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Abstract Communication Channels
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Abstract Handshaking

Abstract Handshakino

Serial to Write to

Parallel Stack
Handler Handler
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Abstract Handshaking

Issue ready

Collect data
from serln
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Wait for
parAccepted

Issue
parReady

Set collectBits



Abstract Handshaking

Abstract Handshaking .h

#include <systemc.h>

[

Lu a3

E1SC_MODULE (AbstractHandshaking) {

£

LA

Ly

a

sc_lwv<8> collectBits;
sc_event parAccepted ev, parReady ev;

SC CTOR(AbstractHandshaking) {
SC_THREAD(S2Phandler);
sensitive << clk.pos();
SC_THREAD(W2Shandler);
sensitive << clk.pos();
¥
vold S2Phandler();
vold W2Shandler();
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Abstract Handshaking

21 [Hwoid AbstractHandshaking::W2Shandler() {
- 22 push = SC_LOGIC @;
#include "Abstract Handshaking.h™ 23 stackData = @;
24 while (1){

FElvoid AbstractHandshaking::S2Phandler() { > wait(parReady_ev);
int i; 26 stackData = collectBits;
ready = SC_LOGIC_@; 27 wait();
while (1){ ::::::::Jparﬁccepted_ev.notify[}j
ready = SC_LOGIC 1; walt();
while (go != '1') wait(); push = SC_LOGIC 1;
ready = SC_LOGIC_@; wait();
while (go != '@') wait(); push = 5C_LOGIC_8@;
for (i =8; i < 8; i++)] stackData = @;
walt();
collectBits[i] = serlIn;
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wait(); g/
parReady_ev.notify();

wait{parﬁccepted_ew};<::
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Abstract Handshaking

#include "Abstract Handshaking.h”

EISC_MODULE(AbstractHandshakingTB) { Abstract Handshaking TBCpp
sc_signal<sc_logicr clk; _

sc_signal<sc_logic> go, serln;
sc_signal<sc logick ready;
sc_signal<sc_lv<8>> parOut; 14 [Clvoid AbstractHandshakingTB::serialData() {
sc_signal<sc logic» push; int i, j;
go = 5C_LOGIC_@;
AbstractHandshaking®* S2W; // Ser to par and Write to stack serIn = 5C_LOGIC_@;
for (1 =1; 1 € 5; iH){
if (ready == SC_LOGIC_1){
wait({31, SC_N5);
go = 5C_LOGIC_1;
#include “Abstract Handshaking_TE.h" wait(73, SC_N5);
go = 5C_LOGIC_@;
Evoid AbstractHandshakingTB::clocking() { for (j =8; J <75 jH){
int i; ser.‘In = ECTLDGIC_@;
clk = SC LOGIC @; wailt(ly * i, SC_NS);

. . . serIn = SC_LOGIC_1;
Tor (1 = @; 1<=588; 1‘|—|':|{ wait(23 * i, SC_NS);

wait (29, SC_N5); serIn = SC_LOGIC_8;
clk = SC_LOGIC_1; wait(31 * i, SC_NS);
wait (29, SC_N5); serIn = SC_LOGIC_1;
clk = 5C_LOGIC @; }

}

} else wait(91, SC_N5};
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B SC_CTOR({AbstractHandshakingTB)} {

52W = new AbstractHandshaking{“Handshaking TB"};
524 clk{clk);

52W -> go(go);

524 serIn(serln);

52U ready(ready);

524 stackData(parOut);
524 push{push);

[
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5C_THREAD{clocking);
5C_THREAD(serialData);
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vold clocking();
wvold serialDatal();
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Abstract Handshaking

[

I pa

T W b

a =

Abstract Handshaking Main.cpp

#include “Abstract Handshaking TB.h"

Flint
1

sc_main (int argc, char ** argv)

AbstractHandshakingTB* HSTB1 = new AbstractHandshakingTB("HandshakingTB"};

sc_trace file* VCDFile;
VCDFile = sc_create_vcd_trace_file("Handshaking"};

sc_trace (VCDFile, HSTBl-»clk, "Clk");
sc_trace(VCDFile, HSTBl-»go, "GoStart™);
sc_trace(VCDFile, HSTBl-:serIn, "SerialIn");
sc_trace(VCDFile, HSTBl-:ready, "Ready4Serial");
sc_trace (VCDFile, HSTBl-:parOut, "Output2Stack");
sc_trace(VCDFile, HSTBl-:push, "Push™);

sc_trace(VCDFile, HSTBl-»>S2W-:collectBits, "collectBits");

sc_start(4588, SC_N5);
sc_close vcd trace file(VCDFile);
return &;
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Basics of Channels

@ A container class for communication and
synchronization

® They implement one or more interfaces

@ Different channels may implement the same interface
in different ways

@ A channel implements all the methods of the inherited
interface classes

@ There are primitive channels and hierarchical channels
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Basics of Channels

@ A primitive channel does not contain any hierarchy or
processes

@ All primitive channels are derived from the base class
called

@ SystemC contains several built-in channels:
sc_signal

SC_mutex
sc_semaphore
sc_fifo

L
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Basi

cs of Channels

Signal type, that is passed to the interface
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sc_signal
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"11_1'11—41 bhool ewvent | ||
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For evaluations and
accessing sc_signal.

For the sc_signal
timing purposes.

(for tracing)



Basics of Channels

SC MODULE (bCircuit) ({ sc_signal_in_ifis an
sc_in <bool> a, b;
sc_out <int> w;

interface class for
the sc_signal class,
it is derived from
sc_interface

sc_signal <bool> d;
sc_signal <int> e;
sc_signal <sc 1lv <8> > dv;

};
sc_signalis a sc_signal has a template
primitive channel parameter for type
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Basics of Channels

® sc_signal methods are:
: write value
read value
: was there an event (in bool)
: get the event
® For signals of type bool and sc_logic:
: get the event

: was there an event (in bool)

: get the delayed signal

L

© 2012-2017 Zainalabedin Navabi —-S stemC Abstract Channels
y D E———




TAAL AL

Basics of Channels

® A mutex 1s an object used to let multiple program threads share
a common resource without colliding

@ Any process that needs the resource must the mutex
waits until lock occurs

@ The process the mutex when done

® Using allows a process to get the mutex if availble
(non-blocking)

® There 1s no event that tells when an is freed

A Bl EEHE
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Basics of Channels

sc_mutex_if
Class
definition

virtual int lock() = 0;:

ff recturns -1 if mutex could not be locked
virtual int trylock({) = 0;:

ff returns -1 if mutex was not locked by caller
virtual int unlock({) = 0;

protected:

f/ constructor

sc_mutex if()| { ... ! sc_mutex_if.h

private:

ff disabled
2c matex if([ con=st =c mutex ifs ):

2c mutex if& operator = [ const =c mutex ifs ):;




sC_mutex

Class
definition

Basics of Channels

|cla=s =2c mutex
zc matex if,
rim channel

. constructors and destructor

sc mutex ()

explicit sc_mutex( const char® name };
virtual ~s3c _mutex():

virtual int lock():

returns -1 if mutex could not be locked
virtual int trylock():

returns -1 if mutex was not locked by caller
virtual int unlocki():

virtual const char* kind() cﬂnsﬂ { ...

protected:
support methods
bool in use() cansﬂ f ...
protected:

2c process b* m owner;
private:
di=zabled
Sc mutex( CoOnsSt SC IMITEXE )
e

=2Cc mutexi operator = [ CconsSt SC mMUtexE ):



Basics of Channels

O]

If the mutex is unlocked

member function shall lock the mutex and return

If the mutex is locked
suspend until the mutex is unlock&d (by another process)

@ Multiple attempt to lock the mussg in the same delta
cycle

the process instance that is given the lock in thatgeéa cycle is
(41 . . . 33
non-deterministic Implements a

relies on the order in which processes are resumeiitiioiiey 2Lt
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Basics of Channels

If the mutex is unlocked

Member function shall lock the mutex
Shall return the value 0
If the mutex is locked

Member function shall immNgaiately return the value -1
The mutex shall remian locked

Implements a non-

blocking process

L
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Basics of Channels

O

If mutex unlocked,

member function shall return the value -1
the mutex shall remain unlocked
If mutex locked by another process

member function shall return the value -1
the mutex shall remain locked
If mutex locked by the calling process

member function shall unlock the mutex

shall return the value 0
et

L
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Solution Explorer = 0 X
CoR| e-eam| o s -

Search Solution Explorer (Ctrl+;) P~

fad Solution 'Simple PutGet' (1 project)
4 [%] Simple PutGet
5 External Dependencies
4 - | Header Files
B B bufferChannel.h
b B interfaceClasses.h
[+
b

E simplePutGet.h
E simplePutGet_TB.h
Resource Files

Source Files

++ bufferChannel.cpp

++ simplePutGet.cpp

*++ simplePutGet_Main.cpp

e




Example l: Bufter Channel

Top Level Module

I process Channel process i

sc_port
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Example 1

™ M \| '

: Butfer Channel, interfaceClasses. h

interfaceClasses.h

Fleclass put if : virtual public sc_interface

1

[

#include <systemc.h>

[WE I

I~

LA

public:
virtual veoid put(sc lv<8> ) = 8;

gl

AN |

: virtual public sc_interface

public:
virtual veid get(sc lv<8> &) = @;
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Example 1: Buffer Channel, bufferChannel
#include "interfaceClasses.h”

Fclass buffer : public put if, public get if

{ bufferChannel.cpp
bool full;

sc_lv¢B> saved;
sc_event put event, get event;
public:
buffer() : full{false) {};
~buffer() {};
vold put(sc_lv<8> data);
vold get(sc lv<B> &data);

#include “buftferChannel.h™

Elwvoid buffer::put(sc_lwv<8> data) {

if (full==true) wait{get event);
saved=data;

full=true;

put _event.notify();

1
2
3
4
5
B
i
8
g

et
P =

T
Elwoid buffer::get(sc lv<8> &data){

it (full==Talse) wait{put event);
data = saved;

full=Ffalse;

get event.notify();

it
(N

e
ST <~ BT = I i I (R YR I O WV %y S

[
L

o
§a
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Example 1: But

— T simplePutGet.h

1
2
3
4
5
B
7
2
9

18
11
12
13
14
15
16
17
18
19

#include "bufferChannel.h"

EISC_MODULE (transmitter) {
sc_port<put_if> out;

=] SC_CTOR(transmitter) {
SC_THREAD (putting);

¥
vold putting();

s

EISC_MODULE (receiver) {
sc_port<get if> in;

=] SC_ CTOR(receiver) {
SC_THREAD (getting);

¥
vold getting();
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nel, simplePutGet

kinclude “simplePutGet.h"

Hwoid transmitter::putting() {
int 1i; \\\\\\\~’
=c_lv<8> dataToPut; simplePutGet.cpp

for (i=8; i<27; i++)

