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difficulties in describing changes within the same time step,
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clocks and gated clocks are described in non-blocking
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1| #include <stdio.h>

2| #include <string.h>

3| typedef unsigned char BIT; // 1 bit logic

4| typedef unsigned char  BIT3; // 3 bit logic

5| typedef unsigned long  DWORD;

6| typedef long LONG27;  // 27 bit signed
7| typedef long LONG30;  // 30 bit signed
8| FILE *fip; // pointer to input file

9| FILE xfop; // pointer to output file
10| char namei[256]; // name of input file

11} char nameo[ 256 ]; // name of output file

121 DWORD  clk _cent; // counter for simulation
13| int data_in; // buffer of input data

14| short datal; // input data

15| short data2; // output data

16| BIT rst_n; // reset signal (active low)
17| LONG27 mult; // output of multiplier

18| BIT3 state_cnt, state_cnt i; // state counter
19| short s reg[10], s reg i[10]; // shift register for data

20| LONG30 acc, acc_i; // accumulator

221 void fir(){

23 int 1i;

24 if ('rst n) {

25 state cnt = 0;

20 acc = 0;

27 for (i=0; i<10; i++) s regl[i] = 0;

28 }

29 switch (state ent) {

30 case 1: mult = 20 % (s_reg[0] + s_reg[9]); break;
31 case 2: mult = -42 % (s_reg[1] + s_reg[8]); break;
32 case 3: mult = 60 % (s_reg[2] + s_reg[7]); break;
33 case 4: mult = -106 % (s _reg[3] + s_reg[6]); break;
34 case b: mult = 321 % (s_reg[4] + s_reg[5]); break;
35 case 6: mult = 506 * s reg[5]; break;
36 default: mult = 0;

37 }

38 1f ((state_cnt==1)]|(state ent==6)) acc_i = mult + 256;

39 else acc_1 = acc + mult;

40 data2 = acc >> 9;

41 if (state cnt==5) {

42 s reg 1[0] = datal;

43 for (i=1; i<10; i++) s reg i[i] = s_reg[i-1];

44

45 if (state ent == 6) state ent 1 = 1;

46 | else state_cnt i = state_cnt + 1;

47

FIG. 1A
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%/
void non_blocking assignment() {
int 1;
if (rst.n) {
state_cnt = state cnt_i;
acc = acc_i;
for (i=0; i<10; i++) s_regli] = s_reg i[i];
*/

void main() {

printf(”Input File Name : ”); gets(namei); // get input file name
printf(”Output File Name : ”); gets(nameo); // get output file name
if ((fip = fopen(namei,”rt”))==NULL) // file open(Read text file)
{ printf(*Input file error!!¥n”); return; }
if ((fop = fopen(nameo,”wt”))==NULL) // file open(Write text file)
{ printf("output file error!!¥n”); fclose(fip); return; }
clk_ent = 0; // use only for simulation
while (1) {
if (state cnt==5) {
if (fscanf(fip, "%d”, &data_in)==EOF) break; // input data
datal = (short)data_in;

}
if (clk_cnt==0) rst_n
else rst_n
fir();
if ((state_cnt==6)|]|(state_cnt==1)) {

fprintf(fop, ”%d¥n”, (int)data2); // output data

0;
1;

[FE

non_blocking assignment();
clk_cnt+4;

}
fclose(fip); // input file close
fclose(fop); // output file close

FIG.1B
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module fir( clk, rst_n, datal, data2, state cnt );

input clk;

input rst_n; // reset signal (active low)
input [15:0] datal; // input data

output[15:0] data?2; // output data

output[2:0] state cnt; // state counter

reg  [26:0] mult; // output of multiplier

reg [2:0] state_cnt; // state counter

reg  [15:0] s_reg[0:9]; // shift register for data
reg  [29:0] acc; // accumulator

integer 1; // variable for loop count

aiways@(state_cnt or s_reg)
case (state_cnt)

