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Complex embedded systems (MPSoC, FPGA…)

� Tera-scale 80 core (Intel research)

� HW/SW complexity 
development 
time…….
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FPGA development boards (Xilinx/Altera)
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The design and verification gap
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Adresserer vi med ADD-Lab og 
generelle kompetencer, metoder 

og værktøjer

Metoder og SystemC, 
eksekverbar UML.model: test 
HW/SW-model uafhængig af 

platform
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Challenges for Digital Designs 

� Demands for present and future :
– Shorter time to marked and development time
– More transistors on a single chip (32 nm)
– Increased complexity and sophisticated designs
– Improvement of the development process in terms of team 

communication and usages of methodologies and tools

� Some questions to be answered :
– How to design and describe a system that consist of Hardware and 

Software parts ?
– How to speed up verification and simulation time for complex designs ?
– How to model and analyze the best partition of a design ?
– How to start software development before hardware is ready ?

SystemC Example : 

IIR filter
HW/SW co-design method in SystemC
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A SystemC 
model based 
co-design 
methodology

Creation of 
architecture in 

SystemC

Verified and simulated 
architecture

System specification 

System validation

Hardware 
Compo-

nents

Software 
Compo-

nents

System Model
Algorithm Developer

System Simulation
Platform Designer

HDLC/C++
Interfaces 
(drivers, 

HAL)

Architecture View

Micro-Architecture View

System verification 
with SystemC 

Functional verified  
models

Functional 
implementation of 

models 

Functional View 

Model Based Co-design with SystemC

Early software 
developement

Programmers View

System 
Implementation
and Validation

Model views of IIR filter co-design steps

� Functional View (functional accurate)

– IIR filter verified in C++ (float and fixed)

� Architecture View (structure and timing)

– IIR filter model in SystemC
– SystemLevel simulation – Cycle accurate
– GateLevel simulation – SystemCrafter

� Implementation (pin and cycle accurate)

– IIR filter SystemC -> VHDL - IP core
– Xilinx Platform Studio + SDK (Eclipse + Gnu)
– IIR filter SystemC -> C test program
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Direct Form I IIR filter structure

Y(n) = b0*X(0) + b1*X(n-1) + b2*X(n-2) – a1*Y(n-1) – a2*Y(n-2)  

IIR Filter HW/SW Partitioning

deployment Deployment

Virtex4 FPGA

PowerPC

IIRFilter Coefficient Calculation

IIR Algo IP

Algo Memory Map

In Data Port Out Data Port
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IIR Filter Architecture View

class System

sc_module

algo

+ CLK:  sc_in<bool>
+ data_ack:  sc_in<bool>
+ data_ready:  sc_out<bool>
+ data_req:  sc_out<bool>
+ data_valid:  sc_in<bool>
+ in_coef0:  sc_in<sc_int<WBUS> >
+ in_coef1:  sc_in<sc_int<WBUS> >
+ in_coef2:  sc_in<sc_int<WBUS> >
+ in_coef3:  sc_in<sc_int<WBUS> >
+ in_coef4:  sc_in<sc_int<WBUS> >
+ in_data:  sc_in<sc_int<ALGO_BITS> >
+ in_reg1:  sc_in<sc_int<WBUS> >
+ in_reg2:  sc_in<sc_int<WBUS> >
+ out_data:  sc_out<sc_int<ALGO_BITS> >
+ out_reg2:  sc_out<sc_int<WBUS> >

+ SC_CTOR(algo)

IIRFilter

+ copyCoefficientsFrom(IIRFilter&) : void
+ getCoeffFixed(int) : int
+ getCoeffFloat(int) : float
+ IIRFilter()
+ IIRFilter(IIRFilter&)
+ ~IIRFilter()
+ makeBandPass(double, double, double, float) : void
+ makeHighPass(double, double) : void
+ makeHighShelf(double, double, double, float) : void
+ makeInactive() : void
+ makeLowPass(double, double) : void
+ makeLowShelf(double, double, double, float) : void
+ processSamples(float* const, int) : void
+ processSamples(int* const, int) : void
+ reset() : void

sc_module

sink

+ CLK:  sc_in_clk
+ data_ack:  sc_out<bool>
+ data_ready:  sc_in<bool>
+ in_data:  sc_in< sc_int<ALGO_BITS> >

