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Hierarchical Structure Hardwazre
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Low Level Component Functional models

_— _— _— T T _— _— T _— _— T T T T e _— _— _— _— _— L |
classVectorPrimitives.h simpleHierarchical.cpp simpleHierarchical.h -+ > ol ST Tal Tl ) = K]l =

51 SC Start [ (Globalscor ]
F#include “"classVectorPrimitives.h™ . . .
simpleHierarchical.h

Ly BT - N T S

)(l'JF.lgatE(hus& a, bus& b, bus& wo) : Resemb]es Standard

11(82), 12(&0), o1(&xe) hardware description but
All ports of our module { _ P
: 01->FLl1("X"); lacks the concurrency
are bus pointers. } '

~XORgate();
vold evl():

bus *il,

*ol,

public:
oneBitAdder(bus& ai, bus& bi, bus& ci, bus& co, bus& su);
roneBitAdder();
vold evl();

l} H

h____________________
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Low Level Component Functional models

rc Rl S cimpleHierarchical.h simpleHierarchicalTB.cpp i

- (Global Scope) -

#include "simpleHierarchical.h™
N

Use overloaded “==*

simpleHierarchical.cpp

gatez:zevl() {

if ((*i1 && *i2) || (*i3 && *iq))
ol->Fill({"1"};

else
ol->Fill{'e");

itAdder: :oneBitAdder(bus& ai, bus& bi, bus& ci, bus& co, bus& su)
il(&ai), i2(&bi}), i3(&ci), o0l(&co), o02(&su)

X0ORa i1, *iz, x1);

XORb (ORg: ] i3, *o2);

202a = 1 £ i1, *i2, =1, *i3, *ol);

¥
Elwvoid oneBitAdder::

KORa-»evl();

A02a->evl();

XORb->evl();
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Top Level Structural Module

_— _— _— T T _— _— T _— _— T T T T e _— _— _— _— _— L |
classVectorPrimitives.h simpleHierarchical.cpp simpleHierarchical.h -+ > ol ST Tal Tl ) = K]l =

=

Fl#include ™

e simpleHierarchical.h

XoRgate(bus& a, bus& b, bus& wxo) :
i1(&a), i2(&b), ol(&xo

!

h

~XORgate();
vold evl():

0L->FAl1('X');

S IV Oy ISy W ) B S Y 5]

il =

*ol,

public:
oneBitAdder(bus& ai, bus& bi, bus& ci, bus& co, bus& su);
roneBitAdder();
vold evl();

}i

I EBE (1 BB ,

I 1 bus *il, 2
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Top Level Structural Module

T L0 R e

ol->Fill({'1');

1

ol-»>Fill{ 1" );
else
ol->Fill({'a"});

XORa
XORb
AD2a

XORa-»evl();
A02a->evl();
XORb->evl();

iF ((*il 88 *i2) || (*i3 8& *i4))

classVectorPrimitives.h simpleHierarchical.cpp -+ >0 EialdEgiE Ty l=18,}

¥ 5C Start -

#include "simpleHierarchical.h™

J oneBitAdder: :oneBitAdder(bus& ai, bus& bi, bus& ci, bus& co, bus& su)

i1(8ai), i2(&bi), i3(&ci), ol(&co), o2(&su)

s ¥i2, x1);
*i3, *o2);

s Fi2, w1, *i3, *ol);

Calling evl() functions in
an ordered form

Constructor is used for
1- wiring external bus signals
2- instantiating submodules and wiring their ports

©
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Model of Hierarchical Design

classVectorPrimitives.h simpleHierarchical.cpp simpleHierarchical.h simpleHierarchicalTB.cpp = >

[F] 5C Start - (Global Scope) -

#include “simpleHierarchical.h™

Fint main()
r

! L s simpleHierarchicalTB.cpp

bus
bus
bus

~* FAl = new cneBitAdder(aData, bData, cData,
cout << "Enter a, b, c: ";
cin »>» abata »>> bData >> cData;
FAL->evl()s
cout << "Carry and Sum: " << cOut << " " << sOut <<

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

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

= [ A I [ [ [



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

© ®©® © ® ®

®©@ @®

E - © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin
e [ e S | —h




sc module

L
simpleHierarchical TB.cpp simpleHierarchical.cpp simpleHierarchical.h + > -

Is inherited from sc_module
which contains ports, channels,
concurrent processes

(Global Scope)

al_din_if<sc_ 1> i1,
1 out_if< >, 1> olj;

SC_METHOD(ewvl);
sensitive << il << i2;

wvold evl();
Fclass |

Elclass oneBitadder : : Simp].eHierarChical.h

public:

oneBitAdder(sc_module_name);
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sc_port, sc_signal, sc_logic

Channel communication and type

Mechanism for of data

accessing o I '
SC_METHOD({ewl);
methods of the sensitive << il << i2; I
channel given ,
weid evl();
by sc_port

Elclass cneBitAdder : public sc_module {

ignal_in_if<sc
nal_out_if<sc

Sc_signal is similar to VHDL
o . signals which has methods for
SC_HAS_PROCESS(oneBitAdder); .

