may be
allocated to each processing element array 210, thereby
allowing each processing element array 210 to operate on
its own partitioned block of memory 206 independently of
the other blocks. In a single instruction multiple data
(SIMD) processor, a CPU 202 can communicate with
partitioned blocks of memory 206 via a communications
path 204. Each partitioned block of memory 206 may
communicate with its corresponding processing element
array 210 via an interconnection path 208. Each
partitioned block of memory 206, interconnection

path 208, and processing element array 210 may be part of
memory 106, interconnection block 108, and memory
processors 110, respectively. Paths 204 and 208 can be
any suitable bi-directional path capable of transmitting
data, such as a data bus or a high bandwidth data path.
[0039] FIG. 3 is a diagram illustrating one embodiment
of a two-dimensional processing element array
interconnect 300 in accordance with the invention. Each
processing element array 210 typically includes multiple
identical processing elements in which each processing
element executes the same instruction concurrently on
different pieces of data. Each processing element may be
designed to accept and process a number of bits (e.g., 8
bits). Each processing element (e.g., 302, 304, 306) may
send data to or receive data from a neighboring

processing element via an interconnect cell (e.g., 308
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and 310). The interconnect cell may include a simple
network of wires to transfer data between processing
elements using a shift instruction. The number of wires
may equal the number of processing element bits

(e.g., 8). Preferably, each processing element
simultaneously drives its register value out on an
interconnection cell while loading another register value
from another interconnection cell. For example,
processing element 304 may drive its register value onto
interconnect cell 310 to send to processing element 306.
At substantially the same time, processing element 304
may load a register value from processing element 302 via
interconnect cell 308. 1In addition to allowing the
transfer of data between processing elements in the same
processing element array 210, data can flow between
processing elements in different processing element
arrays 210.

[0040] A processing element array 210 that contains
numerous processing elements (e.g., in the hundreds or
thousands) is known as a single instruction multiple data
(SIMD) array. An SIMD array is preferably integrated
with a partitioned block of memory 206, typically dynamic
random access memory (DRAM), on a single chip. FIG. 4
illustrates one embodiment of a SIMD array 400 connected
to a block of DRAM 422 in accordance with the invention.
A SIMD array can be divided into the following: a
register file memory 402, one or more processing

elements 410, a control logic sequencer 414, an
interconnect 416, and a memory buffer register 418.
Although register file memory 402 can be implemented
using any suitable type of memory (e.g., static random
access memory (SRAM), latch array, DRAM), register file
memory 402 is preferably implemented using SRAM because
it is more area efficient for large memories compared to
the other types of memory. Memory 422 and register file

memory 402 are described herein in the context of DRAM
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and SRAM, respectively, for clarity and specificity.
However, various embodiments of this invention may be
implemented using different types of memory.

[0041] Register file SRAM 402 includes (1) decode
logic, (2) an SRAM cell array, and (3) read logic and
sense amplifiers (RLSAs). The SRAM cell array may be
provided in different sizes and organized in multiple
ways. In one embodiment, for example, the SRAM cell
array may be partitioned into multiple data columns,
where each data column is uniquely associated with each
processing element. In another embodiment the SRAM cell
array may be partitioned into multiple data rows, where
each data row is uniquely associated with each processing
element. In yet another embodiment, the SRAM cell array
may be partitioned into multiple data columns with
multiple data rows, where each block is uniquely
associated with each processing element. Although the
SRAM cell array may be organized in a number of ways, the
SRAM cell array is primarily described herein as being
organized in data columns for clarity and specificity.
[0042] Two major area overheads for the register file
SRAM are the decode logic and RLSAs. Regardless of the
depth (e.g., 64-location, 128 location) or width (e.g.,
8-bit wide, 64-bit wide) of the register file SRAM, the
decode logic and RLSAs are roughly constant in size in
one-dimension. Decode logic, which may be in the form of
a decoder (e.g., an address decoder such as a row decoder
or a column decoder), takes as input an address that
uniquely maps to one of its multiple outputs. For an
SRAM cell array organized in data column, this output is
used to access a row of data cells in the SRAM cell
array. For example, a decoder with n input bits can map
to 2" output bits, thereby allowing a large number of
addresses (2") to be represented using a fewer number of
bits (n). RLSAs provide a method of reading data from or

writing data to the decoded address. RLSAs detect a
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signal from the SRAM cell array and amplify that signal
before sending data along data paths 408 to each
processing element 412. RLSAs also detect a signal from
each processing element 412 via data paths 408 and
amplify that signal before writing data to the SRAM cell
array. Each processing element 412 reads data from or
writes data to its corresponding block of the SRAM cell
array.

[0043] Control logic sequencer 414 preferably includes
a (1) processing element control sequencer (PECS) and (2)
memory and interconnect sequencer (MIS). PECS can direct
the processing of data in processing elements 412. It
can also generate a register file address from which data
is to be read or to which data is to be written. MIS can
control data flow between each processing element 412 and
between processing elements 410 and DRAM 422. For
example, MIS can direct the loading of data from each
processing element 412 onto interconnect 416 (which can
be part of interconnection block 108 (FIG. 1)) for
transfer to a neighboring processing element 412. MIS
can also direct the loading of data from each processing
element 412 onto memory buffer registers 418 for transfer
to a partitioned block of DRAM 422 via a corresponding
data path 420. Similarly, MIS can direct the loading of
data from partitioned block of DRAM 422 via a
corresponding data path 420 onto memory buffer

registers 418 for transfer to a corresponding processing
element 412.

[0044] FIG. 5 illustrates one embodiment of a register
file SRAM 500 dedicated to one processing element 508 to
provide full local addressing. Register file SRAM 500
includes decode logic 502, an SRAM cell array 504, and
RLSAs 506. For reads, data can flow from register file
SRAM 500 to processing element 508 via a data path 510.
Although not shown, for writes, data can flow from

processing element 508 to register file SRAM 500 via data
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path 510 (a bi-directional data path) or via a separate
data path. Processing element 508 may be any suitable
size, although processing element 508 is typically eight
bits wide. A register file SRAM 500 that provides data
to an 8-bit wide processing element 508 is known as an 8-
bit wide register file SRAM.

[0045] There are multiple approaches to organizing
SRAM cell array 504 in register file SRAM 500. FIGS. 6-9
illustrate several different embodiments of an 8-bit wide
register file SRAM organized into data columns. Although
FIGS. 6-9 only illustrate the SRAM cell array and RLSAs,
the decode logic is also a part of the register file
SRAM. Furthermore, although the data path between the
register file SRAM and the processing element is shown in
only one direction (for reads), data can flow in both
directions (for reads and writes). Reads can occur via
the same data path (e.g., using a bi-directional data
path) or via different data paths (e.g., using two uni-
directional data paths).

[0046] SRAM cell array 504 comprises of one or more
data columns containing rows and columns of data cells,
where each data cell contains one data bit. Each data
column is preferably associated with one processing
element. The width of each data column can be any
suitable size. For an 8-bit wide processing element, the
width of SRAM cell array 504 is preferably a power of two
(e.g., 8 bits, 16 bits, 32 bits, 64 bits, etc.). Because
a decoder will have a number of outputs equal to a power
of two (2"), to maximize the organization of SRAM cell
array 504, the depth of each data column is preferably a

power of two and equal to a number of decoder outputs

(e.g., 64 bits, 128 bits, etc.). The width and depth of
each data column are preferably the same.
[0047] FIG. 6 illustrates an 8-bit wide register file

SRAM with an 8-bit wide data column 602. Each bit

column 608 provides one data bit to processing
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element 614. Each row 606 contains eight data cells 604.
When a decoder maps an input address to a unique output,
one row 606 is selected. Data in each data cell 604 in
the selected row 606 is sent along bit lines 610 to

RLSAs 612 where the data is amplified. The data is then
sent to processing element 614.

[0048] FIG. 7 illustrates an 8-bit wide register file
SRAM with a 16-bit wide data column 702. Each pair of
bit columns 708 provides one data bit to processing
element 720. Each row 706 contains sixteen data

cells 704. A decoder selects a row 706 from which data
is to be read or to which data is to be written. For
reads, data in each data cell 704 in the selected row 706
is sent along one of bit lines 710 and 712 to a 2:1 (2
input : 1 output) multiplexer 714 in RLSAs 716. For
example, for each pair of data cells in each pair of bit
columns 708, data in the left-hand data cell may be sent
along bit line 710 and data in the right-hand data cell
may be sent along bit line 712. A select bit may select
data from one of bit lines 710 and 712 to send to output
path 718. The select bit is preferably the same for each
multiplexer 714 (e.g., data is selected from bit

lines 710). Data sent to each output path 718 is sent to
processing element 720. For writes, each bit from
processing element 720 is sent to a 1:2 (1 input : 2
outputs) demultiplexer (not shown) in RLSAs 716. Each
demultiplexer, has a select bit which selects one of two
data cells 704 in the selected row 706 in each pair of
bit columns 708 to which data is to be written.

