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What is SystemC

An extension of C++
enabling modeling of hardware descriptions
» SystemC adds a class library to C++
» Mechanisms to model system architecture

= Concurrency — multiple processes executed concurently
= Timed events

= Reactive behavior
» Constructs to describe hardware
= Signals
= Modules
= Ports
= Processes
» Simulation kernel
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What is SystemC

» Provides methodology for describing
= System level design
= Software algorithms
= Hardware architecture
» Design Flow
= Create a system level model
= Explore various algorithms
o Simulate to validate model and optimize design
= Create executable specifications
0 Hardware team and software team use the same specification

Test input files
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C++/SystemC-Development-Enviconment

Compiler
Linker

Source files in I?'
SystemC ©
(design + testbenches) |‘
ok
— -

Run
Test input files Test, log output files

SystemC
Class Library and
imulation Kerne
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Why SystemC?

Designs become
Bigger in size
Faster in speed
Larger in complexity
Design description on higher levels of abstraction enables
Faster simulation
Hardware/software co-simulation
Architectural Exploration

Q Fastest

Iteration
m Slowest
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Why SystemC?

SystemC describes overall system
System level design
Describing hardware architectures
Describing software algorithms
Verification
IP exchange
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Non-SystemC.-Design-Methodology

ystem Designer
Write conceptual

Fo-implementation
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SystemC Design Methodology

System Designer

Write conceptual
C/C++ model

Verify against

Write testbench

Reuse testbench

Hand-over

RTL Designer

specification
[
Refine SystemC
model to R

To implementation
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System Level Design Process

Timed-model

Explore architectures

Partition

PUperformaNTE ATty sts

tqrdware 7 software

T tood

- Not synthesizable

- Event driven

- Abstract data types

- Abstract communication
-Untimed

- Event driven

- Synthesizable

- Algorithmic description
- 110 cycle accurate

- Clocked

- Synthesizable

- FSM
- Clocked
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SystemC-Capabilities

» Modules

= SC_MODULE class
» Processes

= SC_METHOD, SC_THREAD
» Ports: input, output, inout
~ Signals

= resolved, unresolved

= updates after a delta delay
> Rich set of data types

= 2-value, 4-value logic

= fixed, arbitrary size
» Clocks

= built-in notion of clocks
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Event-base simulation
Multiple abstraction levels
Communication protocols
Debugging support
Waveform tracing

= VCD: Value Change Dump
(IEEE Std. 1364)
WIF: Waveform Interch. F.

ISDB: Integrated Signal Data
Base

RTL synthesis flow
System and RTL modeling
Software and Hardware




SystemC Half Adder

l{ File hal f_adder.h // File hal f_adder.cpp
#i ncl ude “systent. h” #i ncl ude “hal f_adder. h”
SC_MODULE( hal f _adder) { voi d
sc_i n<bool > a, b; hal f _adder: : prc_hal f _adder () {
sc_out <bool > sum carry; sum=a " b;

carry = a &b;
voi d prc_hal f _adder(); }

SC_CTOR( hal f _adder) {
SC_METHOD( pr c_hal f _adder) ;
sensitive << a << b;
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SystemC Decoder 2/4

/1 File decoder2by4. h | File decoder 2by4. cpp
#i ncl ude “systenc. h” #i ncl ude “decoder 2by4. h”
SC_MCDULE( decoder 2by4) { voi d decoder 2by4: : prc_ decoder 2by4()
sc_i n<bool > enabl e; {
sc_in<sc_ui nt<2> > sel ect; if (enable) {
sc_out <sc_ui nt<4> > z; switch(sel ect.read()) {
case 0: z=OxE; break;
voi d prc_decoder 2by4(); case 1: z=0xD; break;
case 2: z=0xB; break;
SC_CTOR( decoder 2by4) { case 3: z=0x7; break;
SC_METHODX( pr c_hal f _adder) ; }
sensitive(enable, select);
} el se
e z=0xF;
loteimStraamais Cunction notation,

sensitive << a << b; /1 Streamnotation style

sensitivela b Ll Eunction. notation.styule
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Hierarchyv. Building a full adder

