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Why Syst entC?

* Needs

— Increasing conplexity, gate nunber,
simulation time, verification effort, hw sw
co-design, etc.

e Context of new | anguages / tools:
— Verification | anguages (PSL, sugar, vera),

— High-level synthesis (Handel-C, Precision C
behavi oural synthesis, etc).

e Comon C/ C++ nodel i ng

— Several event-based C C++-based sinulators
exi st(ed): in-house, Cynlib, SpeC, Ccapi

— Common effort, common | anguage -> SystenC

— Need for standardisation
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Why Syst entC?

« EDA devel opers
— Snall nmarket (conpared to SW

— Base a new | anguage on an existing w dely
used | anguage
¢« Rely on existing tools
« Focus on EDA specificity

e Common interest from several conpanies

— Contributions fromexisting internal
technol ogi es (Synopsys, CoWare, Adel ante
Technol ogi es (was: Frontier Design))

— Now extended to others
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What is SystentC?

e OSCl: Open SystenC Initiative

e (OSCl's Language Reference Manual (LRM
— A Hardware Description | anguage

— A C++ library that inplenments hardware
concepts (clock, ports, concurrency, etc)

e The reference inplenentation of this
| anguage
— Reference!!! (one of the possible...)
— Open-source, freely available
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What is SystentC?

e Associated libraries (from GsCl)
Ext ensi on are possi bl e
— Master-Slave |library: abstract conmunications

— Verification library: offers to SystenC nore
verification features (assertion,
introspection, etc.)

e Contributions of the OSCI worKking
groups
— Language
— Transaction Level Mddeling
— Verification
— Synthesis
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What is SystentC?

e There are (have been) 2 (successive)
"opi ni ons" about SystentC

e« RTL nodeling using C++
— What is the benefit conpared to ny favourite
HDL?
— (Looks suspect to HWdesigners)

e System |l evel nodeling

— Between system (C++, Matlab, etc), software,
and hardware designers (HDL)
¢ C/C++ is possible
« RTL is possible
« Everything between
« Mxing algorithmc and RTL
¢ Mxing HWand SW
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A Hardware Description Language

e You can wite (RTL) SystenC without

really knowi ng C++

e Let's nmake a short conparison:
VHDL / SystenC

ENTITY Mouse IS

PROCESS Phone (ring)

\

February 12, 2004

SC_MODULE(Mouse)

SC_METHOD(Phone);
sensitive<<ring;
(2

\ -,

~
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Decl arati on

entity my_nodule is
[ ports]
end my_nane

architecture my_arch of
my_nodule is

[ component s]
[types]
[ si gnal s]
begi n
[ processes (all)]
[ combi natori al ]
end
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SC_MODULE( my_nodul e)
{
[ ports]
[ signal s]
[ rodul es]
[ processes (decl.)]
SC CTOR(ny_nodul e) {

[ processes
(sensitivity)]

}
}s

[ processes
(i mpl ementation)]
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Entity / Ports

“

entity my_name is SC_MODULE( my_nane)
port ( {
[ ports] [ ports]
) h

end ny_nane
port ( {

input: portl std_logic; sc_in<bool > port1;

output: port2 std_logic; sc_out <bool > port 2;
)
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}

Hi er archy

architecture ny_arch
of ny_nodule is

conponent child

port(...);
end component ;

Begi n
child_inst child
port map(

in => signal 1;

)

#include "child.h" //decl

SC_MODULE( nmy_nodul e)
{
child* child_inst;
SC_CTOR{
child_inst = new child;
child_inst.in->(signall);
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Processes

process my_process (clk,
reset)

if (reset)

el sei f(cl k' event and
clk=="1")

endi f

void my_process();

SC_CTOR() {
SC_METHOD( my_pr ocess) ;
sensi tive_pos<<cl k;
sensi tive<<reset;

voi d my_process()

if (reset==1) ...;
else ...;
end;
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Data types / Assignnent

e bit
e std_logic

« std_logic_vector (X dowto 0) .

¢« unsigned (X dowo 0)
e signal ny_sig: ...;

e bool or sc_bit

e sc_logic

e sc_lv[X]

e sc_uint<X>

e sc_signal<...> ny_sig;

Enunerati on
* Integer
e Floating-point
» Physical
e Array
nmy_varl := ny_var2,
nmy_sigl <= ny_sig2;
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my_varl = ny_var2;
ny_sigl = ny_sig2;
my_sigl. wite(my_sig2);
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A C++ library

e (O asses that inplenent hardware data-
types and concepts

« A simulation kernel: registering
functions in order to allow "parallel"
execution.

e Possibility to extend with own data-
types, concepts
— Support for own nethodol ogy
— Support for own libraries
— Support all C C++ you want
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A C++ |ibray

Sonme C++ constructs
are repl aced by
macro's {

SC_MODULE( ny_nodul e)

SC CTOR(ny_nodul e){};

The nodul e properties )

and functions are
in fact inherited.

