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Hierarchical Structure Hardwazre

oneBitAdder
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Low Level Component Functional models

All ports of our module {
are bus pointers. }

T T T T _—_— — T T —_— T _—_— e T e T e T T —_— — T T
simpleHierarchical.cpp simpleHierarchical.h + > gl ES = Tda s Il ) ) = W afaTa! 7'

(Global Scope) R

l

I :_ Fi#include "classVectorPrimitives.h™ . . .

! | oeing namespoce simpleHierarchical.h
| g '

)(!’JF-lgatE(hus& a, bus& b, bus& xo) : Resembles Standard

i1(&a), 12(&b), ol1(&xo) hardware description but
e1->FA11("X" )5 lacks the concurrency

~X0ORgate();
volid evl();

Flclass

Elclass cneBitaAdder {
bus *i1, *i2, *i3,

*a2;

XORaj;
XORb;
AD2a;

oneBitadder(bus& ai, bus& bi, bus& ci, bus& co, bus& su);
~oneBitAdder();
vold evl();

|}5

e T
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Low Level Component Functional models

[®] SC Start

¥
Elwoid oneBitAdder::evl(} {
XORa-»ewvl();
AD2a-rewvl();
HKORb->evl();

classVectorPrimitives.h

#tinclude

¥ wvoid

simpleHierarchical.cpp -+ > EEIGTESIEET =18}

"simpleHierarchical.h™
gat evl(}) {

if (*i1 == *i2) Use overloaded “=="*
ol->Fill{"'a@");

else

ol->Fill{"1"};

D2gatezzewvl() {
if ((*i1 && *i2) || (*4i3 &R *id))
ol->Fill({ 1" )3
else
ol->Fill({"'8");

er:oneBitAdder(bus& ai, bus& bi, bus& ci, bus& co,
il(&ai), i2(&bi}), i3(&ci), ol(&co), o02(&su)
XORa = te(*il, *i2, x1)};

XORb £ (x1, *i3, *o02);
2028 = new ate(*il, *iz2, =1, *i3, *ol);

simpleHierarchical TB.cpp -

=
FY

simpleHierarchical.cpp

bus& su)

= |11 | | [ | [
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Top Level Structural Module

T T T T _—_— — T T —_— T _—_— e T e T e T T —_— — T T
classVectorPrimitives.h simpleHierarchical.cpp

F#include ™ ectorPrimitives.h™

e, simpleHierarchical.h

XORgate(bus& a, bus& b, busi& xc) :
i1(&a), i2(&b), ol(&xo

1

¥

~X0ORgate();
volid evl();

DR S D 00w WU e W pd

il =

oL->FAll("X');

, *iz2, *i3,

e
ol, *o2;

bus x1;

public:
oneBitAdder(bus& ai, bus& bi, bus& ci, bus& co, bus& su);
~oneBitAdder();
vold ewvl()};

Is
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Top Level Structural Module

classVectorPrimitives.h

[ I s IRV 'R (R R WY S

X0ORa
XORb
AD2a

[®] SC Start -

JoneBitAdder:

simpleHierarchical.cpp + > GRS IEET S T=-18,}

#include “simpleHierarchical.h™

i

*i2)

ol->Fill('a');

o1->Fill('1');

rrevl() {

(Global Scope) SimpleHierarChica]- " Cpp

Constructor is used for

88 *i2) || (*i3 && *ia)) 1- wiring external bus signals

o1->Fill('1');

ol->Fill('a"');

:oneBitAdder(bus& ai,

:i.ll[&ai}, i2(&bi), i3(&ci), o0l1l(&co), o2(&su)

s ¥i2, x1);
*i3, *o2);

s *i2Z2, x1, *i3, *ol);

XORa-»ewvl();
AD2a-rewvl();
XORb->evl();

2- instantiating submodules and wiring their ports

bus& bi, bus& ci, bus& co, bus& su)

Calling evl() functions in
an ordered form
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Model ot Hierarchical Design

classVectorPrimitives.h simpleHierarchical.cpp

¥ SC Start

#include "simpleHierarchical.h™

=int main()
r

L
int ij;

bu= abData;
bus bData;
bus cDataj;
bus cOut;

~* FAL

cout << "Enter a,
cin »>»> aData

FAL->evl();

-
FE

new cneBitadder(abData, bData, cData,

. LY
b, c: 3

bData »>> cData;

cout << "Carry and Sum: ™ << cOut << " " << s0ut <<«

cout << "\n" << "Continue (@ or 1)2™; cin »> ij;
while (ij »@);

©
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sc module

— — — — — — — — — — — — — — — — — — — — — — — — —
simpleHierarchicalTB.cpp simpleHierarchical.cpp simpleHierarchical.h + > -

et (Global Scope) Is inherited from sc_module
which contains ports, channels,
concurrent processes

al_din_dif<sc_ s 1» i1,
1 _out_if< >, 1> ol;

SC_METHOD(ewl);
sensitive << i1 «< i2;

wvold evl();

Flclass .

Elclass coneBitAadder : : SimpleHierarChica].-h

public:

SC_HAS_PROCESS (cneBita
oneBitAdder(sc_module_name);
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sc_port, sc_signal, sc_logic

Mechanism for
accessing i
methods of the SC_METHOD(evl); I
channel given I
by sc_port

= |11 | | [ | [

simpleHierarchical.cpp simpleHierarchical.h + >

simpleHierarchicalTB.cpp
] SC Start (Global Scope)

of data

ate)

sensitive << i1 «< i2;

wvold evl();

Elclass cneBitAdder : public sc_module {

Sc_signal is similar to VHDL
) o signals which has methods for
SC_HAS_PROCES ; .

oneBitAdder(sc_module_name}; handling hardware concurrency

Sc_logic is 4 value logic
system:
Sc_logic 0, sc_logic_1,
sc_logic_z, sc_logic x
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Module Inline Constructor