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

1
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Module Inline Constructor

simpleHierarchical TB.cpp simpleHierarchical.cpp simpleHierarchical.h + >C
¥l SC Start (Gloebal Scope) I

M |

Sc_ctocvr macro allows inline
definition of xorgate

Evl function constructorc
is registered SC_METHOD(ewl) ;
B NI Evl () wakes up when an event
as sc method 3 . !
w void evl(); occurs on il & i2

¥

15

15 [FHclass A 1 ees 5
Elclaﬂ? oneBitAdder : public sc_module { SimpleHierarChiCal'h

gnal_in_if<«<sc
gnal_out_if<s > 1> ol, o2 I

Sc_method also run once at the
SC_HAS_PROCESS(ensBitadder); beginning of the simulation

oneBitAdder(sc_module_name);

-
|
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sc_signal, sc_has_process

simpleHierarchical TB.cpp simpleHierarchical.cpp simpleHierarchical.h + >C
(Gloebal Scope)
#include -

Elelass XORg: : public sc_module

| signal_ in_if<sc i 1> i1, i2;
sc_port<sc_signal_out_if< ic», 1> olj;

ate)

1
-
A
5
5
=

SC_METHOD(ewvl);
sensitive << il << i2;

wvold evl();

Flclass A

oneBitAdder : public sc_module {
Module ports s i e e
that are bound SRR AT
to x1 have

access to : This constructor can be
intefaces c - - separate from module
SC_HAS_PROCES .
| R 0 declaration. Other
arguments also can be
passed.
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Submodule instantiation

| |
simpleHierarchical TB.cpp simpleHierarchical.cpp + > simpleHierarchical.h - I

F] SC Start - (Global Scope)
#include "simpleHierarchical.h™ Here Operators are

Elwoid XORgate::ewl() overloaded for Sc_logic

if (i1l-»read() == i2->read()})
ol->write(SC_ LOGIC_8); . . .

c1se simpleHierarchical.cpp
ol->write(SC_LOGIC_1);

rrewl()

T TR S

B
€
K

if (((il->read() & iZ2->read()) | (i3->read() & id->read())) == "1"}
ol->write(SC_LOGIC 1);

else
ol->write(SC_LOGIC_8);

EloneBitAadder: :oneBitAdder(sc_module name

¥ORa = x ate("wor_insta™); :
i T I No need to handle ordering

XORb = new XORgate("wor_instb™};
(*XORb) (=1, i3, o2);

ADZa = new Al ate("ao2_insta™);
(*A02a2) (i1, iz2, =1, i3, ol);
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SC_Imain

simpleHierarchicalTB.cpp + >0 Bl =Tl a1 K] ] simpleHierarchical.h -

#include "simpleHierarchical.h
char **a

abDataj;
bDataj;

cOut;
sOut;

s
>
s
>
»
*
s
b
.
-

oneBi r* FAL = new o 3 3 er("FAl_instance™)};
(*FAl) (alata, bData, cData, cOut, sO0ut);

_file* WDFile;
= sc_create wvecd trace_ file(”simpleHierarchical™}
c_trace(VCDFile, aData, "aIn™);
c_trace(VCDFile, bData, "bIn™)};
c_trace(WCDFile, cData, “carryIn™);
C
C

_trace(WCDFile, cOut, “carryOut™);
_trace(vCDFile, sOut,

Wowmonownowm E

return @; Signals

simpleHierarchicalTB.cpp

file and tracing
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Simulation Run Timing

sc_int<3> intData;

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

intData = @;
int ij=8;
d O {

Sc_start advances the
bData = abcData[1]; simulation as much as

abata

cData = abcData[d] specified time of its
sc_start(15, SC_NS);
intData = intData + 1 argument
sc_start(58, SC_NS);

1} while (++ij < 48);

sc start(1e8,5C N5);
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sc_module, sc_1in, sc_out