[0049] FIG. 8 illustrates an 8-bit wide register file
SRAM with a 32-bit wide data column 802. Each group of
four bit columns 808 provides one data bit to processing
element 824. Each row 806 contains thirty-two data
cells 804. A decoder selects a row 806 from which data
is to be read or to which data is to be written. For

reads, data in each data cell 804 in the selected row 806
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is sent along one of bit lines 810, 812, 814, and 816 to
a 4:1 (4 input : 1 output) multiplexer 818 in RLSAs 820.
For example, for each group of four bit columns 808, each
bit column is associated with a different bit line (810,
812, 814, and 816). A select bit may select data from
one of bit lines 810, 812, 814, and 816 to send to output
path 822. The select bit is the same for each
multiplexer 818 (e.g., data is selected from bit

line 810). The data sent to each output path 822 is sent
to processing element 824. Similar to writes described
in connection with FIG. 7, each bit from processing
element 824 is sent to a 1:4 demultiplexer (not shown) in
RLSAs 820. Each demultiplexer selects one of four data
cells 804 in the selected row 806 in each group of four
bit columns 808 to which the data is to be written.

[0050] FIG. 9 illustrates an 8-bit wide register file
SRAM with a 64-bit wide data column 902. Each group of
eight bit columns 908 provides one data bit to processing
element 920. Each row 906 contains sixty-four data

cells 904. A decoder selects a row 906 from which data
is to be read or to which data is to be written. For
reads, data in each data cell 904 in the selected row 906
is sent along a bit line 910 to an 8:1 (8 input : 1
output) multiplexer 912 in RLSAs 914. A select bit may
select one data from each of the inputs of

multiplexer 912 to send to output path 916. The data
sent to each output path 916 is sent to processing
element 920. Similar to writes described in connection
with FIGS. 7 and 8, each bit from processing element 920
is sent to a 1:8 demultiplexer (not shown) in RLSAs 914.
Each demultiplexer selects one of the eight data

cells 904 in the selected row 906 in each group of eight
bit columns 908 to which the data is to be written.

[0051] There are trade-offs for integrating a SIMD
array and a memory onto a single chip. As illustrated in

FIGS. 5-9, for full local addressing, each processing
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element can select a different memory address from which
data is to be read or to which data is to be written. A
separate register file SRAM 500 (FIG. 5) (i.e, decode
logic 502, SRAM cell array 504, and RLSAs 506) is
provided for each processing element 508. For example,
for a 256-processing-element array, 256-register file
SRAMs 500 are needed. Implementing 256 decoders and
RLSAs would result in more decode logic and RLSAs than
SRAM cell array area. The area and thus cost of
providing an SIMD array with full local addressing would
be very high.

[0052] To minimize the increase in hardware complexity
and cost associated with full local addressing, partial
local addressing is preferably implemented. For example,
instead of allocating a unique register file SRAM (e.g.,
an 8-bit wide SRAM) to each processing element, multiple
processing elements (e.g., 8) can be assigned to a larger
register file SRAM (e.g., a 64-bit wide SRAM). Because
the decode logic and RLSAs are roughly constant in size
in one-dimension regardless of the depth and width of the
register file SRAM, this results in less area overhead
for the 64-bit wide SRAM compared to its equivalent of
eight 8-bit wide SRAMs. For example, for a 256-
processing-element array, only 32 (256 PEs / 8 PEs per
register file SRAM) decoders and RLSAs would be needed to
implement partial local addressing compared to the 256
(256 PEs / 1 PE per register file SRAM) decoders and
RLSAs needed for full local addressing.

[0053] FIG. 10 illustrates one embodiment of a
register file SRAM 1000 dedicated to multiple processing
elements 1012. The size of the register file SRAM 1000,
the number of associated processing elements 1012, and
the number of data bits for each processing element 1014
may vary depending on the power, area, and speed desired.
A register file SRAM 1000 dedicated to eight 8-bit wide

processing elements 1012 is known as a 64-bit wide
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register file SRAM. SRAM cell array 1004 may be
partitioned into eight data columns 1006, where each data
column 1006 (and its corresponding part of RLSAs 1010) is
associated with one processing element 1014. Each data
column 1006 and corresponding part of RLSAs 1010 may be
organized like the SRAM cell array and RLSAs in

FIGS. 6-9, or any other suitable arrangement. To perform
a read or write, an address is sent to decode logic 1002
to select a row (which is the same row for each data
column and pertains to the same register file address)
from which data is to be read or to which data is to be
written.

[0054] FIG. 11 is a partial diagram of one embodiment
of a register file SRAM 1100 in accordance with the
invention. An SRAM cell array may be partitioned into
data columns similar to those illustrated in FIGS. 6-9.
Each data column 1102, which includes multiple rows and
columns of data cells, is associated with one processing
element. A select column 1104 or any other suitable
storage medium is provided for each data column 1002.
Each select column 1104 is typically one bit wide and
includes rows of select memory cells, where each select
cell corresponds to one row of data cells in a
corresponding data column 1102. The number of rows of
data cells and select cells is preferably the number of
decoder outputs.

[0055] There are two inputs to each select cell: a
master select line 1108 and a select cell write

line 1110. For an SRAM cell array organized into data
columns, each master row select line 1108 is coupled to
an output of decode logic 1106 (e.g., an address decoder
such as a row decoder) and extends across a row of data
cells (and corresponding select cell). Each master row
select line 1108 corresponds to an address of a
particular row of data cells in each data column. Each

select cell write line 1110 is coupled to a processing
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element and extends along a select column 1104 whose
associated data column 1102 is allocated to that
processing element.

[00561] For an SRAM cell array that is organized in
data rows, master column select lines are coupled to the
output of an address decoder (i.e., column decoder) and
extend across columns of data cells (and a corresponding
select cell). Each master column select line corresponds
to an address of a particular column of data cells in
each data row.

[0057] For an SRAM cell array that is organized in
data blocks (multiple data columns with multiple data
rows), two master select lines are needed for each block.
Master row select lines are coupled to the output of a
first address decoder (i.e., row decoder) and extend
across rows of data cells (and a corresponding select
cell). Each master row select line corresponds to an
address of a particular row of data cells in each data
column. Master column select lines are coupled to the
output of a second address decoder (i.e., column decoder)
and extend across columns of data cells {(and a
corresponding select cell). Each master column select
line corresponds to an address of a particular column of
data cells in each data row.

[0058] FIG. 12 illustrates one embodiment of a row
select 1200 of the register file SRAM of FIG. 11 in
accordance with the invention. Select cell 1202, which
is part of select column 1104, stores a logic state from
a corresponding master row select line 1108 only when a
corresponding select cell write line 1110 is set to
binary "1."™ A logic state of binary "1" indicates that
the row of data cells has the decoded address while a
logic state of binary "0" indicates that the row of data
cells has a different address from the decoded address.
When select cell write line 1110 is set to binary "0,"

select cell 1202 does not read the value on master row
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select line 1108 (the value in the select cell may
contain the previous stored value or may contain a null
value). Combinatorial logic may be used to perform a
logical sum or a logical product on master row select
line 1108 and a corresponding output 1204 of select

cell 1202. The output of the combinatorial logic is sent
along a secondary row select line that extends into a
corresponding row of data cells. For example, the

output 1204 of select cell 1202 can be coupled to a two-
input AND gate 1206. The second input to AND gate 1206
is a master row select line 1108. AND gate 1206 produces
an output of "1" only when both inputs are binary "1"
(i.e., select cell 1202 is binary "1" and master row
select line 1108 is binary "1"), and has an output of
binary "0" otherwise. For reads, when the output 1208 of
AND gate 1206 is binary "1," data in the selected row in
the selected data column 1102 is sent along bit

lines 1212 to RLSAs. Depending on the memory
organization as described in connection with FIGS. 6-9,
the data may be sent to a multiplexer to select the data
to send to the processing element. For writes, one data
bit from the processing element is written to a data cell
in the selected row 1210 in the selected data

column 1102.

[0059] The invention allows for two modes of
addressing: global addressing and local addressing. For
memory organized in data columns, in global addressing,
data corresponding to each processing element is read
from or written to a row of data cells with the same
register file address. Read or writes occur on the same
row of data cells for each data column. In global
addressing, all the selects cells are set to binary "i."
Next, an address is decoded and each master row select
line is driven with a decoded address bit (only one
master row select line is set to binary "1" and all other

master row select lines are set to binary "0"). The
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selected row is the row whose master row select line is
binary "1." Data is read from or written to data cells
in the selected row.

[0060] In local addressing, data corresponding to each
processing element can be read from or written to rows of
data cells with different register file addresses. Reads
or writes can be implemented on the same or different
rows of data cells for each data column. Each processing
element performing a read or write to the same address
sets its corresponding select cell write line to binary
"1" (all other processing elements set their select cell
write lines to binary "0"). This address is sent to a
decoder and the decoded address is driven across the
master row select lines. Select columns associated with
a select cell write line of binary "1" write each select
cell with the value on a corresponding master row select
line.

