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[2885/139]
RECONFIGURABLE SEQUENCER STRUCTURE

Cross-Reference to Related Applications

This application is a continuation of U.S. Patent Application
Serial No. 12/541,299, filed on August 14, 2009, which is a
continuation of and claims priority to U.S. Patent Application
Serial No. 12/082,073, filed on April 7, 2008, which is a
continuation of and claims priority to U.S. Patent Application
Serial No. 10/526,595, filed on January 9, 2006, which was the
National Stage of International Application Serial No.
PCT/EP03/38599, filed on September 8, 2003, which claims
benefit of and priority to German Patent Application Serial
No. DE 102 41 812.8, filed on September 6, 2002, the entire
contents of each of which are expressly incorporated herein by

reference thereto.
Description

The present invention relates to a cell element field and a
method for operating same. The present invention thus relates

in particular to reconfigurable data processing architectures.

The term reconfigurable architecture is understood to refer to
units (VPUs) having a plurality of elements whose function
and/or interconnection is variable during run time. These
elements may include arithmetic logic units, FPGA areas,
input/output cells, memory cells, analog modules, etc. Units
of this type are known by the term VPU, for example. These
typically include arithmetic and/or logic and/or analog and/or
memory and/or interconnecting modules and/or communicative
peripheral modules (IOs), typically referred to as PAEs, which
are arranged in one or more dimensions and are linked together

directly or by one or more bus systems. PAEs are arranged in

NYO1l 1999742 vl 1 Substitute Specification
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any configuration, mixture and hierarchy, the system being
known as a PAE array or, for short, a PA. A configuring unit
may be assigned to the PAE. In addition to VPU units, in
principle systolic arrays, neural networks, multiprocessor
systems, processors having multiple arithmetic units and/or
logic cells, interconnection and network modules such as.
crossbar circuits, etc., as well as FPGAs, DPGAs, transputers,

etc., are also known

It should be pointed out that essential aspects of VPU
technology are described in the following protective rights of
the same applicant as well as in the particular follow-up

applications to the protective rights listed here:

P 44 16 881.0-53, DE 197 81 412.3, DE 197 81 483.2,

DE 196 54 846.2-53, DE 196 54 593.5-53, DE 197 04 044.6-53,
DE 198 80 129.7, DE 198 61 088.2-53, DE 199 80 312.9,

PCT/DE 00/01869, DE 100 36 627.9-33, DE 100 28 397.7,

DE 101 10 530.4, DE 101 11 014.6, PCT/EP 00/10516,

EP 01 102 674.7, DE 102 06 856.9, 60/317,876, DE 102 02 044.2,
DE 101 29 237.6-53, DE 101 39 170.6.

It should be pointed out that the documents listed above are
incorporated in particular with regard to particulars and

details of the interconnection, configuration, embodiment of
architecture elements, trigger methods, etc., for disclosure

purposes.

The architecture has considerable advantages in comparison

~with traditional processor architectures inasmuch as data

processing is performed in a manner having a large proportion
of parallel and/or vectorial data processing steps. However,
the advantages of this architecture in comparison with other
processor units, coprocessor units or data processing units in

general are not as great when the advantages of

NY01l 15999742 vi 2 Substitute Specification,
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interconnection and of the given processor architectonic

particulars are no longer achievable to the full extent.

This is the case in particular when data processing steps that
are traditionally best mappable on sequencer structures are to
be executed. It is desirable to design and use the
reconfigurable architecture in such a way that even those data
processing steps which are typically particularly suitable for
being executed using sequencers are executable particularly

rapidly and efficiently.

The object of the present invention is to provide a novel

device and a novel method for commercial application.

The method of achieving this object is claimed independently.

Preferred embodiments are characterized in the subclaims.

According to a first essential aspect of the present
invention, in the case of a cell element field whose function
and/or interconnection is reconfigurable in particular during
run time without interfering with unreconfigured elements for
data processing with coarsely granular function cell elements
in particular for execution of algebraic and/or logic
functions and memory cell means for receiving, storing and/or
outputting information, it is proposed that function cell-
memory cell combinations be formed in which a control
connection to the memory means is managed by the function cell
means. This control connection is for making the address
and/or data input/output from the memory controllable through
the particular function cell, typically an ALU-PAE. It is thus
possible to indicate, for example, whether the next item of
information transmitted is to be handled as an address or as
data and whether read and/or write access is necessary. This
transfer of data from the memory cell, i.e., the memory cell
means, which may be a RAM-PAE, for example, to the function

cell means, which may be an ALU-PAE, for example, then makes

NYO1l 1999742 vi 3 Substitute Specification

INTEL - 1004
Page 316 of 539




10

15

20

25

30

it possgible for new commands that are to be executed by the
ALU to be loadable into the latter. It should be pointed out
that function cell means and memory cell means may be combined
by integration into a structural unit. In such a case it is
possible to use a single bus connection to input data into the
memory cell means and/or the ALU. Suitable input registers
and/or output registers may then be provided and, if desired,
additional data registers and/or configuration registers
different from the former may also be provided as memory cell

means.

It should also be pointed out that it is possible to construct
a cell element field containing a plurality of different cells
and/or cell groups, strips or similar regular patterns being
preferably provided with the different cells because these
permit a very regular arrangement while facilitating the
design equally in terms of hardware design and operation. With
such a strip-like arrangement or other regular layout of a
small plurality of different cell elements, for example,
elements having integrated function cell means-memory cell
means combinations, i.e., cells in which function cell means
and memory cell means are integrated according to the present
invention, are provided centrally in the field, where
typically only a few different program steps are to be
executed within a sequencer structure because, as has been
recognized, this provides very good results for traditional
data stream applications, while more complex seguencer
structures may be constructed at the edges of the field where,
for example, an ALU—PAE which represents a separate unit
possibly may be provided in addition to a separate RAM-PAE and
optionally a number of I/O-PAEs using, i.e., arranging
appropriate control lines or connections thereof because
frequently more memory is needed there, e.g., to temporarily

store results generated in the field central area of the cell

~
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element field and/or for datastreaming, to pre-enter and/or

process data needed thereby.

When cells that integrate memory cell means and function cell
means are provided, e.g., in the center of the field, a small
memory may then be provided there for different commands to be
executed by the function cell means such as the ALU. It is
possible here in particular to separate the command memory
and/or the configuration memory from a data memory, and it is
possible to design the function memory to be so large that
alternatively, one of several, e.g., two different seguences
may be executed. The particular sequence to be executed may
occur in response to results generated in the cell and/or
control signals such as carry signals, overflow signals,
and/or trigger signals arriving from the outside. In this way,
this arrangement may also be used for wave reconfiguration

methods.

In this way it is possible to construct a seguencer structure
in a cell element field by providing a dedicated control
connection controlled by function cells in a dedicated manner
between function cell and function cell means and memory cell
and/or memory cell means with only two elements connected by
suitable buses without regquiring additional measures and/or
design changes otherwise. Data, addresses, program steps,
etc., may be stored in the memory cell in a manner known per
se from traditional processors. Since both elements, if
properly configured, may also be used in another way, this
vields a particularly efficient design which is particularly
adaptable to sequencer structures as well as vectorial and/or
parallelizable structures. Parallelization may thus be
supported merely via suitable PAE configurations, i.e., by
providing PAEs that operate in two different spatial
directions and/or via cell units equipped with data throughput

registers.

NYO1l 1999742 v1 5 Substitute Specification
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It is clear here that a plurality of sequencer type structures
may be constructed in the reconfigurable cell element field by
using only.two cells in a cell element field, namely the
function cell and the information processing cell. This is
advantageous inasmuch as a number of different tasks that are
different from one another per se must often be executed in
data processing, e.g., in a multitasking-capable operating
system. A plurality of such tasks must then be executed
effectively and simultaneously in a single cell element field.
The advantages of real time applications are obvious.
Furthermore it is also possiblé to operate the individual
sequencer structures that are constructed in a cell element
field, providing the control connection according to the
present invention, at different clock rates, e.g., to lower
power consumption by executing lower priority tasks at a
slower rate. It is also possible to execute sequencer type
program parts in the field in parallel or vectorially in
execution of algorithms that are largely parallel per se and

vice versa.

Typically, however, it is preferable for sequencer-typé
structures to be clocked at.a higher rate in the cell element
field, whether they are seguencer-type structures having an
area comnnected to neighboring cells or buses or whether they
are combinations of spatially differentiable separate and
separately useable function cell elements such as ALU-PAEs and
memory cell elements such as RAM-PAEs. This has the advantage
that sequential program parts, which are very difficult to
parallelize in any case, may be used in a general data flow
processing without any negative effect on the overall data
processing. Examples of this include, e.g., a HUFFMANN coding
which is executable much better seguentially than in parallel
and which also plays an important role for applications such

as MPEG4 coding, but in this case the essential other parts of
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the MPEG4 coding are also easily parallelizable. Parallel data
processing is then used for most parts of an algorithm and a
sequential processing block is provided therein. An increase
in the clock frequency in the sequencer range by a factor of 2

to 4 is typically sufficient.

It should be pointed out that instead of a strip arrangement
of different cell elements, another grouping, in particular a

multidimensional grouping, may also be selected.

The cell element field having the cells whose function and/or
interconnection is configurable may obviously form a
processor, a coprocessor and/or a microcontroller and/or a

parallel plurality of combinations thereof.

The function cells are typically formed as arithmetic logic
units, which may be in particular coarsely granular elements
but may also be provided with a fine granular state machine,
for example. In a particularly preferred exemplary embodiment,
the ALUs are extended ALUs (EALUs) as described in previous
patent applications of the present applicant. An extension may
include in particular the control line check, command decoder

unit, etc., if necessary.

The memory cells may store data and/or information in a
volatile and/or nonvolatile form. When information stored in
the memory cells, whether program steps, addresses for access
to data or data stored in a register-type form, i.e., a heap
is stored as volatile data, a complete reconfiguration may
take place during run time. Alternatively it is possible to
provide nonvolatile memory éells. The nonvolatile memory cells
may be provided as an EEPROM area and the like, where a
rudimentary BIOS program that is to be executed on boot-up of
the system is stored. This permits booting up a data
processing system without additional components. A nonvolatile

data memory may also be provided if it is decided for reasons
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of cost and/or space that the same program parts are always to
be executed repeatedly, and it is also possible to alternate
among such fixed program parts during operation, e.g., in the
manner of a wave reconfiguration. The possibilities of
providing and using such nonvolatile memories are the object
of other protective rights of the present applicant. It is
possible to store both volatile and nonvolatile data in the
memory cells, e.g., for permanent storage of a BIOS program,
and nevertheless be able to use the memory cell for other

purposes.

The memory cell is preferably designed to be able to storxe a
sufficient variety of data to be executed and/or program parts
to be executed. It should be pointed out here that these
program parts may be designed as program steps, each
specifying what an individual PAE, in particular the assigned
PAE, i.e., in particular the function cell controlling the
memory cell, is to do in the next step, and they may also
include entire configurations for field areas or other fields.
Iﬁ such a case, it is readily possible for the seguencer
structure that has been created to issue a command on the
basis of which cell element field areas are reconfigured. The
function cell triggering this configuration then operates as a
load logic at the same time. It should be pointed out that the
configuration of other cells may in turn be accomplished in
such a way that sequencer type data processing is performed
there and it is in turn possible in these fields to configure
and/or reconfigure other cells in the course of program
[execution]. This results in an iterative configuration of
cell element areas, and nesting of programs having sequencer
structures and parallel structures is possible, these
structures being nested one inside the other like babushka
dolls. It should be pointed out that access to additional cell

element fields outside of an individual integrated module is
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cell and/or function cell has such a backward register, which
may be situated in the information path between the memory
cell and function cell. In such a case, these registers need
not necessarily be provided with additional functionalities,
although this is readily conceivable, e.g., when data is .
requested from the memory cell for further processing,
corresponding to a tréditional LOAD of a typical
microprocessor for altering the data even before it is loaded
into the PAE, e.g., to implement a LOAD++ command. Data
conduction through PAEs having ALUs and the like operating in

the reverse direction should be mentioned.

The memory cell is preferably situated to receive information
from the function cell controlling it, information saving via
an input/output cell and/or a cell that does not control. the
memory cell also being possible. In particular when data is to
be written into the memory cell from an input/output cell, it
is preferable if this ihput/output cell (I/O-PAE) is also
controlled by the function cell. The address at which
information to be written into the memory cell or, if
necessary, to also be transmitted directly to the function
cell (PAE) is to be read, may also be transferred to the I/C-
PAE from the ALU-PAE. In this connection it should be pointed
out that this address may be determined via an address
translation table, an address translation buffer or an MMU
type structure in the I/0-PAE. In such a case, this yields the
full functionalities of typical microprocessors. It should:
also be pointed out that an I/0 functionality may also be
integrated with a function cell means, a memory cell means:

and/or a function cell means-memory cell means combination. .

In a preferred variant, at least one input-output means is
thus assigned to the combination of function cells and memory
cells, whether as an integrated function cell and a memory

cell combination or as a function cell and/or memory cell
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combination composed of separate units, the input/output means
being used to transmit information to and/or receive
information from an external unit, another function cell,

function cell memory cell combination and/or memory cells.

The input-output unit is preferably likewise designed for
receiving control commands from the function cell and/or the

function cell means.

In a preferred variant, the control connection is designed to

transmit some and preferably all of the following commands:

OPCODE FETCH,

DATA WRITE INTERNAL,

DATA WRITE EXTERNAL

DATA READ EXTERNAL,

ADDRESS POINTER WRITE INTERNAL,
ADDRESS POINTER WRITE EXTERNAL,

- ADDRESS POINTER READ INTERNAL,

ADDRESS POINTER READ EXTERNAL,
PROGRAM  POINTER WRITE INTERNAL,
PROGRAM POINTER WRITE EXTERNAL,
PROGRAM POINTER READ INTERNAL,
PROGRAM POINTER READ EXTERNAL,
STACK POINTER WRITE INTERNAL,
STACK POINTER WRITE EXTERNAL,
STACK POINTER READ INTERNAL,
STACK POINTER READ EXTERNAL,
PUSH,

POP,

PROGRAM POINTER INCREMENT.

This may be accomplished through a corresponding bit width of
the control line and an associated decoding at the receivers.
The particular required control means and decoding means may

be provided inexpensively and with no problems. As it shows, a
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function cells, reconfigurability of the function cell element
and the corresponding interconnections must be provided. In a
particularly preferred variant, the function cells, the
information providing cells such as memory cells, I/0 cells -
and the like are arranged multidimensionally, in particular in
the manner of a matrix, i.e., on grid points of a
multidimensional grid, etc. If there is a regular structure,
as is the case there, information, i.e., operands,
configurations, trigger signals, etc., is typically supplied
to a cell from a first row, while data, trigger signals and
other information is dispensed in a row beneath that. In such
a case, it is preferable if the cells are situated in one and
the same row and the information transfer from the
information-providing cell into the required input into the
function cell may then take place via a backward register. The
possibility of using the registers for pipelining should also

be mentioned.

Patent protection is also claimed for a method for operating a
cell element field, in particular a multidimensional cell
element field having function cells for execution of algebraic
and/or logic functions and information-providing cells, in
particular memory cells and/or input/output cells for
receiving and/or outputting and/or storing information, at
least one of the function cells outputting control commands to
at least one information-providing cell, information for the
function cell being provided there in response to the control
commands, and the function cell being designed to perform the
additional data processing in response to the information thus
provided to thereby process data in the manner of a sequencer

at least from time to time.

Sequencer-type data processing is thus made possible in a
reconfigurable field by output of the control commands to the

memory cell of the sequencer structure. The commands which may
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sequencer type operation such as that known from traditiomnal

processors

It should be pointed out that it is readily

possible to implement only parts of the aforementioned

commands but nevertheless ensure data processing that is

completely of the seguencer type.

The present invention is described in greater detail below and

as an example on the basis of the drawing, in which:

Fig.

Fig.

Figs.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

NYQl 1995742 vl

1

2a

2b,

6a

6b

7

shows a cell element field according to

the present invention,
shows a detail thereof,

show the detail from Figure 2a during

various data processing times,

shows an alternative embodiment of the

detail from Figure 2,

shows a particularly preferred variant of

the detail,

shows an example of the function folding
onto a function cell-memory cell
combination according to the present

invention,

shows an example of sequential parallel

data processing

shows a particularly preferred exemplary

embodiment of the present invention

shows an alternative to a function folding

unit.
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According to Figure 1, a cell element field 1 for data
processing includes function cell means 2 for execution of
arithmetic and/or logic functions and memory cell means 3 for

receiving, storing and/or outputting information, a control

connection 4 connecting function cells 2 to memory cells 3.

Cell element field 1 is freely configurable in the

interconnection of elements 2, 3, 4, namely without
interfering with ongoing operation of cell element parts that
are not to be reconfigured. The connections may be configured
by switching bus systems 5 as necessary. In addition, the
particular functions of function cells 2 are configurable. The
function cells are arithmetic logic units extended by certain
circuits that permit reconfiguration, e.g., state machines,
interface circuit for communication with extermnal load logic
6, etc. Reference is made to the corresponding previous

applications of the present applicant.

Cell elements 2, 3 of cell element field 1 are arranged two-
dimensionally in rows and columns, one memory cell 3 being
situated directly next to a function cell 2 with three memory
cell-function cell pairs per row, the function cells and
memory cells being interconnected by control connections 4.
Function cells and memory cells 2, 3, or the combination

thereof have inputs which are connected to the bus system

above the row in which the particular cell element is located
to receive data therefrom. In addition, cells 2, 3 have
outputs which output data to bus system 5 below the row. As
explained below, each memory cell 3 is also provided with a
backward register (BW) through which data from the bus below a

row may be guided through to the bus above the particular row.

