
Chapter 7

Transaction Level Modeling 
(TLM)

Zainalabedin Navabi

© Zainalabedin Navabi – Transaction Level Modeling 1



Introduction

Processing Elements

Data 

Abstract Communications

Complete System

2© Zainalabedin Navabi – Transaction Level Modeling



3© Zainalabedin Navabi – Transaction Level Modeling

Introduction

– Processing Elements

Initiators

Targets

Interconnects

– Data 

Generic Payload

– Abstract Communications

Coding Styles

TLM-2.0 Transport Interfaces

– Complete System

Blocking Example

Non-blocking Example



4© Zainalabedin Navabi – Transaction Level Modeling

Introduction

 Processing Elements

 Data

 Abstract Communications

 Complete System



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
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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



Higher simulation speed than RTL

Design space exploration

Early verification

HW/SW communication
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The Generic Payload
Sockets

 Initiator and Target Sockets
• Simple Sockets

• Tagged Sockets

• Multi Sockets

TLM-2.0 Core Interfaces
 Transport interfaces
• Blocking transport interface

• Non-blocking transport interface

 Direct memory interface
 Debug transport interface

Phases and Base Protocol
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Such as RTL 

components: 

Bus, Register, …

– Introduction
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Apr 2005

• TLM -1.0

• put, get and 
transport 
request-
response 
interfaces

Dec 2006

• TLM-2.0-
draft -1

• Generic 
payload

Nov 2007

• TLM 2.0-draft-
2

• nb_transport

• New payload 
& extensions

Jun 2008

• TLM-2.0

• Unified 
interfaces 
and sockets

July 2009

• TLM-2.0.1

• Minor 
additions 
and LRM

* Open SystemC Initiative, 31 May 2009

– Introduction
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Interoperability layer for bus modeling

IEEE 1666™  SystemC

TLM-1 standard

TLM-2 core interfaces:

Blocking transport interface

Non-blocking transport interface

Direct memory interface

Debug transport interface Analysis interface

Initiator and target sockets

Analysis ports

Generic payload Phases

Utilities:
Convenience sockets
Payload event queues
Quantum keeper
Instance-specific extn

Base protocol

* Open SystemC Initiative, 31 May 2009

– Introduction
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tlm_h tlm_utils

Tlm_2_interfaces

Tlm_generic_payload

Tlm_quantum

Tlm_sockets

tlm_1

Tlm_analysis

Tlm_req_rsp

Tlm_1_interfaces

Tlm_adapters

Tlm_channels

Tlm_ports

Tlm_req_rsp.h

Tlm_core_ifs.h

Tlm_fifo_ifs.h

Tlm_master_slav

e_ifs.h

Tlm_tag.h

Tlm_fifo

Tlm_req_rsp_channel

Tlm_2_interfaces

.h

Tlm_dmi.h

Tlm_fw_bw_ifs.h

Tlm_generic_payl

oad.h

Tlm_gp.h

Tlm_phase.h

...

Tlm_socket.h

Tlm_initiator_soc

ket.h

Tlm_target_sock

et.h

Peq_with_cb_and_phase.h

...

Passthrough_target_socket.h

Simple_initiator_socket.h

Multi_socket_bases.h

Peq_with_get.h

Multi_passthrough_initiator_socket.h

Multi_passthrough_target_socket.h

Simple_target_socket.h

– Introduction
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Initiator Interconnect Target

Module that initiates 

new transactions

Passes transaction. It can 

only modify the address 

and DMI range.

Module that responds 

to transactions initiated 

by other modules

The roles of initiator, 

interconnect and 

target can change 

dynamically
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Introduction

 Processing Elements

– Data 

Generic Payload

 Data

 Abstract Communications

 Complete System



 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
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tlm_gp.h

– Data
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class tlm_generic_payload

– Data
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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

– Data



 Shall be set by the initiator, and shall not be overwritten by any 

interconnect component or target
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enum tlm_command {
TLM_READ_COMMAND,
TLM_WRITE_COMMAND,
TLM_IGNORE_COMMAND

};

Copy from target to data array

Copy from data array to target

Neither, but may use extensions

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

– Data



Shall be set by the initiator, but may be overwritten by 

one or more interconnect components. 
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sc_dt::uint64 get_address()  const;
void set_address( const sc_dt::uint64 address );

