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Preface

This document describes the AMBA Adaptive Traffic Profiles. 

This chapter contains the following sections:
• About this document on page x
• Intended audience on page x.
• Typographic conventions on page x.
• Additional reading on page xi.
• Feedback on this specification on page xi.
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 About this document
About this document

Intended audience

This specification is written for hardware and software engineers who want to design or debug systems and modules 
that are compatible with AMBA Adaptive Traffic Profiles .

Typographic conventions

Timing diagram conventions

The figureKey to timing diagram conventions explains the components used in timing diagrams. Variations, when 
they occur, have clear labels. You must not assume any timing information that is not explicit in the diagrams.

Shaded bus and signal areas are undefined, so the bus or signal can assume any value within the shaded area at that 
time. The actual level is unimportant and does not affect normal operation.

Key to timing diagram conventions

Timing diagrams sometimes show single-bit signals as HIGH and LOW at the same time and they look similar to 
the bus change that the Key to timing diagram conventions figure shows. If a timing diagram shows a single-bit 
signal in this way then its value does not affect the accompanying description.

Convention Meaning

italic Introduces special terminology, denotes cross-references, and citations.

bold Highlights interface elements, such as menu names. Denotes signal names. Also used for terms in 
descriptive lists, where appropriate.

monospace Used for assembler syntax descriptions, pseudocode, and source code examples.
Also used for expersions and equations.

small capitals Used in body text for a few terms that have specific technical meanings, that are defined in the ARM® 
Glossary. For example, implementation defined, implementation specific, unknown, and unpredictable.

0 1 2

CLOCK

HIGH to LOW

Transient

HIGH/LOW to HIGH

Bus stable

Bus to high impedance

Bus change

High impedance to stable bus
x Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. ARM IHI 0082A
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 Preface 
 About this document
Additional reading

This section lists relevant documents published by third parties:

AMBA AXI and ACE Protocol Specification ARM IHI 0022F

Feedback on this specification 

If you have comments on the content of this specification, send e-mail to errata@arm.com. Give:
• The title AMBA Adaptive Traffic Profiles Specification.
• The number, ARM IHI 0082A.
• The page number(s) that your comments apply.
• A concise explanation of your comments.

Feedback

Arm welcomes feedback on its documentation.
ARM IHI 0082A Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. xi
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Chapter 1 
Introduction

This chapter introduces the AMBA Adaptive Traffic Profiles specification:
•  About the AMBA Adaptive Traffic Profiles on page 1-14.
• Use cases on page 1-15.
• Hierarchy on page 1-17.
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1 Introduction 
1.1 About the AMBA Adaptive Traffic Profiles
1.1 About the AMBA Adaptive Traffic Profiles
A traffic profile is a definition of the transaction characteristics of an interface. The AMBA Adaptive Traffic Profle 
(ATP) is a specification of the dynamic characteristics of an interface. AMBA ATP includes information on the 
types of transactions and the timing characteristics of those transactions. 

The primary use of traffic profiles is describing the behavior of master components in a system. Unless the text 
specifically references the slave component viewpoint, this document describes traffic profiles from the master 
component point of view. Traffic profiles for slave components are covered in Chapter 6 Slave traffic profiles.

Traffic profiles can be used with various interface protocols. This specification focuses on the use of traffic profiles 
with an AXI interface.
1-14 Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. ARM IHI 0082A
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1 Introduction 
1.2 Use cases
1.2 Use cases
There are many different uses that can be made of traffic profiles. This section illustrates several uses, but it is not 
exhaustive.

1.2.1 Representative component behavior during simulation

Traffic profiles can be used during system simulation to represent the behavior of a component. In this context, the 
term traffic profile is used to describe a simple transaction stimulus generator in the simulation. The simulation uses 
a traffic profile definition to determine when a particular transaction should be issued.

When simulating a reasonably complex system, it is desirable to observe the interaction between various 
components. A simple simulation, with only one or two components generating transactions, is not sufficiently close 
to the final system behavior to obtain meaningful results. However, setting up a simulation with many components, 
each with highly accurate models, is a difficult task. It can result in long simulation times before the system settles 
to a state where meaningful results can be obtained. 

Traffic profiles can be used to replace RTL or highly accurate models for various components in the simulation. 
Typically, those traffic profiles that provide background transactions make the simulation result more realistic 
without adding much complexity.

In a simulation environment there are two key advantages to using a traffic profile:

• A traffic profile-based transaction generator can issue transactions in a similar fashion to a real component 
and is able to react to the latency of transaction responses.

• A traffic profile is simple and predictable, while being dynamic. In a complex environment, there are many 
components that are interacting and the behavior of the entire system is difficult to discern. The components 
being represented by traffic profiles can be easily understood, rather than adding further complications as 
might happen with a precise model.

1.2.2 Defined transaction sequence during simulation

The most common use of a traffic profile is providing a concise abstract definition of the general behavior of an 
interface. It is also possible for a traffic profile to be used in a more detailed fashion. Traffic profiles can describe a 
sequence of fully-defined transactions, including address and data values that might be used to program the setup 
of a device.

1.2.3 Dynamic interface specification for system construction

Traffic profiles can be used to describe the required dynamic behavior of an interface. This description can be used 
during system construction to influence and check the system configuration at the point that components, such as 
interconnects and memory controller, are being configured.

For example, a set of traffic profiles can be used to verify that the sum of the bandwidths through a particular point 
in the interconnect does not exceed the capabilities of that interconnect. 

A more complex example is using traffic profiles to determine and configure interconnect parameters, such as data 
bus width or number of outstanding transactions supported on an interface.

An advantage of using traffic profiles for system construction is that the same traffic profiles can be reused during 
dynamic simulation to confirm that the requirements have been met.

1.2.4 Checking interface dynamic characteristics

A traffic profile can be used by a monitor in a simulation environment to specify the traffic characteristics that 
should be checked. This can be done in many ways, for example checking that:
• The bandwidth that is obtained is at least as much as specified in the traffic profile.
• The bandwidth on an interface never exceeds a limit that is specified in the traffic profile.
• The latency observed never exceeds a value that is specified in the traffic profile.
ARM IHI 0082A Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. 1-15
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1 Introduction 
1.2 Use cases
1.2.5 Capturing interface dynamic characteristics

It is possible to observe the transactions on an interface and derive a traffic profile definition that could be used in 
a different environment.

Capturing dynamic interface characteristics is a complex process, since there is no formally defined conversion 
function to translate a sequence of observed transactions to a traffic profile. This conversion is inherently lossy and 
it is usually not possible to convert from a sequence of transactions to a traffic profile and then precisely regenerate 
the same transactions.

1.2.6 Generating traffic in different environments

An important aspect of traffic profiles is that they allow a defined traffic profile to be replayed in multiple different 
environments. The portability of traffic profiles ensures that system performance simulation results obtained in one 
environment can be precisely correlated with results that are obtained in a different environment. 

For example, the same stimulus could be generated in all of the following environments:
• Transaction level modeling simulation.
• RTL-based simulation.
• FPGA prototyping.
• Final SoC.

The concise nature of a traffic profile definition means that a low-gate-count hardware component can be used as a 
traffic generator. This allows a low-gate-count implementation to be used for high-speed hardware emulation or 
FPGA prototyping. It is also sufficiently low-gate-count that it could be included in a final SoC design for testing 
or debug purposes.
1-16 Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. ARM IHI 0082A
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1 Introduction 
1.3 Hierarchy
1.3 Hierarchy
A traffic profile is defined as follows:
• A fixed set of control signal values.
• An address sequence.
• A set of within transaction timing parameters (intra-transaction).
• A set of parameters to define the between transaction timing (inter-transaction).
• Optionally, a single input start event.
• Optionally, a single output event.

Traffic profiles can be combined as follows to represent the behavior of a single agent:

In a concurrent manner: 

Representing different types of transactions from a single component. For example, one traffic 
profile could be used for read traffic and another is used for write traffic. Alternatively, one traffic 
profile can be used to represent cacheable memory traffic and another can be used to represent 
peripheral device accesses.

In a sequential manner: 

Where one traffic profile completes before the next in the sequence begins. This can be used to 
represent the modal behavior of a component. For example, a network interface component 
accessing header information followed by accesses to payload. Alternatively, a CPU accessing 
memory with a cold cache, followed by accesses patterns typical of a warm cache.

