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(57) ABSTRACT 

Con?guration softWare is used for generating hardWare 
level code and data that may be used With recon?gurable/ 
polymorphic computing platforms, such as logic emulators. 
A user may use development tools to create visual repre 
sentations of desired process algorithms, data structures, and 
interconnections, and system may generate intermediate 
data from this visual representation. The Intermediate data 
may be used to consult a database of prede?ned code 
segments, and segments may be assembled to generate 
monolithic block of hardWare syhthesiZable (RTL, VHDL, 
etc.) code for implementing the user’s process in hardWare. 
Ef?ciencies may be accounted for to minimiZe circuit com 
ponents or processing time. Floating point calculations may 
be supported by a de?ned data structure that is readily 
implemented in hardWare. 
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POLYMORPHIC COMPUTATIONAL SYSTEM AND 
METHOD 

[0001] The present application claims priority, under 35 
U.S.C. 119(e), to copending US. provisional application 
serial No. 60/407,703, entitled “A Device, Methodology and 
Development Environment for the Modeling of Physical 
Phenomena Within a Recon?gurable Computational Plat 
form,” ?led Sep. 4, 2002, and US. provisional application 
serial No. 60/407,702, entitled “A Device, Methodology and 
Application Development for Signals Intelligence Using a 
Recon?gurable Computational Platform,” ?led Sep. 4, 2002, 
the disclosures of Which are both hereby incorporated by 
reference. 

[0002] Aportion of the disclosure of this patent document 
contains material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Of?ce patent 
?le or records, but otherWise reserves all copyright rights 
Whatsoever. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to the ?eld 
of recon?gurable computing platforms. The recon?gurable 
nature of these platforms indicates that their physical hard 
Ware need not be static, and that it may be readily recon 
?gured after manufacture. Such platforms are typically 
made up from single devices such as ?eld-programmable 
gate arrays (FPGAs), collections of FPGA’s assembled into 
a fabric of recon?gurable hardWare or highly complex logic 
emulation systems. Some embodiments are particularly 
advantageous in logic emulation systems, Which may be a 
large-scale platform With recon?gurable logic such as the V 
Station family of products offered by Mentor Graphics 
Corporation. In particular, some embodiments of the present 
invention relate to user interface systems and methods for 
simplifying con?guration of these recon?gurable platforms. 
Other aspects relate to softWare design concepts for con 
?guration of polymorphic computational systems, Which 
broadly refers to systems employing one or more recon?g 
urable computing platforms or emulation systems that may 
treat an entire problem holistically, involving not only the 
recon?gurable platform, but also its related softWare, meth 
ods, and practices. Still further aspects relate to using 
recon?gurable (and/or polymorphic) computing platforms to 
provide an easy-to-use, dynamic development environment 
that may be used by even those unfamiliar With computer 
programming and/or FPGA or emulation system program 
mmg. 

BACKGROUND OF THE INVENTION 

[0004] The poWer of modern computing can hardly be 
overstated. Calculations that once took anyWhere from hours 
to months to manually perform can be accomplished literally 
in the blink of an eye. Calculation-intensive tasks are noW 
accomplished in a mere fraction of the time previously 
required, and With each passing year computing poWer is 
greater than before. These days, the poWer of computing is 
even applied to the process of making computers them 
selves, a self-ful?lling process that Will inevitably lead to 
more poWerful computers. 

[0005] One tool that is often used in the design of inte 
grated circuits is the logic emulation system (emulator). The 
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emulator may be used to simulate hardWare circuitry, in real 
time, prior to the circuit’s formal manufacturing process. 
The circuit’s design, once emulated, can be analyZed and 
tested to identify any design errors. Since the emulator (by 
design) is recon?gurable, errors in a circuit’s design, once 
detected, may be corrected by recon?guring the emulator. In 
this manner, a designer can be con?dent in a particular 
design even before a single actual component is manufac 
tured. 

