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Preface

SystemC is a language for modelling systems that contains software and hardware components.
Typically, today’s systems contain application-specific hardware and software. Hardware and
software are usually co-developed on a tight schedule, the systems have tight real-time performance
constraints and thorough functional verification is required to avoid expensive and sometimes
catastrophic failures. SystemC contains a co-design method whereby the system can be modelled
together in an early phase of the development. It can be performed at a high level of abstraction and
enable the design team to get a fundamental understanding at an early stage of the design process.

SystemC can be used by developers to elaborate an architectural model of an embedded system
early in the development phase. It is possible to simulate the hardware on a higher level with a
focus on functionality and communication compared to the hardware description languages as
VHDL and Verilog. They are on the “Register Transfer Level” (RTL) focussing on registers and
wires. The largest gain in system-level design can be achieved in the specification phase, by rapid
trade-off analyses and functional experiments.

SystemC basis behaviour can be defined only once, however, more details can be added or
behaviour can be refined during the design process all the way down to the RTL level. The
embedded software design and programming can start in an earlier development phase based on the
SystemC model of the hardware.
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SystemC can be use to model a system on different abstraction levels. The SystemC model consists
of communicating processes and in this respect it is the same as many other modelling languages,
including the hardware description languages as VHDL and Verilog. Like the two languages,
processes and interconnection between them may be mixed. SystemC allows models of
computation that covers a mixture of software, hardware and digital electronics to be mixed in the
same model. The model can be refined for the hardware down to the RTL level and at present it is
possible to make a synthesis of the SystemC code for FPGA development.

SystemC requires basic knowledge of C++ and weeks of study in order to be productive. People
with a background in embedded software, FPGA or System-on-Chip (SoC) development will be
target users of the SystemC modelling language.

Getting started with SystemC development

SystemC is a C++ class library developed by the Open SystemC Initiative (OSCI) which is an
independent, non-for-profit association dedicated to defining an advanced open industry standard
for system-level modelling, design and verification. The source code for the SystemC library can be
downloaded free of charge from the OSCI website. The code contains a number of implementation
examples for areas such as: signal processing (FFT, FIR), data communication (Package switch),
CPU simulation (RISC), hardware fifo’s and bus topology.

This document covers how to get started with the tools required for SystemC development. It covers
the setup and required software for developing on Windows XP or Linux and describes how to set
up the environment for working with SystemC. Eclipse can be used as the editor and development
tool on Windows and Linux and is an open source development platform. For Windows XP this
document also describes how to work with the Microsoft Visual Studio .NET 2005.

The document also contains a description of a waveform viewer which can be used to display wave
files in the “Value Change Dump” (VCD) format. It can be generated by SystemC code.

The source files for the example (ADClInput.zip) used in this document can be downloaded from the
website “Teknologisk Institut”. http://www.teknologisk.dk/gswsystemc

The last part of the document contains books recommended for getting started where you can find
SystemC examples with reference to where you can download the example of source code.

Windows setup for SystemC

This part contains a description of the tools to be installed for developing on Windows. It contains a
chapter for setup of Eclipse together with cygwin and SystemC. The next chapter contains the setup
for Microsoft Visual Studio .NET applications.

Copyright © 2007 Danish Technological Institute Page 2 of 27
02/10/2007



? DANISH
. . . TECHNOLOGICAL
Guide for getting started with SystemC development INSTITUTE

Setup for Eclipse applications

1. Install the cygwin environment from http://www.cygwin.com/ and use the following instructions:

=

Cygwin Net Release Setup Program

Thiz =etup program ig uzed far the initial installation of the
Cygwin environment as well az all subsequent updates. kMake
gure to remember where pou zaved .

The pages that follow will guide pou through the installation.
Pleasze note that Cygwin conzigtz of a large number of
packages spanning a wide vanety of purpozes. e only
inztall a baze zet of packages by default. Yau can always rin
thiz program at any time in the future to add, remove, or
upgrade packages as necessary.

cC

Setup.exe version 257322
Copyright 2000-2007

hitkp: A, cuguin, com.!

¢ Tiage

Annuller |

Figure 1 Cygwin setup
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2. Choose Install from Internet or from Local Directory in case you already have a cygwin
installation on DVD or a network drive.

= Cygwin Setup - Choose Installation Type - |EI|5|

Chooze A Download Source
Chooze whether ta install or download fram the internet, or install from files in
a local directaory.

% {nztall from Internet
[downloaded files will Be kept for future re-usel

" Download Without Instaling

= Install from Local Directany

< Tilbage I Meeste » I Annuller

Figure 2 Cygwin installation type

3. In the next window it is important to select ‘Install For’ All Users and set the ‘Default Text File
Type’ to ‘DOS/text’. The DOS/text setting is very important for integration with Xilinx EDK.

= Cygwin Setup - Choose Installation Directory - |EI|5|

Select Root Install Directory
Select the directony where you want ta inztall Cygwin, Alzo chooze a few
iniztallation parameters.

— Root Directory

IE: hopgwin Browse. .. |

ClpeksttFor— — Default Text File Type
< ' Bl Uzers [RECOMMENDEL T £ Unix # binary [RECOMMENDED)]
Coguwir itsbiE o all uzers of Mo line tranzlation done; all files opened

the system. MOTE: Thig is required if in binary mode. Filez on dizk will hawve
yoL wigh o run services like zghd, ete. ] i i

© Just Me (| & DOS /text
Cogwin will only be awvailable to the i j & tranzlated from Lnix
current uzer. Only select thiz if you lack [LF] ta DS [CR-LF] on write and wice
Admin. privileges or yow have specific werza an read.
needs. Bead more about file modes. .