1
walt(7, SC_NS);
dataToPut = (sc_lv<B>) 1i;
out->put(dataToPut);

<< sc_time stamp() << "\n';

Elvoid receiver::getting() {
sc_lv<8> dataThatGot;
int i; for (i=8; 1<27; i++)
while (1)
1
wait(3, SC_N5);
in->get(dataThatGot);
cout << "Data: (" << dataThatGot << ") was received at:
<< sc_time stamp() << "\n';

L1

cout << "Data: (" << dataToPut << ") was transmitted at: '




Example 1: Buffer Channel, simplePutGet TB

=

[ |

TR -

g =

rinclude “simplePutGet.h"

ESC_MODULE (simplePutGet TB) {

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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simplePutGet_TB.h

buffer* BUF1;
transmitter*® TRS1;
receiver® RCV1;

SC CTOR(simplePutGet TB) {
BUF1 = new buffer();
TR51 = new transmitter("Transmitter”);
TRS1->out{*BUFL1);
RCV1 = new receiver( Receiver”);
RCV1->in({*BUF1);



Example 1: Bu
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|

1
|<

-

er, Channel, bufferChannel _main.cpp

[

=3
.
- |
=

(W

iy |
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bufferChannel main.cpp

include "simplePutGet TB.h"

Hint sc_main (int argc , char *argv[]) {
simplePutGet TE SPGL("simplePutGetl”);
sc_start (98, SC_NS);
return 8,
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[egoeaaead) was transmitted at: 7 ns

[egoeaaaad) was received at: 7 ns

[egoeagal) was transmitted at: 14

[egaaeaaal) was received at: 14
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Abstract Channels

@ Handshaking

Serial to Parallel Stack Writer Solution Explorer - 1 x
® Channels co@o-eano s

Search Solution Explorer (Ctrl+;) P~

Basics of Channels

fad Solution 'FIFO PutGet' (1 project)

sc_signal 4[5 FIFO PutGet
sC_mutex b 5 External Dependencies
F Header Files

[ fifoChannel.h
[ fifoPutGet.h
[
b

Simple put-get buffer channel
fifoPutGet_TB.h
interfaceClasses.h

Stack non-blocking channel Resource Files
Multi-way shared bus Source Files
Priority shared bus v MoPurbetepp
Memory access, using sc_port and sc_export
Burst interface handler

Hierarchical Channels
Burst buffer with RTL interface
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Example 2: FiFo Channel

Top Level Module

I process Channel process i

sc_port
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Example 2: FiFo Channel, interfaceClasses

template form

interfaceClasses.h

template <class T>
Flelass put if : virtual public sc_interface

i

public:
virtual void put(T) = 8;

12  template <class Tz
11 [Hclass get_if :
12 | {
13 public:
virtual veid get(T &) = @;

1s
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Example 2: FiF

el, fifoChannel

A I I [ S Y =

=

|
|

#include "intertaceClasses.h

template <class T, int Max>

class Tifoc : public put if<T>, public

1

int size;
int elems, head;
T gqueueContents[Max];
sc_event put _event, get ewvent;
public:
fifo() : size(Max), =lems{@),
~Fifo() {}s
wvold put(T data){

head(@) {};

if {(elems == size) wait(get_ewvent);

queueContents[(head + elems) ¥ size] = d

elems = elems + 1;
put_event.notify();
}
volid get(T &data)
if {elems ==

-
it
@) wait(put_event);

data = gueueContents[head];

elems = elems - 1;
head = (head + 1) % size;
get ewvent.notify();

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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el, fifoChannel

Form 1

template <class T, int Max> .
Eeclass fifo : public put_if«<T», public get_if<T> fifoChannel.h
1

int size;

int elems, head; .
T queueContents[Max]; flfoChannel.cpp
sc_event put_ewvent, get_ewvent;

public:
fifo() : size(Max), elems(@), head(@) {};
e ~fifo() {};

#include “interfaceClasses.h™

Lu T Y T I O R VS

e
(.

template <class T, int Max:

void put(T data){ void fifo<T, Max>::put(T data) {
if (elems == size) wait(get_event); if (elems == size) wait(get_event);
queueContents[{head + elems) ¥ size] = dats; gueuelContents[(head + elems) ¥ size] = data;
elems = elems + 1; elems = elems + 1;

R e
oW R W

put_event.notify(); put_event.notify();

[
i

1
void get(T &data){ 1

data = queueContents[head]; void fifo<T, Max>::get(T &data)q
elems = elems - 1; if (elems == @) wait(put _event);

head = (head + 1) % size; data = queueContents[head];
get _ewvent.notify(); _ .
gelems = elems - 1;

Because of the template format, it head = (head + 1) % size;
doesn’t have .cpp file and all functions get event.notify();
are implemented in .h file

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Example a: F1F
=

#include "fifoChannel.h"

FESC_MODULE (transmitter) {
sc_port<put if<sc lv<B8>>> out

SC_CTOR(transmitter) { process E
SC_THREAD (putting);

}

vold putting();

1;

ESC MODULE (receiver) {
sc_port<get if<sc_lv<B>>> in;

SC_ CTOR(receiver) {

SC_THREAD (getting);
_ (g )i _p] procsss

¥
vold getting();

fifoPutGet.cpp

inel, fifoPutGet

16
17
18
19
28
21

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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hinclude "fifoPutGet.h"

Flwvoid transmitter::putting() {
int i;
sc_lv<8> dataToPut;
for (i=8; i<27; i++)

wait(3, SC NS);

dataToPut = (sc lv<8>) i;

out->put({dataToPut);

cout << "Data: (" << dataToPut << ") was transmitted at: "
<< sc_time stamp() << "‘n';

Elvoid receiver::getting() {
sc_lv<8> dataThatGot;
int i; for (i=8; i<27; i++)
while (1)
1
wait(7, SC_N5);
in-»get(dataThatGot);
cout << "Data: (" << dataThatGot << ") was received at: "
<< sc_time stamp() << "\n';




l >

kinclude "fifoPutGet.h"

it

g pa

5C_MODULE (fifoPutGet TB) {

(W5 I -9

fifo<sc lw<8>,9> * FIFO1;

o Channe

= fifoPutGet _TB.h

Example 2: Fib

.\I!

&

—EcEiUEF* R{vlj

transmitter*® TRS1; I

a =

SC_CTOR(fifoPutGet TB) {

FIFO1 = new fifo<sc 1v<B>,

5 C 4
TRS1 = new transmitter("T r1~m1tt|=r" )

TRSl—}ﬂut[*FIFﬂl},

RCV1 = new receiver( Receiver™);

RCVI->in(*FIFOL);

I process

, ifoPutGet_TB.h

Top Level Module

sc _port (

d | . process
i E
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el, fifoPutGet_TB.h

fifo<sc_lv<8>, 9> FIFO1;
transmitter TRS1;
receiver RCWV1;

SC CTOR(fifoPutGet TB) : FIFOL(), TRS1("Transmitter"), RCV1("Receiver")
1

RCVL(FIFOL);

TRS1{FIFO1);

E/* —————————— HSC_MODULE(fifoPutGet_TB) {
fifo* FIFOL;
transmitter* TRS1; 'Fi'FD{SC_l'L-"{E-}J 9> FIFOL;
receiver® RCV1; transmitter* TRS51;
receiver* RCV1;
SC_CTOR(fifoPutGet TB) {

FIFO1 = new fifo; SC_CTOR(fifoPutGet_TB) : FIFOL() {

TRS1 = new transmitter("Transmitter"); TRS1 = new transmitter("Transmitter™);

TRS1-»out(*FIFO1); TRS1->out(FIFOL);

RCV1 = new receiver("Receiver™); RCV1 = new receiver("Receiver™);

RCV1->in(*FIFO1); RCV1->in(FIFO1);

© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels
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Example 2: |

‘1Fo,Channel, fifoPutGet  main.cpp

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
Y D E——

fifoChannel_main.cpp

Binclude "fifoPutGet TB.h"

2 [Fint sc_main (int argc , char *argv[]} {
fifoPutGet TB FPEl["flfnPutEHtl"]
sc_start();
return 8;

S
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Abstract Channels

@ Handshaking
Serial to Parallel Stack Writer

® Channels

Basics of Channels
sc_signal
sc_mutex

Simple put-get buffer channel
FIFO channel

Multi-way shared bus
Priority shared bus
Memory access, using sc_port and sc_export
Burst interface handler
Hierarchical Channels
Burst buffer with RTL interface
© 2012—2017 Zainalabedin Navabi -S stemC Abstract Channels

| Solution Explorer
CoR|e-ed@m| o s -
P w

Search Solution Explorer (Ctrl+;)

faJ Solution 'Stack MB PushPop' (1 project)
4 [%] Stack NB PushPop
» 5 External Dependencies

Header Files

E  interfaceClasses.h

B stackChannel.h

B stackPushPop.h

B stackPushPop_TB.h
Resource Files

Source Files

++ stackChannel.cpp

++ stackPushPop.cpp

++ stackPushPop_Main.cpp

i
4=
s

L



Example 3: Stack Channel

Top Level Module

I process Channel process i

sc_port
© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Example 3: Stac

cl, interfaceClasses. h

[ IO =S W S T ™=

) |

-
.'I
[

interfaceClasses.h

#include <systemc.h>

—lclass

stack _push if: wirtual public sc_interface
public:
virtual boocl nb _push(sc 1
virtual void init() = 8;

stack pop if: wvirtual public sc_interface

public:
virtual bool nb pop(sc lv<8> &) = 8;

Top Level Module

i process . . . . process i

sc port

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels - ‘:::
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Example 3 stack Channel, stackChannel

o

Ld pa

I

LA

Ly

=l

#include 1ntwrfa cel

include "stackChannel.h"

[

Eclass stack : public stack push_if, public stack pop if {
public:
stack() {tos=8;};
boecl nb push(sc 1v<B8»> data);
vold init();
boocl nb pop(sc lv<8:> &data);

Elbool stack::nb_push(sc 1v<8> data)} {
if (tos <17)

1

B L pa

(%]

[47]

contents[tos++] = data;
return true;

q =

¥

private: return false;

sc_lwv<8» contents[17];
int tos;

¥
Hwoid stack::init() {
tos = @;

=¥

Is }
Flbool stack::nb_pop(sc_lv<B>& data) {
if (tos > @)

r

16 I
stackChannel.h 1/ data = contents[--tos];
14 return true;

¥

return false;

stackChannel.cpp

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels - ‘: ::
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Example 3: Stac

< Channel, stackPushPop

include "stackChannel.h"

SC_CTOR (transmitter)

3 ESC MODULE (transmitter) {
: ‘ sc_port{stack_push_if> out; // with if out is a point stackPushPop.h
s O

SC_THREAD(pushSome) ;

SC_THREAD(popThem);

I
void popThem();

¥
void pushSome(); Top Level Module
I -
13 ESC_MODULE (receiver) {
sc_port¢stack pop if: inm; ‘
| S process ‘a process
SC CTOR (receiver) \ /
sc_port -
H
| A
m