[0006] Although the emulator has gained Wide acceptance 
in certain ?elds (speci?cally electronic design automation), 
the full potential for this technology has not yet been 
reached. This is partly due to the complexity and dif?culty 
in Writing the programs and doWnload ?les that are neces 
sary for con?guring an emulator—those outside of the 
circuit design art have, until noW, simply avoided using the 
emulator for tasks other than hardWare functional and per 
formance veri?cation. 

[0007] The inventors of the present application have real 
iZed, hoWever, that the emulator possesses great promise in 
computing poWer. The emulator can be con?gured to create 
dedicated hardWare for executing any desired process or 
algorithm, and this con?guration may be optimiZed such that 
the process is carried out at hardWare speeds—much faster 
than programs Written for general purpose computers. The 
potential uses are limitless, as emulators may be used by 
geneticists, mathematicians, image analysis experts, signals 
intelligence analysis, pattern recognition, and in any other 
area Where programs are executed on general purpose com 
puters. 
[0008] To a geneticist, hoWever, the typical emulator may 
as Well be a ship’s anchor. Writing typical computer pro 
grams or doWnload ?les for an emulator takes special skill 
in computer programming and logic synthesis (such as 
knoWledge of various hardWare description languages such 
as Verilog, Verilog HardWare Description Language 
(VHDL) and/or Register Transfer Logic (RTL)), and may 
require signi?cant amounts of time to Write. For example, 
Working exclusively in RTL and/or VHDL, a simple circuit 
might require a skilled semiconductor designer no less than 
tWo days to Write the code, and another full day to verify its 
functionality. Many of us, geneticists included, simply may 
not have the time or ability to do such coding. Accordingly, 
there is a general need for improved computing poWer, and 
if emulators (or other large scale “fabrics” of recon?gurable 
logic) are to be used to offer this poWer, there is a speci?c 
need for a simpler, user-friendly Way to generate the com 
plex code and doWnload ?les necessary to program today’s 
recon?gurable platforms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an example of a computing 
environment in Which one or more embodiments of the 
present invention may be implemented. 

[0010] FIG. 2 illustrates an example of a con?guration of 
a logic element in a recon?gurable computing platform. 

[0011] FIG. 3 depicts an example of a user interface that 
may be used in accordance With embodiments of the present 
invention to create a visual representation of a desired 
process. 

[0012] FIG. 4a illustrates an example of an icon for an 
algorithm according to some embodiments of the present 
invention. 
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[0013] FIG. 4b illustrates an example of an icon that 
represents data according to some embodiments of the 
present invention. 

[0014] FIG. 5 illustrates an example of hoW icons may be 
assembled and interconnected to create a desired process in 
some embodiments of the present invention. 

[0015] FIG. 6 depicts an example of a How diagram 
shoWing steps involved in generating computer code corre 
sponding to the user’s desired process in some embodiments 
of the present invention. 

[0016] FIG. 7 illustrates an example of a process having 
a data dependency. 

[0017] FIG. 8 shoWs a hierarchy diagram illustrating hoW 
the user’s desired process may be abstracted and analogiZed 
to a theater production in some embodiments. 

[0018] FIG. 9 illustrates a block diagram example of hoW 
the FIG. 8 abstractions may be implemented in the ?nal 
hardWare. 

[0019] FIG. 10 shoWs a block diagram process How used 
in some embodiments of the present invention, and repre 
sents a process that is similar to that shoWn in FIG. 6 above. 

[0020] FIGS. 11a and 11b illustrate block diagrams shoW 
ing communications in an example embodiment. 

[0021] FIGS. 12a and 12b shoW block diagram examples 
of hoW some embodiments of the present invention may 
interface With target hardWare. 

[0022] FIG. 13 illustrates an example of a model for the 
distribution of a theater according to some embodiments of 
the present invention. 

[0023] FIG. 14 illustrates a block diagram example of a 
collaborative distribution of theaters according to some 
embodiments of the present invention. 

[0024] FIG. 15 illustrates a How diagram of an example 
computational/behavioral modeling processing using one or 
more embodiments of the present invention. 