¢ Tilbage I Messte » I Annuller

Figure 3 Cygwin installation directory
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4. The next step is to specify where the installation should be stored when downloading from the
Internet of if a local installation is used to find the installation.

= Cygwin Setup - Select Local Package Directory - |EI|5|

Select Local Package Directory C

Select a directon where you want Setup to store the installation files it
downloads. The directon will be created if it does not already exist.

Local Package Directony

D hCygwin_install

¢ Tilbage MNeeste > Annuller

Figure 4 Cygwin package directory

5. If you choose Internet then select ‘Direct connection’ or ‘Use IE5 Settings’ and choose a mirror
site. Possible mirror sites are to be found here: http://cygwin.com/mirrors.html.

= Cygwin Setup - Select Connection Type - |EI|5|

Select Your Internet Connection C

Setup needs ta know have you want it to connect ta the internet. Choose
the appropriate settings below,

™ Lsze |[EG Settings

" Use HTTPAFTF Frosy:

Prosy Host I

Part IBEI

¢ Tilbage I Messte = I Anrller

Figure 5 Cygwin connection type
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6. The next page shows a list of categories, each containing a specific group of packages to install.
Select Base, Devel, Editors and Libsl, install by clicking on the () icon until the word Install
appears to the right of the icon.

The installation will start when clicking ‘next’ and takes about 30 minutes.

= Cygwin Setup - Select Packages - |EI|£|
Select Packages
Select packages o install

" Keep (" Prew  Cun " Exp Wiew | Category

Cateqary | MHew | E| Sl Size Package ;I
B Al &% Default

Accessibility £% Default

Admin & Default

Archive & Default

Audio &% Default

Base &% Instal

D atabaze &% Default

Dievel &% |rstall

Daoc 4% Default
Garnes &F Default
Grome &% Default
Graphics &% Default
[rterpreters 4% Default
KDE 4% Diefault
hath &% D efault

Met &F Default

Peil &¥ Default
Publizhing &% Default
Puthior &% Default
Shells &% Default
System &% Default
Text &% Default

Utilz &% Default
wieh &% Default

=17 &% Default -
.| I L|J

v Hide cbsolete packages

¢ Tibage I Messte » I Annuller |

Figure 6 Cygwing package selection

! We have seen situations where the gtk2 1ib has to be skipped in the installation to prevent the installation from getting
stocked. Select “() Skip” for all the gtk2-x11 libs in the Devel and Libs packages.
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7. When the installation is completed, press finish.

You can now add the ‘C:\Cygwin\bin’ to the path environment variable or copy the cygwinl.dll file
(Found in ‘C:\cygwin\bin’) to the ‘C: \Windows\System32’ directory. This is required in order to
run programmes compiled and linked by cygwin.

Installing SystemC with cygwin
This guide concerns installation of version 2.2.0 for SystemC.

SystemC can be downloaded from the website of (OSCI) Open SystemC Initiative, see link
http://www.systemec.org/home.

The SystemC source is to be found on the website: DOWNLOADS -> OSCI Standards ->
SystemC 2.2. Before being able to download this source code, you have to create an account.

Additional information is to be found in the INSTALL and README files located in the SystemC
package. This guide should, however, be sufficient to get started.

If you type ‘$ uname —a’ in your cygwin bash shell you can see the version of cygwin. In this
installation we have used the following version:

CYGWIN_NT-5.1 Scvgb2j 1.5.24(0.156/4/2) 2007-01-31 10:57 1686 Cygwin

We have found that the default thread system (qt) used by SystemC when following the instructions
in the INSTALL file will not work with the above version of Cygwin. You have to build the
pthreads version as described below. Furthermore, you need to modify the systemc.h file as the
standard libraries std::wctomb and std::wcstombs are not supported by Cygwin. We have found
some older versions of Cygwin where these errors do not appear. If you already have an old version
of Cygwin installed, modification of the systemc.h file may not be required.

Before installing the SystemC, you must have completed the cygwin installation described in the
previous chapter:

1. Unzip the systemc-2[1].2.0.tgz to the folder:

C:\systemc-2.2.0
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2. Modify the C:\systemc-2.2.0\lib-cygwin\src\systemc.h file as described below:

Line 175 — 177 looks like:

using std::wctomb;
using std::mbstowcs;
using std::wcstombs;

Must be modified to:

#if !defined( CYGWIN )
using std::wctomb;
using std::wcstombs;

#endif
using std::mbstowcs;

3. Start the Cygwin bash and create the objdir (mkdir) and change to this directory
/cygdrive/c/systemc-2.2.0/0bjdir
4. Configure the package for your system.
$ ../configure
5. Compile the package.
For a debug SystemC library, enter:
$ make pthreads_debug
Alternativly for an optimized SystemC library, enter: $ make pthreads
6. Install the package.
$ make install
The SystemC library will be stored in :

Cygwin bash shell:
/cygdrive/c/ systemc-2.2.0/lib-cygwin/libsystemc.a

Windows Explorer:
C:\systemc-2.2.0\lib-cygwin\libsystemc.a

7. At this point you may wish to verify the installation by testing the example suite.
$ make check

This will compile and run the SystemC examples in the subdirectory examples.
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Creating SystemC Applications with Eclipse

You can download the Eclipse IDE for C/C++ Developers from http://www.eclipse.org/downloads/.
The downloaded file must be unzipped and copied to the root directory like: ‘C:\Eclipse’. This
description is made for version 3.3.0, (Build id: 120070621-1340).