Concurrent traffic profiles are explained in more detail in Concurrent traffic profile behavior on page 5-49, which 
describes the expected behavior when concurrent traffic profiles have conflicting requirements.

Sequential traffic profiles are also explained in more detail in Synchronization between traffic profiles on page 5-48, 
which describes the relationship between the end of one step in the sequence and the beginning of the next.

Figure 1-1 shows the difference between sequential and concurrent traffic profiles.

Figure 1-1 Concurrent and sequential traffic profiles

A set of concurrent traffic profiles is called a Traffic Profile Group.

A set of sequential traffic profiles is called a Traffic Profile Sequence. A Traffic Profile Sequence can consist of a 
series of individual traffic profiles, a series of traffic profile groups, or a combination of both.

A system simulation, with multiple components, each executing traffic profiles, traffic profile groups, or traffic 
profile sequences is called a Scenario or System Scenario.
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1 Introduction 
1.3 Hierarchy
This specification includes a mechanism to link together traffic profiles, so that progress of one traffic profile can 
affect the progress of another traffic profile. See Linked traffic profiles on page 4-45 for more details.
1-18 Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. ARM IHI 0082A
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Chapter 2 
Signal values

This chapter describes the signal component of traffic profiles:
• General description of signal values on page 2-20.
• Components of traffic signals on page 2-21.
ARM IHI 0082A Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. 2-19
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2 Signal values 
2.1 General description of signal values
2.1 General description of signal values
A traffic profile is a set of definitions that includes both:
• Signal values.
• Timing parameters.

This section describes the signal values. Timing parameters, which are handshake signals that control the timing of 
the transactions, are covered in Chapter 3 Timing Parameters.

It is expected that most of the signals that are associated with a traffic profile have a fixed value that remains 
constant for the duration of the traffic profile. If the fixed value of a signal is different than the defined default value 
for that signal, then it must be specified in the traffic profile. If the fixed value is the same as the default value, then 
it is not required to be specified in the traffic profile, but it is permitted.

For AXI and ACE, see Default Signal Values of the AMBA AXI and ACE Protocol Specification, for details on the 
signals associated with the interface and the default value of these signals. A summary of the default values is 
provided in Appendix A Default signal values.

Appendix B AXI signal identifiers of this specification gives the enumerations for selected AXI signals that can be 
used as a standard human-readable set of values for particular control signals.

Information must be provided in the traffic profiles to allow all of the following to be generated:
• Read or Write Transaction.
• Address: AWADDR or ARADDR.
• Transaction Identifier: AWID, BID, ARID, or RID.
• Data: WDATA or RDATA.
2-20 Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. ARM IHI 0082A
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2 Signal values 
2.2 Components of traffic signals
2.2 Components of traffic signals
The following must be specified in the traffic profile:
• Read or write transaction.
• Address.
• Transaction identifier on page 2-23.
• Data on page 2-24.

2.2.1 Read or write transaction

The direction of the transaction is either:

read A read transaction, which has all of the data movement towards the master agent. In AXI, the AR 
and R channels are used.

write A write transaction, which has all of the data movement away from the master agent. In AXI, the 
AW, W and B channels are used.

2.2.2 Address

The following mechanisms are supported for the generation of address values that are associated with a traffic 
profile:

sequential A sequential range of address values is used. A Base and Range is specified. The first transaction uses 
Base. The next transaction uses an address value that is incremented by the size of the transaction. 
When a transaction that includes the address Base + Range - 1 has been used, the next transaction 
uses the original Base.

twodim A two-dimensional address pattern is used. The values that are required are:

Base The address pattern begins at Base and successive transactions use an address that is 
incremented by the transaction size.

XRange After a transaction that uses address that is specified by: 
Base + (N * Stride) + XRange - 1 
the next transaction uses address that is specified by: 
Base + (N + 1) * Stride 
This pattern continues until YRange is reached.

Stride Determines the offset of each new row.

YRange Indicates the size of the address set being used. If the next calculated address would be 
larger than or equal to Base + YRange, then the address wraps and Base is used.

Figure 2-1 on page 2-22 illustrates the use of these parameters.

random A random address value is used. A Base and Range is specified. The highest address that can be 
included in a transaction is:

Base + Range - 1 

file The address value to be used for each transaction is read from a file. The Filename is specified. An 
optional Base is specified. The values read from the file are added as an offset to the Base. If the Base 
is not specified it defaults to zero, making the entries in the file absolute addresses.

Use of the random mechanism might not be supported by all traffic profile environments. If the random mechanism 
is specified, but it is not supported, it is replaced by the sequential mechanism.
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2 Signal values 
2.2 Components of traffic signals
Figure 2-1 Parameters associated with the twodim mechanism

Figure 2-2 is an example of memory accesses using the twodim mechanism that has:
• XRange of 0xC.
• Stride of 0x14.
• Base of 0x2000.
• YRange of 0x3C.

The transaction size is 4B and letters a to i indicate the order of the transaction issue.

Figure 2-2 Twodim parameters example

The XRange parameter must be an integer multiple of the transaction size. In the example that is shown in Figure 2-2, 
the YRange could be any value between 0x34 and 0x3C to achieve the same address patterns.
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2 Signal values 
2.2 Components of traffic signals
Table 2-1 summarizes the parameters that must be supplied for each type of address pattern.

2.2.3 Transaction identifier

There are four supported mechanisms for the generation of transaction ID values. The mechanisms are one of the 
following:

fixed A single ID value is used for all transactions. The value to be used is specified.

cycle A range of ID values is cycled through. A lower and upper value is specified. The first transaction 
uses the lower value. The ID value is incremented for each successive transaction. After the upper 
value has been used, the next transaction uses the lower value.

unique A transaction does not use an ID value that is currently in use by an outstanding transaction. This 
uses the same approach as the cycle mechanism. If an ID value is in use, then the next available ID 
value that is not currently in use is chosen. It is required that the number of ID values available 
between the lower and upper values is at least as large as the maximum number of outstanding 
transactions, see Generator Specification on page 4-37. 

This ensures that it is never necessary to reuse an ID value that is already in use. If a maximum 
number of outstanding transactions are not specified, it is defined to be the range of ID values 
available. 

file The ID value to be used for each transaction is read from a file. The Filename is specified.

Table 2-2 summarizes the parameters to be supplied for each ID mechanism.

Table 2-1 Address pattern parameters

Mechanism Required Values

sequential Base

Range

twodim Base

XRange

Stride

YRange

random Base

Range

file Base

Filename

Table 2-2 ID mechanism parameters

Mechanism Required Values

fixed Value

cycle LowerValue

UpperValue

unique LowerValue

UpperValue

file Filename
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2 Signal values 
2.2 Components of traffic signals
2.2.4 Data

The uses for the generation of data values that are associated with a traffic profile depend on the source of the data. 
For traffic profiles where data is an output, the value provided is used as the data value. For traffic profiles where 
data is an input, the value provided is used to check the data value observed.

The supported mechanisms for data values are:

fixed A single data value is used for all transactions. The value to be used is specified.

unknown A data output is driven as DON’T CARE. A data input is unchecked. 

cycle A range of data values is cycled through. A lower and upper value is specified. The first transaction 
uses the lower value. The data value is incremented by one for each successive transaction. After 
the upper value has been used, the next transaction uses the lower value.

This approach can be useful in simulation environments where the actual data value is not important 
and the use of a simple sequence can simplify the tracking of transactions and debugging of 
simulations.

random A random data value is used. 

file The data value to be used for each transaction is read from a file. The Filename is specified.

Use of the random mechanism might not be supported by all traffic profile environments. If the random mechanism 
is specified, but it is not supported, it is replaced by use of the cycle mechanism. The mechanism starts with a zero 
as a lower value and uses an upper value equivalent to the largest data value that can be represented by the 
transaction size. Table 2-3 shows the cycle mechanism parameters.

Table 2-3 Cycle mechanism parameters

Mechanism Required 
Values

fixed Value

unknown -

cycle LowerValue 
UpperValue

random -

file Filename
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Chapter 3 
Timing Parameters

This chapter describes the relationships of the signals that are used to control AMBA traffic:
• Primary and secondary timing on page 3-26.
• Complex transactions on page 3-31.
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3 Timing Parameters 
3.1 Primary and secondary timing
3.1 Primary and secondary timing 
There are two types of timing parameters: primary and secondary.