3 do: mult = 20 * (s_reg[0] + s reg[9]);
3 d2: mult = -42 % (s_reg[1] + s_reg[8]);
3 d3: mult = 60 % (s_reg[2] + s reg[7]);
3 d4: mult = -106 * (s_reg[3] + s_reg(6]);
3 db: mult = 321 % (s regl4] + s reg[b]);
3 d6: mult = 506 * s_reg[b];

default: mult = 0;

endcase

always@(posedge clk or negedge rst_n)
if (!rst_n)
acc <= 30°d0;
else if ((state cnt==3"d1)||(state_cnt==3"d6))
acc <= mult + 256;
else
acc <= acc + mult;

assign data2 = acc >> 9;

always@(posedge clk or negedge rst_n)
if ('rst_n) _
for (i=0; i<10; i=i+1) s_reg[i] <= 16’ d0;
else if (state_cnt==3"db) begin
s_reg[0] <= datal;
gor (i=1; i<10; i=i+1) s regli] <= s reg[i-1];
en

always@(posedge clk or negedge rst_n)
if ('rst_n)
state cnt = 3’ d0;
else if (state_cnt == 3 d6)
state_cnt <= 3 di;
else
state_cnt <= state cnt + 1;

endmodul e
FIG.2
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void timing() {
if (!rst . n) |
clk ent = 0;

1
if (clk cnt == 2) clk cnt i
else clk cnt_i

}

void non_blocking assignment() {
int 1;
if (rst.n) {
clk_cnt = clk_cnt_1;
reg a = reg a i,
if (clk _ent == 0) {
reg b = reg b i;

}
if (clk halt == 0)
reg_ cC = reg Cc_1,

0;
clk cnt + 1;

}
}

void loop() |
while(1) |
timing();
xxx();
non_blocking assignment();

}
}

FIG.4



U.S. Patent Jun. 10, 2003 Sheet 6 of 8 US 6,578,187 B2

—_
—_ OO JOO T O —

[y S g g S WG WY
OO ~JOr Ul oD

oo DO
=W — O

DO DO DD
~J S O

void timing() {
if ('rst_n) {
clk _cnt = 0;

0

}
if (clk cnt == 2) clk cent i ;
clk cnt + 1;

else clk cnt 1

}

void non_blocking assignment() {
int 1;
if (rst.n) {
clk cnt = clk _cnt_1;
reg a =reg a i;
reg b i;
reg c 1i;

r
il

void loop() {
while(l) {
timing();
xxx1();
if (clk ent == 0) xxx2();
if (clk halt == 0) xxx3();
non_blocking assignment();

FIG.9
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DIGITAL CIRCUIT DESIGN METHOD
USING PROGRAMMING LANGUAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

With LSI mini-scale technology development, a huge
number of digital gates can be put into one LSI. Traditional
circuit diagram design is regarded as time consuming espe-
cially for design and simulation. Therefore, it is desirable to
have highly abstracted high level description languages.
This invention is related to a digital circuit design method
with which, after using program language to describe digital
circuit, the source lists can be converted into hardware
language, net lists or circuit diagram. This invention also
introduces a compiler which can realize the above conver-
sion; that is after the source lists being executed by
computer, the simulator shows the results.

2. Description of the Prior Art

In traditional digital circuit design the hardware
languages, such as the verilog-HDL or VHDL, are used.
Since the circuit scale is becoming large, it is difficult to
handle the whole system design and to use top-down design
(ie. specification) method to synthesize circuit by using
hardware description languages. And also its simulation
speed is slow.

Recently, programming languages such as C or C++ are
adopted to design hardware, and for example C++ library
called SystemC is introduced. Through C++ simulator it can
solve the slow simulation problem caused by using hardware
description language. However, this method has many limi-
tations and the way of description is the same as the
hardware description language. It is also hard to use top-
down specification method to design digital circuit.

Although there are some other methods allowing the
programming languages such as C or C++ to design
hardware, their designs have limitations as well. Because In
hardware description language, registers can change states
within the same time step, but in procedural programming
languages that use sequential process, it is difficult to
describe changes occurring at the same time step.

In conclusion traditional compilers that transform pro-
gramming language to hardware description language have
the above-mentioned design limitations, and the simulator
can only simulate those source lists created by restricted
process.

SUMMARY OF THE INVENTION

The problem we want to solve is that, by using program-
ming language such as C or C++, it is very difficult to
describe register changes that occur at the same time. And
because it requires sequential process, design is limited.

The key point for this design invention is that, when using
programming language to describe register, it describes
primary variables and secondary variables that express input
of the register separately; after module process, assigns
secondary variables to primary variables. To reduce the
limitations caused by sequential process required by pro-
gramming language, a assignment section which defines
combination circuits for module section is executed before
the module section. Several clocks, gated clocks and asyn-
chronous resets/sets are described in a non-blocking assign-
ment section.