Start the eclipse.exe file and select a work space for your project like C:\Projects\TestSCEclipse and
select ‘Go to the workbench’.

To create a SystemC project you can create a simple C++ “Hello World” project to check if the
cygwin compiler and debugger is installed correctly. Follow the steps described below.

1. Select File > New -> C++ Project and enter a name for your project like TestSC and select
in Project Types -> Executable -> Hello World C++ Project

=10l

C+ + Project

=

Create C++ project of selected bype

Project name: | Testsc|

¥ Use default location

LLocation: | Z:Projecksi TestSCEclipse TestaC Browse, .., |

Praojeck bypes: Tanolchain:
El[Ep Executable Cygwin GCC
i @ Hello World C++ Project MirEYY (ST

----- @ Hello Warld ANSI C Project
- @ Empty Project
[,'_“—':; Shared Library
(2= Static Library
== Makefile project
" @ Hello World C-++ Project

v show project bypes and toalchains only if they are supported on the platform

(7) = Back Mexk = | Firish I Cancel

Figure 7 Eclipse create project

2. Press Next and enter your Author name
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3. Press next and accept the Debug and Release configurations in the window that appears.

-1l x|

Select Configurations

Select platforms and configurations wou wish to deploy on |

Project tvpe: Executable
Tool-chains:  Cyowin GCC

Configurations:
F¥Debug Select all |
FHRelease
Deselect all |

Advanced settings. ..

Use "Advanced settings" button to edit project's properties,

Additional configurations can be added after project creation,
IJse "Manage configurations" buttons either on toolbar or on property pages,

(7 i Back [dexk = ”Eln?l Cancel

Figure 8 Eclipse configurations
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4. For setting the include path for SystemC select the ‘Advanced settings’ and add the include
path *C:\systemc-2.2.0\include’ in C/C++ Build -> Settings -> Tool settings -> Cygwin C++
Compiler -> Directories.

The “~I “ directive indicates for the cygwin compiler where to look for additional include
directories. (On Linux: /home/<user>/systemc-2.2.0/include/)

_ipi x|

[bvpe Filter text Settings T T
- REesource N
- Builders —

= CfC++ Build Configuration: IDEbLIg ﬂ Manage configurations |
: Discovery options
Environment E%J Tool settings | 24 Build steps Build arkifack I Einary parsers I 3 Error parsers |
Settings
Taal chain editar =83 GCC Assembler & = = =
: o = | Include paths (-1 & c
i Yariables e General IS (a3 Xl = w| & ol P
[ O+ General El@ Cygwin C++ Comp ,Ohimclude"

- Project References
- Refactoring Histary -
- Fun/Debug Settings @ Optimization

@ Debugging
@ Warnings
@ Miscellaneous
=B Cygwin C Compiler
@ Preprocessor
@ Symbols I
@ Directaries

@ Optirnizakion
@ Debugging

@ Warnings

[’,.‘E Miscellaneous ™
A4 I I 3

Restore Defaults | Apply |:

(7) (a4 I Cancel |

Figure 9 Eclipse SystemC include path
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5. Select the systemc library and add the path to the library that was built in the previous chapter
‘Installing SystemC with cygwin’.

The “-I” directive indicates the additional libraries to be linked into the programme in this case
“systemc”. The “—L “directive indicates for the cygwin linker where to look for additional

library directories.

(On Linux Library search path (-L): /home/<user>/systemc-2.2.0/lib-linux/)

I

= Properties for TestSC @
bvpe Filter bext Settings
Resource
Builders
=) £)++ Build Configuration: |Debug V| [Manage configurations
Discovery opkions
Enwironment £ Tool settings Bwild steps Build artifact | [mb Binary parsers | € Error parsers
Settings
Tool chain editor # optimization [+ L v :
Lit -l & :
Yariables g Debugging loraries 1) £l & =
- [ C++ General = warnings Ckﬂﬂi—/)
Project F‘\.efenj:nces (8 Miscellaneaus
Refactoring HlstFurv = ,;:3 Cyquin C Commpiler
FunDebug Settings g Preprocessar
2 Symbals
% Directaries
% Optirmization
@ Debugging Library s L LS SR
e ;
[ Warnings < “Ciisysteme-2.2.01ib-cygwin®
(# Miscellaneous ™
=B Cyguin C4+ Linker
@ General
# Miscellaneous
@ Shared Library
v
< >
[Restnre QeFaults] [ Apply ]
@ [ Ok l [ Cancel ]
Figure 10 Eclipse SystemC library
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6. Press finish and you will now have a small C++ programme that will print “Hello World”. You
can rebuild this project by selecting Project -> Clean, and the programme will automatically
perform a ‘make all’. See below.

