Chapter 7

Transaction Level Modeling
(TLM)
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— Introduction

Electronic System Level (ESL)

@ An abstraction level higher than RTL
Little implementation details
Abstract timing

@ Appropriate for today’s complex systems
@ An entry level for simulation, synthesis, and test

U
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— Introduction

Transaction Level Modeling (TLIM)

@ Means of design at ESL

@ Separates communication from computation within a
system

@ Communications are performed through function calls

@ A transaction is the data transfer between two modules
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— Introduction

Why TLM?

@ Higher simulation speed than RTL
@ Design space exploration

@ Early verification

@ HW/SW communication

U
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— Introduction

OSCI TLM-2.0 Standard

® The Generic Payload
@ Sockets
Initiator and Target Sockets

Such as RTL
components:

® TLM-2.0 Core Interfaces Bus, Register, ...
Transport interfaces

Direct memory interface
Debug transport interface
@ Phases and Base Protocol

L
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— Introduction

OSCI TLM Development

Jun 2008 Tuly 2009

* TLM 2.0-draft-

* put, get and * TLM-2.0- o + TLM-2.0

* Unified

» TLM-2.0.1
¢ Minor

transport draft -1
request- * Generic
response payload
interfaces

* nb_transport

* New payload
& extensions

interfaces
and sockets

additions
and LRM

* Open SystemC Initiative, 31 May 2009
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— Introduction

TLM-2.0 library Structure

Utilities:

Convenience sockets
Payload event queues
Quantum keeper
Instance-specific extn

Interoperability layer for bus modeling

Initiator and target sockets

mmormdtpeenss

TLM-2 core interfaces:
Blocking transport interface
Non-blocking transport interface

Direct memory interface
Debug transport interface Analysis interface

Analysis ports

TLM-1 standard
IEEE 1666™ SystemC

* Open SystemC Initiative, 31 May 2009
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¥ Introduction

TLM-2.0 Library
Hierarchy

TIm_adapters I

TIm_1_interfaces

TIm_channels

TIm_ports
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Processing Elements

Module that responds | I
to transactions initiated
by other modules

Module that initiates
new transactions

Initiator P P> Interconnect P P Target

The roles of initiator,
interconnect and

Passes transaction. It can

only modify the address

and DMI range. target can change

dynamically
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— Data

The Generic Payload

® Standard type of the data
that is transferred at
system level
® Includes some of the
typical memory-mapped
bus protocols attributes
such as:
Command, address, data,
burst transfers, ...
® Includes an extension
mechanism so that
applications can add their
own specialized
attributes

Level of abstraction

Complexity of processing elements
Complexity of communications

Data: bit
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— Data

GP: tim_gp.h outline

class
tlm generic payvload;

class tlm mm interfacel

inline unsigned int max num extensions (bool increment= alseﬂ
class tlm_extensiﬂn_hasﬂ { ... 1 |

template <typename T>

class tlm_extensiﬂﬂ

tenplate <typename T

const

unsigned int tlm extension<T>:: tlm extension base::register extension():

enum flm command |
o enum tlm response status | .
. #define TLM BYTE DISABLED 0Ox0
i $define TLM BYTE ENAELED Oxff
m

class tlm generic paylﬂad
'/ mamespace tlm
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— Data

GP: the Generic Payload Class

Hclass tlm generic payload { .
e e e class tIm_generic_payload
privace.

s;_dt::uintﬁ& m_address;

tlm command m ocomrmand s
unsigned char#® m data;

unsigned int m length;

tlm responsSe sStatus m response sStatus;
bool m dmi;

unsigned char* m byte enable;
unsigned int m byte enable length;

unsigned int m streaming width;

private:

tlm array<tlm extension base*> m extensions;
tlm mm interface* I Inm;
un=signed int m ref count:;

|
i
— i e



— Data

GP Attributes

Attribute Type Modifiable?

Command tlm_command No

Address uint64 Interconnect only
Data pointer unsigned char* No (array — yes)

Data length unsigned int No

Byte enable pointer unsigned char* No (array - yes)

Byte enable length unsigned int No

Streaming width unsigned int No
DMI hint bool Yes

Response status tlm_response_status Target only

Extensions (tlm_extension_base*)[] Yes

* Open SystemC Initiative, 31 May 2009
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— Data

GP Attributes, Command

@ Shall be set by the initiator, and shall not be overwritten by any |
interconnect component or target

enum tim_command {

TLM_READ_COMMAND,
TLM_WRITE_COMMAND,

TLM_IGNORE_COMMAND =4 Neither, but may use extensions
}i

tim_command get_command() const ;
void set_command( const tim_command command ) ;

i =
2 =
m
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— Data

GP Attributes, Address

@sShall be set by the initiator, but may be overwritten by
one or more interconnect components.

sc_dt::uint64
void

get_address() const;
set_address( const sc_dt::uint64 address );
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— Data

GP Attributes, Data Pointer

@ Is a pointer to the data array

@ Shall be set by the initiator, and shall not be overwritten by any
interconnect component or target

® Methods and get or set the value
of the pointer, not the contents of the array

unsigned char*  get_data_ptr() const;
void set_data_ptr( unsigned char* data );

L
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— Data

GP Attributes, Data Length

® Shall be set by the initiator, and shall not be overwritten by any
interconnect component or target

® Shall not be set to 0
To transfer zero bytes, the command attribute should be set to

® Data length <= BUSWIDTH / 8: single-word transfer
@ Data length > BUSWIDTH / 8: burst transfer

S

unsigned int
void

get_data_length() const;
set_data_length( const unsigned int length );
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— Data

GP Attributes, Byte Enable Pointer

@ Shall be set by the initiator, and shall not be overwritten by any
interconnect component or target
® A value of 0
Indicates that corresponding byte is disabled
® A value of Oxff
Indicates that the corresponding byte is enabled

unsigned char* get_byte_enable_ptr() const;
void set_byte_enable_ptr( unsigned char* );

L
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— Data

GP Attributes, Byte Enable Length

@ Shall be set by the initiator, and shall not be overwritten by any
interconnect component or target
@ Shall be calculated using the formula

byte_enable_array index = data_array_index % byte_enable_length

unsigned int get_byte_enable_length() const;
void set_byte_enable_length( const unsigned int );

L
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— Data

GP Attributes, Streaming Width

® Determines the number of bytes transferred on each beat
® The bytes within the data array have a corresponding local
addresses within the component accessing the GP
The lowest address: the value of the address attribute
The highest address:
address_attribute + streaming width -1

unsigned int get_streaming_width() const;
void set_streaming_width( const unsigned int );

L

© Zainalabedin Navabi — Transaction Level Modeling

| g 00 ]y D | s Ly 0 | ]



— Data

GP Attributes, DMI Allowed

® Provides a hint to an initiator that it may try to obtain a direct
memory pointer

® The target should set this attribute to true if the transaction
could have been done through DMI

void set_dmi_allowed( bool );
bool is_dmi_allowed() const;

L
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— Data

GP Attributes, Response Status

@ Shall be set to by the initiator
® May be overwritten by the target, but should not be overwritten
by any interconnect component

tim_response_status get_response_status() const;

Void set_response_status( const tim_response_status );
std::string get_response_string();

bool is_response_ok();

bool is_response_error();

L
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— Data

GP Attributes, Response Status, Cont

® The target may set the response status attribute:

: Indicates that target was able to execute the command
successfully

One of the responses listed in the following table to indicate status

enum tlm_ response_status Meaning

TLM_OK_RESPONSE Successful

TLM_INCOMPLETE_RESPONSE Transaction not delivered to target. (Default)
TLM_ADDRESS ERROR_RESPONSE Unable to act on address

TLM_COMMAND_ ERROR _RESPONSE Unable to execute command

TLM_BURST ERROR_RESPONSE Unable to act on data length or streaming width

TLM_BYTE_ENABLE _ERROR _RESPONSE Unable to act on byte enable

TLM_GENERIC_ERROR_RESPONSE Any other error
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— Data