Memory cell means 3 preferably has at least three memory

areas, namely a data area, a program memory area and a stack

area, etc. However, in other variants of the present invention
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it may be adequate provide only two areas, namely a data
memory and a program area memory, each optionally forming part
of a memory cell means. It is possible in particular to
perform not simply a separation of a memory that is identical
in terms of hardware and is homogeneous per se into different
areas but instead to provide memory areas that are actually
separated physically, i.e., in terms of hardware technology.
In particular the memory width and/or depth may also be
adapted to the particular reguirements. When a memory is
designed in such a way that it has a program area and a data
area in operation, it is preferable to design this memory,
i.e., memory area for simultaneous access to data and program
memory areas, e.g., as a dual port memory. It may also be
possible to provide closely connected memory areas, in
particular within a memory cell means-function cell means
combination formed into an integrated area as a pure cache
memory into which data from remote memory sites is preloaded

for rapid access during data processing.

Except for control connections 4 and the particular circuits
within the function cells (ALU in Figure 2) and/or memory
cells (RAM in Figure 2), the cell element field for data
processing in Figure 1 is a traditional cell element field
such as that which is known and conventional with
reconfigurable data processing systems, e.g., a VPU according
to XPP technology of the present applicant. In particular, the
cell element field of Figure 1 may be operated in the known
way, so it has the corresponding circuits for wave
reconfiguration, for debugging, transferring trigger signals,

etc.

The first distinguishing features of the cell element field of
the present invention are derived from control connection 4
and the corresponding circuit, which are described in greater

detail below with reference to Figures 2a through 2c. It
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should be pointed out that whereas in Figure 1, a control
connection 4 always leads from a function cell element located
farther to the left to a memory cell located farther to the
right, specifically only and exactly to one such memory cell,
it is also plausibly possible to provide a configurable
interconnection for the control lines to be able to address
either memory cells situated elsewhere and/or more than one
memory cell, if necessary, when there is a great memory demand
for information to be received, stored and/or output by the
memory cells. For reasons of comprehensibility, however, only.
individual control connections which are provided in a fixed
manner are referred to in Figures 1 and 2, which greatly
simplifies understanding of the present invention. The control
connection is also substitutable if necessary by traditional

lines, assuming the proper protocols are available.

Figure 2 shows function cell 2 as an ALU and function cell 3
as a RAM. Above the row in which the cells are located runs
bus 5a, connecting backward register 3a mentioned above to
inputs 3b of the memory cell and 2b of the ALU. The bus system
running below the cell is labeled as 5c and only the relevant
segments of bus system 5a, 5b are shown here. It is apparent
that bus system 5b alternatively receives data from an output
2c of ALU 2, an output 3c of RAM 3 and carries data into input

3al of the backward register.

ALU 2 at the same time has additional inputs and outputs 2al,
2a2 which may be connected to other bus segments and over
which the ALU receives data such as operands and outputs

results.

Control connection 4 is permanently under control of the
extended circuits of the ALU and represents here a connection
over which a plurality of bits may be transferred. The width

of control connection 4 is selected so that at least the
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following control commands may be transmitted to the memory
cell: DATA WRITE, DATA READ, ADDRESS POINTER WRITE, ADDRESS
POINTER READ, PROGRAM POINTER WRITE, PROGRAM POINTER READ,
PROGRAM POINTER INCREMENT, STACK POINTER WRITE, STACK POINTER
READ, PUSH, POP. Memory cell 3 at the same time has at least
three memory areas, namely a stack area, a heap area and a
program area; Each area is assigned its own pointer via which
it is determined to which area of the stack, the heap and the

program area there will be read or write access in each case.

Bus 5a is used jointly by units 2 and 3 in time multiplex.
This is indicated in Figures 2b, 2c. Figure 2b illustrates a
situation in which data may be sent from output 2a2 of ALU-PAE
to the input of the RAM cell via the backward register,
whereas the concurrently existing but unused connection
between output 3c of the RAM to bus 5b and the connection
between the output of backward register BW to input 2b of the
ALU-PAE at the point in time of Figure 2b is of no importance,
which is why this is indicated with dashed lines. In contrast,
Figure 2c shows a point in time at which memory cell 3
supplies information via its output 3¢ and the backward
register to input 2b of ALU-PAE 2 from the stack, heap or
program memory area via control line 4, while the ocutput of
ALU-PAE 2c is inactive and no gignal is received at input 3b
of the RAM-PAE. For this reason, the corresponding connections
are indicated with dash-dot lines and are thus depicted as

being inactive.

Within RAM cell 3, a circuit 3d is provided in which the
information received via control line 4 and/or control line

bus segment 4 is decoded.
The present invention is used as follows:

First, ALU 2 receives configuration information from a central

load logic, as is already known in the related art. The
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transfer of information may take place in a manner known per
se using the RDY/ACK protocol and the like. Reference is made
to the possibility of providing a FILMO memory, etc., with the

load logic to permit a proper configuration of the system.

Simultaneously with the data for configuring ALU 2, a series
of data is transmitted from the load logic, representing a
program, i.e., program part to be executed in the manner of a
sequencer. Reference is made in this regard only as an example
to Figure 6a in which the HUFFMANN coding is depicted as a
central sequential part of an MPEG4 coding which is performed
in the manner of data flow per se. The ALU therefore outputs a
corresponding command to line 4 during its configuration, this
command setting the program pointer for writing at a
preselected value within the RAM. The load logic then supplies
data received by the ALU over output 2c¢ and via bus 5bl and
backward register 3a, the data going from there to input 3b of
RAM-PAE 3. According to the control command on control line 4,
data is then written from unit 3d to the program memory
location indicated. This is repeated until all the program
parts received by the load logic in configuration have been
stored in memory cell 3. When the configuration of the ALU is
then concluded, the ALU will request the next program steps to
be executed by it in the manner of a sequencer by outputting
the corresponding commands on control line 4 and will receive
the program steps via output 3c, bus 5b, the backward register
of RAM-PAE 3 and bus 5a at its input. During program
execution, situations'may occur in which jumps are necessary
within the program memory area, data must be loaded into the
ALU-PAE from the RAM-PAE, data must be stored in the stack,
etc. The communication in this regard between the ALU-PAE and
RAM-PAE is accomplished vié control line 4 so that the ALU-PAE
is able to execute decoding at any point in time. Moreover, as

in a traditional microprocessor, data from a stack or another
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RAM memory area may be received and in addition, data may also

be received in the ALU-PAE from the outside as operands.

The program sequence preconfigured in the RAM-PAE by the load
logic is executed here. At the same time, command decoding is
performed in the ALU-PAE as is necessary per se. This is done
with the same circuits per se as those used already for

decoding the commands received by the load logic.

At any point in time control line 4 is controlled via the ALU
go that the RAM cell always exactly follows the type of memory
access spedifiéd by the ALU. This ensures that regardless of
the time multiplex use of bus elements 5a, b the elements
present in the sequencer structure are instructed at all times
whether addresses for data or codes to be retrieved or to be
written is on the buses or whether and if so where data is to

be written, etc.

The system shown with respect to Figure 2 may be extended or
modified in different ways. The variants depicted in Figures

3, 4 and 6 are particularly relevant.

According to Figure 3, not only a backward register is
provided on the RAM-PAE for connecting upper buses and lower
buses, but also a forward register is provided on the RAM-PAE
and forward and backward registers are provided on the ALU-
PAE. As indicated by the multiple arrows, these may receive
data from other units such as external hosts, external

peripherals such as hard drives, main memories and the like

_and/or from other sequencer structures, PAEs, RAM-PAEs, etc.,

and send data to them. When an appropriate request command for
new program parts from the sequencer structure formed by the
ALU-PAE and the RAM-PAE is sent out, it is possible to process
program blocks in the sequencer structure which are much

larger than those storable in the RAM-PAE. This is an enormous
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advantage in particular in complex data processing tasks,

jumps over wide areas, in particular in subprograms, etc.

Figure 4 shows an even more preferred variant where the ALU-
PAE communicates not only with a RAM-PAE but also at the same
time with an input/output PAE which is designed to provide an
interface circuit for communication with external components
such as hard drives, other XPP-VPUs, external processors and
coprocessors, etc. The ALU-PAE is in turn the unit which
operates as the master for the control connection referred to
as "CMD" and the buses are in turn used in multiplex mode.
Here again{ data may be transferred from the bus below the row

to the bus above the row through the backward register.

The system shown in Figure 4 permits particularly easy
external access to information stored in the RAM-PAE memory
cell and thus allows an adaptation of the sequencer structure
to existing traditiomnal CPU technologies and their operating
methods to an even greater extent inasmuch as address
translation means, memory management units (MMU functions) and
the like may bé implemented in the input-output cell. The RAM-
PAE may function here as a cache, for example, but in

particular as a preloéded cache.

It should be pointed out that multiple sequencer structures
may be configured into one and the same field at the same
time; that function cells, memory cells and, if necessary,
input-output cells may optionally be configured for seguencer
structures and/or [in] a traditional manner for XPP technology
and that it is readily possible for -one ALU to output data to
another ALU, which configures it as a sequencer and/or makes
it part of a cell element field with which a certain
configuration is executed. In this way, the load logic may

then also become dispensable, if necessary.
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According to Figure 6, two embodiments of the present
invention are combined in one and the same cell element field,
namely at the edges of sequencers formed by two PAEs, namely
by one RAM-PAE and one ALU-PAE, and in the interior sequencers
formed by integrated RAM-ALU-PAEs as integrated function cell-
memory cell units, where it is possible to form only part of

the cells inside the field as combination cells.

Figure 5 shows at the right (Figure 5c) a function cell-memory

cell means combination.

According to Figure 5c, a function cell-memory cell means
combination labeled as 50 in general includes bus connections,
i.e., bus inputs 51 for the input of operand data and
configuration data and, as is preferably also possible here in
particular, trigger signals (not shown) and the like and a bus

output 52 for output of corresponding data and/or signals.

Within the function cell means-memory cell means combination,
an ALU 53 is provided as well as input registers Ri0 through
Ri3 for operand data and trigger signal input registers (not
shown) . Configuration data registers Rc0 through Rc7 for
configuration data, i.e., ALU code data, result data registers
RdAO0'-Rd3' and output registers Ro0 through Ro3 for results,
i.e., trigger signals to be output. Registers Rc and Rd for
the configuration data, i.e., opcode data, are triggered by
ALU 53 via control command lines 4 and supply data over
suitable data lines to the ALU and/or receive result data from

it. It is also possible to supply information directly from

-bus 51 and/orx input registers Ri directly to the output

registers, i.e., bus 52, exactly as information may be
supplied from data registers RA0-Rd3 not only to the ALU, but
also to the output registers. If necessary, connections may be
provided between memory areas Rd and Rc, e.g., for

implementation of the possibility of self-modifying codes.
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Configuration data area Rc0 through Rc7 has a control unit
which makes it possible to work in parts of the area, in
particular in repeated cycles and/or through jumps. For
example, in a first partial configuration, commands in RcO
through Rec3 may be executed repeatedly, and alternatively
configuration commands in Rc4 through Rc7 may be executed,
e.g., on receipt of an appropriate different trigger signal
over bus line 51. This ensures executability of a wave
configuration. It should be pointed out that the configuration
commands input are typically only instructions to the ALU but

do not define complete bus connections, etc.

The unit described above, illustrated in Figure 5, is designed
here to be operated with a guadruple clock pulse, like a
normal PAE without memory cell means and/or control signal

lines 4.

To process data sequencer-style in a data flow in the function
folding unit designed in this way, data flow graphs and/or
areas according to Figure 5a are created at first for
preselected algorithms. Memory areas Rc0 are then assigned to:
each operation to be executed in the graph; incoming data into
the graph partial area is assigned to internal input registers
Ri0; the interim results are assigned to memories RdA0 through
Rd3 and the output results are assigned to registers Ro. With
this assignment, the graph area is executable on the function
folding unit. This results more or less in a data flow-

séquencer transformation by this hardware.

It should be mentioned in this context that it will be
preferable in general to use the system of the present
invention in such a way that first a data flow graph and a
control flow graph are created for a data processing program
using a compiler and then a corresponding partitioning is

performed; the pieces obtained by the partitioning may then be
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executed partially or entirely on sequencer units such as
those which may be formed according to the present invention,
for example. This more or less achieves data processing in the
manner of data flow progressing from one cell to the next, but
effects a sequential execution within the cell(s). This is
advantageous when the clock frequency is to be increased
because of the extremely high cdmputation power of a system to
be able to reduce the area and/or number of cells. It should
also be pointed out that it is possible to perform this
transformation like transition from a purely data flow type of
data processing to data flow processing with local sequential
parts in such a way that an iterative process is carried out,
e.g., in such a manner that first a first partitioning is
performed, and if it is then found in the sﬁbsequent "rolling
up" of the partitioned parts on sequencer units that the
resources available on the sequencers or at other sites, for
example, are not sufficient, another partitioning taking this
into account may be performed and a new "rolling up" may be
performed. If extensive use of the function folding units is
desired, the number of registers may be increased, if

necessary.

It should also be pointed out that the registers in this case
may be interpreted as memory cell means or parts thereof. It
is apparent that by increasing the memory cell areas, more
complex tasks may be arranged in particular in a seguencer
fashion but significant parts of important algorithms may be
executed with the small sizes indicated and this may be done

with high efficiency.

In the present example, the function folding units are
preferably formed in such a way that data may be shifted
through them without being processed in the ALU. This may be
utilized to achieve path balancing in which data packets must

be executed via different branches and then recombined without
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having to use forward registers such as those known from the
architecture of the present applicant. At the same time and/or
alternatively, it is possible for the direction of data flow
not to run strictly in one direction in the cell element field
through an appropriate orientation of a few function cell
means, memory cell means, or function folding units but
instead to have the data flbw run in two opposite directions.
Thus, for example, in each even row the ALUs receive their
input operands from the left side and in each uneven row the

ALUs receive their input operands from the right.

If data must be sent repeatedly through the field, such an
arrangement is advantageous, e.g., in the case of unrolled
looped bodies, etc. The alternating arrangement need not be
strict. For certain applications, other geometries may be
selected. For example, a different direction of flow may be
selected for the middle of the field than at the edges, etc.
The arrangement of function cell units of the same direction
of flow side by side may be advantageous with respect to the
bus connections. It should be pointed out that the arrangement
in opposite directions of multiple directional function cells
in one field and the resulting improved data processing
independently of providing a control line or the like are

regarded as inventive.

Figure 7 shows an altermnative to the function folding unit

shown in Figure 5.
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[2885/139]
RECONFIGURABLE SEQUENCER STRUCTURE

Cross-Reference to Related Applications

This application is a continuation of U.S. Patent Application

Serial No. 12/541,299, filed on August 14, 2009, which is a

continuation of and claims priority to U.S. Patent Application

Serial No. 12/082,073, filed on April 7, 2008, which is a

continuation of and claims priority to U.S. Patent Application

Serial No. 10/526,595, filed on January 9, 2006, which was the

National Stage of International Application Serial No.

PCT/EP03/38599, filed on September 8, 2003, which claims

benefit of and priority to German Patent Application Serial

No. DE 102 41 812.8, filed on September &, 2002, the entire

contents of each of which are expressly incorporated herein by

reference thereto.

Description

The present invention relates to a cell element field and a
method for operating same. The present invention thus relates

in particular to reconfigurable data processing architectures.

The term reconfigurable architecture is understood to refer to
units (VPUs) having a plurality of elements whose function
and/or interconnection is variable during run time. These
elements may include arithmetic logic units, FPGA areas,
input/output cells, memory cells, analog modules, etc. Units
of this type are known by the term VPU, for example. These
typically include arithmetic and/or logic and/or analog and/or
memory and/or interconnecting modules and/or communicative
peripheral modules (IOs), typically referred to as PAEs, which
are arranged in one or more dimensions and are linked together

directly or by one or more bus systems. PAEs are arranged in
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any configuration, mixture and hierarchy, the system being
known as a PAE array or, for short, a PA. A configuring unit
may be assigned to the PAE. In addition to VPU units, in
principle systolic arrays, neural networks, multiprocessor
systems, processors having multiple arithmetic units and/or
logic cells, interconnection and network modules such as
crossbar circuits, etc., as well as FPGAs, DPGAs, transputers,

etc., are also known

It should be pointed out that essential aspects of VPU
technology are described in the following protective rights of
the same applicant as well as in the particular follow-up

applications to the protective rights listed here:

P 44 16 881.0-53, DE 197 81 412.3, DE 197 81 483.2,

DE 196 54 846.2-53, DE 196 54 593.5-53, DE 197 04 044.6-53,
DE 198 80 129.7, DE 198 61 088.2-53, DE 199 80 312.9,

PCT/DE 00/01869, DE 100 36 627.9-33, DE 100 28 397.7,

DE 101 10 530.4, DE 101 11 014.6, PCT/EP 00/10516,

EP 01 102 674.7, DE 102 06 856.9, 60/317,876, DE 102 02 044.2,
DE 101 29 237.6-53, DE 101 39 170.6.

It should be pointed out that the documents listed above are
incorporated in particular with regard to particulars and

details of the interconnection, configuration, embodiment of
architecture elements, trigger methods, etc., for disclosure

purposes.

The architecture has considerable advantages in comparison
with traditional processor architectures inasmuch as data
processing is performed in a manner having a large proportion
of parallel and/or vectorial data processing steps. However,
the advantages of this architecture in comparison with other
processor units, coprocessor units or data processing units in

general are not as great when the advantages of
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interconnection and of the given processor architectonic

particulars are no longer achievable to the full extent.

This is the case in particular when data processing steps that
are traditionally best mappable on seguencer structures are to
be executed. It is desirable to design and use the
reconfigurable architecture in such a way that even those data
processing steps which are typically particularly suitable for
being executed using sequencers are executable particularly

rapidly and efficiently.

The objeét of the present invention is to provide a novel

device and a novel method for commercial application.

The method of achieving this object is claimed independently.

Preferred embodiments are characterized in the subclaims.