Primary timing parameters are those parameters that are typically the most important in defining the behavior of a 
system. For example, two of the primary timing parameters include: 
• The time between issuing two transactions, which effectively defines the bandwidth of a traffic profile.
• The initial read latency of a read transaction, which is often a key measurement of system performance.

Secondary timing parameters are those timing parameters that are typically less important for understanding system 
performance. An example of a secondary timing parameter is the time between data beats of a transaction. 

Adaptive traffic profiles provide the ability to dynamically control primary timing parameters. Secondary timing 
parameters can only be statically controlled and are fixed for a given traffic profile. All secondary timing parameters 
have a default value and only need to be specified in the traffic profile if different from the default value.

This section of the document defines each of the timing parameters supported. Chapter 4 FIFO timing model 
describes how the primary timing parameters can be controlled. 

Write transactions use the concept of a transaction start time, which is used because either the address or the write 
data can act as the start of the transaction. 

The default transaction start time is defined as the earlier of either:
• The rising clock edge before address valid is asserted.
• The rising clock edge before write data valid is asserted.

If using the default start time, then one or both of the parameters: transaction start to write address valid or 
transaction start to write data valid, will have a value of 1. Alternatively, an earlier transaction start time can be 
defined, so that both of these parameters are greater than 1.

Table 3-1 on page 3-27 gives the definitions of the timing parameters and their characteristics. The table contains 
the following information:

Name 

Short form of the timing parameter. This is the form that is used within a traffic profile to define the 
parameter.

Description 

Description of the timing parameter.

Between or Within 

Indicates if the timing parameter defines a parameter within a single transaction or a parameter 
between two consecutive transactions.

Primary or Secondary 

Indicates if the timing parameter is a primary parameter, which controls a key aspect of the traffic 
profile and must be defined, or a secondary parameter which has a default value and only needs to 
be defined if different from the default.

Default 

A default value can be used instead of specifying the parameter for secondary timing parameters.

Min. Value 

The minimum value that is permitted for a parameter.

Owner  

The component in a system that controls the timing parameter. Intercon is used as a short form of 
Interconnect.
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3 Timing Parameters 
3.1 Primary and secondary timing
Table 3-1 shows the list of timing parameters.

3.1.1 Read transaction

Figure 3-1 on page 3-28 shows the timing parameters that are associated with a read transaction.

Figure 3-1 on page 3-28 illustrates the interactions that result from the information in Table 3-2

Table 3-1 Timing parameters

Name Description Default Min 
Value

Between or 
Within

Primary or 
Secondary Owner

ARTV Read address valid to next read address valid - 1 Between Primary Master

ARR Read address valid to ready - 0 Within Primary Slave

RIV Read address handshake to first data valid - 1 Within Primary Slave

RBV Read data handshake to next beat valid 1 1 Within Secondary Slave

RBR Read data valid to same beat ready 0 0 Within Secondary Master

RLA Read last data handshake to acknowledge 1 1 Within Secondary Master

AWTV Write address valid to next write address valid - 1 Between Primary Master

AWV Transaction start to write address valid 1 0 Within Secondary Master

AWR Write address valid to ready - 0 Within Primary Slave

WIV Transaction start to first data valid 1 0 Within Secondary Master

WBR Write data valid to same beat ready 0 0 Within Secondary Slave

WBV Write data handshake to next beat valid 1 1 Within Secondary Master

BV Write last data handshake to response valid - 1 Within Primary Slave

BR Write response valid to ready 0 0 Within Secondary Master

BA Write response handshake to acknowledge 1 1 Within Secondary Master

ACTV Snoop address valid to next address valid - 1 Between Primary Intercon

ACR Snoop address valid to ready - 0 Within Primary Master

CRV Snoop address handshake to response valid - 1 Within Primary Master

CRR Snoop response valid to ready 0 0 Within Secondary Intercon

CDIV Snoop address handshake to first data valid - 1 Within Primary Master

CDBR Snoop data valid to ready 0 0 Within Secondary Intercon

CDBV Snoop data handshake to next beat valid 1 1 Within Secondary Master

Table 3-2 Read transaction timing parameters

Name Description Value

ARTV Read address valid to next read address valid 13

ARR Read address valid to ready 2

RIV Read address handshake to first data valid 3

RBR Read data valid to same beat ready 2

RBV Read data handshake to next beat valid 2

RLA Read last data handshake to acknowledge 3
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3 Timing Parameters 
3.1 Primary and secondary timing
Figure 3-1 Read transaction timing

3.1.2 Write transaction

Table 3-3 shows all the timing parameters that are associated with a write transaction. 

Figure 3-2 on page 3-29 illustrates the interactions that result from the information in Table 3-3.
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Table 3-3 Write transaction timing parameters

Name Description Value

AWTV Write address valid to next write address valid 13

AWV Transaction start to write address valid 3

AWR Write address valid to ready 3

WIV Transaction start to first data valid 3

WBR Write data valid to same beat ready 3

WBV Write data handshake to next beat valid 1

BV Write last data handshake to response valid 2

BR Write response valid to ready 0

BA Write response handshake to acknowledge 3
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3 Timing Parameters 
3.1 Primary and secondary timing
Figure 3-2 Write transaction timing

3.1.3 Snoop transactions

Figure 3-3 on page 3-30 shows the timing parameters that are associated with a snoop transaction.  

Figure 3-3 on page 3-30 illustrates the interactions that result from the information in Table 3-4.
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Table 3-4 Snoop transaction parameters

Name Description Value

ACTV Snoop address valid to next address valid 9

ACR Snoop address valid to ready 1

CRV Snoop address handshake to response valid 4

CRR Snoop response valid to ready 0

CDIV Snoop address handshake to first data valid 3

CDBR Snoop data valid to ready 2

CDBV Snoop data handshake to next beat valid 1
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3 Timing Parameters 
3.1 Primary and secondary timing
Figure 3-3 Snoop transaction timing
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3 Timing Parameters 
3.2 Complex transactions
3.2 Complex transactions
For most traffic profile uses, the timing parameters for different beats within the same transaction are constant and 
only a single parameter is used. For more sophisticated uses of timing parameters, the naming convention in 
Table 3-5 is used to define the timing parameters of different beats within a burst. An example is when timing 
parameters are used to record observed behavior instead of being used to control generated stimulus

The figures in this section give further examples of timing parameter usage for read and write transactions. These 
diagrams are for illustrative purposes only and provide no additional specification. 

Table 3-6 shows the parameters for example read transactions.

Figure 3-4 on page 3-32 illustrates the interactions that result from the information in Table 3-4 on page 3-29

Table 3-5 Alternate snoop timing parameters

Description Read Write Snoop

Address or start to first data valid RIV WIV CDIV

First data valid to first data ready RBR0 WBR0 CDBR0

First data handshake to second data valid RBV1 WBV1 CDBV1

Second data valid to second data ready RBR1 WBR1 CDBR1

Second data handshake to third data valid RBV2 WBV2 CDBV2

Third data valid to third data ready RBR2 WBR2 CDBR2

Table 3-6 Example read values

Transaction First Second 

ARTV - 5

ARR 0 1

RIV 2 3

RBV 1 2

RBR 0 1

RLA 1 1
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3 Timing Parameters 
3.2 Complex transactions
Figure 3-4 Example read timings

Table 3-7 shows the parameters for examples write transactions.

Figure 3-5 on page 3-33 illustrates the interactions that result from the information in Table 3-7.
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Table 3-7 First write example transaction

Transaction First Second

AWTV - 5

AWV 1 1

AWR 2 1

WIV 2 4

WBR 0 1

WBV 1 2

BV 2 1

BR 1 0

BA 2 1
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3 Timing Parameters 
3.2 Complex transactions
Figure 3-5 Example write timings
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3.2 Complex transactions
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Chapter 4 
FIFO timing model

This chapter describes the FIFO timing model. It contains the following sections:
• Timing model on page 4-36.
• Generator Specification on page 4-37.
• FIFO timing points on page 4-41.
• Checker behavior on page 4-43.
• Generator characteristics on page 4-44.
• Linked traffic profiles on page 4-45.
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4 FIFO timing model 
4.1 Timing model
4.1 Timing model
A key part of a traffic profile is the timing between transactions. This information is needed in the generation of 
transactions and can also be used when monitoring and checking that transactions meet certain criteria.

 A timing model should be:
• Easy to use and understand.
• Quick and easy to adapt to the characteristics of different components.
• Sufficiently realistic that performance analysis results are useful.
• Able to give reproducible behavior.