– Data



 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 get_data_ptr() and set_data_ptr() get or set the value 

of the pointer, not the contents of the array
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unsigned char* get_data_ptr()  const;
void set_data_ptr( unsigned char* data );

– Data



 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 

TLM_IGNORE_COMMANDs

 Data length <= BUSWIDTH / 8: single-word transfer

 Data length > BUSWIDTH / 8: burst transfer
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unsigned int get_data_length()  const;
void set_data_length( const unsigned int length );

– Data



 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 0xff

 Indicates that the corresponding byte is enabled
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unsigned char* get_byte_enable_ptr() const;
void set_byte_enable_ptr( unsigned char* );

– Data



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

– Data



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

– Data



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

– Data



 Shall be set to TLM_INCOMPLETE_RESPONSE by the initiator

 May be overwritten by the target, but should not be overwritten 

by any interconnect component
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tlm_response_status get_response_status() const;
Void set_response_status( const tlm_response_status );
std::string get_response_string();
bool is_response_ok();
bool is_response_error();

– Data



 The target may set the response status attribute:
 TLM_OK_RESPONSE: Indicates that target was able to execute the command 

successfully

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

– Data



 Generic payload has an array-of-pointers to extensions

 One pointer per extension type

 Every transaction can potentially carry every extension type

 Flexible mechanism

29
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template <typename T>     T*  set_extension ( T* ext );

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

template <typename T>     T*  get_extension() const;

template <typename T>  void  clear_extension ();

template <typename T>  void  release_extension ();

Clears pointer, not 

extension object

Freed by ref counting

mm => convert to auto

no mm => free extension object

– Data
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Introduction

 Processing Elements

 Data

– Abstract Communications

Coding Styles

• 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



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
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Initiator Target
Calls b_transport
Calls nb_transport_fw
Implements nb_transport_bw

Implements b_transport
Implements nb_transport_fw
Calls nb_transport_bw

returns a value 

indicating 

whether or not 

the return path 

was used 

returns a value 

indicating 

whether or not 

the return path 

was used 

void b_transport( TRANS& , sc_time& ) ;

tlm_blocking_transport_if

tlm_fw_nonblocking_transport_if

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

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

tlm_bw_nonblocking_transport_if



 Blocking transport interface

 Includes timing annotation

 Typically used with loosely-timed coding style

 Forward path only
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template < typename TRANS  =  tlm_generic_payload >

class tlm_blocking_transport_if : public virtual sc_core::sc_interface {
public:

virtual  void  b_transport ( TRANS& trans , sc_core::sc_time& t )  =  0;
};

– TLM-2.0 Transport Interfaces



 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

35© Zainalabedin Navabi – Transaction Level Modeling

Initiator Interconnect Target
Return Path Return Path

Calling 

b_transport

Calling 

b_transport
Returning from b_transportReturning from b_transportReturning from b_transport

Forward Path Forward Path

– TLM-2.0 Transport Interfaces
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Initiator 1

Target

b_transport(t, 0ns)Call

Simulation time = 25ns

Simulation time = 60ns

wait(35ns)

Returnb_transport(t, 0ns)

b_transport(t, 0ns)Call

Returnb_transport(t, 0ns)

Initiator 2

Simulation time = 75ns

wait(15ns)

b_transport(t, 0ns)Call

Returnb_transport(t, 0ns)

Initiator 3

Simulation time = 75ns

b_transport(t, 0ns)Call

Returnb_transport(t, 0ns)

Initiator 4

Simulation time = 25ns

 Timing Diagram

Initiator is 

blocked until 

return from 

b_transport

– TLM-2.0 Transport Interfaces
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• Non-blocking Transport

 Complete System
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Initiator 
(MemoryWriter

Reader)

Target 
(memoryUnit)

 Example 1: blockingBusbasedMemoryRW

Generic payload

– TLM-2.0 Transport Interfaces
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 Example 1: blockingBusbasedMemoryRW: Initiator, memWriterReader

– TLM-2.0 Transport Interfaces

memWriterReader.h
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 Example 1: 

blockingBusbasedMemoryRW: 