According to a first essential aspect of the present
invention, in the case of a cell element field whose function
and/or interconnection is reconfigurable in particular during
run time without interfering with unreconfigured elements for
data processing with coarsely granular functiomn cell elements
in particular for execution of algebraic and/or logic
functions and memory cell means for receiving, storing and/or
outputting information, it is proposed that function cell-
memory cell combinations be formed in which a control
connection to the memory means is managed by the function cell
means. This control connection is for making the address
and/or data input/output from the memory controllable through-
the particular function cell, typically an ALU-PAE. It is. thus
possible to indicate, for example, whether the next item of
information transmitted is to be handled as an address or as
data and whether read and/or write access is necessary. This
transfer of data from the memory cell, i.e., the memory cell
means, which may be a RAM-PAE, for example, to the function
cell means, which may be an ALU-PAE, for example, then makes
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it possible for new commands that are to be executed by the
ALU to be loadable into the latter. It should be pointed out
that function cell means and memory cell means may be combined
by integration into a structural unit. In such a case it is
possible to use a single bus connection to input data into the
memory cell means and/or the ALU. Suitable input registers
and/or output registers may then be provided and, if desired,
additional data registers and/or configuration registers
different from the former may also be provided as memory cell

mearis .

It should also be pointed out that it is possible to construct
a cell element field containing a plurality of different cells
and/or cell groups, strips or similar regular patterns being
preferably provided with the different cells because these
permit a very regular arrangement while facilitating the
design equally in terms of hardware design and operation. With
such a strip-like arrangement or other regular layout of a
small plurality of different cell elements, for example,
elements having integrated function cell means-memory cell
means combinations, i.e., cells in which function cell means
and memory cell means are integrated according to the present
invention, are provided centrally in the field, where
typically only a few different program steps are to be
executed within a sequencer structure because, as has been
recognized, this provides very good results for traditional
data stream applications, while more complex gsequencer
structures may be constructed at the edges of the field where,
for example, an ALU-PAE which represents a separate unit
possibly may be provided in addition to a separate RAM-PAE and
optionally a number of I/O-PAEs using, i.e., arranging
appropriate control lines or connections thereof because
frequently more memory is needed there, e.g., to temporarily

store results generated in the field central area of the cell
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element field and/or for datastreaming, to pre-enter and/or

process data needed thereby.

When cells that integrate memory cell means and function cell
means are provided, e.g., in the center of the field, a small
memory may then be provided there for different commands to be
executed by the function cell means such as the ALU. It is
possible here in particular to separate the command memory
and/or the configuration memory from a data memory, and it is
possible to design the function memory to be so large that
alternatively, one of several, e.g., two different sequences
may be executed. The particular sequence to be executed may
occur in response to results generated in the cell and/or
control signals such as carry signals, overflow signals,
and/or trigger signals arriving from the outside. In this way,
this arrangement may also be used for wave reconfiguration

methods.

In this way it is possible to construct a sequencer structure
in a cell element field by providing a dedicated control
connection controlled by function cells in a dedicated manner
between function cell and function cell means and memory cell
and/or memory cell means with only two elements connected by
suitable buses without requiring additional measures and/or
design changes otherwise. Data, addresses, program steps,
etc., may be stored in the memory cell in a manner known per
se from traditijional processors. Since both elements, if
properly configured, may also be used in another way, this
vields a particularly efficient design which is particularly
adaptable to sequencer structures as well as vectorial and/or
parallelizable structures. Parallelization may thus be
supported merely via suitable PAE configurations, i.e., by
providing PAEs that operate in two different spatial

directions and/or via cell units equipped with data throughput

registers.
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It is clear here that a plurality of sequencer type structures
may be constructed in the reconfigurable cell element field by
using only two cells in a cell element field, namely the
function cell and the information processing cell. This is
advantageous inasmuch as a number of different tasks that are
different from one another per se must often be executed in
data processing, e.g., in a multitasking-capable operating
system. A plurality of such tasks must then be executed
effectively and simultaneously in a single cell element field.
The advantages of real time applications are obvious.
Furthermore it is also possible to operate the individual
sequencer structures that are constructed in a cell element
field, providing the control connection according to the
present invention, at different clock rates, e.g., to lower
power consumption by executing lower priority tasks at a
slower rate. It is also possible to execute sequencer type
program parts in the field in parallel or wvectorially in
execution of algorithms that are largely parallel per se and

vice versa.

Typically, however, it is preferable for segquencer-type
structures to be clocked at a higher rate in the cell element
field, whether they are sequencer-type structures having an
area connected to neighboring cells or buses or whether they
are combinations of spatially differentiable separate'and
separately useable function cell elements such as ALU-PAEs and
memory cell elements such as RAM-PAEs. This has the advantage
that sequential program parts, which are very difficult to
parallelize in any case, may be used in a general data flow
processing without any negative effect on the overall data
processing. Examples of this include, e.g., a HUFFMANN coding
which is executable much better sequentially than in parallel
and which also plays an important role for applications such

as MPEG4 coding, but in this case the essential other parts of
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the MPEG4 coding are also easily parallelizable. Parallel data
processing is then used for most parts of an algorithm and a
sequential processing block is provided therein. An increase
in the clock frequency in the sequencer range by a factor of 2

to 4 is typically sufficient.

It should be pointed out that instead of a strip arrangement
of different cell elements, another groﬁping, in particular a

multidimensional grouping, may also be selected.

The cell element field having the cells whose function and/or
interconnection is configurable may obviously form a
processor, a coprocessor and/or a microcontroller and/or a

parallel plurality of combinations thereof.

The function cells are typically formed as arithmetic logic
units, which may be in particular coarsely granular elements
but may also be provided with a fine granular state machine,
for example. In a particularly‘preferred exemplary embodiment,
the ALUs are extended ALUs (EALUs) as described in previous
patent applications of the present applicant. An extension may
include in particular the control line check, command decoder

unit, etc., if necessary.

The memory cells may store data and/or information in a
volatile and/or nonvolatile férm. When information stored in
the memory cells, whether program steps, addresses for access
to data or data stored in a register-type form, i.e., a heap
is stored as volatile data, a complete reconfiguration may
take place during run time. Alternatively it is possible to
provide nonvolatile memory cells. The nonvolatile memory cells
may be provided as an EEPROM area and the like, where a
rudimentary BIOS program that is to be executed on boot-up of
the system is stored. This permits booting up a data
processing system without additional components. A nonvolatile
data memory may also be provided if it is decided for reasons
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possible through input/output cells in particular, which may
massively increase the total computation performance. It is
possible in particular when configurations occur in a code
part of a sequencer structure configured into a cell element
field to perform, if necessary, the configuration requirements
on an assigned cell element field which is managed only by the
particular sequencer structure and/or such requirements may be
issued to a configuration master unit to ensure that there is
uniform occupancy of all cell element fields. This therefore
results in a guasi-subprogram call by transferring the
regquired configurations to cells or load logics. This is
regarded as independently patentable. It should be pointed out
that the cells, if they themselves have responsibility for
configuration of other cell element field areas, may be
provided with FILMO structures and the like implemented in
hardware or software to ensure proper reconfiguration. The
possibility of writing to memory cells while executing
instructions, thereby altering the code, i.e., the program to
be executed, should be pointed out. In a particularly
preferred variant, however, this type of self-modification
(SM) is suppressed by appropriate control via the function

cell.

It is possible for the memory cell to send the information
stored in it directly or indirectly to a bus leading to the
function cell in response to the triggering.of the function
cell controlling it. Indirect output may be accomplished in
particular when the two cells are adjacent and the information
requested by the triggering must arrive at the ALU-PAE via a
bus segment that is not directly connectable to the output of
the memory cell. In such a case the memory cell may output
data onto this bus system in particular via backward

registers. It is therefore preferable if at least one®' memory

! TN: omitting "von" (eine von Speicherzelle..)
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cell and/or function cell has such a backward register, which
may be situated in the information path between the memory
cell and function cell. In such a case, these registers need
not necessarily be provided with additional functionalities,
although this is readily conceivable, e.g., when data is
requested from the memory cell for further processing,
corfesponding to a traditional LOAD of a typical
microprocessor for altering the data even before it is loaded
into the PAE, e.g., to implement a LOAD++ command. Data
conduction through PAEs having ALUs and the like operating in

the reverse direction should be mentioned.

The memory cell is preferably situated to receive information
from the function cell contreolling it, information saving viav
an input/output cell and/or a cell that does not control the
memory cell also being possible. In particular when data is to
be written into the memory cell from an input/output cell, it
is preferable if this input/output cell (I/O-PAE) is also
controlled by the function cell. The address at which
information to be written into the memory cell or, if
necessary, to also be transmitted directly to the function
cell (PAE) is to be read, may also be transferred to the I/0-
PAE from the ALU-PAE. In this connection it should be pointed
out that this address may be determined via an address
translation table, an address translation buffer or an MMU
type structure in the I/O-PAE. In such a case, this yields the
full functionalities of typical microprocessors. It should
also be pointed out that an I/0 functionality may also be
integrated with a function cell means, a memory cell means

and/or a function cell means-memory cell means combination.

In a preferred variant, at least one input-output means is
thus assigned to the combination of function cells and memory
cells, whether as an integrated function cell and a memory

cell combination or as a function cell and/or memory cell
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function cells, reconfigurability of the function cell element ?
and the corresponding interconnections must be provided. In a |

particularly preferred variant, the function cells, the

information providing cells such as memory cells, I/O cells
and the like are arranged multidimensionally, in particular in
the manner of a matrix, i.e., on grid points of a
multidimensional grid, etc. If there is a regular structure,
as is the case there, information, i.e., operands,
configurations, trigger signals, etc., is typically supplied
to a cell from a first row, while data, trigger signals and
other information is dispensed in a row beneath that. In such
a case, it is preferable if the cells are situated in one and
the same row and the information transfer from the
information-providing cell into the required input into the
function cell may then take place via a backward register. The
possibility of using the registers for pipelining should also

be mentioned.

Patent protection is also claimed for a method for operating a
cell element field, in particular a multidimensional cell
element field having function cells for execution of algebraic
and/or logic functions and information-providing cells, in
particular memory cells and/or input/output cells for
receiving and/or outputting and/or storing information, at

least one of the function cells outputting control commands to

at least one information-providing cell, information for the
function cell being provided there in response to the control
commands, and the function cell being designed to perform the

additional data processing in response to the information thus

provided to thereby process data in the manner of a sequencer

at least from time to time. : i

Sequencer-type data processing is thus made possible in a

reconfigurable field by output of the control commands to the

memory cell of the sequencer structure. The commands which may
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be output as control commands by the function cell permit a
sequencer type operation such as that known from traditional
processors. It should be pointed out that it is readily
possible to implement only parts of the aforementioned
commands but nevertheless ensure data processing that is

completely of the sequencer type.

The present invention is described in greater detail below and

as an example on the basis of the drawing, in which:

Fig. 1 shows a cell element field according to

the present invention,
Fig. 2a shows a detail thereof,

Figs. 2b, c show the detail from Figure 2a during

various data processing times,

Fig. 3 shows an alternative embodiment of the

detail from Figure 2,

Fig. 4 shows a particularly preferred variant of
the detail,
Fig. 5 shows an example of the function folding

onto a function cell-memory cell
combination according to the present

invention,

Fig. 6a shows an example of sequential parallel

data processing

Fig. 6b shows a particularly preferred exemplary

embodiment of the present invention

Fig. 7 shows an alternative to a function folding
unit.
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According to Figure 1, a cell element field 1 for data
processing includes function cell means 2 for execution of
arithmetic and/or logic functions and memory cell means 3 for
receiving, storing and/or outputting information, a control

connection 4 connecting function cells 2 to memory cells 3.

Cell element field 1 is freely configurable in the
interconnection of elements 2, 3, 4, namely without
interfering with ongoing operation of cell element parts that
are not to be reconfigured. The connections may be configured
by switching bus systems 5 as necessary. In addition, the
particular functions of function cells 2 are configurable. The
function cells are arithmetic logic units extended by certain
circuits that permit reconfiguration, e.g., state machines,
interface circuit for communication with external load logic
6, etc. Reference is made to the corresponding previous

applications of the present applicant.

Cell elements 2, 3 of cell element field 1 are arranged two-
dimensionally in rows and columns, one memory cell 3 being
situated directly next to a function cell 2 with three memory
cell-function cell pairs per row, the function cells and
memory cells being interconnected by control connections 4.
Function cells and memory cells 2, 3, or the combination
thereof have inputs which are connected to the bus system
above the row in which the particular cell element is located
to receive data therefrom. In addition, cells 2, 3 have
outputs which output data to bus system 5 below the row. As
explained below, each memory cell 3 is also provided with a
backward register (BW) through which data from the bus below a

row may be guided through to the bus above the particular row. .

Memory cell means 3 preferably has at least three memory
areas, namely a data area, a program memory area and a stack

area, etc. However, in other variants of the present invention

NYG1 1999750 vl 15 Marked-Up Version of the
Substitute Specification

INTEL - 1004
Page 353 of 539




10

15

20

25

30

it may be adequate provide only two areas, namely a data
memory and a program area memory, each optionally forming part
of a memory cell means. It is possible in particular to
perform not simply a separation of a memory that is identical
in terms of hardware and is homogeneous per se into different
areas but instead to provide memory areas that are actually
separated physically, i.e., in terms of hardware technology.
In particular the memory width and/or depth may also be
adapted to the particular requirements. When a memory is
designed in such a way that it has a program area and a data
area in operation, it is preferable to design this memory,
i.e., memary area for simultaneous access to data and program
memory areas, e.g., as a dual port memory. It may also be
possible to provide closely connected memory areas, in
particular within a memory cell means-function cell means
combination formed into an integrated area as a pure cache
memory into which data from remote memory sites is preloaded

for rapid access during data processing.

Except for control connections 4 and the particular circuits
within the function cells (ALU in Figure 2) and/or memory
cells (RAM in Figure 2), the cell element field for data
processing in Figure 1 is a traditional cell element field
such as that which is known and conventional with
reconfigurable data processing systems, e.g., a VPU according
to XPP technology of the present applicant. In particular, the
cell element field of Figure 1 may be operated in the known
way, so it has the corresponding circuits for wave
reconfiguration, for debugging, transferring trigger signals,

etc.

The first distinguishing features of the cell element field of
the present invention are derived from control connection 4
and the corresponding circuit, which are described in greater

detail below with reference to Figures 2a through 2c. It
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should be pointed out that whereas in Figure 1, a control
connection 4 always leads from a function cell element located
farther to the left to a memory cell located farther to the
right, specifically only and exactly to one such memory cell,
it is also plausibly possible to provide a configurable
interconnection for the control lines to be able to address
either memory cells situated elsewhere and/or more than one
memory cell, i1if necessary, when there is a great memory demand
for information to be received, stored and/or output by the
memory cells. For reasons of comprehensibility, however, only
individual control connections which are provided in a fixed
manner are referred to in Figures 1 and 2, which greatly
simplifies understanding of the present invention. The control
connection is also substitutable if necessary by traditional

lines, assuming the proper protocols are available.

Figure 2 shows function cell 2 as an ALU and function cell 3
as a RAM. Above the row in which the cells are located runs
bus 5a, connecting backward register 3a mentioned above to
inputs 3b of the memory cell and 2b of the ALU. The bus system
running below the cell is labeled as 5c¢ and only the relevant
segments of bus system 5a, 5b are shown here. It is apparent
that bus system 5b alternatively receives data from an output
2c of ALU 2, an output 3c of RAM 3 and carries data into input

3al of the backward register.

AIU 2 at the same time has additional inputs and outputs 2al,
2a2 which may be connected to other bus segments and over
which the ALU receives data such as operands and outputs

results.

Control connection 4 is permanently under control of the
extended circuits of the ALU and represents here a connection
over which a plurality of bits may be transferred. The width

of control connection 4 is selected so that at least the
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following control commands may be transmitted to the memory
cell: DATA WRITE, DATA READ, ADDRESS POINTER WRITE, ADDRESS
POINTER READ, PROGRAM POINTER WRITE, PROGRAM PCOINTER READ,
PROGRAM POINTER INCREMENT, STACK POINTER WRITE, STACK POINTER
READ, PUSH, POP. Memory cell 3 at the same time has at least
three memory areas, namely a stack area, a heap area and a
program area. Each area is assigned its own pointer via which
it is determined to which area of the stack, the heap and the

program area there will be read or write access in each case.

Bus 5a is used jointly by units 2 and 3 in time multiplex.
This is iﬁdicated in Figures 2b, 2c¢. Figure 2b illustrates a
gituation in which data may be sent from output 2a2 of ALU-PAE
to the input of the RAM cell via the backward register,
whereas the concurrently existing but unused connection
between output 3c of the RAM to bus 5b and the connection
between the output of backward register BW to input 2b of the
ALU-PAE at the point in time of Figure 2b is of no importance,
which is why this is indicated with dashed lines. In contrast,
Figure 2c shows a point in time at which memory cell 3
supplies information via its output 3c and the backward
register to input 2b of ALU-PAE 2 from the stack, heap or
program memory area via control line 4, while the output of
ALU-PAE 2c¢ is inactive and no signal is received at input 3b
of the RAM-PAE. For this reason, the corresponding connections
are indicated with dash-dot lines and are thus depicted as

being inactive.

Within RAM cell 3, a circuit 3d is provided in which the
information received via control line 4 and/or control line

bus segment 4 is decoded.
The present invention is used as follows:

First, ALU 2 receives configuration information from a central

load logic, as is already known in the related art. The
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transfer of information may take place in a manner known per
se using the RDY/ACK protoccol and the like. Reference is made
to the posgssibility of providing a FILMO memory, etc., with the

load logic to permit a proper configuration of the system..

