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Figure 2

200 int gcd(int input?, int input2) {
\ if (inputl == 0 || input2 == 0)
return O;
while ( input1 != input2 ) {
if (input1 < input2)
input2 -= input1;
else
input1 -= input2;
}

return input1;
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Figure 4

class GCD {
405
\ B #pragma design 400
[~ public: /
// Input Ports 412
void input1( int input } { d_input1 = input; } |4
41\i void input2( int input ) { d_input2 = input; }
14
// Process compute i,
void compute( void );:l
416

// Output Ports
int output( void ) { return d_output; }:IX

430 — private:

int d_input1;
\ int d_input2;
int d_output;

void GCD::compute( void ) {
d output = O;
if ( d_input1 && d_input2 ) {
450 while { d_input1 ! = d_input2 ) {
\ if (d_inputl < d_input2 )
d_input2 -= d_input1;
else
d inputl -= d_input2;
}

d output = d_input1;
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Figure 6

61\0“[ GCD ged1; 600

void Top::compute( void ) {

622

620| gedlinputi(d abc + 23); ¥
gcd1.input2( 46 );

N 624

gcd1.computel(); :l/

626
common_denom = gcd1.output();:|/
|}
Figure 8
800
class Testbench { '/
public:
810 void test( void );
\ private:
C GCD4 gcd;
};
void Testbench::test( void ) {
— static int vec[20] = {
300, 21, 96, 3681,
820 10, 0, 2510, 1111,
\ 4325, 90100, 50, 275,
12, 18, 60, 300,
1, 10, 100, 1000
}:
[~ for (inti=0;i <= (20-4); + +i) {
gcd.input( &veclil );
830 gcd.computel(};

\ cout << "GCD(" << veclil << "," << vecli+1] << ","
<< vecli+2]<< "," << vecli+3] << ") ="
< < gcd.output() < < endl;

| }
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Figure 7/
700

class GCD4 {
— public: '/
// Input Ports - { memory or stream ) }1 2
210 void input( int input[] ) { d_input = input; }]
\ /] Process compute

void compute( void );

/! Output Ports

int output( void ) { return d_output; }
[ private: 5
/! Internal algorithm ;/2
720 int get_gcd(inti, intin1, intin2 );]

\ int *d_input;
int d_output; '7/24
B y GCD gcd[2];:|

int GCD4::get_gcd( int i, intin1, intin2) {
gcdlil.input1(in1);
730 gedlil.input2( in2 );
\ gedlil.compute();
return gcdlil.output();
}

— void GCD4::compute( void ) {

d output = O;

740 . . .
int tmp_out1 get_gcd( O, d_input[O], d_input[1] );

\ int tmp_out2 = get_gcd( 1, d_input[2], d_input[3] );

tmp_out1 = get_gcd( O, tmp_out1, tmp_out2 );

d output = tmp_out1;
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Figure 9
900
struct bitvector4 { '/
#pragma builtin
signed int val : 4;
bitvector4 () {}
bitvector4 ( signed intn) { val = n; }

signed int operator = ( signed int n ) {val = n; return val; }
operator signed int () const { return val; }

signed int operator -= ( signed int n ) { val -= n; return val; }
signed int operator + = ( signed int n) { val + = n; return val; }
signed int operator * = ( signed int n) { val * = n; return val; }

signed int operator /= ( signed int n) { val /= n; return val; }
signed int operator + + () { return + +val; }
signed int operator + + (int) {

bitvector4 tmp = val;

+ +val;

return tmp;
}
signed int operator -- () { return --val; }
signed int operator -- { int ) {

bitvector4 tmp = val;

--val;

return tmp;
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STRUCTURED ALGORITHMIC
PROGRAMMING LANGUAGE APPROACH
TO SYSTEM DESIGN

RELATED APPLICATION DATA

The present application claims priority to U.S. Provisional
patent application Ser. No. 60/240,883, entitled “Synchro-
nous Hardware Description Method,” filed Oct. 16, 2000,
and U.S. Provisional patent application Ser. No. 60/257,923,
entitled “Techniques for Rapid Implementation of High-
Performance FPGAs From Algorithmic C Specifications,”
filed Dec. 21, 2000, the disclosures of which are incorpo-
rated by reference.