[0061] If a second address 1s available, each
processing element associated with that address sets its
corresponding select cell write line to binary "i" (all
other processing elements set their select cell write
lines to binary "0"). This second address is sent to a
decoder and the decoded address is driven across the
master row select lines. Select cells in a select column
associated with a select cell write line of binary "1"
are written. This is repeated until an address for each
processing element has been decoded and the select cells
in each select column have been written. Once each
address has been decoded, each master row select line is
driven with a binary "1." Only the row of data cells in
each data column with a corresponding select cell of
binary "1" are selected to perform a read or write.

[0062] FIG. 13 illustrates a partial diagram of one
embodiment of a 4-location 32-bit wide register file SRAM
in accordance with the invention. Two 8-bit wide

processing elements have been allocated to the register
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file SRAM. FIG. 13 is used to illustrate an example of
how local addressing can be implemented in accordance
with the invention.

[0063] The SRAM cell array in FIG. 13 includes two
data columns 1302 and 1304. Each data column is sixteen
bits wide (16 data cells 1306) and four bits deep (4 data
cells 1306). Each data column has four rows of data
cells (rows RO, R1l, R2, and R3) with an associated select
column. Select column SO0 (corresponding to processing
element 0) is associated with data column 1302 and select
column S1 (corresponding to processing element 1) is
associated with data column 1304. Each select column
includes rows of select cells 1308 with a corresponding
AND gate (not shown to avoid over-complicating the
drawing) that corresponds to a row of data cells (as
illustrated in FIG. 12). Data column 1302 may be
allocated to processing element 0 and data column 1304
may be allocated to processing element 1. Four master
row select lines 0-3 extend from a decoder (not shown)
across both data columns. For example, master row select
line 0 corresponds to a register file address for row RO
(in data columns 1302 and 1304), master row select line 1
corresponds to a register file address for row R1l, etc.

A select cell write line extends from each processing
element to a corresponding select column.

[0064] As an illustration of a locally addressed read,
suppose that processing element 0 wants to access row RO
in data column 1302 and processing element 1 wants to
access row R3 in data column 1304. 1In a first stage,
select column SO is written. Processing element 0 sets
select cell write line 0 to binary "1" and processing
element 1 sets select cell write line 1 to binary "o0."
Processing element 0 sends the register file address for
row RO to a decoder and the decoded address is driven
across master row select lines 0-3 (master row select

line 0 is set to binary "1" and the remaining master row
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select lines 1-3 are set to binary "0"). Only the select
cells 1308 in SO0 are written: the select cell in SO0 for
RO is set to binary "1," the select cells in S0 for R1-R3
are set to binary "0."

[0065] In a second stage, select column S1 is written.
Processing element 1 sets select cell write line 1 to
binary "1" and processing element 0 sets select cell
write line 0 to binary "0." The register file address
for row R3 is sent to a decoder and the decoded address
is driven across master row select lines 0-3 (master row
select line 3 is set to "1" and the remaining master row
select lines 0-2 are set to binary "0"). Only the select
cells 1308 in S1 are written: the select cell in S1 for
R3 is set to binary "1," the select cells in S1 for RO-R2
are set to binary "0."

[0066] If more processing elements are provided with
different addresses, then additional stages would be
needed to write the select cells associated with the
other processing elements. If multiple processing
elements access the same register file address, then the
processing elements with the same address set their
respective select cell write lines to binary "1" and
write their select cells in the same stage.

[0067] Referring back to the example above, once all
the select cells for processing elements 0 and 1 have
been written, master row select lines 0-3 are driven with
a binary "1." Only the row of data cells in each data
column that has a select cell of binary "1" is read. 1In
data column 1302, row RO (1310) is selected, in data
column 1304, row R3 (1312) is selected. The data in each
data cell 1306 in the selected row is sent along bit
lines 0-31, where one bit line is provided for each
individual bit column. Data from each pair of bit lines
(e.g., bit lines 0-1, 2-3, ... 16-17, 18-19,...) is sent
to a 2:1 multiplexer 1314. In this example, data from

even numbered bit lines (e.g., 0, 2, 4,...) may
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correspond to a first input while data from odd numbered
bit lines (e.g., 1, 3, 5,...) may correspond to a second
input. A select bit may select which input in each
multiplexer 1314 to sent to output path 1316. For
example, the select bit may indicate the multiplexer to
select all inputs associated with even numbered bit
lines. The selected output associated with data

column 1302 is sent to processing element 0 while the
selected output associated with data column 1304 is sent
to processing element. For writes, the process of
selecting the row in each data column is the same as for
reads. Rather than a multiplexer, a demultiplexer may be
used to select the data cell from which data is to be
written.

[0068] In one embodiment of the invention, successive
reads or writes may occur. When more than one individual
column of data cells is provided for each bit of a
processing element, an offset may be provided that allows
successive reads or writes from data cells within the
same row. For example, referring back to the example in
FIG. 13, row RO for data column 1302 may be selected and
a select bit may indicate to multiplexer 1314 to read the
bits provided on the even bit lines (e.g., 0, 2,...). An
offset may be added to the select bit so that

multiplexer 1314 may read bits from a next location in
memory (e.g., bits provided on the odd bit lines

(e.g., 1, 3,...)). For several individual bit columns
associated with one bit of a processing element, the
offset does not have to index immediately successive
memory locations but may index every predetermined (e.g.,
every 2, every 3, etc.) number of memory locations for
data cells in the same row. This allows faster reads
without having to decode the same input address multiple
times. One example of when successive reads may be

performed is if a processing element is performing an add
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operation and needs to read two 8-bit values from
successive memory locations.

[0069] Once local addressing is complete, all the
select cells 1308 are reset to binary "1" to allow global
addressing. An address is presented to the decoder and
the master row select lines are driven with the decoded
address. Only one row of data cells (e.g., row RO) is
accessed, which provides data for processing elements 0
and 1. As with local addressing, global addressing may
also allow successive memory reads and writes.

[0070] FIG. 14 is a flow diagram of one embodiment of
a process 1400 for implementing global addressing in
accordance with the invention. Process 1400 begins at
step 1402 in local addressing mode. At step 1404,
process 1400 determines whether global addressing is to
be implemented. If process 1400 is to remain in local
addressing mode, process 1400 ends at step 1414. If
process 1400 is to return to global addressing mode,
process 1400 moves to step 1406 where all the select
cells are set to binary "1." Next, an address is sent to
a decoder at step 1408. The master row select lines are
driven with the decoded address at step 1410, which
selects the row of data cells from which data is to be
read or to which data is to be written. At step 1412,
data is read from the selected data cells or written to
the selected data cells and the process ends at step 144.
Although not shown, successive memory reads and writes
may also occur.

[0071] FIG. 15 is a flow diagram of one embodiment of
a process 1500 for implementing local addressing in
accordance with the invention. Process 1500 begins at
step 1502 in global addressing mode. At step 1504,
process 1500 determines whether local addressing is to be
implemented. If process 1500 is to remain in global
addressing mode, process 1500 ends at step 1522. If
process 1500 is to implement local addressing,
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process 1500 moves to step 1506 where the select cell
write lines are set and an address is sent to a decoder.
Processing elements that read from or write to the
address drive a corresponding select cell write line to
binary "1," while other select cell write lines are
driven with a binary "0." At step 1508, the master row
select lines are driven with the decoded address and the
select cells associated with a select cell write line of
"1" are written.

[0072] At step 1510, process 1500 determines whether
another address is available for a different processing
element. If another address is provided, process 1500
returns to step 1506. If another address is not
available (select cells for all processing elements have
been written), process 1500 moves to step 1512 where all
the master row select lines are driven with a binary "1."
At step 1514, process 1500 reads data from the selected
row in each data column or writes data to the selected
row in each data column. At step 1516, process 1500
determines whether a successive memory read or write is
to be performed. If a successive memory read or write is
to be performed, an offset is added to the select bit of
the multiplexer and process 1500 returns to step 1514.
If there is no successive memory read or write,

process 1500 moves to step 1518 where process 1500
determines whether another locally addressed read or
write is to be performed. 1If another locally address
read or write is to be performed, process 1500 returns to
step 1506. TIf the locally addressed read or write is
completed, process 1500 resumes normal operation by
setting all select cells to binary "1" at step 1520.
Process 1500 then ends at step 1522.

[0073] This approach to local addressing in register
file SRAM results in little or no area overhead compared
to a register file SRAM without local addressing.

Because the SRAMs for the processing element register
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files have separate byte write enables, there is already
a degree of byte-wise organization in them. The addition
of an extra bit column to each data column adds some area
overhead to the register file SRAM. However, compared to
known addressing methods, this approach only increases
the total area by a small amount. The additional degree
of buffering provided may reduce the area of the decoder
by a small amount.