Initiator, memWriterReader

memWriterReader.cpp

Set GP parameters

In terms of bytes

= data_length to indicate no streaming

0 indicates unused

Mandatory initial value
Mandatory initial valueCalling blocking transport
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 Example 1: blockingBusbasedMemoryRW: Target, memoryUnit

– TLM-2.0 Transport Interfaces

memoryUnit.h
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 Example 1: 

blockingBusbasedMemoryRW: 

Target, memoryUnit

– TLM-2.0 Transport Interfaces

memoryUnit.cpp

Obliged to implement read 

and write commands

Obliged to set response

status to indicate successful

completion

Obliged to check address range and 

check for unsupported features, using 

the SystemC report handler is an 

acceptable way of signalling an error
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– TLM-2.0 Transport Interfaces

 Example 1: blockingBusbasedMemoryRW: Interface Defenition & 

Implementation , Bus

Bus.h
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 Example 1: blockingBusbasedMemoryRW: Testbench

– TLM-2.0 Transport Interfaces

memoryWrite_TB.h
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memWriteRead_Main.cpp

 Example 1: blockingBusbasedMemoryRW: Main

– TLM-2.0 Transport Interfaces
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 Example 1: blockingBusbasedMemoryRW: Output

– TLM-2.0 Transport Interfaces



 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 tlm_initiator_socket and tlm_target_socket are typically 

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

b_transport ()Initiator Target

A target socket has an export for 

the forward path
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Target 
socket

Initiator 
socket

An initiator socket has a port for 

the forward path

– TLM-2.0 Transport Interfaces
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tlm_initiator_socket.h

Port and export

 Class Definition

– TLM-2.0 Transport Interfaces
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Defining fw and bw interfaces

Defining port and export

Binding and overloading of ()

 Class Definition, Cont.

– TLM-2.0 Transport Interfaces

tlm_initiator_socket.h: 

base class

Base class for 

initiator sockets, 

providing binding 

methods
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tlm_initiator_socket.h: 

the conveninence class

Is inherited from the 

tlm_initiator_socket_base class

 Class Definition, Cont.

– TLM-2.0 Transport Interfaces
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tlm_h tlm_utils

...

tlm_sockets

tlm_socket.h

tlm_initiator_socket.h

tlm_target_socket.h

...

passthrough_target_socket.h

simple_initiator_socket.h

multi_socket_bases.h

multi_passthrough_initiator_socket.h

multi_passthrough_target_socket.h

simple_target_socket.h

 Class Hierarchy

– TLM-2.0 Transport Interfaces

Standard sockets 
Convenience sockets 

top-level 

namespaces 



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
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– TLM-2.0 Transport Interfaces
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Simple_initiator_socket.h:
 Simple Initiator 

Socket: Class 

Definition

– TLM-2.0 Transport Interfaces
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 Example 2: blockingSocketbasedMemoryRW: Initiator, memWriterReader

– TLM-2.0 Transport Interfaces

memWriterReader.h

Defining the Initiator socket 

and specializing it for 

memWriterReader

Initializing memory
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 Example 2: 

blockingSocketbasedMemoryRW: 

Initiator, memWriterReader

– TLM-2.0 Transport Interfaces

Set GP parameters

Calling blocking transport

In terms of bytes

Initiator obliged to check response 

status

memWriterReader.cpp

= data_length to indicate no streaming

0 indicates unused
Mandatory initial value

Mandatory initial value
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 Example 2: blockingSocketbasedMemoryRW: Target, memoryUnit

– TLM-2.0 Transport Interfaces

Register callback for 

incoming b_transport

interface method call

Initializing memory

Defining the target socket and 

specializing it for memoryUnit

memoryUnit.h
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 Example 2: 

blockingSocketbasedMemoryRW:   

Target, memoryUnit

– TLM-2.0 Transport Interfaces

memoryUnit.cpp

Obliged to set response

status to indicate successful

completion

Obliged to check address range and 

check for unsupported features, using 

the SystemC report handler is an 

acceptable way of signalling an errorObliged to implement read 

and write commands
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 Example 2: blockingSocketbasedMemoryRW: Testbench

– TLM-2.0 Transport Interfaces

Instantiate components

• One initiator is bound directly to 

one target with no intervening bus

• Bind initiator socket to target socket

memoryWrite_TB.h
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memWriteRead_Main.cpp

