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disclosed. In one embodiment, an object-oriented language
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lation of mixed-language circuit designs is also disclosed. In
one embodiment, a simulator is configured to natively
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a hardware description language module within an object-
oriented language based design.

57 Claims, 10 Drawing Sheets

'NATIVELY INSTANTIATE THE HARDWARE | 706
DESCRIPTION LANGUAGE MODULE WITHIN
‘THE QBJECT-ORIENTED

8
ARE

‘GENERATE AN OBJECT-RIENTED 7o

718

720



U.S. Patent Sep. 9, 2008 Sheet 1 of 10

C smj

US 7,424,703 B1

DEVELOP AN OBJECT-ORIENTED
LANGUAGE MODULE

102

CREATE A HARDWARE DESCRIPTION
LANGUAGE BASED DESIGN

104

NATIVELY INSTANTIATE THE OBJECT-
ORIENTED LANGUAGE MODULE WITHIN THE
HARDWARE DESCRIPTION LANGUAGE
BASED DESIGN

106

4

END

FIG. 1



U.S. Patent Sep. 9, 2008 Sheet 2 of 10 US 7,424,703 B1

( START )

202

DEVELOP A HARDWARE DESCRIPTION ﬂ/
LANGUAGE MODULE

204

CREATE AN OBJECT-ORIENTED LANGUAGE ﬂ/
BASED DESIGN

206

NATIVELY INSTANTIATE THE HARDWARE

DESCRIPTION LANGUAGE MODULE WITHIN ﬂ/

THE OBJECT-ORIENTED LANGUAGE BASED
DESIGN

CENDD

FIG. 2



U.S. Patent

Sep. 9, 2008 Sheet 3 of 10

C sTART )

DEVELOP AN OBJECT-ORIENTED
LANGUAGE MODULE

CREATE A HARDWARE DESCRIPTION
LANGUAGE BASED DESIGN

-

INSTANTIATE THE OBJECT-ORIENTED
LANGUAGE MODULE WITHIN THE
HARDWARE DESCRIPTION LANGUAGE
BASED DESIGN USING HARDWARE
DESCRIPTION LANGUAGE SYNTAX

<>

FIG. 3

US 7,424,703 B1

302

306



U.S. Patent Sep. 9, 2008 Sheet 4 of 10

C START )

US 7,424,703 B1

DEVELOP A HARDWARE DESCRIPTION
LANGUAGE MODULE

402

CREATE AN OBJECT-ORIENTED LANGUAGE
BASED DESIGN

404

4

INSTANTIATE THE HARDWARE
DESCRIPTION LANGUAGE MODULE WITHIN
THE OBJECT-ORIENTED LANGUAGE BASED

DESIGN USING OBJECT-ORIENTED
LANGUAGE SYNTAX

406

<>

FIG. 4



U.S. Patent Sep. 9, 2008 Sheet 5 of 10 US 7,424,703 B1

( START )
502

DEVELOP AN OBJECT-ORIENTED =
LANGUAGE MODULE

504
CREATE A HARDWARE DESCRIPTION 7

LANGUAGE BASED DESIGN

NATIVELY INSTANTIATE THE OBJECT-

506
ORIENTED LANGUAGE MODULE WITHIN THE
HARDWARE DESCRIPTION LANGUAGE
BASED DESIGN
508

COLLECT DESIGN INFORMATION FROM
SOURCE CODE FOR THE OBJECT-ORIENTED W
LANGUAGE MODULE

GENERATE A HARDWARE DESCRIPTION 510
LANGUAGE SHELL FOR THE OBJECT-
ORIENTED LANGUAGE MODULE BASED ON
THE COLLECTED DESIGN INFORMATION

512
COMPILE SOURCE CODE FOR THE CBJECT- |, -

ORIENTED LANGUAGE MODULE

L

LINK THE COMPILED SOURCE CODE FOR | 514
THE OBJECT-ORIENTED LANGUAGE | 5 -
MODULE INTO A SIMULATOR AND AN

ELABORATOR

516
COMPILE SOURCE CODE FOR THE %
HARDWARE DESCRIPTION LANGUAGE
BASED DESIGN

ELABORATE THE DESIGN INTQ A SNAPSHOT

520
SIMULATE THE SNAPSHOT -z

END

FIG. 5



U.S. Patent Sep. 9, 2008 Sheet 6 of 10 US 7,424,703 B1

[— 600

~ 604 - 606 TN 608

Module B Module C Module B
B1 0] B2
610 618
612 620
\ Module D Module E Module F Module D //
D1 E1 F1 D2