& [/C++ - TestSC/src/ TestSC.cpp - Eclipse Platform =0l x|
File Edit Refactor Mavigate Search Project Run  Window Help
lti-Nelsleg-a8-bd- - |8 -8 |H5-0-%- @5 |[OE & -5~ 000 - & e e
r[\jProject Explorer &2 =0 TestSC.cpp &3 =0 EE Outlin 22 @ Make} =g
ER=00 PR - B R e ¥

= 'bc Test3C // Name B T?SES(_:' cprp iostreanm

__ﬁb Binarics i Auth?r 1 Kim EBjerge std

B2 stc o VersnTm . . maini) ¢ ink

@ e—— £¢ Copyright : Your copyright notice

= Debug ' /¢ Description : Hello World in C++, Ansi-style

£

#include <iostream>
using namespace std;

int main() {

cout << "!!!Hello World!!!'™ << endl; // prints !!!'Hello World
return 0;

« | _>lJ
[&Problems E.Tasks Bl console &2 EProperties} @I ._u| ma = - F‘j - =08

C-Build [Test5C]

**%% Build of configuration Debug for project Test3C #x*x

make all

Building file: ../src/TestSC.cpp

Invoking: Cygwin C4++ Compiler

g++ -00 —-g3 -Wall -c -fmessage-length=0 -MMD -MP -MF"src/Test3C.d"™ -MT"sro/ Test3SC.d™
—o"zre/Test3C.o™ .. /src/TestSC.cpp™

Finished building: ../src/TestSC.cpp

Building target: Test3C.exe
Invoking: Cvgwin C++ Linker
g++ —o"Test3C.exe™ ./arc/TestSC.o
Finished building target: Test3C.exe

[
[ai | Wititable Smart Insert | 10 21 | | [ @l = ® 7

Figure 11 Eclipse build of ”Hello World”
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7. The programme is now ready to be executed by selecting the » Run button. You have to

choose the ‘Cygwin gdb Debugger’ (On Linux just ‘gdb Debugger’)

= C/C++ - Kbjelsrc/main.cpp - Eclipse Platform E]@
Eile Edit Refactor MNavigate Search Run Project  Window  Help
| Wil w EC e @ (KRB [ %5 pebug | cic+ |
e Fun TesetSC . exe
L™ Project Explar | 52 Mavigakar 23 = B/ [ main.cpp \.€| main.cpp &3 10 = O || 5= outine &2 (®) Make Targets =g
= <'===(> = J/BEGIN main.cpp [(systemc) a lﬂz W \&f e v
-5 Kbie (e & ADCToph
@ sc_mainfint, char**) :int
#include "ADCTop.h"
== Debug -
. #if 1 3
== arc
L@ subdir.mk. ) ) )
| Tesetsc.d /_'/ ‘U:Lsual_Stuu:_l:Lo version .
| TesstSC.o int sc main( int argc, char
L@ makefile d
. Jf Depricated since wersi
| @& objecks.mk
/i=c report handler::set
L@ sources.mk, — - —
ﬁ Teset3iZ exe
L cout << "ynhcWisual Scudi
le=F sr
| ccpraect AT f ringhuff
B project natance of ringhuffer
ADCTop ADCTop ("ADCTest™) : ™
< il > '
|—1 Problems | 4] Tasks | B Console E2 = Properties %‘:’F Debug “= Include Browser =0
<terminated > TesetSC.exe [C/C++ Local Application] C:\Svste % 3& ES :E|E|E| = B - i
!'1"1"Hello World!!!
or TestsC

Figure 12 Eclipse run of "Hello World"
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8. The next step is to copy the SystemC example files (ADClInput.zip file) to the ‘“TestSC\src’
directory.

Right-click on the ‘sre¢’ folder and press Refresh (F5). The added example files will then appear in
the source folder. Right-click on the TestSC.cpp file and delete this file.

You can now rebuild the project by right-clicking on the mouse for the TestSC project. Select
‘Build project’ and hereafter select the »Run button. The result from the ADClInput project will
appear in the Console window, see below. The sample programme has generated an
ADClInputWave.vcd file which you can view with the GtkWave.exe file. See chapter ‘ Setup of
the GtkWave viewer .

= C/C++ - TestSC/src/ADCSource.cpp - Eclipse Platform E]@
File Edit Refactor Mavigate Search Run  Project  Window Help

Nep g e @ | B0 e 5 35 0ebun | cicee

=
U™ Project Explor | 5. Mavigator &2 =0 L] main.cpp L] main.cpp \€| ADCSource.cpp £3 10 =0 EE CQutline &3 (®) Make Targets =0
=S = #include "ADCSource.h" Ll ;ﬂz \ NS e -
#125 Khie M ADCSource.h
#1125 test ADCSource: :ADCSource (sc_module name nm) @ ADCSource::ADCSource(sc_module_name)
=125 TestsC sc_module (nml, @ ADCSource::SampleReady{void) : void

5 5 0eE counter (0)
{
AEsource.d SC_METHOD (Samp leReady) ;

sensitive << clk in;
ADCSource.o -
dont_initialize():