Simultaneously with the data for configuring ALU 2, a series
of data is transmitted from the load logic, representing a
program, i.e., program part to be executed in the manner of a
sequencer. Reference is made in this regard only as an example
to Figure 6a in which the HUFFMANN coding is depicted as a
central seguential part of an MPEG4 coding which is performed
in the manner of data flow per se. The ALU therefore outputs a
corresponding command to line 4 during its configuration, this
command setting the program pointer for writing at a
preselected value within the RAM. The load logic then supplies
data received by the ALU over output 2c and via bus 5bl and
backward register 3a, the data going from there to input 3b of
RAM-PAE 3. According to the control command on control line 4,
data is then written from unit 3d to the program memory
location indicated. This is repeated until all the program
parts received by the load logic in configuration have been
stored in memory cell 3. When the configuration of the ALU is
then concluded, the ALU will request the next program steps to
be executed by it in the manner of a sequencer by outputting
the corresponding commands on control line 4 and will receive
the program steps via output 3¢, bus 5b, the backward register
of RAM-PAE 3 and bus 5a at its input. During program
execution, situations may occur in which jumps are necessary
within the program memory area, data must be loaded into the
ALU-PAE from the RAM-PAE, data must be stored in the stack,
etc. The communication in this regard between the ALU-PAE and
RAM-PAE is accomplished wvia control line 4 so that the ALU-PAE
is able to execute decoding at any point in time. Moreover, as

in a traditional microprocessor, data from a stack or another
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advantage in particular in complex data processing tasks,

jumps over wide areas, in particular in subprograms, etc.

Figure 4 shows an even more preferred variant where the ALU-
PAE communicates not only with a RAM-PAE but also at the same
time with an input/output PAE which is designed to provide an
interface circuit for communication with external components
such as hard drives, other XPP-VPUs, external processors and
coprocessors, etc. The ALU-PAE is in turn the unit which
operates as the master for the control connection referred to
as "CMD" and the buses are in turn used in multiplex mode.

Here again, data may be transferred from the bus below the row

to the bus above the row through the backward register.

The system shown in Figure 4 permits particularly easy
external access to information stored in the RAM-PAE memory
cell and thus allows an adaptation of the sequencer structure
to existing traditional CPU technologies and their operating
methods to an even greater extent inasmuch as address
translation means, memory management units (MMU functions) and
the like may be implemented in the input-output cell. The RAM-
PAE may function here as a cache, for example, but in

particular as a preloaded cache.

It should be pointed out that multiple sequencer structures
may be éonfigured into one and the same field at the same
time; that function cells, memory cells and, if necessary,
input-output cells may optionally be configured for sequencer
structures and/or [in] a traditional manner for XPP technology
and that it is readily possible for one ALU to output data to
another ALU, which configures it as a sequencer and/dr makes
it part of a cell element field with which a certain
configuration is executed. In this way, the load logic may

then also become dispensable, if necessary.
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According to Figure 6, two embodiments of the present
invention are combined in one and the same cell element field,
namely at the edges of sequencers formed by two PAEs, namely
by one RAM-PAE and one ALU-PAE, and in the interior sequencers
formed by integrated RAM-ALU-PAEs as integrated function cell-
memory cell units, where it is possible to form only part of

the cells inside the field as combination cells.

Figure 5 shows at the right (Figure 5c¢) a function cell-memory

cell means combination.

According to Figure 5c¢, a function cell-memory cell means
combination labeled as 50 in general includes bus connections,
i.e., bus inputs 51 for the input of operand data and
configuration data and, as is preferably also possible here in
particular, trigger signals (not shown) and the like and a bus

output 52 for output of corresponding data and/or signals.

Within the function cell means-memory cell means combination,
an ALU 53 is)provided as well as input registers Ri0 through
Ri3 for operand data and trigger signal input registers (not
shown) . Configuration data registers Rc0 through Rc7 for
corifiguration data, i.e., ALU code data, result data registers
RAO'-Rd3' and output registers Ro0 through Ro3 for results,

i.e., trigger signals to be output. Registers Rc and Rd for

the configuration data, i.e., opcode data, are triggered by
ALU 53 via control command lines 4 and supply data over

suitable data lines to the ALU and/or receive result data from

it. It is also possible to supply information directly from
bus.51 and/or input registers Ri directly to the output
registers, i.e., bus 52, exactly as information may be
supplied from data registers RAO-Rd3 not only to the ALU, but

also to the output registers. If necessary, connections may be

provided between memory areas Rd and Rc, e.g., for

implementation of the posgibility of self-modifying codes.
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Configuration data area Rc0 through Rc7 has a control unit
which makes it possible to work in parts of the area, in
particular in repeated cycles and/or through jumps. For
example, in a first partial configuration, commands in RcO
through Rc3 may be executed repeatedly, and alternatively
configuration commands in Rc4 through Rc7 may be executed,
e.g., on receipt of an appropriate different trigger signal
over bus line 51. This ensures executability of a wave
configuration. It should be pointed out that the configuration
commands input are typically only instructions to the ALU but

do not define complete bus connections, etc.

The unit described above, illustrated in Figure 5, is designed
here to be operated with a guadruple clock pulse, like a
normal PAE without memory cell means and/or control signal

lines 4.

To process data sequencer-style in a data flow in the function
folding unit designed in this way, data flow graphs and/or
areas according to Figure 5a are created at first for
preselected algorithms. Memory areas RcO0 are then assigned to
each operation to be executed in the graph; incoming data into
the graph partial area is assigned to internal input registers
Ri0; the interim results are assigned to memories RdAO through
Rd3 and the output results are assigned to registers Ro. With
this assignment, the graph area is executable on the function
folding unit. This results more or less in a data flow-

sequencer transformation by this hardware.

It should be menticned in this context that it will be
preferable in general to use the system of the present
invention in such a way that first a data flow graph and a
control flow graph are created for a data processing program
using a compiler and then a corresponding partitioning is

performed; the pieces obtained by the partitioning may then be
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executed partially or entirely on sequencer units such as
those which may be formed according to the present invention,
for example. This more or less achieves data processing in the
manner of data flow progressing from one cell to the next, but
effects a sequential execution within the cell(s). This is
advantageous when the clock fregquency is to be increased
because of the extremely high computation power of a system to
be able to reduce the area and/or number of cells. It should
also be pointed out that it is possible to perform this
transformation like transition from a purely data flow type of
data processing to data flow processing with local seguential
parts in such a way that an iterative process is carried out,
e.g., in such a manner that first a first partitioning is
performed, and if it is then found in the subsequent "rolling
up" of the partitioned parts on sequencer units that the
resources available on the sequencers or at other sites, for
example, are not sufficient, another partitioning taking. this
into account may be performed and a new "rolling up" may be
performed. If extensive use of the function folding units is
desired, the number of registers may be increased, if

necessary.

It should also be pointed out that the registers in this case
may be interpreted as memory cell means or parts thereof. It
is apparent that by increasing the memory cell areas, more
complex tasks may be arranged in particular in a sequencer
fashion but significant parts of important algorithms may be
executed with the small sizes indicated and this may be done

with high efficiency.

In the present example, the function folding units are
preferably formed in such a way that data may be shifted
through them without being processed in the ALU. This may be
utilized to achieve path balancing in which data packets must

be executed via different branches and then recombined without
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having to use forward registers such as those known from the
architecture of the present applicant. At the same time and/or
alternatively, it is possible for the direction of data flow
not to run strictly in one direction in the cell element field
through an appropriate orientation of a few function cell
means, memory cell means, or function folding units but
instead to have the data flow run in two opposite directions.
Thus, for example, in each even row the ALUs receive their
input operands from the left side and in each uneven row the

AlUs receive their input operands from the right.

If data must be sent repeatedly through the field, such an
arrangement is advantageous, e.g., in the case of unrolled
looped bodies, etc. The alternating arrangement need not be
strict. For certain applications, other geometries may be
selected. For example, a different direction of flow may be
selected for the middle of the field than at the edges, etc.
The arrangement of function cell units of the same direction
of flow side by side may be advantageous with respect to the
bus connections. It should be pointed out that the arrangement
in opposite directions of multiple directional function cells
in one field and the resulting improved data processing
independently of providing a control line or the like are

regarded as inventive.

Figure 7 shows an alternative to the function folding unit

shown in Figure 5.
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PACT
1.1.1 Other exdensions

SIMD operation is implemented in the ALUs to support 8 and 16 bit wide data words
for i.e. graphics and imaging.

Saturation is supported for ADD/SUB/MUL instructions for i.e. voice, video and
imaging algorithms.

1.2 Function Folding
1.2.1 Basics and Inpul/output paradigms

Wwithin this chapter the basic operation paradigms of the XPP architecture are
repeated for a better understanding based on Petri-Nets. in addition the Petri-Nets
will be enhanced for a better understanding of the subsequently described changes
of the current XPP architecture.

Each PAEs operates as a data flow node as defined by Perti-Nets. A Petri-Net
supports a calculation of muttiple inputs and producss one single output. Special for
a Perti-Net is, that the operation is delayed until all inputs are available.

For the XPP technology this means:

1. all necessary data is available

2. all necessary events are available
The quantity of data and events is defined by the data and control fiow, the
availability is displayed at runtime by the handshake protocol RDY/ACK.

L
yvyv @

l

The thick arbor indicates the operation, the dot on the right side indicates that the
operation is delayed until ali inputs are available.

Enhancing the basic methodology function folding supports multiple operations —
maybe even sequential — instead of one, defined as a Cycle. Important is, that the
basics of Petri-Nets keep unchanged.
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PACT
Typical PAE-like Petri-Nets consume one input packet per one operation. For
sequential operation multiple reads of the same input pac:ket are supported. However,
the interface model again keaps unchanged.

Data duplication occurs in the output path of the Petri-Net, which does not influence
the operation basics again.

O

VYV

1.2.2 Method of Function Folding

One of the most important extensicns is the capability to fold multiple PAE functions
onto on PAE and execute them in a sequential manner. It is important to understand
that the intention is not to support sequentiat processing or even microcontroller
capabilities at all. The intention of Function Folding is just to take muRiple dataflow
operations and map them on a single PAE, using a register structure instead of a
network between each function.

The goal is to save silicon area by rising to clock frequency locally in the PAEs. An
addiiionai expectation is 1o save power since the busses operate at a fraction of the
clock frequencies of the PAEs. Data transfers over the busses, which consume much
powar, are reduced.

A AR ARAs

Confidential Page 4







e

PACT
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' Ro0 Rol Ro2 PAE frequency 200MHz
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XPP V2 function N
PAE frequency SOMHzZ Halgj?stzlr]:‘l;laa:;?bn
Bus frequancy SOMHZ
STEPY STEP 2 STEP 3» STEP 3b

For allowing complex function like i.e. address generation as well as algorithms like
“IMEC"-like data stream operations the PAE has not only 4 instruction registers
implemented but 8, whereas the maximum bus-clock vs. PAE-clock ration is limited
to a factor of 4 for usual function folding.

It is expected that the size of ihe new PAE supporiing Funciion Foiding wilt increase
by max. 25%. On the other hand 4 PAEs are reduced to 1.

Assuming that in average not the optimum but only about 3 functions can be folded
onto a single PAE a XPP64 could be replaced by a XPP21. Taking the larger PAEs
into account the functionality of a XPP64 V2.0 should be executable on a XPP V2.2
with an area of less than half.

1.3 Array Structure

The V2.0 structure of the PAES consumes much area for FREG and BREG and their
associated bus interfaces. In addition feed backs through the FREGsS require the
insertion of registers into the feedback path, which result not only in an increased
latency but also in a negative impact onto the throughput and performance of the
XPP. : |

A new PAE structure and arrangement is proposed with the expectation to minimize
latency and optimize the bus interconnect structure to achieve an optimized area.
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The V2.2 PAE structure does not include BREGs any more. As a replacement the
ALUs are alternating flipped horizontally which leads to improved placement and
routing capabilities especially for feedback paths i.e. of loops.
Each PAE contains now two ALUs and two BP paths, one from top to bottom and

one flipped from bottom 1o top.

Ri:‘@ate R%WR?G P | P A E || P
rlc | A [rT6 | |rba! A {als F{adu| A C A EUSE
FAE Strucwure and PAE Ziruchire and
arangement V2.0 amangement V2.2

1.4 Bus modlfications

Within this chapter are optimizations described which reduce the
required area and the amount of busses. However, this
modifications are only proposails yet, since the have to be
evaluated based on real algonthms. It is planed to compose a
questionnaire to collect the necessary input from the application
programmes.

i.4.1 Nexi neighbour

in V2.0 architecture a direct horizontal data path between two PAEs block a vertical
data bus. This effect increases the required vertical busses within a XPP and drives

cost unnecessarily.

Therefore in V2.2 a direct feed path between horizontal PAEs is proposed.

1.4.2 Removal of registers in busses

In V2.0 are registers implemented in the vertical busses which can be switched on by
configuration for longer paths. This registers can furthermore be preloaded by
configuration which requires a significant amount of silicon area.

It is proposed not to implement registers in the busses any more, but to use an
enhanced DF or Bypass (PB) pant within the PAEs which is able to reroute a path to
the same bus using the DF or BP internal registers instead:

L
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e) the ratio between saved silicon area and required PAE
resources

1.5 FSM in RAM-PAESs

In the V2.0 architecture implementing cantrol structures is very costly, a lot of
resources are raquired and programming is quite difficuft.

However memories can be used for a simple FSMs implementation. The following
enhancement of the RAM-PAEs coffers a cheap and easy to program solution for
many of the known control issues, including HDTV.

data // trigger
current addrass canmy
yd
Fd
2 |
FF SRAAM CNT
~ A
l | I,
msel
yd yad
£ I
naxt eddrass /*/ etepiroload
rigger

Basically the RAM-PAE is enhanced by an feedback from the data output to the
address input through a register (FF) to supply subsequent address within each
stage. Furthermore additional address inputs from the PAE array can cause
conditional jumps, data output will generate event signals for the PAE array.
Associated counters which can be reloaded and stepped by the memory cutput
generate address input for conditional jumps (i.e. end of line, end of frame of a video
picture). ‘

At typical RAM-PAE implementation has about 16-32 data bits but only 8-12 address
bits. To optimize the range of input vectors it is therefore suggestive to insert some
multiplexers at the address inputs to select between multiple vectors, whereas the
multiplexers are controlled by some of the output data bits.

The implementation for a XPP having 24bit wide data busses is sketched in the next
figure. 4 event inputs are used as input, as well as the lower for bits of input port RiD.
3 counters are implemented, 4 events are generated as well as the lower 10 bits of
the Ro0 port.

The memeory organisation is as follows:
Confidential Page 9
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8 address bils
24 data bits (22 used)
4 next address
8 multiplexer selectors
6 counter control {(shared with 4 additional next address)
4 output
EiD | Eil RiQ Ri1 Riz RiA Ei2 | Ei3
camy
¥ ¥ ¥ y 3 r 1
\ AR N
/ \ /
' [}
current addrass
7/‘ J 4 \\m;l:ﬂ
v ‘3
1 $ t
FF SRAM CNT1 CHTZ CNTa
&  next address) F 3 Iy &
F-q
S |
next addre?s_{sha;ed} I_L atep!reloaﬁ'(sha:ad)
4 . Ixz
t__¥ [l ¥ ¥
Eosd | Eol FoQ Foi R Ro3 Eo2 | Eo3

Please not that the typical memory mode of the RAM-PAE is not sketched in the
block diagram above.

The width of the counters is according to the bus width of the data busses.

For a 16 bit implementation it is suggested to use the carry signal of the counters as
their own reload signat (auto reload), also some of the multiplexers are not driven by
the memory but “hard wired” by the configuration. '

The proposed memory organisation is as follows:
B address bits
16 data bits (16 used)
' 4 next address
4 muitiplexer selectors
3 counter control (shared with 3 additional next address)

4 output

AR fo AanRAn
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Ei0 | E Ri0 Al Ri2 Ay Ei2 | ER
_— camy
1 +r ¥ K T
salect by
cenfig
Y ) ¥
current address
Y s el
4 /] P ox2
1 4 k
f 7 3
FF SRAM CMT# CNT2 CNT3
& next address [ ’ [ I3
B — —
2 yd
nex addreds (shared) L step(shiarsd)
3 . a
t v r r 3
Eod | Eol Rod He1 Ro2 3] Eo2 | Eo3

Actually the RAM-FPAEs are not scaleable any more since the
16-bit implementation is different from the 24-bit implermentation.
it is to decide whether the striped down 16-bit implementation is
used for 24-bii aiso.

1.6 IDAG interface
1.6.1 Address Generators and bit reversal addressing

Implemented within the 10 interfaces are address generators to support 1 to 3
dimensional addressing directly without any ALU-PAE resources. The address
generation is done by 3 counters, each of them has configurable base address,
length and step width. '

The first counter (CNT1) has a step input to be controlled by the array of ALU-PAEs.
Its carry is connected to the step input of CNT2, which carry again is connected lo
the step input of CNT3.

Each counter generates carry if the value is equal to the configured length.
Immediately with carry the counter is reset to its configured base address.

One input is dedicated for addresses from the array of ALU-PAEs which can be
added to the values of the counters. If one or more counters are not used they are
configured to be zero.

A N Anne
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In addition CNT1 supports generation of bit reversal addressing by supplying multiple
carry modes.

CNT3 CNT2 CNT1*

1.6.2 Support for different word width

in general it iz necessary to support multiple word width within the PAE array. 8 and
16 bit wide data words are preferred for a lot of algorithms i.e. graphics. In addition to
the already described SIMD operation, the IOAG allows the split and merge of such
smaller data words.

Since the new PAE structure allows 4 input and 4 output porls, the IOAG can support
word splitting and merging as follows:

/0 0 O 1 /02 i3
16/24/32-bit data address
word
16-bit data word 16-bit data word address
8-bit data word 8-bit data word 8-bit data word address

Input ports are merged within the I0AG for word writes to the 10.
For output ports the read word is split according to the configured word width,

1.7 XPP / pP coupling

For a closed coupling of a yP and a XPP a cache and register interface would be the
preferable structure for high level tools like C-compilers. However such a close
coupling is expected not to be doable in a very first step.