The model that is specified is based on a simple FIFO model.
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4 FIFO timing model 
4.2 Generator Specification
4.2 Generator Specification
The description of a Generator is described in Generator description. The description is in plain language, with a 
more formal definition in Formal Generator description. 

4.2.1 Generator description

The behavior of the Generator is:

• The profile models the transaction generation characteristics that would be as seen from a component 
containing a FIFO.

• When the profile is first triggered, the FIFO is set to either being completely full or completely empty.

• Every cycle the level of the FIFO changes dependent on the constant fill or drain rate:
Read profile: 

The FIFO empties at this rate.
Write profile: 

The FIFO fills at this rate.

• A transaction is issued whenever possible, according to the FIFO fill level:

The Generator will issue a new transaction when:

Read profile: 
A new transaction is issued whenever there is space in the FIFO for the data that will be returned 
by the transaction. When calculating how much FIFO space is available, the space that is needed 
for outstanding read transactions must be taken into account.

Write profile: 
A new transaction is issued whenever there is sufficient data in the FIFO to complete the 
transaction. When calculating how much data is available, data that is already committed for 
outstanding writes must be taken into account.

• The FIFO level is changed whenever transaction data is sent or received:
Read profile: 

The current level of the FIFO is increased whenever read data is received.
Write profile: 

The current level of the FIFO is reduced whenever write data is sent.

• A warning can be issued if the FIFO overflows or underflows.

4.2.2 Formal Generator description

Table 4-1 formally specifies the parameters that control the behavior of the Generator:

Table 4-1 FIFO parameters

Name Parameter Units Default Description

Rate Rate Bytes per 
cycle

- The rate that the FIFO level will change on 
each cycle. Recommended to be an integer 
multiple of 2-16.

Full Level Full Bytes - The maximum number of bytes that the 
FIFO can contain. This might also be 
referred to as the FIFO Depth.

Outstanding 
Transaction Limit

TxnLimit Integer 1 The maximum number of outstanding 
transactions that the profile can generate at 
any point in time.
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4.2 Generator Specification
Table 4-2 shows the internal variables maintained by the Generator.

Transaction Size TxnSize Bytes 64 B The number of bytes that are requested by 
each transaction request.

Data Size DataSize Bytes - The number of bytes that are transferred for 
each data beat within a transaction. This is 
equivalent to the data bus width.

Startup Level 
(read)

Start Enum Empty The starting level of the FIFO for a read 
profile.

Startup Level 
(write)

Start Enum Full The starting level of the FIFO for a write 
profile.

Priority Priority Integer - Optional. Priority of traffic from this 
generator. Higher values have precedence 
over lower ones.

Frame Size FrameSize Bytes - Optional. Specifies the number of bytes 
transferred before this profile triggers an 
event.

Frame Time FrameTime Cycles - Optional. Specifies the number of cycles 
from the start of the profile before it triggers 
an event.

Clock Frequency Frequency MHz. - Optional. Interface clock frequency for the 
profile. Facilitates conversion between 
time-based and cycle-based representations 
of the profile.

Table 4-1 FIFO parameters (continued)

Name Parameter Units Default Description

Table 4-2 FIFO variables

Name Label Units Description

Current transactions CurTxn Integer Number of transactions outstanding in the current cycle.

Current level CurLvl Integer The fill level in the current cycle.

Data Pending DataPend Bytes The number of bytes of data that have been committed to be 
sent or received, but have not yet been sent or received.
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4 FIFO timing model 
4.2 Generator Specification
Table 4-3 provides a description of the FIFO behavior, including:
• Details on how the FIFO level should change.
• When transactions should be issued. 
• When warnings for overflow or underflow are given.

Figure 4-1 and Figure 4-2 on page 4-40 give diagrammatic representations of the parameters:

Figure 4-1 FIFO Read profile

Table 4-3 FIFO behavior

Condition Read FIFO Write FIFO

From Trigger, if Start is Empty CurLvl = 0 CurLvl = 0

From Trigger, if Start is Full CurLvl = Full CurLvl = Full

Every cycle CurLvl = CurLvl - Rate CurLvl = CurLvl + Rate

If Data issued or returned CurLvl = CurLvl + DataSize

DataPend = DataPend - DataSize

CurLvl = CurLvl - DataSize

DataPend = DataPend - DataSize

Issue transaction if (CurLvl <= (Full - DataPend - 

TxnSize)) & (CurTxn < TxnLimit)

(CurLvl >= (DataPend + TxnSize)) & 

(CurTxn < TxnLimit)

If transaction issued DataPend = DataPend + TxnSize DataPend = DataPend + TxnSize

Issue warning after startup if Condition: Underflow if CurLvl < 0
Action: Issue warning, CurLvl = 0

Condition: Overflow if CurLvl > Full
Action: Issue warning,  CurLvl = Full

Startup duration, if Start is Empty (Full - TxnSize) / Rate 0

Startup duration, if Start is Full 0 (Full - TxnSize) / Rate
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4.2 Generator Specification
Figure 4-2 FIFO Write profile
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4 FIFO timing model 
4.3 FIFO timing points
4.3 FIFO timing points
This section describes the precise timing points that are used for the FIFO calculations.

4.3.1 Normal operation

For a Read FIFO on a rising clock edge, the following occur:

• If RVALID and RREADY are asserted then the FIFO fills by data beat size.

• The FIFO empties by an amount that is determined by Rate and is affected: 

— If the FIFO value calculated during the previous clock period indicates that there is enough data for 
the FIFO to drain by the amount that is determined by Rate, then this drain occurs.

— If there is insufficient data for the full amount that is determined by Rate then the FIFO just empties 
by the amount of data that is available.

Filling and emptying the FIFO are independent. 

The amount that the FIFO empties does not take into consideration any data that is returned at the end of the current 
cycle.

The fill that is caused by RVALID and RREADY being asserted will always occur because the transaction will only 
have been issued if there was sufficient space to receive the data. Additional draining of the FIFO makes no 
difference. 

If the FIFO underflows in the same cycle that RVALID and RREADY are asserted the resultant FIFO level will be 
one data beat. However, an underflow condition should be signaled.

After the rising clock, the new FIFO value is calculated. This is used to determine if there is sufficient space for a 
new read transaction to be issued, ARVALID asserted, in the same cycle.

For a Write FIFO, on a rising clock edge:

• If WVALID and WREADY are asserted then the FIFO empties by data beat size. 

• The FIFO fills by amount that is determined by Rate, the factors are:

— If the FIFO value that is calculated during the previous clock period indicates that there is space, then 
the FIFO fills by the amount Rate. 

— If there is insufficient space for the full amount determined by Rate then the FIFO just fills by the 
amount of space that is available.

Filling and emptying the FIFO are independent. 

The amount that the FIFO fills by does not take in to consideration any data that is sent in the current cycle.

The drain that is caused by WVALID and WREADY being asserted will always occur because the transaction will 
only have been issued if there was sufficient data to be sent. Additional filling of the FIFO makes no difference.

If the FIFO over fills in the same cycle that WVALID and WREADY are asserted the resulting FIFO level will be 
one data beat less than Full. However, an overflow condition should be signaled.

After the rising clock, the new FIFO value is calculated. This is used to determine if there is sufficient data for a 
new write transaction to be issued, AWVALID asserted, in the same cycle.
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4.3 FIFO timing points
4.3.2 Reset behavior

Reset behavior is as follows:

Figure 4-3 Reset timing diagram

For a read FIFO, on clock edge 2:
• A full read FIFO will drain by an amount that is determined by Rate.
• An empty read FIFO would attempt to drain, but would underflow.

No underflow warning is issued until after the Startup duration
• The first transaction can be issued in clock cycle 2 to 3.

 

For a write FIFO, on clock edge 2:
• An empty write FIFO will fill by an amount that is determined by Rate. 
• A full write FIFO would attempt to fill, but would overflow. 

No overflow warning is issued until after the Startup duration.
• The first transaction can be issued in clock cycle 2 to 3. 
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4.4 Checker behavior
4.4 Checker behavior
Checker behavior is almost identical to that of a Generator. However, a checker does not generate transactions.

Optionally, a Checker can report the following parameters:

MaxLvl The maximum fill level that is achieved during an analysis. This only has meaning for a profile that 
had an initial value of Empty.