[0074] The increase in area may be further reduced.
Because the SIMD array and memory are usually integrated
onto a single chip using a layout design (a circuit
design process that creates circuit components and
interconnections in software and then fabricates the
circuit onto a wafer), and because the SIMD array needs
to be pitch matched (a method of layout that minimizes
wire routing between components) to the DRAM, the layout
of the processing element array typically contains extra
space between bytes. Thus, it may be possible to add the
additional select columns and logic within the extra
spaces, resulting in little or no area overhead.

[0075] The use of partial local addressing for a
register file SRAM in accordance with the invention has
several useful applications. For example, this approach
may be useful for programs that require a succession of
accesses to a wide memory. The accesses can be for the
same byte or word, or for different bytes or words. The
accesses may be made successively by memory address or in
a different order. Another application may be to reorder
data in input/output systems. This approach can provide
a convenient and quick approach to writing data to
different locations.

[00761] Thus it is seen that an register file SRAM for
local addressing in a SIMD array improves performance
with little or no added area overhead. One skilled in
the art will appreciate that the invention can be

practiced by other than the described embodiments, which
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are presented for purposes of illustration and not of
limitation, and the invention is limited only by the

claims which follow.
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PARENT CLAIMS (not fo be searched)

1. For use in a memory with global addressing and local
addressing, wherein said global addressing allows a plurality
of processing elements to read data from or to write data to a
location in said memory and said local addressing allows said
plurality of processing elements to read data from or to write
data to different locations in said memory, a method for
providing said local addressing comprising:

providing an address of a row of data cells in said
memory;

writing to a select cell by:

driving a select cell write line, and

driving a master row select line with a decoded
address bit that signals when said row of data cells
corresponding to said master row select line is to be
read or to be written, wherein said row of data cells
corresponds to said select cell;

driving said master row select line with a binary "1;"
and

reading data from or writing data to said row of data
cells when said select cell and said master row select line

are binary "1."

2. The method of claim 1 wherein said memory is a

static random access memory.

3. The method of claim 1 said select cell write line is
driven by a corresponding processing element associated with

said row of data cells.

4, The method of claim 1 comprising providing said
address to a decoder from a processing element associated with

said row of data cells.
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5. The method of claim 4 wherein said decoder
provides said decoded address bit to said master row

select line.

6. The method of claim 1 wherein said driving

a select cell write line comprises one of:

driving a binary "1" when a corresponding
processing element is to read data from or to write data
to said address; and

driving a binary "0" when said
corresponding processing element is to read data from or
to write data to a different address from said address.

7. The method of claim 1 wherein said driving

a master row select line with a decoded address bit
comprises one of:

driving a binary "1" when said row of data
cells corresponding to said master row select line has
said address; and

driving a binary "0" when said row of data
cells corresponding to said master row select line has a

different address from said address.

8. The method of claim 1 wherein said writing
to a select cell comprises one of:
writing a binary "1" when said select cell
write line and said decoded address bit are binary "1;"
and
writing a binary "0" when said select cell
write line is binary "1" and said decoded address bit is

binary "o0."

9. The method of claim 1 wherein said reading
data comprises:
sending data in said row of data cells to

at least one multiplexer; and
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selecting a bit from said data from each

multiplexer to be read.

10. The method of claim 9 further comprising
selecting a different bit from said data from each

multiplexer to be read.

11. The method of claim 1 wherein said
writing data comprises:
receiving data from a corresponding
processing element; and
selecting a data cell for each bit of said

data in said row of data cells to be written.

12. The method of claim 11 further
comprising:
receiving different data from said
corresponding processing element; and
selecting a different data cell for each
bit of said different data in said row of data cells to

be written.

13. The method of claim 1 further comprising:
resetting said select cell to binary "1"
to resume said global addressing when said select cell
has been binary "0," wherein said global addressing
operates to read data from or to write data to said row
of data cells when said master row select line is binary
ny

14. The method of claim 13 further comprising

deactivating said select cell write line.

15. For use in a memory with global addressing
and local addressing, wherein said global addressing

allows a plurality of processing elements to read data
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from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, a method for providing said
local addressing comprising:
providing a first address of a row of data
cells in a first data column;
writing to a plurality of select cells in
a first select column by:
activating a corresponding select
cell write line, and
driving a plurality of master row
select lines with a first decoded address that selects
said row of data cells in said first data column that
corresponds to said first select column;
providing a second address of a row of
data cells in a second data column in said memory;
writing to a plurality of select cells in
a second select column by:
activating a corresponding select
cell write line, and
driving said plurality of master row
select lines with a second decoded address that selects
said row of data cells in said second data column that
corresponds to said second select column:
driving said plurality of master row
select lines with a binary "1;" and
reading data from or writing data to:
said row of data cells in said first
data column when a corresponding select cell and master
row select line are binary "1," and
said row of data cells in said second
data column when a corresponding select cell and master

row select line are binary "1."
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16. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, a method for providing said
local addressing comprising:

providing decode logic that accepts as
input an address in said memory from which data is to be
read or to which data is to be written;

dividing said memory into a plurality of
data columns, wherein each of said plurality of data
columns comprises a plurality of rows of data cells;

providing a select column for each of said
plurality of data columns, wherein each select column
comprises a plurality of select cells, wherein each of
said plurality of select cells corresponds to a row of
data cells;

providing a select cell write line for
each select column; and

providing a master row select line from
each output of said decode logic to a select cell in each
select column, wherein each output corresponds to an
address of a row of data cells in each of said plurality
of data columns to which a corresponding master row

select line is provided.

17. The method of claim 16 wherein said memory

is a static random access memory.

18. The method of claim 16 comprising
providing said address to said decode logic from a
processing element that is to read data from or to write

data to said address.
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19. The method of claim 16 wherein each of
said plurality of data columns provides data to one of

said plurality of processing elements.

20. The method of claim 16 wherein said
providing decode logic that accepts as input an address
in said memory comprises mapping one input address to one

output.

21. The method of claim 20 wherein said
mapping one input address to one output further
comprises:

driving a master row select line
corresponding to said one output with a binary "1;" and

driving each master row select line
corresponding to other than said one output with a binary
ng . w

22. The method of claim 16 wherein each select
cell write line is driven by a corresponding processing

element.

23. The method of claim 16 wherein said
providing a select cell write line for each select column
comprises:

activating a corresponding select cell
write line for each of said plurality of processing
elements that is to read data from or to write data to an
input address; and

deactivating a corresponding select cell
write line for each of said plurality of processing
elements that is read data from or to write data to other
than said input address.
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24. The method of claim 23 further comprising
driving each master row select line with a decoded

address bit from said decode logic.

25. The method of claim 24 further comprising:
writing to each of said plurality of
select cells in each select column with a corresponding
select cell write line of binary "1," wherein said
writing comprises:
writing a binary "1" to a select cell
when a corresponding master row select line is binary
"1," and
writing a binary "0" to select cells
with a corresponding master row select line of binary
ng n

26. The method of claim 25 further comprising:

providing said decode logic with a second
address in said memory;

activating a corresponding select cell
write line for each of said plurality of processing
elements that is to read data from or to write data to
said second address; and

deactivating a corresponding select cell
write line for each of said plurality of processing
elements that is read data from or to write data to other

than said second input address.

27. The method of claim 26 further comprising
driving each master row select line with a decoded

address bit from said decode logic.

28. The method of claim 27 further comprising:
writing to each of said plurality of

select cells in each select column with a corresponding
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select cell write line of binary "1," wherein said
writing comprises:

writing a binary "1" to a select cell
when a corresponding master row select line is binary
"1," and

writing a binary "0" to select cells
with a corresponding master row select line of binary "0

29. The method of claim 28 further comprising

driving each master row select line with a binary "1."

30. The method of claim 29 further comprising
allowing data to be read from or to be written to a row
of data cells in each of said plurality of data columns
when a corresponding select cell and a corresponding
master row select line are binary "1," wherein said row
of data cells is different for each of said plurality of

data columns.

31. The method of claim 30 wherein said
allowing data to be read comprises:
sending data in said row of data cells in
each of said plurality of data columns to at least one
multiplexer; and
selecting a bit from said data from each

multiplexer to be read.

32. The method of claim 31 further comprising
selecting a different bit from said data from each
multiplexer to be read.

33. The method of claim 30 wherein said
allowing data to be written comprises:
receiving data from each of said plurality

of processing elements; and
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selecting a data cell for each bit of said
data in said row of data cells in each of said plurality

of data columns to be written.

34. The method of claim 33 further comprising:
receiving different data from each of said
plurality of processing elements; and
selecting a different data cell for each
bit of said different data in said row of data cells in

each of said plurality of data columns to be written.

35. The method of claim 16 wherein said
providing a select column comprises resetting each of
said plurality of select cells to binary "1" to resume
said global addressing, wherein said global addressing
operates to read data from or to write data to a row of
data cells in each of said plurality of data columns when

a corresponding master row select line is binary "1.v

36. The method of claim 35 further comprising

deactivating each select cell write line.

37. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, a method for providing local
addressing comprising:

providing an address in said memory;

activating a select cell write line;

driving a master row select line with a
decoded address bit;

writing to a select cell corresponding to
said decoded address bit and said select cell write line;
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activating said master row select line;
and

performing an operation on a row of data
cells corresponding to said select cell and said

activated master row select line.

38. The method of claim 37 wherein said
providing an address comprises providing an address of a
row of data cells in said memory for performing an

operation on said row of data cells.

39. The method of claim 37 wherein said
activating a select cell write line comprises driving

said select cell write line with a binary "1."

40. The method of claim 37 wherein said
driving a master row select line comprises driving a
binary "1" when a row of data cells corresponding to said

master select line has said address.

41. The method of claim 37 wherein said
writing to a select cell comprises writing said decoded
address bit to said select cell when said select cell
write line is activated, wherein said select cell is set
to binary "1" when said decoded address bit is binary m"1®
and set to binary "0" when said decoded address bit is

binary "o."

42. The method of claim 37 wherein said
activating said master row select line comprises driving

said master row select line with a binary "1."

43. The method of claim 37 wherein said
performing an operation on a row of data cells comprises

one of:
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reading from said row of data cells when
said select cell is binary "1;" and
writing to said row of data cells when

said select cell is binary "1."

44. The method of claim 37 further comprising
resetting said select cell to binary "1" to resume global
addressing, wherein said global addressing operates to
read data from or to write data to a row of data cells in
each of said plurality of data columns when a

corresponding master row select line is binary "1."

45. The method of claim 44 further comprising

deactivating said select cell write line.

46. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, a method for providing local
addressing comprising:

providing a first address in said memory;

activating a select cell write line whose
corresponding data column is associated with said first
address;

driving a plurality of master row select
lines with a first decoded address;

writing to a plurality of select cells
corresponding to said first decoded address and said
select cell write line;

providing a second address in said memory;

activating a different select cell write
line whose corresponding data column is associated with

said second address;
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driving a plurality of master row select
lines with a second decoded address;

writing to a plurality of select cells
corresponding to said second decoded address and said
different select cell write line;

activating said plurality of master row
select lines; and

performing an operation on a row of data
cells in each data column whose corresponding select cell

is set to binary "1."

47. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, apparatus for providing said
local addressing comprising:

a decoder comprising:

n inputs coupled to receive one bit
each of an address from which data is to be read or to
which data is to be written, and

2" outputs;

a plurality of select columns in said
memory, wherein each of said plurality of select columns
comprises a plurality of select cells, wherein each of
said plurality of select cells comprises:

a first input coupled to receive one
of said 2" outputs of said decoder via a master row
select line,

a second input coupled to receive a
value from a select cell write line, and

an output;

a plurality of AND gates, wherein each of
said plurality of AND gates comprises:
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a first input coupled to receive an
output of a select cell,

a second input coupled to receive a
value from a corresponding master row select line, and

an output; and

a plurality of data columns in said

memory, wherein each of said plurality of data columns
comprises a plurality of rows of data cells, each row of
data cells corresponds to one select cell and each row of
data cells comprises:

an input coupled to receive an output
of a corresponding AND gate, and

a data path from which data is be

read or to which data is to be written.

48. The apparatus of claim 47 wherein said

memory is a static random access memory.

49. The apparatus of claim 47 wherein each of
said plurality of data columns provides data to one of

said plurality of processing elements.

50. The apparatus of claim 47 comprising a
number of select cells in each of said plurality of
select columns and a number of AND gates equal to a
number of rows of data cells in each of said plurality of

data columns.

51. The apparatus of claim 50 wherein said
number of rows of data cells in each of said plurality of

data columns is 2".

52. The apparatus of claim 47 wherein one of
said plurality of processing elements provides said

decoder with said address.
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53. The apparatus of claim 47 wherein said
decoder maps one input address to one output, wherein

each unique input address corresponds to a unique output.

54. The apparatus of claim 53 wherein said
decoder that maps one input address to one output
further:

sends a binary "1" to said one output; and
sends a binary "0" to each output other

than said one output.

55. The apparatus of claim 47 wherein each of
said 2" outputs of said decoder is coupled to a master
row select line that extends to a select cell in each of
said plurality of select columns, wherein each of said 2"
outputs corresponds to an address of a row of data cells
in each of said plurality of data columns to which a

corresponding master row select line is provided.

56. The apparatus of claim 55 wherein said
decoder drives each master row select line with a decoded

address bit.

57. The apparatus of claim 47 wherein said
second input of each select cell in a select column is
activated by a processing element associated with a
corresponding data column when said processing element is

to read data from or to write data to said address.

58. The apparatus of claim 47 wherein said
select cell write line that is coupled to said second
input of each select cell in a select column is
deactivated by a processing element associated with a
corresponding data column when said processing element is
to read data from or to write data to a different address

from said address.



59. The apparatus of claim 47 wherein said
output of each select cell is set to said first input
when said second input is binary "1."

60. The apparatus of claim 47 wherein said
output of each AND gate is set to binary "1" when said
first input and said second input are binary "1," and set
to binary "O" when at least one of said first input and

second input is binary "0."

61. The apparatus of claim 47 wherein each of
said plurality of select cells in each of said plurality
of select columns is reset to binary "1" to resume said
global addressing, wherein said global addressing
operates to read data from or to write data to a row of
data cells in each of said plurality of data columns when
said second input from a corresponding AND gate is binary
nq

62. The apparatus of claim 61 further
comprising deactivating each select cell write line
corresponding to each of said plurality of select

columns.

63. The apparatus of claim 47 further
comprising read logic and sense amplifiers, wherein said
read logic and sense amplifiers perform one of:

reading data from a row of data cells that
corresponds to a select cell whose value is binary "1;"
and

writing data to said row of data cells
that corresponds to said select cell whose value is

binary "1i."



- 44 -~

64. The apparatus of claim 63 wherein said
read logic and sense amplifiers that read data also send
data in said row of data cells in each of said plurality
of data columns to at least one multiplexer and select a

bit from said data from each multiplexer to be read.

65. The apparatus of claim 64 wherein said
read logic and sense amplifiers further select a
different bit from said data from each multiplexer to be

read.

66. The apparatus of claim 63 wherein said
read logic and sense amplifiers that write data also
receive data from each of said plurality of processing
elements and select from each demultiplexer a data cell
for one bit of said data in said row of data cells in

each of said plurality of data columns to be written.

67. The apparatus of claim 66 wherein said
read logic and sense amplifiers further receive different
data from each of said plurality of processing elements
and select from each demultiplexer a different data cell
for one bit said different data in said row of data cells

in each of said plurality of data columns to be written.

68. The apparatus of claim 47 wherein said
apparatus is integrated with a main memory onto a single

chip using a layout design.

69. The apparatus of claim 68 wherein said

main memory is dynamic random access memory.

70. The apparatus of claim 68 wherein said
plurality of select columns, said plurality of AND gates,
and corresponding input and output lines are added to

said layout design in extra spaces in a layout of said
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decoder, said plurality of data columns, and said

plurality of processing elements.

71. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, apparatus for providing said
local addressing comprising:

a register file memory, wherein said
register file memory allows each of said plurality of
processing elements to read data from or to write data to
a different address in register file memory;

a control logic and sequencer, wherein
said control logic and sequencer controls data flow;

an interconnect, wherein said interconnect
allows data flow between said plurality of processing
elements; and

a memory buffer register, wherein said
memory buffer register stores data from said plurality of
processing elements to send to a main memory and stores
data from said main memory to send to said plurality of

processing elements.

72. The apparatus of claim 71 wherein said

register file memory is a static random access memory.

73. The apparatus of claim 71 wherein said
register file memory comprises:
a decoder comprising:
n inputs coupled to receive one bit
each of an address from which data is to be read or to
which data is to be written, and

2" outputs;
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a plurality of select columns in said
memory, wherein each of said plurality of select columns
comprises a plurality of select cells, each select cell
comprising:

a first input coupled to receive one
of said 2" outputs of said decoder via a master row
select line,

a second input coupled to receive a
value from a select cell write line, and

an output;

a plurality of AND gates, wherein each of
said plurality of AND gates comprises:

a first input coupled to receive an
output of a select cell,

a second input coupled to receive a
value from a corresponding master row select line, and

an output; and

a plurality of data columns in said
memory, wherein each of said plurality of data columns
comprises a plurality of rows of data cells, each row of
data cells corresponds to one select cell and each row of
data cells comprises:

an input coupled to receive an output
of a corresponding AND gate, and

a data path from which data is be

read or to which data is to be written.

74. The apparatus of claim 73 wherein each of
said plurality of data columns provides data to one of

said plurality of processing elements.

75. The apparatus of claim 73 comprising a
number of select cells in each of said plurality of
select columns and a number of AND gates equal to a
number of rows of data cells in each of said plurality of

data columns.
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76. The apparatus of claim 75 wherein said
number of rows of data cells in each of said plurality of

data columns is 2%.

77. The apparatus of claim 73 wherein said
decoder maps one input address to one output, wherein

each unique input address corresponds to a unique output.