Only wvalid for
sc_signal

simpleHierarchical.cpp simpleHierarchical.lh + >C -
I [F] SC Mext - (Global Scope)
1 #include <s) h I
I 3 | sc_MODULE( I
{

simpleHierarchical.h

X0ORa = new

(*XORa) (i1, i2, Port
- ] association by
position

Il Il IS IS I S S -
I 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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Gates with propagation delay

iu Taa I LaS LS GaS LaS Gaa LS BaE B BaS LS BaS A BaS LS Baa B Bae e Eae oae
serialAddingTB.h simpleHierarchical.h -+ > Ealgalel =g =T oTar-1 RafaTe} serialAddingTB.cpp -

I [®] Serial Adding {Global Scope)
#include <systemc.h>

—1SC_MODULE (XORgate )
r

L
sc_in<sc_logic> il, i2;
sc_out<sc_logic> olj

Use sc_has process ERSTRT

5C_HAS_PROCESS (XORgate);

for paSSing delay XORgate: :XORgate(sc_module name, sc_time delay) I
i
argument Td = delay; In order to use
1 1= SC_THREAD(ewl);

, sensitive << i1 << i2; delay in the
et | ol functionality
sc_thread is used

LE
SC_MODULE(ao2gate)) [ ... | |

F1SC_MODULE(oneBitAdder) I
{ |
sc_in<sc_logic»> i1, i2, i3;

sc_out<sc_logic» ol, o2; // Carry, Sum Sc_methOd CannOt be
sc_signal<sc_logic> x1; suspended
XORgate® XORa; temporarily by use

XORgate® XORbj
ADZgate® ADZa; of delay to wait

SC_CTOR(oneBitAdder)
-

XORa = new XORgate(™: _insta™, sc_time(@.5, SC_NS));
(*x0Ra) (di1i, iz, ;

XORb = new XORgate(™ sc_time(®.5, SC_NS5)); I
(*xO0RbY} (%=1, i3,

AD2a = new AD2gate(™ sta", sc_time(8.4, SC_NS)); I
(*a02a) (i1, iz, x

I EBE (1 BB ,

_—_—_—_—_—_—_—_—_—_—_J
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sc thread

simpleHierarchical.h simpleHierarchical.cpp -+ >0 |EEIEY Tl T WaaTel serialAddingTB.cpp

#include "simpleHierarchical.h™
Fiwvoid XORgate::evl()
while (true) classVectorPrimitives.cpp

if (il->read() == i2->read()})
-
L

DO 00 s W s W R e

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

wait(Td)s

ol->write(SC_LOGIC_1); Suspend until the next
1311:{}; event on il & i2

Fwvold A02gate::evl( ]l

Elwoid Dflipflop::evl()

i

while (true)

i

if (rst == SC_LOGIC_1) {
wait(@.6, SC_NS);
Q = SC_LOGIC_®@;
¥
else if (clk-rewvent() && (clk == "1")) {
wait(@.6, SC_NS);
Q = D;

wait();

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

= [ A I [ [ m



Passing delay values

[£1SC_MODULE (XORgate )
r

LS
sc_in<sc_logic» il, i2;

simpleHierarchical.h

sc_time Tdj
SC_HAS_PROCESS(XORgate);
XORgate: :XORgate(sc_module name, sc_time delay)

i

Td = delay;
SC_THREAD(ewl);
sensitive << il << 1i2;

void evl();
[ SC_MODULE (AD2gate)

A
sc_in<sc_logic» il, i2,
sc_out<sc_logic» ol, o2; // Carry, Sum

sc_signal<sc_logic> xl;

XORgate™® XORa;
XORgate® XORbj
AD2gate™ AD2a;

SC_CTOR(oneBitAdder)
=

X0ORa = new XORgate("wor_insta™, sc_time(@.5, SC_NS));
(*xORa) (i1, iz,

XORb = new XORgate(™ nsth", sc_time(®.5, SC_NS5));
(*xX0Rb) (x1, i3

AD2a = new AD2gate("ac2_i a", sc_time(8.4, SC_NS));
(*a02a) (i1, iz, =1, i3, ol);