Two different kind of couplings are necessary for a tight coupling:

a} memory coupling for large data streams: The most convenient method with
the highest performance is a direct cache coupling, whereas an AMBA based
memory coupling will be sufficient for the beginning (to be discussed with
ATAIR)

AN ARSAR
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b) register coupling for small data and irregular MAC operations: Preferable is a

direct coupling into the processors registers with an implicit synchronisation in
the OF-stage of the processor pipeline. However coupling via load/store- or
infout-commands as external registers is acceptable with the penalty of a
higher latency which causes some performance limitation (already agreed with
ATAIR)
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2 Specification of ALU-PAE

2.1 Overview

The ALU-PAE comprises 3 paths:
ALU arithmetic, logic and data flow handling
DF data flow handling and bypass
BP Dbypass

Each of the paths contains 2 data busses and 1 event bus. The busses of the DF
path can be rerouted to the ALU path by configuration.

2.2 ALU path Registers

The ALU path comprises 12 data registers:
Ri0-3 Input data register 0-3 from bus
Rv0-3 Virtual output data register 0-3 to bus
RdO0-3 Internal general purpose register 0-3

Ei0-3 Event input 0-3 from bus
Ev0-3 Virtual event output register 0-3 to bus
Fu, FvFiag u and v according to the V2.0 PAE

Note: Ri2 and Ri3 belong typically to the DF path, but can be allocated for the ALU
by configuration.

Eight instruction registers are implemented, each of them is 16 bit wide according to
the opcode format.
Rc0-7 Instruction registers

Three special purpose registers are implemented:

Ric  Loop Counter, configured by CM, not accessible through ALU-PAE
itself. Will be decremented according to JL opcode. Is reloaded after
value 0 is reached.

Rjb  Jump-Back register to define the number of used entries in Rc[0..7]. It
is not accessible through ALU-PAE itself.

If Rpp is equal to Rjb, Rpp is immediately reset to 0. The jump back
can be bound to a condition i.e. an incoming event. If the condition is
missing, the jump back will be delayed.

Rpp Program pointer

2.3 Data duplication and multiple input reads

Since Function Folding can operate in a purely data stream mode as well as in a
sequential mode (see 1.2) it is useful to support Ri reads in dataflow mode (single

Confidential Page 14 11\?%]%%2-0?304
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read only) and sequential mode (multiple read). The according protocols are

described below:

Each input register Ri can be configured to work in one of two different modes:

Datafiow Mode

This is the standard protocol of the V2.0 implementation:

A data packet is taken read from the bus if the register is empty, an ACK handshake
is generated. If the register is not empty ACK the data is not latched and ACK is not
generated.

If the register contains data, it can be read once. Immediately with the read access
the register is marked as empty. An empty register cannot be read.

Simplified the protocol is defined as follows:

RDY & empty — full
— ACK
RDY & full —» NotACK
READ & empty — stall
READ & full — read data
- —empty

Please note: pipeline effects are not taken into account in this description and
protocol.

Sequencer Mode
The input interface is according to the bus protocol definition: A data packet is taken

read from the bus if the register is empty, an ACK handshake is generated. If the
register is not empty ACK the data is not latched and ACK is not generated.

If the register contains data it can be read muitiple times during a sequence. A
sequence is defined from Rpp = 0 to Rpp = Rjb. During this time no new data can be
written into the register. Simultaneously with the reset of Rpp to 0 the register
content is cleared an new data is accepted from the bus.

Simplified the protocol is defined as foliows:

RDY & empty — full

— ACK
RDY & full — notACK
READ & empty — stall
READ & full — read data
(Rpp == Rjb) — empty

Please note: pipeline effects are not taken into account in this description and

protocol.
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2.4 Data register and event handling

Data registers are directly addressed, each data register can be individually selected.
Since a two address opcode form is used, register operations follow the rule op r; «—
ra I's. An virtual output register is selected by adding ‘out’ behind the opcode. The
result will be stored in ry and copied to the virtual output register r, as well according
to the rule op out (r,, ra ) < ra, rp.

Please note, accessing input and (virtual) output registers follow the rules defined in
chapter 2.3.

Rotating Select

Under normal conditions data and events are read one time according to the
principles of Petri-Nets. Therefore for most applications a one time access per Cycle
is sufficient. Also per definition one data or event is generated by a Petri-Net per

channel and Cycle.

wEalas s

If Function Folding is done in a sequential manner synchronisation is achieved by
using WAIT and SKIP commands. If multiple accesses to an event are required it can
be copied by the READE instruction to the u or v flags which can be used
successively for multiple commands.

The Rotating Select starts on the first access to events with the event EO, steps with
the second access over E1 and E2, to E3 (at the fourth access) and restarts with the

fifth access at EO again.

Reset or after 1st after 2nd after 3rd after 4th
Rpp == Rjb | event access | event access | event access | event access
EOQ ’ E1 E2 E3 continue with EQ

Rotating select is supported for reading events and writing events with an explicit
rotation counter for each read and write. Writing to events copies the value to the u
flag at the same time, et(v) and ee(v) causes copying to the v flag.

For each opcode EO and the internal flags u and v can be selected explicitly by the
following selection modes. EO can therefore be easy used as for multiple write event
accesses per Cycle since there is no need to use the rotating select mode for EO for
most of the opcodes: '

et (event target) - eventt (event target)
es (event source) , events (event source)
00 Internal u 000 | Internal u
01 Internal v 001 | Internal v
10 External EvO 010 | EVO
11 Rotating select: 4 011 | Ev1
External next : 100 | EV2.0
(EVO/EV1/EV2.0/EV2.2) 101 | EV2.2
and internal u flag 110
111 | Rotating select:
External next

Confidential Page 16 INTEE: 2°P504
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(EVO/EV1/EV2.0/EV2.2)
and internal u flag

Event Enable enables or disables writing a flag to an virtual event output. However
the flag will be set in the internal u or v register anyhow.

ee (event enable)

0 Internal v or u

1 Internalvoru &
Rotating select:
External next
(EVO/EV1/EV2.0/EV2.2)
and internal v or u flég

Event sources

Instructions offering only ALU internal flags as source for the operations:
e SAT ' ‘ :

The event addressing supports the selection between the u and v flag.

Instructions allowing directly addressed event sources using evenit and events:
*  WAIT, SKIP, READE, WRITEE
» MERGE, DEMUX, SWAP

Instructions offering limited addressed event sources and rotating event select (et,
es):

e SHL, SHR, DSHL, DSHR, DSHRU

e ADD, ADDC, SUB, SUBC

Event targets
Some instructions operate using rotating event select only (et, es):

e NOT, SORT, SORTU, CLZ, CLZU, AND, OR, XOR, EQ, CMP, CMPU

Some instructions support Event Enable only (ee):
e SHL, SHR, DSHL, DSHR, DSHRU
» ADD, ADDC, SUB, SUBC

2.4.1 n:1 Transitions

1:n transitions are not supported within the busses any more. Alternatively simple
writes to mutltiple output registers Ro and event outputs Eo are supported. The Virtual
Output registers (Rv) and Virtual Event (Ev) are translated to real Output registers
(Ro) and real Events (Eo), whereas a virtual register can be mapped to multiple
output registers.

To achieve this a configurable translation table is implemented for both data registers
and event registers:
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Target | Source rq_|
Rdo | RdO

Rd1 Rd1

Rd2 Rd2

Rd3 Rd3

RdO RiO

Rd1 Rit

Rd2 | Ri2

Rd3 Ri3

[ | |
|
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Each operation can target a Virtual Output Register Rv by adding an out tag as a

target identifier to the opcode:

Op out ry «— fa, fp

The transfer is now Ri[X] or Rd[x] to Rv[x] as shown in the table below:

Target

Source r,

RvO

RdO

Rvi

Rd1

Rv2.0

Rd2

Rv2.2

Rd3

RvO

Ri0

Rv1

Ri1

RVvV2.0

Ri2

Rv2.2

Ri3

The opcode format is 16 bit wide, the standard formats are:

2.6 Clock

The PAE can operate at a configurable clock frequency of
1x Bus Clock
2x Bus Clock
4x Bus Clock
[8x Bus Clock]

2.7 The DF path

The DataFlow path comprises the data registers Ri2&3 and Ro2&3 as well as the
events Ei2&3 and Eo2&3. Each of the data registers Ri[n] is combined with an event
E[n] whereas the according busses support different routings.

By configuration each data path and its associated event can be dedicated to the

ALU path.
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The DF path supports numerous instructions, whereas the instruction is selected by

configuration and only one of them can be performed during a configuration, function
folding is not available.

The following instructions are implemented:

ADD, SUB

NOT, AND, OR, XOR

SHL, SHR, DSHL, DSHR, DSHRU
EQ, CMP, CMPU

MERGE, DEMUX, SWAP

SORT, SORTU

ELUT

NoO RO

2.8 The BP path

The ByPass path is a simple horizontal network between the input data registers
BRIi0O&1 and events BEiO&1 to the output registers BRoO&1 and events BEo0&1.

Confidential Page 20 Iﬁﬁi%0f804
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3 Input Output Address Generators (I0AG)

The IOAGs are located in the RAM-PAEs and share the same registers to the busses.
An |IOAG comprises 3 counters with forwarded carries. The values of the counters
and an immediate address input from the array are added to generate the address.
One counter offers reverse carry capabilities.

3.1 Adressing modes

Several addressing modes are supported by the IOAG to support typical DSP-like
addressing:

Mode Description

Immediate Address generated by the PAE array

xD counting Multidimensional addressing using I0OAG internal
counters
XD means 1D, 2D, 3D

xD circular Multidimensional addressing using IOAG internal
counters, after overflow counters reload with base
address

xD plus immediate  xD plus a value from the PAE array

Stack - decrement after “push” operations
increment after “read” operations

Reverse carry Reverse carry for applications such as FFT

3.1.1 Immediate Addressing

The address is generated in the array and directly fed through the adder to the
address output. All counters are disabled and set to 0.

3.1.2 xD counting

Counters are enabled depending on the required dimension (x-dimensions require x
counters). For each counter a base address and the step width as well as the
maximum address are configured. Each carry is forwarded to the next higher and
enabled counter; after carry the counter is reloaded with the start address.

A carry at the highest enabled counter generates an event, counting stops.

3.1.3 xD circular

The operation is exactly the same as for xD counting, with the difference that a carry
at the highest enabled counter generates an event, all counters are reloaded to their
base address and continue counting.
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One counter (CNT1) is used to decrement after data writes and increment after data
reads. The base value of the counter can either be configured (base address) or

loaded by the PAE array.

3.1.5 Reverse carry

Typically carry is forwarded from LSB to MSB. Forwarding the carry to the opposite
direction (reverse carry) allows generating address patterns which are very well
suited for applications like FFT and the like. The carry is discarded at MSB.

For using reverse carry a value larger than LSB must be added to the actual value to

count, wherefore th

e STEP reqister is used.

The counter is implemented to allow reverse carry at least for STEP values of -2, -1,

Example:

BASE = 0Oh

STEP = 1000b
Step | Counter Value
1 b0...00000
2 b0...01000
3 b0...00100
4 b0...01100
5 b0...00010
16 | b0..01111
17 b0...00000

+1, +2.
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Appendix A
OpCodes
Notation:
Registers
name explanation number
of bits
target_r Target register 2 Rd0 00
and related Rd1 01
source register Rd2 10
Rd3 11
target o Target output 2 Ro0 00
register and Ro1 0]
related source Ro2 10
register Ro3 11
target Target register 3 Ri0 000
and related Ri1 001
source register. Ri2 010
Target will be Rd Ri3 011
or Ro (if target RdO 100
identifier is set) Rd1 101
Rd2 110
: Rd3 111
target_p Target register 2 Ro0&1 00
pair and related Ro2&3 01
source register RdO&1 10
pair Rd2&3 11
source_i Source input 2 Ri0 00
register Ri1 01
Ri2 10
Ri3 11
source Source register 3 Ri0 000
Ri1 001
Ri2 010
Ri3 011
RdO 100
Rd1 101
Rd2 110
Rd3 111
source_p Source register 2 RiO&1 00
pair Ri2&3 o1
Rd0O&1 10
Rd2&3 11
r_pair_t Source register 2 target | source
and target register Rd0O&1 | Ri0 00
pair Rd2&3 | Ri2 01
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Rd0&1 | RO 10
Rd2&3 | Rd2 11
tid Target Identifier 1 0 Internal Register
1 Internal &
External Register
val Value 1 one bit value
valx Value including 2 00 0
don'’t care 01 1
10 X
11 X
val2 2 bit value 2 00 00
o1 01
10 10
11 11
ujiv Select flag 1 0 Fu
register Fu or Fv 11 . Fv
et ‘event target 2 00 Internal u
01 Internal v
10 External EO
1 External
next
(E1/E2/E3)
es event source 2 00 Internal u
01 Internal v
10 External EQ
11 External
next
(E1/E2/E3)
event event target (or 3 000 Internal u
source) 001 internal v
010 EQ
011 E1
100 E2
101 E3
110
111 External
next
(E1/E2/E3)
ee event enable 2 0 Internal
1 Internal &
External
next
(E1/E2/E3)
Confidential Page 24
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0123456 | 7 { B | 9 {10} 11 }12}13}{14} 15 IF OF Comment
NOP No Operation
000000 ojojojo} 0 ojojo 0
READ Read packet from input port
000000 0 |target r|{ O {source_i] 0 {1 0
WRITE Write packet to output port
000000 1 jtarget o] O source 1 0
MOVE Move data between register
000000 O ltarget r] 1 jsource_r| 0] 1 o
LOAD Load register with constant
000000 1 |target r| 1 0O {0fO0} 1t 0

constant
SAT Saturate if carry
000000 | O Jtarget r} O] O JO|J1]0] O U ‘0 if previous command was
- SuUBC
‘1 if previous command was
ADDC

SETUV TSet Flags uf and vf |
000000 0 jvaljuim]| O 0 11110 0 unN
SWAPUV | Swap uand v flag |
000000 0jo0oj{of1 o] 11110 0 unN
NOT tid I T
000000 target 1 et o} o U
JR [Jump relative |
000000 adr7 0 1
JL Jump relative if Ric is not zero
000000 adr7 1 1
MERGE | tid
000001 target_p | source_p event - 0 U
DEMUX | tid i |
000001 target_p | source_p event 1 u
SWAP  [tid A B |
000010 target_p | source_p event 0 U
WAIT ' | Wait for incoming event |
000010 0 vaix 0 0 event -1 U
SKIP [ Wait for incoming event |
000010 0 valx 0 1 event 1 U
EOPTR Set event output pointer
000010 ol val2 1 0 0jojo 1
EIPTR Set event input pointer
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000010 |g| val2 J1 ]| 0O JoJo]J1] 1
READE Read Event to UV
000010 010 junv| 1 1 event | un
WRITEE : Write Event from U/N
000010 0} 1 [unv| 1 1 event 1 unN
SORT tid Sort two data packets
000011 target_p | source_p{ et(u) et(v) un
SORTU | tid | Sort two unsigned data |
000100 target_p|source_p| et(u) et(v) U/ packets
cLz tid Count leading zeros
000101 target event 4] 0 U
CLZU tid Count leading zeros unsigned
000101 target event 0 1 U
AND tid ' | |
000110 target source et(u) ]
OR tid S | |
000111 target source _ et(u) ]
XOR tid A ‘ ]
001000 target source et(u) U
EQ tid | Equal |
001001 target source et(v) U
CMP tid | . i
001001 r_pair_t |source_p|{ et(u) et(v) unv
CMPU tid | |
001010 r_pair_t | source_p| et(u) et(v) unv
BSHL tid : | Barrel Shift left |
001011 r_pair t{ 0 source 0 0] ‘
BSHR tid . | Barrel Shift right |
001011 r_par t{ O source 0 1
BSHRU | tid . | Barrel Shift right unsigned |
001011 r_pair_t} 0 source 1 0
MUL tid ’ | |
001011 r_pair_t} 1 source (0] 0 .
MULU tid . l l
001011 r_pair_t}] 1 source 0 1
DIV tid | |
001011 r_pair t| 1 source 1 1
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Representative: European Patent Attorney
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Title: Device and method for data processing
Claims
1. A data processing unit having a plurality of cells, in

particular coarse-grained logic cells, interconnected
and/or interconnectable for data processing wherein at
least one cell, preferably a number of cells have in-
struction storage means for storing instructions to be
executed so as that said coarse-grained cells form a plu-

rality of sequencers within said array.

2. A method for operating data processing in an array com-
prising a plurality of logic cells, in particular coarse-
grained logic cells interconnected and/or intercon-
nectable for data processing, wherein data are trans-
ferred into cells from an input and/or from other cells
via busses, characterised in that at least some of the

busses are used for effecting a configuration of said
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Akte: PACTA8/EP .-

cells, in particular during runtime and/or without ef-

fecting cells not to be configured.
Method according to claim 2, wherein said busses are used

with a frequency different from the frequency of data

processing in at least some of the cells.
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I hereby certify that this correspondence is being electronically

Commissioner for Patents transmitted to the United States Patent and Trademark Office via the
P.O. Box 1450 Office electronic filing system on

Date: Qctober 25. 2010

Signature: /Eunice K. Chang/
Eunice K. Chang

Alexandria, VA 22313-1450

Sir:

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is hereby
directed to the reference(s) listed on the attached PTO-1449. It is respectfully requested that
the information be expressly considered during the prosecution of this application, and that
the reference(s) be made of record therein and appear among the "References Cited" on any
patent to issue therefrom. The filing of this Information Disclosure Statement and the
enclosed PTO Form No. 1449, shall not be construed as an admission that the information
cited is prior art, or is considered to be material to patentability as defined in 37 C.F.R. §
1.56(b). The paragraphs marked below are applicable. It is believed that no fees other than
those indicated below are due, but authorization is hereby given to charge any additional fees
due, or to credit any overpayment, to Kenvon & Kenyon LLP, deposit account 11-0600.

[x] 1. This Information Disclosure Statement is being filed (a) within three months
of the filing date of a national application other than a continued prosecution application
under 37 C.F.R. §1.53(d), (b) within three months of the date of entry of the national stage as
set forth in 37 C.F.R. § 1.491 in an international application, (c) before the mailing date of a
first Office Action on the merits in the present application, OR (d) before the mailing of a
first office action after filing of a request for continued examination. No certification or fee is
required.

