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The design and verification gap

Generelle kompetencer, metoder
og veerktagjer

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

platform
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Model Based Co-design with SystemC

System specification

Functional
plementation of
models

Functional verified
dels

Functional View
System Model
Algorithm Developer

Creation of
architecture in
SystemC

Architecture View

Verified and simulated
architecture

System Simulation
Platform Designer

System
Implementation
and Validation

developement

Early software
with SystemC

‘ System verification ‘

Programmers View Micro-Architecture View

Interfaces
(drivers,
HAL)

C/C++

System validation

10
33

10




2 3)45) 6 745'7 6 845'89 742 '7 9 842 '8

System ol
gortn Boveloper

Systom Simuaton
Pettom besaner

( *

deployment Deployment

Virtex4 FPGA

PowerPC

lIRFilter Coefficient Calculation

Algo Memlry Map

;

IIR Algo IP

In Data Port Out Data Port




class System /

sc_nmodule] sc_module]
Top user
+ dock s_clock + oLk win_dk
+ data_ack sc_sgnal<bool> + gel_peak 5_in<s_int<WBUS> >
+ data_ready: sc_signal<bool> p
+ data_req: s_sgnal<bool> puser| |
+ data_valid: s_signal<bool> p
+ in_coef0: sc_signal<se_int<WBUS>> N
+ in_coefl: so_signal<sc_int<WBUS>> N
+in_coef2: sc_signal<sc_int<WBUS> > + set_gain: sc_out<se_int<WBUS> >
+ in_coef3: sc_signal<sc_int<WBUS> > EToas + sl user s out<se_ int<WBUS> >
+ in_coefd: sc_signal<sc_int<WBUS> > A
+ in_data: s_sgnal<sc_int<ALGO_BITS> > Sl + SC_CTOR(user)
+ in_regl: sc_sgnal<sc_int<WBUS> > T ok mindk =
+ in_reg2: sc_sgnal<sc_int<WBUS> > $SIPK + data,_ack . out<bool>
+ ou_data: s_sgnal<s:_int<ALGO_BITS> > & (HRLT CalEED
+ oulreg2: s sgnal<sc_int<WBUS> > + In_data: s In<sc INALGO_BITS>>
+ SC_CTOR(Top) + SC_CTOR@ENK
+ ~Top() + Zsnig in_coef04
out_data
PAIGY, y, IR
sc_module
algo IRFilter
+ CLK: s_in<bool>
pSource o o o e + copyCoefficientsFrom(IRFilter8) : void
e + gelCoeffFixed(int) : in
+ data_ready: sc_out<bool>
sc_module - -
X + oo . curehools + getCoeftFloat(nt) : float
source + data_valid: sc_in<bool> + IIRFilter)
2 2 + IRFilter(IRFilterg)
+ CLK: se_in_clk © [T U LTS + ~lIRFilter
+ data_req: s in<bool> in_data -} * + makeBandPass(double, double, double, float) : void
* “ﬂ‘ﬂa"a““ 9570“‘4’00"%60 ars N e e o S + makeHighPassidouble, double) : void
+ out_data: s_out<sc_int< > ) X  in<s: |
L _OUt<SC | | & D cared i 2 ::::—:::‘sr:(;«(azu:lg double, double, float) : void
ive(: voi
+ entry( : void : ::’rg‘i :I::z’::r:ﬂgﬁgliws>> + makeLowPass(double, double) : void
+_SC_CTOR(source) + InTeg> & imcenimeWBUS + makeLowShelf(double, double, double, float) : void
+ ou_data: _out<sc_int<ALGO_BITS> > e o
+ SC_CTOR(algo)
Useruser Filter :IIRFilter Source :source Algo -algo Sink:sink
maeHighPass)
getCoeffFixed(0-4)
Set_coeff04
set_user (ENABLE_IIR_BIT:
>
reset(false) i
000/ [ioap )/ =
tforever] [mple <N] in_data
data_valid
1
AlgoProcess)
loop_/ = >
[ample <NJ '
data_ready :
data_ack
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Algo HighPass Filter Test (Architecture Level)
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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)
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SystemC Language Architecture

Methodology-specific channels

Elementary Channels

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

e 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

e C++ user-defined types

e C++ built-in types (int, char...)
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SystemC Abstraction Levels

!

Smaller,
faster, less
accurate

Algorithmic Level (AL) Functional (aigorithm Developer )
Foundation: No Implementation Aspects

Programmer’s View (PV) Bus generic (Platform User )
Masters/Slaves

Larger,
slower,
more
accurate

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

Cycle Accurate Level (CA) Word transfers
Cycle-accurate

!