I =1SC_MODULE (oneBitAdder)
r

_—_—_—_—_—_—_—_—_—_—_J
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Clocking and flip flop declaration

e T T T T _—_— T T T T T T T L] T T T T T ] T T T T
serialAddingTB.h simpleHierarchical.h -+ 2> Tl TSl Tiar- | Wafa]s] serialAddingTB.cpp

r (Global Scope)

sc_in<sc logic> clk, rst, D3 d d d
S simpleHierarchical.h
SC_CTOR(Dflipflop)

r

SC_THREAD({ewl);

sensitive << clk << rst; SenSitive to Clk
T
void evl(); and reset

=1 SC_MODULE (serialadding)
i
sc_in<sc_logic» ain, bin, reset,
sCc_out<sc_logic> sum;

sc_signal«<sc_logic> co, cij;

oneBitAdder® FAL;
Dflipflop* FF1;

SC_CTOR(serialAdding)
i
FAal

FAL->02(sum) ;

= new Dflipflep("FF_instance™);
FFl-»clk(clock);
FFl-»rst(reset);

FF1->D({co);

FFL->Q{cdi);

L e e e e e e e e e e e e e
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Clocking and ilip tlop

simpleHierarchical.h simpleHierarchical.cpp -+ >0 |EEIEY Tl T WaaTel serialAddingTB.cpp
¥ Serial Adding - (Global Scope)
#include "simpleHierarchical.h™

Elwveid XORgate::evl()

1

r

L

wait({Td);
ol->write(SC_LOGIC_&);

1
-
a
5
=4
ra
o
8
S

walilt({Td);
ol-»write(SC_LOGIC_1);
¥

wait();
¥
Fwvold A02gate::evl( ]l

Flwvoid Dflipflop::evl()
r

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

S T T S ——— — —
serialAddingTB.h simpleHierarchical.h -+ 2> Tl TSl Tiar- | Wafa]s] serialAddingTB.cpp
rial Adding (Global Scope)

= SC_MODULE (Dflipflop)
r

L ouiiec.tegics simpleHierarchical.h

SC_CTOR({Dflipflop)

-
SC_THREAD(ewl);
sensitive << clk << rstj

¥

wold ewl();

reset, clock;

oneBitAdder® FAl;
Dflipflop* FF1;

SC_CTOR(serialAdding)
i
FAl = new oneBitAdder("FA_instance™);
FAl->il(ain);
FAl->i2(bin);
FAL->3i3(ci); a 0
G :'J Association by name
FAL->02(sum) ;
= new Dflipflep("FF_instance™);
FF1l-»clk(clock);
FFl->rst(reset);
FF1->D({co);
FFL->Q{ci);

I EBE (1 BB ,

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

e | - S C | ) | m



Sequential test data application

simpleHierarchical.cpp serialAddingTE.cpp serialAddingMain.cpp serialAddingTB.h + >

al Adding - (Global Scope)

#include “simpleHierarchical.h™
. .
EISC_MODULE(serialAddingTB) Serla]AddlngTB ] h

> ain, bin, reset, clock;
> SuUm;

o J o s R T Y R - T O

SC_CTOR(serialA
i
UuUT = s aladding(“serialAdding_instance™);
(*uuT) (ain, bin, reset, clock, sum);

SC_THREAD({ clockGeneration); Wlthout sens]_tivity

SC_THREAD(resetAssertion);

SC_THREAD(ainWaveform); list: wake up at the

sensitive <« clock.posedge ewvent(); . . .
SC_THREAD (binWaveform); beg'lnnlng and if
sensitive << clock.posedge_ewvent();
et iony they suspend they
resetassertion(); cannot be resumed

ainWaveform();
binWawveform();

I EBE (1 BB ,
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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,

Sequential test data application

serialAddingTB.cpp

ain = SC_LOGIC
wait(83, SC_NS);
ain = SC_LOGIC @;
wait (187, SC_|
ain = SC_LOGIC_

I EBE (1 BB ,
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SC_Imain

. . .

serialAddingTB* TOP = new serialAddingTB(™ FaliddingTBE Serla]AddlngMaln.cpp
_t file* WwCDFilej;

WCDFile = sc_create_wvod_trace_file(” rialAdding™);
sc_trace(VCDFile, TOP->ain, "alnput™);
sc_trace(VWCDFile, TOP->bin, "bInput™):
sc_trace(VWCDFile, TOP-»>reset, "reset™);
sc_trace(VCDFile, TOP->clock, "clock™);
sc_trace(vwCDFile, TOP->sum, ° rialsum™);

sc_start(4ees, SC_NS);
return @;

I EBE (1 BB ,
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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
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reget hi
alnpt 1
blnput h1
senialSum bl
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SystemC FSM Modeling (sequehce
detector 11011)
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Huffman Model