78. The apparatus of claim 77 wherein said
decoder that maps one input address to one output
further:

sends a binary "1" to said one output; and
sends a binary "0" to each output other

than said one output.

79. The apparatus of claim 73 wherein each of
said 2" outputs of said decoder is coupled to a master
row select line that extends to a select cell in each of
said plurality of select columns, wherein each of said 2"
outputs corresponds to an address of a row of data cells
in each of said plurality of data columns to which a

corresponding master row select line is provided.

80. The apparatus of claim 73 wherein said
output of each select cell is set to said first input

when said second input is binary "1."

81. The apparatus of claim 73 wherein said
output of each AND gate is set to binary "1" when said
first input and said second input are binary "1," and set
to binary "0" when at least one of said first input and

second input is binary "o0."

82. The apparatus of claim 73 wherein each of
said plurality of select cells in each of said plurality
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of select columns is reset to binary "1" to resume said
global addressing, wherein said global addressing
operates to read data from or to write data to a row of
data cells in each of said plurality of data columns when
said second input from a corresponding AND gate is binary
ny

83. The apparatus of claim 73 further
comprising read logic and sense amplifiers, wherein said
read logic and sense amplifiers perform one of:

reading data from a row of data cells that
corresponds to a select cell whose value is binary "i;"
and

writing data to said row of data cells
that corresponds to said select cell whose value is

binary "1."

84. The apparatus of claim 83 wherein said
read logic and sense amplifiers that read data also send
data in said row of data cells in each of said plurality
of data columns to at least one multiplexer and select a

bit from said data from each multiplexer to be read.

85. The apparatus of claim 84 wherein said
read logic and sense amplifiers further select a
different bit from said data from each multiplexer to be

read.

86. The apparatus of claim 83 wherein said
read logic and sense amplifiers that write data also
receive data from each of said plurality of processing
elements and select from each demultiplexer a data cell
for one bit of said data in said row of data cells in

each of said plurality of data columns to be written.
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87. The apparatus of claim 86 wherein said
read logic and sense amplifiers further receive different
data from each of said plurality of processing elements
and select from each demultiplexer a different data cell
for one bit of said different data in said row of data
cells in each of said plurality of data columns to be

written.

88. The apparatus of claim 73 wherein said
register file memory, said control logic sequencer, said
interconnect, and said memory buffer register are
integrated with said main memory onto a single chip using

a layout design.

89. The apparatus of claim 88 wherein said
plurality of select columns, said plurality of AND gates,
and corresponding input and output lines are added to
said layout design in extra spaces in a layout of
remaining components of said register file memory, said
control logic sequencer, said interconnect, and said

memory buffer register.

90. The apparatus of claim 71 wherein each of
said plurality of processing elements performs one of
reading eight data bits from and writing eight data bits

to said register file memory.

91. The apparatus of claim 71 wherein each of
said plurality of processing elements processes a same
instruction concurrently on data from said register file

memory .

92. The apparatus of claim 71 wherein said
control logic sequencer also generates an address in said

register file memory from which data is to be read or to
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which data is to be written for each of said plurality of

processing elements.

93. The apparatus of claim 71 wherein said
control logic sequencer directs processing of data in

said plurality of processing elements.

94. The apparatus of claim 71 wherein said
control logic sequencer also directs loading of data from
each of said plurality of processing elements onto said
interconnect and from said interconnect to each of said

plurality of processing elements concurrently.

95. The apparatus of claim 71 wherein said
control logic sequencer also directs loading of data from
each of said plurality of processing elements to said
memory buffer registers and from said memory buffer
registers to each of said plurality of processing

elements.

96. The apparatus of claim 71 wherein said
control logic sequencer also directs loading of data from
said main memory to said memory buffer registers and from

said memory buffer registers to said main memory.

97. The apparatus of claim 71 wherein said
interconnect comprises a plurality of interconnect cells,
wherein each of said plurality of interconnect cell

couples two neighboring processing elements.

98. The apparatus of claim 71 further
comprising a plurality of data paths, wherein each of
said plurality of data paths allows data flow between
said memory buffer register and a block of said main
memory .
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99. The apparatus of claim 98 wherein said
block of said main memory corresponds to one of said

plurality of processing elements.

100. The apparatus of claim 71 wherein said

main memory is a dynamic random access memory.

101. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, an apparatus for providing
local addressing comprising:

an address decoder that outputs master row
select lines;
a data column comprising rows of data
cells;
a select column comprising select cells,
wherein each select cell:
corresponds to a row of data cells in
said data column, and
is coupled to receive as input a
corresponding master row select line that is associated
with an address of a corresponding row of data cells;
a select cell write line connected to each
select cell in said select column; and
a plurality of AND gates associated with
said select column, wherein each AND gate is coupled to a

corresponding select cell and master row select line.

102. The apparatus of claim 101 wherein each
master row select line is associated with a different

address for each row of data cells in said data column.
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103. The apparatus of claim 101 wherein a
processing element associated with said first data column
activates said select cell write line and sends an

address to said address decoder.

104. The apparatus of claim 113 wherein said
address corresponds to a row of data cells in said data

column.

105. The apparatus of claim 101 wherein said
decoder drives each master row select line with a decoded
address bit, wherein said decoded address bit comprises
one of:

a binary "1" when a row of data cells
corresponding to a master row select line has a selected
address; and

a binary "0" when said row of data cells
corresponding to said master row select line has a

different address from said selected address.

106. The apparatus of claim 101 wherein each
select cell in said select column is written with a
decoded address bit from a corresponding master row
select line when said select cell write line is

activated.

107. The apparatus of claim 101 wherein a row
of data cells with a selected address in said first data
column is selected by a corresponding AND gate when said
corresponding select cell and master row select line are
binary "1."

108. The apparatus of claim 101 wherein each
select cell in said select column is set to binary "1

for global addressing.
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109. The apparatus of claim 101 wherein said
select cell write line is deactivated for global

addressing.

110. The apparatus of claim 101 further
comprising:

a plurality of data columns;

a select column associated with each of
said plurality of data columns, wherein each select cell
in each select column:

corresponds to a row of data cells in
a corresponding data column, and

is coupled to receive as input a
corresponding master row select line that is associated
with an address of a corresponding row of data cells;

a select cell write line associated with
each select column; and

a plurality of AND gates associated with

each select column.

111. A parallel processor comprising a
plurality of processing elements adapted to process
global and local memory accesses to a memory, wherein:

in a global memory access, each of said
plurality of processing elements accesses a location that
corresponds to an address applied to said memory; and

in a local memory access, each of said
plurality of processing elements accesses a location that
corresponds to an address that was previously applied to
said memory in association with a respective processing

element .

112. A parallel processor according to
claim 111 in which said addresses are applied by one or

more of said plurality of processing elements.
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113. A parallel processor according to
claims 111 or 112 in which said memory is logically
organized as an array having a plurality of rows and
columns and said previously applied address is a row

address.

114. A parallel processor according to any one
of claims 111-113 comprising an address decoder for
decoding said applied addresses onto a plurality of
master select lines and in which said previously applied

address is stored in decoded form.

115. A parallel processor according to
claim 113 comprising a row decoder for decoding said
applied addresses onto a plurality of master row select
lines and in which said previously applied address is

stored in decoded form.

116. A parallel processor according to
claim 115 further comprising storage associated with said
plurality of master row select lines and said plurality
of processing elements for storing a logic state of each
respective master row select line in response to a signal
from each respective processing element and in which, in
said local memory access, contents of said storage are
driven onto secondary row select lines extending into
said memory array to allow each of said plurality of
processing elements to access a location corresponding to

said previously applied address.

117. A parallel processor accoxrding to
claim 116 in which said storage comprises a plurality of
select memory cells, each of which receives a particular
master row select line as a data input and a write signal
from a particular processing element on a respective

select cell write line, and is adapted to store a logic
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state of said particular master row select line in
response to an assertion of said write signal by said

particular processing element.

118. A parallel processor according to
claim 117 in which said plurality of select memory cells

are memory cells of said memory.

119. A parallel processor according to any one
of claims 116-118 further comprising combinatorial logic
receiving said plurality of master row select lines and
data outputs of said plurality of select memory cells,
and adapted to output onto each respective secondary row
select line a logical sum or logical product of a logic
state of a respective master row select line and contents

of a respective select cell.

120. A parallel processor according to
claim 119 in which said combinatorial logic comprises a
plurality of AND gates, each adapted to output a positive
logical sum of a logic state of a respective master row
select line and contents of a respective select memory

cell onto a respective secondary row select line.

121. A parallel processor according to

claims 119 or 120 adapted to operate according to a
method comprising:

decoding an address in said row decoder
and applying said decoded address to said plurality of
master row select lines;

for at least one of said plurality of
processing elements, asserting a write signal on said
select cell write line of each of one or more of said
plurality of select memory cells, to which each responds
by storing a logic state of each respective master row
select line; and
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in a local memory access:

applying to each of said plurality of
master row select lines a first logic state, said first
logic state being such that an output to said secondary
row select lines by said combinatorial logic is dependent
only upon contents of respective select memory cells, and

for each of said plurality of
processing elements, accessing said location in said
memory corresponding to said logic states of respective

secondary row select lines.