GP Extensions

® Generic payload has an array-of-pointers to extensions |
® One pointer per extension type

® Every transaction can potentially carry every extension type
@ Flexible mechanism

template <typename T> T* set_extension ( T* ext ); Freed bY ref countmg

template <typename T> T* set_auto_extension ( T* ext );

Clears pomter not |
template <typename T> T* get_extension() const; extension object

i template <typename T> void clear_extension ();

mm => convert to auto
no mm => free extension object

template <typename T> void release_extension ();
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Transaction Level Modeling

Introduction — Abstract Communications

+ Processing Elements + Coding Styles
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Coding Styles

® Loosely-timed
Each transaction has 2 timing points: begin and end
Uses blocking transport interface
® Approximately-timed
Also referred as: cycle-approximate or cycle-count-accurate
Sufficient for architectural exploration
Each transaction has 4 timing points (extensible)
Uses non-blocking transport interface

L
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Transport Interfaces

Calls b_transport Implements b_transport

Calls nb_transport_fw Implements nb_transport_fw
Implements nb_transport_bw Calls nb_transport_bw

tlm_blocking_transport_if

void b_transport( TRANS& , sc_time& ) ;

tlm_fw_ nonblocking_transport_if

tim_sync_enum nb_transport_fw( TRANS& , PHASE& , sc_time& );

tlm_bw_nonblocking transport_if

tim_sync_enum nb_transport_bw( TRANS& , PHASE& , sc_time& );

. BB

returns a value
indicating

whether or not

the return path
was used

I
1.
>
=

!
s

!
%
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[ TLM-Z.O Transport Interfaces

Blocking Transport

® Blocking transport interface
Includes timing annotation

Typically used with loosely-timed coding style
Forward path only

template < typename TRANS = tlm_generic_payload >

class tim_blocking_transport_if : public virtual sc_core::sc_interface {

[ public:

i virtual void b_transport ( TRANS& trans , sc_core::sc_time& t) = 0;
b
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[ TLM-Z.O Transport Interfaces

Blocking Transport: Path

® Forward path |

Is the calling path by which an initiator or interconnect component makes interface
method calls forward in the direction of another interconnect component or the target

® Return path

Is the return path by which an initiator, target or interconnect component returns
immediately from the interface method that has been called

Calli .

Forward Path F d Path
Initiator E 5 o >>: Interconnect E — >>: Target
eturn Pat

Return Path

i =
2 =
_ .
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[ TLM-Z.O Transport Interfaces

Blocking Transport: Path
® Timing Diagram e | |

Initiator 1 b_transport(t, Ons)

b_transport(t, Ons)

Simulation time = 25ns

b_transport(t, Ons)

Initiator 2
wait(35ns)
oy . Simulation time = 60ns b_transport(t, Ons)
Initiator is
blocked until Initiator 3 b_transport(t, Ons)
return from wait(15ns)

b_transport

-

Initiator 4 b_transport(t, Ons)

E R
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Transaction Level Modeling

Selution Explorer !
S oA Te-5 @]

Search Solution Explorer (Ctrl+;) el

faJ Sclution 'blockingBusbasedMemoryRW' (1

— Abstract Communications

[+ =B References

+ COdlng StYleS > | External Dependencies
Header Files
+ TLM-2.0 Transport Interfaces > [ Bush
. > memorylUnit.h
Blocking Transport erWriteRend. h

memWriteRead_TB.h
Fesource Files
Source Files

*++ memorylUnit.cpp
*++ memWriteRead.cpp

Simple Transport Example > ++ memWriteRead_Main.cpp

Non-blocking Transport ++ memWriteRead_TB.cpp

© Zainalabedin Navabi — Transaction Level Modeling
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g TLM-Z.O Transport Interfaces ‘

Blocking Transport: Path

® Example 1: blockingBusbasedMemoryRW

Generic payload

X

>
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— TLM-2.0 Transport Interfaces

Blocking Transport: Path

® Example l: blockingBusbasedMemoryRW: Initiator, memWriterReader

e e T e T e I

H#include <systemc.h> l
|_#ir|c1ude "tlm.h" - i

memWriteRead.h | X memWriteRead TB.h memoryUnit.cpp™ memWriteRead.cpp memWTriterReader.h
(%] blockingBusbasedMemoryRW - (Global Scope) - _

[

Ld R

Elclass memlriterReader : public sc _medule {
public:
sc_port<tlm::tlm blocking transport if<>> memWriterReaderBus;

(W5 T -9

8 ] O

SC_CTOR{memlriterReader) :blockWriteRead(®) {
blockWriteRead = new tlm::tlm_generic_payload;

for (int i =8; 1 < 4; i++) *(data+i) = i+192;

SC_THREAD(memWritingReading);

¥

vold memWritingReading();
tlm::tlm generic_paylecad* blockWriteRead;

sc_lv¢<B» data[5];

L
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_— | _—— —_— _—— —_— _—— —_— _—— —_— _—— —_— _—— L] _—— —_— ] —_— _—— —_— _—— —_— _——
memWriteRead.h

] blockingBushasedMemoryRW - I (Global Scope) -

#include "memWriteRead.h™

Hwoid memkriterReader: :memWritingReading(){

[T N I VR B O ST S |

T T T o e T A I e e N N
(T T =R = R R . O R A Y N S~ P S = I T W S

L
s

memWriteRead_TB.h memaorylnit.cpp® memWriteRead.copp # X s | B 1 O C 1<in g- Tr an Sp O rt :
/ memWriterReader.cpp
™ Path

sc_time blockedTime = sc_time(13, SC_NS); =
sc_time pauseTime = sc_time(15, 5C N5);
le Example 1:

I blockingBusbasedMemoryRW:

for (int 1 = @; 1 ¢ 111; i += 11) {
tlm::tlm command emd = (tlm::tlm command)(rand{) % 2);
if (emd == tlm::TLM WRITE COMMAND) {
data[@] = (sc_lv<B:) (i45);

data[1] = (sc 1u<@>) (i+6); In1t1ator, memWesriterReader
data[2] = (sc_lv<B») (i+7);
data[3] = (sc_lv<B») (i+8);
data[4] = (sc lv<B») (i49);

h

( blocklWriteRead->set command( cmd };
blockldriteRead->set address( 1 );
blockWriteRead-»set_data_ptr{ (unsigned char*) data ); Tn tarma nf hvtac
blockWriteRead-»set_data length{ 5 };
blocklriteRead->set streaming width( 5 );
blockWriteRead-»set_byte enable ptr{ @ ); — ==
blockWriteRead-»set_dmi_allowed{ false );

\ blocklriteRead->set response status( t

= data_length to indicate no streaming

cor ESPONSE ) 4 ) »  initial value

[ memWriterReaderBus->b_transport{ *blockWriteRead, blockedTime };

cout << "WR: " << {omd ? W' o "RT) << M, @ << 1 << " data:™;
sc_lv<8> wv;
for{int j=B; j<5; jH+) {vv=data[j]; cout << wv <<

womw

3} cout << "\n';

A Bl EEHE

wait(pauseTime);

Level Modeling

Y




— TLM-2.0 Transport Interfaces

Blocking Transport: Path

® Example l: blockingBusbasedMemoryRW: Target, memoryUnit

I memWriteRead_TB.cpp rmemWriteRead_Main.cpp Bus.h memorylnith B X memOl‘YUnlt-h

| Elblnckng‘usbas:dM:mﬂwF{W (Global 5cope) _ I

H#include <systemc.h: '
#include "tlm.h"
#include “Bus.h"

EISC MODULE (memoryUnit) {
sc_export<tlm::tlm_blocking transport_if<:» memSideBus;
buz *membus;
static const int SIFE=256;

5C CTOR(memoryUnit) : memSideBus(“memorySideBus™)