= |11 | | [ | [

simpleHierarchicalTB.cpp simpleHierarchical.cpp simpleHierarchical.h + > -

] SC Start (Global Scope)

E3 |
il

: public sc_module

Sc_ctocvr macro allows inline
definition of xorgate

[, TR A=

signal_ din_dif<sc
nal_out_if<

Evl function constructorc '
is registered SC_METHOD( ewl);
thod sensitive << il << i2; Evl () wakes up when an event
as sc_metho ) 0 >
void ewvl(); occurs on 1 & 1

El

Elclas? cneBitAadder : public sc_module { SimpleHierarChica.]..h

Sc_method also run once at the
SC_MAS_PROCES ; beginning of the simulation

oneBitAdder(sc_module_name);

-

| -
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sc_signal, sc_has_ process

Module ports
that are bound
to x1 have
access to
intefaces c¢

= |11 | | [ | [

simpleHierarchicalTB.cpp simpleHierarchical.cpp simpleHierarchical.h + >
] SC Start (Global Scope)

: public sc_module

signal_ din_dif<sc
_signal_out_if<

ate)

o I Uu T v IS W [ - WY S I )

SC_METHOD(ewl);
sensitive << i1 «< i2;

wvold evl();

Ts

Flclass A

This constructor can be
separate from module
declaration. Other
arguments also can be
passed.

SC_HAS_PROCES
oneBitAdder(sc =

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

s oneBitAdder : public sc_module { SimpleHierarChica]..h




Submodule instantiation

simpleHierarchicalTB.cpp simpleHierarchical.cpp - > simpleHierarchical.h

¥l 5C Start - (Global Scope)

1
a
5
5
a8
9

ol->write(SC_LOGIC_1);
else
ol->write(SC_LOGIC_8);

EloeneBitAdder: :oneBitAdder({sc_module name

(*X0ORa) (il, i2, =1);

XORb = new XORgate("wor_instb™);
(*X0Rb) (x1, i3, o2);

AOD2a = new Al ate("ao2_insta™);
(*AD2a) (i1, i2, =1, i3, ol);

#include "simpleHierarchical.h™ Here operators are
Elvoid XORgate::ewl() overloaded for sc_logic

if (il-»read() == i2->read())
ol->write(SC_LOGIC_@); . . o

else simpleHierarchical.cpp
ol->write(SC_LOGIC 1);

if (({il->read() & i2->read()) | (i3->read() & id4->read())) == '

XORa = new XORgate(“wor_insta™); No need to handle Orderlng
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SC_Imain

simpleHierarchicalTB.cpp -+ >0 EElglaE =T dal a1 Hasl simpleHierarchical.h

#tinclude

i
-
1

return

L I P R ¥ B S E

"simpleHierarchical.h

nt sc_main(int char **a

aData;
bData;

cOut;
s0ut;

s
*F
.
-
s
>
s
>
»
*

r* FAL = new cneBi er("FAl_instance™);

(*FAl) (aData, bData, cData, cOut, sOut);

_file* WCDFile;
sc_create_wecd_trace_file("simpleHierarchical™)

_trace(vCDFile, aData, "aIn™);
_trace(VCDFile, bData, "bIn™);
_trace(VCDFile, cData, "carryIn™);
_trace(VCDFile, cOut, “carryOut™);
_trace(WVCDFile, sOut, "sumOut™});

@

=5
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Simulation Run Timing

sc_int<3> intData;

sc_lw¢3> abcData; . . .
e o, simpleHierarchicalTB.cpp

intData = 8;

int ij=8;

d o {
abcData = intData;
alata = abcData[2];

Sc_start advances the
bData = abcData[l]; simulation as much as

EITE = TEEE specified time of its
sc_start(15, SC_NS);

intData = intData + 1 argument
sc_start(5@, SC_NS);
} while (++ij < 48);

sc start(188,5C N5);

- © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin
E-_ | [




—————

. AW A Sl B

" AN ENT F YNY Y A
P —_— \ A y
V VWAV Wk Wikdbhh Ak ¥V S s
. il 200nz 4001z 600z 800z
Signalz Walue 4090990
aln mo e R
bin h o R NN S A
cartyin . [ 1 [ 1 1 [ 1 1
canylut hi N e Y e B e
sumlu o e R R DR s B B B B

19



RT Level SystemC

Taking Off From c++

SystemC Modeling

Simulation Environment

Utilities for HDL Orientation
Sequential Modeling and Timing
SystemC FSM Modeling
Components for RT Level Design
A configurable Memory

®
®
®
®
®
®
®
®

- © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin
= 1] | A T | [ |



sc_module, sc_in, sc_out

—_— T T T _— _—_— e T e T e T _— _—_— _— _—_— _— _—_— _— —_— _— __
simpleHierarchical.cpp simpleHierarchical.lh + >C -
I [F] SC Mext - (Global Scope) I

= |

Only wvalid for
sc signal |
— SC_CTOR(

: - simpleHierarchical.h

SC_METHOD(evl);
sensitive << il << 1i2;

void evl c ) H

XORa = new 2 x f i
(*X0Ra) 1, i ; Port
XORb = new

(*XORb) (x1, s association by
S oy ¢ position

. EBE (1 BB ,
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simpleHierarchical.cpp + > |ElglaEg e =111

#include "simpleHierarchical.h™

Elwoid XORgate::ewl()
1
if (il-»read() == i2->read())
ol-rwrite(SC_LOGIC_@);
else
ol-»write(SC_LOGIC_1);

¥

[ QT o ' T R (Y - T

=

read() & i2-zread()) | (i3->read() & id-zread())) == SC_LOGIC_ 1)
ol-»write(SC_LOGIC_1);

ol-rwrite(SC_LOGIC_@8);
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= |11 | | [ | [ il




RT Level SystemC

Taking Off From c++

SystemC Modeling

Simulation Environment

Utilities for HDL Orientation
Sequential Modeling and Timing
SystemC FSM Modeling
Components for RT Level Design
A configurable Memory