This invention leads to a simple design by solving prob-
lems caused by programming language such as C or C++
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2

when describing the hardware, and it also provides corre-
lated compiler and simulator.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present
invention will be readily understood from the following
detailed description taken in conjunction with preferred
embodiments thereof with reference to the accompanying
drawings, in which like parts are designated by like refer-
ence numerals and in which:

FIG. 1A and FIG. 1B is an example (examplel) of C
program list that is described and designed by this digital
circuit design invention.

FIG. 2 is an example of verilog-HDL codes, which are
converted from the C program (examplel).

FIG. 3 is an example of a block diagram (example2) for
this digital circuit design invention.

FIG. 4 is an example of a part of C program (example3)
for this digital circuit design invention.

FIG. 5 is an example of a part of C program (example4)
for this digital circuit design invention.

FIG. 6 is an example of a compiler (example5) for this
digital circuit design invention.

FIG. 7 is an example of a simulator (example6) for this
digital circuit design invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1A and FIG. 1B is an example (examplel) of
program list in C program language, that mentioned by the
present invention. It describes and designs twice over-
sampling FIR filter hardware. In the left-hand column the
line numbers are indicated, and comments are indicated by
sign “//”. Others are C programming language written in the
ANSI standard format. From line 1 to 20 is declaration
section, line 22 to 47 is module section, line 49 till 56 is
non-blocking assignment section, and line 66 till line 79 is
loop section.

Line 1 in FIG. 1A includes library of the standard input/
output. Line 2 includes library of commands for using
character strings. Line 3 to line 7 define casts; among them
Line 3 defines unsigned char as BIT and line 4 defines
unsigned char as BIT3. This is because when we convert C
program into hardware descriptive language, we allocate
them to 1 bit or 3 bits terminal or register. In C programming
language, since we cannot define 1 bit or 3 bits variables, we
just assign it to a 8 bits unsigned char. The relationship
between line 6 and line 7 is same as above.

Line 8 and 9 are file structure pointer declaration state-
ments that are defined in line 1 [stdio.h]. They define
pointers to input file and output file respectively. Line 10 and
line 11 are character string variable declarations to denote
the names of input file and output file. Line 12 is clock
counter declaration statement for counting the simulation
clock. Line 13 is variable declaration statement that set the
buffer of input data. Line 14 and 15 declare variables for
input and output data. Line 16 is about L reset signal input
declaration statement. Line 17 is declaration statement about
a multiplier output used as connection terminal. Line 18
through 20 declare register variables. Register is defined as
“<name of variable>" and “<name of variable>_ i”, and the
first variable indicates the output of register and the second
variable indicates the D input of register. Declaring two
variables by pair can clearly express register.

Line 22 through 47 are codes for a FIR filter function
fir( ). Line 49 through 56 of FIG. 1B describe a non__
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blocking_assignment( ) function with the same effect as the
hardware language function does, i.e. making register
changes synchronously when clock changes. Line 58
through 82 of FIG. 1B is the main function that simulate the
FIR filter.

When execution, the program starts from main( ) func-
tion. At line 59 it asks name of input file and at line 60 it asks
name of output file. At line 61 it tries to open input file and
if the file cannot be opened, line 64 will show an error
message. At line 63 it tries to open output file and if not
opened, line 64 will show an error message. Line 65 reset
clock counter clk_ cnt to 0, followed by a loop section from
line 66 through 79. Line 67 indicates that when state__cnt is
5 it will start to read data from input file. At line 68 it reads
data and if it reaches the end of the file then it will end the
loop that starts from line 66. Since the function described in
line 68 needs to input data into int variables, in line 69 it
casts the int data into 16 bits short variables. Line 71
indicates that when clk__cnt is 0 (loop starting point) assign
0 to rst_n and sends reset signal to each register; when
clk_cnt is not O then in line 72 set rst_n to 1 and discharge
reset signal from each register. Line 73 calls the FIR filter
function body fir( ). In line 74 it indicates when the FIR
filtered result for the data from input file needs to be written
to the output file, i.e. when state_cnt is 6 or 1 they are
output. Since twice over-sampling is needed, it outputs
twice. Line 75 indicates that data2 is cast into int variable
during output. Line 77 declares a non_ blocking
asignment( ) function. Line 78 indicates clock counter
increment. Line 80 and 81 indicate the program ends by
closing input file and output file when input file reaches the
end.