 Example 2: blockingSocketbasedMemoryRW: Main

– TLM-2.0 Transport Interfaces
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 Example 2: blockingSocketbasedMemoryRW: Output

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: interfaceClasses

interfaceClasses.h

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: channelTransport

channelTransport.h

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: channelTransport

channelTransport.cpp

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: simpleTransport
simpleTransport.h

– TLM-2.0 Transport Interfaces
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 Example 3: 

Simple Transport:                   

simpleTransportsimpleTransport.cpp

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: Testbench

simpleTransport_TB.h

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: Main

simpleTransport_Main.cpp

– TLM-2.0 Transport Interfaces
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 Example 3: Simple Transport: Output

– TLM-2.0 Transport Interfaces
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 Non-blocking transport interface
 Includes timing annotation and transaction phases

 Typically used with approximately-timed coding style

 Called on forward and backward paths

 Is appropriate where it is desired to model the detailed sequence of 
interactions between initiator and target during the course of each transaction 

73

enum tlm_sync_enum {  TLM_ACCEPTED,  TLM_UPDATED,  TLM_COMPLETED  };

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

class  tlm_fw_nonblocking_transport_if : public  virtual  sc_core::sc_interface {
public:

virtual   tlm_sync_enum nb_transport ( TRANS&  trans,
PHASE&  phase,
sc_core::sc_time&  t )  =  0;

};
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– TLM-2.0 Transport Interfaces

TLM_ACCEPTED

• Transaction, phase and timing arguments unmodified (ignored) on return

• Target may respond later (depending on protocol)

TLM_UPDATED

• Transaction, phase and timing arguments updated (used) on return

• Target has advanced the protocol state machine to the next state

TLM_COMPLETED

• Transaction, phase and timing arguments updated (used) on return

• Target has advanced the protocol state machine straight to the final phase



 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
 Backward path

 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
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Initiator Interconnect Target

Backward Path

Return Path

Return Path

Backward Path

Return Path

Return Path

Calling 

nb_transport_fw

Calling 

nb_transport_fw

Calling 

nb_transport_bw

Calling 

nb_transport_bw

Returning from nb_trnasport_fw, 

nb_transport_bw or b_transport

Returning from nb_trnasport_fw, 

nb_transport_bw or b_transport

Returning from nb_trnasport_fw, 

nb_transport_bw

Forward Path Forward Path
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Initiator Target

Phase

TLM_ACCEPTED, -, - Return

BEGIN_REQ

-, BEGIN_REQ, 0nsCall

TLM_ACCEPTED, -, -Return

Simulation time = 5ns

-, END_REQ, 0ns

END_REQ

Call

Simulation time = 10ns

TLM_ACCEPTED, -, - Return

-, BEGIN_RESP, 0ns

BEGIN_RESP

Call

Simulation time = 15ns

TLM_COMPLETED, -, -
Return

END_RESP

-, END_RESP, 0nsCall

Simulation time = 20ns
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Notation: return, phase, delay 
 Timing Diagram: 

Using The 

Backward Path

Transaction 

accepted now, 

caller asked to 

wait

– TLM-2.0 Transport Interfaces



76

Initiator Target

Phase

BEGIN_REQ

-, BEGIN_REQ, 0nsCall

Simulation time = 5ns

TLM_COMPLETED, END_RESP, 5ns Return

-, BEGIN_RESP, 0ns

BEGIN_RESP

Call

Simulation time = 15ns

TLM_UPDATED, END_REQ, 5nsReturn

END_REQ Simulation time = 10ns

END_RESP

Simulation time = 20ns
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Notation: return, phase, delay 
 Timing Diagram: 

Using The Return 

Path

Callee annotates 

delay to next 

transition, caller 

waits
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 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 tlm_initiator_socket and tlm_target_socket are typically used directly by 

applications
 Belong to the interoperability layer of the TLM-2.0 standard

b_transport ()

nb_transport_fw()

get_direct_mem_ptr()

transport_dbg()

Initiator Target

A target socket has an export for 

the forward path and a port for 

the backward path.
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Target 
socket

nb_transport_bw()

invalidate_direct_mem_ptr()

Initiator 
socket

An initiator socket has a port for 

the forward path and an export

for the backward path
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tlm_h tlm_utils

...