ADCTop.d
ADCTop.o H
CirBuffer.d
CitBuffar.o roid ADCSource::SampleReady (void)
main.d {
nain.o if (clk _in.read(] == true]
PowerPC.d - {
PowerPC.o #if O X
& subdir.mk Sc_uint<3AMPLE EBITS> d = rand(]&DxSffff:v
yy—
@ makefile < >
objects.mk = ==
& sources.mk [%1 Problems | 4% Tasks El console & | Properties ﬁDebug “= Include Erowser =0
h ETesetSC.exe <terminated> TesetSC exe [C/C++ Local Application] C:\SystemClADCT TestSC\Debug) Teset ® % % bi| & & =R £~
T st Data : 203, Dats : 219, Data : 220, Data : 205, Data : 221, ... ~
Lg ADCSource.cop Data : 206, Data : 222, Data : 223, Data : 208, Data : 224,
h
Lg ADCSource. Data : 209, Data : 225, Data : 226, Data : 211, Data : 227,
Lt ADCTop.cpp Data : 212, Data : 228, Data : 229, Data : 214, Data : 230,
h
Lg ADCTop. Data : 215, Data : 231, Data : 232, Data : 217, Data : 233,
irBff
e CirBuffer.cpp Data : 218, Data : 234, Data : 235, Data : 220, Data : 236,
irBuffer.b
|£|C'r_B” er Data : 221, Data : 237, Data : 238, Data : 223, Data : 239,
Le] main.cpp Data : 224, Data : 240, Data : 241, Data : 226, Data : 242,
Le] PawerPC.cop Data : 227, Data : 243, Data : 244, Data : 229, Data : 245,
h
E'P?Wterpc' Data : 230, Data : 246, Data : 247, Data : 232, Data : 248,
B 'CD@EE Created ADCInputWave.vod
.prajec]
ADCInputiave.ved w
D o=
Figure 13 Eclipse build and run of SystemC test project
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Setup for Microsoft Visual Studio .NET applications

This part concerns installation and setup for developing SystemC applications with Microsoft
Visual Studio .NET 2005.

Installing SystemC with Visual Studio .NET 2005
It is assumed that Visual Studio .NET 2005 is already installed.

This guide concerns installation of version 2.2.0 for SystemC.

SystemC can be downloaded from the website of (OSCI) Open SystemC Initiative. See link
http://www.systemc.org/home.

The SystemC source is to be found on the web page: DOWNLOADS -> OSCI Standards ->
SystemC 2.2. Before being able to download this source code, you have to create an account.

Additional information is to be found in the INSTALL and README files located in the SystemC
package. This guide should, however, be sufficient to get started.

1. Unzip the systemc-2[1].2.0.tgz to the folder: (NB: Skip this stage if already unzipped)
C:\systemc-2.2.0

2. Open the Visual Studio solution for SystemC and accept to update it from version 7.1 to 8.
The solution is to be found in: C:\systemc-2.2.0\msvc71\SystemC\SystemC.sln

3. The next step is to build the SystemC libraries for Visual Studio projects

Select the Debug configuration and make a build solution (F7).
Select the Release configuration and make a build solution (F7).

The compiled SystemC libraries are to be found here:

C:\ systemc-2.2.0\msvc71\SystemC\Release\SystemC.lib
C:\ systemc-2.2.0\msvc71\SystemC\Debug\SystemC.lib

4. Create the environment variable:

SYSTEMC = C:\systemc-2.2.0\msvc71
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5. Test the setup by starting the C:\systemc-2.2.0\examples\sysc\fir\fir.vcproj

It is found in the SystemC examples which are part of the SystemC package.
Exclude the main.cpp before build of this example.

If you try to build the release version you have to change the properties in ‘C/C++ -> Code
Generation -> Basic Runtime Checks’ from ‘Both (/RTC1, equiv. to /RTCsu)’ to ‘Default’.

@0 fir - Microsoft Yisual Studio 101 x|
File Edit “iew Project Build Debug Tools ‘Window Community  Help
IR RN =" | $ E2 @ |9 -0-5-5 | b Debug + Win3z - | [# template > cij e E'
B % b = 5= DP® an a6
Solut; 5 jeck) main_rtl.cpp] v X ‘E
éj = I(Global Scope) jl - 5
I - Z
_: S_olutlon fir' (1 project) #include "stimulus.h™ j g‘
= gﬂﬁ: der Fil #include "display.h" i3
o
i Hea = Files #include "fir top.h" I
..... ﬂ display.h L — £
..... ] firh ) ] ) b
_____ ﬂ fir const.h [l int sc_main (int arge , char *arcv[]) | Z
_____ 1] fir_data.h so_clock clock: =
_____ ﬂ Fir Fsm.h sc_signal<bools> reset: 3_
..... ﬂ Fir_top.h sc_signal<bool> input wvalid;
..... ﬂ stirmulus. b sc_signal<int>  sample;
- [ Resource Files gc_signal<bool> output_data ready:
= | Source Files sc_signal<int> result;
..... cﬂ display.cpp
""" & fir.cpp stimulus stimulusi("stimulus_block"): |
""" Cﬂ fir_data.cpp stimulusl.reset (reset);
""" cﬂ fir_Fsrn.cpp stimulusl.input_wvalid{input_wvalid):
""" &l main.cpp stimulusl.sample (sample) ;
""" Cﬂ main_rtl.cpp stimulu=l.CLE{clock.signal());
----- €4 stimulus.cpp
fir_taop fir_topl [ "process _hody")
fir topl.RESET (reset):
fir tonl.IN VALID (inbut wvalidi: e
l.‘iJSqution Explorer Qgclass = |__1Property Manager 4 | | 3
Qukput >3 x
Show oukput Fram: — Build B &3 ==
l=Generating Code_ .. -
l»Compilineg. . .
lrmain_ rtl.cpp
l=c:hysystenc-2. 2. 0hsrehvsysceidatatypesiinttsc_nbutils h(88) : warning C4596: 'sprintf' was declared deprecated
1= cihvprogrammerimicrosoft wisual studio Shywelincludeistdio. hi(345) : see declaration of 'sprintf'
1= Message: 'This function or wvariable may be unsafe. Consider using sprintf_s instead. To disable deprecation, use _CRT_SECT
l=Compiling manifest to resources...
l=Linking. ..
l=Embedding manifest. ..
1*Build log was sawved at "file:/fo:\systeme-7 7 Ohexamplesisysch firtDebugiBuildlog. htn"
l=fir - 0 error(s), & warning(s) —
========== Bebuild &11: 1 succeeded, 0 failed, 0 skipped ========== -
«| | »
*ECal Browser | =] Output = Find Results 1
Ready Ln 29 Col 86 Ch 86 INS v

