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RUN-TIME ROUTING FOR
PROGRAMMABLE LOGIC DEVICES

RELATED PATENT APPLICATIONS

This patent application is related to the following
co-pending patent applications:

1. U.S. patent application Ser. No. 08/919,531, entitled,
“METHOD OF DESIGNING FPGAS FOR DYNAMI-
CALLY RECONFIGURABLE COMPUTING,” filed on
Aug. 28, 1997 by Steven A. Guccione; and

2. US. patent application Ser. No. 09/168,300, entitled
“CONFIGURATION OF PROGRAMMABLE LOGIC
DEVICES WITH ROUTING CORES”, filed Oct. 7, 1998
by Steven Guccione and Delon Levi.

The contents of the above applications are incorporated
herein by reference.

GOVERNMENT CONTRACT

The U.S. Government has a paid-up license in the above
referenced invention and the right in limited circumstances
to require the patent owner to license others on reasonable
terms as provided for by the terms of DABT63-99-3-0004
awarded by DARPA.

FIELD OF THE INVENTION

The present invention generally relates to configuration of
programmable logic devices, and more particularly to run-
time configuration of routing resources.

BACKGROUND

Field programmable gate arrays (FPGAs), first introduced
by XILINX in 1985, are becoming increasingly popular
devices for use in electronics systems. For example, com-
munications systems employ FPGAs in large measure for
their re-programmability. In general, the use of FPGAs
continues to grow at a rapid rate because they permit
relatively short design cycles, reduce costs through logic
consolidation, and offer flexibility in their
re-programmability.

The field of reconfigurable computing has advanced
steadily for the past decade, using FPGAs as the basis for
high-performance reconfigurable systems. Run-Time
Reconfigurable (RTR) systems distinguish themselves by
performing circuit logic and routing customization at run-
time. RTR systems using FPGAs are expected to result in
systems that require less hardware, less software, and fewer
input/output resources than traditional FPGA-based sys-
tems. However, scarcity of software that supports RTR is
believed to be one reason that RTR has been outpaced by
research in other areas of reconfigurable computing.

Whereas with traditional configuration of FPGAs the time
taken to generate a programming bitstream is generally not
real-time critical, with RTR systems, the time required to
generate the programming bitstream may be critical from the
viewpoint of a user who is waiting for the FPGA to be
reconfigured. Thus, it may be acceptable to take hours to
generate a programming bitstream using traditional configu-
ration methods. In a runtime environment, however, it is
expected that the reconfiguration process require no more
than a few seconds or even a fraction of a second.

Reconfiguration of a FPGA may include routing and
rerouting connections between the logic sections. Routers in
a traditional configuration process generally route connec-
tions for all the circuit elements. That is, these routers define
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connections for all the circuit elements in a design, expend-
ing a great deal of time in the process. In an RTR
environment, traditional routing methods are inappropriate
given the real-time operating constraints. Present run-time
routing methods provide a great deal of program control
over the routing process. For example, the JBits program
from Xilinx allows a program to manipulate individual bits
in the configuration bitstream for configuring routing
resources. While this approach provides a great deal of
flexibility, the drawback is added program complexity.

A system and method that addresses the aforementioned
problems, as well as other related problems, is therefore
desirable.

SUMMARY OF THE INVENTION

A system and method for configuring routing resources of
a programmable logic device are presented in various
embodiments. In one embodiment, a first application pro-
gramming interface is provided which automatically gener-
ates configuration bits for configuration of routing resources
to connect a source to a sink. The input parameters to the to
the first interface include the source and the sink. A second
programming interface is provided to automatically generate
configuration bits for configuration of routing resources that
connect a source to a plurality of sinks. The second interface
is responsive to input parameters specifying the source and
plurality of sinks. Additional program interfaces are pro-
vided to allow greater control over the routing process.

It will be appreciated that various other embodiments are

set forth in the Detailed Description and Claims which
follow.

BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects and advantages of the invention will
become apparent upon review of the following detailed
description and upon reference to the drawings in which:

FIG. 1 is a flow chart illustrating the design of a circuit
implemented in an FPGA using a reconfigurable logic
COProcessor;

FIG. 2 is a block diagram of a system 200 for configu-
ration of a programmable logic device 202, according to one
embodiment of the invention;

FIG. 3 is a flowchart of a process for initial configuration
and run-time reconfiguration of a programmable logic
device;

FIG. 4 is a functional block diagram that illustrates
various configurable routing resources of a programmable
logic device;

FIG. 5 is a block diagram illustrating a partial row of
configurable logic blocks (CLBs) and general routing matri-
ces (GRMS) for an FPGA;

FIG. 6 is a block diagram illustrating routing from a
source to a sink in the context of CLBs and GRMSs of an
FPGA,;

FIG. 7 is a flowchart of a process for routing from a single
source to a single sink in accordance with one embodiment
of the invention;

FIGS. 8A-8F to illustrate 12 templates generated for an
input source and sink;

FIG. 9 is a flowchart of a process for routing from a single
source to multiple sinks in accordance with one embodiment
of the invention;

FIGS. 10A-10D illustrate, in sequence, the construction
of a path in routing from a single source to multiple sinks
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using the process of FIG. 9 for a first example including a
source and multiple sinks; and

FIGS. 11A-11D illustrate, in sequence, the construction
of a path in routing from a single source to multiple sinks
according to a second example.

