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METHOD AND APPARATUS FOR
APPLICATION-SPECIFIC PROGRAMMABLE
MEMORY ARCHITECTURE AND
INTERCONNECTION NETWORK ON A CHIP

FIELD OF THE INVENTION

One or more aspects of the present invention relate
generally to integrated circuit design tools and, more par-
ticularly, to a programmable architecture for implementing
a message processing system using an integrated circuit.

BACKGROUND OF THE INVENTION

Programmable logic devices (PLDs) exist as a well-
known type of integrated circuit (IC) that may be pro-
grammed by a user to perform specified logic functions.
There are different types of programmable logic devices,
such as programmable logic arrays (PLAs) and complex
programmable logic devices (CPLDs). One type of pro-
grammable logic device, known as a field programmable
gate array (FPGA), is very popular because of a superior
combination of capacity, flexibility, time-to-market, and
cost.

An FPGA typically includes an array of configurable logic
blocks (CLBs) surrounded by a ring of programmable
input/output blocks (I0Bs). The CLBs and 1OBs are inter-
connected by a programmable interconnect structure. The
CLBs, I0Bs, and interconnect structure are typically pro-
grammed by loading a stream of configuration data (known
as a bitstream) into internal configuration memory cells that
define how the CLBs, I0OBs, and interconnect structure are
configured. Additionally, an FPGA may include embedded
memory, such as block random access memories (BRAMs),
one or more microprocessors, sometimes referred to as
embedded cores, and digital clock managers (DCMs). The
combination of components on an FPGA may be used for
system-level integration, sometimes referred to as “system-
on-a-chip” (SOC).

Historically, FGPAs have not been employed in network
processing applications. Rather, Network devices, such as
routers, employ dedicated, special purpose components for
processing packets that propagate through the network.
Conventionally, network devices employ network proces-
sors or application specific integrated circuits (ASICs) to
provide the desirable packet processing/network processing
functions. Such processor- or ASIC-based architectures,
however, are static in nature, providing a fixed amount of
resources for packet processing/network processing func-
tions. Accordingly, there exists a need in the art for more
flexible message processing architectures.

SUMMARY OF THE INVENTION

One aspect of the invention relates to designing a memory
system for implementation using an integrated circuit.
Specification data is received that includes attributes of the
memory system. A logical description of the memory system
is generated in response to the specification data. The logical
description defines a memory component and a memory-
interconnection component. A physical description of the
memory system is generated in response to the logical
description. The physical description includes memory cir-
cuitry associated with the integrated circuit defined by the
memory component. The memory circuitry includes an
interconnection topology defined by the memory intercon-
nection component.
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Another aspect of the invention relates to a design tool for
designing a memory system for implementation using an
integrated circuit. An input section is adapted to specify
attributes of the memory system. A first database stores a
memory model defining a memory component and a
memory interconnection component. A second database
stores a physical memory configuration associated with the
integrated circuit. A memory model section includes a first
portion and a second portion. The first portion is adapted to
generate an instance of the memory component and an
instance of the memory-interconnection component. The
second portion is adapted to implement the memory com-
ponent instance and the memory-interconnection component
instance in terms of memory circuitry and interconnection
circuitry, respectively, of the physical memory configuration
to produce a physical view of the memory system.

BRIEF DESCRIPTION OF THE DRAWINGS

Accompanying drawing(s) show exemplary embodiment
(s) in accordance with one or more aspects of the invention;
however, the accompanying drawing(s) should not be taken
to limit the invention to the embodiment(s) shown, but are
for explanation and understanding only.

FIG. 1 is a block diagram depicting an exemplary embodi-
ment of an FPGA coupled to external memory and a
program memory;

FIG. 2 is a block diagram depicting an exemplary embodi-
ment of a design tool for designing a message processing
system for implementation using an FPGA;

FIG. 3 is a flow diagram depicting an exemplary embodi-
ment of a process for designing a message processing
system for implementation within an FPGA;

FIG. 4 is a block diagram depicting an exemplary embodi-
ment of a soft platform architecture in accordance with one
or more aspects of the invention;

FIG. 5 is a block diagram depicting an exemplary embodi-
ment of a design tool for designing a memory subsystem for
implementation using an FPGA;

FIG. 6 is a block diagram depicting an exemplary embodi-
ment of a memory model in accordance with one or more
aspects of the invention;

FIG. 7 is a flow diagram depicting an exemplary embodi-
ment of a process for designing a memory subsystem for
implementation using an FPGA;

FIG. 8 is a graph illustrating an exemplary embodiment of
a memory analysis model;

FIG. 9 is a block diagram depicting an exemplary embodi-
ment of a memory subsystem that may be implemented
using the memory model of FIG. 6;

FIG. 10 is a block diagram depicting another exemplary
embodiment of a memory subsystem that may be imple-
mented using the memory model of FIG. 6;

FIG. 11 is a block diagram depicting an exemplary
embodiment of a cooperative memory interface that may be
implemented using the memory model of FIG. 6;

FIG. 12 is a block diagram depicting an exemplary
embodiment of a design tool for designing a multithread
model for implementation using an FPGA;

FIG. 13 is a block diagram depicting an exemplary
embodiment of a thread model in accordance with one or
more aspects of the invention;

FIG. 14 is a block diagram depicting an exemplary
embodiment of a multithread model in accordance with one
or more aspects of the invention;
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FIG. 15 is a block diagram depicting an exemplary
embodiment of a multithread system that may be imple-
mented using the multithread model of FIG. 14;

FIG. 16 is a block diagram depicting an exemplary
embodiment of a programming interface for the soft plat-
form architecture described herein; and

FIG. 17 is a block diagram depicting an exemplary
embodiment of a computer suitable for implementing pro-
cesses, methods, and system sections described herein.