®
®
®
®
®
®
®
®

- © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin
= 1] | A T | [ |



Gates with propagation delay

= |1 [ S| [ NI

e e e B B B e e e B R e e e e o o
serialAddingTEB.h simpleHierarchical.h + > ST e T el gTTe] HaeTe serialAddingTB.cpp ~
[l Serial Adding (Glebal Scope)

#include <systemc.h>

] SC_MODULE (XORgate)
r

i
sc_in<sc_logic> i1, i2;
I 5 sc_out<sc_logic> olj

Use sc_has_process sc_time Td;

5C_HAS_PROCESS(XORgate);

fOr paSSing delay XORgate: :XORgate(sc_module _name, sc_time delay) 2
i
argument _ Td = delay; In order to use

SC_THREAD{ewvl);

sensitive << i1 << i2; delay in the
3
void evl(); functionality
sc_thread is used

¥s
SC_MODULE(A02gate) [ ... 1 |
EISC_MODULE (oneBitAdder) I
r

L
]

Sc_method cannot be
sc_signal<sc_logic> x1; suspended
XKORgate* XNORaj; a1

XORoate® XORD) temporarily by use
AD2gate® AO2a; of delay to wait

SC_CTOR(oneBitAdder)
.

sc_in<sc_logic» i1, i2, i3;
sc_out<sc_logic» ol, o2; // Carry, Sum

XORa = new XORgate(™: _ ", sc_time(@.5, SC_NS)); I
(*XORa) (il, i2, ;

XORb = new XORgate(™ sc_time(®.5, SC_NS5)); I
(*xORbY (%1, i3,

AD2a = new ADZ2gate(™ sta", sc_time(®.4, SC_NS)); I
(*a02a) (i1, iz, =1, i3, ol);

l

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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sc_thread

[®] Serial Adding -

Fiwvoid XORgate::ewvl()
while (true)

if (il->read()
-
L

o QT v s R [ W I S TV S

wait(Td);

wait(Td)s

¥

wait();

Elwoid Dflipflop::evl()

i

while (true)

i

¥

Q = D;

wait();

#include "simpleHierarchical.h™

ol->write(SC_LOGIC_@);

ol->write(SC_LOGIC_1); Suspend until the next

Fwvold A02gate::ievl( )

if (rst == SC_LOGIC_1) {
wait(@.6, SC_NS);
Q = SC_LOGIC_@;

else if (clk-rewvent() && (clk == "1"})
wait(®.6, SC_NS);

simpleHierarchical.h simpleHierarchical.cpp -+ > RG]0 ET Waatl serialAddingTB.cpp

classVectorPrimitives.cpp

== i2->read())

event on il & i2

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Passing delay values

E1SC_MODULE (XORgate) 1
.

L
sc_in<sc_logic> i1, i2;

simpleHierarchical.h

sc_time Td;
SC_HAS PROCESS(XORgate);
XORgate: :XORgate(sc_module _name, sc_time delay)

i

Td = delay;
SC_THREAD({ewvl);
sensitive << il << i2;

wold ewvl();

¥

¥ SC_MODULE (AD2gate )

EISC_MODULE (oneBitAdder)
i
sc_in<sc_logic» i1, i2, i
sc_out<sc_logic» ol, o2; // Carry, Sum

sc_signal<sc_logic> x1;

XORgate* XORa;
XORgate® XORbj;
AD2gate™ ADZa;

SC_CTOR(oneBitAdder)
-

XORa = new XORgate("wxor_insta™, sc_time(@8.5, SC_NS)):
(*XORa) (i1, iz,

XORb = new XORgate(™ nsth", sc_time(®.5, SC_NS5));
(*XO0Rb) (x1, i3,

AD2a = new ADZ2gate("aoc2_i a", sc_time(@.4, SC_NS));
(*a02a) (i1, iz, =1, i3, ol);
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Clocking and flip flop declaration

A B R B R S R S B S S B T B B T B T S B e e e e .
serialAddingTB.h simpleHierarchical.h 4= > Elgalelle T el Tar-1 Rafa]s] serialAddingTB.cpp i

(Global Scope)
= SC_MODULE (Dflipflop)
i
=c_dn<sc logic>» clk, rst, Dj; = = =
scI-:but(sE_l-?gic > Q; SlmpleHlerarChlcal » h
SC_CTOR(DFflipflop)
-

SC_THREAD(evl);

X sensitive << clk << rst; SenSitive to Clk
wvoid ewl(); and reset

s

71 ESC_MODULE (serialAadding)
r

LS
sc_in<sc_logic» ain, bin, reset, clocks
sc_out<sc_logic> sum;

sc_signal«<sc_logic> co, ci;

oneBitAadder® FAL;
Dflipflop* FFL1;

SC_CTOR(serialadding)
i
Fal

FFL->Q{cdi);

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Clocking and tlip tlop

simpleHierarchical.h simpleHierarchical.cpp -+ > RG]0 ET Waatl serialAddingTB.cpp
[*&] Serial Adding (Global Scope)
#include "simpleHierarchical.h™

Elwoid XORgate::evl()
r

i

[T e T s RN, I - S U TR S =

wait(Td);
ol->write(SC_LOGIC_@);

16
1

wailt(Td);
ol-rwrite(SC_LOGIC_1);
¥

wait();
¥
Fwvold A02gate::ievl( )

Fiwvoid Dflipflop::evl()
r
L

while (true)

i

wait(@.6, SC_NS); .
. Q = SC_LOGIC_e; interface method
else if (clk-rewvent() && (clk == "1°

wait(®.6, SC _NS);

Q = D;

wait();

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Clocking and flip flop declaration

serialAddingTB.h

simpleHierarchical.h 4= > Elgalelle T el Tar-1 Rafa]s]

= 5C_MODULE(Dflipflop)
i

L

sc_in<sc_logic>» clk, rst,
sc_out<sc_logic> Q3

SC_CTOR(DFflipflop)