+ SC_CTOR(sink)
+ ~sink()

sc_module

source

+ CLK:  sc_in_clk
+ data_req:  sc_in<bool>
+ data_valid:  sc_out<bool>
+ out_data:  sc_out<sc_int<ALGO_BITS> >

+ entry() : void
+ SC_CTOR(source)

sc_module

Top

+ clock:  sc_clock
+ data_ack:  sc_signal<bool>
+ data_ready:  sc_signal<bool>
+ data_req:  sc_signal<bool>
+ data_valid:  sc_signal<bool>
+ in_coef0:  sc_signal<sc_int<WBUS> >
+ in_coef1:  sc_signal<sc_int<WBUS> >
+ in_coef2:  sc_signal<sc_int<WBUS> >
+ in_coef3:  sc_signal<sc_int<WBUS> >
+ in_coef4:  sc_signal<sc_int<WBUS> >
+ in_data:  sc_signal<sc_int<ALGO_BITS> >
+ in_reg1:  sc_signal<sc_int<WBUS> >
+ in_reg2:  sc_signal<sc_int<WBUS> >
+ out_data:  sc_signal<sc_int<ALGO_BITS> >
+ out_reg2:  sc_signal<sc_int<WBUS> >

+ SC_CTOR(Top)
+ ~Top()

sc_module

user

+ CLK:  sc_in_clk
+ get_peak:  sc_in<sc_int<WBUS> >
+ set_coeff0:  sc_out<sc_int<WBUS> >
+ set_coeff1:  sc_out<sc_int<WBUS> >
+ set_coeff2:  sc_out<sc_int<WBUS> >
+ set_coeff3:  sc_out<sc_int<WBUS> >
+ set_coeff4:  sc_out<sc_int<WBUS> >
+ set_gain:  sc_out<sc_int<WBUS> >
+ set_user:  sc_out<sc_int<WBUS> >

+ SC_CTOR(user)

-IIR

-pUser

-pSource

-pSink

-pAlgo

in_data

out_data

in_coef0-4

IIR Filter Behavioral View
sd Sequence diagram

Algo :algoFi lter :IIRFi lter Source  :source Sink :sinkUser:user

loop 

[sample < N]

loop 

[sample < N]

loop 

[forever]

makeHighPass()

getCoeffFixed(0-4)

set_coeff0-4

set_user (ENABLE_IIR_BIT)

reset(false)

data_req

in_data

data_valid

AlgoProcess()

out_data

data_ready

data_ack
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IIR Filter SystemC – Visual Studio

IIR filter simulation 
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IIR filter test

Algo HighPass Filter Test (Architecture Level)
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IIR Filter simulation time

SystemC - Simulation time for sweep test with 1000 samples

� Functional Level  < 1 sec.
� System Level 2 sec.
� Gate Level 23 sec.
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IIR filter as IP core in FPGA

IIR Filter SystemC to C – XPS SDK
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SystemC and
Electronic System Level Design (ESL)

ESL design and verification is an emerging  electronic design methodology 
that focuses on the higher abstraction level concerns first an foremost. 

High-level language as C, C++ and MATLAB.

ESL can also be accomplished through the use of SystemC as and 
abstract modeling language.

(Wikipedia - 2009)

SystemC for modeling 
and verification of a HW/SW co-design

� Main purpose is description and simulation of larger systems where 
software and hardware coexist on equal terms – e.g. heterogeneous 
multiprocessor systems

� SystemC is strong for fast simulation and verification

� SystemC saves a lot of time wasted on constant translations between C 
descriptions and HDL, but mixed simulation is possible

� SystemC can be used for different areas of System Modeling like 
Transaction Level Modeling (TLM2) and even Analog Mixed Signal 
Systems (AMS)
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Open SystemC Initiative (OSCI)
� Independent , not-for-profit association

� Open industry standard for system-level modeling, design 
and verification

� SystemC approved by IEEE Standards Association as 
IEEE Std, 1666-2005

� OSCI launched in 1999 for defining a language for 
electronic system-level design (ESL) using standard C/C++

� Purpose is to use a single model for the system-to-silicon
design flow

– Rich system-level language ”SystemC”
– Reuse of IP, tools and methods based on ”SystemC”
– Growth of the SystemC community
– SystemC Language Reference Manual
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SystemC Language Architecture  

C++ Language Standard  

Elementary Channels  
Signal, Timer, Mutex, Semaphore, FIFO, etc.  