RT Level (RT) Signal/Pin/Bit
Foundation: Registers, logic Cycle-accurate

Possible design levels for verification (OriginaCadence)

20
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Use cases
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Software Software Architectural Hardware
development performance analysis verification

TLM-2 Coding styles

Loosely-timed

Approximately-timed
Mechanisms

Blocklng DMI Quantum Sockets Generic Phases Nqn-blocklng
interface payload interface

22
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1. Core interfaces
and sockets

2. Generic payload 3. Base protocol
Command BEGIN_REQ
Address P
Data N

END_RE
Byte enables -REQ
Response status BEGIN_RESP
| Extensions >
END_RESP

Maximal interoperability for memory-mapped bus models

18

Untimed

« Simulation time not required
» Each process runs until next explicit synchronization point
« Blocking interface methods or waits permit context switch

Loosely-timed

« Is aware of time — uses BEGIN_REQ and BEGIN_RESP phases
 Processes can be temporarily decoupled from simulation time
« Each process keeps a local tally of time and yields when quantum reached

Approximately-timed

 Uses additional phases END_REQ and END_RESP

 Processes run in lock-step with simulation time

« Delays annotated onto transactions cause waits or timed notifications
» Used for performance analyses eg. contention/arbitration modelling

23
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Architecture Vi

System Simulation
Platform Designer

Model Based Co-design w

System specification

ith SystemC

plem n o
models

Functional verified
odels

Functional View
System Model
Algorithm Developer

Creation of
architecture in

w
Verified and simulated
architecture

Early software
developement

Programmers View

Interfaces
(drivers,
HAL)

C/C++

System validation

System
Implementation
and Validation

System verification
with SystemC

Micro-Architecture View
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library IEEE;
use |IEEE.std_logic_1164.all; -- defines std_logic ty
use |EEE.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_logi
finish_craft : out std_logic;

in std_logic;

e in std_logic;

sample_clock : in std_logic;

in_data : in std_logic_vector(17 downto 0):

void SynFir::DoCalculate()
{

sc_int<ALGO_BITS*2>sum;
bool clock_state;

while(true)

1l Check if reset is active (async. reset)
if (reset == true)

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

m_delay_line[i]= 0;

pes
clock_state = true;
else

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

11 Shift samples within delay line
for (intj = TABS-1; > 0; j--)

m_delay_line[j]= m_delay_line[j-1];

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):

wait();

in_coefl : 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_coefd : in std_logic_vector(31 downto 0):

$%

> o
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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

& 1

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

Unigue mapping technology
Message-passing SystemC TLM

No embedded software / ISS needed

No hardware IPs needed

* 8

(©Fluent
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Architectural Model

Functional Model

Executive Structure

H o) *

* 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

28



“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

29
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Input from
IBM (Rhapsody)

Papyrus etc
SysML
UML model
(XMl file)
"
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Figure 1: SystemC Use Model
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class Ringbuffer Model /

«sc_module»
test_ringbuf

actual: sc_signal<sc_logic>
dataerror: sc_signal<sc_logic>

expected: sc_signal<sc_logic>
pseudo: sc_signal<sc_lv<20>>
storage: sc_signal<sc_lv<20>>

+ o+ o+ o+ o+ o+

clock_assign() : void
compare_data() : void
generate_data() : void

print_error() : void
print_restore() : void
reset_generator() : void

iclock
txda
txc
t
rxda
o
outstrobe

s
LI

]
LI

tstrobe

Ringbuf (VHDL)

33



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

ENTITY ringbuf IS

PORT (

2 &) 9%

clock :IN std_logic;
reset :IN std_logic;
txda  :IN std_logic;
rxda  : OUT std_logic;
txc 1 OUT std_logic;

outstrobe : OUT std_logic

);

constant counter_size : integer := 4;

constant buffer_size : integer := 16;
END ringbuf;

[} 1

class ringbuf : public sc_foreign_module
{
public:

1 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;

/I Constructor

ringbuf(sc_module_name nm, const char* hdl_name)
. sc_foreign_module(nm),

clock("clock"),
reset("reset"),
txda("txda"),
rxda("rxda"),
txe("txc"),
outstrobe("outstrobe")

elaborate_foreign_module(hdl_name);

}
~ringbuf()
{

34
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/lenum 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
k

/I nbcode "data” start

struct  data_t

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

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

{

scv_smart_ptr<data_t>data_p ("data");

/Iset 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++)

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

scv_out << "Random " << data_p->get_name() <<" #"
end|;

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

}

return O;

<< j<<

g
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FPGA

SystemC, Simulink, ModelSim, VHDL

PPC

Linux

Kernel
WelchPSD Driver

PC
Browser
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www.ImpulseAccelerated.com
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C language
applications

: deviceor :

platform

C software
libraries

40



¢ &
(*
* * '
" ! ! " &
( "+ I1$@9N " ) @ (+N9 (¥,
FX70 FPGA
<« GPIO
<« INTC
FC;—O o <> BRAM
2]
a0 o 7 <> DDR2
> <> SysACE
<> UART

Complete PowerPC system-on-chip on a single FPGA de  vice
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Timing Critical SW
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