-
SC_THREAD(ewvl);
sensitive << clk << rst;

¥

wvold ewl{);

§ SC_MODULE (serialAdding)
r

L

sc_in<sc_logic» ain, bin, reset, clocks
sc_out<sc_logic> sum;

sc_signal«<sc_logic> co, cij

oneBitAdder® FAL;
Dflipflop* FF1j3

SC_CTOR(serialAadding)
i
FAl = new oneBitAdder("FA_instance™);

FAl->il(ain);
FAL 2(bin);
FAal
FAal
FAal
= new Dflipflop("FF_instance™);
FFl->clk(clock);
FFl->rst(reset);
FF1->D({co);
FFL->Q{ci);

senalAddingTB.cpp

simpleHierarchical.h

Association by name

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Sequential test data application

= == e e ae e Be B Be Be e Be e Be e e e e e e e e
simpleHierarchical.cpp serialAddingTB.cpp serialAddingMain.cpp serialAddingTB.h = >

[ Serial Adding - (Global Scape)

#include “"simpleHierarchical.h™

E1SC_MODULE (serialAddingTB) serla].A.d

bin, reset, cleock;

serialadding*

DD B G M g LR

SC_CTOR(serialA
1
UUT = new s alAdding serialAdding_instance™);
(*uuT) (ain, bin, reset, clock, sum);

SC_THREAD(clockGeneration); Without sensitiv]_t'y'

SC_THREAD(resetAssertion);

SC_THREAD(ainwWaveform); llst: Wake up at the

sensitive << clock.posedge event();

I

I

I

I

I

I

I

{ it e EEgNLE Bl i
I roid clockGeneration(); they suspend they
| resetassertion(); cannot be resumed
I
I
I
I
I
|
I

ainWaveform();
binwWaveform();

I 100 5% I

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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wait(17,
clock =
wait(17,
clock =

serialAddingTBr iresetAssertion

while (true)

wait (37,
reset =
wait (59,
reset =

wait (59,
reset =
wait();

wait(7,

SC_NS);
SC_LOGIC_@;
_NS)3
SC_LOGIC_1;

SC_MNS)Y;
SC_LOGIC_@;
SC_NS);
SC_LOGIC_1;
SC_NSY;
C_LOGIC_8;

E::ainWaveform()

SC_NS);

ain = SC_LOGIC_&

wait (59,

ain = SC_LOGI

wait (83,

SC_NS);

ain = SC_LOGIC @;

wait (187

. SC_|

ain = SC_LOGIC_

Sequential test data application

serialAddingTB.cpp

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

= |11 [ | [ |




SC_Imain

Tile* WCDFilej;

sc_trace(VCDFile, TOP->ain, "alnput™):
sc_trace(VCDFile, TOP->bin, "bInput™):
sc_trace(VWCDFile, TOP->reset,
sc_trace(VCDFile, TOP->clock,
sc_trace(VWVCDFile, TOP->sum,

sc_start(4ee8, SC_NS);
return &;

serialAddingTB* TOP = new serialAddingTB(™

#SladdingTe Seria]AddingMain'Cpp

WCDFile sc_create_vecd_trace_ file("serialAdding™):

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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SC_Imain

STE* TOP = new

o e _file* WCDFile;
VCDFile = sc_create wvod_trace file("serialaAc
sc_trace(VCDFile, TOP-*ain, "alnput™);
sc_trace(WVCDFile, TOP->bin, "bInput™);:
sc_trace(VCDFile, TOP->reset, ™
sc_trace(WCDFile, TOP->clock,
sc_trace(WVCDFile, TOP->sum,

sc_trace(VCDFile, TOP->UUT->FAL-> "i1_fulladder™};
sc_trace(VCDFile, TOP->UUT->FAL-> i2 fulladder™});
sc_trace(VCDFile, TOP->UUT->FAL-> _fulladder™);
sc_trace(VCDFile, TOP->UUT->FAL->o0l, 1_fulladder™});
sc_trace(WCDFile, TOP->UUT->FAL->02, 2_fulladder™);

sc_start(48ee, SC_NS);

e Access internal

signals

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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SystemC Modeling

Simulation Environment

Utilities for HDL Orientation
Sequential Modeling and Timing
SystemC FSM Modeling
Components for RT Level Design
A configurable Memory

®
®
®
®
®
®
®
®

- © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin
= 1] | A T | [ |



SystemC FSM Modeling (sequehce
detector 11011)
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Huffman Model

SC_METHOD
evlicombinational

Pnsitive << in << Pdtate

SC_METHOD
(evisequential) L

skensitive << clk << rk

- © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin



Sequence detector

sequenceletectorTE.cpp sequenceletector.cpp sequenceletector.h 4 2O V=g a0l T da] g ) =83

#include <systemc.h>

=1SC_MODULE ( sequenceDetector)
r

1
sc_in<sc_leogic» din, rst, clk;
sc_out<sc_logic> out;

enum states { STB, 5T1, ST2, ST3, ST4, STS };

R R

c_signal<states> Nstate, Pstate;

Sc_cror(sequencepetector) sequenceDetector.h

Pstate.write(ST@);
Nstate.write(s5Te);

SC_METHOD((evlCombinational);:
sensitive << in << Pstate;

SC_METHOD(evlSequential);
sensitive << clk << rst;

T

woid evlCombinaticonal();
wvold ewlsequential();

100 %o -~
I- M S S S S S S S S S S S S S S S S S B e e e e e el
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Sequence detector

sequenceletectorTB.h

r

out = 5C

Set to their inactive s Read is also an
Va.].ue switch (Pstate.read()){ SC_Signa]- methOd

if (in == SC_LOGIC_1) Nstate

else Nstate = ST@; break;
case 5T1:=z

if (in == SC_LOGIC_1) Nstate

else Nstate ST8; break;
case 3
if (in == SC_LOGIC_1) Nstate
el=e MNstate 3; break;

i
il

n -
| B B e B R I
[N

f]

in == SC_LOGIC_ 1) Nstate
M=tate = ST@; break;

m

= W

= n

SC_LOGIC_1) MNstate
ate 3 break;