• Time  
• Concurrency  
• Modules  
• Processes  
• Interfaces  
• Ports  
• Channels  
• Events  
• Event-driven sim. kernel  

Data Types  
• 4-valued logic (0, 1, X, Z)  
• 4-valued logic-vectors  
• Bits and bit-vectors  
• Arbitrary-precision integers  
• Fixed-point numbers  
• C++ user-defined types  
• C++ built-in types (int, char…)  

Methodology-specific channels  
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Why use SystemC ?

� Main purpose is description and simulation of lager systems 
where software and hardware coexist on equal terms – like FPGA 
with embedded processor

� SystemC is strong for fast prototyping and verification. Reuse of 
SystemC test bench on different levels

� SystemC saves a lot of time wasted on constant translations 
between C descriptions and HDL

� You can get started with SystemC for free
– (SystemC synthesis for only $2995)
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What is SystemC ?

� C++ class library
– create a cycle-accurate model of software algorithms, hardware 

architecture
– interfaces of a SoC (System On a Chip)  on FPGA’s
– system-level designs 

� Use SystemC and other C++ development tools  
– to create a system-level model
– simulate to validate and optimize the design
– explore various algorithms
– provide an executable specification of the system 

� An executable specification is a C++ program that is executed with the same 
behavior as the final system

SystemC Basis #1 (Module, Process)

� Description of hardware, software, and interfaces i n a C++ environment. 
Concurrent simulation kernel.

� Modules
– Hierarchical entity
– Can have other modules or processes contained

� Processes ( Thread , Method )
– Describe functionality and are contained inside modules  
– Methods must never suspend. They are called repeatedly on dynamic or 

static sensitivity. 
– (Like Verilog always@ and VHDL process)
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SystemC Basis #2 (Port, Channel)

� Ports (In, Out)
– Modules have ports through which they connect together using channels
– Single-direction and bidirectional ports

� Exports 
– Exports the channel inside a module and use the exported port externally as 

though it were a channel 

� Channels (Signals , Fifo , Buffer )
– Resolved signals have more than one driver (bus)  
– Unresolved signals can have only one driver
– Fifo’s and buffers for higher level of simulation
– Mutex and semaphores to share common resources
– Customized channels  - hides complexity and implements interfaces

SystemC Basis #3 (Data types, Clocks, Events )

� Rich set of data types
– Native C types and sc_*. Four state logic types
– Fixed precision data types allow for fast simulation, arbitrary precision 

types can be used for computations with large numbers
– Fixed-point data types can be used for DSP applications 
– Two-valued and four-valued data types 

� Clocks
– Motion of clocks (as special signals) 
– Multiple clocks, with arbitrary phase relationship, supported 

� Events
– Event is something that happens at a specific point in time 
– (no value and no duration)
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SystemC Language UML view

Why use SystemC for model verification ?

� Ultra light-weight cycle-based simulation
kernel high-speed

� Multiple abstraction levels 
– high-level functional models 
– detailed clock cycle accurate RTL models 

� Iterative refinement of high level models into
lower levels of abstraction

� Reuse of SystemC test bench for verification
on more levels
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Design methodology

� Models

� Abstraction levels

� Transaction level modeling

� TLM2 at a glance

Design Models
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Executable Model

SystemC Abstraction Levels    

Cycle Accurate Level (CA) Word transfers  

Foundation: Clock Edge Cycle-accurate  

Programmer’s View + Timing (PVT) (Platform creator )

Foundation: Timed Protocol Timing approx.  