SC_METHOD
evlicombinational

SC_METHOD
(evisequential) L

skensitive << clk << rk

- © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin



Sequence detector

I sequenceletectorTB.cpp sequenceletector.cpp sequencelDetector.h - > SV T 0T T o] I =0 l

#include <systemc.h>

|

= SC_MODULE (sequencelDetector) I
i
sc_in<sc_logic» in, rst, clk; I
sc_out<sc_logic» outs

enum states { STB, 5T1, S5T2, ST3, ST4, STS };

R R

c_signal<states> MNstate, Pstate;

sc_cToR(sequencepetactor) sequenceDetector.h

Pstate.write(5TO);
Nstate.write(5Te);

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

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

T

woid evlCombinaticonal();
wvolid ewlSequential();

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Sequence detector

sequenceletectorTB.h

r

out = 5C

Set to their inactive Nstate Read is also an

value T GRS sc_signal method:
sequneceDete
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;

I EBE (1 BB ,

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Sequence detector testbench

sequneceDetectorTB.h

UUT = new sequenceletector (s Detector_instance™
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();

I EBE (1 BB ,

I
=T m T T T T (§2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Sequence 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});
SC_LOGIC_1j;

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
& ;

sequenceDetectorTB.cpp

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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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);

e e - sequenceDetectorMain.cpp

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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VCD waveiform

. A00nz
Signals

racore ] utput
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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
« 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

I - © 2015-2016 Zaiaalabedin Navabi - RTL SytemC Modelin
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omponents ftor RT Level Design

AN TE TR B s handleMemorny_TE.h
[®] Datapath Components -

SC_CTOR({nBitA 3

}

void adding();

=5C alr )

gnal_ocut if

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

> ain, binj

handleMemory.cpp handleMemory.h

(Global 5cope) -

> ain, binj
- Ccij
- addout;

L PartsLibrary.h

A W W
™

S
oy

[PV
N

= m T T T T §2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

1)

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

wvold muxing();

octalTriState: 8-bit Tri
ate}
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Components for RT Level Design

partsLibrary.h handleMemory_TB.h
[®] Datapath Compeonents ~| = nBitAdder_channelSpecific ~| @ adding()
1 #include "partsLibrary.h™

handleMemory.cpp handleMemory.h partsLibrary.cpp & >

void nBitA

: : Add operation is not defined for the
res = ain-»read().to_uint() + bin->read().to_uint() logic .t.y.pe

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

2 smuing() { partsLibrary.cpp

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

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

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

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

Elwoid dR = t@aEZ: rregistering()

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

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin

= [ A I [ [ [



Signals and variables

partsLibrary.cpp & >

partsLibrary.h handleMemory_TB.h
[®] Datapath Compeonents = =2 nBitAdder_channelspecific
1 #include "partsLibrary.h™

handleMemory.cpp handleMemory.h

Use dereferencing -> because of using
pointer ports

[Flvoid nBit ::adding()

=c_1w<9>» res;
o ain->read().to_uint() + bin->read().to_uint()
Va.rlable + ci->read().wvalue();
addout-»write(res.range(7, 8));
co-rwrite(res[8]);

Oldl‘i’CEZi;l— EE;(}“‘“‘C‘”?(; ;r-r-:lut—)-wr'ite(b:i.n}; partSlerarY. Cpp

=l
{ else yout->write{ain); I

¥

v

oid octalTristate:: 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

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

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

F::registering()

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

© 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

[®] Datapath Components =| =2 Memory<ADDRESS, WORD_LENGTH> = |@ Memory(sc_module_name)

// nBitAdder: n Bit adder with carry in and carry out
.
partsLibrary.h

_channelSpecitic})
C_CTOR(nBitAdder_channelSpecific) I

bin;

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

¥

void adding();
1

.

. 2015-2018, Z-na'l-be?n'Nav_m =RTT Sytemt Modeling.