1

membus = new bus();

memSideBus (*membus); // Can go in the TB

for (int 1 = @; 1 < SIZE; iH+)

memArray[i] = (sc lv<8:) (i¥256 + 192);
¥
public:

virtual void b _transport( tlm::tlm generic_payload&, sc_timel);
sc_ lv<8» memArray[SIZE];

L

13
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¥y— TLM-2.0 Transport Interfaces

Blocking Transport: Path

memWriteRead.h memWriteRead_TB.h memorylUnit.cpp® # 3 EEil e Tl o -
4 blockingBusbasedMemoryR\W vI (Global Scope) -I

1 #include "memoryUnit.h™

memoryUnit.cpp

void memoryUnit::b transport( tlm::tlm_generic payload& gotThis, 1
= sc_time& delayValue ) -
{ 1© Example 1:
tlm::tlm_command cmd = gotThis.get_command(); ’

sintsa adr = gotThis.get._sddress(); blockingBusbasedMemoryRW

unsigned char* ptr = gotThis.get_data_ptr()};

unsigned int len = gotThis.get_data_length(); m m

unsigned char*® byt = gotThis.get_byte_enable_ptr(); Ta'rget’ e OrVUHIt
unsigned int wid = gotThis.get_streaming_width();

LT=D = R I s VR, R S T S ]

[
(RO SR

Obliged to check address range and
if (adr »= uintG4(SIZE) || byt !=@ || len » 5 || wid check for unsupported features, using
SC_REPORT_ERROR({"TLM-2.8: ","Inconsistant Generic - the Systemc report handler is an
acceptable way of signalling an error

[T Sy S
sy T W T S Y

unsigned int i;
if ( omd == tlm::TLM READ COMMAND ){
for(i=@; i<len; i=i+l) {
*(ptr+i) = *((unsigned char*) (memArray+adr+i));

B e
=R = R

¥

o2
=

¥
else if ( emd == tlm::TLM WRITE_COMMAND ){
for(i=@; i<len; i=i+l) {
*((unsigned char®*)} (memfrray+adr+i)) = *(ptr+i);
L
i

gotThis.set_response_status({ tlm::TLM _OK_RESPONSE );
wait(delayvalue);

[ R
B L pa

i
o WA

[ I o I %
o T R |




— TLM-2.0 Transport Interfaces

Blocking Transport: Path

® Example 1: blockingBusbasedMemoryRW: Interface Defenition &
Implementation , Bus

l Bus.h* & X memoryUnith & X « |
ockingousbasediemory (Global Scope)

| Bl blocki gE' basedM RW lobal Scop _I

| H#include <systemc.h> |
' |_#1r|c1urlw "tlm.h" A

l |

| Fclass bus @ public tlm::tlm_blocking_transport_if<> |

I { l
- public:

I bus() {}; i

l ~bus() {}; I

I virtual void b_transport(tlm::tlm generic_payload&, sc_time&){}; 1

l b I

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Blocking Transport: Path

® Example 1: blockingBusbasedMemoryRW: Testbench

memWriteRead_TB.cpp Bus.h memeoryUnit.h memWriteRead.h memWriteRead_TBh + X~ |

LN bInckng‘msbamdMumnwﬂw (Global Scope) _

S#include "memWriteRead.h” memoryWrite_TB.h

[#mcludn: "memoryUnit.h"

e

oY

F1SC_MODULE (memWriteRead TB) {
memildriterReader® MWl;
memoryUnit*® MUL;

LN

d =] N

SC_CTOR(memkiriteRead TE)

i

MUL = new memoryUnit("memoryUnit");
[/ MUL->memSideBus(*MUL->membus); // This is in memoryUnit
MWl = new memlriterReader("memoryWriter™);
MW1->memkriterReaderBus(*MUL->membus);

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Blocking Transport: Path

® Example l: blockingBusbasedMemoryRW: Main

memaoryUnit.cpp™ memWriteRead_TB.cpp
(%] blockingBushasedMemoryRW (Global Scope)
#include "memWriteRead TB.h"

Hint sc_main{int argc, char® argv[])

r
1

memkiriteRead TB TB1({"memoryWriteRead TB");
sc_start();
return @;

¥
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

® Combine a port with an export

® Provide methods to bind port and export of the paths

® Offer strong type checking when binding sockets parameterized with
incompatible protocol types

@ The classes and are typically

used directly by applications
Belong to the interoperability layer of the TLM-2.0 standard

N
Initiator E »A Target

A target socket has an export for
the forward path

An initiator socket has a port for
the forward path

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Concepts)
~ tm_initiator socketh _

[ namespace tlm {
tenmplate <unsigned int BUSWIDTH = 32,

= tlm fw transport if<:, @ C]_ass Definition

= tlm bw transport if<> >

virtual ~t1m_hase_initiatﬂr_sncket_htﬂ T — }|
virtual sc_core::sc_port b<FW IF> & get base port() = 0;
virtual EW IF & get_base interface ()

virtual =sc core::=c export<BW IF> & get base export() =

tenmplate <unsigned int BUSWIDTH,
typename FW IF,

typename BW _IF> class tlm kbase target socket by

tenmplate <unsigned int BUSWIDTH,
typenams FW_IF,

typename EW _IF,
int ﬂ..J} class tlm base target_socket;

tenmplate <unsigned int BUSWIDTH = 32,
typename FW_IF = tlm fw transport if<>,
Typename EE_IF = tlm bw transport if<>,
int N =1...[>

clas=s tlm base_inifiatﬂr_snckeﬂ { ...

tenmplate <unsigned int BUSWIDTH = 32,
typename TYPES = tlm base protocol types,
int N =1..:
5 class tlm initiator socket { ... }: - Transaction Leve|h4ode”ng

namespace tln I S = ) 1]




— TLM-2.0 Transport Interfaces
Blocking Transport: Socket (Concepts)

S class tlm base initiator socket : public tlm base initiator socket b<BUSWIDTH, FW_IF, EW _IF>,
[+ pulklic sc_core::sc_port<FW_IF, ]!G >

tlm_initiator socket.h:
Tw interface type: base class

bw _interface type:

® Class Definition, Cont.

tlm kase target socket b<BUSWIDTH,
fw_interface_ type,
bw_interface type> base target
tlm basze initiator socket b«<BUSWIDTH,
fw_interface type,
bw_interface type> base type;

template <unsigned int, typename, Cypename, intlI' >
friend class tlm base target_socket;
public:
tlm base initiator sncket:}_
explicit tlm base initiator sncket:cunst char#® name}_
wirtual const char® kind() cons {
unsigned int get bus width() cons

bind (base_ target_ socket type& =) { ... }
operator() (base_target socket Types s)
= ISR Base class for

operator() (base types 3]-

bind(bw_interface types& 1f3} {f ... } initiator SOCketS,

S/ Implementation of pure wirtual functions of base class pIOVldlIlg' blndlng

virtual sc_core::sc port b<FW IF> & get kbase port() { return *this; H methOdS
virtual EW_IF =& get _base interface() { return m export; }
i+  wirtual sc_core::sc exXport<BW _IF> & get_base export :}
protected:
EXpOIrt type m export;
¥

[ ey T g TN oy Y oy N oy N oy N oy Y oy N oy B oy
| NLN [y RSy LNy LN Ry LN ) LN Ry LN LN gy LN LN |




— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Concepts)

® Class Definition, Cont.
the conveninence class

class tlm initiator socket|:
public tlm base initiator socket <BUSWIDTH,
tlm fw transport if<I¥YPES>,
tlm bw transport if<IYPES>,

i

public:
tlm initiator socket ()
tlm kase initiator socket<BUSWIDTH,
tlm fw transport if<IYPES>,
t}ELhw_transpﬂrt if<TYPES>,
N... >0 ¢ ...
explicit tlm initiator socket (const char* name)
tlm base initiator socket<BUSWIDTH,
tlm fw transport if<IYPES>,
t}Epr_transpﬂrt_if{TYPES},
]

ﬂ .| > (name)

Is inherited from the
tIm_initiator socket base class

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

© Zainalabedin Navabi — Transaction Level Modeling
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4 TLM-Z.O Transport Interfaces |