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels - ‘::
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Example 3: Stack Channel, stackPushPop

include “stackPushPop.h™

3 [woid transmitter::pushSome()

int i = @3
sc_lw< data;
for(i=8; i<=43;
r

1

<4

<4

<<
<€

i++)

"Data: " << data << " was written at: "
sc_time_stamp() << "\n';

D Top Level Module

sc_time_stamp() << "\n';

SC_MODULE

process

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
Y D E——

for(i=0; i<=41; i++)
1
walt(7, SC_NS);
R N

cout << "Data: " << data << " popped at: "

<< sc_time_stamp() << "\n';

cout << "No data was poppoed at:
<< sc_time_stamp() << "\n';




Example 3: Stack Channel, stackPushPop

kinclude "stackPushPop.h™

Hwoid transmitter::pushSome()

1
int i = 8; stackPushPop.cpp
sc_lv<8> data;

for({i=08; i<=43; i++)

1

L e RN T T W O - WV A

data = (sc_ lwv<B>») 1i;
wait(3, SC_NS); 13
if (out-»nb_push(sc lv<d> (1)) 26 Hvoid receiver::popThem()
cout << "Data: " << data << " was written at: " 21 | {
<< sc_time stamp() << '‘n'; 22 int 1 = @;
else 23 sc lv<8> data;
cout << "Data: " << data << " is lost at: " 24 for(i=0; i<=41; i++)
<< sc_time stamp() << '"‘n'; 25 I
26 walt(?7, SC_NS);
27 if (in->nb_pop(data)})
28 cout << "Data: " << data << " popped at: "
29 << sc_time stamp() << "\n';
38 else
31 cout << "No data was poppoed at:
32 << sc_time stamp() << '\n';
33
34 |}

[ el o - I R R
Oy W Y O Y I

[
(i}

Ll
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Example 3: Stack C.

wannel, stackPushPop_Thb

stackPushPop_TB.h

rinclude "stackPushPop.h™

[

[ 8 ]

E1SC_MODULE (stackPushPop TB) {

icH

LA

Top Lev:zl Module

E E [ } E 5
process process

sc_port

s}

a =

SC_CTOR(stackPushPop TB) {
new stack();
TRS1 = new transmitter("Transmitter");
TRS1->out({*STK1);
RCV1 = new receiver( Receiver”);
RCVL->in{*STK1);

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels - ‘ : :
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= ,

tack Channel, stackPushPop_main

1  #include "stackPushPop TB.h"

stackPushPop_main.cpp
2 Hint sc_main (int argc , char *argv[]) {

stackPushPop TB SPPL1{"stackPushPopl™);

sc_start();
return @,

S

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Abstract Channels

@ Handshaking

Serial to Parallel Stack Writer S E—— -1 x|
® Channels CoRe-2am|o s -
Basics of Channels Search Solution Explorer (Ctrl+;) p- '
sc_signal i1 Solution 'Multiway Sharedbus' (1 project)

sc_mutex 4 [ Multiway Sharedbus
b 15 External Dependencies
4 Header Files

Simple put-get buffer channel

Burst interface handler
Hierarchical Channels

b B interfaceClasses.h .
FIFO Channe]_ [ sharedBusChannel.h
Stack non-blocking channel b B sharedBusPutGeth
[ sharedBusPutGet_TE.h
. : Resource Files
PIlOl’ltY shared bus Source Files i
Memory access, using sc_port and sc_export > *+ sharedBusPutGet Main.cpp B
m

Burst buffer with RTL interface
© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels d ::
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Example 4: Multi-way shared bus

Initiator Top Level Module Target
process Channel process
E \sc_port / E 5

W

TAAL AL

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels =
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Example 4: Multi-way s

hared bus, interfaceClasses. h

interfaceClasses.h

gtinclude <systemc.h>

template <class Tz

Fclass put if : virtual public sc_interface

{

public:
virtual void put(int initiater, int target, T data) = @;

template <class Tz
11 [Fclass get if : virtual public sc_interface

public:
virtual void get(int &initiater, int target, T &data) = 8;

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels -
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t1=-ww Ay
StackChanne]

Example 4: Vi1

include "interfaceClasses.h"

template <class T, int numOfInitiators, int numOfTargets:
Helass sharedBus : public put if<T:, public get if<T>
{ sharedBusChannel.h
int comingFrom, goingTo;
T dataPlaced;
sc_event dataAvailable[numdfTargets];
sc_event dataReceived[numOfTargets]; Template form

sc_mutex busBusy;

public:

sharedBus() : comingFrom({-1}, goingTeo(-1) {};

~sharedBus() {};

void put{int initiator, int target, T data){
busBusy.lock();
comingFrom = initiator;
goingTe = target;
dataPlaced = data;
datafvailable[target].notify();
wait(dataReceived[target]);
busBusy.unlock(};

B O W ST ST v O W O o SR [N o T 0 [N = W0 0 T = I

e
Ca =1 M LA

I e e
I s R A |

¥

volid get({int &initiater, int target, T &data){
if (goingTe != target) wait(datahAvailable[target]);
initiator = comingFrom; - -l
data = dataPlaced;
comingFrom = -1;
goingTo = -1; // prevent multiple gets of same data
dataReceived[target].notify();

Navabi -S stemC Abstract Channels
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Example 4: Multi-way shared bus,

#include "sharedBusChannel.h™
sharedBusPutGet

template <int N, int F>
FISC_MODULE (initiators)

et

Ld ka2

o

sharedBusPutGet.h

w71

5C_CTOR(initiators) {
5C_THREAD (putting);

i |

¥

wvold putting();
I

template <int N, int F>
Fwoid initiators<N, Fr::putting() {
int toTarget;
sc_lw<B» transmittedData;
ofstream fout("Multiway Sharedbus report.txt", ics::app)

for (int i = (N * 16); i<(N * 16 + 15); i++)

1

wait(F, SC_NS};
transmittedData = (sc lv<8>) i;
toTarget = rand() % 4; // Total 4 targets

out->put(N, toTarget, transmittedData);

i
@

ﬂ

¥

(Y]
£

-]
-]
}

i

[WF]
(a1

template <int N, int F>

SC_MODULE(targets :I

template <int N, int F=>
Hwvoid targets<N, F}-::getting{} ... 1-_

by

fes
LA

nopo
=



?

~

A M R,
-waVy shared bus

example 4: [Viult

J

I#include "sharedBusChannel.h™ S’h al"e dB uspu tGet

template <int N, int F>

SC_MODULE (initiators)

template <int N, int F>

®void initiators<N, F>::putting()| { ... } |
sharedBusPutGet.h

i

(NN
(3]

template <int N, int F>
=5C_MODULE(targets) {
sc_port<get_if<sc_lv<B»»» in;

A

ca

(NN
(W]

SC_CTOR(targets) {
SC_THREAD (getting);
h
vold getting(};
bi

template <int N, int F>
Hwoid targets<N, Fr::getting() {
sc_lv<8» receivedData;
int datalnitiator;
ofstream fout("Multiway Sharedbus report.txt", ios::app];

0 B R
= & W0 00 =

LA

while (1)

r

Ld pa

LA

)|
o+

wait(F, SC NS);

LA
LA

()]
(K]

in-»get(datalnitiator, N, receivedData);

41
b

o 1 o |
LU pJ




it

[N ]

o+

LA

[5}]

8

)

"sharedBusChannel.h"
sharedBusPutGet

template <int N, int F:
E15C_MODULE (initiators) {
sc_port<put_if<sc_lv<B8>»> out;

n

finclude

SC_CTOR(initiators) {
SC_THREAD (putting);

}

vold putting();

sharedBusPutGet.h

1;

template <int N, int F:
Flveid initiators<MN, Fr::putting() {
int toTarget;
sc_lv<B8> transmittedData;
ofstream fout("Multiway Sharedbus report.txt™, ics::app);

for (int i = (N * 16); i<(N * 16 + 15); i++)

{

wait(F, SC N5);
transmittedData = (sc lv<B») 1i;
toTarget = rand() % 4; // Total 4 targets

cout << "\nInitiator {" << N << "} intends to"
<< " transmit (" << transmittedData << ") at:
<< sc_time_stamp() << " to: [" << toTarget << "]\

out-»put(N, toTarget, transmittedData);

cout << "Initiator {" << N << "} completed transmtting ("
<< transmittedData << ") at: "
<< sc_time stamp() << " to:




Example 4: Multi-way shared bus,
B5c pooULE (initiatorsy T 7] sharedBusPutGet

template <int N, int F>

Hwvoid initiators<N, F}::putting{}m
template <int N, int F> sharedBusPutGet.h
F5C_MODULE(targets) {

sc_portd<get if<sc 1w<B»>> in;

o SC_CTOR(targets) { 45  template <int N, int F>
SC_THREAD (getting); 47 [Fweold targets<N, Fr::getting() {
} sc_lv<B» receivedData;
void getting(); int dataInitiator:
13 ofstream fout("Multiway Sharedbus report.txt", ios::app);

while (1)
{

walt(F, SC NS);
cout << "Target [" << N << "] ready to" << " receive something at: "
<< sc_time stamp() << "\n';

in-»get(dataInitiator, N, receivedData);
cout << "Target [" << N << "] received (" << receivedData << ") at:
<< sc_time_stamp() << " from: {" << dataInitiator << "}\n";

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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oo o9 o9 oo

m
53
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ia INIG;
TMIL;
INIZ;
4% TINI3;
TARS ;
TARL;
TARZ :
TARS;

W<
[T

# ¥ |C0

i

[F
=] LN
L
*

M M M

ot

[F |
Wom oL
LY Y P I

SC CTOR(sharedBusPutGet TB} {

BusA = new sharedBus<sc 1w<8>, 4, 4>;

-

INI® = new initiators<®, 3>({"Initiatoré@™);
INI@->out{*Busa);

INI1 = new initiators«<l, S>("Initiatorl™);
INI1l->out{*Busa);

INIZ2 new initiators<2, 7>({("Initiator2™};
INIZ2->out(*BusA);

INIZ = new initiators«<3, 4>("Initiator3™);
INIZ->out(*BusA);

TARS new tTarg
TARB->in(*BusA
TARL new tTar
TARL->in({*BusA
TARZ new tTar
TAR2->in(*Busi
TARS -
TARZ->in(*BusA

m
a3
1A
)
&

Fr("Target@™);

L]

e

4x=("Targetl™);

we [T
a3
A
M
=
i

r
A
A
fed
s

6x>("Target2™)

s [ S [T % [ == []T)

We I W= [T
F
1A
)
8]

Al NN : J | =
vay shared bus

J

" sharedBusPutGet TB

sharedBusPutGet TB.h

Initiator O

Initiator 1

Initiator 2

Initiator 3

Target O

Target 1

Target 2

Target 3




Example 4: Multi-way shared bus, sharedBusPutGet_main

sharedBusPutGet_main.cpp

include "sharedBusPutGet TB.h"
2 [Flint sc_main (int argc , char *arg

argv
sharedBusPutGet TE MultiWay("sh

sc_start();
return @;