Using sc_in and sc_port

~| = uCounterRaELCo

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

if (pld == '1") shftout = parin;
else if (sen == '1') shftout =
(sin, shftout-»read().range(7, 1));

void nBitAdder_channelSpecific::adding()}

W > res;

es = ain.read().to_uint() + bin.read().to_uint()
+ ci.read().value();

addout = res.range(7, @);

co = res[&8];

partsLibrary.h handleMemory_TB.h handleMemory.cpp handleMemory.h partsLibrary.cpp + <

@ carrying()

partsLibrary.cpp

Using dot for
accessing functions

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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In
= [ A I [ [

[ ] I I I I | | | | | | | | | | | | | I I I I I L
= —

S handleMemory_TB.h handleMemaory.cpp handleMemaory.h

addout;

coj

partslibrary.h
SC_METHOD(adding);
sensitive << ain << bin << cij

}

wvold adding();

/4 octalMux2tol: t 2 to 1 multiplexer
EISC_MODULE( :

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

}

wvold muxing();

C_CTOR(octalTris

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

id selecting();

= = = = = = = ™ $2015-2016, Zainalabédin Navabi- RTC S'zt et Modeling. — :



TriState

partsLibrary.h handleMemory_TB.h handleMemory.cpp h

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

Elwoid nBitA

i

res;

-r»read().to_uint() + bin->read().to_uint()
+ ci->read().value();

addout-»write(res.range(7, 8));

co-rwrite(res[8]);

octaluzto: partsLibrary.cpp
if (sel->read() 1
else yout->write(ain

istering()

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

¥

'1') regout = reging;
¥

=lwoid

i

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

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Static sesitivity

— e

. 2015-2018, Z?Halﬁbeﬁn'Na\EbifRﬂ Sytemt Modeling.

Register Modeling

S handleMemony_TB.h handleMemory.cpp handleMemorny.h

(Global Scope) -
clock Enable

C_CTOR({dRe

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

f/ dReg erRaEZ: ister w/ a: cleck Enable,
E1SC_MODULE (dRegis 7
r

1
clk, cen,

regout;

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

5

// dRegisterRsE: i : " 5 clock Enable
F1SC_MODULE (d
i
clk, cen;
> regin;
regout;

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




Register Modeling

partsLibrary.h handleMemorny_TE.h handleMemory.cpp handleMemory.h
atapat| omponents - nBi er_channelspecific
[*] Datapath Comp = nBitAdder_ch ISpecifi

=fvoid

partsLibrary.cpp

Asynch reset
I se i > == 1))

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

Dynamic
sensitivity

if (rst ==

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

if (cen == '1') {
if (zer == '1'} regout = 8;
else regout = regin;

Ewoid dRe gis ing {
if (rst
regout =

else if (cen
regout =

t

- © 2015-2016 Zalnalabedm Navabi - RTL SytemC Modelin -




Register Modeling

[*] Datapath Compon
: P 1t — - clock Enable
A SC_MODULE (dRegi
r
1

partsLibrary.h

C_CTOR(dRe

SC_METHOD(registering);

.pos() can sensitive << clk.pos();
On]-Y be used void registering();
for sc_in

f/ uCounterRaEL: Up-counter w/ 5 clock Enable, parralel Load
E15C_MODULE {uCounterR: )]
i
rst, clk, cen,
parin;
cntout;

SC_CTOR{uCocunterRaEL)

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

¥

wvold counting();

uCounterRaELCo: Up-counter w/ asynch Reset, clock Enable, parallel L
_MODULE (uCounterRaELCo)

cen, pld;

— e

20T5-2018; Zainalabadin Navabi = RTT. Sytemt Modeling.



Register Modeling

partsLibrary.h handleMemorny_TE.h handleMemory.cpp handleMemory.h partsLibrary.cpp + X

@Datapath Components ~| = nBitAdder_channelSpecific =|@ adding() -

partsLibrary.cpp

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

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

Zirregistering()
if (rst == '
else if (clk-zewvent() && (clk == '1'})
if (cen == '1"}

r
1S
if (zer == '1'} regout = 8;
else regout = regin;

Hvoid dR :rregistering() {

Doesn’t need
to check
clock edge

Synch reset

else if (cen
regout =

W) o @ e R

Flwoid uCounterRaEL::counting()

MW LA LA LA WA LA LA L

- (5
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Counter Description

handleMemory.cpp handleMemaory.h

clock Enable

clk, cen;

regout;

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

}

void registering();

clk, cen, pld;

SC_CTOR{uCounterRaEL}

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

}

void counting();

v asyn t, clock Enable, parallel Load, Carry

=15C_MODULE( U
r

L
clk, cen, pld;

SC_CTOR({uCounterRaELC

I 3 3 W - » cntout;

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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Counter Description

partsLibrary.h handleMemory_TB.h

~|| =* dRegisterRsE

void uCounterRaEL::counting()

if (rst == "1")
i
cntout = @;

else if (clk-»event() && (clk == "1"})
i
cntout = parin;
else if

Elwoid uCounterRaEL

i

ocrrcounting()

if (rst ==
i

cntout = "aeaeaass

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

if (pld

") cntout = parin;
else if (cen ==

Elvnld uCounterRaELCo: :carrying()