DETAILED DESCRIPTION

Design of a circuit implemented in an FPGA using a
reconfigurable logic coprocessor currently requires a com-
bination of two distinct design paths, as shown in FIG. 1.
The first and perhaps most significant portion of the effort
involves circuit design using traditional CAD tools. The
design path for these CAD tools typically comprises enter-
ing a design 101 using a schematic editor or hardware
description language (HDL), using a netlister 102 to gener-
ate a net list 103 for the design, importing this netlist into an
FPGA placement and routing tool 104, which finally gen-
erates a bitstream file 105 of configuration data used to
configure the FPGA 106.

Once the configuration data has been produced, the next
task is to provide software to interface the processor to the
FPGA. The user enters user code 107 describing the user
interface instructions, which is then compiled using com-
piler 108 to produce executable code 109. The instructions
in executable code 109 are then used by the processor to
communicate with the configured FPGA 106. It is also
known to use executable code 109 to control the configu-
ration of FPGA 106 with bitstream file 105. This series of
tasks is usually completely decoupled from the task of
designing the circuit and hence can be difficult and error-
prone.

In addition to the problems of interfacing the hardware
and software in this environment, there is also the problem
of design cycle time. Any change to the circuit design
requires a complete pass through the hardware design tool
chain (101-106 in FIG. 1). This process time is time
consuming, with the place and route portion of the chain
typically taking several hours to complete.

Finally, this approach provides no support for run-time
reconfiguration. The traditional hardware design tools pro-
vide support almost exclusively for static design. It is
difficult to imagine constructs to support run-time recon-
figuration in environments based on schematic or HDL
design entry.

FIG. 2 is a block diagram of a system 200 for configu-
ration of a programmable logic device 202, according to one
embodiment of the invention. It will be appreciated that
system 200 also supports run-time reconfiguration of the
programmable logic device 202.

System 200 includes a user application program 204 that
is written in the Java® language, for example. The appli-
cation program 204 may be written to perform various
functions relative to the environment in which system 200 is
used. For example, in addition to configuration and/or
run-time reconfiguration of programmable logic device 202,
the user application program 204 may be programmed to
provide user-interface functions and/or digital signal pro-
cessing.

Core library 206 is a collection of macrocell or “core”
generators that are implemented as Java classes. The cores
are generally parameterizable and relocatable within a
device. Examples of cores include counters, adders,
multipliers, constant adders, constant multipliers, flip-flops
and other standard logic and computation functions.

Bit-level interface 208 includes an application program
interface that allows the user application program 204 to
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manipulate configurable resources of programmable logic
device 202. The bit-level interface also includes a set of
functions, one or more of which are invoked when the user
application program 204 references the application program
interface. The set of functions in the bit-level interface
manipulate selected ones of programming bits 210, based on
the type of programmable logic device. For example, some
of the functions in the set may be programmed for certain
devices in the XC4000EX family of FPGAs from XILINX,
and others of the functions may programmed for other
devices in the XC4000XL family. Bit-level interface soft-
ware is generally understood by those skilled in the art. For
example, bit-level interface software has been provided with
the XC6200 series FPGA from XILINX.

The programming bits are stored in storage element 212.
Storage element 212 may be magnetic, optical, electronic, or
a suitable combination thereof that is readable and writable.

While core library 206, user application 204, and bit-level
interface 208 are written in Java in the example
embodiment, it will be appreciated that many other lan-
guages would also be suitable.

Hardware interface 214 includes a portable layer of
software and accompanying hardware to couple application
program 204 to programmable logic device 202. For
example, hardware interface 214 may be the Xilinx Hard-
ware Interface (XHWIF) which is available from XILINX.

Processor 216 is coupled to programmable logic device
202 via hardware interface 214. The functional requirements
of system 200 dictate the particular style and capabilities of
processor 216. For example, some applications may call for
a RISC based processor while others may call for a CISC.
Various ones of special purpose or general purpose proces-
sors from manufacturers such as Intel, Sun Microsystems,
Motorola, IBM, AMD and others may be suitable.

FIG. 3 is a flowchart of a process for initial configuration
and run-time reconfiguration of a programmable logic
device according to an one embodiment of the invention. In
accordance with an example embodiment of the invention,
the process can be implemented as an application program,
for example, user application program 204 of FIG. 2. The
example process proceeds in two phases. In the first phase,
the programmable logic device is initially configured, and in
the second phase, the device is dynamically reconfigured in
accordance with application processing requirements.

At step 302 various components in the example system,
aside from the programmable logic device, are initialized.
The process then proceeds with configuration of the pro-
grammable logic device. At step 304, an initial configuration
bitstream is generated. For example, the bitstream can be
generated using a core library to generate core logic along
with routing configuration. Based on the generated logic
cores and router cores, the bit-level configuration bitstream
is generated to configure the programmable logic device
202. The initial configuration bitstream is downloaded to the
programmable logic device 202 at step 308, and the pro-
grammable logic device is made an operational component
of the example system 200 at step 310.

Step 312 begins the run-time phase of processing by
application program 204. Application program 204 includes
code to monitor various application conditions, as illustrated
at step 314. An example application provides adaptive
digital filtering, which depends on various real-time system
conditions. Run-time reconfiguration may also be initiated
by, for example, user command line inputs, user GUI inputs,
and the state of programmable logic device 202.

At step 316, application program 204 selects the logic
elements, which define the circuit implemented by the





