This paragraph is introducing the FIR filter body fir( )
function. Line 23 is a local variable declaration. In line 24
when rst_n is O it will go to reset asynchronously the
register, and from line 25 to 27 each register output is reset.
In line 45 and 46 when discharge reset, state_ cnt repeats
numbers from 1 to 6. When state_ cnt is 6, state_ cnt_ i is
assigned by 1, otherwise increment state__cnt. Through line
41 to 44, if state_ cnt in line 41 is 5 then do line 42 and 43.
Line 42 assigns datal from input file to the first shift register
input s_reg_i[0]. Line 43 assigns each register input to the
previous output to realize shift action. Line 29 switches the
processes according to the state_cnt value. From line 30 to
34, according to the state_cnt value, each coefficient is
multiplied by the value of each register. Here adding two
values of registers can reduce the number of times of
multiplication by using symmetric coefficient. In line 35 the
output values from the twice over-sampling filter are mul-
tiplied by coefficients of less than 1 to avoid ripples caused
by clip. Each coefficient is an integer and since it will be
right shifted by 9 bits, we divide it by 512. Line 36 means
to stop multiplier when there is no calculation. Line 38
indicates that at the FIR calculation starting point, the
multiplier outputs are rounded off and right shifted by 9 bits,
and are added by 256 before assigning them to accumulator
input acc_i. Line 39 indicates the other situation in which
the sum of accumulator acc and multiplier mult is assigned
to accumulator input acc_i. At line 40 it cuts the last 9 bits
of value of the accumulator and assigns the result to data2.

This paragraph will explain the non_ blocking
assignment( ) function. Line 50 is a local variable declara-
tion statement. At line 51 when rst_n is 1 it will discharge
reset and assign each D input of register to register output,
and line 52 to line 54 do the assignments simultaneously.
When rst_n is not 1, it means in the process of reset and will
not assign D input to the output of register. It realizes
asynchronous reset by judgements (line 51 and line 24 in

fir( )).
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FIG. 2 is an example of verilog-HDL codes, which are
converted from the C program (examplel). This is the twice
over-sampling FIR filter, transferred to one of a hardware
description language verilog-HDL from the hardware
described by C programming language. Only circuit func-
tion fir( ) is transferred and the values of left hand side
indicate the line numbers.

The first line of FIG. 2 indicates the start of module fir( ),
and the arguments among them are variables for input and
output data. Line 2 is a input clock signal declaration
statement. This signal does not appear in C program of FIG.
1A and FIG. 1B. Because in C program the loop execution
for one time is regarded as 1 clock cycle, we thus declare a
new clock signal here. Line 3 declares the input signal rst_n
that is converted from line 16 of FIG. 1A. Line 4 declares
datal that is converted from line 14 of FIG. 1A. Line §
declares output signal data2 that is converted from line 18 of
FIG. 1A. Line 8 declares connection terminal mult that is
converted from line 17 of FIG. 1A. “LONG27” indicates 27
bits length. To declare connection terminal as “reg” is
required by the rules of verilog-HDL in “always@” from
line 17 to line 26 where the signal is assigned. Line 10
declares register state_ cnt, we know this from line 18 of
FIG. 1A because of the existence of state cnt and state
cnt_i. And by declaring “BIT3”, we know it outputs 3 bits
signal. Line 11 declares 10 registers s_ reg which are from
line 19 of FIG. 1A, where we know s_reg and s_reg i
representing registers and there are 10 of them. Line 12
declares register acc, which corresponds to register acc and
acc_11n line 20 of FIG. 1A where “LONG30” indicates 30
bits. Line 14 declares integer variable i converted from line
23 of FIG. 1A. It is seen that the digital circuit written by C
program can be easily converted to verilog-HDL through
this invention.

Line 17 to line 26 are converted from line 29 to line 37 of
FIG. 1A; line 28 to 34 from line 38 to 39; line 36 from line
40; line 38 to 44 from line 41 to 44; and line 46 to line 52
from line 45 to 46. Description of asynchronous reset for
register rst_n is converted from line 24 to line 28 of FIG.
1A. Line 54 indicates the end of this module. The sign “<="
denotes non_ blocking assignment according to verilog-
HDL rule. The use of this sign indicates that synchronous
changes caused by clock are not depending on sequence of
description.

FIG. 3 is an example of a block diagram of example 2 that
is implemented by this invention. Number 1 is for declara-
tion section; 2 for assignment section; 3 for module section;
4 for non_ blocking assignment section; and 5 for loop
section. Except the declaration section, when calling each
section within the loop the following order could be used:
assignment section 2, module section 3, non_ blocking
assignment section 4, and the order of description is
optional. Modules section 3 has more than one module.