MinLvl The minimum fill level that is achieved during an analysis. This only has meaning for a profile that 
had an initial value of Full.
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4.5 Generator characteristics
4.5 Generator characteristics
This section provides an overview of Generator behavior. It does not provide any additional traffic profile 
specification. 

There are typically three phases of operation that will be observed from a Generator:
• Initial Peak Rate. 
• Constrained Peak Rate. 
• Average Rate.

4.5.1 Initial Peak Rate

The Initial Peak Rate occurs when the Generator is first triggered. The rate is not constrained by the amount of data 
in the FIFO or the maximum number of outstanding transactions limit. The Generator is expected to issue a single 
transaction every cycle with TxnSize bytes per cycle.

The minimum duration of this phase is:

• TxnLimit cycles, if the limit to the number of transactions outstanding becomes the constraint: 

— The duration of the phase is extended if transactions complete before the end of this phase.

— The Constrained Peak Rate phase then follows.

• Approximately (Full / TxnSize) cycles, if the amount of data in the FIFO becomes the constraint: 

— The duration of the phase is extended as the natural filling/emptying continues, which can be 
calculated to give a more precise duration of this phase. 

— The Average Rate phase then follows.

The Initial Peak Rate phase will typically last slightly longer than the minimum. 

4.5.2 Constrained Peak Rate

In the Constrained Peak Rate phase, the issue of transactions is constrained by the limit to the maximum number of 
outstanding transactions. The peak rate is determined by the latency of the transactions that have been issued. A new 
transaction is issued when an earlier transaction is fully completed. During this phase, the bandwidth rate is 
controlled by the system latency, not by the characteristics of the Generator.

The Constrained Peak Rate phase continues until:

• The FIFO approaches full, for a read profile.

• The FIFO approaches empty, for a write profile. 

When the Rate specified is greater than the bandwidth that is achieved in the system, some components will operate 
in the Constrained Peak Rate phase for most of the time. 

4.5.3 Average Rate

During the Average Rate phase, the issue of transactions is determined by the average rate of filling or emptying the 
FIFO. The transaction issue rate is constant and is controlled by the Generator parameters. However, the data return 
rate is controlled by the system that the component is operating in.
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4.6 Linked traffic profiles
The specification includes a mechanism to link together traffic profiles, so that the progress of one traffic profile 
can affect the progress of another traffic profile. Typically, this is used to link a read traffic profile and a write traffic 
profile. Linking can be used to represent the behavior of a component that requires both read and write transactions 
to make progress to make overall component progress. 

When two traffic profiles are linked the behavior is:

• For a read profile linked to a write profile:
— When the read FIFO is completely empty, then the fill of the write FIFO does not occur.
— When the write FIFO is completely full, then the drain of the read FIFO does not occur.

• For two read profiles that are linked:
— When either read FIFO is completely empty, the drain of the other read FIFO does not occur.

• For two write profiles that are linked:
— When either write FIFO is completely full, the fill of the other write FIFO does not occur.
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Chapter 5 
Event coordination

This chapter describes the Event Coordination mechanism:
• Synchronization between traffic profiles on page 5-48.
• Concurrent traffic profile behavior on page 5-49.
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5.1 Synchronization between traffic profiles
5.1 Synchronization between traffic profiles
An Event Coordination mechanism is used to synchronize the execution of traffic profiles. The profiles might be on 
different components or on the same component.

Each Event has two fields:
• Address.
• Event Identifier

.

The Address that is associated with an Event ensures that both agents in a traffic profile are using the same address 
ranges. Common addresses help when analyzing system behavior that includes the use of caches. Different 
addresses can be used for different producer or consumer groups, which allows agents within the same group to 
interact, while agents in a different group remain independent.

The Event Identifier has the following characteristics: 
• The Event Identifier is understood by both the sender and receiver to indicate the action that is required.
• A component that is receiving an Event can use the Event Identifier to determine the action to perform.
• A component that is sending an Event determines the Event Identifier to send.
• It is typical that sending an Event will be done at the beginning or completion of a traffic profile.
• An Event Identifier does not need to be associated with a particular component or a particular traffic profile.

A component that is receiving an Event is not required to make use of either the Address or the Event Identifier.

A component that is sending an Event is not required to make use of either the Address or the Event Identifier. When 
not used, the Address is set to zero and the Event Identifier is set to zero.

An Event that is sent at the start of a traffic profile is issued in the same cycle as the first transaction of the traffic 
profile.

An Event that is sent at end of a traffic profile is issued in the cycle after all transactions of the associated traffic 
profile have completed. It is not dependent on the sending of a RACK or WACK completion acknowledge signaling.

Components can support both input Events and output Events. Examples of combinations of input and output 
Events are:

Input event only 

Used by a component that is performing some traffic, based on Events generated by other 
components in the system. The component does not then trigger other activity.

Input and output event  

Allows the elastic behavior of the system to be modeled, where the system latency is changing the 
time that is required for the traffic profile to execute.

Output event only  

Used only by components that begin at the start of simulation.

A traffic profile can be considered complete under any of the following conditions:
• Upon receipt of an input Event.
• After a predetermined number of bytes have been transferred, as specified by the FrameSize parameter.
• After a predetermined number of cycles, as specified by the FrameTime parameter.
• When the end of the file is reached in traffic profiles using the file mechanism to generate address, ID or data.
• When the end of the address range is reached in traffic profiles using the sequential or twodim mechanisms. 
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5.2 Concurrent traffic profile behavior
This section describes the required behavior when multiple traffic profiles are running concurrently on a single 
component.

In many circumstances it is possible for multiple traffic profiles to operate concurrently, with no interaction between 
them. The signal characteristics, timing parameters, and co-ordination Events of the profiles can be independent.

An interaction between traffic profiles occurs when two or more traffic profiles require the same physical resource 
in the same cycle. For example, when two traffic profiles wish to issue a transaction on the same address channel at 
the same time.

The following rules apply:

• When one traffic profile already has use of a physical resource from a previous cycle and it is required by the 
protocol to maintain the use of that resource, it continues to use the resource and other traffic profiles are 
delayed.

• When two or more traffic profiles attempt to begin using a physical resource in the same cycle, then a simple 
priority mechanism is used. Each concurrent traffic profile is given a Priority parameter and the highest 
priority profile will gain use of the resource.

If a Priority parameter is not specified in a traffic profile, then any tool, model, or other environment that is using 
the traffic profile is permitted to make its own assignment of priorities. It is recommended that the environment 
report the priorities that have been assigned to each profile. This allows an identical transaction sequence to be 
generated in different environments by making use of the reported priority assignments.
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Chapter 6 
Slave traffic profiles

The slave traffic profiles are described:
• Slave traffic profiles on page 6-52.
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6.1 Slave traffic profiles
6.1 Slave traffic profiles
Most uses of traffic profiles will be to define the behavior of master components within a system. For completeness, 
a simple slave traffic profile is also defined.

The features of a slave traffic profile are:
• Defined as Read, Write, or Combined.
• Address timing is determined by specifying the number of transactions that the slave can accept.
• Response timing is determined by a data rate parameter.
• Only OKAY responses are supported.

Table 6-1 shows the parameters that control the dynamic behavior of the slave interface.

The Rate parameter is used to determine the number of cycles from the address being accepted to the first data beat 
of read data or the write response.

Read data The Rate parameter determines the number of cycles that are required to obtain the entire 
transaction's data and the first beat of read data is made available after this time. The timing of 
subsequent cycles of read data is determined by the RBV, read data handshake to next beat valid, 
parameter: 
RIV = RoundUp (TxnSize / Rate)

Write data The Rate parameter is used to determine the number of cycles that are required to process the entire 
transaction's data and the write response is given after this time: 
BV = RoundUp (TxnSize / Rate)

The TxnSize parameter is used to determine the granularity of transactions that are processed. For example, if a 
transaction request is for 8 bytes and the TxnSize parameter is 64 bytes, then a response will only be given after the 
processing time for 64 bytes. 

If the size of the received transaction is greater than TxnSize, then the processing time is determined by rounding up 
the actual transaction size to the next TxnSize boundary.

In both read and write cases, the processing time is considered separately from the transfer of data across the 
interface. For read transactions the data transfer only commences once data for the entire transaction is available. 
For write transactions the processing time only commences once data for the entire transaction has been accepted. 

When multiple transactions are in progress at the same time, the processing time for a subsequent transaction starts 
immediately after the processing time for the previous transaction. It is not dependent on the time that is taken to 
transfer data across the interface.