TECHNICAL FIELD

The present invention relates to a structured algorithmic
programming language approach to system design. For a
design unit, algorithmic programming language techniques
simplify the specification of the interface and sub-design
unit concurrency. A design tool interprets a structured pro-
gramming language specification for the design unit and
produces an equivalent lower-level specification coded, for
example, in a hardware description language such as VHDL.

BACKGROUND

Computer hardware such as an electronic circuit can
include thousands or even millions of tiny components.
Designing computer hardware at the level of these tiny
components is time-consuming and costly. Therefore, hard-
ware designers often use design tools to simplify and speed
up the process of designing computer hardware.

When using a design tool, a designer specifies a design
unit in a way that abstracts away certain hardware details.
For example, the designer might specify the overall
behavior, timing, and structure of the design unit, while
ignoring the actual low-level hardware components of the
design unit. The design tool then transforms the higher-level
specification into a lower-level specification that is closer to
an actual hardware implementation. By shielding the
designer from many of the complexities of the design unit,
the design tool makes the design process shorter and more
cost effective.

A design tool typically accepts a specification written in
a hardware description language [“HDL”] such as VHDL or
VERILOG®. A HDL is a language for specifying computer
hardware. Most HDLs include specialized constructs and
libraries that the designer uses to explicitly specify timing
and structural details. Different design tools and HDLs work
at different levels of abstraction. For example, behavioral
synthesis tools and behavioral HDLs work at a relatively
high level of abstraction. Even at a relatively high level of
abstraction, however, the syntax of HDLs is awkward and
using HDLs requires extensive training. For additional
information about electronic design automation, behavioral
synthesis tools, and HDLs, see John P. Elliott, Understand-
ing Behavioral Synthesis, Kluwer Academic Publishers
(1999).

Because HDLs are awkward and hard to learn, there is
great interest in alternative design approaches that accept
specifications as conceived by designers.

Designers are often familiar with a software programming
language such as C or C++. To test the algorithmic behavior
of a design unit, a designer might code a system-level
specification for the design unit using a programming lan-
guage. Converting the system-level specification into a HDL
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specification can be problematic, however. The system-level
specification typically exists at a higher level of abstraction
than the HDL specification and does not require or include
details specifying hardware structure and concurrency.
Moreover, the system-level specification can include soft-
ware constructs (for example, pointers) that are difficult to
translate to a hardware counterpart.

One way to overcome these difficulties is to make a
programming language more HDL-like. For example, some
design approaches start with a programming language such
as C, and then add support libraries or impose HDL-like
conventions, classes, and syntax on the programming lan-
guage. Rather than simplify system design, these design
approaches in effect force the designer to learn another
HDL.

U.S. Pat. No. 6,226,776 [“the *776 patent”] describes
another programming language design approach. The 776
patent describes specification of a design unit in a standard
programming language (for example, ANSI C) without the
use of specialized constructs and additional libraries. The
*776 patent does not, however, describe an adequate way for
a designer to include structurally meaningful organization in
a programming language specification at the same time.

Thus, current programming language design approaches
fail to realize the potential of a programming language
approach to system design.

SUMMARY

The present invention relates to a structured, algorithmic
programming language approach to system design. The
design approach enables design, synthesis, and validation of
structured, system-level specifications, and integrates
system-level design into the rest of the design process. This
makes the design process easier for system designers to
learn and use, reduces the effort required to translate a
system-level specification, and allows for fast, efficient
simulation.

The algorithmic programming language design approach
includes various techniques and tools, which can be used in
combination or independently.

According to a first aspect of the design approach, the
design approach operates at the algorithmic level of abstrac-
tion familiar to system-level designers, and does not require
specialized syntax or constructs, training with additional
libraries, or familiarity with hardware design. Thus, the
design approach is intuitive to system designers. At the same
time, the design approach is structured, and a programming
language specification includes structurally meaningful
organization. For example, the design approach includes
techniques and tools for simplifying specification of a design
unit interface in a programming language specification and/
or simplifying specification of synchronization and sub-
design unit concurrency for a design unit.

According to a second aspect of the design approach, the
design approach leverages existing simulation technology
for validation of a programming language specification at
various stages of the design flow. For example, the design
approach enables validation of the design unit at early stages
in the design flow, which makes testing and debugging
faster. The design approach also enables simulation of a
programming language specification with pre-existing
specifications and testbenches written in a HDL.

According to a third aspect of the design approach, a
design tool synthesizes a programming language specifica-
tion into a lower-level specification, for example, translating
from the programming language to a HDL and embedding




























