/ File full _adder.h /1 a destructor
i ncl ude “systenc. h” ~full _adder () {

ISC_MODULE(ful | _adder) { ) del ete ha2_ptr;

del ete hal_ptr;

sc_in<bool > a, b, carry_in;
sc_out <bool > sum carry_out;
sc_si gnal <bool > c1, sl1, c2;
void prc_or();

hal f _adder *hal_ptr, *ha2_ptr;

=

/1 File: full_adder.cpp

#incl ude “fulT_adder. h”
SC_CTOR(ful | _adder) { tnciude “Tull_adder

Eai—p: r= '(19‘)"/ hﬁ' ;—a?de’gz E)al") ; void full _adder::prc_or(){
a r->a(a); ha r->| ; = :
hal:Etr—>sun(sl); _P! carry_out =cl | c2;
hal_ptr->carry(cl);

ha2_ptr = new hal f_adder (“ha2");
(*ha2_ptr)(s1, carry_in,sumc2);
SC_METHOD(prc_or);

sensitive << ¢l << c2;
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Verifying the Functionality: Driver

/1 File driver.h
#i ncl ude “systenct. h”

ISC_MODULE(driver) {
sc_out <bool > d_a, d_b, d_cin;

void prc_driver();

SC CTOR(driver) {
SC_THREAD(prc_dri ver);
}

}

/1 File: driver.cpp
#include “driver.h”

void driver::prc_driver(){
sc_ui nt<3> pattern;
patt er n=0;

while(1) {
d_a=pattern[0];
_b=pattern[1];
d_cin=pattern[2];
wait(5, SCNS);

pattern++;
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Verifying the Functionality: Monitor

/1 File monitor.h
#i ncl ude “systenc.h”

ISC_MODULE( noni tor) {
sc_i n<bool> m.a, m b, mcin,
m.sum m.cout;

void prc_nonitor();

SC_CTOR(nonitor) {
SC_THREAD(pr c_noni tor);
sensitive << ma, mb, m cin,

m.sum m_cout;

/' File: nonitor.cpp
#include “nonitor.h”

voi d nmonitor::prc_monitor(){

cout << “At time “ <<
sc_time_stanp() << “::";
cout <<“(a,b,carry_in): ";
cout << ma << mb << mcin;
cout << “(sumcarry_out): ";
cout << msum<< mcout << endl;
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! File full_adder_main. cpp
#incl ude “driver.h”

#incl ude “ronitor. h”

#incl ude “ful | _adder. h”

nt sc_nain(int argc,

dl.d_a(t_a);
di.d _b(t_b);
dl.d_cin(t_cin);

sc_start (100, SC NS);
return(0);

Vewifvina the Eunctionality: Main
Y o4

char * argv[]) {
sc_si gnal <bool > t _a, t_b,

full _adder f21(“Ful| Adder Wt hHal f Adders”);
fl<<t_a<<t_b<<t_cin<<t_sum<<t_cout;

driver di1(“GenWaveforns”);

noni tor ni(*“MonitorWaveforns”);
n << t_a << t_b<<t_cin<<t_sum<<t_cout;

t_cin, t_sum t_cout;
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Modeling Combinational Logic

! File: bist_cell.h

#i ncl ude “systenct. h”

SC_ MODULE( bi st _cel 1) {

sc_i n<bool > b0, b1, dO, d1;

sc_out <bool > z;

void prc_bist_cell();

SC CTOR(bi st_cel 1) {
SC_METHOD( prc_bi st _cel l);
sensi tive <<bO<<bl<<dO<<d1;

! File: bist_cell.cpp
#i ncl ude “bist_cell.h”

voi d bist_cell::prc_bist_cell(){
z = 1(!(d0&b1) & (b0&d1))]!
(! (do&b1) | ! (b0&d1)));

OA. Milenkovic

/1 File: bist_cell.cpp
#include “bist_cell.h”
voi d
bist_cell::prc_bist_cell(){
bool s1, s2, s3;
| (b0&d1);
1 (do&bl);
1 (s2|s1);
s2 = s2&s1;
z = 1(s2|s3);
}

» Use SC_METHOD process with
an event sensitivity list

Modeling Combinational Logic: Local Variables

! File: bist_cell.cpp
#i ncl ude “bist_cell.h”

oi d bist_cell::prc_bist_cell(){
z = 1 (1(d0&b1) & (b0&d1))] !
1(d0&b1) & (b0&d1)));