The TxnLimit parameter is used to determine the address valid to ready timing parameter. If a slave component has 
accepted fewer transactions than defined by TxnLimit, then a transaction will be accepted. The acceptance is 
indicated by the assertion of the Ready signal in the same cycle that the address becomes valid. This corresponds to 
an ARR or AWR value of zero.

Table 6-1 Dynamic slave behavior parameters

Name Parameter Units Default Description

Rate Rate Bytes per 
cycle

- This is the rate that the slave can process data. 
Recommended to be an integer multiple of 2-16.

Transaction 
Limit

TxnLimit Integer 1 This is the limit to the number of outstanding 
transactions that the slave can accept.

Transaction 
Size

TxnSize Bytes 64 Determines the granularity of transactions that are 
processed.
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6.1 Slave traffic profiles
When a slave component has the same number of outstanding transactions as defined by the TxnLimit parameter and 
another address is presented to the slave, then the Ready signal is asserted the cycle after an earlier transaction 
completes. The completion of an earlier transaction is determined by the following:

• The cycle that the last beat of read data is transferred, as indicated by RVALID, RLAST and RREADY 
being asserted.

• The cycle that the write response is given, as indicated by BVALID, and BREADY being asserted.

Table 6-2 summarizes the timing parameters that are defined for a slave traffic profile.

The secondary timing parameters can use the default values or can be defined in the traffic profile.

Table 6-2 Slave traffic timing parameters

Description Name Default Min 
Value

Primary/ 
Secondary

Read address valid to ready ARR - 0 Primary

Read address handshake to first data valid RIV - 1 Primary

Read data handshake to next beat valid RBV 1 1 Secondary

Write address valid to ready AWR - 0 Primary

Write data valid to same beat ready WBR 0 0 Secondary

Write last data handshake to response valid BV - 1 Primary
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Appendix A 
Default signal values

This section list the default signals values for common AXI signals. See the AXI specification for a full list of 
signals and default values.

Table A-1 Default signal values

Signal Description Default

ARADDR Address -

ARBURST Burst type 0b01, INCR

ARCACHE Cache type 0b0000

ARID Address ID All zeros

ARLEN Burst length All zeros, Length 1

ARLOCK Lock type All zeros, Normal access

ARPROT Protection type -

ARQOS QoS value 0b0000

ARREGION Region All zeros 

ARSIZE Burst size Data bus width

AWADDR Address -

AWBURST Burst type 0b01, INCR

AWCACHE Cache type 0b0000
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AWID Address ID All zeros

AWLEN Burst length All zeros, Length 1

AWLOCK Lock type All zeros, Normal access

AWPROT Protection type -

AWQOS QoS value 0b0000

AWREGION Region All zeros

AWSIZE Burst size Data bus width

BRESP Response 0b00, OKAY

RDATA Data -

RRESP Response 0b00, OKAY

WDATA Data -

WSTRB Write strobes All ones

Table A-1 Default signal values (continued)

Signal Description Default
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Appendix B 
AXI signal identifiers

This section lists the identifiers to be used for various AXI control signals.

Table B-1 AXI control signals

Signal Value Identifiers

AxSIZE 0 SIZE_1

1 SIZE_2

2 SIZE_4

3 SIZE_8

4 SIZE_16

5 SIZE_32

6 SIZE_64

7 SIZE_128

AxBURST 0 BURST_FIXED

1 BURST_INCR

2 BURST_WRAP

AxLOCK 0 LOCK_NORMAL

1 LOCK_EXCLUSIVE
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AxPROT 0 PROT_D_S_UP

1 PROT_D_S_P

2 PROT_D_NS_UP

3 PROT_D_NS_P

4 PROT_I_S_UP

5 PROT_I_S_P

6 PROT_I_NS_UP

7 PROT_I_NS_P

BRESP 0 RESP_OKAY

1 RESP_EXOKAY

2 RESP_SLVERR

3 RESP_DECERR

RRESP 0 RESP_OKAY

1 RESP_EXOKAY

2 RESP_SLVERR

3 RESP_DECERR

Table B-1 AXI control signals (continued)

Signal Value Identifiers
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Appendix C 
Example FIFO model behaviors

This appendix describes a number of ways that a FIFO timing model can be used to model the behavior of different 
types of components that can be found in a typical SoC. It also describes how the parameters of the model can be 
changed to cause different behaviors.
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C.1 FIFO Model
C.1 FIFO Model
This appendix is informative and the statements that are made about typical or likely behavior will not apply to all 
situations.

For all the components described in this section it is expected that the following two parameters will be constant:

Transaction Size 

Transaction size is likely to be a fixed parameter, with an expectation that a 64-byte transaction size 
will be used in many components, since this works well with coherence protocols and memory 
controller burst sizes.

Data Bus Width 

Different components are expected to support different data bus width options. It is expected that 
most components will have a default data bus width and a system architect can choose to experiment 
with options above and below that width.
C-60 Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. ARM IHI 0082A
Non-Confidential ID031519



Appendix C Example FIFO model behaviors 
C.2 Display
C.2 Display
To model a component such as a Display Controller, the profile parameters would be:

Drain Rate Set to the natural rate of the Display, which is typically calculated using screen dimension, bits per 
pixel and frame rate. It is expected that this is calculated in MB/s and then converted to the 
Bytes/Cycle metric. 

FIFO Depth Set to the size of the buffer located inside the Display.  System architects can choose to vary this 
parameter during a performance simulation.

Transaction Limit 

Typically the maximum number of outstanding transactions is fixed for a given design. A 
component will need to ensure that it supports a sufficient number of outstanding transactions to 
achieve the throughput required under average latency conditions. Short periods of high latency can 
be accommodated by the depth of the buffer.

Start Level Empty. A display is expected to be triggered ahead of the time it needs to send the first data to the 
display.

A system architect can choose to vary the FIFO Depth parameter. Increasing the depth increases the gate count 
(hence power) of the display, but has the advantage that the display becomes more tolerant to other traffic in the 
system.

For any given system there is likely to be a minimum buffer depth that is needed to guarantee correct operation.
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C.3 CPU
C.3 CPU
A CPU will typically have several different modal behaviors. 

When operating from a warm cache, it will typically have a low Rate parameter and therefore the outstanding 
transaction limit and FIFO Depth will be somewhat irrelevant. 

When operating from a cold cache or executing software that has a high miss rate, it will typically have a higher 
Rate parameter. In this case, the outstanding transaction limit will be important to determining the bandwidth. Some 
software algorithms, such as pointer chasing, will have very few outstanding transactions. Software algorithms with 
more parallelism will have a higher outstanding transaction limit. 

The FIFO Depth parameter can be used in CPU profiles if a check is needed that the CPU does not experience long 
periods without sufficient bandwidth. However, it is expected that in many cases of CPU profiles the FIFO Depth 
parameter is set high enough to not influence the traffic profile.
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C.4 GPU
C.4 GPU
For GPU traffic profiles, the Rate of the GPU will be set to a higher value than can be achieved in the system. This 
ensures that the traffic profile will continue to generate transactions, since it will never achieve its desired rate. 
Because Rate is set to a high level, the traffic profile will appear that it is always operating in an overrun or underrun 
condition. This is entirely acceptable and it is expected that the reporting of warnings from the component would 
be disabled.

The use of the FIFO Depth parameter for GPUs is similar to how it can be used in CPU profiles. It can be used if a 
check is needed that the component does not experience long periods without sufficient bandwidth. However, it is 
expected that in many cases of GPU profiles the FIFO Depth parameter is set very high.

A GPU traffic profile might contain two timing models, one that is used for generation and one that is used for 
checking. For example, a GPU can use a generator that requests a very high bandwidth, but also contains a checker 
that checks for a moderate bandwidth. This means that the generator can be programmed to behave as close to the 
real component as possible, while the checker is only indicating an error when some minimum bandwidth is 
threshold is not achieved.
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C.5 Network interface
C.5 Network interface
A traffic profile can provide a reasonably accurate representation of something like a network interface. The Rate 
parameter can be set to the natural bandwidth of the network interface and the FIFO Depth parameter can be set to 
the buffer size within the network interface IP.
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Example Waveforms

This Appendix provides a number of waveforms that are generated from some example traffic profiles. These 
waveforms can be used to verify that the implementation of a traffic profile generator matches the expected 
cycle-by-cycle behavior in this specification.