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Target [1] received (Egeseses) at: 4 ns from: {8}
Initiator {8} completed transmtting (eoeoe8s8) at: 4 ns to:r [1]
Target [3] ready to receive something at: 5 ns

Initiateor {1} intends to transmit (288lo8e8) at: = tor [1]
Target [2] ready to receive something at: 6 ns
Target [@] ready to receive something at: 7 ns

Initiateor {2} intends to transmit (82le8888) at: 7

Initiater {8} intend=s to transmit (20000881} at: 7
Target [1] ready to receive something at: 8 ns

Target [1] received (@gllese8) at: @ ns fTrom: {3}
Initiator {3} completed transmtting (881l8888) at:
Target [1] ready to receive something at: 12 ns=

Target [1] received (222l2288) at: 12 ns from: {1}

Initiator {3} intend=s to transmit (88118881} at: 12 ns to: [3]
Initiater {1} completed transmtting (222le828) at: 12 ns to: [1]
Target [3] receilved (SoBe228l1) at: 12 ns from: {8}

Initiator {8} completed transmtting (&eeee8el) at: 12 ns to: [3]

Initiater {8} intend=s to transmit (2oo02818) at: 15 ns to: [2]
Target [1] ready to receive something at: 16 ns
Target [3] ready to receive something at: 17 ns

68



Abstract Channels

@ Handshaking

Serial to Parallel Stack Writer oution Bplore e
- agn@m -
® Channels co@le-2aip ""P
- Search Solution Explorer (Ctrl+:) u
Basics of Channels O — '
. fa] Solution 'Priority Sharedbus' (1 project)
sc_signal 4 [%] Priority Sharedbus
sC_mutex o5 External Dependencies
F Header Files
B interfaceClasses.h
Slmple put-get buffer channel » B pricritySBusChannel.h
FIFO channel > B prioritySBusPutGet.h
Stack non-blocking channel o PromhpSsUGeL T
Multi-way shared bus Source Files

++ priorty5BusPutGet_Main.cpp

Memory access, using sc_port and sc_export
Burst interface handler

Hierarchical Channels

Burst buffer with RTL interface
© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels ‘ ::
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Example 5: Priority shared bus, interfaceClasses.h

interfaceClasses.h

hinclude <5ys hz

[

[N O |

template <class T>

Flclass put_if : wvirtual public sc_interface

{

ics

LA

[5]

public:
virtual veid put(int initiator, int target, T data, int delay) = 8;

~

s

A

template <class T>

—lclass get if : virtual public sc_interface

i

i b
(SO

public:
virtual void get(int &initiator, int target, T &data, int delay) = @;

}s

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Example 5: Priority shared bus,prioritySBusChannel.h

Template form prioritySBusChannel.h

// data type, number of Inititiators, number of Targets
template <class T, int nI, int nT>
Flclass prioritySBus : public put if<T», public get if<T:

{

int comingFrom, goingTo;

T dataPlaced; Handling Priorities
sc_event datafvailable[nT];

sc_event dataReceived[nT];

sc_event busReleased;

bool requestingI[nI]; // requesting Initiators
bool busBusy;

int priority(int,

T

public:
prieritySBus() : comingFrom(-1), goingTo(-1), busBusy(false) {};

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels - ‘: E:
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Example 5: Priority shared bus,

prioritySbusChannel.h

4 template <class T, int nI, int nT>

S Elclass prioritySBus : public put_if<T>, public get_if<T>
6 |{
7

3

9

int comingFrom, goingTo;

T dataPlaced;

sc_event dataAvailable[nT];
10 sc_event dataReceived[nT];
11 sc_event busReleased;

12
13 bool requestingI[nI]; // requesting Initiators
14 bool busBusy;

15
16 int priority(int, bool*);
17
18 public:

19 prioritySBus() : comingFrom(-1), goingTo(-1), busBusy(false) {};

20 ~prioritySBus() {};
21 prioritySBusChannel.h
22 void put(int initiator, int target, T data, int delay)| { ... }

38 void get(int &initiator, int target, T &data, int delay))

47
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Example 5: Priority shared bus, prioritySBusChannel.h

template <class T, int nI, int nT>

Elint prioritySBus<T, nI, nT>::priority(int totalCandidates, bool* thoseRequesting)
d
// © has highest priority
int found = -1;
for (int i = totalCandidates - 1; i >= 0; i--){
if (*(thoseRequesting + i)) found = i;

}

return found;

-

© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels
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bus, prioritySBusChannel. h

void put(int initiator, int target, T data, int delay)}{
walit(delay, SC NS);
requestingI[initiator] = true;
while (busBusy || (initiator != priority(nI, requestingI))) {
wait(busReleased); prioritySBusChannel.h

¥
requestingI[initiator] = false;
busBusy = true;
cm?ingFm = initiator; int comingFrom, goingTo;
goinglo = target; T dataPlaced;
dataPlaced = data; sc_event dataAvailable[nT];
datafAvailable[target].notify(); 22_3::: g::::;:::::‘:[ﬂ]:
wait(dataReceived[target]); .
busBusy = false; bool requestingI[nI]; // requesting Initiators
busReleased.notify(); bool busBusy;
i int priority(int, bool*);
void get(int &initiator, int target, T &data, int delay){
if (goingTo != target) wait(dataAvailable[target]);
initiator = comingFrom;
data = dataPlaced;
wait({delay, SC_NS);
comingFrom = -1;
goingTo = -1; // prevent multiple gets of same data
dataReceived[target].notify();

I il
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Example 5: Priority shared bus,
prioritySBusPutGet.h

Jf initiator Number, Frequency, Delay
template «<int N, int F, int D=
E5C MODULE (initiators) {
sc_port<put_if<sc_lw<B>>> out;

[T

SC CTOR(initiators) {
SC_THREAD (putting);

¥

wold putting();
s

template <int N, int F, int D> prioritySBusPutGet.h
Flwoid initiaters«<N, F, Dx::putting() {
int toTarget;
sc_lv<8> tData; // transmitted Data

for (int i = (N * 16); i<(N * 16 + 15); i++)

1

walt(F, SC_NS5);
tData = (sc_lwv«<8:) (rand() ¥ 256);
toTarget = &;

out->put(N, toTarget, tData, D);

-]
-]

}
}

process ‘ Channel
-

// target Number, Frequency, Delay
template <int N, int F, int D=

SC_MODULE(targets)| { ... } |

u 5 I_HI.f.I-::

template <int N, int F, int D=

17 MHweoid targets<N, F, D}-::getting{}

Rinalabedin Navabi - SystemC Abstract Channels
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] " iorl SBus = e " :1 [ ’\ : " ; y ‘*‘ o i o o/, N | b ',/ y I e
include "prioritySBusChannel.h _Ixample 5: /’ ; /Lj / / t] \ \\ / ] kxz // L‘) k\!/ ( ) [ /:\]

// initiator Number, Frequency, Delay . ’
template <int N, int F, int D> pl’lOflty.S'BUSPUtGet.h
SC_MODULE (initiators)[ [ ... 1|

template <int N, int F, int D>
#lvoid initiators<N, F, D>::putting() [ ... 1 |

=

W pd

I

%]

[
i

%]

I
I

N

// target Number, Frequency, Delay
template <int N, int F, int D
=15C_MODULE(targets) {
sc_port<get if<sc lw<B>>> in;

(MY}
iy}

L
=l o

o

prioritySBusPutGet.h

L
W]

SC_CTOR(targets) {
SC_THREAD (getting);

i

¥

void getting();

¥s

template <int N, int F, int D>
Fwvoid targets<N, F, D>::getting() {
sc_lv<8> rData; // received Data
int datalnitiator;

while (1)

1

wait(F, SC_NS);

in-»get(dataInitiator, N, rData, D);



s DirvAarifrr ocharrA~N M1t
Example 5: Priority shared bus,
#include "pricritySBusPutGet.h" pTIOfltySBusputGet_TB.h

ElSC_MODULE(pricritySBusPutGet TB) {

[

(R

o

LA

us<sc_lv<8>, 4, 1> * BusA;
initiators<@, 9, 8>* INI@;
initiators<l, 11, @&>* INI1;
7, @>* INI2:

R prioritySBusPutGet_TB.h
SC CTOR(priocritySBusPutGet TB) {

BusA = new pricritySBus<sc 1v<8», 4, 1x;

L]

AN |

INI® = new initiators<@, 9, @>("Initiatore™); Initiator O

INI@->out(*Bush);

INI1 = new initiators<l, 11, @>("Initiatorl™);

INI1->out(*BusA); Initiator 1

INI2 = new initiators<2, 7, @>("Initiator2™);

INIZ2->out(*BusA); Target 0
INI3 = new initiators<3, 15, @>("Initiator3™); Initiator 2

INIZ->

TARG = argets ] 13> » Initiator 3

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Example 5: Priority.shared bus,prioritySBusPutGet _main

prioritySBusPutGet_main.cpp

it

include "prioritySBusPutGet TB.h"

LI L |

Fint sc_main (int argc , char *argv[]) {
prioritySBusPutGet TE PriorityBus (“prioritySBusPutGetl™};
sc_start();
return 8;

.Y

5

S]]

~J

oa
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Initiator {8} intends to transmit (22121221} ! 9 ns to: [&]
Initiator {1} intends to transmit (22121221} ! 11 n=s to: [8]

Initiator {3} intends to transmit (28212812281} : 15 ns to: [8]
Target [8] ready to receive something at: 17

Target [8] recelved (881281881} at: 38 ns from: {2}

Initiator {2} completed transmtting (@8181881) at: 38 ns to: [&8]

Initiator {2} intends to transmit (@ei1ese811) at: 37 ns to: [8]
Target [8] ready to recelve something at: 47 ns

Target [8] received (828l8i1@81)} at: 68 nz Trom: {8}
Initiator {8} completed transmtting (88i12i1881) at: &8 ns to: [&]

Initiator {8} intends to transmit (88128811} at: &9 ns to: [&8]
Target [8] ready to receive something at: 77 ns

Target [@8] received (28leil@sl)} at: 98 ns Trom: {1}

Initiator {1} completed transmtting (@21218281) at: 98 n= to: [&]

Initiator {1} intends to transmit (881288811} at: 181 n=s to: [&8]
Target [8] ready to receive something at: 187 ns

Target [8] recelved (8281288811} at: 128 ns Trom: {8}

Initiator {@} completed transmtting (88188811} at: 128 ns to: [8]
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Initiateor {8} intends toc transmit (18111118) at: 12

Target [8] ready to recelve something at: 137 ns

Target [8] received (88188811} at: 158 ns fTrom: {1}

Initiator {1} completed transmtting (22188811} at: 158 ns to: [&8]