» Local variables in the process (s1, s2, s3)

do not synthesize to wires
» Hold temporary values (improve readability)
» Are assigned values instantaneously

(no delta delay) —

one variable can represent many wires (s2)

= signals and ports are updated
after a delta delay

» Simulation is likely faster with local variables
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/1 File: bist_cell.cpp
#i ncl ude “bist_cell.h”
voi d
bist_cell::prc_bist_cell(){

bool s1, s2, s3;

sl = 1(b0&d1);

s2 = 1(d0g&h1);

s3 = I(s2|s1);

s2 = s28&s1;

z = 1(s2]s3);
1
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Modeling Combinational Logic:

/1 File: xor_gates.h
#i ncl ude “systent. h” >
SC_MODULE( xor _gates) {
sc_in<sc_uint<4> > bre, sty;
sc_out <sc_uint<4> > tap;
voi d prc_xor_gates();
SC CTOR(xor _gates) {
SC_METHOD( pr c_xor _gat es) ;
sensitive << bre << sty;

Reading.and \riting.Parts and-Signals

Use read() and write() methods
for reading and writing values
from and to a port or signal

/1 File: xor_gates.cpp
#i ncl ude “xor_gates. h”

voi d bist_cell::prc_xor_gates(){

Il File:
#i ncl ude “xor_gates. h”

xor _gat es. cpp

voi d bist_cell::prc_xor_gates(){
tap = bre.read() " sty.read();

tap = bre " sty;
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Modeling Combinational Logic:
Logical Operators

Il File: xor_gates.h > ~-oxor
#include “systenct. h”
const int SlZE=4; > &-and
> |-or
SC_MODULE( xor _gates) {
sc_in<sc_ui nt<SI ZE> > bre, sty;
sc_out <sc_uint<SlZE> > tap;
voi d prc_xor_gates();
SC_CTOR( xor _gates) {
SC_METHOX( pr c_xor _gat es) ;
sensitive << bre << sty;

}

/1 File: xor_gates.cpp
#i ncl ude “xor_gates. h”

voi d bist_cell::prc_xor_gates(){
tap = bre.read() ” sty.read();
}
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Modeling Combinational Logic:
Arithmetic Operations

Isc_ui nt<4> write_addr;
Isc_i nt <56> read_addr;

Lead.adde s acite adde s read addc.

» Note: all fixed precision integer type calculations
occur on a 64-bit representation and
appropriate truncation occurs
depending on the target result size

» E.g.:

= write_addr is zero-extended to 64-bit
= read_addr is sign-extended to 64-bit
= + is performed on 64-bit data
= result is truncated to 5-bit result

and assigned back to read_addr
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Modeling Combinational Logic:
Unsigned Arithmetic

/1 File: u_adder.h
#i ncl ude “systent. h”

SC_MCDULE( u_adder) {
sc_in<sc_uint<4> > a, b;
sc_out <sc_uint<5> > sum
voi d prc_u_adder();
SC_CTOR(u_adder) {

SC_METHODX( pr c_u_adder) ;
sensitive << a << b;

}

/1 File: u_adder.cpp
#i ncl ude “u_adder. h”

voi d u_adder ::prc_s_adder(){
sum = a.read() + b.read();
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Signed Arithmetic

Modeling Combinational Logic:

Il File: s_adder.h

I

#i ncl ude “systent. h”

SC_MCDULE(s_adder) {
sc_in<sc_int<4> > a, b;
sc_out <sc_int<5> > sum

voi d prc_s_adder();
SC_CTOR(s_adder) {

SC_METHOX( pr c_s_adder) ;
sensitive << a << b;

voi d s_adder

/1 File: s_adder.cpp
#i ncl ude “s_adder. h”

copre_s_adder (){
sum= a.read() + b.read();
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Modeling Combinational Logic:

Signed Arithmetic (2)

/l File: s_adder_c.h
#i ncl ude “systent. h”

SC_MIDULE(s_adder _c) {
sc_in<sc_int<4> > a, b;
sc_out <sc_int<4> > sum
sc_out <bool > carry_out;

voi d prc_s_adder _c();

SC CTOR(s_adder _c) {
SC_METHOD( pr c_s_adder _c);
sensitive << a << b;