tlm_sockets

tlm_socket.h

tlm_initiator_socket.h

tlm_target_socket.h

...

passthrough_target_socket.h

simple_initiator_socket.h

multi_socket_bases.h

multi_passthrough_initiator_socket.h

multi_passthrough_target_socket.h

simple_target_socket.h

 Class Hierarchy

– TLM-2.0 Transport Interfaces

Standard sockets 
Convenience sockets 

top-level 

namespaces 



A family of derived socket classes provided in the utilities
 Are derived from the classes tlm_initiator_socket and 

tlm_target_socket

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
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Simple Socket 
 See Slides 52 and 53
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Tagged Sockets
Incorporates a numerical tag
 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

 Is specified when the callback is registered

 Is an argument of the callback method
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Simple_initiator_socket.h: 

tagged socket class

The tag that is used for 

identifying the socket of the 

incoming transaction

 Tagged Socket: 

Class Definition
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Initiator 

1
Interconnect

(

b_transport

(id,trans,delay))

Target 

1

Initiator 

2

simple_target_socket_tagged simple_initiator_socket_tagged

Id = 1 Id = 1

Id = 2 Id = 2

Target 

2

 Tagged Socket:

Distinguish origin of incoming transactions using socket id
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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
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Initiator 

1

Target 

1

Initiator 

2

Target 

2

multi_passthrough_initiator_socket multi_passthrough_target_socket
 Multi Socket:

Many-to-Many socket binding

Method calls tagged with multi-port index value
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 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:

• BEGIN_REQ, END_REQ, BEGIN_RESP, and END_RESP

 Extending the set of four phases provided by tlm_phase_enum:

• Using the macro DECLARE_EXTENDED_PHASE

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

tlm_phase_enum
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tlm_phase.h

The enumeration having 

values corresponding to 

the four phases of the base 

protocol: BEGIN_REQ, 

END_REQ, BEGIN_RESP, 

and END_RESP

Is used to extend the four declared phases

 Phases: Class Definition
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 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
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namespace tlm {
struct tlm_base_protocol_types
{

typedef tlm_generic_payload tlm_payload_type;
typede tlm_phase tlm_phase_type;
;}

} // namespace tlm
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BEGIN_RESP

END_REQ

Start

Phase: BEGIN_REQ
nb_transport_fw(GP, 

BEGIN_REQ, delay) {…}

nb_transport_bw(GP, 

END_REQ, delay)
TLM_UPDATED/END_REQ

TLM_ACCEPTED

TLM_UPDATED/BEGIN_RESP

TLM_ACCEPTED

END_RESPTLM_UPDATED/END_RESP

TLM_ACCEPTED

TLM_COMPLETEDTLM_ACCEPTED

End

Target executes 

nb_trasnport_fw

nb_transport_fw(GP, 

BEGIN_REQ, delay)

nb_transport_bw(GP, 

END_REQ, delay) {…}

Initiator calls 

nb_transport_fw

Target returns TLM_COMPLETED

nb_transport_fw(GP, 

END_RESP, delay)
nb_transport_fw(GP, 

END_RESP, delay) {…}

Target puts the GP into its payload event 

queue and returns TLM_ACCEPTED

Target processes the received transaction, 

returns BEGIN_RESP on the return path and 

also returns TLM_UPDATED

Target receives the transaction, returns 

END_REQ on the return path and also returns 

TLM_UPDATED

Target sends the updated generic payload and 

the BEGIN_RESP phase on the backward path

Target sends the END_REQ phase on 

the backward path

Initiator puts the GP into its payload event 

queue and returns TLM_ACCEPTED

nb_transport_bw(GP, 

BEGIN_RESP, delay)

nb_transport_bw(GP, 

BEGIN_RESP, delay) {…}
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Start

nb_transport_fw/ BEGIN_REQ

nb_transport_bw/ END_REQ

TLM_ACCEPTED

TLM_UPDATED / END_REQ

TLM_ACCEPTED

nb_transport_bw/ BEGIN_RESP TLM_UPDATED / BEGIN_RESP

TLM_ACCEPTED

nb_transport_fw/ END_RESPTLM_UPDATED / END_RESP

TLM_ACCEPTEDTLM_COMPLETED

End

1,3/

a

2

1,2/

o

1,2/

j

2,4/

h

2,4/

c1,3/

f

1,3/

g

1,3/i

SUDT2

3,

4/l

3,4/

n

3,4/

q

3,4/

s

TLM 

Comm. 