Mo WMo s o~

o

¥

= SC_LOGIC_ 1;

rrevlisequential()

if (rst == SC_LOGIC 1) Pstate =
else if (clk-»event() && clk == SC_LOGIC_1) Pstate = Nstate;

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
= |1 [ S| [ NI

- sequneceDetector.cpp




Sequernce detector testbench

sequenceDetectorTB.cpp sequenceDetector.cpp sequenceDetector.h sequencelDetectorTB.h = 20
I (Global Scope) I

UUT = new sequenceDetector
UUT->in(sin);
UUT->rst(reset);
UUT->clk(clock);
UUT->out{sout);

SC_THREAD(clockGeneration);
SC_THREAD(resetAssertion);
SC_THREAD(inWaveform) ;

¥

void clockGeneration();

vold resetAssertion();

void inWawveform();

- — e Y T T 7aia_ala'5eﬁ Navabi - RTL sytemC Modelin
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Sequernce detector testbench

wait(17,
clock =
wait(17,
clock =

walt(37,
reset =
wait(59,
reset =

wait(59,
reset =

wait(37,
sin = SC
wait(83,
=in = sC
wait(4l,
sin = SC
wait(s57,
sin = SC

_LOGIC_]
_LOGIC_@
_LOGIC_]

_LOGIC_

sequencelDetector.h

SC_MS)3
SC_LOGIC_®@;
SC_MNS});

s toatt_a; sequenceDetectorTB.cpp

torTB: iresetAssertion()

SC_MS)3
SC_LOGIC_®©;

SC_MS)3
SC_LOGIC_1;

SC_MSY);
SC_LOGIC_8;

arTB: rinwWaveform()

SC_MSY;
SC_NS Y
SC_NSY

SC_NS);

1;
H
@5
H
1
& ;

= |11 | | [ | [
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SC_Imain

=int
1

_file®* WCDFile;

= sc_create_wvcd_trace
_trace(VCDFile, TOP-»sin,
_trace(vwCDFile, TOP->reset,
_trace(VCDFile, TOP-»clock,
_trace(VwCDFile, TOP->sout,

wowmowon

sc_start(4eaea, SC_NS);
return &;

sequenceDetectorMain.cpp

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Four value logic

Sc_logic is four value logic

« Logic value 0 and 1 are for standard logic values
« Z represents high impedance

» X represents unknown value

« Vector version is sc_lv<n>

Sc_bit is two value logic
e Vector version is sc_bv<n>

Sc_resolved is four value logic which is used for the signals which can be
simultaneously driven by several sources Ol 7z

o[oyo
= |21
X | XIAlx

X
X
X
X

\

U
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Components for RT Level Design

S L S L L L L B L L B Baa Baa B Baa Baa Baa Baa Baa Baa Baa  Bae  Baa e
partsLibrany S handleMemory_TB.h handleMemory.cpp handleMemory.h

[®] Datapath Components - (Global Scope) -

lic sc_module :

> aim, binj
S o B
> addout;

= PartsLibrary.h

A W WA
w

[P ARV

SC_CTOR({nBitA 3

SC_METHOD(adding);
sensitive << ain << bin << cij

}

void adding();

=15C alM )]
- sel;
> ain, binj
1)
SC_METHOD (muxing);

sensitive << ain << bin << selj;

¥

vold muxing();

octalTriState: 8-bit Tri

=== = = = = = T 0152076, Zainalabedin Navabi - RTL SytemC Modenn




Components for RT Level Design

partsLibrary.h handleMemory_TB.h handleMemory.cpp handleMemory.h partsLibrary.cpp & >

[®] Datapath Compeonents ~| = nBitAdder_channelSpecific ~| @ adding()

#include "partsLibrary.h™

void nBitA

: : Add operation is not defined for the
res = ain-»read().to_uint() + bin->read().to_uint() ].Ogic ty.pe

+ ci->read().wvalue();
addout-»write(res.range(7, 8));
co-rwrite(res[8]);

1 smaxing() { partsLibrary.cpp

Yo== "1") yout->write(bin);

To_unit() is only valid for vectors
Value() is used for one bit

________ Alaaay s '

{ H [
} .
else if (clk-»ewent() && (clk == "1')}) —— /‘\/\—
1 a—
)
4

if (cen == "1") regout = regin;

) N A
Elwoid dR = t@aEZ: rregistering() T W & /
Y éz ,\ :{
48 else if (clk-»ewent() && (clk == "1'))
11 {

= |11 | | [ | [
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Signals and variables

partsLibrary.h handleMemory_TB.h hand
[®] Datapath Compeonents = =2 nBitAdder_channelspecific

1 #include "partsLibrary.h™

handleMemory.cpp

r::adding()

n->read().to_uint() + bin->read().to_uint()
+ ci->read().wvalue();

addout-»write(res.range(7, 8));

co-rwrite(res[8]);

Elwoid occtalk ol::muxing() {
13 if (se 3 1) yout-rwrite(bin);
else yout->write(ain);
¥
Elw
{}

EHwoid dR

|

oid octalTris

i
i
regout Taaeaeeea™ 3
¥
else if (clk-»ewent() && (clk == "1')})
r
LS
if (cen == "1") regout = regin;
¥
¥
void dRegisterRaEZ::registering()
i
if (rst == "'
-

LS
regout Taaeaeeea™ 3

¥
else if (clk-»ewent() && (clk == "1'))
r
LS

leMemony.h
~| @ adding()

Use dereferencing -> because of using
pointer ports

partsLibrary.cpp

The assigned value to the signal is not
available immediately. It will be updated
after delta delay