[0025] FIG. 16 illustrates an example of a block diagram 
shoWing relationships betWeen various elements used in 
some embodiments of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0026] FIG. 1 illustrates a computing environment in 
Which one or more embodiments of the present invention 
may be used. This environment uses a recon?gurable com 
puting device 101, Which may be an emulator, although 
other forms of recon?gurable computing platforms may 
Work equally Well. Emulator 101 contains an array of 
recon?gurable logic elements 102, each of Which includes 
circuitry that alloWs the particular logic element 102 to 
perform prede?ned functions supporting or implementing a 
portion of the desired algorithm. The emulator 101 may also 
include circuitry, such as a interconnect 103, that performs 
interconnections betWeen the various logic elements 102 to 
form a larger circuit. Other approaches to interconnections 
are also possible, such as on-chip Wiring, circuitry, using 
logic elements 102 to control interconnectivity, and/or time 
division multiplexing of the interconnections. Some 
approaches to such interconnections, and other features that 
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may be pertinent to the disclosure herein, are described in 
US. Pat. Nos. 5,036,473; 5,109,353; 5,596,742; 5,854,752; 
6,009,531; 6,061,511; and 6,223,148, the disclosures of 
Which are hereby incorporated by reference. Using recon 
?gurable computing platforms, one may take advantage of 
their massively parallel nature in order to partition a problem 
to be solved into manageable elements With fast and reliable 
communication pathWays, alloWing them to be solved by the 
hardWare. Circuits and algorithms may be implemented on 
the platforms in a parallel fashion and executed at hardWare 
speeds, Which may be several orders of magnitude faster 
than traditional general-purpose computers (depending upon 
the nature of the application). 

[0027] A user may con?gure the logic elements 102 and 
their interconnections by using computer Workstation 104. 
Workstation 104 may include one or more processors 105, 
Which may execute instructions from softWare contained in 
one or more computer-readable memories 106 to perform 
the various steps and functions described herein. Worksta 
tion 104 may also include one or more displays 107, Which 
may be used to provide visual information to a user, as Well 
as one or more input devices 108 to alloW user input. Any 
form of display and input device may be used, although in 
some embodiments, display 107 is sensitive to a stylus input 
device 108. For example, display 107 may be touch-sensi 
tive, or may electromagnetically detect the presence of an 
input device 108, Which may be a hand-held stylus, pen, or 
other type of pointing device. Embodiments of the present 
invention may be implemented using commercially-avail 
able emulation hardWare, such as the V-Station/5M, V-Sta 
tion/ 15M and V-Station/30M emulation systems offered by 
Mentor Graphics Corporation, and may be used With system 
compilers such as the Mentor Graphics VLE 4.0.3 and VLE 
4.0.4, also offered by Mentor Graphics Corporation. 

[0028] FIG. 2 illustrates an example of a logic element 
102, Which may be referred to as a common logic block 
(CLB) in some embodiments. As shoWn in FIG. 2, a 
particular logic element or CLB 102 may include a number 
of inputs 201. In some systems, a CLB 102 may receive 32 
to 64 inputs. CLB 102 may also include a recon?gurable 
computational element 202, Which may include recon?g 
urable circuitry for performing a variety of prede?ned 
operations on one or more of inputs 201, and may be 
con?gured to perform one or more of these operations by 
doWnloading binary data ?les from host Workstation 104. 
CLB 102 may present the output signal or signals as output 
203, Which in some embodiments may include 32 to 64 
outputs. As Will be discussed beloW, some embodiments of 
the present invention may be used to con?gure one or more 
CLB 102s to perform a complex table lookup implementing 
a behavioral model of a physical behavior. 

[0029] Logic elements 102 may be implemented in a 
variety of different con?gurations, such as having different 
numbers of inputs or outputs. Similarly, While FIG. 1 
depicts a single emulator 101, that emulator 101 may in turn 
be comprised of a plurality of smaller emulation circuit 
boards Working in concert, and/or may be combined With 
other emulators in a collaborative arrangement. Other types 
of recon?gurable computing platforms, besides emulators, 
may also be used. Embodiments of the present invention 
may be used in any variety of platforms and con?gurations. 

[0030] Before getting into details regarding the example 
embodiments, it Will be helpful to understand the basics of 
















