Blocking Transport: Socket (Concepts)

. top-level
® Class Hierarchy \

)

Convenience sockets

© Zainalabedin Navabi — Trans\sL Leve ng




— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

@Simple Sockets
Simple to use

Derived from the interoperability layer sockets
tlm_initiator_ socket and tlm_target_socket

Provide methods for registering callback methods instead of
binding sockets to objects

L

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

class process : public tlm::tlm bw transport if<TYPES>
L] L] L]
L nie, ® Simple Initiator
typedef sync enum type (MODULE::*TransportPtr) (Ccransaction types,
Phase_types, Socket: Class
Zc_core::sc_times);
typedef wvoid (MODULE::*InvalidateDirectMemPtr) (gc_dt::uintéd,

sc_dt::uinted); Definition

process (const std::strings na.me}
void set_transport ptr (MODULE* mod, TransportPrtr p]-

get invalidate direct mem ptr (MODULE* mod, InvalidateDirectMemPtr p]-
enum type nb transport bw(transaction typeé transj) phase typei phase, sSc_core::sc timed 1:}

sync _enum type nb transport bw(transaction type& trans, phase type& phase, sc_core::sc times t}l
{
if (m_transport_ptr) {
ff forward call
assert (m_mod) ;
return (m mod->*m transport ptr) (trans, phase, t):

el=se {
ztd: :stringstream =;
5 << m name << "! no transport callback registered”:
SC_REPDRT_ERRDR:"IGSCI_TLH—Efsimple_sncket",s.str:}.c_str:}};
}
return tlm::TLM ACCEPTED: i< unreachable code
}




Transaction Level Modeling

Solution Explorer
eomal-|o-5

Search Solution Explorer (Ctrl+;)

fad Solution 'blockingSocketbasedMemoryR

— Abstract Communications

+ COdlng StY].eS - =B References
I 'm External Dependencies
+ TLM-2.0 Transport Interfaces Header Files
Blocking Transport [ memoryUnit.h

[F] memWriteRead.h
[F] memWriteRead TE.h
Resource Files

Source Files

++ memaryUnit.cpp

Simple Transport Example

++ memWriteRead.cpp

NOI‘I.-b].OCking' Tra,nsport ++ memWriteRead_Main.cpp

A Bl EEHE
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

® Example 2: blockingSocketbasedMemoryRW: Initiator, memWriterReader ‘

memWnterReader h
memWriteRead_Main.cpp memWriteRead.cpp memanylnit.h memWWriteRead.h R/

[ bl::I-cklng':nctckn.:tbas:.—.-dM:mﬂn,rHW (Global Scope) __ |

El#include <systemc.h> I
#include "t1lm.h"™ -
#include "tlm_uwtils/simple target_socket.h"™
#include "tIm_wtils/simple initiator_socket.h™

Elclass memidriterReader : public sc_module {
public: Defining the Initiator socket
tlm _utils::simple initiator_ socket<memiWriterReader> memWriterReaderSocket; and specializing it for

0O = O WA o LR e

5 - S - - memWriterReader
SC_CTOR(memWriterReader) : memWriterReaderSocket("Writer-Socket™),

blockWriteRead(®) 1
blockidriteRead = new tlm::tlm_generic_payleoad;

“ & W0

for (int i = 8; i <« 4; i++) *(data+i) = i+192;

SC_THREAD({memWritingReading);

1

wvoid memWritingReading();
tlm: :tlm_generic_paylecad* blockWriteRead;:

sc_lw«<B» datal[5];

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

memWriteRead_Main.cpp memWriteRead.cpp + > uiRulliln A5 memWriteRead.h - I
& blockingSocketbasedMermoryRW (Global 5cope)
Binclude "memkriteRead.h" I

memWriterReader.cpp

[ITR 1

Ewoid memkWriterReader: :memWritingReading(){

et blockatrine - 2 tine(s3, SC ), |© Example 2:
blockingSocketbasedMemoryRW:|
Initiator, memWtriterReader

F-3

Y LA

for (int 1 = @; 1 < 111; i += 11) {
tlm::tlm command cmd = (tlm::tlm command){rand(} % 2);
if (emd == tlm::TLM WRITE_ COMY
data[@] sc_lv<B>) (i+5);
data[1]
data[2]
data[3]
data[4]

J
- _— —_—

blockliriteRead->set command( cmd }; I
blockWriteRead-»set_address{ i }; 1

blockWriteRead->set_data_ptr( (unsigned char®) data ); S —

blockiriteRead->set data 1 hi 5 3- ] N L .
ockWriteRead->set_data_length( 5 ); = data lenath ta indicate na etreaming

blockWriteRead-»set_streaming_width( 5 ); |

blockWriteRead-»set_byte enable ptr( @ ); . .

blockWriteRead-»set_dmi_allowed( false }; Mand

A AT
blockWriteRead-»set_response_status( tlm:: W Mandatory initial value

memWriterReaderSocket->b_transport( *blockWriteRead, blockedTime };

if ( blockWriteRead-*is_response_error() )
SC_REPORT_ERROR("TLM-2", "Error in memory handling of b_transport™);

< " AL time:

< (emd ?0"w
sc_lv4Br wvj
for(int j=8; j<5; j++) {vv=data[j]; cout << wv <<
/f wait(pauseTime);

A Bl EEHE

wom

3} cout <<

[action Level Modeling
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

® Example 2: blockingSocketbasedMemoryRW: Target, memoryUnit

r _—— — _— — _— — _—— — _—— — _—— — _— — _—— — _— — _— — - .
I memWriteRead_Main.cpp memWriteRead.cpp memorylnit.h B 2 JmemWrii memoryUnlt.h
Ml blockingSocketbasedMemoryRW  ~|  (Global Scope) -
] FE#include <systemc.h>
#include "tlm.h™

#include "tlm_utils/simple_target_socket.h”
#include "tlm_utils/simple_initiator_socket.h™

BEISC_MODULE (memorylUnit) o
tlm_utils::simple_target socket<memoryUnit: memSideSocket; Defining the target socket and
specializing it for memoryUnit
static const int SIFE=25&;

5C CTOR(memoryUnit) : memSideSocket("memorySideSocket™)

1

memSideSocket.register b transport(this, &memorylnit::b transport);

for (int i = @; 1 <« SIZE; i++)
memérray[i] = (sc_lv<83) (i%256 + 192);

¥
public:

virtual woid b _transport( tlm::tlm generic payload&, sc_time&});
sc_lw<B> memarray[SIZE];

1i

© Zainalabedin Navabi — Transaction Level Modeling
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¥y— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

rmemWriteRead.cpp memaryUnit.h remWriteRead.h memoryUnit.cpp + X memoryUnit .Cpp
| blockingSocketbasedMemoryRW - I (Global Scope) - I

1 Ii?'include "memorylUnit.h" i @ anmple 2:
void memoryUnit::b transport{ tlm::tlm generic_payload& gotThis, I blockingsocketbasedmemoryR

El sc_time& delayValue )

{ tlm::tlm_command emd = gotThis.get_command(); : Ta.rget, memOr_VUnjt

uinted adr = gotThis.get_address();

unsigned char*® ptr = gotThis.get data ptr(); I

unsigned int len = gotThis.get_data_length();

unsigned char* byt = gotThis.get byte enable ptr();

unsigned int wid = gotThis.get_streaming_width(); Obliged to check address range and
check for unsupported features, using
the SystemC report handler is an
acceptable way of signalling an error

[T = R R R B A R

e
(TR N

if (adr »= uints4(SIZE) || byt !=@ || len > 5 || wid < len)
SC_REPORT ERROR("TLM-2.8: ","Inconsistant Generic Pavload"y:

= e
oo

unsigned int i;

it
L |

=
oa

if ( emd == tIm::TLM READ COMMAND ){
for(i=@; i<len; i=i+1)} {
*(ptr+i) = *((unsigned char*) (memArray+adr+i));

fd Pud et
= w0

¥

fed
]