Programmer’s View (PV) Bus generic (Platform User )

Foundation: Memory Map Masters/Slaves  

RT Level (RT) Signal/Pin/Bit  

Foundation: Registers, logic Cycle-accurate  

Algorithmic Level (AL) Functional (Algorithm Developer )

Foundation: No Implementation Aspects  

Smaller, 
faster, less 
accurate  

Larger, 
slower, 
more 
accurate  

Possible design levels for verification (Original -Cadence) 
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Transaction Layer Modeling

Usages of TLM Modeling with SystemC 

� Executable model for a HW/SW codesign
(To verify functional and non-functional requirements for a RTE system)

� Timing and performance analyses

� Iterative refinement from functional, architecture to implementation 
model level

� Design exploration – different architecture solutions

� Reuse of model for verification and test of the HDL code

� Golden reference for hardware development

� Start development of software before hardware is available
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Use Cases, Coding Styles and Mechanisms (TLM2)

Blocking 
interface
Blocking 
interface

Non-blocking 
interface

Non-blocking 
interface

DMIDMI SocketsSocketsQuantum Quantum 
Generic 
payload
Generic 
payload

Mechanisms

Use cases

Software 
development

Software 
development

Architectural 
analysis

Architectural 
analysis

Hardware 
verification
Hardware 

verification
Software 

performance
Software 

performance

Loosely-timedLoosely-timed

Approximately-timedApproximately-timed

TLM-2 Coding styles

PhasesPhases
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Interoperability Layer

��������������	�	��
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1. Core interfaces 
and sockets

2. Generic payload

Command
Address
Data
Byte enables
Response status

Extensions

3. Base protocol

BEGIN_REQ

END_REQ

BEGIN_RESP

END_RESP

Maximal interoperability for memory-mapped bus models

From functional specification 
to implementation

� A SystemC model based co-design methodology

“Usage of System Level Modeling with SystemC”  (Artic le)
www.teknologisk.dk
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A SystemC 
model based 
co-design 
methodology

Creation of 
architecture in 

SystemC

Verified and simulated 
architecture

System specification 

System validation

Hardware 
Compo-

nents

Software 
Compo-

nents

System Model
Algorithm Developer

System Simulation
Platform Designer

HDLC/C++
Interfaces 
(drivers, 

HAL)

Architecture View

Micro-Architecture View

System verification 
with SystemC 

Functional verified  
models

Functional 
implementation of 

models 

Functional View 

Model Based Co-design with SystemC

Early software 
developement

Programmers View

System 
Implementation
and Validation

class FirFilter

«sc_module»
mixer :Mixer

ins out

«sc_module»
fork :Fork

in outs

«sc_module»
fir :ParFir

in out

HighPassFir
LowPassFir

«sc_module»
monitor_ref :Monitor

in

inAdapt :InAdapt
clock

out_data

reset

sample_clock

sc_fifo_out_if

«sc_module»
firRtl :SynFirclock

in_data out_data

reset

sample_clock

outAdapt :OutAdapt
clock

in_data

reset

sample_clock

sc_fifo_in_if

create
coefficients

create
coefficients

out_data

«sc_signal»

in_data

«sc_signal»

output

«sc_fifo»

fir_in

«sc_fifo»

create
coefficients

mix_out

«sc_fifo»

create
coefficients

HW/SW Co-design with SystemC
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Usage of SystemC (Tools)

� C-based and SystemC from model to implementation
– SystemCrafter

� System level modeling for time behavioral analyses and architecture design 
– CoFluent

� Virtual Architectures and Virtual platforms
– CoWare and OVP

� IP-XACT for interconnection and reuse of busses and IP-Cores

� From UML models to Hardware and Software
– Axilica, FalconML

SystemC, Handle-C, ImpulseC… to FPGA gates

Test Bench  

Xilinx Tools  

Gate-level   
SystemC Model  

Simulation  

Xilinx FPGA  

SystemCrafter  

RTL HDL  

C++ Compiler  

SystemC Model  

HDL Simulation  

HDL Simulator  

HDL Test Bench  

void SynFir::DoCalculate()
{

sc_int<ALGO_BITS*2> sum;
bool clock_state;

while(true)
{

// Check if reset is active (async. reset)
if (reset == true)
{

for (unsigned i=0; i < TABS; i++)
{

m_delay_line[i] = 0;
m_coeffs[i] = 0;
wait();