Variables represent software-like
variables with no timing

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Using sc_1in and sc_out

[EL ARG SR handleMemory_ TB.h handleMemory.cpp handleMemorny.h I
%] Datapath Components -| = Memory< ADDRESS, WORD_LEMNGTH> - | @ Memory(sc_module_name)
P P b b

/4 nBitAdder: 3 3 dde th carry in and carry out I
E15C_MODULE (nBitAdder channelSpecitic)

bin;

L partsLibrary.h

C_CTOR(nBitAdder_channelSpecific)

SC_METHOD(adding);
sensitive << ain << bin << ci;

¥

vold adding();

= === == === 505 Taia_ala'ﬁeﬁ Navab! - RTL SyteniC Modéling




Using sc_1n and sc_port

W00 0w WD

Do L

oo

handleMemory_TB.h handleMemaory.cpp handleMemory.h partsLibrary.cpp R X
~| = uCounterRaELCo ~| @ carrying()

if (rst == "'
1
shftout

lse if (clk-»ewvent() && (clk == "1"})

if (pld == "1") shftout = parin; partSLibrarY- Cpp

else if (sen == "1") shftout =
(sin, shftout-zread().range(7, 1));

wvoid nBitAdder_channelSpecific::adding()

lv<9> res;

-‘E; = ain.read().to_uint() + bin.read().to_uint() Using dot for

+ ci.read().value();

LTIhE - rEerEmIE T Gl accessing functions

co = res[8];

= |11 | | [ | [
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TriState

partsLibrary LS handleMemory_TEB.h handleMemaory.cpp handleMemuory.h
- PR s
=

addout;
coj

partsLibrary.h
SC_METHOD(adding);
sensitive << ain << bin << ci;

¥

wvold adding();

f4 octalMux2tol: 8-bit 2 to 1 multiplexer
ESC_MODULE (o ]

r

T

SC_METHOD(muxing);
sensitive << ain << bin << sel;

}

wvold muxing();

C_CTOR(octalTris

SC_METHOD(selecting);
sensitive << ain << sel;

id selecting();

100 % -
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TriState

partsLibrary.h handleMemory_TB.h

[®] Datapath Compeonents
1 #include "partsLibrary.h™

Elwoid nBitA

i

res
s

co-rwrite(res[8]);

cctalMu
if (sel->read()
else yout->write(ain

L

¥
¥

=lwoid

i

handleMemory.cpp h

read().to_uint() + bin->read().to_uint()

+ ci->read().value();

addout-»write(res.range(7, 8));

partsLibrary.cpp

istering()

else if (clk-»ewent() && (clk == "1')})
r

'1') regout = reging;

¥
else if (clk-»ewent() && (clk == "1'))
r
LS

©

p

= |11 | | [ | [
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Register Modeling

FELA N el handleMemory_TB.h handleMemory.cpp handleMemory.h
[*] Datapath Components (Global Scope) -

dRe e : = w/ as clock Enable
FSC_MODULE (d i

clk, cenj;
> regin;

regout; partSLibraI'Y. h

C_CTOR{dRegisterRaE)

SC_METHOD(registering);
sensitive << rst << clk;

vold registering();

// dRegis
=15C_MODULE (d
r

1
clk, cen, zer;

regout;

SC_METHOD(registerding);
sensitive << rst << clk;

¥

vold registering();

// dRegisterRsE: ister w 5 clock Enable
=1SC_MODULE(d
r

L
clk, cen;

SC_METHOD(registerdng);
sensitive << clk.pos();

N I I S S - - n_
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partsLibrary.h handleMemory_TB.h handleMemory.cpp
atapat| omponents - nBi er_channelspecific
[¥] Datapath Comp = nBitAdder_ch ISpecifi

=fvoid

Asynch reset

Dynamlc
sensitivity

if (cen ==
if (zer
else regout

regout

i
"1y
= regin;

!

else if (cen
regout =
¥
}

Hwoid uCoun

Register Modeling

e

if (cen == "1') regout = regin;

= B;

<y

handleMemory.h

partsLibrary.cpp

© 2015-2016
_-__
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Register Modeling

partsLibrary.h & >C - I
[*3] Datapath Components Mux2tol)
L 10 = = m —n clock Enable
4 SC_MODULE (dRegi
r
1

partsLibrary.h

C_CTOR(dRe

SC_METHOD(registering);

.pos() can sensitive << clk.pos();
OIIIY be used void registering();
for sc_in

/4 uCounterRaEL: Up-counter w/ as clock Enable, parralel Load
[E15C_MODULE (uCounterRaEL)
1
rst, clk, cen, pld;
parin;
cntout;

SC_CTOR{uCocunterRaEL)

SC_METHOD(counting);
sensitive << rst << clk;

¥

wvold counting();

/4 uCounterRaELCo: Up-counter w/ as) et, clock Enable, parallel L
E5C_MODULE {uCounterRaE

-

1S

C_CTOR{uCounterRaELCo)

N I I S S - - n_
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Register Modeling

partsLibrary.h handleMemory_TB.h handleMemory.cpp handleMemory.h
%] Datapath Components = | = nBitAdder_channelSpecific
[ [ [

= woid

partsLibrary.cpp

1))

if (cen == "1') regout = regin;

Hwoid dRegi aEZi:registering()

1

if (rst ==
i

else if (clk-zewvent() && (clk == '1')})

if (cen ==
if (zer
else regout

regout

i
"1y
= regin;

Hvoid dRe r registering() 1

) if (rst =
Doesn’t need rone - o) Synch reset
to check e i ¢

clock edge 34 regout =

Hwoid wuCount

- © 2015-2016 Za|nalabed|n Navabi - RTL SytemC Modelin -




Counter Description

handleMemory.cpp

clock Enable

SC_METHOD(registering);
sensitive << clk.pos();

}

void registering();

t, clock Enable, parralel Load

t, clk, cen, pld;
parin;
cntouts;

C_CTOR(uCounterRaEL)