¥
else if { cmd == tlm::TLM WRITE COMMAND }{
for(i=@; i<len; i=i+l) {
*(({unsigned char®*) (memArrayt+adr+i)) = *(ptr+d);

PJ e Pd
o L

]
47

¥

Fed
=

}

gotThis.set_response_status( tlm::TLM_OK_RESPONSE };
wait({delayValue);

Lt R Ra
[ B = e

L
=




— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

© Example 2: blockingSocketbasedMemoryRW: Testbench

| memWriteRead.cpp memaorylnit.h memarylUnit.cpp memWWriteRead TB.h & X memoryWrite_TB.h
% blockingSocketbasedMemoryRW - (Global Scope) -
| g ) P
1 H#include “memWriteRead.h™ I
|_#'ir|clu de "memorylUnit.h”

E5C_MODULE (memlriteRead TB) {
memliriterReader® MWl;

= 5C_CTOR(memiriteRead TB)

- N RN I D N ..
A Bl EEHE
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— TLM-2.0 Transport Interfaces

Blocking Transport: Socket (Simple)

© Example 2: blockingSocketbasedMemoryRW: Main

memWriteRead_Main.cpp

r
I memarylnit.h memaryUnit.cpp memWriteRead_TB.h memWriteRead Maincpp + X l
I % blockingSocketbasedMemoryRW = (Global 5cope) |
] #include "memWriteRead TB.h"™ |
I 3 Hint sc_main{int argc, char® argv[]) |
: { I
| 5 memiriteRead _TB TBL{"memoryWriteRead TB™};
sc_start(); |
I return @; I

¥

© Zainalabedin Navabi — Transaction Level Modeling
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Transaction Level Modeling

Introduction — Abstract Communications |
+ Processing Elements + Coding Styles
+ Data Loosely Timed
Approximately Timed
+ TLM-2.0 Transport Interfaces
Blocking Transport

Path (Forward & Return)
Socket (Simple Socket)
Simple Transport Example
[ Non-blocking Transport
Path (Forward, Backward & Return)
Socket (Tagged & Multi Socket)
Phases & Base Protocol

+ Complete System
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Transaction Level Modeling

— Abstract Communications

+ Coding Styles

+ TLM-2.0 Transport Interfaces
Blocking Transport
Simple Transport Example
Non-blocking Transport

Solution Explorer - 0 X
ComE-|To-5 a|k
Search Solution Explorer (Ctrl+;) -
Solution "Simple Transport' (1 project)

4 [%] Simple Transport
[+ =B References

I @ External Dependencies
4 o1 Header Files
channelTransport.h
interfaceClasses.h
simpleTransport.h
simpleTransport_TE.h
Rescurce Files
Source Files
*++ channelTransport.cpp
*++ interfaceClasses.cpp
*++ simpleTransport.cpp
++ simpleTransport_Main.cpp

*++ simpleTransport_TB.cpp

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Simple Transport Example

® Example 3: Simple Transport: interfaceClasses

interfaceClasses.h

-_— — _—— — _— — _— — — —— _—— — _— — _— — _—— — - — _— — _—— — — _— — — _— L

| simpleTransport_Main.cpp™ interfaceClasses.cpp channelTransport.h interfaceClasses.h A X |

o simel Tarspon (Globel Scope o I |

#include <systemc.h>

Elclass transport_if : virtual public sc_interface

1

l

public: l

bool loading; |
sC_event INOOMPLETE;

sC_event COMPLETE; l

wvirtual void transport(sc lwv<8> &) = @; I

l

[ T [ I (R A U

[
[ I V]

=
[

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Simple Transport Example

® Example 3: Simple Transport: channelTransport

channelTransport.h

5|rr1p|ETrar15p|:|rt Main.cpp™ 5|mp|ETran5pDrtcpp interfaceClasses.cpp channelTransporth B X I

#include "intertaceClasses.}

(¥

Elclass channelTranspert : public transpeort_if

1

sc_lv<8> sawved;
sc_event put event, get event;

|
I
|
public: |
I
I
|

0o =] W L

channelTransport() {};
~channelTransport() {};
void transport (sc_lv<B8> &data);

e
= & w0

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Simple Transport Example

® Example 3: Simple Transport: channelTransport

channelTransport.cpp

F

| interfaceClasses.h simpleTransport.h simpleTransport_TE.h channelTransport.cpp + X I

| (%] Simple Transport (Global S5cope) I

I #include "channelTransport.h™ |

| Flvoid channelTransport::transport({sc_lv<B> &data)} { I
if (loading == true) { |

I : saved = data;

] 6 wait(1@, SC_NS); l
¥ I

| else {

I data = saved; I

wait(15, SC_NS); I
l } :

¥

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Simple Transport Example

® Example 3: Simple Transport: simpleTransport _
e ————— simpleTransport.h

simpleTransport_Main.cpp® channelTransport.h interfaceClasses.h simpleTransport.h +

xa

#include "channelTransport.h”

=

Elclass transmitter : public sc_module {
public:
sc_port<transport_if> out;

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

O 20 =] & WA lu pa

}

vold transportingOut();

s

Elclass receiver : public sc_module {
public:
sc_export<transport_if> in;
channelTransport® insideTargetChannel;

SC_CTOR(receiver) {
insideTargetChannel = new channelTransport;
in(*insideTargetChannel);
SC_THREAD(transportingIn);

}

vold transportingIn();

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Simple Transport Example

_—_—_—_—_—_—_—_—_—_—_—_—_1

I simpleTransport_TB.h channelTransport.cpp interfaceClasses.cpp simpleTransport.cpp & X =
-- ool cape | ® Example 3:
I [ Simple Transport (Global Scope) p u
3 #include "simpleTransport.h™ I

»

Simple Transport:

Flweid transmitter::transportingOut(} {
int i; o .
sc_lv¢8> dataToPut; 51mp1eTransport.cpp S 1 m p l e Tlfa n S p O r t
out->loading = false;

for (i=08; 1<27; i++)

1

dataToPut = (sc_lwv<82) 1i;

out->loading = true;

out->transport(dataToPut);

out->INCOMPLETE. notify();

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

wait(out->COMPLETE);

i

_ > dataThatGot;
int i; for (1=8; 1i<27; i++)
while (1}

1

wait(in->INCOMPLETE);
in->loading = false;
in->transport{dataThatGot);
in->COMPLETE.notify();
< "Data: (" << dataThatGot << ") was received at: "
<< sc_time_stamp() << "‘n';

kel Modeling




— TLM-2.0 Transport Interfaces

Simple Transport Example

® Example 3: Simple Transport: Testbench

channeITranspn:urth interfaceClasses.h 5|r'r1|:||ETrar15|:n:urth

#include “1mp1HTran sport.h™

fud

E1SC_MODULE (simpleTransport_TB) {

transmitter* TRS1;
receilver® RCV1;

=] 00 WA s L

SC_CTOR(simpleTransport_TB) {
RCV1 = new receiver(“receiver™};
TRS1 = new transmitter(“transmitter™};
TR51->out(*RCW1-»insideTargetChannel);

[ w24

© Zainalabedin Navabi — Transaction Level Modeling
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— TLM-2.0 Transport Interfaces

Simple Transport Example

® Example 3: Simple Transport: Main

simpleTransport Main.cpp

simpleTransport_Main.cpp® + X EElaldEIeliE ] fads interfaceClasses.cpp channelTransport.h

(% Simple Transport (Global Scope)
#include "simpleTransport_TB.h"

Hint sc_main(int argc, char *argv[]) {
simpleTransport TEB SPGL1("simpleTransport TB");
sc_start (908, SC_NS);
return @;

| —
A Bl EEHE

© Zainalabedin Navabi — Transaction Level Modeling
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(@epeeale) was transmitted at: 68 ns
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(ee6ee61l) was transmitted at: 85 ns
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Transaction Level Modeling