There are more than one function in each module section,
non_ blocking assignment section, loop section within
assignment section and module section. In declaration sec-
tion variables needed by each function are declared. Vari-
ables that are declared outside of a function are called global
variables, and these variables can also be used inside in a
function. Variables can be declared inside a function, and
these variables are called local variable and only valid inside
a function. In this example we use global variables because
they make simulation more efficient: one does not need to
make input/output list anymore when using them inside a
module and that saves the description time. When convert-
ing to digital circuit, we use individual to represent connec-
tive terminal and use separate variables to represent regis-
ter’s D input and output.
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Inside module section 3, the output of that combination
circuits (logic circuit does not use registers) that for each
module are defined in assignment section 2. It is necessary
to define those outputs before module declaration because
registers are assigned in non-blocking assignment section 4
and they are no longer restricted by programming order.
However those outputs can only be used after they are
defined inside the combination circuit. If they are defined
inside modules, then they cannot be used when those mod-
ules are called before their definition. Therefore, it is nec-
essary to define those output variables used by several
modules before module declaration.

The detailed processes of digital circuit synthesis are
described in module section 3. Assignment to the register is
described as assignment to the D input of register. In
non-blocking assignment section 4, all D input variables are
assigned to register variables. Loop section 5 describes those
actions invoked by synchronous clock.

FIG. 4 is an example (example3) that is designed by this
invention. This is a part of C program that includes several
clocks or gated clocks. The numbers in the left again indicate
the line numbers.

In FIG. 4 line 1 through line 7 is a function of timing( )
that generates timing signal; clk_ cnt is a register that counts
clock cycles and clk_cnt i is its D input. Through this
function, clk_cnt is set to O when asynchronous reset is
needed, i.e. when clk__cnt is 2 then set it to 0; otherwise set
to +1, which generates the second clock that is different from
one loop cycle clock. Line 9 to 21 is non_ blocking
assignment( ) function, in asynchronous reset it will skip
non__blocking assignment( ) by line 11. When discharge is
reset, at each clock clk__cnt and reg_a are assigned by each
loop execution. At line 14 only when clk_cnt is O then
reg b is assigned in order to describe the action that
invoked by several clocks. At line 17 only when ckl halt
(values are assigned by other module) is O then reg c is
assigned, and when it is 1 then previous value is held. The
registers of reg _a, reg b, reg_ ¢ are needed by the preced-
ing function xxx( ). From line 23 to 29 is the loop section
function loop( ) which includs timing( ), module xxx( ) and
non_ blocking assignment( ). The circuit action is
described by function xxx( ) (see diagram).

FIG. 5 is an example (example4) that designed by this
invention. This is a part of C program that includes several
clocks or gated clocks. The numbers in the left-hand side
indicates the line numbers.

In FIG. 5, line 1 through line 7 describe a function of
timing( ) that generates timing signal; clk_cnt is a register
that counts clock cycles and clk_cnt_ i is the D input. With
this function, clk_cnt is set to O when asynchronous reset is
needed. When clk__cnt is 2 then set it to 0, otherwise set to
+1 which generate the second clock that is different
from one loop cycle clock. Line 9 to 7 is
non__blocking assignment( ) function. When asynchronous
reset is needed the non_ blocking assignment will be
skipped at line 11. When reset is discharged, clk cnt,reg a
reg b, reg c will be assigned at each loop execution. Line
19 to 27 is loop section function loop( ) which includes
timing( ), module function xxx1( ), xxx2( ), xxx3( ) and
non__blocking assignment( ). Function xxx1( ) is invoked
by each clock; and xxx2( ) is invoked when clk_cnt is 0
(every three clocks); xxx3( ) is invoked when clk_ halt is 1
(clock stopped, so called gated clock). reg a is a variable
used in xxx1( ), reg_b is a variable used in xxx2( ), reg_c
is a variable used by xxx3( ).

FIG. 6 is an example of block diagram (example5) that
represents a compiler. Section 21 is for a C program (like
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FIG. 1A and FIG. 1B); 22 for lexical analyzer section; 23 for
parser section; 24 for code generator section (constituted by
programs inside computer); and 25 for HDL codes (an
example of verilog-HDL list as output file represented by
FIG. 2).