Each example given is intended to illustrate one or two particular aspects of the behavior of a traffic profile. 

All examples in this section are based on a data bus width of 128 bits, which means that DataSize is 16B.
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D.1 Basic Read with FIFO empty
D.1 Basic Read with FIFO empty
This example describes:
• A basic read profile with the FIFO level starting empty.
• Filling at the max rate, then running at the FIFO drain rate.

D.1.1 Configuration

D.1.2 Timing diagram

The following items are interesting to note:
• First read request is at clock cycle 2.
• FIFO is filled at clock cycle 6.
• The behavior repeats on every 4th cycle, starting at clock cycle 8.

Figure D-1 Basic Read, FIFO empty

Table D-1 Basic Read, empty FIFO profile

Name Parameter Value

FIFO Startup Level Start Empty

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 30

Drain Rate Rate 4

Transaction Size TxnSize 16

Address Pattern - sequential

Starting Address Base 0x8000

Range Range 0x200

ID Type - fixed

ID Value Value 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 8000 8010 8020 8030 8040 8050 8060 8070 8080

ARID[13:0] 0000 0000 0000 0000 0000 0000

ARLEN[7:0] 00  00  00  00  00  00  

RVALID

RREADY

RID[13:0] 0000 0000 0000 0000 0000 0000

RDATA[127:0] A387 20CD 2B3C BF1E 71CE 0665 7449 BAE9 FDBA

RLAST
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D.2 Basic Read FIFO full
D.2 Basic Read FIFO full
This example describes:
• Basic read with the FIFO starting full.
• Drain rate not a multiple of transaction size.
• Shows pause at the start of the sequence while FIFO drains.

D.2.1 Configuration

D.2.2 Timing diagram

The following items are interesting to note:
• Pause of 3 clock cycles at the start, to allow enough space in the FIFO to issue a transaction at clock cycle 4.
• From clock cycle 4, the behavior repeats every 3rd cycle.

Figure D-2 Basic Read, FIFO full (1 of 3)

Table D-2 Basic Read, full FIFO profile

Name Parameter Value

FIFO Startup Level Start Full

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 30

Drain Rate Rate 11

Transaction Size TxnSize 32

Address Pattern - sequential

Starting Address Base 0x9000

Range Range 0x420

ID Type - fixed

ID Value Value 0

Frame Size FrameSize 384

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 9000 9020 9040 9060 9080 90A0 90C0 90E0

ARID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000

ARLEN[7:0] 01  01  01  01  01  01  01  01  

RVALID

RREADY

RID[13:0] 0000 0000 0000 0000 0000 0000 0000

RDATA[127:0] A387 20CD 2B3C BF1E 71CE 0665 7449 BAE9 FDBA 49A3 ACEA 4BF3 354F 5B31

RLAST
ARM IHI 0082A Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. D-67
ID031519 Non-Confidential



Appendix D Example Waveforms 
D.2 Basic Read FIFO full
Figure D-3 Basic Read, FIFO full (2 of 3)

Figure D-4 Basic Read, FIFO full (3 of 3)

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 9100 9120 9140 9160 9180 91A0 91C0 91E0 9200

ARID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000 0000

ARLEN[7:0] 01  01  01  01  01  01  01  01  01  

RVALID

RREADY

RID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000

RDATA[127:0] 2BD6 00AF C723 7B8D 5F91 812F A28D 7868 7DC4 6E38 1962 AD32 934F D6BA E467 0FFE 280F 9656

RLAST

52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 9220 9240 9260 9280 92A0 92C0 92E0

ARID[13:0] 0000 0000 0000 0000 0000 0000 0000

ARLEN[7:0] 01  01  01  01  01  01  01  

RVALID

RREADY

RID[13:0] 0000 0000 0000 0000 0000 0000 0000

RDATA[127:0] 37B7 452C FAA8 4347 1931 B959 0671 640F 63C4 4C25 9D7A 2C25 9A4A B449 CEDF ECB8

RLAST
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D.3 Basic Write with the FIFO full
D.3 Basic Write with the FIFO full
This example describes:
• Basic Write with the FIFO starting full.
• Shows address wrap.
• Executes at full rate until FIFO almost empty, then runs at fill rate.

D.3.1 Configuration

D.3.2 Timing diagram

The following items are interesting to note:
• First write request issued at clock cycle 2.
• From clock cycle 7 the behavior repeats on every 4th cycle.

Table D-3 Basic Write, full FIFO profile

Name Parameter Value

FIFO Startup Level Start Full

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 30

Fill Rate Rate 4

Transaction Size TxnSize 16

Address Pattern - sequential

Starting Address Base 0x800

Range Range 0x90 

ID Type - fixed

ID Value Value 0
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D.3 Basic Write with the FIFO full
Figure D-5 Basic Write, FIFO full
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ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 8000 8010 8020 8030 8040 8050 8060 8070 8080

AWID[13:0] 0000 0000 0000 0000 0000 0000

AWLEN[7:0] 00  00  00  00  00  00  

WVALID

WREADY

WDATA[127:0] A5EE EC86 7E60 1777 3C73 9941 10EF E12D 98BC

WLAST

BVALID

BREADY

BID[13:0] 0000 0000 0000 0000 0000 0000
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D.4 Basic Write with the FIFO empty
D.4 Basic Write with the FIFO empty
This example describes:
• Basic Write with the FIFO starting empty.
• Shows address wrap.
• Executes at full rate until FIFO almost empty, then runs at fill rate.

D.4.1 Configuration

D.4.2 Timing diagram

The following items are interesting to note:
• First write request issued at clock cycle 5.
• From clock cycle 9 the behavior repeats on every 7th cycle.

Table D-4 Basic Write, full FIFO profile

Name Parameter Value

FIFO Startup Level Start Empty

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 30

Fill Rate Rate 9

Transaction Size TxnSize 32

Address Pattern - sequential

Starting Address Base 0x9000

Range Range 0x90 

ID Type - fixed

ID Value Value 5
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D.4 Basic Write with the FIFO empty
Figure D-6 Basic Write, FIFO empty (1 of 3)

Figure D-7 Basic Write, FIFO empty (2 of 3)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 9000 9020 9040 9060 9000 9020

AWID[13:0] 0005 0005 0005 0005 0005 0005

AWLEN[7:0] 01  01  01  01  01  01  

WVALID

WREADY

WDATA[127:0] A5EE 30E9 E903 7E60 1777 384E D6A6 9941 10EF 36E5 B994 98BC

WLAST

BVALID

BREADY

BID[13:0] 0005 0005 0005 0005 0005 0005

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 9040 9060 9000 9020 9040 9060 9000 9020

AWID[13:0] 0005 0005 0005 0005 0005 0005 0005 0005

AWLEN[7:0] 01  01  01  01  01  01  01  01  

WVALID

WREADY

WDATA[127:0] 5B48 1DFE 933D C9C4 AA07 CBA4 6F41 5095 CDA2 7E7E FBAB 2B36 7873 70DF 40A4

WLAST

BVALID

BREADY

BID[13:0] 0005 0005 0005 0005 0005 0005 0005
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D.4 Basic Write with the FIFO empty
Figure D-8 Basic Write, FIFO empty (3 of 3)
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ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 9040 9060 9000 9020 9040 9060 9000

AWID[13:0] 0005 0005 0005 0005 0005 0005 0005

AWLEN[7:0] 01  01  01  01  01  01  01  

WVALID

WREADY

WDATA[127:0] 1E67 6CC9 7E23 76A3 42FA 830B F842 67EE B3B8 F900 D6B5 635B 63A7 E3A9 6706

WLAST

BVALID

BREADY

BID[13:0] 0005 0005 0005 0005 0005 0005 0005
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Appendix D Example Waveforms 
D.5 Read with FIFO underflow
D.5 Read with FIFO underflow
This example describes FIFO underflow multiple times when applying the rate beyond the startup phase.

D.5.1 Configuration

D.5.2 Timing diagram

The following items are interesting to note:
• The FIFO is empty from clock cycle 7 and triggers an underflow message every cycle since the drain rate is 

greater than the transaction size.
• A cyclic ID scheme is used. 