Introduction — Abstract Communications

+ Processing Elements + Coding Styles

+ Data Loosely Timed
Approximately Timed

+ TLM-2.0 Transport Interfaces

Blocking Transport
Path (Forward & Return)
Socket (Simple Socket)
Simple Transport Example
Non-blocking Transport
Path (Forward, Backward & Return)
Socket (Tagged & Multi Socket)
Phases & Base Protocol

+ Complete System
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— TLM-Z .0 Transport I

TLM_ACCEPTED
I \.l O I I — bl O c » Transaction, phase and timing arguments unmodified (ignored) on return

» Target may respond later (depending on protocol)

. TLM_UPDATED :
®© Non-b]'OCk]'ng * Transaction, phase and timing arguments updated (used) on return I
Includes timine * Target has advanced the protocol state machine to the next state

Typically useciiffele) Vizfzyzn

* Transaction, phase and timing arguments updated (used) on return
Called on for » Target has advanced the protocol state machine straight to the final phase

Is appropriate 1
interactions between

enum { TLM_ACCEPTED, TLM_UPDATED, TLM_COMPLETED };

template < typename TRANS= tlIm_generic_payload, typename PHASE = tlm_phase>

. class tim_fw_nonblocking_transport_if : public virtual sc_core::sc_interface {
public:
virtual tim_sync_enum nb_transport ( TRANS& trans,

PHASE& phase,
sc_core::sc_time& t) = 0;

hor

© Zainalabedin Navabi — Transaction Level Modeling
| g 00 ]y D | s Ly 0 | ]



[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Path

® Forward path

Is the calling path by which an initiator or interconnect component makes interface
method calls forward in the direction of another interconnect component or the target

®©

Is the calling path by which a target or interconnect component makes interface
method calls back in the direction of another interconnect component or the initiator

® Return path

Is the return path by which an initiator, target or interconnect component returns
immediately from the interface method that has been called

——
3 Returning from nb_trnasport_fw,
nb_transport_bw

Forward Path> ~

Interconnect

E Forward Path >>‘

Initiator Px p. Target

Return Path Return Path

Return Path Return Path :
© Zainalabedin Navabi — Transaction Level Modeling
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[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Path

® Timing Diagram:

. Phase
Using The
Backward Path BecIN_REQ
Transaction END_REQ
accepted now,
caller asked to
wait
BEGIN_RESP
END_RESP

::
B

Initiator

Simulation time = 4ns

call

Return

Simulation time = ' 'ns

call

Return

© Zainalabedin Navabi — Transaction Level Modeling ‘
| g 00 ]y D | s Ly 0 | ]

TLM_COMPLETED, -, -

Target

-, BEGIN_REQ, Ons

TLM_ACCEPTED, -, -

Simulation time = ! 'ns

= END_REQ, Ons Call

TLM_ACCEPTED, - - Return

Simulation time = '4ns

-, BEGIN_RESP, Ons Call

TLM_ACCEPTED, -, - Return

-, END_RESP, Ons




[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Path

@ Timing Diagram:
Using The Return ppase
Path

BEGIN_REQ

END RE
Callee annotates —REQ

delay to next
transition, caller
waits

BEGIN_RESP

END_RESP
© Zainalabedin Navabi — Transaction Level Modeling
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Initiator

Simulation time = 4ns

Call

Return

Simulation time = 10ns

Target

-, BEGIN_REQ, Ons

TLM_UPDATED, END_REQ, ¢ns

Simulation time = 15ns

-, BEGIN_RESP, Ons

TLM_COMPLETED, END_RESP, 5ns  /*€LU/T

Simulation time = ' 'ns




— TLM-2.0 Transport Interfaces

Non-blocking Transport: Sockets

Combine a port with an export

Provide methods to bind port and export of both the forward and backward paths in a
single call

Group core interfaces for both the forward and backward paths together into a single
object

Offer strong type checking when binding sockets parameterized with incompatible
protocol types

The classes and are typically used directly by
applications

Belong to the interoperability layer of the TLM-2.0 standard i
I - - l I
nb_transport_fw()
~ —_ — S

Initiat B . > Target
FHEEEOE >‘ get_direct_mem_ptr() >‘ 2 —
~ > =
An initiator socket has a port for f}&lta;‘get so;kett;l as Zn exp c:rft 4255 | A
the forward path and an export nb_transport_bw() € lorward path and a port for fos

the backward path.

for the backward path

invalidate_direct_mem_ptr()
© ZainaldUIaMT Navan = rrarisacuor Leve: modeling
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4 TLM-Z.O Transport Interfaces |

Non-blocking Transport: Sockets

. top-level
® Class Hierarchy \

)

Convenience sockets

© Zainalabedin Navabi — Trar& LEVEI IMIOUEINy
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Convenience sockets

@ A family of derived socket classes provided in the utilities
Are derived from the classes and

® Additional functionalities

Register callbacks: Provides methods to register callbacks for incoming
interface method calls

Tagged: Incoming interface method calls are tagged with an id to
indicate the socket through which they arrived

Multi-ports: A single initiator socket can be bound to multiple target
sockets and vice versa

© Zainalabedin Navabi — Transaction Level Modeling c
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[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Convenience sockets

@Simple Socket |
See Slides 52 and 53

=
o
| A
m
© Zainalabedin Navabi — Transaction Level Modeling c
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Convenience sockets

@ Tagged Sockets
Incorporates a numerical fag

To identify the socket in use

To allow the callback to identify through which socket the
incoming call arrived

Allows a single callback function to handle multiple sockets, with the tag
identifying the socket which caused the callback to be invoked

Useful in the case where the same callback method is registered with
multiple initiator sockets or multiple target sockets

E Is specified when the callback is registered
2 Is an argument of the callback method

A Bl EEHE
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Convenience Sockets

template <typename MCDULE, Simple_initiator_socket.h:

un=signed int BUSWIDTH = 32,

typename TYPES = tlm::tlm base protocol types> tagged SOCket C].a.SS @ Tagged SOCket:

[ class simple initiator socket tagged

{ public tim::tlm initiator socket<BUSWIDTH, TYPES> Class Definition

public:
typedef typename TYPES::tlm pavload type transaction_ type:
typedef typename TYPES::tlm phase type phase_type;
typedef tlm::tlm sSync enum Sync _enum type;
typedef tlm::tlm fw transport if<TYPES> fw_interface type:
typedef tlm::tlm bw transport if<TYPES> bw _interface type:
typedef tlm::tlm initiator socket<BUSWIDTH, TYPES> base type:

public:

+ simple initiator socket tagged() { ... !

+ [explicit simple initiator =socket tagged(const char®* n)| { ... } ]

wvoid register nb transport bw (MODULE* mod,

sync _enum_ type (MODULE::*cb) (int,

transaction types,
phase types,
s5c_core:isc _times),

wvoid register invalidate direct mem ptr (MODULE* mod,
woild (MODULE::®ck) (int, =Sc_dt::uinté4, sc_dt::uintéd),

private:

private:
DIOCESS m_process;




[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Convenience sockets

® Tagged Socket:
simple_target_socket tagged simple_initiator_socket tagged
Initiator l “ o Target
S > > =l
Id = | Id = |
Interconnect
(
b_transport
(id,trans,delay))
- — n Target
~” h h 2
Id =2 Id =2




— TLM-2.0 Transport Interfaces

Non-blocking Transport: Convenience sockets

® Multi Socket

A variation on the tagged simple sockets

Permit a single socket to be bound to multiple sockets on other
components
Use multi-port index number as the tag

Is able to identify from which socket on another component an incoming
interface method call arrives

© Zainalabedin Navabi — Transaction Level Modeling c
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[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Convenience sockets
® Mult1 Socket: |

multi_passthrough_initiator_socket multi_passthrough_target socket

Initiator

Target
D> =l

|

Target
>

E
Many-to-Many socket binding
| Method calls tagged with multi-port index value

\/
DO

=
o
m
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Phase & Base Protocol

® Phase

Class tlm_phase is the default phase type used by the non-blocking transport
interface class templates and the base protocol