Figure 14 Visual Studio build of SystemC example project
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Now run the fir.exe programme and the result should appear in the cmd window as shown below:

" WINDOWSS system32' cmd.exe

Stimuli
Display
Stimuli
Display

izplay
Stimuli
Display

izplay
Stimuli
Display

izplay
Stimuli
Display
Syimuli

Simulation of 24
SystemC:

Tryk

SystemC 2.2.8 —— HMay 29 20887 23:26:13
Copyright <(c>» 1996—2886 by all Contributors
ALL RIGHTS RESERUED

B at time 7008

B at time 100868

1 at time 1760688

-6 at time 20080
2 at time 276088
-16 at time 30000
3 at time 3760688
-13 at time 48000
4 at time 47080

6 at time SHAAA

5 at time 570688

? at time LHHAAA

b at time HT7HAA
-33 at time 78000
7 at time V7HHAA
-5 at time 80000
8 at time B7H00A

87 at time 90000
? at time 997H068A
446 at time 180000
18 at time 189888

959

11 at
1495
12 at
1998
13 at
2467
14 at
2968
15 at
3466
16 at
3968
17 at
4478
18 at
4972
17 at
5474
28 at
L9?6
21 at
6478
22 at
69808
23 at
7482

at time 118886

time 117680688
at time 128006
time 12760608
at time 138886
time 13760688
at time 148086
time 147680688
at time 158886
time 15780688
at time 1688086
time 1670608
at time 178066
time 177008
at time 188886
time 13760608
at time 1780606
time 17760608
at time 2080006
time 207008
at time 218806
time 21760608
at time 228006
time 227008
at time 238006
time 23760608
at time 248006

itemsz finiszhed at time 2400808
simulation stopped hy user.
& en vilkdrli

tast for

at fortsette

Figure 15 Visual Studio running SystemC example project
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Creating SystemC Applications with Visual Studio .NET 2005

1. Start Visual Studio. From the Start Page select New Project and Win32 Console Application.
Type project name and select a suitable location. Click OK.

2. Select the Application Settings page of the Win32 Application Wizard and make sure that the
"Empty project' box is ticked. Click 'Finish' to complete the wizard.

3. Add new/existing C++ files to the project and edit code.

You could use the example files from the “ADClInput.zip” SystemC project
made by the Danish Technological Institute.

4. Display the project Property Pages by selecting 'Properties..." from the Project menu.

5. From the C/C++ tab, select the General properties and set 'Detect 64-bit Portability Issues' to
No

6. From the C/C++ tab, select the Preprocessor properties and add the
_CRT_SECURE_NO_DEPRECATE definition.

7. From the C/C++ tab, select the Code Generation properties and set
For Debug build:
‘Runtime Library' to Multi-threaded Debug (/MTd)
For Release build:
‘Runtime Library' to Multi-threaded (/MT)
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ADCInput Property Pages

Configuration: | Active{Debug)

Debugging e

=l T+
General
Optimization
Preprocessor
Language
Precompiled Headers
Oukput Files
Browse Information
Advanced
Command Line

=I- Linker
General
Input
IManifest File
Debugaing
System
Optimization
Embedded 10L
Advanced
Command Line

+- Manifest Tool

+- WML Document Generakor | s

“ | PlatForm: Ackive(Windz)

Enable String Pooling

Enable Minirmal Rebuild

Enable C++ Exceptions

smaller Type Check

Basic Runtime Checks

Runtime Library

Struct Member Alignment

Buffer Security Check.

Enable Function-Level Linking
Enable Enhanced Instruction Set
Floating Point Model

Enable Floating Point Exceptions

Enable String Pooling

b Configuration Manager ... ]

Mo

Yes {/Gm)

s (EHsC)

Mo

Both {/RTC1, equiv. to /RTCsu)
Multi-threaded Debug {/MTd)
Default

Yes

Mo

Mok Set

Precise (Jfp:precise)

ilu]

Enable read-onky string pooling For generating smaller compiled code.  (fGF)

oK ] [ Annuller

Figure 16 Visual Studio SystemC project properties

8. From the C/C++ tab, select the Language properties and set
'Enable Run-Time Type Info' to Yes

9. From the C/C++ tab, select the Command Line properties and add /vimg
to the 'Additional Options:' box.

10. From the Linker tab, select the Input properties and type 'systemc.lib'
in the 'Additional Dependencies' box.

11. Click OK
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Also make sure that the compiler and linker can find the SystemC header and library files
respectively. There are two ways to do this, both can refer to an environment variable pointing to
the SystemC install path:

Update Include and Library directory for current project only

To add the include file and library directory search paths for the current
project only:

1. Display the project Property Pages by selecting 'Properties...' from the Project menu.
2. From the C/C++ tab, select the General properties and type the path to the SystemC 'src'
directory in the text entry field labeled 'Additional include directories' (e.g. the examples use
'$(SYSTEMCO)\..\src").
3. From the Linker tab, select General properties and type the path to the SystemC library in the
text entry field labeled 'Additional Library Directories'

(e.g. the examples use '$S(SYSTEMC)\SystemC\Debug').