Figure D-9 Read with FIFO underflow

Table D-5 Read with FIFO underflow profile

Name Parameter Value

FIFO Startup Level Start Full

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 30

Drain Rate Rate 19

Transaction Size TxnSize 16

Address Pattern - sequential

Starting Address Base 0x9000

Range Range 0x200 

ID Type - cycle

Cycle ID Lower Value LowerValue 0

Cycle ID Upper Value UpperValue 4

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 9000 9010 9020 9030 9040 9050 9060 9070 9080 9090 90A0 90B0 90C0 90D0 90E0 90F0 9100 9110 9120 9130 9140 9150 9160 9170

ARID[13:0] 0000 0001 0002 0003 0004 0000 0001 0002 0003 0004 0000 0001 0002 0003 0004 0000 0001 0002 0003 0004 0000 0001 0002 0003

ARLEN[7:0] 00  

RVALID

RREADY

RID[13:0] 0000 0001 0002 0003 0004 0000 0001 0002 0003 0004 0000 0001 0002 0003 0004 0000 0001 0002 0003 0004 0000 0001 0002

RDATA[127:0] A387 20CD 2B3C BF1E 71CE 0665 7449 BAE9 FDBA 49A3 ACEA 4BF3 354F 5B31 2BD6 00AF C723 7B8D 5F91 812F A28D 7868 7DC4

RLAST

FIFO UNDERFLOW
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Appendix D Example Waveforms 
D.6 Write with FIFO overflow
D.6 Write with FIFO overflow
This example describes how the FIFO saturates and reaches a steady state when the fill rate is larger than the 
transaction size.

D.6.1 Configuration

D.6.2 Timing diagram

Figure D-10 Write with FIFO overflow profile

Table D-6 Write with FIFO overflow profile

Name Parameter Value

FIFO Startup Level Start Empty

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 32

Fill Rate Rate 18

Transaction Size TxnSize 32

Address Pattern - sequential

Starting Address Base 0x9000

Range Range 0x200 

ID Type - cycle

ID Value Value 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 9000 9020 9040 9060 9080 90A0 90C0 90E0 9100 9120 9140 9160

AWID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

AWLEN[7:0] 01  01  01  01  01  01  01  01  01  01  01  

WVALID

WREADY

WDATA[127:0] A5EE 30E9 E903 7E60 1777 384E D6A6 9941 10EF 36E5 B994 98BC 5B48 1DFE 933D C9C4 AA07 CBA4 6F41 5095 CDA2 7E7E FBAB

WLAST

BVALID

BREADY

BID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

FIFO OVERFLOW
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Appendix D Example Waveforms 
D.7 Read with delayed slave
D.7 Read with delayed slave
This example demonstrates:
• How read latency affects the behavior of a master using a profile.
• The use of a two-dimensional striding address pattern.

D.7.1 Configuration

D.7.2 Timing diagram

Figure D-11 Read with delayed slave (1 of 2)

Table D-7 Read with delayed slave profile

Name Parameter Value

FIFO Startup Level Start Empty

FIFO Depth Full 128

Outstanding Transaction Limit TxnLimit 30

Drain Rate Rate 12

Transaction Size TxnSize 32

Address Pattern - twodim

Starting Address Base 0x8000

X Range XRange 0x80 

Y Range YRange 0x800 

Stride Stride 0x200

ID Type - fixed

ID Value Value 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 8000 8020 8040 8060 8200 8220 8240 8260 8400 8420

ARID[13:0] 0000 0000 0000 0000 0000 0000 0000

ARLEN[7:0] 01  01  01  01  01  01  01  

RVALID

RREADY

RID[13:0] 0000 0000 0000 0000

RDATA[127:0] A387 20CD 2B3C BF1E 71CE 0665 7449 BAE9 37B7 452C FAA8 4347 1931 B959 0671 640F

RLAST
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Appendix D Example Waveforms 
D.7 Read with delayed slave
Figure D-12 Read with delayed slave (2 of 2)
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ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 8440 8460 8600 8620 8640 8660 8000 8020 8040 8060

ARID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000

ARLEN[7:0] 01  01  01  01  01  01  01  01  01  01  

RVALID

RREADY

RID[13:0] 0000 0000 0000 0000 0000 0000 0000

RDATA[127:0] CBD3 A12F 59B2 8466 77D3 662D CDC5 8CFD 5571 CFB5 600B DC59 42B5 C7FB ED22 A9EB A387 20CD 2B3C

RLAST
ARM IHI 0082A Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. D-77
ID031519 Non-Confidential



Appendix D Example Waveforms 
D.8 Read gated by Outstanding Transaction limit
D.8 Read gated by Outstanding Transaction limit
This example describes the effect of Outstanding Transaction limit on issuing new transactions.

D.8.1 Configuration

D.8.2 Timing diagram

The following items are interesting to note: 
• In clock cycle 6 the master reaches the outstanding transactions limit, so does not issue any more requests.
• In clock cycle 7 the slave responds, its profile has a fixed read latency (RIV) of 5 cycles.
• In clock cycle 8 the master can issue a request because a transaction completed in the previous cycle.

Figure D-13 Read gated by Outstanding Transaction limit (1 of 2)

Table D-8 Read gated by Outstanding Transaction limit profile

Name Parameter Value

FIFO Startup Level Start Empty

FIFO Depth Full 144

Outstanding Transaction Limit TxnLimit 4

Drain Rate Rate 4

Transaction Size TxnSize 16

Address Pattern - sequential

Starting Address Base 0x8000

Range Range 0x90 

ID Type - cycle

Cycle Lower Value LowerValue 0

Cycle Upper Value UpperValue 6

Frame Size FrameSize 256

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 8000 8010 8020 8030 8040 8050 8060 8070 8080 8000 8010 8020 8030

ARID[13:0] 0000 0001 0002 0003 0004 0005 0006 0000 0001 0002 0003 0004 0005

ARLEN[7:0] 00  00  00  00  00  

RVALID

RREADY

RID[13:0] 0000 0001 0002 0003 0004 0005 0006 0000 0001 0002 0003 0004

RDATA[127:0] A387 20CD 2B3C BF1E 71CE 0665 7449 BAE9 FDBA A387 20CD 2B3C

RLAST
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Appendix D Example Waveforms 
D.8 Read gated by Outstanding Transaction limit
Figure D-14 Read gated by Outstanding Transaction limit (2 of 2)

ACLK

ARESETn

ARVALID

ARREADY

ARADDR[39:0] 8040 8050 8060

ARID[13:0] 0006 0000 0001

ARLEN[7:0] 00  00  00  

RVALID

RREADY

RID[13:0] 0005 0006 0000 0001

RDATA[127:0] BF1E 71CE 0665 7449

RLAST
ARM IHI 0082A Copyright © 2017, 2018, 2019 Arm Limited or its affiliates. All rights reserved. D-79
ID031519 Non-Confidential



Appendix D Example Waveforms 
D.9 Write influenced by slave profile
D.9 Write influenced by slave profile
This example describes the effect on the master traffic profile of a slave deasserting AWREADY and WREADY.

D.9.1 Configuration

D.9.2 Timing diagram

Figure D-15 Write influenced by slave profile (1 of 2)

Table D-9 Write influenced by slave profile

Name Parameter Value

FIFO Startup Level Start Full

FIFO Depth Full 64

Outstanding Transaction Limit TxnLimit 30

Fill Rate Rate 4

Transaction Size TxnSize 16

Address Pattern - sequential

Starting Address Base 0x8000

Range Range 0x80 

ID Type - fixed

ID Value Value 0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 8000 8010 8020 8030 8040 8050 8060 8070

AWID[13:0] 0000

AWLEN[7:0] 00  

WVALID

WREADY

WDATA[127:0] A5EE EC86 7E60 1777 3C73 9941 10EF E12D

WLAST

BVALID

BREADY

BID[13:0] 0000 0000 0000 0000 0000 0000 0000
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Appendix D Example Waveforms 
D.9 Write influenced by slave profile
Figure D-16 Write influenced by slave profile (2 of 2)
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ACLK

ARESETn

AWVALID

AWREADY

AWADDR[39:0] 8000 8010 8020 8030 8040 8050 8060

AWID[13:0] 0000 0000 0000 0000 0000 0000

AWLEN[7:0] 00  00  00  00  00  00  

WVALID

WREADY

WDATA[127:0] 98BC 5B48 0A40 C9C4 AA07 4700 5095

WLAST

BVALID

BREADY

BID[13:0] 0000 0000 0000 0000 0000 0000 0000 0000
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D.9 Write influenced by slave profile
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Appendix E 
Revisions

This appendix describes the technical changes between released issues of this specification.

Table E-1 Issue A

Change Location

First release of Version A −
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