FIG. 6



U.S. Patent

Sep. 9, 2008 Sheet 7 of 10

{ START )

DEVELOP A HARDWARE DESCRIPTION
LANGUAGE MODULE

702

CREATE AN OBJECT-ORIENTED LANGUAGE
BASED DESIGN

704

NATIVELY INSTANTIATE THE HARDWARE
DESCRIPTION LANGUAGE MODULE WITHIN
THE OBJECT-ORIENTED LANGUAGE BASED

DESIGN

706

COLLECT DESIGN INFORMATION FROM
SOURCE CODE FOR THE HARDWARE
DESCRIPTION LANGUAGE MODULE

708

GENERATE AN OBJECT-ORIENTED
LANGUAGE SHELL FOR THE HARDWARE
DESCRIPTION LANGUAGE MODULE BASED
ON THE COLLECTED DESIGN INFORMATION

710

COMPILE SOURCE CODE FOR THE
HARDWARE DESCRIPTION LANGUAGE
MODULE

712

COMPILE SOURCE CODE FOR THE OBJECT-
ORIENTED LANGUAGE BASED DESIGN

714

LINK COMPILED SOURCE CODE FOR THE
OBJECT-ORIENTED LANGUAGE BASED
DESIGN INTO A SIMULATOR AND AN
ELABORATOR

716

ELABORATE THE DESIGN INTO A SNAPSHOT

718
-7~

SIMULATE THE SNAPSHOT

720

END

FIG.7

US 7,424,703 B1



U.S. Patent Sep. 9, 2008 Sheet 8 of 10 US 7,424,703 B1

f 800

802

804

object-oriented language
source code

hardware description
language source code

hardware description
language shell

808 812
hardware // ] ] ﬂ/
description tool object-orlentefi
i language compiler
language compiler
814
generator ﬂ/
816 818 820

-N
compiled hardware
description language source
code

compiled object-oriented
language source cade

design information

824

elaborator linker

826

snapshot

——

828

h.

simulator

FIG. 8



U.S. Patent Sep. 9, 2008 Sheet 9 of 10 US 7,424,703 B1

904

902 //

object-oriented language

hardware description

language source code source code
object-oriented language
shell
4 908 | 910
hardware / object-oriented /

description
language compiler

language compiler

912

generator
918

compiled hardware
description language source
code

compiled object-oriented
language source code

design information

922
920
NNy claborator 4 finker
] 924
snapshot
926
simulator

FIG. 9



US 7,424,703 B1

Sheet 10 of 10

Sep. 9, 2008

U.S. Patent

0L "9Id
0z0b . 000l
zLoL 001 m
- N ,  JOVHYILNI !
" NOILYDINNWINOD | NOILVOINNIWWOD d0SS3o0ud m /m::
]
_ ; —\| 1041NOD
. HOSHND
/1 “ NE}
oot sng . 301A3Q
N 1NdNI
10l
010} 8001 9001 W AV1dSId
301A3Q _H I
IANANSIA | | 3OVHNOLS Ymmw_mwm_ |
OILYLS




US 7,424,703 B1

1

METHOD AND SYSTEM FOR SIMULATION
OF MIXED-LANGUAGE CIRCUIT DESIGNS

BACKGROUND AND SUMMARY

The present invention is related to simulation of circuit
designs. More particularly, the present invention is directed to
a method and system for simulation of mixed-language cir-
cuit designs.

Circuits have become so complex that it is no longer pos-
sible to simply design and build a circuit and expect it to work
correctly the first time. Designers use various types of pro-
gramming languages, such as hardware description lan-
guages (e.g., Verilog and VHDL) and object-oriented lan-
guages (e.g., C/C++/SystemC and Java), to model new circuit
designs by hierarchically defining functional components ofa
circuit.

The model is then simulated on a computer to see if the
design will work as intended. Any problems can be corrected
in the model, and the correction verified in simulation. Simu-
lation dynamically verifies a design by monitoring behaviors
of the model with respect to simulation test benches.

Designs are often described using the concept of modules.
For example, a functional component in a circuit may be
described using one or more modules. A module is a syntactic
construct in Verilog that is used to define a block. However,
the term module is also used loosely by those skilled in the art
to designate analogous constructs in other programming lan-
guages even though different concepts may be implied. For
example, the VHDL equivalent of a module is an architecture
and the C++ equivalent of a module is a class. Since a module
is generally parameterized, it may be instantiated one or more
times in a circuit design. In addition, modules may instantiate
other modules.