}

// File: s_adder.cpp
#i ncl ude “s_adder_c. h"

voi d s_adder_c::prc_ s_adder_c(){
sc_i nt<5> tenp;

tenp = a.read() + b.read();
sum = tenp.range(3,0);
carry_out = tenp[4];
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Modeling Combinational Logic:

Relational-Operators

I/l File: gt.h
#i nclude “systent. h”
const W DTH=8;

SC_MODULE(gt) {
sc_in<sc_int<4> > a, b;
sc_out <bool > z;
void prc_gt();

SC CTOR(at) _{

/ File: gt.cpp

include “gt.h"

oid gt::prc_gt(){

sc_i nt <WDTH> atenp, btenp;

atenp = a.read();
btemp = b.read();

z = sc_ui nt <WDTH>( at enp. range(WDTH 2-1,0)) >
sc_ui nt <W DTH>( bt enp. range(W DTH- 1, WDTH 2) )

SC METHO{ prc_gt);
sensitivef<< a << b;
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Modeling Combinational Logic:
Vector and Ranges

/1 Bit or range select of a port
/1 or a signal is not allowed

sc_i n<sc_ui nt<4> > data;
sc_si gnal <sc_bv<6> > counter;
sc_ui nt<4> tenp;

sc_ui nt<6> cnt _tenp;

bool node, preset;

node = data[2]; // not allowed
/i nst ead

tenp = data.read();

node = tenp[2];

counter[4] = preset; // not allowed
cnt_tenp = counter;

cnt_tenp[4] = preset;

counter = cnt_tenp;
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ultiple Processes d.Delta Delay

/I File: [ﬂllt_PTDC-"j // File: mult_proc.cpp
#incl ude “systenct. h #i ncl ude “mul t_proc. h”
SC_MODULE(nul t _proc) { lvoi d mul t _proc::mult_procl(){
sc_i n<bool > in; cl =tin;
sc_out <bool > out ; 1}
sc_si gnal <bool > c1, c2; voi d mul t _proc:: mult _proc2(){
void mult_procl(); c2 =!cl;
voi d mul t _proc2(); }

void mult_proc3();
void mul t _proc::mult_proc3(){
SC_CTOR(mul t _proc) { out = !c2;
SC_METHOD( mul t _procl);
sensitive << in;

SC_METHOD( mul t _proc2) ;
sensitive << cl;
SC_METHOD( nul t _proc3);
sensitive << c2;
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If Statement

// File: sinple_alu.h
#i ncl ude “systent. h”
const int W=4;

SC_MODULE(si npl e_al u) {
sc_in<sc_ui nt<Ws> > a, b;
sc_i n<bool > ctrl;
sc_out< sc_ui nt<Ws> > z;

/1 File: sinple_alu.cpp
#include “sinple_alu.h”

voi d

if(ctrl)

sinple_alu::prc_sinple_alu(){

z = a.read() & b.read();

z = a.read() | b.read();

voi d prc_sinple_al u(); }
SC CTOR(si npl e_al u) {

SC_METHOD( pr c_si npl e_al u) ;

sensitive << a << b << ctrl;
}

I
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If Statement: Priority encoder

/] File: priority.h
#i ncl ude “systent. h”
const int |S=4;

const int O8=3;

SC_MIDULE(priority) {
sc_in<sc_uint<lS> > sel;
sc_out< sc_uint<Cs> > z;
void prc_priority();

SC CTOR(priority) {

/] File: priority.cpp
#i ncl ude “priority.h”

void priority::prc_priority(){
sc_uint<lS> tsel;

SC METHOD(prc_priority);
sensitive << sel;

}

tsel = sel.read();
if(tsel[0]) z = 0O;
elseif (tsel[1]) z = 1;
elseif (tsel[2]) z = 2
elseif (tsel[3]) z = 3;
else z =7,
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Switch Statement: ALl

// File: alu.h
#i ncl ude “systenc. h”

const
enum op_t ype {add,

int WORD=4;

sub, nul, div};

SC_MODULE(al u) {

/1 File: alu.cpp
#include “al u. h”

void priority::prc_alu(){
sc_uint<WORD> ta, tb;

SC_i n<sc_ui nt <WORD> > a, b; ta = a.read();
sc_i n<op_type> op; th = b.read();
sc_out < sc_ui nt <WORD> > z; switch (op) {
case add: z = ta+tb; break;
void prc_alu(); case sub: z = ta-tb; break;
case mul: z = ta*th; break;
SC CTCR(al u) { case div: z = ta/tb; break;
SC_METHODX( prc_al u); }
sensitive << a << b << op; 1]
b
1
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Loops