class my_nanme: public

sc_nodul e
HDL: access through {
ports public:
C++: menber access ny_modul e() : sc_nodul e()

{...h
}s
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SystenC internal: sc_object

http://www.iro.umontreal.ca/~chareslu/systemc-2.0.1/

sc_object Class Reference

Hinclude <se_shiect.hs

Inheritance dingram for st_object.

| | |
4c_module sC_por_base s¢_prim_channel c_process_b
56_thock [ sc_port b ] ! sc.fifo ] sc_meod_process
| = |
B

¥_semaphore

| T |
— sc_signal

| ve_signate bl >

sc_tignake sc_logie = |

_: 3c_signale 36_tv< W > ,‘1

February 12, 2004 SystenC, an alternative for system nodeling and synthesis? 18

1.l




SystenC internal : sc_signal <T>

sc_signal Class Template Reference

#include <sc_signal.h>

Inhentance diagram for sc_signal

I sC_interface I
[t ot T A A AL
| sc_signal_in_if<= T > | | sc_ohject |
| sc_signal_inout_if= T >| | sc_ptrim_channel |

sc_signal
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Why SystemC

What is SystemC
- Language
- C++ Library

Advantages

Drawbacks

Perspectives

W

Supported by the European
Union (ERDF) and the Walloon
Region (DGTRE)

Syst enC advant ages

e (pen-source reference inplenentation

— OSCl rel eased not only the LRM but an open-
source reference inplenmentation that everyone
can freely downl oad and use.

« Sone (open-source) software devel opnent
tools allow to create a HWsinul ati on
envi r onnent
— Sinulation = conpile a C++ program
— Large nunber of software devel opnent tools,

fromvendors and Qpen-source

(but need nore discussion: later)
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o

Supported by the European
Union (ERDF) and the Walloon
Region (DGTRE)

Syst enC advant ages

e Ct+ library / oject-Oiented

Can add own data types

— Can add own library in order to support own
met hodol ogy

— Allows nore than RTL. You can use all
want (not for synthesis)

— SystenC capabilities can be extended. There
are add-on libraries:

< Master-Slave: an abstract communication schenme

« Verification: add assertion based verification to
SystenC

C++ you

 Verification

— Systemtestbench can be applied at each |evel
of abstraction
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Syst enC advant ages

e Standard

— Exchange nodels with "Hardware" behavi our
« hierarchy
Dat a- t ypes
clock / tined
etc

e Synt hesi sabl e subset

— It is possible to synthesise from SystenC
code, but only fromthe RTL subset.

— It is possible to use a SystenC to
VHDL/ Veril og converter and to build a design
fl ow above current RTL design flow
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Syst enC dr awbacks

e Synthesis
— Tool support, nopdel availability, etc

« Sone awkward constructs
— Data-type conversion, casts

e Conpilation / runtinme errors:
— C++ show up!
— Obscure nessages, core dunp, etc.

— SystenC syntax checking would be better than
C++ syntax checki ng

« Debuggi ng
— Tool s debug C++, not SystenC
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Syst enC dr awbacks

e SystenC : C++ faster than VHDL?

— |If you nake high level simulation: Yes
* (nmethodology is different, conparison is not fair)

— Not guaranteed with RTL code

< Beware that the OSCl reference sinmulator is not
optim sed for speed -> vendor SystenC kernel ?

e Sone |imtations

— No dynamic instantiation of nodules (logic
froma purely hardware point of view)
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Syst enC dr awbacks

e Adoption?

— There are alternatives:

* Modified HDL: SystenVeril og

Cther C based | anguages: Handel -C
Direct C synthesis
Cther high level |anguages: pure C++, Matlab
Cther verification | anguages
— Better acceptation in Europe

« SystenVerilog better accepted in USA

 Not a |lot of success stories

— Did soneone succeeded to do what | want to do
with SystenC?

— High I evel nodeling?
— Co-design?
— Synt hesi s?
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Per specti ves

e Tools

— EDA use custom | anguages, customtools

— SystenC allows to rely heavily on software
tools (conpare nunber of HDL users to
sof tware users..)

— Ex: Eclipse |IDE

« Afree OO IDE: comon facilities
built-in (user interface, file

handling, editor, CVS, etc)
S « Alows to add custom HDL support
(parser, etc)

« HDL specific tools remain (synthesis,
ad- hoc nodeling, verification and
net hodol ogy)
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Per specti ves

e CASE tools

— Versionning (also works with VHDL)

— Docunentation: generate (HTM.) docunentation
from code

— UM.: standard graphical representation
— UML: coding rules, partial C++ code
generation
— State machines
— O asses
— Sequence di agranms
— Structured classes (new in UM.2)

- .
L L R
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Per specti ves

e SystenC is C++ but codesign (HMWSW is
not trivial: you have to set-up your
how net hodol ogy (but easier with a
si ngl e | anguage)

« Extended synt hesi sabl e subset
— Tenpl at es
— Inheritance

e Use / Adoption

— See Doul os survey...
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Fol | ow up

* Concl usi on?
— first see other presentations...
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