DETAILED DESCRIPTION OF THE DRAWINGS

To facilitate understanding of the invention, the descrip-
tion has been organized as follows:

Overview, introduces aspects of the invention and exem-
plary embodiments of their relationships to one another;

Soft Platform, describes a programmable architecture and
associated design tool for implementing a message process-
ing system using an integrated circuit;

Memory Model, describes an application-specific pro-
grammable memory architecture and interconnection net-
work for an integrated circuit;

Multithread Model, describes an inter-process synchroni-
zation mechanism for threads implemented within a config-
urable logic portion of an integrated circuit; and

Programming Interface, describes a programming inter-
face for a design tool embodying a soft architecture for
implementing a message processing system using an inte-
grated circuit.

Overview

One or more aspects of the invention are related to a
configurable and programmable micro-architecture for
implementing message-processing (MP) systems (“soft plat-
form architecture™). As used herein, the term “message”
encompasses packets, cells, frames, data units, and like type
blocks of information known in the art that is passed over a
communication channel. A “message-processing” system is
a system or subsystem for processing messages (e.g., a
packet processing system or a network processing system).
The soft platform architecture is “message-centric” to match
the nature of MP systems. That is, the processing compo-
nents of the MP system go to the messages, as opposed to the
messages coming to the processing components.

Briefly stated, a designer specifies attributes for an MP
system, such as structural and behavioral attributes for
processing components and memory components. For
example, the designer may employ a set of descriptions or
“primitives” that parametrically define the MP system
attributes. The primitives provide an abstract mechanism for
defining the MP system. A design tool embodying the soft
platform architecture may include a programming interface
for generating a logical description or “logical view” of an
MP system based on the designer-specified attributes.

Notably, the logical view includes logical components of
the soft platform architecture configured in accordance with
the designer-specified MP system. In particular, the soft
platform architecture includes a memory model component
and a multithreading component. A physical view of the MP
system may then be generated based on the logical view. The
physical view includes physical components of an integrated
circuit architecture that implement the logical components
of the soft platform architecture. The physical view may
then be processed to generate configuration data for the
integrated circuit to realize the designer-specified MP sys-
tem (e.g., a configuration bitstream for a PLD or mask data
for an ASIC). Thus, the soft platform architecture provides
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a mechanism by which a designer may design an MP system
in an abstract fashion, without knowledge of the particular
physical configuration of the integrated circuit.

One or more aspects of the invention are described with
respect to a programmable architecture for implementing a
message processing system using an FPGA. While the
invention is described with specific reference to an FPGA,
those skilled in the art will appreciate that other types of
programmable logic devices may be used, such as complex
programmable logic devices (CPLDs). In addition, other
types of mask-programmable devices may be used, such as
application specific integrated circuits (ASICs). Those
skilled in the art will appreciate that, if an ASIC is employed
rather than an PLD, then mask data is generated in place of
a configuration bitstream.

FIG. 1 is a block diagram depicting an exemplary embodi-
ment of an FPGA 102 coupled to external memory 150 and
a program memory 120. The external memory 150 may
comprise, for example, synchronous dynamic RAM
(SDRAM), double-data rate SDRAM (DDR SDRAM),
Rambus® RAM (RDRAM), and the like. For purposes of
clarity by example, the memory 150 is referred to as
“external” in that the memory 150 is not part of the FGPA
102. It is to be understood, however, that the external
memory 150 and the FPGA 102, as well as various other
devices, may be integrated onto a single chip to form a single
system-level integrated circuit (referred to as a “system-on-
a-chip” or SoC).

The FPGA 102 illustratively comprises programmable
logic circuits or “blocks”, illustratively shown as CLBs 104,
IOBs 106, and programmable interconnect 108 (also
referred to as “programmable logic™), as well as configura-
tion memory 116 for determining the functionality of the
FPGA 102. The FPGA 102 may also include an embedded
processor block 114, as well as various dedicated internal
logic circuits, illustratively shown as blocks of random
access memory (“BRAM 110”), configuration logic 118,
digital clock management (DCM) blocks 112, and input/
output (I/O) transceiver circuitry 122. Those skilled in the
art will appreciate that the FPGA 102 may include other
types of logic blocks and circuits in addition to those
described herein.

As is well known in the art, the IOBs 106, the CLBs 104,
and the programmable interconnect 108 may be configured
to perform a variety of functions. Notably, the CL.Bs 104 are
programmably connectable to each other, and to the IOBs
106, via the programmable interconnect 108. Each of the
CLBs 104 may include one or more “slices” and program-
mable interconnect circuitry (not shown). Each CLB slice in
turn includes various circuits, such as flip-flops, function
generators (e.g., a look-up tables (LUTs)), logic gates,
memory, and like type well-known circuits. The IOBs 106
are configured to provide input to, and receive output from,
the CLBs 104.

Configuration information for the CLBs 104, the IOBs
106, and the programmable interconnect 108 is stored in the
configuration memory 116. The configuration memory 116
may include static random access memory (SRAM) cells.
The configuration logic 118 provides an interface to, and
controls configuration of, the configuration memory 116. A
configuration bitstream produced from the program memory
120 may be coupled to the configuration logic 118 through
a configuration port 119. The configuration process of FPGA
102 is also well known in the art.

The 1/O transceiver circuitry 122 may be configured for
communication over any of a variety of media, such as
wired, wireless, and photonic, whether analog or digital. The




