Base protocol phases:
,and

Extending the set of four phases provided by

Using the macro

For maximal interoperability, an application should only use the four phases of

© Zainalabedin Navabi — Transaction Level Modeling c
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Phase & Base Protocol
® Phases: Class Definition

] namespace tlm {

//enum tlm phase { BEGIN REQ, END REQ, BEGIN RESP, END RESP };

] enum tlm phase enum { UNINITIALIZED PHASE=0, BEGIN REQ=1, END REQ, BEGIN RESF, END BESF };

] inline unsigned int create phase number() { ... !
] inline std::wvector<const char*>& get_phase_name_vecﬂﬂ i ... }|

- class tlm phase{
pukblic:
tlm phase(): m id(0) {}
tlm phase (unsigned int id): m id(id){}

tlm phase (const tlm phase enumé& standard): m id( (unsigned int) standard){}
tlm phase& operator=(const tlm phase enumé& standard) {m id=(unsigned int)standard; return *this;}
operator unsigned int () const{return m id;}

private:

ungigned int m id;

}:
3l

#define DECLARE EXTENDED PHASE (name arg) M

b

Y S/ namespace tlm

© Zainalabedin Navabi — Transaction Level Modeling
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Is used to extend the four declared phases




[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Phase & Base Pro

tocol

@ Base Protocol
The base protocol = tlm_generic_payload + tlm_phase

consists of a set of rules to ensure maximal interoperability between
transaction level models of components

namespace tim {

struct tim_base_protocol_types
}
typedef tim_generic_payload tim_payload_type;
typede tim_phase tim_phase_type;

{

} // namespace tim

© Zainalabedin Navabi — Transaction Level Modeling
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LM-2.0 Transport Interfaces

Non-blocking Transport: Phase & Base Protocol

Initiator calls
nb_transport_fw

Target puts the GP into its payload event
queue and returns TLM_ACCEPTED

Target receives the transaction, returns

END REQ on the wotmemmath and alon weat
TLM UPDATED Target sends the END_REQ phase on

Initiator puts the GP into its payload event ’.
Target s€ yeue and returns TLM_ACCEPTED

the BEGI]V_.H..LM.)J.' pPLlanT Ull LIT alnvvaliu patlll

D E———



— TLM-2.0 Transport Interfaces

Non-blocking Transport: Phase & Base Protocol

® Abstract Communication Scenarios

nb_transport_fw/ BEGIN_REQ
I —
MV A A

A
-IHW’ IED_J

TLM _UPDATED / END_RESP ,. }‘

TLM_COMPLETED _ W>

@ @
@ :

© Zainalabedin Navabi — Transaction Level Modeling
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TLM
Comm. TLM-2.0 base protocol flow: Edge id.
Scenario

LQ!...
=- O
—
o
]

[T
E’Q :
]
E]
]

SUDT2

SUDT3

Q
0

'

L

SUDT4

R n 383830

SUDTS
SUDT1I

SUDTS

SUDT9

SUDT10

mob‘b‘mmmmoﬂ-b"b"mmmmlﬂomn

mb"BB(D(D(Dm::‘HBB(D(D(D(DIb"-hb"

Q —'T Q9 & —"Q K 'U.wawu-ﬂ

= B3 R n R B R =R



4 TLM-Z.O Transport Interfaces

Non-blocking Transport: Phase & Base Protocol

@ Base Protocol Timing Parameters and Flow Control

Initiator Target

BEGIN_REQ
Request accept delay
BEGIN REQ must wait
for previous END_REQ
END_REQ,
BEGIN_RESP for Latency of target
END_RESP
BEGIN_RESP
Response accept delay
END_RESP

© Zainalabedin Navabi — Transaction Level Modeling
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Transaction Level Modeling

— Abstract Communications
+ Coding Styles

+ TLM-2.0 Transport Interfaces
Blocking Transport
Simple Transport Example
Non-blocking Transport

© Zainalabedin Navabi — Transaction Level Modeling
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Solution Explorer - 0 X
Co@E -5 7@

Search Solution Explorer (Cirl+;) -

bl Sclution 'nbFwdMemoryRW' (1 project)
4 [BA] nbFwdMemoryRW
[ =-B References

I+ '@ External Dependencies
Header Files
memaoryUnit.h
memWriterReader.h
memWriterReader TE.h
Resource Files
Source Files
++ memorylUnit.cpp
++ memWriterReader.cpp
++ memWriterReader_Main.cpp

++ memWriterReader_TE.cpp

A Bl EEHE

.



[ TLM-Z.O Transport Interfaces

Non-blocking Transport: Forward

® Example 4: nbFwdMemoryRW: Base Protocol Flow Control I

Target executes
@ nb_trasnport_fw '
Initiator calls -
nb_transport_fw

© Zainalabedin Navabi — Tran@ cavel Mo
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Target returns TLM_COMPLETED



— TLM-2.0 Transport Interfaces

Non-blocking Transport: Forward

® Example 4: nbFwdMemoryRW: Initiator, memWeriterReader

| memWriterReader.cpp memWriterReader_TEB.h memWriterReader.h # 2 memorylUnit.h memWriterReader.h

I anden:mun.rHW (Global Scope) __ i

El#include <systemc.h>

#include "tlm.h™
#include "tlm_utils/simple initiator socket.h™
#include "tlm_utils/simple_target_socket.h”

Flclass memWriterReader : public sc_module {
public: Defining the Initiator socket
tlm utils::simple initiator socket<memWriterReader, 32> memWRSocket; and specializing it for
memWriterReader
SC_CTOR(memlriterReader) : memWRSocket("mem WR_socket"), nBlockiWriteRead(@)

nElockiWriteRead = new tlm::tlm_generic_payload();
for (int 1 = 8; 1 <« 4; i++) *({data+i) = i+192;
SC_THREAD( nbMemR) 3

::tlm_generic payload* nBlockWriteRead;
nbMemWR{ ) ;
doSomethingGood (tlm: :tlm_generic payload&);

_1v<B» data[5];

© Zainalabedin Navabi — Transaction Level Modeling
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memWriterReader_TE.h memWriterReader.h memoryUnit.h memWriterReader.cpp &

- °
& nbFwdMemoryRW vI (Global Scope) bl k

#include “memWriterReader.h™ memWriterReader.Cpp I J On_ OC lng
Elvoid memlriterReader::nbMemWR()

| S _Srenspoln ol

sc_time processTime; // Processing time of initiator prior to call

processTime = sc_time(@®, SC_P5);
for (int 1 =@; 1 < 111; i = 1 + 11)9 . ‘?W .
tlm::tlm_command cmd = (tlm::tlm_command){rand() % 2); @ Example 4' anWdMGmorYR .
if (cmd == tlm::TLM WRITE_COMMAND) { 54 C .
datafe] - (< 1u<®>) (i45); Initiator, memWtriterReader
data[1] = (sc_lv<B>) (i+6); )
data[2] = (sc_lv«<8x) (i+7);
]
]

LE= I = Y B YR R A Y %

[ R S
[V I S TR X =
1] [T

data[3] = (sc_lwv<B») (i48);
data[4] = (sc_lw<Bx) (i49);

e
=

i

nBlockWriteRead->set_command( cmd };
nBlockWriteRead->set_address( 1 };
nBlockWriteRead->set_data_ptr( (unsigned char*) data };
nBlockWriteRead->set_data_length( 5 );
nBlockWriteRead->set streaming width({ 5 );

nBlockWriteRead->set byte enable ptr( 8 ); o
nBlockWriteRead->set_dmi_allowed( false ); Settlng the forward phase for

nBlockWriteRead-»>set_response_status( tlm::TLM_INCOMPLETE_RESPONSE starting a new tra_nsaction

forwardPhase = tlm::BEGIN_REQ;

2]
L

2]
(571

2]
]

%)
(&)