Initiator {1} intends to transmit (18111118} at: 161 ns to: [&]
Target [8] ready to recelve something at: 167 ns

Target [8] received (18111118} at: 188 ns from: {8}

Initiator {8} completed transmtting (18111118} at: 188 ns to: [&8]

Initiator {8} intends to transmit (12888188} at: 189 ns to: [8]
Target [8] ready to recelve something at: 197 ns

Target [8] received (18111118} at: 218 ns from: {1}

Initiator {1} completed transmtting (18111118) at: 218 ns to: [&8]

Initiator {1} intends to transmit (less8188) at: 221 ns to: [8]
Target [8] ready to receilve something at: 227 ns

Target [8] received (12se8gl8e] at: 248 ns from: {8}

Initiator {8} completed transmtting (1ee8e188) at: 248 ns to: [8]

Initiator {8} intends to transmit (lll8e881) at: 249 ns to: [8]
Target [8] ready to receilve something at: 257 ns

Target [8] received (12se8gl8e] at: 278 ns from: {1}

Initiator {1} completed transmtting (1eeee188) at: 278 ns to: [&8]
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@ Handshaking

Serial to Parallel Stack Writer Solution Explorer - B x
® Channels Cofe-ed@mlo s -
Basics of Channels Search Solution Explorer (Ctrl+) P- '
sc_signal B3] Solution 'Memory Access' (1 project)

sC_mutex 4 [%] Memory Access

b o5 External Dependencies

4 .. Header Files
Simple put-get buffer channel b B intefaceClassesh
FIFO channel b memoryAccessChannel.h
Stack non-blocking channel > B memoyReadWrite. T8
: I memoryReadWrites.h
Multi-way shared bus Resource Files
PIiOIitY shared bus Source Files

>+ memoryReadWrite_Main.cpp

Burst interface handler
Hierarchical Channels

Burst buffer with RTL interface
© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels d
= - e | s 0 ]

A Bl EEHE




Example 6: Vlemory Access,interfaceClasses.h

interfaceClasses.h

#include <systemc.h:

template <class T»
Flclass requestMem if : virtual public sc_interface

{

public:
virtual void requestMem(int initiator, T &data, T &address, bool rwbar,int delay) = @;

HH

template <class T:
Flclass memRespond_if : virtual public sc_interface
r

m 1

. public:

- virtual void memForward(int &initiator, T &data, T &address, bool &rwbar) = @;
. virtual veid memBackward(T &data, int delay) = 8;

m

s
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Example 6: Vlemory Access, memoryAccessChannel. h

// data and address type, number of Inititiators
template <class T, int nI>
Elclass memoryfccess : public requestMem_if<T», public memRespond if<T>

1

int comingFrom;
T incomingData;
T incomingAddress; memoryAccessChannel.h
T outgoingData;

bool read;

bool memoryRequested;
sc_event memoryCalledFor;
sc_event memoryCompleted;

sc_mutex busBusy;

public:

memoryAccess() @ comingFrom(-1), memoryRequested(false) {};
~memaryAccess() 1}

void requestMem(int initiator, T &data, T &address, bool rwbar, int delay)| { ...

void memForward(int &initiator, T &data, T &address, bool &r"'l.-.'har"}
void memBackward(T &data, int dela_'-,-f}

1
A B I EEE

—E-E—F

bt
-
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Example 6: Vlemory Access, memoryAccessChannel. h

= vold requestMem(int initiator, T &data, T &address, bool rwbar, int delay){
wait(delay, SC NS);
busBusy.lock();

comingFrom = initiator;

if (!rwbar) incomingData =

incomingAddress = address;

d = h . El void memForward(int &initisfor, T Rdata, T &address, bool Rrwbar){
rea = rwhar; if {!memoryRequested) wait(memoryCalledFor);
memoryRequested = true; memoryRequested = false;

initiator = comingFrom;

memoryCalledFor.notify(); if (lread) data = incomingData;
walit [memr‘y’[mpletEd :| 1 < address = incominghAddress;

rwbar = read;

if |::|""|.'-|'|'JE|"':| data = Gutgﬂ-ir‘lg[}a‘taj // Ready for Backward operation
L

-1 vold memBackward(T &data, int delay){
busBusy.unlock(); cutgoingData = data;

wait(delay, SC_NS);

comingFrom = -1;
memoryCompleted.notify();

memoryAccessChannel.h | |

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Example 6: Vlemory Access, memoryAccessChannel.h

ety void requestMem(int initiator, T &data, T &address, bool rwbar, int delay){
wait(delay, SC_N5);
busBusy.lock(}; 44 [ void memForward(int &initiator, T &data, T &address, bool &rwbar){
comingFrom = initiator; - >

if (lrwbar) incomingData = 0 45 if (!memoryRequested) wait(memoryCalledFor);

incomingAddress = address;

Incomingaddress = address 45 memoryRequested = false;

read = rwbar;
memoryRequested = true; 47 initiator = comingFrom;
memoryCalledFor.notify(); o . . .
wait(memoryCompleted); < # if (!read) data = incomingData;
if (rwbar) data = outgoingda 44 addrezs = incomingAddress;
busBusy.unlock(); 58 rwbar = FEEdj

51 // Ready for Backward operation
52 1

53 vold memBackward(T &data, int delay){ «
54 outgoingData = data;

55 wait(delay, SC NS5);

56 comingFrom = -1;

57 memoryCompleted. notify();

kil

memoryAccessChannel.h

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Example 6: Vlemory Access,memoryReadWrites.h

ginclude "memoryAccessChannel.h”

template <int N, int F, int D>
Fwoid initiators<N, F, D>::requesting() {
sc_lv<B8» tData; // transmitted Data
sc_lv<B> tAddress; // transmitted Address
bool rwbar;

// initiator Number, Frequency, Dela

template <int N, int F, int D>
FISC_MODULE (initiators) {
sc_port<requestMem if<sc 1v<Bx»>»

SC CTOR(initiators) {
SC_THREAD (requesting); for (int i = @; 1 < 15; i++)

LT N O R I R I S

et
=

I {

vold requesting(); wait(F, SC_NS);

rwbar = (bool) (rand() % 2);

thata = (rwbar?{{sc lv<B>)255) : (sc lv<8>) (rand() % 256));
tAddress = (sc_ lv<8>) (rand() % 258);

e
P =

if (!rwbar) cout << " Data:" << tData;

. out-:requestMem{N, tData, tAddress, rwbar, D);
memoryReadWrites.h
© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels ‘ : ::
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S o O i B - |

[/ initiator Number, Frequency, Delay
template <int N, int F, int D>

SC_MODULE (initiators ]l

template <int N, int F, int D>

Hvoid initiators<N, F, D}-::requesting[}

[/ memory Number, Frequency, Delay
template <int N, int F, int D>
5C_MODULE (memory) {

sc lv<8>* mem;

sc_port<memRespond if<sc lv<8»>» inj

SC_CTOR(memory) |
mem = new sc lv<B>[256];
for (int 1 = @; 1 < 256; i++) mem[i] = (sc Lv<B3) 1;

SC_THREAD (responding);
¥
vold responding();
virtual ~memory(){

delete[] mem;

h

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Viemory Access, memoryReadWrites.h

memoryReadWrites.h

template <int N, int FJI int D>
Flweid memory<N, F, D>::responding() {
sc_lv<8> rData; ff FHCHIVHd Data
sc_lv<8> rAddress; // ceived address
bool rwbar; S oread write
sc_lv<B> sData; // sending data back
int datalnitiator;

=
I'[l I'[l I'[

while (1)

1

wait(F, SC_NS);
in->memForward(dataInitiator, rData, rAddress, rwbar);
if (rwbar) sData = mem[rAddress.to uint()];
else mem[rAddress.to uint()] = rData;
in->memBackward(sData, D);

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels -
Y D E—— h--—




[

[
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M

a =)

rinclude “memoryReadWrites.h™

Example 6: Memory Access,
memoryReadertes_TB.h

1r'|1t1-:|t-::"5{El, 9, El}-* INIB; memoryReadWrites_TB.h
initiators<1l, 1111, @>* INI1;

initiators<2, 117, @>* INI2;
initiators<3, 1115, @>* INI3;
memory<@, 17, @>* MEMe;

SC CTOR(memoryAccess TB) {
i}

memBus = new memory. ccess{sc_lv{ﬂ}, 4y

INI@ = new initiators<@, 9, @>("Initiatore™);

INI@->out({*memBus); Initiator 0
INI1 = new initiators<1l, 1111, @>("Initiatorl™)

INI1->»out(*memBus);

INI2 = new initiators<2, 117, @>("Initiator2"); R Initiator 1
INI2->out({*memBus);

INI3 = new initiators«<3, 1115, @>("Initiator3
INI3->out{*memBus); Initiator 2

" Memory0

MEM@ = new memory<@, 17, @>("Memory@");

WB->1n( *memBus); Initiator 3
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Example 6: Mlemory Access, memoryReadWrites _main

it

LI T W |

NS

3

Sy}

~J

=0

memoryReadWrites_main.cpp

#include "memoryReadWrite TB.h"

Flint sc_main (int argc , char
memoryAccess TE MemoryAcces urvAcc::sl"};
sc_start();
return @;
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Initiateor {8} intends to read from Address:88188811 at: 9 ns

emory READ Data:8els2s8ll Address:88188811 reguested by {8}

Reading &: incomingaddress:3s, cutgocingData:eelsssll

Initiator {8} completed rwbar:l Data:eelessll Address:@eleesll at: 17 ns

Initiater {8} intends to write to Address:111828881 Data:leess188 at: 216 ns
emory WROTE Data:l188s88188 Address:111888281 reguested by {8]

riting @: incomingData:ieeeslss, incomingaddress:225

Initiator {8} completed rwbar:8 Data:leeeslesd Address:11i188881 at: 34 ns

Initiater {8} intends to write to Address:181811128 Data:11218118 at: 43 ns
emory WROTE Data:11818118 Address:18181118 reguested by {8}

riting @: incomingData:11818118, incomingaiddress:174
Initiater {8} completed rwbar:8 Data:11e12118 Address:18181118 at: 51 ns

Initiateor {8} intends to write to Address:81881881 Data:le8l8888 at: 68 ns
emory WROTE Data:leglessd Address:218818281 regquested by {8]

riting @: incomingData:l18@lessd, incomingAddress:73

Initiateor {8} completed rwbar:8 Data:lé@lssed Address:@leglssl at:

Initiater {8} intends to read from address:1i1i1i18881 at: 77 ns
emory READ Data:ililllseel Address:11118881 requested by {8}
Reading &: incomingAddress:241, cutpoinghata:llllassl

Initiator {8} completed rwbar:l Data:11118881 Address:11118881 at:
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@ Handshaking