SC_METHOD({ counting);
sensitive << rst << clk;

}

void counting();

// uCounterRaELCo: Up-counter w/ as
E1SC_MODULE {u

r

18

Zainalabedin Navabi - RTL SytemC Modelin
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partsLibrary.h

clock Enable, parallel Load, Carry




Counter Description

partsLibrary.h handleMemory_TB.h handleMemory.cpp handleMemory.h
[*] Datapath Components ~ || =* dRegisterRsE =@ registering()

void uCoun i ::counting()

partsLibrary.cpp

cntout = 8;
else if (clk-»ewvent() & (clk == "1")})

if (pld == '"1') cntout = parin;
else if (cen == "1') cntout = cntout->read().to_uint() + 1;

Elweid uCocunterRaELCo::counting()
i
if (rst ==
i

cntout = "@oooeoas

¥
else if (clk-»ewvent() && (clk == "1")})
r
L
if (pld == "1') cntout = parin;
else if (cen == "1' && ci == "1") cntout = cntout->read().to_uint() + 1;

Elvnld uCounterRaELCo: :carrying()

if ((cdi == "1") && (cntout.read().to_uint() == 255)) co->write(SC_LOGIC_1};
else co->write(SC_LOGIC _@);

Elwoid rShifterRaEL::shifting()
r
L

if (rst == "1")

!

}

else if (clk-»ewvent() && (clk == "1")})

shftout = 88666866

if (pld == "1') shftout = parin;

- © 2015-2016 Za|nalabed|n Navabi - RTL SytemC Modelin -




Counter Description

— — — T — — — — — — — — — — — — — — — — — — — —
S handleMemory_TB.h handleMemory.cpp handleMemory.h ~

(Global Scope) -
t, cleck Enable, parallel Load, Carry

partsLibrary.h

rRaELCo}

SC_METHOD( counting);
sensitive << rst << clk;
SC_METHOD(carrying);
sensitive << ci << cntout;

id counting();
voeld carrying();

shift Enable, parallel

- rst, clk, sen, pld;

d4laay s 6(

» shftout;

SC_CTOR(rShifterRaEL) é n C/

SC_METHOD(shifting);

6{55/Joﬂ Co = {Cl) Cmm‘f.

S/ Memory: Templated memory w/ datain, dataout, lchip— , read-write-bar
template<int ADDRESS, int WORD_LEMGTHX

Fleclass ory : public sc_module {

| publi

= = = = = = = = ' J015-2076 Taia_ala'ﬁeﬁ Navab! - RTL SyteniC Modéling




Counter Description

partsLibrary.h handleMemory_TE.h handleMemory.cpp handleMemory.h partsLibrary.cpp + >
atapatl omponents - eqgisterRs = registering(]
¥ Datapath Comp, - dRegisterRsE @ registering(]

Ewodid uCount

partsLibrary.cpp

)

if (pld == '"1') cntout = paring
else if (cen == '"1') cntout = cntout->read().to_uint() + 1;

Hwvoid uCounter

else if (clk-rewvent() && (clk == "1°))

if (pld == '"1') cntout = parin;
else if (cen == "1' && ci == '"1') cntout = cntout->read().to_uint() + 1;

Evoid uCounterRaELCo::carrying()

It Produces co when it
if ((ci == "1") && (cntout.read().to_uint() == 255)) co->write(SC_LOGIC 1);
else co->write(SC_LOGIC_@); ro]_ls over

Ewoid rshifter Lr:shi ing I
RO SR Carry in and carry out
" shftout - "eooeeses features are used for
else if (clk->event() £& (clk == "1°)) cascadjng‘

if (pld == '"1') shftout = parinj;
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Shiit Register

— — — T — — — — — — — — — — — — — — — — — — — —
S handleMemory_TB.h handleMemory.cpp handleMemory.h ~

(Global Scope) -
Up-counter w/ t, clock Enable, parallel Load, Carry
unterRa

clk, cen,

partsLibrary.h

SC_CTOR({uCounterRaELCo)

SC_METHOD(counting);
sensitive << rst << clk;
SC_METHOD(carrying);
sensitive «< ci << cntout;

¥

wvold counting();

wvold carrying();

// rShifterRaEL: right i egi U £ shift Enable, parallel Load

rst, clk, sen, pld;
sing;

> parin;

» shftout;

SC_METHOD(shifting);
sensitive << rst << clk;

S/ Memory: Templated memory w/ datain, dataout, khip lect, read-write-bar
template<int ADDRESS, int WORD_LEMGTHX

Elelass Memory : public sc_mod T
public:

N I I S S - - n_
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Shiit Register

partsLibrary.h handleMemo

res;

else if (sen == '1")
(sin, shftout-zread().range(7, 1));

handleMemaory.cpp handleMemory

=| =2 uCounterRaELCo

partsLibrary.cpp

lse if (clk-revent() && (clk == "1"))

if (pld == '1') shftout = parin;

shftout =

Elwoid nBitA r_channelspecific:

= res.range(7, @);
= res[8];

radding()

n.read().to_uint() + bin.read().to_uint()

+ ci.read().value();

©

p

= |11 | | [ | [
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RT Level SystemC

Taking Off From c++

SystemC Modeling

Simulation Environment
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®
®
®
®
®
®
®
®
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A Configurable Memory

I [*] Datapath Components

148 fMemo s (=il

2+ ad memo vri ataout, chip-

] template<int ADDRESS, int WORD_LENGTH>
Use Template for Sl TPUBIIC TcomoduTe
C il ability P <ADDRESS> add
oniigur ' > addr; .
i <WORD _LENGTH> datain;
I — : <WORD LENGTH> dataout; pa-rtSlerarY-h

ed c¢s, rwbar;
sc_time dumpTime; These parameters

ha mu].tl ]. char* dumpFile; | i
ve ple ' dumpFile; should be defined
sour: S int addrSpace; ] i

sc_uint <WORD_LENGTH> *mem;