L pd
& W

cout << (emd ? "W' : 'R") << ", @" << i << " data:";
sc_lw<B» wv;

for(int j=8; j<5; j++) {vv=data[j]; cout << wv << " "3} Defining the returnStatus variable

cout << " [@time " << sc_time_stamp() <<" delay=" << processTime

W
L

[NF)
(%3]

tlm::tlm sync enum returnStatus; Calling the nb_transport_fw method
returnStatus = memWRSocket-»

nb_transport_fw(*nBlockWriteRead, forwardPhase, processTime);

[SYRNT}
=l &

[ETRNT}
Woca

if (returnStatus == tlm::TLM_COMPLETED)

doSomethingGood( *nBlockiriteRead, processTime ); The initiator can process the data of the incoming

transaction in the case of receiving TLM_COMPLETED

g
=&

PSR ORI ORI ORI
B WK R ® W00
. EBE (1 BB ,




— TLM-2.0 Transport Interfaces

Non-blocking Transport: Forward

® Example 4: nbFwdMemoryRW: Initiator, memWtriterReader, Cont.

memWWriterReader_TB.h memWWriterReader.h

A fa JfE
= G W 00

W LA

Ld pa

LA

o

LA
LA

memorylnit.h memWriterReader.cpp +
(Global S5cope) |

£ |
.

Initiator obliged to

if ( completeTrans.is_response_error() ) check response status
SC_REPORT_ERROR("TLM-2", "error...\n");

sc_time totalTime )

tlm::tlm_command cmd = completeTrans.get command();
uinted adr = completeTrans.get address();
int* ptr = reinterpret cast<int*:( completeTrans.get data ptr() };

cout << "Above was completed [@time " << totalTime << °

© Zainalabedin Navabi — Transaction Level Modeling ‘
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Forward

© Example 4: nbFwdMemoryRW: Target, memoryUnit

I memWriterReader.cpp memWriterReader_TEB.h memWriterReader.h memorylUnit.h # X memOIYUIlit.h

= nbFwdMemoryRW (Global Scope) -

El#include <system

#include "tlm.h™
#include "tlm_utils/simple_initiator socket.h™
#include "tlm_utils/simple target_ socket.h”

Elclass memoryUnit : public sc_module {
public:
tlm_utils::simple target_socket<memoryUnit, 32> memSocket;

Defining the target socket and
specializing it for memoryUnit

(e
SR =R TSI RN T, B TR

static const int SIZE=256;

SC_CTOR(memoryUnit) : memSocket("memory side socket™) {
memSocket.register_nb_transport_fw(this, &memoryUnit::nb_transport _fw);

/S Initialize memory
for (int 1 = @; i « SIZE; i++)
memArray[1i] = (sc_lv<B8:) (1i%256 + 192);

¥

virtual tlm::tlm _sync_enum nb_transport_fw{ tlm::tlm_generic_ paylcadi,
tlm::tlm phase&, sc_time& );
_lv«8>» memArray[SIZE];

BN BN BN B BN BEE 0 B B B a0 B
e
R
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V1=

I Non-blockin ‘Transport: Forward

memWriterReader.h memaorylnit.h memWriterReader.cpp

(4] nbFwdMem oryRW - I (Global Scope) memoryunlt - Cpp

#include "memoryUnit.h" —
F

tlm: :tlm_sync_enum memoryUnit::nb_transport_fw
(tlm: :tlm_generic_paylcad& receivedTrans,
= tlm: :tlm_phase& phase, sc_time& delay }{

Example 4: nbFwdMemoryRW: ‘
Target, memoryUnit

tlm::tlm_command cmd = receivedTrans.get_command(};

uinte4 adr = receivedTrans.get_address();
unsigned char* ptr = receivedTrans.get_data_ptr();
unsigned int len = receivedTrans.get_data_length();
unsigned char* byt = receivedTrans.get_byte _enable ptr();
unsigned int wid = receivedTrans.get_streaming_width();

[ = I RN L T S R

P
Bk =@

if (byt != @) {
receivedTrans.set_response_status( tlm::TLM_BYTE_ENABLE_ERROR_RESPONSE );
return tlm::TLM COMPLETED;

e
=1 L

¥
if (len > 5 || wid < len) {

receivedTrans.set_response_status( tlm::TLM_BURST_ERROR_RESPONSE };
return tlm::TLM COMPLETED;

———— =G -

PO RD R
= @ WO o

b
unsigned int i;
if ( cmd == tlm::TLM_READ COMMAND ) \
for(i=8; i<len; i=i+1) {
*(ptr+i} = *(({unsigned char®*) (memArray+adr+i));

o
(%]

i S Y S T
[ VI, I S BT

1
else if { cmd == tlm::TLM_WRITE_COMMAND )
for(i=8; i<len; i=i+1) {
*((unsigned char*) (memArray+adr+i)) = *(ptr+i);

[
[ ==

L
L]

LJ
juy

status to indicate
successful completion

L
=]

receivedTrans.set_response_status( tlm::TLM_OK_RESPONSE };
delay = delay + sc_time(123, SC_NS);
return tlm::TLM_COMPLETED;

1
< J Obliged to set response

[ETREY]
L

l-bvbl [ A A AN ] ) | IB

Y

L
L




— TLM-2.0 Transport Interfaces

Non-blocking Transport: Forward

® Example 4: nbFwdMemoryRW: Testbench

memWriterReader TB.h

| memWriterHeadercpp memWriterReader TB.h & > memWriterReader.h memorylnit.h -

El#lnclurh- "memiriterReader.h”
|_#1nc1ud-: ‘memoryUnit.h™

2]

E1SC_MODULE (memldriterReader _TB)

memkriterReader *WR1;

B _
5C_CTOR{memWriterReader_TH

WR1 = new memWriterReader("WR");
MU ew memoryUnit({“"memory™);

w TR T T W I - T
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— TLM-2.0 Transport Interfaces

Non-blocking Transport: Forward

© Example 4: nbFwdMemoryRW: Main

memWriterReader Main.cpp

I memWriterReader_TE.h memaoryUnit.h memaryUnit.cpp memWriterReader Main.cpp X ~ |

% nbFwdMem oryRW (Global Scope) _ |

tinclude "memkiriterReader TE.h" -’-

Flint sc_main(int argc, char* argv[])

{

memdriterReader TB TB1({"memWriterReader TB");
sc_start();
return @;

© Zainalabedin Navabi — Transaction Level Modeling
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dE:589:55
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s @8 data:9ddda18]l 88888114 GHEBE111 88881499 aBEE1881

Above was completed @time 123 ns
s @11 data:9dd10008 88818991 20818418 88818811
Above was completed @time 246 ns
R, @22 data:988160600 88818881 966164618 88818811
Above was completed @time 369 ns
R, @33 data:988160600 88818881 966164618 88818811
Above was completed @time 492 ns
s @44 data:dd116661 88118818 86116411 881181848
Above was completed @time 615 ns
R, @55 data:@@116061 88118418 86116411 481181848
Above was completed @time T3E ns
R, @66 data:d9@116061 88118418 861168411 881181848
Above was completed @time B61 ns
R, @77 data:98116061 88118818 86116411 881181848
Above was completed @time 984 ns
R, @88 data:d@116661 88118818 461164611 481181848
Above was completed @time 1187 ns
R, @99 data:®98116061 88118818 86116411 881181848
Above was completed @time 1238 ns

s @118 data:@1118811 811181688 81118181 81118118 891118111

Above was completed @time 1353 ns

gaa1e18d

28818184

28818184

g8118181

g8118181

g8118181

g8118181

28118181

g8118181

gtime 8@ 5 delay=8 =
@time 8 s delay=123
@gtime 8 = delay=24f6
@gtime 8 = delay=3649
@gtime delay=4482
@gtime delay=615
@gtime delay=738
@gtime 8 = delay=EBbl

@gtime 8 s delay=984

@gtime 8 s delay=1187 ns

@time 8 s delay=1238 ns

ns

ns

ns

ns

ns

ns

ns

ns
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