[ 2. This Information Disclosure Statement is being filed more than three months
after the U.S. filing date AND after the mailing date of the first Office Action on the merits,
but before the mailing date of a final action, Notice of Allowance, or any action that
otherwise closes prosecution.
0 a I hereby certify that each item of information contained in this
Information Disclosure Statement was first cited in a communication from a foreign
patent office in a counterpart foreign application not more than three months prior to
the filing of this Information Disclosure Statement. 37 CFR §1.97(e)(1).

O b. I hereby certify that no item of information in this Information
Disclosure Statement was cited in 2 communication from a foreign patent office in a
counterpart foreign application or, to my knowledge after making reasonable inquiry,
was known to any individual designated in 37 CFR §1.56(c) more than three months
prior to the filing of this Information Disclosure Statement. 37 CFR §1.97(e)(2).
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1 c. The required fee of $180.00 under 37 CFR §1.17(p) is being paid by
credit card to ensure consideration of the disclosed information. Any additional fees
may be charged to Deposit Account No. 11-0600 of Kenyon & Kenyon LLP

3. Since this application was filed after June 30, 2003, copies of U.S. references
are not included.

Respectfully submitted,

Date: October 25,2010 /Aaron Grunberger/
Aaron Grunberger
Reg. No. 59,210

KENYON & KENYON LLP

One Broadway

New York, NY 20004

(212) 425-7200 telephone

(212) 425-5288 facsimile
CUSTOMER NUMBER 26646
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Application No. Applicant(s)

. . 12/836,364 VORBACH, MARTIN
Notice of Allowability Examiner Art Unit
Don P. Le 2819

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to document filed 7/14/2010.

2. X The allowed claim(s) is/are 18-47.

3. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X Al b)[J Some* c¢)[JNone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [ ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [X] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
3. X Information Disclosure Statements (PTO/SB/08), 7. [] Examiner's Amendment/Comment
Paper No./Mail Date See Continuation Sheet
4. [ Examiner's Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material
9. [] Other .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20101107
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Continuation Sheet (PTOL-37) Application No. 12/836,364

Continuation of Attachment(s) 3. Information Disclosure Statements (PTO/SB/08), Paper No./Mail Date: 7/14/2010, 7/14/2010, 8/2/2010,
9/22/2010, 10/25/2010.
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Application/Control Number: 12/836,364 Page 2
Art Unit: 2819

Allowable Subject Matter
1. Claims 18-47 are allowed.
2. The following is an examiner’s statement of reasons for allowance:

With respect to claim 18, the prior art does not teach a multi-processor chip,
comprising: a plurality of data processing cells, each adapted for sequentially executing
at least one of algebraic and logic functions and having: at least one arithmetic logic
trait; at least one data register file; a program pointer; and at least one instruction
decoder; a plurality of memory cells; at least one interface unit; at least one Memory
Management Unit (MMU); and a bus system for interconnecting the plurality of data
processing cells, the plurality of memory cells, and the at least one interface trait;
wherein the bus system is adapted for programmably interconnecting at runtime at least
one of data processing cells and memory cells with at least one of memory cells and
one or more of the at least one interface unit.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Don P. Le whose telephone number is 571-272-1806.

The examiner can normally be reached on 7AM - 5PM.
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Application/Control Number: 12/836,364 Page 3
Art Unit: 2819

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Barnie Rexford can be reached on 571-272-1812. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Don P Le/
Primary Examiner, Art Unit 2819
11/7/2010
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5,418,953 ! May 1995 Hunt et al.

5,421,019 May 30, 1995 Holsztynski et al.

5,422,823 June 6, 1995 Agrawal et al.

5,425,036 June 13, 1995 Livetal

5,426,378 I June 20, 1995 Ong

5,428,526 June 27, 1995 Flood et al.

5,430,687 July 4, 1995 Hung et al.

5,440,245 August 8, 1995 Galbrajth et al.

5,440,538 August 15, 1995 Qlsen et al.

5,442,790 August 15, 1995 Nosenchuck

5,444,394 August 22, 1995 Watson et al.

5,448,186 September 5, 1995 Kawata

5,455,525 Qctober 3, 1995 Ho et al.

5,457,644 October 10, 1995 McCollum

5,465,375 November 7, 1995 Thepaut et al.

5,469,003 November 21, 1995 ] Kean

5,473,266 December 5, 1995 Ahanin et al.

5,473,267 December 5, 1995 Stansfield

5,475,583 December 12, 1995 Bock et al.

5,475,803 December 12, 1995 Stearns et al.

5,475,856 December 12, 1995 Kogge
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5477,525 December 19, 1995 Masanobu Okabe
5,483,620 January 9, 1996 Pechanek et al.
. 5,485,103 January 16, 1996 Pedersen et al.

5,485,104 January 16, 1996 Agrawal et al,

5,489,857 February 6, 1996 Agrawal et al.

5,491,353 February 13, 1996 Kean

5,493,239 February 20, 1996 : Ziotnick

5,497,498 March 3, 1996 Taylor

5,506,998 April 9, 1996 Kato et al.

5,510,730 April 23, 1996 El Gamal et al.

5,511,173 April 23,1996 Yamaura et al.

5,513,366 April 30, 1996 Agarwal et al.

5,521,837 May 28, 1996 Frankle et al.

5,522,083 May 28, 1996 Gove et al.

5,525,971 June 11, 1996 Flynn

5,530,873 June 25, 1996 Takano

5,530,946 June 25,1996 Bouvier et al.

5,532,693 July 2, 1996 Winters et al.

5,532,957 July 2, 1996 Mathi

5,535,406 July 9, 1996 Kolchinsky

5,537,057 July 16, 1996 Leong et al.

5,537,580 July 16,1996 Giomi et al.

5,537,601 July 16, 1996 Kimura et al.

5,541,530 July 30, 1996 Cliff et al.

5,544,336 August 6, 1996 Kato et al.

5,548,773 August 20, 1996 Kemeny et al.

5,550,782 August 27, 1996 Cliff et al.

5,555,434 September 10, 1996 Carlstedt

5,559,450 September 24, 1996 Ngai et al.

5,561,738 QOctober 1, 1996 Kinerk et al.

5,570,040 Qctober 29, 1996 Lytle et al.

*5,572,710 November 5, 1996 Asano et al.

5,574,930 November 12, 1996 Halverson Jr. et al.

5,581,731 December 3, 1996 King et al.

5,583,450 December 10, 1996 Trimberger et al.

5,586,044 December 17, 1996 Agrawal et al.

5,587,921 December 24, 1996 Agrawal et al.

5,588,152 December 24, 1996 Dapp et al.

5,590,345 December 31, 1996 Barker et al.
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5,590,348 December 31, 1996 Phillips et al.

5,596,742 January 21, 1997 Agarwal et al.

5,600,265 February 4, 1997 El Gamnal Abbas et al.

5,600,845 February 4, 1997 Gilson

*5,606,698 February 25,1997 Powell

5,611,049 March 11, 1997 Pitts

5,617,547 April 1, 1997 Feeney et al.

5,625,806 April 29, 1997 Kromer

5,625,836 April 29, 1997 Barker et al.

*5,627,992 May 6,1997 Baror

5,634,131 May 27,1997 Matter et al.

*5,646,544 July 8,1997 Iadanza

5,646,545 July 8, 1997 Trimberger et al.

5,649,176 July 15,1997 Selvidge et al.

5,649,179 July 15, 1997 Steenstra et al.

5,652,529 July 29, 1997 Gould et al.

5,652,894 July 29, 1997 Hu et al.

5,655,069 August 5, 1997 Ogawara et al.

5,655,124 August 5, 1997 Lin

5,657,330 August 12, 1997 Matsumoto

*5,659,785 August 19, 1997 Pechanek et al.

5,659,797 August 19, 1997 Zandveld et al.

5,675,743 Qctober 7, 1997 Mavity

5,675,757 QOctober 7, 1997 Davidson et al.

5,680,583 QOctober 21, 1997 Kuijsten

5,694,602 December 2, 1997 Smith

*5,696,791 December 9,1997 Yeung

5,706,482 January 6, 1998 Matsushima et al.

5,713,037 January 27, 1998 ‘Wilkinson et al.

5,717,943 February 10, 1998 Barker et al.

5,732,209 March 24, 1998 Vigil et al.

5,734,921 March 31, 1998 Dapp et al.

5,737,516 April 7,1998 Circello et al.

5,737,565 April 7, 1998 Mayfield

5,742,180 April 21, 1998 Detton et al.

5,745,734 April 28, 1998 Craft et al.

5,748,872 May 5, 1998 Norman

5,748,979 May 5,1998 Trimberger

5,752,035 May 12, 1998 Trimberger
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5,754,459 May 19, 1998 Telikepalli

5,754,820 May 19, 1998 Yamagami

5,754,827 May 19, 1998 Barbier et al.

5,754,871 May 19,1998 ‘Wilkinson et al.

5,760,602 June 2, 1998 Tan

5,761,484 June 2, 1998 Agarwal et al.

5,773,994 June 30, 1998 Jones

5,778,439 July 7, 1998 Timberger et al.

5,781,756 July 14, 1998 Hung

5,784,636 July 21, 1998 Rupp

5,794,059 August 11, 1998 Barker et al.

5,794,062 August 11, 1998 Baxter

5,801,715 September 1, 1998 Norman

5,802,290 September 1, 1998 Casselman

*5,804,986 September 8, 1998 Jones

5,815,715 September 29, 1998 Kayhan

*5,815,726 September 29, 1998 CIiff

5,821,774 QOctober 13, 1998 Veytsman et al.

5,828,229 Qctober 27, 1998 Cliff et al.

5,828,858 Qctober 27, 1998 Athanas et al.

5,831,448 November 3, 1998 Kean

5,838,165 November 17, 1998 Chatter

5,841,973 November 24, 1998 Cooke et al.

5,844,422 December 1, 1998 Trimberger et al.

5,844,888 December 1, 1998 Narjjyka

5,848,238 December 8, 1998 Shimomura et al.

5,854,918 December 29, 1998 Baxter

5,857,097 January 5, 1999 Henzinger et al.

5,859,544 January 12, 1999 Norman

5,860,119 January 12, 1999 Daockser

5,862,403 January 19, 1999 Kanai et al.

5,865,239 February 2, 1999 Carr

5,867,691 February é, 1999 Shiraishi

5,867,723 February 2, 1999 Peters et al.

5,870,620 February 9, 1999 Kadosumi et al.

5,884,075 March 16, 1999 Hester et al.

5,887,162 March 23, 1999 Williams et al.

5,887,165 March 23, 1999 Martel et al.

5,889,533 March 30, 1999 Lee
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5,889,982 March 30, 1999 Rodgers et al.

5,892,370 April 6, 1999 Eaton et al.

5,892,961 April 6, 1999 Trimberger

5,892,962 April 6, 1999 Cloutier

5,901,279 May 4, 1999 Davis 111

5,915,123 June 22,1999 Mirsky et al.

5,924,119 July 13,1999 Sindhu et al.

5,926,638 July 20, 1999 Inoue, Masaharu

5,927,423 July 27, 1999 Wada et al.

5,933,023 August 3, 1999 Young

5,933,642 August 3, 1999 Baxter et al.

5,936,424 April 10,1999 Young et al.

5,943,242 August 24, 1999 Vorbach et al.

5;956,518 September 21, 1999 DeHon et al.

5,960,193 Seplermnber 28, 1999 Guttag et al.

5,960,200 September 28, 1999 Eager et al.

5,966,143 October 12, 1999 Breternitz, Jr.

5,966,534 Qctober 12, 1999 Cooke et al.

5,970,254 October 19, 1999 Cooke et al.

5,978,260 November 2, 1999 Trimberger et al.

5,978,583 November 2, 1999 Ekanadham et al.

5,996,083 November 30, 1999 Gupta et al.

5,999,990 December 7, 1999 Sharrit et al.

6,003,143 December 14, 1999 Kim et al.

6,011,407 January 4, 2000 New

6,014,509 January 11, 2000 Furtek et al,

6,020,758 February 1, 2000 Patel et al.

6,020,760 February 1, 2000 Sample et al.

6,021,490 February 1, 2000 Vorbach et al.

6,023,564 February 8, 2000 Trimberger

6,023,742 February 8, 2000 Ebeling et al.

6,026,481 February 15, 2000 New et al.

6,034,538 March 7, 2000 Abramovici

6,035,371 March 7, 2000 Magloire

6,038,650 March 14, 2000 Vorbach et al.

6,038,656 March 14, 2000 Curnmings et al.

6,044,030 March 28, 2000 Zheng et al.

6,047,115 April 4, ZOQO Mohan et al.

6,049,222 April 11, 2000 Lawman
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*6,049,866 April 11, 2000 Earl
6,052,773 April 18, 2000 DeHon et al.
6,054,873 April 25, 2000 Laramie
6,055,619 April 25,2000 North et al.
6,058,469 May 2, 2000 Baxter
6,076,157 June 13,2000 Borkenhagen et al.
6,077,315 June 20,2000 ¢ Greenbaum et a.
6,081,903 ‘ June 27,2000 Vorbach et al.
6,084,429 July 4, 2000 Trimberger
6,085,317 July 4, 2000 Smith
6,086,628 July 11, 2000 Dave et al.
6,088,795 ) July 11, 2000 Vorbach et al.
6,092,174 July 18, 2000 Roussakov
6,105,105 August 15, 2000 Trimberger et al.
6,105,106 August 15, 2000 Manning
6,108,760 August 22, 2000 Mirsky et al.
6,118,724 September 12, 2000 Higginbottom
6,119,181 September 12, 2000 Vorbach et al.
6,122,719 September 19, 2000 Mirsky et al.
6,125,408 September 26, 2000 McGee et al.
6,127,908 October 3, 2000 Bozler et al.
6,134,166 October 17, 2000 Lytle et al.
6,137,307 October 24, 2000 Twanczuk et al.
*6,144,220 November 7, 2000 Young
6,150,837 November 21, 2000 Beal et al.
6,150,839 November 21, 2000 New et al. ]
6,154,048 November 28, 2000 Iwanczuk etal. |
6,154,049 November 28, 2000 New
6,157,214 December 5, 2000 Marshall
6,170,051 January 2, 2001 Dowling, Eric M.
6,172,520 January 9, 2001 Lawman et al.
6,173,434 January 9, 2001 Wirthlin et al.
6,185,256 February 6, 2001 Sajto et al.
6,185,731 February 6, 2001 Maeda et al.
6,188,240 February 13, 2001 Nakaya
6,188,650 February 13, 2001 Hamada et al.
6,198,304 March 6, 2001 Sasald
6,201,406 March 13, 2001 Twanczuk et al.
6,202,182 March 13, 2001 Abramovici et al.
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6,378,068 April 23, 2002 Foster et al.
- 6,381,624 April 30, 2002 Colon-Bonet et al.
6,389,379 May 14, 2002 Lin et al.
6,389,579 May 14, 2002 Phillips et al.
6,392,912 May 21,2002 Hanrahan et al.
6,398,383 June 4, 2002 Huang, Yu-Hwei
6,400,601 June 4, 2002 Sudo et al.
6,404,224 June 11, 2002 Azegami et al.
6,405,299 June 11, 2002 Vorbach et al.
6,421,809 July 16,2002 Wuytack et al.
6,421,817 July 16, 2002 Mohan et al.
6,425,054 July 23, 2002 Nguyen
6,425,068 July 23, 2002 Vorbach
*6,426,649 July 30, 2002 Fu et al.
*6,427,156 July 30, 2002 Chapman et al.
6,430,309 August 6, 2002 Pressman et al.
6,434,642 August 13, 2002 Camilleri et al.
*6,434,672 August 13, 2002 Gaither
6,434,695 August 13, 2002 Esfahani et al.
6,434,699 August 13, 2002 Jones et al.
6,435,054 October 10, 2000 Nguyen
6,437,441 August 20, 2002 Yamamoto
6,438,747 August 20, 2002 Schreiber et al.
6,457,116 September 24, 2002 Mirsky et al.
6,476,634 November 5, 2002 Bilski
6,477,043 November 5, 2002 Vorbach et al.
6,480,937 November 12, 2002 Vorbach et al.
6,480,954 November 12, 2002 Trimberger et al.
6,483,343 November 19, 2002 Faith et al.
6,487,709 November 26, 2002 Keller et al.
6,490,695 December 3, 2002 Zagorski et al.
6,496,971 December 17, 2002 Lesea et al.
6,504,398 January 7, 2003 Vorbach
6,507,898 January 14,2003 Gibson et al.
6,507,947 January 14, 2003 Schreiber et al.
*6,512,804 January 28, 2003 Johnson et al.
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6,513,077 January 28, 2003 Vorbach et al.

6,516,382 February 4, 2003 Manning

6,518,787 February 11, 2003 Allegrucci et al.

6,519,674 February 11, 2003 Lam et al.

6,523,107 February 18, 2003 Stansfield et al.

6,525,678 February 25, 2003 Veenstra et al.

6,526,520 February 25, 2003 Vorbach et al.

6,538,468 March 25, 2003 Moore

6,538,470 March 25, 2003 Langhammer et al.

6,539,415 March 25, 2003 Mercs

6,539,438 March 25, 2003 Ledzius et al.

6,539,477 March 25, 2003 Seawright

6,542,844 Aprit 1, 2003 Hanna

6,542,394 April 1,2003 Marshall et al.

6,542,998 April 1, 2003 Vorbach

*6,553,395 April 22,2003 Marshall et al.

*6,553,479 April 22, 2003 Mirsky et al.

*6,567,834 May 20, 2003 Marshall et al.

6,571,381 May 27,2003 Vorbach ct al.

6,587,939 July 1, 2003 Takano

*6,598,128 July 22, 2003 Yoshioka et al.

*6,606,704 August 12, 2003 Adiletta et al.

6,631,487 October 7, 2003 Abramovici et al.