Use resolved to

vold meminit();
vold memread();
vold memerite();
wvold memdump();
SC_HAS DCESS(Memory) ;

Memory _module_name, sc_time, char¥};

=t = e = = = =t =t =

template<int ADDRESS, int WORD_LENGTH:
<ADDRESS, WORD_LENGTHX::Memory(sc_module_ name, s¢ ime dt, char* df)

dumpTime = dt;
dumpFile df;

Memor‘y‘ Arra‘y‘ addrspace = int(pow(2, ADDRESS));

mem = new sc_uint<WORD_LEMNGTH>[addrSpace];

SC_THREAD(meminit);

I METHOD (memread )
1 sensitive << addr << cs << rwbar;
I 1 SC_METHOD(memwrite);
1 sensitive <« addr << datain << cs << rwbar;
1 SC_THREAD(memdump) ;
]
188 - I
| o

= e om0 2015-2016, Zainalabedin Navabi —'RTL_SzEamT Modelin
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Resolved value

Z is the weakest and &
X is the strongest

Driving Value 1
Driving Value 2

. BB

1
1.

>
- |

!
s

!
%
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A Configurable Memory

Type Conversion from addr;
sc_rv to sc_uint

- = = = T = = ™ ™ T J015-2016, Zainalabedin Navabi - RTL SytemC Modelin
| ] s A | |

- (Global Scope)

189 template<int ADDRESS, int WORD_LENGTH:
198 [Elwvoid Memory<ADDRESS, WORD _LENGTH:::meminit() {
int ij
for (i = @; i<addrspace; i++) {
mem[i] = i;

cout << "Init at: " << i << " owrit

emplate<int ADDRESS, int WORD_LENGTH:

roid <ADDRESS, WORD_LENGTH>: :memwrite() {

C_uint<ADDRESS> ad;
if (cs-zread() == "1")
if (rwbar-:read() =

= datain;

emplate<int ADDRESS, int WORD_LENGTH>
roid Memory<ADDRESS, WORD_LENGTH>::memread() 1
<ADDRESS> ad;
if {(cs-»read() == "1")
if (rwbar-:read() =
ad = addr;
dataocut = mem[ad];

template<int ADDRESS, int WORD_LENGTH:
Elwvoid Memory<ADDRESS, WORD_LENGTH>::memdump() {
int ij
sc_Llw<WORD_LENGTH> data;

ofstream out(dumpFile);
walt(dumpTime} ;
out << "Dump occurs at:

-

for (1 = @; i<addrSpace; i++) {

Type Conversion from
sc_uint to sc_rv

<< sc_time_stamp() <<

partsLibrary.h




A Configurable Memory

JORD I
LENGTH>:

int i;
sc_lv<WORD_LENGTH> data;

ofstream out(dumpFile); p artSLibrarY- h

walit(dumpTime);
out << "Dump occcurs at: ™ << sc_time stamp() << "\n’

for (i = @; i<addrspace; i++) {
data = mem[i];
out << i <<« ":\t" << data << "\n";

// nBitAdder: n Bit adder with carry in and carry out
ElsC_MODULE (nBitAdder_channelSpecific)
r

I 1

SC_CTOR(nBitAdder_channelspecific)

SC_METHOD(adding);
sensitive << ain << bin << cij

¥
wvold adding();

|
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Exponential Circuit Design

F — — — — — — — — — el — — — — — — — — — — — — —
" handleMemory.cpp IEIHEMiHm partsLibrary.cpp partsLibrary.h handleMemory.h -

[*] Datapath Components - (Global Scope) -

E#include "partsLibrary.h™ I
finclude “"handleMemory.h™ -

EISC_MODULE (handleMemory TBY) I

ey HandleMemory_TB.h

ed cs, rwbar;

TS RS N+ R ¥ B S TV S =

handleMemory® EXC1;
y<l@, 8>* MEM;

SC_CTOR(handleMemory TEB)

EXC1l = new handleMe f("EXC_Instance™);
(*EXC1l) (addrbu databusin, databusout, cs, rwbar);

MEM = new Memory<1®, Br("MEM_Instance”, sc_time(2888, SC_N5), "memout.txt™);
(*MEM) (addrbus, databusin, databuscut, cs, rwbar);

I

I

I

I

I

I

I

I

| i
I 1 void resetting(); Controller and
I

I

I

I

I

|

I

|

vold clocking();

void displaying(); datapath class
pointers

d |
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RT SystemC Example

Circuit
Exponential Circuit Datapath
Exponential Circuit Controller

@ RTL design example 2: Exponential |

o
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RTL Example 2: Exponential Circuit

® The circuit calculates e* using Taylor expansion.

® The input is an 8-bit fixed-point number.

@ The output is a 10-bit fixed-point number including
2 integer bits and 8 fractional bits.

@ The circuit receives x as the input with the pulse on
the start signal.

® The calculation continues for 8 iterations.

® When the result becomes ready, done signal will
be issued.

I © 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Input-output Range

® With 8 bit input size, x is in the range between
0.00000000 for the smallest and 0.11111111 for the
largest value.

® Smallest output = 1 when e
® Largest output = 10.1010111 (2.68357) when e’

0

L
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Taylor Series

l;, 1 < n; 1++ )

a x x x (1 /1i);
e + a,;
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Fractions
Co (to controller) memory
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Exponential Circuit Controller

Exponefitial Circuit Controller

Multiplying the termreg
with fractional memory,
updating termreg

LoadExponent = 1

InitResultReg = 1
Asynchronous reset initTerm = 1

starts the machine initCounter = 1

Counter = NUM-OF-TERM

Adding the new termreg
contenes to result reg
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SUIMIMmMary

Taking Off From c++

SystemC Modeling

Simulation Environment

Utilities for HDL Orientation
Sequential Modeling and Timing
SystemC FSM Modeling
Components for RT Level Design
A configurable Memory
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