4. From the Linker tab, select Input properties and enter 'systemc.lib' in the 'Additional
Dependencies' text entry field.

5. Click OK

Update Include and Library directory for all projects

To update the include file and library directory search paths for all projects:
1. Select Tools -> Options . . . and the Projects -> VC++ Directories tab
2. Select show directories for: Library files

3. Select the 'New' icon and enter: $(SYSTEMC)\SystemC\Debug

4. Select show directories for: Include files

5. Select the 'New' icon and enter: $(SYSTEMOC)\..\src
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" ADCInput - Microsoft Visual Studio E]@
File Edit “iew Project Build Debug Tools  ‘Window  Community  Help
RS RN N~ CE) | | b Debug * Win32 - | [# _watching_first R e e M I
TIRCL A A = a5
i Docum... » 3 X main.cpp ~ X ||Solution Explorer - Solution 'a0CIn... -« 3 X
i
5 {Global Scope) w = | e | [=]
=
g _There are no [ o j] Solution "ADCInput’ {1 project)
m items to show - tigi tﬂ
Sl (e iclerked /4 Visual Studio wversion = |2 ADCInput
o - .
T document, 7] int sc main{ int arge, char **fargy) .5 Header Files
= [ ¢ o ] ADCSource.h
% ) ) ) ) ) \h] ADCTop.h
= ] // Depricated since version 3wystemC version 2.2 is used ﬂ CirBuffer.h
n] CirBuffer,
=3 =c _report handler::set actions("/IEEE 3td 1666 /deprecated™, 3C 1
= /{sc_report_ _ (45 _Std_ fdep . 2 ] FowerPC.h
z : . : : = | Source Files
cout << "wnit¥isual 3tudio 5.0 - build with 3ystewmC Ver.:" 3C_REL] & ADCSource.cpp
C:] ADCTop.cpp
/¢ Instance of ringbuffer 4] CirBuffer.cpp
ADCTop ADCTop ("ADCTest™): B:] main. cpp
M C:] PowerPC.cpp
< >
Qukput « 3 X _jjSqution _/?Class Wiew _.EJResourc...
Show output from:  Build - | | =4 | = Properties o MR
CirBuffer.cpp s =
main. cpp
PowerPC. cpp ‘: EL |
Generating Code. . .
Compiling manifest to resources.. _|
Linking. ..
Embedding manifest. ..
Build log was sawved at "file://c:hSvstenCiADCInput i DebugiBuildlog. htn"
ADCTInput - 0 errori(s), 0 warningis)
========== Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped ==========
w
=] Output _j"jPending Checkins || g} Errar List |5 Find Resulks 1
Ready Ln 9 Col 35 Ch 35 NS

Figure 17 Visual Studio build of SystemC project

The project should now be ready to perform a build solution (F7). If you have used the ADCInput
files you will be able to build and run the programme. You will get a result like this :

WWINDDWS system 32 cmd.exe

Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data

181.
184,
187,
178,
193,
196,
199,
282,
285,
288,
211,
214,
217,
2208,
223.
226,
229,
232,
i L
238.
241,
244,
247,

Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data
Data

Figure 18 Visual Studio running SystemC programme

You have to make the same setup in the project Property Page for the Release build configuration
when building the release solution. The sample programme has generated an ADClnputWave.ved
file which you can view with the GtkWave.exe file. See chapter “Setup of the GtkWave

viewer”.
Copyright © 2007 Danish Technological Institute
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Setup of the GtkWave viewer
The GtkWave programme can be downloaded via http://home.nc.rr.com/gtkwave/.

1. You have to unzip the gtkwave-1.3.24.tar.gz file and place it in the root like C:\gtkw. Then
add the directory C:\gtkw\bin to the path in the environment variable settings for your
Windows.

2. Next step is to copy the GtkWave.exe file to the C:\gtkw\bin directory.

3. Then set the GtkWave.exe programme to be the default programme in Explorer to open files
with the extension *.VCD (See below Danish version of Windows XP)

Mappeindstillinger E]

Genersl | Wiz Filtyper

Reqistrerede filtyper:

Fitppenawne | Filkyper ||
[Fvco YCD-Al
G INGEN]  AudicCD
e [IMGEM]  Drev
G INGEN)  DVD Video
[CAIMGEM]  Filmappe

B IMGEM)  Hurtigt opkald

fﬂ"l MeICChI Limbmrarmbmmmn 1mi

Oplyzninger am filkypenaynet WCO'

Abres med: Egtkwave

klik p& Avancerst for at sendre indstilingerne for alle filer af tpen
‘BudioCD'.

Gendan

Luk,

Figure 19 Explorer settings for opening VCD files with GtkWave
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When you now try to open by clicking on the ADClInput.vcd file which was generated by
the example programme in previous chapters, the wave file will be open automatically. You
have to select SystemC in the SST window and add signals to the Waves window. Now

zoom — out until you can see the signals shown in the figure below.