6,633,181 October 14, 2003 Rupp

6,657,457 December 2, 2003 Hanrahan et al.

6,658,504 December 2, 2003 Smith et al.

6,665,758 December 16, 2003 Frazier et al.

6,687,788 February 3, 2004 Vorbach et al.

6,697,979 February 24, 2004 Vorbach et al.

6,704,816 March 9, 2004 Burke, David

6,708,325 March 16, 2004 Cooke et al.

6,717,436 April 6,2004 Kress et al.

6,721,830 April 13,2004 Vorbach et al.
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6,728,871 April 27,2004 Vorbach et al.
*6,745,317 June 1, 2004 Mirsky et al.
6,748,440 June 8, 2004 Lisitsa et al.
*6,751,722 June 15, 2004 Mirsky et al.
6,754,805 June 22,2004 Yujen Juan
6,757,847 June 29, 2004 Farkash et al.
6,757,892 June 29, 2004 Gokhale et al.
6,782,445 August 24, 2004 Olgiati et al.
6,785,826 August 31, 2004 Durham et al.
6,802,026 QOctober 5, 2004 Patterson et al.
6,803,787 October 12, 2004 Wicker, Jr.
6,820,188 November 16, 2004 Stansfield et al.
6,829,697 December 7, 2004 Davis et al.
6,847,370 January 25, 2005 Baldwin et al.
6,868,476 March 22, 2005 Rosenbluth
6,871,341 March 22, 2005 Shyr
6,874,108 March 29, 2005 Abramovici et al.
6,886,092 April 26, 2005 Douglass et al.
6,901,502 May 31, 2005 Yano et al.
6,928,523 August 9, 2005 ‘Yamada, Akira
6,961,924 November 1, 2005 Bates ct al.
*6,975,138 December 13, 2005 Pani et al.
6,977,649 December 20, 2005 Baldwin et al.
7,000,161 February 14, 2006 Allen et al.
7,007,096 February 28, 2006 Lisitsa et al.
7,010,667 March 7, 2006 Vorbach et al.
7,028,107 April 11, 2006 Vorbach et al.
7,038,952 May 2, 2006 Zack et al.
7,043,416 May 9, 2006 Lin
7,210,129 April 24,2007 May et al.
7,216,204 May 8, 2007 Rosenbluth
7,237,087 June 26, 2007 Vorbach et al.
7,249,351 July 24, 2007 Songer et al.
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EXAMINER’S DOCUMENT TRANSLATION
INITIALS NUMBER DATE COUNTRY CLASS SUBCLASS YES NG
5-276007 October 22, 1993 | Japan Abstract
6-266605 Setember 22, 1994 Japan Abstract
7-086921 March 31, 1995 Japan Abstract
8-101701 April 16, 1996 Japan Abstract
8-102492 April 16, 1996 Japan Abstract
8-148989 June 7, 1995 Japan Abstract
8-221104 August 30, 1996 Japan Abstract
8-250685 September 27, 1996 Japan Abstract
9-294069 November 11, 1997 Japan Abstract
2-130023 May 18, 1990 Japan Abstract
11-184718 July 9, 1999 Japan . Abstract
11-307725 November 5, 1999 Japan Abstract &
Partial
Translation
2000-076066 March 14, 2000 Japan ' Abstrgct
2000-181566 June 30, 2000 Japan Computer
Translation
2000-311156 November 7, 2000 Japan Abstract
9-27745 January 28, 1997 Japan » Abstract
05-509184 December 16, 2003 Japan English
Equivalent
= USP
5,193,202
cited above
08069447 March 12, 1996 Japan | Abstract
2001-167066 June 22, 2001 Japan Abstract
2001-500682 January 16,2001 Japan Abstract
2000-201066 July 18, 2000 Japan Abstract
*3-961028 August 15, 2007 Japan Abstract
*2001-510650 July 31, 2001 Japan Abstract
only
*2002-0033457 January 31, 2002 Japan : Abstract
OTHER DOCUMENTS
EXAMINER’S
INITIALS AUTHOR, TITLE, DATE, PERTINENT PAGES, ETC.
Abnous et al., "Ultra-Low-Power Domain-Specific Multimedia Processors," U.C. Berkeley, 1996 IEEE, pp. 461-470.
Abnous, A., ctal., “Thc Pleiades Architecture,” Chapter [ of The Application of Programmable DSPs in Mobile C‘ammunicatians, A,

Gatherer and A. Auslander, Ed., Wiley, 2002, pp. 1-33.
Ade, et al., “Minimum Memory Buffers in DSP Applications,” Electronics Letters, vol. 30, No. 6, March 17, 1994, pp. 469-471.

Advanced RISC Machines, “Introduction to AMBA,” October 1996, Section 1, pp. 1-7.

Albaharna, O.T. et al., ““On the Viability of FPGA-Based Integrated Coprocessors,” Dept. of Electrical and Electronic Engineering, Imperial
College of Science, London, 1999 IEEE, pp. 206-215.
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Attomney Docket No. Serial No.
INFORMATION DISCLOSURE  [2222/139 12/836,364
STATEMENT BY APPLICANTS | Uonpa
VORBACH
PTO-1 449 Filing Date Group Art Unit
July 14, 2010 2827
U.S. PATENT DOCUMENTS
PATENT/
EXAMINER’S PUBLICATION PATENT/PUBLICATION FILING
INITIALS NUMBER DATE NAME CLASS SUBCLASS DATE
90/010,979 May 4, 2010 (filing date) Vorbach el al.
90/011,087 July 8, 2010 (filing date) Vorbach et al.
FOREIGN PATENT DOCUMENTS
EXAMINER’S DOCUMENT TRANSLATION
INITIALS NUMEBER DATE COUNTRY CLASS SUBCLASS
YES NO
7-182167 July 21, 1995 Japan Abstract
7-182160 July 21, 1995 Japan Abstract
8-106443 April 23, 1996 Japan i Abstract
9-237284 September 9, 1997 Japan : Abstract
11-046187 February 16, 1999 Japan Abstract
2001-236221 August 31, 2001 Japan Abstract
OTHER DOCUMENTS
EXAMINER’S
INITIALS AUTHOR, TITLE, DATE, PERTINENT PAGES, ETC.
Hauser, John Reid, (Dissertation) “Augmenting A Microprocessor with Reconfigurable Hardware,” University of California, Berkeley, Fall
2000, 255 pages. (submitted in 3 PDFs, Parts 1-3)
Hauser, John R., ““The Garp Architecture,”University of California at Berkeley, Computer Science Division, October 1997, pp. 1-55.
Venkatachalam el al., “A highly flexible, distributed multiprocessor architecture for network processing,” Computer Networks, The
International Journal of Computer and Telecommunications Networking, Vol. 41, No. 5, April 5, 2003, pp. 563-568.
XILINX, “Virtex-II and Virtex-II Pro X FPGA User Guide,” March 28, 2007, Xilinx user guide, pp. 1-559.
Xilinx, Inc.’s and Avnet, Inc.’s Disclosure Pursuant to P.R. 4-2; PACT XPP TECHNOLOGIES, AG. V. XILINX, INC. and AVNET, INC.,
Case No. 2:07-cv-00563-TIW-CE, U.S. District Court for the Eastern District of Texas, Dec. 28, 2007, 4 pages.
Xilinx, Inc.’s and Avnet, Inc.’s Disclosure Pursuant to P.R. 4-1; PACT XPP TECHNOLOGIES, AG. V. XILINX, INC. and AVNET, INC.,
Case No. 2:07-cv-00563-TIW-CE, U.S. District Court for the Eastern District of Texas, Dec. 28, 2007, 9 pages.
Defendant’s Claim Construction Chart for P.R. 4-2 Constructions and Extrinsic Evidence for Terms Proposcd by Defendants, PACT XPP
TECHNOLOGIES, AG. V. XILINX, INC. and AVNET, INC., Case No. 2:07-cv-00563-TJW-CE, U.S. District Court for the Eastern District of
Texas, Dec. 28, 2007, pp. 1-19.
PACT’s P.R. 4-1 List of Claim Terms for Construction, PACT XPP TECHNOLOGIES, AG. V. XILINX, INC. and AVNET, INC., Case No.
2:07-cv-00563-TIW-CE, U.S. District Court for the Eastern District of Texas, Dec. 28, 2007, pp. 1-7.
PACT’s P.R. 4-2 Preliminary Claim Constructions and Extrinsic Evidence, PACT XPP TECHNOLQGIES, AG. V. XILINX, INC. and AVNET,
INC., Casc No. 2:07-cv-00563-TIW-CE, U.S. District Court for the Eastern District of Texas, Dec. 28, 2007, pp. 1-16, and EXHIBITS re
EXTRINSIC EVIDENCE Parts in seven (7) separate additional PDF files (Parts 1-7).
EXAMINER , DATE CONSIDERED /
/Don Leg/ 11/06/2010
EXAMINER: Initial if citation considercd, whether or not citation is in conformance with M.P.E.P. 609; draw line through citation if not in conformance and not
considered. Include copy of this form with next comrmunication to applicant.

ALL REFERENCES CONSIDERED EXCEPT WHERE L NNDRIHROUGH. /D.L/
Page 460 of 539






















[2885/139]

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s) : Martin VORBACH

Serial No. : 12/836,364

Filing Date : July 14, 2010

For : MULTI-CORE PROCESSING SYSTEM (as amended)
Group Art Unit : 2819

Examiner : Don P. Le

Confirmation No. : 2050

. 1 hereby certify this correspondence is being

Mail S1‘:0p. Issue Fee electronically transmitted to the United States Patent and
Commissioner for Patents Trademark Office via the Office electronic filing system -
P.O. Box 1450 on December 17, 2010.

Alexandria, VA 22313-1450 Signature: /Eunice K. Chang/
Eunice K. Chang

AMENDMENT UNDER 37 C.F.R. § 1.312

SIR:
A Notice of Allowance for the above-identified application was mailed on

November 12, 2010. Please amend the application under 37 C.F.R. §1.312 as follows:
Amendments to the Specification begin on page 2 of this paper.

Remarks begin on page 3 of this paper.
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U.S. Patent Application No. 12/836,364
Attorney Docket No. 2885/139
Rule 312 Amendment

Amendments to the Specification:

Please replace the title of the specification on page 1 with the following title:

--MULTI-CORE PROCESSING SYSTEM--.

NYO01 2061981 -2 -
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U.S. Patent Application No. 12/836,364
Attorney Docket No. 2885/139
Rule 312 Amendment

REMARKS

The title of the specification has been amended. No new subject matter has
been introduced. Approval and entry are respectfully requested.

While no fee is believed to be due, the Commissioner is authorized to charge
any fees or credit any overpayment to the deposit account of Kenyon & Kenyon LLP,
Deposit Account No. 11-0600. The Examiner is invited to contact the undersigned to discuss

any matter concerning this application.

Respectfully submitted,
KENYON & KENYON LLP

Date: December 17,2010 By: /Aaron Grunberger/
Aaron Grunberger
Reg. No. 59,210

One Broadway .

New York, New York 10004
(212) 425-7200 (phone)
(212) 425-5288 (facsimile)

CUSTOMER NO.: 26646
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
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Application No. Applicant(s)

L 12/836,364 VORBACH, MARTIN
Response to Rule 312 Communication . -

Examiner Art Unit

Don P. Le 2819

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. X The amendment filed on 17 December 2010 under 37 CFR 1.312 has been considered, and has been:
a) X entered.

b) [0 entered as directed to matters of form not affecting the scope of the invention.

c) [ disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)

and the required fee to withdraw the application from issue.
d)[] disapproved. See explanation below.

e) [] entered in part. See explanation below.

/Don P Le/
Primary Examiner, Art Unit 2819
1/5/2011
U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20110105
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Receipt date: 12/17/2010 12836364 - GAU: 2819

OK to enter [2885/139]
/Don Le/ : ’
1/4/2010 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
| Inventor(s) : Martin VORBACH

Serial No. : 12/836,364

Filing Date : July 14, 2010

For : MULTI-CORE PROCESSING SYSTEM (as amended)

Group Art Unit : 2819

Examiner : DonP.Le

Confirmation No. : 2050

: 1 hereby certify this correspondence is being
Mail Si-iop. Issue Fec electronically transmitted to the United States Patent and i
Commissioner for Patents Trademark Office via the Office electronic filing system 7}~ 7"

P.O. Box 1450 on December 17, 2010.

Alexandria, VA 22313-1450 Signature: /Eunice K. Chang/
Eunice K. Chang

AMENDMENT UNDER 37 C.F.R. § 1.312

SIR:
A Notice of Allowance for the above-identified application was mailed on

November 12, 2010. Please amend the application under 37 C.F.R. §1.312 as follows:
Amendments to the Specification begin on page 2 of this paper.

Remarks begin on page 3 of this paper.
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U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
TE O N D I S C LO S U R E Docket Number: | Confirmation Number:

INFORMA 2885/139 2050
STATEMENT
Application Number Filing Date Examiner Art Unit
12/836,364 | July 14, 2010 Don P. Le 2819
Invention Title Inventors
MULTI-CORE PROCESSING SYSTEM Martin VORBACH
Commissioner for Patents ey crly st i oo s g el e
P.O. Box 1450 Office electronic filing system on
Alexandria, VA 22313-1450 Date: February 9.2011

Signature: /Eunice K. Chang/
Eunice K. Chang

Sir:

Pursuant to 37 CFR § 1.56, the attention of the Patent and Trademark Office is hereby
directed to the reference(s) listed on the attached PTO-1449. It is respectfully requested that
the information be expressly considered during the prosecution of this application, and that
the reference(s) be made of record therein and appear among the "References Cited" on any
patent to issue therefrom. The filing of this Information Disclosure Statement and the
enclosed PTO Form No. 1449, shall not be construed as an admission that the information
cited is prior art, or is considered to be material to patentability as defined in 37 C.F.R. §
1.56(b). The paragraphs marked below are applicable. It is believed that no fees other than
those indicated below are due, but authorization is hereby given to charge any additional fees
due, or to credit any overpayment, to Kenyon & Kenyon LI P, deposit account 11-0600.

1. This Information Disclosure Statement is being filed (a) within three months
of the filing date of a national application other than a continued prosecution application
under 37 C.F.R. §1.53(d), (b) within three months of the date of entry of the national stage as
set forth in 37 C.F.R. § 1.491 in an international application, (c) before the mailing date of a
first Office Action on the merits in the present application, OR (d) before the mailing of a
first office action after filing of a request for continued examination. No certification or fee is
required.

(I 2. This Information Disclosure Statement is being filed more than three months
after the U.S. filing date AND after the mailing date of the first Office Action on the merits,
but before the mailing date of a final action, Notice of Allowance, or any action that
otherwise closes prosecution.
O a I hereby certify that each item of information contained in this
Information Disclosure Statement was first cited in a communication from a foreign
patent office in a counterpart foreign application not more than three months prior to
the filing of this Information Disclosure Statement. 37 CFR §1.97(e)(1).

(N b. I hereby certify that no item of information in this Information
Disclosure Statement was cited in a communication from a foreign patent office in a
counterpart foreign application or, to my knowledge after making reasonable inquiry,
was known to any individual designated in 37 CFR §1.56(c) more than three months
prior to the filing of this Information Disclosure Statement. 37 CFR §1.97(e)(2).
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(I c. The required fee of $180.00 under 37 CFR §1.17(p) is being paid by
credit card to ensure consideration of the disclosed information. Any additional fees
may be charged to Deposit Account No. 11-0600 of Kenyon & Kenyon LLP

E3] 3. Since this application was filed after June 30, 2003, copies of U.S. references
are not included.

Respectfully submitted,

Date: February 9, 2011 /Aaron Grunberger/
Aaron Grunberger
Reg. No. 59,210

KENYON & KENYON LLP

One Broadway

New York, NY 20004

(212) 425-7200 telephone

(212) 425-5288 facsimile
CUSTOMER NUMBER 26646
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Attorney Docket No. Serial No.
INFORMATION DISCLOSURE  |222/139 12/830,564
STATEMENT BY APPLICANTS | Uonha
VORBACH
PTO-1 449 Filing Date Group Art Unit
July 14, 2010 2819
U.S. PATENT DOCUMENTS
PATENT/
EXAMINER’S PUBLICATION PATENT/PUBLICATION i FILING
INITIALS NUMBER DATE NAME CLASS SUBCLASS DATE
3,753,008 August 14, 1973 Guarnaschelli
4,594 682 June 10, 1986 Drimak
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Melvin, Stephen et al., “Hardware Support for Large Atomic Units in Dynamically Scheduled Machines,” Computer Science Division,
University of Califormia, Berkeley, IEEE {1988), pp. 60-63.
Roterberg, Eric., et al., “Trace Cache: a Low Latency Approach to High Bandwidth Instruction Fetching,” Proccedmgs of the 29" Annual
Internatinoal Symposmm on Michoarchitecture, Paris, France, IEEE (1996), 12 pages.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
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Applicant(s) : Martin VORBACH
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Filed : July 14, 2010

For :  MULTI-CORE PROCESSING SYSTEM

Examiner : DonP. Le

Group Art Unit : 2819

Confirmation No. : 2050

Customer No. : 26646

Mail S‘Eop. RCE I hereby certify that this correspondence is being electronically
Commissioner for Patents transmitted to the United States Patent and Trademark Office via the
P.O. Box 1450 Office electronic filing system on February 9, 2011.

Alexandria, VA 22313-1450 Signature: /Eunice K. Chang/

Eunice K. Chang

RCE AMENDMENT

SIR:
Pursuant to the filing of a Request for Continued Examination (RCE), please
amend the above-captioned application without prejudice (of which claims 18 to 47 have

been allowed) as follows:

Amendments to the Claims are found in the listing of claims, which begins

on page 2 of this paper.

Remarks begin on page 9 of this paper.
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U.S. Pat. App. Ser. No. 12/836,364
Attorney Docket No. 02885/139
RCE Amendment
24. (Previously Presented) The multi-processor chip according to claim 18, wherein at

least some of the memory cells are adapted to operate as at least two of a data stack, a data

heap, and a code memory.