Serial to Parallel Stack Writer

® Channels

Basics of Channels
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sc_mutex

Simple put-get buffer channel

B interfaceClasses.h
FIFO channel . » B memoryAccessChannel.h
Stack non-blockmg channel » B memoryReadWrite_TE.h
Multi-way shared bus > B memoryReadWrites.h
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'y Export, intertaceClasses.h

interfaceClasses.h

Binclude <systemc.h>

template <class T>

Fclass requestMem_if : virtual public sc_interface

{

public:
virtual void requestMem(int initiator, T &data, T &address, bool rwbar, int delay) = @;

IE

template <class T>
Fclass memRespond if : wvirtual public sc_interface

{

public:
virtual void memForward(int &initiater, T &data, T &address, bool &rwbar) = @;
virtual void memBackward(T &data, int delay) = @;

s
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// data and address type, number of Inititiators
template <class T, int nI:

Flclass memoryAccess : public requestMem_if<T», public memRespond_if<T>
r

int comingFrom;

T incomingData;

T incomingAddress;

T outgoingData;

bool read;

bool memoryRequested;
sc_event memoryCalledFor;
sc_event memoryCompleted;

sc_mutex busBusy;

public:
memoryAccess() : comingFrom(-1), memoryRequested(f:lse) {};
~memoryAccess() {};

void requestMem(int initiator, T &data, T &address, bool rwbar, int n:lElag,-f}

void memForward(int &initiator, T &data, T &address, bool &r‘t-.'har"}
void memBackward(T &data, int delay)| { ... }|
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Example 7: VMemory Export, memoryAcessChannel. h

[

(R |

T W

wl

#include "interfaceClasses.h'

// data and address type, number of Inititiators
template <class T, int nI>
Elclass memoryAccess : public requestMem_if<T>, public memRespond if<T>

1

sl

public:
memoryAccess() : comingFrom(-1), memoryRequested(false) {};
~memoryAccess() {};

= void requestMem(int initiator, T &data, T &address, bool rwbar, int delay){
wait(delay, SC NS);
busBusy.lock();
comingFrom = initiator;
if (!rwbar) incomingData = data;
incomingAddress = address;

read = rwbar;
memoryRequested = true; memoryAcessChannel.h
memoryCalledFor.notify();

walt (memoryCompleted);
if (rwbar) data = outgoingData;

busBusy.unlock();

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
Y D E——




Example 9: Memory Export, memoryAcessChannel. h

=

1 [

void memForward(int &initiator, T &data, T &address, bool &rwbar){
if (!memoryRequested) wait(memoryCalledFor);
memoryRequested = false;
initiator = comingFrom;
if (!read) data = incomingData;
address = incomingAddress;
rwbar = read;
// Ready for Backward operation

h

void memBackward(T » int delay){
cutgoinghata = d
wait(delay, SC N
comingFrom = -1;
memoryCompleted. notify();

memoryAcessChannel.h
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frinclude "memoryAccessChannel.h™

[

Ld pJd

Fs

LA

[a7]

A |

/S initiator Mumber, Fregquency, Delay

!

Example 71: Memory Export,

memoryRead Wn’tes.h

template <int N, int F, int D>

F15C_MODULE (initiators) {
sc_portdrequestMem_if<sc lwvg

El SC_CTOR(initiators) {

}
}s

wolid requesting();

template <int N, int F, int D>
Fwoid initiators<M, F, D»::requesting() {
sc_lv<B» tData; // transmitted Data
sc_lv<B» tAddress; // transmitted Address
bool rwbar;

for (int i = @8; i « 15; i)

r

/S memory Mumber, Frequency, Delay
template <int N, int F, int Do

SC_MODULE {memory )

template <int N, int F, int Do

Fwvoid memory<N, F, D}-::resp-:md:i.ng(:l

5C_THREAD (requesting);
Initiator m

wait(F, SC_N5);

rwbar = (bool) (rand() % 2);
thata = (rwbar?((sc_lv<8>)255) : (sc_lw<8>) (rand() % 256)); memoryReadertes_h
taddress = (sc_lw<8>) (rand() ¥ 258);




Example 7:

4 template <int N, int F, int D» memoryReadetes h

5 @SC_MODULE (initiators)[ { ... ]|

template <int N, int F, int D>

Hvoid initiators<N, F, D}-::requesting{}

[/ memory Number, Frequency, Delay
template <int N, int F, int D3
=15C_MODULE (memory) {
sc_lv<B>* mem;

=
LA

(NN}
oa

n Memory

= (NN}
E i I W

sc export<{memRespond if<sc lv<8%>* in;
ACcessdse vEB», 4>* memBus;

memoryReadWrites.h

SC_CTOR({memory) {
mem = New sC_
for (int i ; 1 < 256; i+4+) mem[i] = (sc lv<B») 1;

WL
= & LO

memBus = new memoryAccess<sc Lv<8>, 43;
SC_THREAD (respondin

(%]

Lu pa

LA

h

void responding();
virtual ~memory(){
delete[] mem;

LA
oY

WL
I |

Ln
J

0 -

}

iLn

s
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Example 7: Vlemory Export, memoryReadlWrites.h

template <int N, int F, int D>
Flwvoid memory<N, F, D»::responding() {
sc_lv<8> rData; !/ received Data
sc_lv<B>» rAddress; // received address
bool rwbar; S/ read write
sc lv<B> sData; !/ sending data back

int datalnitiator;
_ memoryReadWrites.h
while (1)

{

walt(F, SC _NS);
in-*memForward(dataInitiator, rData, rAddress, rwbar);
if (rwbar) sData = mem[rAddress.to uint()];
else mem[rAddress.to uint()] = rData;
in->*memBackward(sData, D);
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Example 7: VMlemory Export, memoryReadWrites.h

9, @>* INI@;
1111, @>* INI1;
117, @>* INI2;
1115, @>* INI3;
memory<@, 17, @>* MEM@; Initiator O

SC_CTOR(memocryAccess TB) {
Initiator 1

MEM@ = new memory<@, 17, @>("Memory@");
MEM@->1in(*MEM@- >memBus ) ; MemoryO
e ——

Initiator 2

INI® new initiators<®, 9, @>("Initiator®™);
INI@->out(*MEME->memBus);

INI1 = new initiators<l, 1111, @>("Initiatorl™); Initiator 3
INI1->»out(*MEM@->memBus);

INIZ2 new initiators<2, 117, @>("Initiator2™);
INI2->out(*MEM@->memBus);

INI3 = new initiators<3, 1115, @>("Initiator3™);
INI3->out(*MEM@->memBus);

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
Y D E——



Example 1: VI

mory Export, memoryReadWrites_main

[

-3
=
|
-t

-

LA

h

=

memoryReadWrites_main.cpp

include "memoryReadWrite TB.h"

Flint sc_main (int argc , char *argv[]) {
memoryAccess TBE MemoryAccess ( memoryfccessl™);
sc_start();
return @;
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Initiateor {8} intends to read from Address:88188811 at: 9 ns

emory READ Data:e@lesell Address:8818881l reguested by {8}

Reading &: incomingAiddress:35, cutgoingData:eelessll

Initizter {8} completed rwbar:l Datz:e@lesell Address:@@lesell at: 17 ns=

Initiateor {8} intends to write to address:llileessl Data:leesslsse at
emory WROTE Data:l8eeeled Address:11188881 reguested by {8}

riting @: incomingData:le@eeldsd, incomingiddress:22s

Initiator {2} completed rwbar:@ Data:lses8eles address:11188821 at: 34 ns

Initiater {8} intends to write to Address:18181118 Data:11818118 at: 43 ns
emory WROTE Data:llelellsd Address:18181118 reguested by {8}

riting @: incomingData:ilelglie, incomingAddress:174

Initiator {8} completed rwbar:@ Data:11818118 Address:18181118 at: 51 ns

Initiator {8} intends toc write to Address:81881881 Data:le8leeed at: 68 ns
emory WROTE Data:leglesssd address:gleslael requested by {8}

riting @: incomingData:ledlasss, incomingiddress:73

Initiator {8} completed rwbar:@ Data:leglesss Address:@leglesl at: &8

Initiater {8} intends to read from Address:11118881 at: 77 ns
emory READ Data:llllsssl Address:11118281 requested by {8}
Reading @: incomingAddress:241, cutgoinghata:illlilseesl

Initiator {8} completed rwbar:1 Data:11118881 Address:11118881 at:

107



Abstract Channels

@ Handshaking

Serial to Parallel Stack Writer
® Channels

Basics of Channels
sc_signal
sc_mutex

F|

Simple put-get buffer channel

FIFO channel

Stack non-blocking channel

Multi-way shared bus

Priority shared bus

Memory access, using sc_port and sc_export

b
[+
b
b

Hierarchical Channels
Burst buffer with RTL interface

Solution Explorer

So@e-2am o8

Search Selution Explorer (Ctrl+;) P~

fa] Solution 'Burst Interface’ (1 project)
4 [%] Burst Interface
I I External Dependencies

> *++ memoryReadWnte_Main.cpp

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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Header Files
busrtinterfaceChannel.h
interfaceClazzes.h
memoryReadWrite_TE.h
memaryReadWrites.h
Rezource Files

Source Files
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Example 8: burst interface, interfaceClasses.h

interfaceClasses.h

ginclude <systemc.h>

template <class Ti, class Ta>
Feclass requestMem_if : virtual public sc_interface

{

public:
virtual void requestMem{int initiator, Ti &data, Ta &address, bool rwbar, int
delay) = @;

b

template <class Tt, class Ta>
Feclass memRespond if @ wvirtual public sc_interface
r

m

. 13 11

i 1< public:

. virtual veid memForward(int &initiater, Tt &data, Ta &address, bool &rwbar) = @;
ol virtual veid memBackward(Tt &data, int delay) = 8;
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Example o: burst intet "/f"ﬂ-7,ﬁk?, burstinterfaceChannel.h

tinclude "interfacellasses.h"

// data and address type, number of Inititiators
template <class Ti, class Tt, class Ta, int nI>
Flclass memoryAccess : public requestMem_if<Ti, Ta>, public memRespond if<Tt, Ta>

1

int comingFrom;

W2 sl W Ll R e

Ti incomingData;

Tt incomingSegments;
Ta incomingAddress;
Tt outgoingData; burstinterfaceChannel.h
bool read;

boocl memoryRequested;
sc_event memoryCalledFor;
sc_event memoryCompleted;

[
[y

el
P et

ot
(W3]

P e
0O = M A fa

sc_mutex busBusy;

P
[cn I Y]

public:
memoryAccess() : comingFrom(-1), memoryRequested(false) {};
~memoryAccess() {};

[ I % I S 8
F R T S

void requestMem(int initiator, Ti &data, Ta &address, bool rwbar, int delay}[i:::::Ej

LA
L

%]
iy

void memForward(int &initiator, Tt &data, Ta &address, bool Erwharj[i:::::zj
void memBackward(Tt &data, int delay}[i:::::ij