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

else co->write(SC_LOGIC @);

Fwoid rshifterRaEL
r
1

r:shifting()

if (rst == "1")
{

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

shftout = "6EB88660

'1") shftout = parin;

© 2015-2016

handleMemory.cpp

'1') cntout = cntout-rread().to_uint() + 1;

"1 &% ci == "1') cntout = cntout-rread().to_uint() + 1;

handleMemorny.h
~||@ registering(}

partsLibrary.cpp

Zainalabedin Navabi - RTL SytemC Modelin
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Counter Description

S handleMemony_TB.h handleMemory.cpp handleMemorny.h

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

partsLibrary.h

SC_CTOR{uCounterRaELCo)

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

¥

vold counting();

vold carrying();

ift Enable, parallel Load

rst, clk, sen, pld;
sing
parin;
shfttout;

C_CTOR(rShifterRaEL)

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

L5

/f Memory: Templated memcry w/ datain, datacut, khip lect, read-write-bar
template<int ADDRESS, int WORD_LEMGTHX

Elclass Memory : public sc_module {
public:

— e

20T5-2018; Zainalabadin Navabi = RTT. Sytemt Modeling.



ounter Description

partsLibrary.h handleMemory_TE.h handleM
th Components ~ || = dRegisterRsE ~| @ registering()

Ewoid uCounterRaEL::counting()
if (rst == "1")
i

b
else if (clk-rewvent() && (clk ==

cntout = @;

if (pld == "1') cntout = par
else if (cen == '"1') cntout

Hwoid uCounterRaELCo::

if (rst == "1°
i
cntout = "éaeesaass
I
else if (clk-zewvent() && (clk ==
r
1
if (pld == '1') cntout = par
else if (cen == "'1' && ci ==

Evoid uCounterRaELCo::carrying()

if ((ci == "1") && (cntout.read(
else co-rwrite(SC_LOGIC_8);

Ewoid rshifte
r
s

if {rst =

i

}

else if (clk-revent() && (clk ==
r

L8

shftout = "686868660 "

if (pld == "1') shftout = pa

EMony.Cpp handleMemory.h partsLibrary.cpp = >

partsLibrary.cpp

1))

ing
= cntout->read().to_uint() + 1;

"17))

ing
"1') cntout = cntout->read().to_uint() + 1;

It Produces co when it
rolls over

Carry in and carry out
features are used for
e cascading

ring

Yoto uint() == 255)}) co->write(SC_LOGIC 1);

- © 2015-2016 Zalnalabedm Navabi - RTL SytemC Modelin -
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Shitt Register

S handleMemony_TB.h handleMemory.cpp handleMemorny.h

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

partsLibrary.h

SC_CTOR{uCounterRaELCo)

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

¥

wvold counting();

wvold carrying();

ift Enable, parallel Load

rst, clk, sen, pld;
sin;

> parin;

» shftout;

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

/f Memory: Templated memcry w/ datain, datacut, khip lect, read-write-bar
template<int ADDRESS, int WORD_LEMGTHX

Elclass Memory : public sc_module {
public:

— e
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Shitt Register

partsLibrary.h handleMemo handleMemorny.cpp handleMemaony
= =2 uCounterRaELCo

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

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

Elwoid nBitAdder_channelSpecific::adding()

c_lwv<9> res;
res = ain.read().to_uint() + bin.read().to_uint()
+ ci.read().value();

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

partsLibrary.cpp

© 2015-2016, Zainalabedin Navabi - RTL SytemC Modelin
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A Configurable Memory

handleMemory.cpp handleMemory_TB.h i _ LS handleMemory.h -

[®] Datapath Components Y | €] memdump(] - I
| 142 fJ/ Memorys Temnlate i w d=tad ataocut, chip-select, read-write-bar
template(lnt ADDRESS, int WORD _LENGTH: - I
Use Template for  SRsSiliGErE I i |

Configurability _j _rv <ADDRESS> addr;

<WORD_LENGTH> datain; - partSLibrarY.h

— <WORD_LENGTH> dataout;

d cs, rwbar;
Use resolved to
h ltiol <c_time dumpTime; These parameters
ave multi « i1e; !
= ple char* dumpFile; should be defined

sources int addrSpace; 1 1
sc_uint <WORD_LEMGTH> *mem; at Comlp]'etlme
vold meminit();

vold memread();

vold memwrite();

void memdump();