% GTKWave - C:\SystemC\ADCI\TestSC\ADCInputWave. ve d (=<
File Edit Search Time Markers \iew Help
WD loaded successfully, o [-Z0oarm Page -jFetch 1 Disc Shift Marker Time
[&] Facilities Faund.
Reqions Formed on demand. @ @ @ From:| 0 sec 200 ns
|$|] # Q $ Ta: 49900 ns Current Time
=l 35T Signals
'—Systemc lin= - i
bu=y =
clk =
inDatal[l7:0] =
outDatal[17:0] =
read =
Signals ready =
busy
clk
inDatal17:0]
outData[17:0]
read
ready
Filker:
~
[Append] [ Insert ] [ Replace ] < 3 < >
Figure 20 GTKWave viewer
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Linux setup for SystemC

This part contains the description for using Eclipse and SystemC on Linux. For this installation we
have used the Toplogilinux distribution that can be downloaded from
http://www.topologilinux.com/.

Topologiliunx is a linux version to be run on top of or inside your existing windows system. Most
importantly, it does not require any partitioning at all. (It uses a single file as the linux root system)
The kernel version of linux is not modified and based on kernel version 2.6.17.13, the release of
Topologilinux is 6.1.0.

Ml Cooperative Linux console o ] 4

File Monitor Inspect Help

WE B BE BE B B BE E BEBE BE BE B BE BE BEBE B BE B B BE BEBE B BE B BEBE BE B B BE ME BEBE B BE B BEBE BEBE B B B B BE BE B B BE B BEBE BE BE B BE B BEBE B BE B BE BE B BE B BE B B BE B BB B

Helcome to Topologilinux 6.1.8

b BE EBE B BE P B BE BB B S B RE BERE P 3E BE 3B BE B B S BERE BE R BE S SR E B BE S 3E R BB BE S B SE BERE B 3EBE SR MR B S B 6 BE R B S B BB B B S M6 BB M

| This is the login screen. If you want to replace this screen
edit the file /etc/issue

Tolologilinux is a Slackware 11.0 based linux distribution with some extra

packages. Visit Topologilinux homepage for more info {(www.topologilinux.com)
If this is vour Tirst login, Login as root by tvping root

belabtop login: root
assword:

ast l?gin: Fri Aug 24 15:06:11 +0208 2007 on ttvl.

o mail.

oot@kbelabtop:™# uname -a

inux kbelabtop 2.6.11-co-0.6.4 #1 Mon Jun 19 05:36:13 UTC 2006 1686 1686 1386 G
U/Linux

oot@kbelabtop: "#

Cooperative Linux console started
MonitorD: Attached

Figure 21 Linux version
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Installing SystemC on Linux

This guide concerns installation of version 2.2.0 for SystemC.

SystemC can be downloaded from the website of (OSCI) Open SystemC Initiative, see link
http://www.systemc.org/home.

The SystemC source is to be found on the website: DOWNLOADS -> OSCI Standards ->
SystemC 2.2. Before being able to download this source code, you have to create an account.

Additional information is to be found in the INSTALL and README files that are located in the
SystemC package. This guide should, however, be sufficient to get started.

Before you start installing the SystemC you must have a Linux platform to work on:
1. Unzip the systemc-2[1].2.0.tgz to the folder:
/home/<user>/systemc-2.2.0
2. Create the objdir and change to this directory
/home/<user>/systemc-2.2.0/objdir
3. Configure the package for your system.
$ ../configure
4. Compile the package.
For a debug SystemC library, enter:
$ make debug
Alternatively, for an optimized SystemC library, enter: $ make opt
5. Install the package
$ make install
The SystemC library will be stored in :
/home/<user>/systemc-2.2.0/lib-linux/libsystemc.a
6. At this point you may wish to verify the installation by testing the example suite.
$ make check

This will compile and run the SystemC examples in the subdirectory example
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Creating SystemC application on Linux with Eclipse

Since Eclipse is the same on Windows and Linux you can use the same guide as described in the
Windows installations. See “Creating SystemC Applications with Eclipse”. Just follow the
same guide for creating a SystemC project.

When you create a new project, the Tool chain must be “Linux GCC” instead of “Cygwin GCC”.
Include and library paths must be different on Linux see below:

Include path (-I): /home/<user>/systemc-2.2.0/include/
Library search path (-L): /home/<user>/systemc-2.2.0/lib-linux/

References

The following books will provide a good starting point for learning about SystemC.
“SystemC: From the Ground Up” by David C. Black and Jack Donovan

This is a fine book for learning SystemC from a system-level design point. It gives an introduction
to Transaction-Level Modelling (TLM) and SystemC language, including the architecture and C++
classes’ library. It covers the newer version of SystemC 2.1 and requires a good knowledge of C++.
There are a lot of SystemC examples for every chapter which can be downloaded from
http://www.eklectically.com/.

“A SystemC Primer, Seconf Edition” by J. Bhasker

This is a good book for learning SystemC from a register transfer level (RTL) design point. It
focuses on making simulations in SystemC of digital electronics and is a good starting point if you
are used to making implementations in Verilog or VHDL code. It only covers the TLM modelling
features of the SystemC languages beyond RTL to some extent.

“Transaction-Level Modeling with SystemC: TLM Concepts and Applications for Embedded
System”’by Frank Ghenassia

This is a good book which provides an overview for designing System-on-Chip (SoC), including
complex FPGA designs. It covers the theory about modelling and verification. It is not a book on
how to programme SystemC but provides a good overview of areas like Transaction Level
Modelling, Techniques, Embedded Software Development and Functional Verification in the area
of modelling and simulation for developing SoC and advanced FPGA systems.
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