}
clock_state = true;

}
else
{
// Check for positive edge of sample clock
if (sample_clock.read() == 1)
{

if (clock_state == false)
{

// Shift samples within delay line
for (int j = TABS-1; j > 0; j--)
{

m_delay_line[j] = m_delay_line[j-1];
wait();

}

library IEEE;
use IEEE.std_logic_1164.all;  -- defines std_logic ty pes
use IEEE.numeric_std.all;  -- defines add, etc

library UNISIM;
use UNISIM.all; 

use work.craft_gatelibrary.all;
entity SynFir_DoCalculate is 

port (
clockin_craft :  in  std_logic;
syncreset_craft :  in  std_logic;
asyncreset_craft :  in  std_logic;
start_craft :  in  std_logic;
finish_craft :  out  std_logic;
clock :  in  std_logic;
reset :  in  std_logic;
sample_clock :  in  std_logic;
in_data :  in  std_logic_vector(17 downto 0);
out_data_out :  out  std_logic_vector(17 downto 0);
out_data_prev :  in  std_logic_vector(17 downto 0);
out_data_new :  in  std_logic_vector(17 downto 0);
in_coef0 :  in  std_logic_vector(31 downto 0);
in_coef1 :  in  std_logic_vector(31 downto 0);
in_coef2 :  in  std_logic_vector(31 downto 0);
in_coef3 :  in  std_logic_vector(31 downto 0);
in_coef4 :  in  std_logic_vector(31 downto 0);
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Embedded Software Architecting

� Structure embedded software application

� Analyze real-time software execution

� Prevent deadlocks & deadline miss

FROM GRAPHICAL
TIMED-BEHAVIORAL MODELS

� Real-time tasks decomposition & priorities

� Inter-task communications
& synchronizations

� RTOS scheduling policies
& performance properties

� Timed execution sequence diagram

Multi-core / multiprocessor modeling
& simulation

CPU load & memory footprint analysis

SW / SW partitioning
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System Architecting

� Optimize performance of designs
� Analyze change impact in designs
� Validate architectures against

new features
FROM PARTIAL HW AND SW DESCRIPTIONS

� Separate application & platform views
� Generic HW performance models
� Unique mapping technology
� Message-passing SystemC TLM

No embedded software / ISS needed
No hardware IPs needed
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Mapping

F1

Functional Model

MsQ2
F2

EvV1

F31 F32
V3

F3

MsQ1

F0
P1

N1 P2

Executive Structure

N0

M

P0 Communication
network

Memory

Architectural Model

MV1

N1

P2

IntP1

MsQ2

V1

F2

F31 F32
V3

F3

MsQ2

V1
IntP2

P1

F1
N0

IntP0
MsQ1

P0

F0
MsQ1

IntP01

Interfaces and communication network

Ev

Architectural Model
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• Real HW Platform
– Starts with RTL Design
– RTL Simulation
– Prototyping HW Platform

• Real SW
– Real Drivers
– Real OS
– Full Application

• Virtual HW Platform
– Pre-RTL Design
– Abstract Design
– C Modeling

• Virtual SW
– Functional APIs
– Integration Validation

Using Virtual Platforms for complex designs

CoWare – Hardware Architecture platforms
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CoWare - Programmers View (PV)

“The tool allows you to design an 
architectural timed model and then 
deliver a “Programmers View” (PV) 
model of a new ASCI design, so it is 
possible to start software development 
before the final hardware is ready.”

“Demonstration showed how you can 
debug Java code on a virtual mobile 
phone that consisted of an ARM 
processor, memory and peripherals.”