Scenario

TLM-2.0 base protocol flow: Edge id.

SUDT2

c h j o

a f g i j o

c h l n q s

a f g i l n q s

SUDT3
a e j o

a e l n q s

SUDT4

a e l n q s

a e l n p r

b m q s

b m p r

SUDT5 d r

SUDT7
c h k r

a f g i k r

SUDT8
a e k r

a e l n q s

SUDT9

a e k r

b m q s

b m p r

SUDT10
c h l n p r

a f g i l n p r
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 Abstract Communication Scenarios
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Initiator Target

BEGIN_REQ

END_RESP

Response accept delay

END_REQ

Request accept delay

BEGIN_RESP

Latency of target
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 Base Protocol Timing Parameters and Flow Control

BEGIN_REQ must wait 

for previous 

END_REQ, 

BEGIN_RESP for 

END_RESP
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Introduction

 Processing Elements

 Data

– Abstract Communications

Coding Styles

TLM-2.0 Transport Interfaces

• Blocking Transport

• Simple Transport Example

• Non-blocking Transport

 Path (Forward, Backward & Return)

 Socket (Tagged & Multi Socket)

 Phases & Base Protocol

 nbFwdMemoryRW Example

 Complete System
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BEGIN_RESP

END_REQ

Start

Phase: BEGIN_REQ
nb_transport_fw(GP, 

BEGIN_REQ, delay) {…}

nb_transport_bw(GP, 

END_REQ, delay)
TLM_UPDATED/END_REQ

TLM_ACCEPTED

TLM_UPDATED/BEGIN_RESP

TLM_ACCEPTED

END_RESPTLM_UPDATED/END_RESP

TLM_ACCEPTED

TLM_COMPLETEDTLM_ACCEPTED

End

Target executes 

nb_trasnport_fw

nb_transport_fw(GP, 

BEGIN_REQ, delay)

nb_transport_bw(GP, 

END_REQ, delay) {…}

nb_transport_bw(GP, 

BEGIN_RESP, delay)

Target returns TLM_COMPLETED

nb_transport_fw(GP, 

END_RESP, delay)

nb_transport_bw(GP, 

BEGIN_RESP, delay) {…}

nb_transport_fw(GP, 

END_RESP, delay) {…}

 Example 4: nbFwdMemoryRW: Base Protocol Flow Control

Initiator calls 

nb_transport_fw
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 Example 4: nbFwdMemoryRW: Initiator, memWriterReader

memWriterReader.h

Defining the Initiator socket 

and specializing it for 

memWriterReader

Initializing memory
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 Example 4: nbFwdMemoryRW: 

Initiator, memWriterReader

Set GP parameters

memWriterReader.cpp

Setting the forward phase for 

starting a new transaction

The initiator can process the data of the incoming 

transaction in the case of receiving TLM_COMPLETED

Defining the returnStatus variable

Calling the nb_transport_fw method
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 Example 4: nbFwdMemoryRW: Initiator, memWriterReader, Cont.

– TLM-2.0 Transport Interfaces

memWriterReader.cpp

Initiator obliged to 

check response status

The data is ready, 

an appropriate 

processing can be 

started on the data
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 Example 4: nbFwdMemoryRW: Target, memoryUnit

memoryUnit.h

Register callback for 

incoming nb_transport_fw

interface method call

Initializing memory

Defining the target socket and 

specializing it for memoryUnit
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 Example 4: nbFwdMemoryRW: 

Target, memoryUnit

– TLM-2.0 Transport Interfaces

Obliged to set response

status to indicate

successful completion

Obliged to implement read 

and write commands

Should return TLM_COMPLETED

according to the protocol

memoryUnit.cpp
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 Example 4: nbFwdMemoryRW: Testbench
memWriterReader_TB.h

Instantiate components

• One initiator is bound directly to 

one target with no intervening bus

• Bind initiator socket to target socket

– TLM-2.0 Transport Interfaces
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 Example 4: nbFwdMemoryRW: Main

memWriterReader_Main.cpp
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 Example 4: nbFwdMemoryRW: Output
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