» C++ loops: for, do-while, while

» SystemC RTL
supports only for loops

~ For loop iteration must be a

compile time constant
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Loops: An Example
/1 File: demux.h /_l File: denmux.cpp
#include “systent. h” #i ncl ude “denux. h”
const int 1W2;
const int OMN4; void priority::prc_denux(){
sc_uint<3>j;

SC_MDULE( denmux) { SC_ui nt <OWs tenp;

sc_in<sc_uint<IW > a;

sc_out <sc_ui nt<OM > z; for(j=0; j<OW j++)

if(a==j) templj] = L
voi d prc_denmux(); el se tenp[j] = 0O;
)
SC _CTOR(denux) {
SC_METHOX( pr c_denux) ;
sensitive << a;

}

\.
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Methods

» Methods other than

SC_METHOD processes can be

used in a SystemC RTL
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Methods

/1 File: oddls.h /( File: oddls. cpp
#i ncl ude “systenc. h” #i ncl ude “oddls. h”
const int SIZE = 6;
voi d oddls: : prc_oddls(){
SC_MCDULE( odd1s) { is_odd = isQdd(data_in);
sc_i n<sc_ui nt<Sl ZE> > data_in; }
sc_out <bool > i s_odd;
bool odd1s:isQdd
bool i sCdd(sc_uint<SlZE> abus); [f(sc_uint<SIZE> abus) {
voi d prc_oddls(); bool result;
int i;
SC _CTOR( odd1s) {
SC_METHOD( pr c_odd1s) ; for(i=0; i<SIZE i++)
sensitive << data_in; result =result ~ abus[i];
} return(resul t);
I
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Modeling Synchronous Logic: Flip-flops
/1 File: dff.h /{ File: dff.cpp
#incl ude “systent. h” #include “dff.h”
SC_MODULE(dff) { voi d dff::pre_dff (){
sc_in<bool > d, clk; q=d
sc_out <bool > q; 3
void pre_dff();
SC CTOR(dff) {
SC_METHOD( prc_dff);
sensitive_pos << clk;
1
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Registers
/I File: reg.h /1 File: reg.cpp
#i ncl ude “systent. h” #include “reg. h”
const int WDTH = 4;

SC_ MCDULE(reg) {
sc_in<sc_ui nt<WDTH> > cstate;
sc_i n<bool > cl ock;
sc_out< sc_uint<WDTH> > nstate;

void prc_reg();

SC CTOR(dff) {
SC_METHOD( prc_dff);
sensi tive_neg << cl ock;

}

void reg::prc_reg(){
cstate = nstate;
}

I

OA. Milenkovic

39




Sequence Detector: “101”

/1 File: sdet.h
#i ncl ude “systenc. h”

SC_MODULE(sdet) {
sc_i n<bool > cl k, data;
sc_out <bool > sf ound;

sc_si gnal <bool > first, second,
third;

/1 synchronous | ogi c process

voi d prc_sdet();

/1 conb |ogic process

void prc_out();

SC CTOR(sdet) {
SC_METHOD( pr c_sdet ) ;
sensitive_pos << clk;
SC_METHOD( prc_out ) ;
sensitive << first << second

| File: sdet.cpp
#i ncl ude “sdet. h”

oi d sdet::prc_sdet(){
first = data;
second = first;
third = second

oi d sdet::prc_out(){
sfound = first &
(!second) & third;

<< third;
}
I
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Counter: Up-down, Async Negative Clear
/1 File: cntd.h /1 File: cnt4.cpp
#include “systent. h” #i nclude “cnt4. h”
const int CSIZE = 4;
SC_MODULE(sdet) { voi d sdet::prc_cnt4(){
sc_i n<bool > ntlk, cl, updown; if(!clear)
sc_out <sc_ui nt <CSI ZE> > dout ; data_out = 0;
. el se
void prc_cnt4(); i f (updown)
dout =dout . r ead() +1;
SC CTCR(cnt 4) { el se
SC_METHOD(prc_cnt 4) ; dout =dout . read() - 1;
sensitive_pos << ntlk; |
sensitive_neg << cl;
).
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