In FIG. 6 the C program 21 that is read by computer is
divided into variables or operator called tokens. In lexical
analyzer section 23, the meaning of tokens is analyzed. In C
program, if a variable is constituted by two variables such as
xxx and xxx_ i, then it should be a register, and if only
constituted by one variable it should be a connection termi-
nal. The result coming from lexical analyzer section 23 is
sent to code generator section 24, where converting C
program to verilog-HDL, and then output to HDL codes 25.
Register variable is synthesized with latch (which changes
value according to clock), while connection terminal vari-
ables are synthesized with combinational circuit. When in C
program 21 several clocks or gated clocks are used (like
FIG. 4), the name of “always@” in the verilog-HDL code is
changed into regular clock and is synthesized. In this
example, the resulted digital circuit could be in verilog-
HDL, but can also be in net lists or circuit diagram of LSI
cell.

FIG. 7 is an example of block diagram of a simulator
(example 6) that designed by this invention. Section 21 is for
C program (like FIG. 1A and FIG. 1B), 32 for C compiler
section, 33 for simulation section, and 34 for simulation
result display section (constituted by program inside
computer).

In FIG. 7 the C program 21 that is read by computer is
converted to a format that can be executed by compiler
section 32. For example, the C program 21 in FIG. 1A and
FIG. 1B is complied and converted to executable object
codes on a computer, and then the data from designated
input file are read, then they go through the FIR filter which
is described by C program and then they are output to a
certain file. In simulation section 33, the object codes are
executed and each value of variables in the C program 21 are
remembered. According to the command of operator, nec-
essary data are transferred as simulation result to the display
section 34. There are several debugging functions such as
brake point setting, execute until pointer, and execute step in
simulation section. Display section 34 can display data
transferred from simulation section 33 in graphic or text
style by command of operator.

In describing register the first variable and second vari-
able (express input of the register) are represented sepa-
rately. After module process, the second variable is assigned
to the first variable by non-blocking assignment. After
converted to HDL, it is easy to describe non-blocking
assignment and similar process. To reduce the limitations
caused by sequential process of programming language, the
assignment section which defines combination circuit for
module section is executed before the module section. It is
easy to deal with several clocks and gated clocks, and
asynchronous reset/set are described in the assignment sec-
tion.

By using the compiler introduced by this invention, it is
easy to convert C program to HDL circuit information, and
by using the simulator it is also easy to simulate and debug
C program that written based on the idea of this invention.

What is claimed is:

1. A digital circuit design method that uses programming
language to describe digital circuit, comprising:

providing more than one primary variables which indicate

registers;
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providing more than one secondary variables which indi-
cate inputs of the registers;

providing a loop section which repeats actions according
to clock cycles;

providing a module section which indicates circuit action;
and

providing a non-blocking assignment section which
assigns secondary variables to primary variables at a
same time step, after executing the module section
inside the loop section.

2. A digital circuit design method in claim 1, further
including:

providing a assignment section which defines combina-

tional circuits which are used by more than one
modules, and executes before said module section
execution.

3. Adigital circuit design method in claim 1, wherein said
non-blocking assignment section has conditional statement
that decides whether or not to assign several clocks and
gated clocks or asynchronous reset/set.

4. A digital circuit design method in claim 1, wherein said
loop section has conditional statement that decides whether
or not to execute a process that expresses several clocks and
gated clocks.

5. A digital circuit design method in claim 1, further
comprises providing a compiler that transforms program-
ming language to hardware description language, said com-
piler comprising:

a lexical analyzer section which reads a program which

includes more than one primary variables which indi-
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cate registers, more than one secondary variables which
indicate the input of the registers, a loop section which
repeats actions according to the clock cycles, module
section which indicates the circuit action, and non-
blocking assignment section which assigns secondary
variables to primary variables at a same time step, after
executing the module section inside the loop section;

a parser section which analyzes an output of said lexical
analyzer section; and

a code generator section which transfers source lists into
one of hardware description language, net lists, circuit
diagram and other circuit information.

6. A digital circuit design method in claim 1, further
comprises providing a simulator that simulates program on
a computer, said simulator comprising:

a compiler section that compiles program to executable
object codes on a computer, wherein said object codes
include more than one primary variables which indicate
registers, more than one secondary variables which
indicate the input of the registers, a loop section which
repeats actions according to the clock cycles, module
section which indicates the circuit action, and non-
blocking assignment section which assigns secondary
variables to primary variables at a same time step, after
executing the module section inside the loop section;

a simulation section that simulates output from compiler
on the computer; and

a display section that displays result of simulation.

#* #* #* #* #*