From “Usage of System Level Modelling with SystemC 

– Inputs fromDATE’08”, Kim Bjerge

Open Virtual Platforms

� Free, easy to use and high performance simulation, 
up to 500 MIPS (Instruction Accurate)

� Virtual platform easily created & configured in C
– Multiple processors
– Heterogeneous processors 

• ARM7, ARM926,Tensilica, MIPS32, OpenRISC
– Shared and local memories
– Memory Mapped Components
– Peripheral components

� Attach gdb debugger to application within Eclipse
� System environment for developing embedded software
� Use OVPsim used with C, C++ and SystemC supported
� Booting Linux 2.6 on a virtual ARM processor 
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Component reuse and IP-XACT
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Axilica
FalconML

Simulation Synthesis

SystemC
VHDL
Verilog

ASIC/FPGA

SysML

UML model
(XMI file)�

Input from
IBM (Rhapsody)�

Papyrus  etc 
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Electronic System Level Design at DATE’09

� Pierre Paulin, ST Microelectronics (Canada)

� Future asks for platform “Insulation” 
– Focus on functionality and not the underlying hardware

� First step 
– Virtual platforms using TLM and focus on the programming model

� Using the TLM for early system verification 
– HW/SW co-simulation in TLM is the state-of art today

� Next step
– Platform modeling layer to handle a mix of many different processor 

types and hardware component with different characteristics

� Geurlaud, Ericsson

� Be right the first time
– IP validation to be confident with new blocks

� System validation and early software development

� IP-XACT allows modifying the technology of IPs 
– adding or removing IPs from the system 

� Easy component reuse 
– Design flow based on an IP-XACT database

Co-verification with ModelSim

A Test bench with SystemC and VHDL

SystemC Verification Standard (SVC)
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ModelSim Kernel and SystemC (V6.0<)

� With ModelSim 6.3 it is possible to mix between VHDL, 
Verilog and ModelSim

Figure 1: SystemC Use Model  

ModelSim Kernel 

� Vgencomp <module> (Verilog module -> VHDL component)
� Vgencomp <module> (SystemC module -> VHDL component) 
� Scgencomp <module> (HDL -> SystemC module as *.h files)

� More details to be found in ”SystemC Verification with ModelSim”
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Ringbuffer Example

c la s s  Ringbuffe r  M ode l

« sc_ m o d u l e »
te s t_ ringbuf

- a ctu a l :  sc_ si g n a l < sc_ l o g i c>
- d a ta e rro r:  sc_ si g n a l < sc_ l o g ic>
- e xp e cte d :  sc_ si g n a l< sc_ lo g i c>
- p se u d o :  sc_ si g n a l < sc_ l v< 2 0 > >
- sto ra g e :  sc_ si g n a l < sc_ l v< 2 0 > >

+  cl o ck_ a ssi g n () : vo i d
+  co m p a re _ d a ta () : vo i d
+  g e n e ra te _ d a ta () : vo i d
+  p ri n t_ e rro r() : vo i d
+  p ri n t_ re sto re () : vo i d
+  re se t_ g e n e ra to r() : vo id

Ringbuf (V HDL)

cl o ck

txd a

rxd a

txc

o u tstro b e
o u tstro b e

txc

rxd a

txd a

i cl o ck

Ringbuffer Entity (VHDL)

library ieee;
USE ieee.std_logic_1164.all;
USE ieee.std_logic_arith.all;

ENTITY ringbuf IS
PORT (

clock     : IN std_logic;
reset     : IN std_logic;
txda      : IN std_logic;
rxda      : OUT std_logic;
txc       : OUT std_logic;
outstrobe : OUT std_logic

);
constant counter_size : integer := 4;
constant buffer_size : integer := 16;

END ringbuf;
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Ringbuffer header file (scgencom - SC)

class ringbuf : public sc_foreign_module
{
public:

// Ports
sc_in<sc_logic> clock;
sc_in<sc_logic> reset;
sc_in<sc_logic> txda;
sc_out<sc_logic> rxda;
sc_out<sc_logic> txc;
sc_out<sc_logic> outstrobe;

// Constructor
ringbuf(sc_module_name nm, const char* hdl_name)

: sc_foreign_module(nm),
clock("clock"),
reset("reset"),
txda("txda"),
rxda("rxda"),
txc("txc"),
outstrobe("outstrobe")

{
elaborate_foreign_module(hdl_name);

}
~ringbuf()
{}

};

ModelSim test of Ringbuffer
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SystemC Verification Standard (SCV)

� Adds extra classes to the basic SystemC class library

� Particularly suited for a verification which uses random 
vector generation

� Transaction recording in a file database

� Transaction level modeling and verification

� C++ Library on top of SystemC

� Freely downloaded from the OSCI home page and 
contains a number of examples

Smart Pointers

� The smart pointer takes a template argument may be a 
SystemC or C++; or a user-defined type.