SC_HAS PROCESS(Memary);

Memory(sc_module_name, sc_time, char*};

template<int ADDRESS, int WORD_LENGTH>
y<ADDRESS, WORD_LEMGTH>::Memory(sc_module_name,

dumpTime = dt;
dumpFile = df;

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

mem = new sc_uint<WORD_LEMGTH>[addrSpace];

SC_THREAD(meminit);

SC_METHOD(memread) ;

sensitive <« addr << cs << rwbar;
SC_METHOD(memwrite);

sensitive <« addr << datain << cs << rwbar;
SC_THREAD (memdump) ;

I
I
I L
=T _@mela'z—na'l-be?n'lﬂav_m—RTESYteTM'od-l'n

e | - S C | ) |
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Resolved value

Z is the weakest and
X is the strongest

Driving Value 1
Driving Value 2
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ontigurable Memory

_—_—_—_—_—_—_—_—_—_—_—q

partsLibrary.cpp RELANIELA RS handleMemory.h
- (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 <« " writ

emplate<int ADDRESS, int WORD _LENGTH:
roid <ADDRESS, WORD_LENGTH>: :memwrite() {
sC_uint<ADDRESS> ad;
if {(cs-»read() == "1")
if (rwbar-:read() =
ad = addr;
= datain;

Type Conversion from
sc_rv to sc_uint

emplate<int ADDRESS, int WORD _LENGTH:
roid Memory<ADDRESS, WORD _LENGTH>::memread() {
uint<ADDRESS> adj
if (cs-»read() == "1")
if (rwbar->read() =

ad = addr; o
e s Type anversmn from
sc_uint tosc_rv

template<int ADDRESS, int WORD_LENGTH:
Elvoid Memory<ADDRESS, WORD_LENGTH>: :memdump() {
int ij
sc_lv<WORD_LENGTH> dataj;

ofstream out(dumpFile);
wait(dumpTime);
out << "Dump cccurs at: " << sc_time_stamp() << "‘\n';

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

= = = = = ™ ™ $2015-2016, Zainalabeédin Navabi - RTL SytemC Modelin
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A Configurable Memory

_—_—_—_—_—_—_—_—_—_—_—q

handleMemory.cpp handleMemory_TB.h partsLibrary.cpp RELANIELA RS handleMemory.h

(] - (Global Scope) I
: L ni _ADDE ig QRO [ -
} void Memory<ADDRESS, WORD_LENGTH>::memdump() { - I
int ij
sc_lv<WORD_LENGTH> data;

ofstream out(dumpFile); p a_rtSLibrarY. h

wait(dumpTime);
out << "Dump occurs at: << sc_time_stamp() << "\n’

for (i = @; i<addrSpace; i++) {
data = mem[i];
out << 1 << "\t << data << "\n";

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

r

1

SC_CTOR(nBitAdder_channelSpecific)

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

H

wvold adding();

I

0 ] ] — I ] _— '
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Exponential Circuit Design

handleMemory.cpp partsLibrary.cpp partsLibrary.h handleMemory.h -

[®] Datapath Components - (Global Scope) - I
1 H#include "partsLibrary.h™

Binclude “handleMemory.h™

E1SC_MODULE (handleMemory TEB)
i
- databusin, databusout;
addrbus;
ed cs, rwbar;

@ W e1 = oW s

handleMemory®* EXC1;
emory<1@, B>* MEM;

SC_CTOR{handleMemory TB)

EXC1l = new handleMe f("EXC_Instance™);
(*EXC1) (addrbu databusin, databusout, cs, rwbar);

MEM = new Memory<l1@®, 8:("MEM_Instance”, sc_time(2888, SC_NS), "memout.txt™);
(*MEM) |[E.|dt:|r‘l:lu_1J databusin, databuscut, cs, rwbar);

wvoid resetting(); Controller and

vold clocking();

void displaying(); datapath class
pointers
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RT SystemC Example

Circuit
Exponential Circuit Datapath
Exponential Circuit Controller

@ RTL design example 2: Exponential I
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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.
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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

U
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Taylor Series

= 1; 1 < n; 1++ )

a=axxx (1/1i);
e = e + a;
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Fractions

Co (to controller) memory

—
[ ]

presetc

Selects multiplier
output, Reset or
preset

preseta

Selects adder
output, Reset or
preset




Exponential Circuit Controller

Exponetitial 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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Summary

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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