7]
L




| [

| {/'\/7 j'.\/'/" ;‘f o Ve i W IV .
Example o: Burst intei [dC €, burstinterfaceChannel.h

s

b
R~

[

L pa

%]

[4y]

=~

=]

(N}

public:
memoryAccess() : comingFrom(-1), memoryRequested(false) {};
~memoryfccess() {};

=] volid requestMem(int initiator, Ti &data, Ta &address, bool rwbar, int delay){
int burstLength;
wait(delay, SC_N5);
busBusy.lock();
burstlength = data.length() / ocutgoingData.length();
for (int j = burstlength; j > @; j--)

{

comingFrom = initiator;
// Big Endian (Data byte Ends (its L5B) in Bigger address location)
if (!rwbar) incomingSegments = data.range(j*cutgoinglata.length()-1,
(j-1)*ocutgoingData.length());
incomingAddress = (address.range(address.length()-1, 3} ,
sc_lv<3x)(burstlength - j));
read = rwbar;
memoryRequested = true;
memoryCalledFor.notify();
walt(memoryCompleted);
if (rwbar) data.range(j*outgoingData.length()-1,
(j-1)*cutgoinglata.length()) = outgoingData;

I I MSB
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Example 8: Burstuntertac = burstinterfaceChannel h

volid memForward(int &initiator, Tt &data, Ta &address, bool &rwbar){
if (!memoryRequested) wait(memoryCalledFor);
memoryRequested = false;
initiator = comingFrom;
if (!read) data = incomingSegments;
address = incomingAddress;
rwbar = read;
// Ready for Backward operation

¥

vold memBackward(Tt &data, int delay){
outgoinglata = data;
walt({delay, SC_NS);
comingFrom = -1;
memoryCompleted.notify();

burstinterfaceChannel.h

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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+

L

o

a =

#include "busrtInterfaceChannel.h™

// initiator Mumber, Frequency, Delay
template <int N, int F, int D>
F5C MODULE (initiators) {

sc_portdrequestMem if<sc lv<Bd:, sc lv<lB> »» out;

5C CTOR(initiators) {

¥

5C_THREAD (requesting);

volid requesting();

1;

template <int N, int F, int D>
Flwoid initiators<N, F, Dr::requesting() {
sc_lwv<b4>» tData; // transmitted Data
sc_lwv¢<B4> dataToWrite;

sc_lv<le> tAddress; // transmitted Address

bool rwbar;

for (int 1 = 8; 1 < 15; i++)

1

walt(F, SC_N5);
rwbar = (bool) (rand() % 2);
dataTolrite.range(63, 32) =
dataTokrite.range(31, @)

rand(};
= rand(};

thata = rwbar ? ((sc_lv<B4:)255) : dataToWrite;
y; // From ...888 to ...111

taddress = ((sc_lwv<13:)(rand() % 512),

out->requestMem(N, tData, taAddress, rwbar, D);

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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memoryReadWrites.h

memoryReadWrites.h




Example &: bur

// memory Number, Fregquency, Delay
template <int N, int F, int D>
SC_MODULE (memory )
[
template <int N, int F, int D

64 Fvoid memory<N, F, D}-::resph:mding(]l

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels
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// initiator Number, Frequency, Delay
template <int N, int F, int D>

SC_MODULE (initiators)[ { ... 7} |

template <int N, int F, int D>

FHwoid initiators<N, F, D}-::requesting{}

// memory Mumber, Frequency, Delay
template <int N, int F, int D>
F1SC_MODULE (memory) 1
sc_lv<B>* mem;

sc_port<memRespond_if<sc_lv<8», sc_lv<16> >

SC_CTOR(memory) {
mem = new sc_lv<B>[4896]; // Addressable memory

SC_THREAD (responding);
¥
vold responding();
wirtual ~memory(){

delete[] mem;

}
1;




Example 8: Burst interface, memoryReadWrites.h

44 template <int N, int

45 [ESC_MODULE(memory) { ... } |

62
63  template <int N, int
4 Hwvoid memory<N, F, Dz:

43  // memory Number, Frequency, Delay

F, int D>

F, int D>

:responding()| { ... 1|

template <int N, int F, int D>
Flwoid memory<N, F, D»::responding() 1
=c_lv<8> rData; // received Data
sc_lwv<16> rAddress; // received address
bool rwbar; ff read write
sc_ lwv<B» sData; !/ sending data back
int dataInitiator;

while (1)

1

wait(F, SC_NS);
in-»memForward (dataInitiator, rData, rAddress, rwbar);
if (rwbar) sData = mem[rAddress.range(ll , @).toc uint()];
else mem[rAddress.range(1ll, @).to _uint()] = rData;
in->memBackward(sData, D);
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[

grinclude "memoryReadWrites.h™

[ W

EISC_MODULE (memoryAccess TB) {

A

memoryAccess<sc_lv<b4», sc_ lwv<B>, sc_lv<lb> > 53
initiators g, @x* INIg;

initiators<l, 1111, &>* INI1;

initiators<2, 117, @>* INIZ2;

initiators<3, 1115, 83>* INI3: Initiator 1
memory<@, 17, @>* MEMB;

Initiator O

[47]

0 =)

Memory0

SC_CTOR(memoryAccess_TB) { Initiator 2

memBus = new memoryAccess<sc lvded>,
—_————————————————————————————————

INI® = new initiators<@, 9, @>("Initiator@");
INI@->out(*memBus);

INI1 = new initiaters<l, 1111, @>("Initiatorl™};
INI1->»out({*memBus);

INI2 = new initiators<2, 117, @>("Initiator2™);
INI2->out(*memBus);

INIZ = new initiateors<3, 1115, @>("Initiator3™);
INIZ-»out({*memBus);

Initiator 3

MEM@ = new memory<@, 17, @>("Memoryd");
MEM@->in(*memBus) ; memoryReadWrites_TB.h

© 2012-2017 Zainalabedin Navabi -S stemC Abstract Channels -
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Example 8:

Burstintertace, memoryReadWrites_main

[ [ O VW 8 ==

i}

-

24

I Binclude "memoryReadWrite TE.h"

Eint sc_main (int argc , char *argv[]) {
memoryAccess TB MemoryAccess [ 'memoryAccess
sc_start();
return @;

memoryReadWrites_main.cpp
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riting 3: LncomingData:eeesesss,
emory WROTE Data:ooeeooss Address:888o8ll8lllilsessl requested
riting 3: incomingData:eeesoess, incomingAddress:1777
emory WROTE Data:8lg2ellsl Address:828828118111188128 requested
riting 3: incomingData:@1881181, incomingAddress:1778

nComLnEAddress: 1776

1
i

s 1

emory WROTE Data:l18l11811l Address:88882811811118811 reguested
i
i
i

riting 3: incomingData:18118111, incomingAddress:1779

emory WROTE Data:ooooosss Address:o8ss211211118188 reguested
riting 3: incomingData:eeesosss, incomingAddress:1758

emory WROTE Data:ooeeosss Address:8e88o8llelllilslsl requested
riting 3: incomingData:eeesosss, incomingAddress:1781

emory WROTE Data:8s2s8lelsl Address:828828118111181128 requested
riting 3: incomingData:8e818181, incomingAddress:1732

emory WROTE Data:8l2e8111 Address:8888811811118111 reguested by
riting 3: incomingData:8188€111, incomingAddress:1733

Initiator {3} completed rwbar:8& Data:fCEEE0ECEE000EEEE1E8E811811811811180888008880
PEEOSE8212128181888111 Address:80882112811118882 at: 186858 ns

Initiator {1} intends to read from Address:8eeelllselacessd at: 11341 ns
emory READ Datz:@lsseess Address:8ssglliselosssse reqguested by {17
Reading 1: incomingAddress:3648, outgoingData:@lesssss

emory READ Data:eloosssl Address:8888111881888881 reguested by {1}
Reading 1: incomingAddress:3649, outgpoingData:eloosssl

emory READ Datz:glesefle Address:éseellileslosssle reguested by {17
Reading 1: incomingAaddress:3658, coutgoinghData:elecssls

120



Abstract Channels

® Handshaking

Serial to Parallel Stack Writer
® Channels

Basics of Channels
sc_signal
sc_mutex
Primitive Channels
Simple put-get buffer channel
FIFO channel
Stack non-blocking channel
Multi-way shared bus
Priority shared bus
Memory access, using sc_port and sc_export
Burst interface handler
Hierarchical Channels
Burst buffer with RTL interface
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Hierarchical Channels

@ Can contain complex behavior

® Implemented as modules in SystemC
« Derived from
® More importantly, a platform for defining interfaces

L
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Abstract Channels

© Handshaking
Serial to Parallel Stack Writer Solution Explorer

oM e-edim| &=

@ Channels Search Selution Explorer (Ctrl+;)

BaSiCS Of Channels m Solution 'Burst Buffer' (1 project) '
5 4 [6A Burst Buffer
SC_Slgna]. o5 External Dependencies

4 L] Header Files

arbiter.h
burstChannel.h
burstReaderWriter.h
burstReader'Writer_TE.h
interfaceClasses.h

sc_mutex

Simple put-get buffer channel

FIFO channel

Stack non-blocking channel

Multi-way shared bus

Priority shared bus

Memory access, using sc_port and sc_export
Burst interface handler

[
[
P
b
[
[s

B memory.h
1 Resource Files

L. Source Files
B *+ arbiter.cpp

B * burstChannel.cpp

B *+ burstReaderWriter.cpp
B+ burstReaderWriter_Main.cpp
!