� In case of a user-defined type it must be extended 

� New random value is generated by calling next()

� Methods to limit possible values by keep_only() or 
keep_out()

� Can also be used for recording and transaction support
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Ex. Randomization of user-defined type

//enum for one hot coding
enum onehot_t
{

STATE_0 = 0, STATE_1 = 1, STATE_2 = 2, STATE_3 = 4,
STATE_4 = 8, STATE_5 = 16, STATE_6 = 32 

};

// nbcode "data" start
struct data_t
{

sc_uint<8> field;
unsigned   payload[5];
onehot_t   state;

};

Example test program using SystemC and SCV

int sc_main(int argc, char** argv) 
{

scv_smart_ptr<data_t> data_p ("data");

//set keeponly on payload
for(int i=0; i<5; ++i) 

data_p->payload[i]. keep_only(0, 0x1ff);

for (int i=0; i<3; i++)
{

//randomize user-defined data type
data_p->next();

scv_out << "Random " << data_p->get_name() << " #" << i << 
":" << endl;

data_p->print(scv_out, 0, 2);
}

return 0;
}
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Result for random test

FPGA Example where
SystemC is used
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DIMMS (Data Interpretation Measurement and Management System)

SystemC, Simulink, ModelSim, VHDL

SystemC test bench with ModelSim
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Alternative methods and tools 
for C-to-FPGA

www.ImpulseAccelerated.com

Why Use C-to-FPGA Methods?

Reduced application development times
� Faster, more agile application development

� Example: Mandelbrot hardware accelerator
� More opportunity for design optimization and

experimentation

Reduced cost of entry
� Fast learning – C programmers can be productive in a day
� Rapid prototyping, iterative design, optimization and deployment

Reduced project costs
� Reduce or eliminate costly, high-risk hardware design phases
� Reduced costs for future modifications – helps mitigate risks
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What is Impulse C?

� Not a new language

� C-language for FPGA programming
� For embedded and HPC applications
� Supports standard C development tools
� Supports multi-process partitioning
� Used with or without an embedded or host 

processor

� A software-to-hardware compiler
� Optimizes C code for parallelism
� Generates HDL, ready for FPGA synthesis 
� Also generates hardware/software interfaces

� Purpose
� Describe hardware accelerators using C
� Move compute-intensive functions to FPGAs

C language
applications

HDL
files
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C software
libraries

FPGA
device or
platform

FCB_0FCB_0

FIRFIR

PowerPC
(standalone)

PowerPC
(standalone)

APU_0APU_0 P
LB

_0
P

LB
_0

GPIOGPIO

INTCINTC

BRAMBRAM

DDR2DDR2

UARTUART

SysACESysACE

FX70 FPGA

Accelerated DSP Filtering
� Single-FPGA embedded system
� Developed using Impulse C-to-FPGA compiler
� PowerPC processor with

Impulse C acceleration
� Can be generated with or without an embedded operating system
� Featuring the Xilinx ML507 development board and Virtex-5 FX70 FPGA

Complete PowerPC system-on-chip on a single FPGA de vice
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Altera C2H

� For the Altera NIOS II Micro Processor System
� Moving timing critical functionality from SW to HW
� Helps meeting performance requirements, reducing system clock frequency or 

reducing power consumption.

C

NIOS II
RAM

Timing Critical SW
e.g. an FFT

DMA

FFT
HW Acc.

Conclusion

� Many tools support system modeling based on SystemC

� SystemC is especially good for test (test bench)

� SystemC is good for HW/SW co-design modeling and verification

� SystemC can be used for fast IP core prototyping on FPGAs

� C-based alternatives for HW/SW co-design on FPGAs

� Handwritten VHDL or Verilog code is still the most c ompact for 
implementation or is it ?
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