Each type of programming language has its strengths and
weaknesses when used to model an electronic circuit. For
example, hardware description languages are excellent solu-
tions for designs that are bound at the register-transfer level
and have no software content. In addition, there are many
tools available for hardware description language designs and
a large number of circuit blocks available for re-use.

However, hardware description languages are not well-
suited for testbench generation and testing. Additionally,
hardware description languages are not designed with the
intent of writing system models. Thus, hardware description
languages are not a good fit for hardware/software co-design
or for modeling an entire system that is composed of both
hardware and software.

Object-oriented languages, on the other hand, have greater
expressive power, e.g., classes, inheritance, etc., and are not
aimed only at hardware implementation. A system-on-chip
(SoC) design may require a number of “views”, such as a
functional view, an architectural view, a verification view, a
software implementation view, and a hardware implementa-
tion view. Object-oriented languages work for all of these
views and are already being used for architectural definitions.
Moreover, as the complexity and size of circuit designs
increase, designers will likely move towards describing their
designs at higher and higher levels of abstraction in order to
enable faster simulation and hardware/software co-descrip-
tion and co-simulation.

Unfortunately, due to the fact that the use of object-ori-
ented languages in modeling of circuit designs is still in its
early stages, tool support for object-oriented language
designs is weak. Additionally, more circuit designers are
familiar with hardware description languages than with
object-oriented languages.

Given the advantages and disadvantages of each type of
programming language and the current trend of re-using
design blocks created in earlier circuit designs to increase
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2

design speed and efficiency, circuit designs may comprise
components written in both hardware description and object-
oriented languages. Thus, there is a need for a method and
system that would allow hardware description languages and
object-oriented languages to be seamlessly integrated in one
design.

Currently, connectivity between hardware description lan-
guages and object-oriented languages is provided via a basic
application programming interface (API), in which standard
call interfaces are used by programmers to allow a hardware
description language based design to interact with an object-
oriented language component. One drawback of this
approach is that a designer is required to specifically know
and recognize the proper API calls that must be made to
implement connectivity. Other drawbacks of the API
approach include: simulation speed limitations, difficulty in
debugging, and no allowance for free mixing and replacement
of object-oriented language and hardware description lan-
guage design blocks.

In addition, the API approach does not provide seamless
integration of hardware description language (HDL) and
object-oriented language (OOL) in one design. Specifically,
designers in a hardware description language modeling envi-
ronment would not have the same level of access to OOL
modules as HDI modules. For example, a designer would not
be able to browse the source code for the object-oriented
language block, step through it, or set break-points in it. An
object-oriented module in an HDL modeling environment is
essentially a black box, i.e., a designer is not able to look into
the box. The same is true the other way around, i.e., an HDL
module in an object-oriented language modeling environ-
ment would be unobservable from the outside.

The present invention provides a method and system for
simulation of mixed-language circuit designs. In one embodi-
ment, a simulator is configured to natively manipulate an
object-oriented language module within a hardware descrip-
tion language based design. In another embodiment, a simu-
lator is configured to natively manipulate a hardware descrip-
tion language module within an object-oriented language
based design. In a further embodiment, an object-oriented
language module is natively instantiated within a hardware
description language based design. In a still further embodi-
ment, a hardware description language module is natively
instantiated within an object-oriented language based design.

Further details of aspects, objects, and advantages of the
invention are described below in the detailed description,
drawings, and claims. Both the foregoing general description
and the following detailed description are exemplary and
explanatory, and are not intended to be limiting as to the scope
of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of the invention and, together with the
Detailed Description, serve to explain the principles of the
invention.

FIG. 1is a flow chart of a method for simulation of mixed-
language circuit designs according to one embodiment of the
invention.

FIG. 2 illustrates a process flow of a method for simulation
of mixed-language circuit designs according to another
embodiment of the invention.

FIG. 3 depicts one embodiment of a method for simulation
of mixed-language circuit designs.

FIG. 4 shows another embodiment of a method for simu-
lation of mixed-language circuit designs.

FIG. 5 is a flow chart of a method of simulating mixed-
language circuit designs according to one embodiment of the
invention.
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FIG. 6 illustrates an example of a design hierarchy built
during elaboration according to an embodiment of the inven-
tion.