» R memory.cpp

L

© 2012-2017 Zainalabedin Navabi - SystemC Abstract Channels
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Burst Butter

® Burst Channel
- Port on one side and interface on the other

Top Level Module

) (SC_MODULE)
Transmitter sc_port<dma_write_if> out

(SC_MODULE)

Memory
(SC_MODULE)

Recelver
(SC_MODULE)




Example :Burst Buffer, interfaceClasses

interfaceClasses.h

#include <systemc.h:

3 Feclass burst write if: virtual public sc_interface

{

public:
virtual veid burstWrite(sc 1v<13» address, sc lv<64> data ) = @;

1

9 Hclass burst read if: virtual public sc_interface

{

public:
virtual veid burstRead(sc 1v<13» address, sc lv<e4:&k data)

© 2012 Zainalabedin Navabi - Hierarchical and Primitive Channels
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a

interfaceClasses.h"

Heclass burstBuffer : public sc_channel, public burst write if, public burst read if {

public:
sc_out rv<16> memAddress;
sc_inout rv<8> memData;
sc_out resclved rwbar, cs; BufferChannel.h
sc_in_resolved memReady;
sc_out _resclved busRequest;
sc_in<sc_legic> busGrant;

1
2
3
4
5
6
Fi
8
9

el
TR S S

sc_mutex burstChannelBusy;

il
[y I =

burstBuffer (sc_module name NAME): sc_channel(NAME){};
~burstBuffer(){};

fb e
£0 =~ o

virtual void burstWrite(sc lv<13» initAddress, sc lv<B4> initData);
virtual veid burstRead(sc Lv<13> initAddress, sc lv<64>& initData);

P
L I i |

© 2012 Zainalabedin Navabi - Hierarchical and Primitive Channels
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Example, :Burst Buifer,

Buffer Channe] h

#include "interfaceClasses.h"

Hclass burstBuffer : public sc_channel, public burst write if, public burst read if {

Top Level Module
(SC_MODULE)

public: :
(lﬁ_cut_’u{lﬁ} memAddress; ) (TSL""TAS;)“;{E‘L‘*ES D
sc_inout rv<8> memData; i
sc_out resolved rwbar, cs;
sc_in_resclved memReady;
sc_out_resolved busRequest;
sc_in<sc_logic> busﬁrant;)

Memory
C_MODULE)

'-I:'I:ﬂ“'hulm'-"l-h'-'-'h"l—"l

[
=

it
[

Receiver sg_poft<dma_read_if>in
(SC_MODULE) - - Arbiter

sc_mutex burdtChannelBusy;

[
(%]

burstBuffer (sc_mocdule name NAME): s
~burstBuffer(){};

et
~l

b
WO ca

s ) [
A Bl EEHE

[
et

© 2012 Zainalabedin Navabi - Hierarchical and Primitive Channels
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hinclude "burstChannel.h™
Elvoid burstBuffer::burstWrite(sc lwv<13> initAddress, sc lwv<64> initData } {
sc_ lv<le> bytebddress;
sc_lv<8> byteData;

burstChannelBusy.lock();

L= Y I O VR (S

busRequest-»write(SC _LOGIC 1);
wait(busGrant->posedge event());

=
P b @

for (int i = 8; i<8; i++) |
bytefddress = (initAddress, (sc lv<323i);
byteData = initData.range(i*8+7, i*8);

A G

memAddress-»write(byteAddress); BufferChanne]_ Cpp
memData->write(byteData); .

cs->write(SC LOGIC 1);
rwbar->write(SC_LOGIC_8);

wailt(memReady->posedge event());
cs-rwrite(SC LOGIC 8);
wait({memReady-»negedge_event());

LB D

memAddress-s>write("ZZZ7F777ITFITIIT");
memData->write("ZZZZZZEZZ");
cs-»write(SC _LOGIC Z);
rwbar->write(SC LOGIC 7);

LS % 5 I
@ W,

wait({l, SC_N5);

L
=

¥

busRequest->write(SC LOGIC 8);
wait(busGrant-rnegedge_ewvent());
busRequest->write(SC_LOGIC 7);

NN TR TR Y]
L=y BY N S W

burstChannelBusy.unlock();

L
-~

¥

BRI BRI R R R
B b= @ WD 00 s
. EBE A1 BB .

L
00

Flwvoid burstBuffer::burstRead(sc lv<13> initAddress, sc lv<64>8 initData}[E:::::E]

Channels




1

2

3
38
39
4
41
42
43
&L
45
46
47
48
44
5@
51
52
53
54
55
56
57
58
59
6a
61
62
63
a4
65
66
67
&8
63
7a
71

ﬁinclude "burstChannel.h™

Ewvoid burstBuffer::burstWrite(sc_lv<13» initAddress, sc_lv<e4> initData }[E:::::E]

Elvoid burstBuffer::burstRead(sc_lw<13> initAddress, sc_lv<e4>& initData) {
sc lv<1B> bytelddress;
sc_lwv<8> byteData;

burstChannelBusy.lock();

busRequest-»write({SC LOGIC 1);

wait(busGrant-:posedge_event());

for (int 1 = @; 1<B8; i++) {
byteAddress = (initAddress, (sc_lv<3>)i); BufferChannel.cpp
memAddress-swrite(byteAddress);
cs-rwrite(SC_LOGIC_1);
rwbar-s>write(5C_LOGIC 1);
wait(memReady->posedge event());
byteData = memData->read();
initData.range(i * 8 + 7, 1 * 8)

cs-»write(SC LOGIC 8);
wait(memReady->negedge_event());

memAddress-swrite("ZZZZZZZZZIIZZIIZ");
memData-»write("ZZZZZZZZ");
cs-rwrite(5C LOGIC Z);
rwbar->write{SC_LOGIC _7);

wait(l, 5C_N5)};
¥
busRequest-»write({SC _LOGIC 8);
walt(busGrant-:negedge_event());
busRequest-»write(SC LOGIC Z);

burstChannelBusy.unlock();

Channels




LI W |

£

(W]

5y}

0

[ g ]y D]

[F1SC_MODULE(arbiter) {

sc_in<sc lv<4»> request;
sc_out<sc lv<d>> grant;
int clockDelay;

sc_lv<4:» granted;

SC_HAS PROCESS(arbiter);

arbiter({sc_module name NAME, int D)
SC THREAD({arbitration);
sensitive << request;

h

~arbiter() {}

void arbitration();

: SC

module (N

Y

A

E}, clockDelay(D)

© 2012 Zainalabedin Nagbi - Hierarchical and Primitive Channels
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Example :Burst Buffer, Arbiter.cpp

[

L pa

o+

LA

M

3 )

Arbiter.cpp

#include "arbiter.h™

Fwoid arbiter::arbitration() {
while (1) {
wait({clockDelay, SC N5);
for (int 1 = 3; 1 »>= 8; 1i--){
if (request->read()[1i] == 5C LOGIC 1) granted[i] = SC_LOGIC 1;
else granted[i] = SC_LOGIC 8;

¥

grant->write(granted);
wait();

© 2012 Zainalabedin Navabi - Hierarchical and Primitive Channels
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Example :Burst Buf

er, Memory.h

[

Binclude <syste

[ L |

F15C_MODULE (memory) {
sc_in rv<16> addressBus;
sc_inout rv<8> dataBus;

(W

&h

_out resclved memReady;
int memActivePart, memDelay;
sc_lv<8> *mem;

a =

SC_HAS_PROCESS (memory);

memory(sc module name NAME, int P=1824, int D=9);

~memory () {delete []mem;}

voild memReadWrite();

[ g ]y D]

© 2012 Zainalabedin Nagbi -
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Example :Burst Buiier,

kinclude "memory.h"

=

[ IR ]

Elmemory : :memory {sc_module _name NAME, int P, int D)
sc_module(NAME), memActivePart(F), memDelay(D) {
mem = new sc_lv<8:[memActivePart];
for (int i=8; i< memActivePart; i++) {
mem[i] = sc_lw<B>(i);

£

LA

)}

A |

¥
5C_THREAD(memReadWrite);

h
Flwoid memory::memReadWrite() {
while (1) {
wait(cs-rposedge_event());
wait(memDelay, SC_NS);
if (addressBus-:read().to_uint() <= memActiwvePart){
if (rwbar-»read() == SC_LOGIC 1){ // Read operation
dataBus = *(mem + addressBus->read().to _uint());
cout << "Reading-" << *(mem + addressBus-read().to uint())

w

<< " Trom address: ";

Memory.cpp

¥

elseq
*(mem + addressBus->read().to_uint()) = dataBus;
cout << "Writing- "

an

<< dataBus << " to address: “;
¥
o h
. 2 memReady->write(SC_LOGIC 1);
G 27 wait(cs-rnegedge event());
. 2 dataBus = "IIZ77777";
wait(1l, SC_NS);
& memReady->write(5C_LOGIC_8);
cout << addressBus-rread().to uint() << " at:
<< sc_time stamp() << "\n';

. nd Primitive Channels
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N a

1€Y, Burst Reader Writer.h

(W I O T

L)

g =

1s

E1SC_MODULE (reader)
sc_port<burst_read if> inj;

1s

SC_MODULE (writer) {

sc_port<burst_write_if> out; // with if out is a pointer

SC_CTOR (writer)

SC_THREAD(writeBlocks);
1 BurstReaderWriter.h
void writeBlocks();

SC CTOR (reader)
SC_THREAD(readBlocks);

¥

void readBlocks();
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#include "burstReaderWriter.h™

et

(M ]

Fweoid writer::writeBlocks()

o

34> dataTokWrite;
- startAddress;

a7}

a =

for (int j = @; j
startAddress = (sc_lw<! (rand() % 127);
dataToWrite.range(63, = rand(};
dataToWrite.range(31, rand();

out-zburstirite(startAddress, dataToWrite);

wait(13, SC_N5);

- dataRead;
- startfddress;

for (int j = @;

2 98

startAddress = (sc_lv<13»)(rand() % 127);

[Na]

I N T S 8}
2a

D D

in-*burstRead(startAddress, dataRead);

wait(53, SC_NS);

Example :Burst Buifer,

Burst Reader Writer.cpp

BurstReaderWriter.cpp

N
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Example :Burst Butte [, Burst Reader Writer TestBench

[

[T

£

(%]

&

a9 ~J

F#include "burstReaderWriter.h"
#include “"memory.h"
#include "arbiter.h"

[?SC_HUDULE[hUFStHEEdE'H'itE'_TE} 1

=| sc_signal rv<1l6> memAddressBus;
sc_signal rv<8> memDataBus;
sc_signal_resclved memRwbar, memCs;
sc_signal resclved memReady;
sc_signal<sc_lv<4»> req;

sc signal<sc lv<a4x> pnt; .
e T en _ BurstReaderWriter_tb.h
sc_signal _resclved req®;

sc_signal<sc logic> gnt@;

burstBuffer* BBChannel;
writer*® WR1;

reader* RD1;

memory™® MEML;

arbiter* ARB1;

SC_CTOR(burstReaderWriter TBY { ... } ]
vold setRequest(){ sc_lv<d> r; r = 8; r[@] = req®; req.write(r); }
vold setGrant(){gnt@® = gnt.read()[@]; }
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Example :Bu

rstebuiier , Burst Reader Writer lVlain.cpp

[

g pa

NcY

LA

o

=~

sc_trace(wf,
sc_trace(wf,
sc_trace(wf,
sc_trace(wf,
sc_trace(wf,
sc_trace(wf,
sc_trace(wf,

ca

18
11

sc_start();//

return 8;

#include "burstReaderWriter TB.h"
Hint sc_main (int argc , char *argv[]) {
burstReaderWriter TB SPP1{"burstReaderWriter™};

sc_trace file *wf = sc_create vecd trace file("burstReaderWriter”);
// Dump memory signals

_ '/ 6288, SC NS); I ) )
sc_close ved trace file(wf); BurstReaderWriter_Main.cpp

5PP1l.req@,

SPP1.gnt@,

SPP1.memCs, "C5"
SPP1.memRwbar, "RWbar");
SPP1.memAddressBus, "Address");
SPP1.memDataBus, "Data"};
SPP1.memReady, "memReady”);
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Sumimary

@ Handling handshaking in an abstract way
® Enclose communications in channels

® Connect modules through channels

@ Develop your own channels or use existing
@ Primitive channels

@ Hierarchical channels
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