122. A parallel processor according to

claim 121 further adapted to operate according to a
method comprising:

applying to each of said plurality of
master row select lines a second logic state;

for each of said plurality of processing
elements, asserting a write signal on said select cell
write line of each of said plurality of select memory
cells, to which each responds by storing said second
logic state, said second logic state being such that an
output to said secondary row select lines by said
combinatorial logic is dependent only upon a logic state
of said plurality of master row select lines; and

in a global memory access:

decoding an address in said row
decoder and applying said decoded address to said
plurality of master row select lines, and thence via said
combinatorial logic to said secondary row select lines,
and
for each of said plurality of

processing elements, accessing said location in said
memory corresponding to logic states of said secondary

row select lines.
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123. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, apparatus for providing said
local addressing comprising:

means for providing an address of a row of
data cells in said memory;
means for writing to a select cell by:
driving a select cell write line, and
driving a master row select line with
a decoded address bit that signals when said row of data
cells corresponding to said master row select line is to
be read or to be written, wherein said row of data cells
corresponds to said select cell;
means for driving said master row select
line with a binary "1;" and
means for reading data from or writing
data to said row of data cells when said select cell and

said master row select line are binary "1i."

124. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, apparatus for providing said
local addressing comprising:

means for providing decode logic that
accepts as input an address in said memory from which
data is to be read or to which data is to be written;

means for dividing said memory into a
plurality of data columns, wherein each of said plurality



15

20

25

10

15

- 58 -

of data columns comprises a plurality of rows of data
cells;

means for providing a select column for
each of said plurality of data columns, wherein each
select column comprises a plurality of select cells,
wherein each of said plurality of select cells
corresponds to a row of data cells;

means for providing a select cell write
line for each select column; and

means for providing a master row select
line from each output of said decode logic to a select
cell in each select column, wherein each output
corresponds to an address of a row of data cells in each
of said plurality of data columns to which a

corresponding master row select line is provided.

125. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, apparatus for providing local
addressing comprising:

means for providing an address in said
memory ;

means for activating a select cell write
line;

means for driving a master row select line
with a decoded address bit;

means for writing to a select cell
corresponding to said decoded address bit and said select
cell write line;

means for activating said master row
select line; and
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means for performing an operation on a row
of data cells corresponding to said select cell and said

activated master row select line.

126. For use in a memory with global addressing
and local addressing, wherein said global addressing
allows a plurality of processing elements to read data
from or to write data to a location in said memory and
said local addressing allows said plurality of processing
elements to read data from or to write data to different
locations in said memory, apparatus for providing said
local addressing comprising:

a register file memory means, wherein said
register file memory allows each of said plurality of
processing elements to read data from or to write data to
a different address in register file memory;

a control logic and sequencer means,
wherein said control logic and sequencer controls data
flow;

an interconnect means, wherein said
interconnect allows data flow between said plurality of
processing elements; and l

a memory buffer register means, wherein
said memory buffer register stores data from said
plurality of processing elements to send to a main memory
and stores data from said main memory to send to said

plurality of processing elements.
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DIVISIONAL CLAIMS (to be searched)

1. For use in a memory with global addressing and
local addressing, wherein said global addressing allows a
plurality of processing elements to read data from or to
write data to a location in said memory and said local
addressing allows said plurality of processing elements to
read data from or to write data to different locations in
said memory, apparatus for providing said local addressing
comprising:

a register file memory, wherein said register file
memory allows each of said plurality of processing elements
to read data from or to write data to a different address in
register file memory;

a control logic and sequencer, wherein said control
logic and sequencer controls data flow;

an interconnect, wherein said interconnect allows data
flow between said plurality of processing elements; and a
memory buffer register, wherein said memory buffer register
stores data from said plurality of to processing elements to
send to a main memory and stores data from said main memory

to send to said plurality of processing elements.

2. The apparatus of claim 1 wherein said register file

memory is a static random access memory.

3. The apparatus of claim 1 wherein said register file
memory comprises:

a decoder comprising:

n inputs coupled to receive one bit each of an address
from which data is to be read or to which data is to be
written, and

2" outputs;



(@3]

10

15

20

25

30

- 61 -

a plurality of select columns in said memory, wherein
each of said plurality of select columns comprises a
plurality of select cells, each select cell comprising:

a first input coupled to receive one of said 2" outputs
of said decoder via a master row select line,

a second input coupled to receive a value from a select
cell write line, and

an output;

a plurality of AND gates, wherein each of said plurality
of AND gates comprises:

a first input coupled to receive an output of a select
cell,

a second input coupled to receive a value from a
corresponding master row select line, and

an output; and

a plurality of data columns in said memory, wherein each
of said plurality of data columns comprises a plurality of
rows of data cells, each row of data cells corresponds to one
select cell and each row of data cells comprises:

- an input coupled to receive an output of a corresponding

AND gate, and a data path from which data is be read or to

which data 1s to be written.

4. The apparatus of claim 3 wherein each of said
plurality of data columns provides data to one of said

plurality of processing elements.

5. The apparatus of claim 3 comprising a number of
select cells in each of said plurality of select columns and
a number of AND gates equal to a number of rows of data cells

in each of said plurality of data columns.
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6. The apparatus of claim 5 wherein said number of

rows of data cells in each of said plurality of data columns

is 2n.

7. The apparatus of claim 3 wherein said decoder maps

one input address to one output,

wherein each unique input

address corresponds to a unigque output.

8. The apparatus of claim 7 wherein said decoder that

maps one input address to one output further:

sends a binary "1"
sends a binary "O0'

output.

9. The apparatus

outputs of said decoder

to

to

of

is

said one output; and

each output other than said one

claim 3

coupled

line that extends to a select cell

of select columns, wherein each of

wherein each of said 2n
to a master row select
in each of said plurality

said 2n outputs

corresponds to an address of a row of data cells in each of

said plurality of data columns to which a corresponding

master row select line is provided.

10. The apparatus
each select cell is set

input is binary "1."

11. The apparatus

each AND gate is set to

of claim 3 wherein said output of

to said first input when said second

of claim 3 wherein said output of

binary "1" when said first input and

said second input are binary "1," and set to binary "0" when

at least one of said first input and second input is binary

"O."

12. The apparatus of claim 3 wherein each of said

plurality of select cells in each of said plurality of select
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columns is reset to binary "1" to resume said global

addressing, wherein said global addressing operates to read
data from or to write data to a row of data cells in each of
said plurality of data columns when said second input from a

corresponding AND gate 1is binary "1."

13. The apparatus of claim 3 further comprising read
logic and sense amplifiers, wherein said read logic and sense
amplifiers perform one of:

reading data from a row of data cells that s corresponds
to a select cell whose value is binary "1;" and

writing data to said row of data cells that corresponds

to said select cell whose value is binary "1."

14. The apparatus of claim 13 wherein said read logic
and sense amplifiers that read data also send data in said
row of data cells in each of said plurality of data columns
to at least one multiplexer and select a bit from said data

from each multiplexer to be read.

15. The apparatus of claim 14 wherein said read logic
and sense amplifiers further select a different bit from said

data from each multiplexer to be read.

16. The apparatus of claim 13 wherein said read logic
and sense amplifiers that write data also receive data from
each of said plurality of processing elements and select from
each demultiplexer a data cell for one bit of said data in
said row of data cells in each of said plurality of data

columns to be written.

17. The apparatus of claim 16 wherein said read logic
and sense amplifiers further receive different data from each

of said plurality of processing elements and select from each
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demultiplexer a different data cell for one bit of said
different data in said row of data cells in each of said

plurality of data columns to be written.

18. The apparatus of claim 3 wherein said register file
memory, said control logic sequencer, said interconnect, and
said memory buffer register are integrated with said main

memory onto a single chip using a layout design.

19. The apparatus of claim 18 wherein said plurality of
select columns, said plurality of AND gates, and
corresponding input and output lines are added to said layout
design in extra spaces in a layout of remaining components of
said register file memory, said control logic sequencer, said

interconnect, and said memory buffer register.

20. The apparatus of claim 1 wherein each of said
plurality of processing elements performs one of reading
eight data bits from and writing eight data bits to said

register file memory.

21. The apparatus of claim 1 wherein each of said
plurality of processing elements processes a same instruction

concurrently on data from said register file memory.

22. The apparatus of claim 1 wherein said control logic
sequencer also generates an address in said register file
memory from which data is to be read or to which data is to

be written for each of said plurality of processing elements.

23. The apparatus of claim 1 wherein said control logic
sequencer directs processing of data in said plurality of

processing elements.
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24. The apparatus of claim 1 wherein said control logic
sequencer also directs loading of data from each of said
plurality of processing elements onto said interconnect and
from salid interconnect to each of said plurality of

processing elements concurrently.