FIG. 7 depicts a process flow of a method of simulating
mixed-language circuit designs according to another embodi-
ment of the invention.

FIG. 8 shows a design flow of a system for simulation of
mixed-language circuit designs according to one embodi-
ment of the invention.

FIG. 9 illustrates a design flow of a system for simulation of
mixed-language circuit designs according to another embodi-
ment of the invention.

FIG. 10 is a diagram of a computer system with which
embodiments of the present invention can be implemented.

DETAILED DESCRIPTION

More and more designers are using both hardware descrip-
tion and object-oriented languages to model their designs in
order to utilize the strengths of each type of programming
language. As a result, there is a need for a method and system
that would allow hardware description languages and object-
oriented languages to be seamlessly integrated in one design.

FIG. 1 illustrates a flowchart of one embodiment of a
method for simulation of mixed-language circuit designs. An
object-oriented language module is developed (102). The
object-oriented language module may be described in C,
C++, SystemC, Java, and other object-oriented programming
languages using a normal text editor or design tools. A hard-
ware description language based design is created (104).
Hardware description languages include, for example, Ver-
ilog and VHDL. The object-oriented language module is
natively instantiated within the hardware description lan-
guage based design (106). A module is instantiated when it is
named inside another module. The following is an example of
one Verilog module instantiating another Verilog module.

module B;

(* a dummy empty module *)

endmodule

module Top;

B b; (* this is the instantiation of an instance of module B
(named b) in module Top *)

endmodule

In FIG. 2, a process flow of another embodiment of a
method for simulation of mixed-language circuit designs is
shown. A hardware description language module is devel-
oped (202). An object-oriented language based design is cre-
ated (204). The hardware description language module is
natively instantiated within the object-oriented language
based design (206).

Referring to FIG. 3, a method of simulating mixed-lan-
guage circuit designs according to one embodiment of the
invention is illustrated. An object-oriented language module
is developed (302). A hardware description language based
design is created (304). The object-oriented language module
is instantiated within the hardware description language
based design using hardware description language syntax
(306). The following is an example of a VHDL module
instantiating a SystemC module.

-- SystemC module

class model : public sc_module {

public:

sc_in<sc_logic>in;

sc_out<sc_logic>out;

SC_CTOR(model) : in (“inPort”), out(“outPort™) {

SC_METHOD(run);
sensitive<<in;

1:model() {1}
void run( ) {out.write(in.read()); }

10

20

25

30

35

40

45

50

55

60

65

4

}- VHDL shell for SystemC module

architecture SystemC of model is

-- The following line indicates that the body of this archi-
tecture is described elsewhere as

-- a SystemC module

attribute foreign of SystemC : architecture is “SystemC”;

begin

end;

-- VHDL module instantiating SystemC module using
VHDL shell

entity top is end;

architecture T of top is

signal inPort :std_logic;

signal outPort : std_logic;

begin

-- The following line is the instantiation of an instance of

SystemC module

test : entity work.model port map (inPort, outPort);

process (outPort)

begin end process;

end;

entity model is

port (

inPort : in std_logic;
outPort : out std_logic

);

end;

FIG. 4 depicts a method of simulating mixed-language
circuit designs according to another embodiment of the
invention. A hardware description language module is devel-
oped (402). An object-oriented language based design is cre-
ated (404). The hardware description language module is
instantiated within the object-oriented language based design
using object-oriented language syntax (406). Below is an
example ofa SystemC module instantiating a Verilog module.

/* Verilog module */

module vchild(in, out);

input in;

output out;

reg outReg;

initial begin

outReg=1'b0;
#10 $finish;

end

assign out=outReg;

endmodule

/* SystemC shell module for Verilog module */

class vchild : public nesc foreign module {

public:

sc_in<sc_logic>in;

sc_out<sc_logic>out;

vchild(sc_module_name nm);

nesc_foreign_module(nm), in(“in”), out(“out”) { }

/* SystemC module instantiates Verilog module using Sys-
temC shell */
class sctop : public sc_module {
public:
SC_CTOR(sctop) : port(“port™), vlocal(“vlocal”) {
vlocal.in(port);
vlocal.out(port);

protected:

sc_signal<sc_logic>port;

vchild vlocal; /* this is the instantiation of an instance of
Verilog module vchild */

In FIG. 5, one method for simulation of mixed-language
circuit designs is shown. In the embodiment, an object-ori-


