25. (Previously Presented) The multi-processor chip according to claim 18, wherein at
least some of the memory cells are adapted to operate as at least two of a data stack, a data

heap, a code memory, and a cache.

26. (Previously Presented) The multi-processor chip according to claim 18, wherein at
least some of the memory cells are adapted to operate as a data stack, a data heap, and a code

memory.

27. (Previously Presented) The multi-processor chip according to claim 18, wherein
the data processing cells are adapted to connect simultaneously to a plurality of at least one of
cells and units of at least one of the memory cells, the data processing cells, and the at least

one interface units.

28. (Previously Presented) The multi-processor chip according to claim 18, wherein
cells of the data processing cells are adapted to connect simultaneously to other cells of the
data processing cells and to a plurality of at least one of cells and units of at least one of the

memory cells, the data processing cells, and the at least one interface units.

29. (Previously Presented) The multi-processor chip according to claim 18, wherein
the bus system is adapted to interconnect a data processing cell simultaneously to a plurality
of at least one of cells and units of at least one of the memory célls, others of the data

processing cells, and the at least one interface units.

30. (Previously Presented) The multi-processor chip according to claim 18, wherein
the bus system is adapted to interconnect a plurality of data processing cells simultaneously
to a plurality of at least one of cells and units of at least one of the memory cells and the

interface units.

31. (Previously Presented) The multi-processor chip according to claim 18, wherein

the data processing cells are adapted to access a plurality of the memory cells.

NYO1 2088433 3

INTEL - 1004
Page 495 of 539




U.S. Pat. App. Ser. No. 12/836,364
Attorney Docket No. 02885/139
RCE Amendment

32. (Previously Presented) The multi-processor chip according to claim 18, wherein

the data processing cells are adapted to address a plurality of the memory cells.

33. (Previously Presented) The multi-processor chip according to claim 18, wherein

the data processing cells are adapted to transfer commands to the memory cells.

34. (Previously Presented) The multi-processor chip according to claim 18, wherein

the data processing cells are adapted to transfer commands to the at least one interface unit.

35. (Previously Presented) The multi-processor chip according to claim 18, wherein
the data processing cells are adapted to transfer commands to memory cells and interface

units.

36. (Previously Presented) The multi-processor chip according to claim 18, wherein at

least one of the memory cells is adapted to store data in a non-volatile manner.

37. (Previously Presented) The multi-processor chip according to claim 18, wherein

_the multi-processor chip is adépted for video-processing.

38. (Previously Presented) The multi-processor chip according to claim 18, wherein at
~least some of at least one of the data processing cells, the memory cells, and the at least one

- interface unit operate at different clock rates for lowering power consumption.

39. (Previously Presented) The multi-processor, chip according to claim 18, wherein

the at least one MMU is implemented in the at least one interface unit.

40. (Previously Presented) The multi-processor chip according to claim 18, wherein at

“least one of the at least one interface unit has an implemented one of the at least one MMU.

'41. (Previously Presented) The multi-processor chip according to claim 18, wherein
the processing cells are connected to those of the memory cells that are in close proximity to

the processing cells.

42. (Previously Presented) The multi-processor chip according to claim 18, wherein

the processing cells are connected to the memory cells such that there is minimal latency

times for data access.

NY01 2088433 4
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U.S. Pat. App. Ser. No. 12/836,364
Attorney Docket No. 02885/139
RCE Amendment
43. (Previously Presented) The multi-processor chip according to claim 18, wherein

data transmission between processing cells and memory cells is optimized for low latency

times.

44. (Previously Presented) The multi-processor chip according to claim 18, wherein
the processing cells access the memory cells in a manner that minimizes latency times for

data access.

45. (Previously Presented) The multi-processor chip according to claim 18, wherein
the processing cells are arranged with the memory cells in a manner that minimizes latency

times for data access.

46. (Previously Presented) The multi-processor chip according to claim 18, wherein
the processing cells connect to memory cells such that latency times for data access are

minimized.

47. (Previously Presented) The multi-processor chip accordi;ig to claim 18, wherein

data is transmitted in a pipelined manner between the processing cells and the memory cells.

48. (New) A multi-processor chip, comprising:

a plurality of data processing cells, each adapted for sequentially executing at least

one of algebraic and logic functions and having:

at least one arithmetic logic unit;

at least one data register file;

a program pointer; and

at least one instruction decoder;
a pluiality of memory cells;

at least one interface unit;

at least one Memory Management Unit (MMU); and
a bus system for interconnecting the plurality of data processing cells, the plurality of
memory cells, and the at least one interface unit;

wherein the bus system is adapted for dynamically interconnecting at runtime at least

one of data processing cells and memory cells with at least one of memory cells and one or

more of the at least one interface unit.
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U.S. Pat. App. Ser. No. 12/836,364
Attorney Docket No. 02885/139
RCE Amendment

49. (New) The multi-processor chip according to claim 48, wherein at least some of

the memory cells are cache memories.

50. (New) The multi-processor chip according to claim 49, wherein at least some of

the cache memories are preloadable.

51. (New) The multi-processor chip according to claim 48, wherein at least some of

the memory cells are adapted to operate as a data stack.

52. (New) The multi-processor chip according to claim 48, wherein at least some of

the memory cells are adapted to operate as a data heap.

53. (New) The multi-processor chip according to claim 48, wherein at least some of

the memory cells are adapted to operate as a code memory.

54. (New) The multi-processor chip according to claim 48, wherein at least some of
the memory cells are adapted to operate as at least two of a data stack, a data heap, and a code

memory.

55. (New) The multi-processor chip according to claim 48, wherein at least some of
the memory cells are adapted to operate as at least two of a data stack, a data heap, a code

memory, and a cache.

56. (New) The multi-processor chip according to claim 48, wherein at least some of

the memory cells are adapted to operate as a data stack, a data heap, and a code memory.

57. (New) The multi-processor chip according to claim 48, wherein the data
processing cells are adapted to connect simultaneously to a plurality of at least one of cells
and units of at least one of the memory cells, the data processing cells, and the at least one

interface units.

58. (New) The multi-processor chip according to claim 48, wherein cells of the data
processing cells are adapted to connect simultaneously to other cells of the data processing
cells and to a plurality of at least one of cells and units of at least one of the memory cells, the

data processing cells, and the at least one interface units.
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59. (New) The multi-processor chip according to claim 48, wherein the bus system is
adapted to interconnect a data processing cell simultaneously to a plurality of at least one of
cells and units of at least one of the memory cells, others of the data processing cells, and the

at least one interface units.

60. (New) The multi-processor chip according to claim 48, wherein the bus system is
adapted to interconnect a plurality of data processing cells simultaneously to a plurality of at

least one of cells and units of at least one of the memory cells and the interface units.

61. (New) The multi-processor chip according to claim 48, wherein the data

processing cells are adapted to access a plurality of the memory cells.

62. (New) The multi-processor chip according to claim 48, wherein the data

processing cells are adapted to address a plurality of the memory cells.

63. (New) The multi-processor chip according to claim 48, wherein the data

processing cells are adapted to transfef commands to the memory cells.

64. (New) The multi-processor chip according to claim 48, wherein the data

processing cells are adapted to transfer commands to the at least one interface unit.

65. (New) The multi-processor-chip according to claim 48, wherein the data

processing cells are adapted to transfer commands to memory cells and interface units.

66. (New) The multi—proaéssor chip according to claim 48, wherein at least one of the

memory cells is adapted to store data in a non-volatile manner.

67. (New) The multi-processor chip according to claim 48, wherein the multi-

processor chip is adapted for video-processing.

68. (New) The multi-processor chip according to claim 48, wherein at least some of at
least one of the data processing cells, the memory cells, and the at least one interface unit

operate at different clock rates for lowering power consumption.

69. (New) The multi-processor chip according to claim 48, wherein the at least one

MMU is implemented in the at least one interface unit.
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70. (New) The multi-processor chip according to claim 48, wherein at least one of the

at least one interface unit has an implemented one of the at least one MMU.

71. (New) The multi-processor chip according to claim 48, wherein the processing
cells are connected to those of the memory cells that are in close proximity to the processing

cells.

72. (New) The multi-processor chip according to claim 48, wherein the processing
cells are connected to the memory cells such that there is minimal latency times for data

access.

73. (New) The multi-processor chip according to claim 48, wherein data transmission

between processing cells and memory cells is optimized for low latency times.

74. (New) The multi-processor chip according to claim 48, wherein the processing

cells access the memory cells in a manner that minimizes latency times for data access.

75. (New) The multi-processor chip according to claim 48, wherein the processing
cells are arranged with the memory cells in a manner that minimizes latency times for data

accCcess.

76. (New) The multi-processor chip according to claim 48, wherein the processing

cells connect to memory cells such that latency times for data access are minimized.

77. (New) The multi-processor chip according to claim 48, wherein data is transmitted

in a pipelined manner between the processing cells and the memory cells.
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REMARKS

With the addition of new claims 48 to 77, claims 18 to 77 are currently
pending in the present application, since claims 1 to 17 were previously canceled. No new
matter has been entered. Approval and entry are respectfully requested.

Claims 18 to 47 were previously allowed. It is respectfully submitted that all
of the presently pending claims are allowable. Prompt consideration and allowance of the

present application are therefore earnestly solicited.

Respectfully submitted,

Dated: February 9, 2011 By: /Aaron Grunberger/
Aaron Grunberger
Reg. No. 59,210

KENYON & KENYON LLP
One Broadway ‘
New York, New York 10004 |
(212) 425-7200

CUSTOMER NO 26646
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

. A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

. A record from this system of records may be disclosed, as a routine use, to the public after either

publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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. o 12/836,364 VORBACH, MARTIN
Notice of Allowability Examiner Art Unit
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to RCE filed 2/9/2011.

2. X The allowed claim(s) is/are 18-77.

3. X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a ) Al b)[dSome* c)[INone ofthe:
1. X Certified copies of the priority documents have been received.
2. [ Cetrtified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
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Paper No./Mail Date 2/9/2011
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of Biological Material
9. [ other )
/Don P Le/
Primary Examiner, Art Unit 2819
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U.S. Patent and Trademark Office
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U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/44 (09-07)

Approved for use through 08/31/2013. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page _1 of 1

PATENT NO. : 7,928,763
APPLICATION NO.: 12/836,364

ISSUE DATE : Apri§ 19, 2011
INVENTOR(S) Martin VORBACH

Itis certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

On the face of the patent:

Related U.S. Application Data
(83)

change
"Continuation of application No. 12/541,299, filed on Aug. 14, 2009, now Pat. No. 7,782,087, which is a
continuation of application No. 12/082,073, filed on Apr. 7, 2008, now Pat. No. 7,602,214, which is a

continuation of application No. 10/526,595, filed as application No. PCT/EP03/38599 on Sep. 8, 2003, now Pat.
No. 7,394,284"

to --Continuation of application No. 12/541,299, filed on Aug. 14, 2009, now Pat. No. 7,782,087, which is a
continuation of application No. 12/082,073, filed on Apr. 7, 2008, now Pat. No. 7,602,214, which is a
continuation of application No. 10/526,595, filed as application No. PCT/EP03/09957 on Sep. 8, 2003, now Pat.
No. 7,394,284--

Column 1, line 14:
change "PCT/EP03/38599" to --PCT/EP03/09957~

MAILING ADDRESS OF SENDER (Please do not use customer number below):

Kenyon & Kenyon LLP
One Broadway
New York, NY 10004

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is reguired to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.14. This coliection is estimated 1o take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to comptete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer,
U.S. Patent and Trademark Office, U.S. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the forn, call 1-800-PT0-9199 and select option 2.
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Electronic Patent Application Fee Transmittal

Application Number: 12836364

Filing Date: 14-Jul-2010

Title of Invention: MULTI-CORE PROCESSING SYSTEM
First Named Inventor/Applicant Name: Martin Vorbach

Filer: Aaron Grunberger/Eunice Kim
Attorney Docket Number: 2885/139

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz-s'l's(t:)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Certificate of correction 1811 1 100 100
Extension-of-Time:
INTEL - 1004
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Description Fee Code Quantity Amount SUB-STI;::)I in
Miscellaneous:
Total in USD ($) 100
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Electronic Acknowledgement Receipt

EFSID: 13821550
Application Number: 12836364
International Application Number:
Confirmation Number: 2050

Title of Invention:

MULTI-CORE PROCESSING SYSTEM

First Named Inventor/Applicant Name:

Martin Vorbach

Customer Number:

26646

Filer:

Aaron Grunberger/Eunice Kim

Filer Authorized By:

Aaron Grunberger

Attorney Docket Number: 2885/139
Receipt Date: 24-SEP-2012
Filing Date: 14-JUL-2010
Time Stamp: 16:01:16

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $100

RAM confirmation Number 3088
Deposit Account 110600

Authorized User

GRUNBERGER, AARON

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexaminatioR Rr; ing fees
TREFETY 1004
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

210627
1 Request for Certificate of Correction 2885-139-RequestforCOC.pdf no 2

97e0e4fdd44486b4as5aa937d404946ed3
a27%b

Warnings:

Information:

30132
2 Fee Worksheet (SB06) fee-info.pdf no 2

a76cb13d186efa21807cb274388c8d92d Te|
49ff4

Warnings:

Information:

Total Files Size (in bytes); 240759

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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SPE RESPONSE FOR CERTIFICATE OF CORRECTION

Paper No.:20121005
DATE : October 05, 2012
TO SPE OF : ART UNIT 2819

SUBJECT : Request for Certificate of Correction on Patent No.: 7,928,763
A response is requested with respect to the accompanying request for a certificate of correction.

Please complete this form and return with file, within 7 days to:
Certificates of Correction Branch - ST (South Tower) 9A22
Palm location 7590 - Tel. No. (703) 305-8309

With respect to the change(s) requested, correcting Office and/or Applicant’s errors, should the patent
read as shown in the certificate of correction? No new matter should be introduced, nor should the scope or
meaning of the claims be changed.

Thank You For Your Assistance Certificates of Correction Branch

The request for issuing the above-identified correction(s) is hereby:

Note your decision on the appropriated box.

X Approved All changes apply.

[] Approved in Part Specify below which changes do not apply.

[] Denied State the reasons for denial below.
Comments:

/SHAWKI ISMAIL/
Supervisory Patent Examiner.Art Unit 2819

PTOL-306 (Rev. 7/03) U.S. DEPARTMENT OF COMMERCE Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,928,763 B2 Page 1 of 1
APPLICATION NO. : 12/836364

DATED : April 19, 2011

INVENTORC(S) : Martin Vorbach

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:
Title Page, Item (63):
Related U.S. Application Data

change

“Continuation of application No. 12/541,299, filed on Aug. 14, 2009, now Pat. No. 7,782,087, which
is a continuation of application No. 12/082,073, filed on Apr. 7, 2008, now Pat. No. 7,602,214, which
is a continuation of application No. 10/526,595, filed as application No. PCT/EP03/38599 on Sep. 8,
2003, now Pat. No. 7,394,284

to --Continuation of application No. 12/541,299, filed on Aug. 14, 2009, now Pat. No. 7,782,087,
which is a continuation of application No. 12/082,073, filed on Apr. 7, 2008, now Pat. No. 7,602,214,
which is a continuation of application No. 10/526,595, filed as application No. PCT/EP03/09957 on
Sep. 8, 2003, now Pat. No. 7,394,284--

Column 1, line 14:
change “PCT/EP03/38599” to --PCT/EP03/09957--

Signed and Sealed this
Sixth Day of November, 2012

v

David J. Kappos
Director of the United States Patent and Trademark Office

INTEL - 1004
Page 530 of 539






Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 5§52a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

3. Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

4. Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Electronic Acknowledgement Receipt

EFSID: 19867922
Application Number: 12836364
International Application Number:
Confirmation Number: 2050

Title of Invention:

MULTI-CORE PROCESSING SYSTEM

First Named Inventor/Applicant Name:

Martin Vorbach

Customer Number:

26646

Filer:

Edward Peter Heller/Emi Rhodes

Filer Authorized By:

Edward Peter Heller

Attorney Docket Number: 2885/139
Receipt Date: 14-AUG-2014
Filing Date: 14-JUL-2010
Time Stamp: 15:06:56

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
D tD t File N . . .
Number ocument Lescription rie Mame Message Digest | Part/.zip| (ifappl.)
128954
1 Power of Attorney PACT_POA_140210.pdf no 2
d1b7e26a7b4th5fe0f9ed59794fe2098352]

4999

Warnings:
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The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the
Image File Wrapper and may affect subsequent processing

Information:

358357
5 Assignee showing of ownership per 37 PACT-034-DE-PCT- no 5
CFR3.73. US-3C1_CFR373c¢_Signed.pdf
004¢94b392e16394f69b0292d5b8686b6aff|
ec/a

Warnings:

Information:

Total Files Size (in bytes); 487311

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Schedule A - Patents assigned to *Assignee”*

Patent Application
number | Issue Date | number | Filing Date

8686549 01- Apr 14 12/571173 30- Sep 09
7840842 23- Nov 10 11/890094 03- Aug 07
7650448 19-Jan 10 12/008543 10- Jan 08

7782087 24- Aug 10 | 12/541209 | 14-Aug09
7928763 19-Apr11 | (112/836364 ) 14-Ju) 10
e —

7210129 24- Apr 07 09/967847 28- Sep 01

7266725 09- Apr 07 09/967497 28- Sep 01
7003660. . 21- Feb 06 10/297959 19-Jun 03
7010667 07- Mrz 06 10/116986 05- Apr 02
6968452 22-Nov 05 10/373595 24- Feb 03
7657877 02- Feb 10 10/480003 18- Jun 04
6990555 24-Jan 06 10/764159 24-Jan 04
7996827 09-&5 11 10/486771 20- Sep 04
7243175 10- Jul 07 10/792168 02- Mrz 04
7657861 02- Feb 10 10/523763 22- Nov 0S5
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