25. The apparatus of claim 1 wherein said control logic
sequencer also directs loading of data from each of said
plurality of processing elements to said memory buffer
registers and from said memory buffer registers to each of

said plurality of processing elements.

26. The apparatus of claim 1 wherein said control logic
sequencer also directs loading of data from said main memory
to said memory buffer registers and from said memory buffer

registers to said main memory.

27. The apparatus of claim 1 wherein said interconnect
comprises a plurality of interconnect cells, wherein each of
said plurality of interconnect cells couples two neighbouring

processing elements.

28. The apparatus of claim 1 further comprising a
plurality of data paths, wherein each of said plurality of
data paths allows data flow between said memory buffer

register and a block of said main memory.

29. The apparatus of claim 28 wherein said block of
said main memory corresponds to one of said plurality of

processing elements.

30. The apparatus of claim 1 wherein said main memory

is a dynamic random access memory.
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31. For use in a memory with global addressing and
local addressing, wherein said global addressing allows a
plurality of processing elements to read data from or to
write data to a location in said memory and said local
addressing allows said plurality of processing elements to
read data from or to write data to different locations in
said memory, apparatus for providing said local addressing
comprising:

a register file memory means, wherein said register file
memory allows each of said plurality of processing elements
to read data from or to write data to a different address in
register file memory;

a control logic and sequencer means, wherein said
control logic and sequencer controls data flow;

an interconnect means, wherein said interconnect allows
data flow between said plurality of processing elements; and

a memory buffer register means, wherein said memory
buffer register stores data from said plurality of processing
elements to send to a main memory and stores data from said

main memory to send to said plurality of processing elements.
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Amendments to the claims have been filed as follows

CLAIMS

1. For use in a memory with global addressing and
local addressing, wherein said global addressing allows a
plurality of processing elements to read data from or to
write data to a location in said memory and said local
addressing allows said plurality of processing elements to
read data from or to write data to different locations in
said memory, apparatus for providing said local addressing
comprising:

a register file memory, wherein said register file
memory allows each of said plurality of processing elements .
to read data from or to write data to a different address in
register file memory;

a control logic and sequencer, wherein said control Ce
logic and sequencer controls data flow; Cooe

an interconnect, wherein said interconnect allows data o
flow between said plurality of processing elements; and a |
memory buffer register, wherein said memory buffer register
stores data from said plurality of to processing elements to
send to a main memory and stores data from said main memory

to send to said plurality of processing elements.

2. The apparatus of claim 1 wherein said register file

memory is a static random access memory.

3. The apparatus of claim 1 wherein said register file
memory comprises:

a decoder comprising:

n inputs coupled to receive one bit each of an address
from which data is to be read or to which data is to be
written, and

2" outputs;



10

15

20

25

30

€

a plurality of select columns in said memory, wherein
each of said plurality of select columns comprises a
plurality of select cells, each select cell comprising:

a first input coupled to receive one of said 2" outputs
of said decoder via a master row select line,

a second input coupled to receive a value from a select
cell write line, and

an output;

a plurality of AND gates, wherein each of said plurality
of AND gates comprises:

a first input coupled to receive an output of a select
cell,

a second input coupled to receive a value from a
corresponding master row select line, and

an output; and

a plurality of data columns in said memory, wherein each
of said plurality of data columns comprises a plurality of
rows of data cells, each row of data cells corresponds to one
select cell and each row of data cells comprises:

an input coupled to receive an output of a corresponding
AND gate, and a data path from which data is be read or to

which data is to be written.

4. The apparatus of claim 3 wherein each of said
plurality of data columns provides data to one of said

plurality of processing elements.

5. The apparatus of claim 3 comprising a number of
select cells in each of said plurality of select columns and
a number of AND gates equal to a number of rows of data cells

in each of said plurality of data columns.
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6. The apparatus of claim 5 wherein said number of
rows of data cells in each of said plurality of data columns

is 2n.

7. The apparatus of claim 3 wherein said decoder maps
one input address to one output, wherein each unique input

address corresponds to a unique output.

8. The apparatus of claim 7 wherein said decoder that
maps one input address to one output further:

sends a binary "1" to said one output; and L

sends a binary "0' to each output other than said one <

output.

9. The apparatus of claim 3 wherein each of said 2n
outputs of said decoder is coupled to a master row select R
line that extends to a select cell in each of said plurality .‘[
of select columns, wherein each of said 2n outputs
corresponds to an address of a row of data cells in each of
said plurality of data columns to which a corresponding

master row select line is provided.

10. The apparatus of claim 3 wherein said output of
each select cell is set to said first input when said second

input is binary "1."

11. The apparatus of claim 3 wherein said output of
each AND gate is set to binary "1" when said first input and
said second input afe binary "1," and set to binary "0" when
at least one of said first input and second input is binary

"O. "

12. The apparatus of claim 3 wherein each of said

plurality of select cells in each of said plurality of select
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addressing, wherein said global addressing operates to read
data from or to write data to a row of data cells in each of
said plurality of data columns when said second input from a

corresponding AND gate is binary "1."

13. The apparatus of claim 3 further comprising read
logic and sense amplifiers, wherein said read logic and sense
amplifiers perform one of:

reading data from a row of data cells that s corresponds
to a select cell whose value is binary "1;" and

writing data to said row of data cells that corresponds

to said select cell whose value is binary "1."

14. The apparatus of claim 13 wherein said read logic
and sense amplifiers that read data also send data in said
row of data cells in each of said plurality of data columns
to at least one multiplexer and select a bit from said data

from each multiplexer to be read.

15. The apparatus of claim 14 wherein said read logic
and sense amplifiers further select a different bit from said

data from each multiplexer to be read.

16. The apparatus of claim 13 wherein said read logic
and sense amplifiers that write data also receive data from
each of said plurality of processing elements and select from
each demultiplexer a data cell for one bit of said data in
said row of data cells in each of said plurality of data

columns to be written.

17. The apparatus of claim 16 wherein said read logic
and sense amplifiers further receive different data from each

of said plurality of processing elements and select from each
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demultiplexer a different data cell for one bit of said
different data in said row of data cells in each of said

plurality of data columns to be written.

18. The apparatus of claim 3 wherein said register file
memory, said control logic sequencer, said interconnect, and
said memory buffer register are integrated with said main

memory onto a single chip using a layout design.

19. The apparatus of claim 18 wherein said plurality of
select columns, said plurality of AND gates, and
corresponding input and output lines are added to said layout
design in extra spaces in a layout of remaining components of
said register file memory, said control logic sequencer, said

interconnect, and said memory buffer register.

20. The apparatus of claim 1 wherein each of said
plurality of processing elements performs one of reading
eight data bits from and writing eight data bits to said

register file memory.

21. The apparatus of claim 1 wherein each of said
plurality of processing elements processes a same instruction

concurrently on data from said register file memory.

22. The apparatus of claim 1 wherein said control logic
sequencer also generates an address in said register file
memory from which data is to be read or to which data is to

be written for each of said plurality of processing elements.

23. The apparatus of claim 1 wherein said control logic
sequencer directs processing of data in said plurality of

processing elements.
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24. The apparatus of claim 1 wherein said control logic
sequencer also directs loading of data from each of said
plurality of processing elements onto said interconnect and
from said interconnect to each of said plurality of

processing elements concurrently.

25. The apparatus of claim 1 wherein said control logic
sequencer also directs loading of data from each of said
plurality of processing elements to said memory buffer
reg;sters and from said memory buffer registers to each of

said plurality of processing elements. o

26. The apparatus of claim 1 wherein said control logic
sequencer also directs loading of data from said main memory
to said memory buffer registers and from said memory buffer

registers to said main memory.

27. The apparatus of claim 1 wherein said interconnect
comprises a plurality of interconnect cells, wherein each of
said plurality of interconnect cells couples two neighbouring

processing elements.

28. The apparatus of claim 1 further comprising a
plurality of data paths, wherein each of said plurality of
data paths allows data flow between said memory buffer

register and a block of said main memory.

29. The apparatus of claim 28 wherein said block of
said main memory corresponds to one of said plurality of

processing elements.

30. The apparatus of claim 1 wherein said main memory

is a dynamic random access memory.
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31. For use in a memory with global addressing and
local addressing, wherein said global addressing allows a
plurality of processing elements to read data from or to
write data to a location in said memory and said local
addressing allows said plurality of processing elements to
read data from or to write data to different locations in
said memory, apparatus for providing said local addressing
comprising:

a register file memory means, wherein said register file
memory allows each of said plurality of processing elements
to read data from or to write data to a different address in
register file memory;

a control logic and sequencer means, wherein said
control logic and sequencer controls data flow;

an interconnect means, wherein said interconnect allows
data flow between said plurality of processing elements; and

a memory buffer register means, wherein said memory
buffer register stores data from said plurality of processing
elements to send to a main memory and stores data from said

main memory to send to said plurality of processing elements.
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