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Preface

This preface introduces the CoreLink™ QoS-301 Network Interconnect Advanced Quality of
Service Technical Reference Manual. It contains the following sections
•
About this book on page vi
•
Feedback on page ix.
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Preface

About this book
This book is for the CoreLink QoS-301 Network Interconnect Advanced Quality of Service
r0p1.
Product revision status
The rnpn identifier indicates the revision status of the product described in this book, where:
rn
Identifies the major revision of the product.
pn
Identifies the minor revision or modification status of the product.
Intended audience
This book is written for system designers, system integrators, and programmers who are
designing or programming a System-on-Chip (SoC) that uses the CoreLink QoS-301 Network
Interconnect Advanced Quality of Service.
Using this book
This book is organized into the following chapters:
Chapter 1 Introduction
Read this for a high-level view of the CoreLink QoS-301 Network Interconnect
Advanced Quality of Service and a description of its features.
Chapter 2 Functional Description
Read this for a description of the major interfaces and components of QoS-301.
The chapter also describes how they operate.
Chapter 3 Programmers Model
Read this for a description the address map and registers of QoS-301.
Appendix A Signal Descriptions
Read this for a description of the QoS-301 input and output signals.
Appendix B Revisions
Read this for a description of the technical changes between released issues of this
book.
Glossary
The ARM Glossary is a list of terms used in ARM documentation, together with definitions for
those terms. The ARM Glossary does not contain terms that are industry standard unless the
ARM meaning differs from the generally accepted meaning.
See ARM Glossary, http://infocenter.arm.com/help/topic/com.arm.doc.aeg0014-/index.html.
Conventions
Conventions that this book can use are described in:
•
Typographical on page vii
•
Timing diagrams on page vii
•
Signals on page viii.
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Typographical
The typographical conventions are:
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

Denotes text that you can enter at the keyboard, such as commands, file
and program names, and source code.

monospace

Denotes a permitted abbreviation for a command or option. You can enter
the underlined text instead of the full command or option name.

monospace italic

Denotes arguments to monospace text where the argument is to be
replaced by a specific value.

monospace bold

Denotes language keywords when used outside example code.

< and >

Enclose replaceable terms for assembler syntax where they appear in code
or code fragments. For example:
MRC p15, 0 <Rd>, <CRn>, <CRm>, <Opcode_2>

Timing diagrams
The figure named Key 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.
Clock
HIGH to LOW
Transient
HIGH/LOW to HIGH
Bus stable
Bus to high impedance
Bus change
High impedance to stable bus

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 shown in Key to timing diagram conventions. If a timing
diagram shows a single-bit signal in this way then its value does not affect the accompanying
description.
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Signals
The signal conventions are:
Signal level

The level of an asserted signal depends on whether the signal is
active-HIGH or active-LOW. Asserted means:
•
HIGH for active-HIGH signals
•
LOW for active-LOW signals.

Lower-case n

At the start or end of a signal name denotes an active-LOW signal.

Additional reading
This section lists publications by ARM and by third parties.
See Infocenter, http://infocenter.arm.com, for access to ARM documentation.
ARM publications
This book contains information that is specific to this product. See the following documents for
other relevant information:
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•

CoreLink NIC-301 Network Interconnect Technical Reference Manual (ARM DDI 0397)

•

CoreLink NIC-301 Network Interconnect Integration Manual (ARM DII 0157)

•

CoreLink NIC-301 Network Interconnect Implementation Guide (ARM DII 0222)

•

CoreLink NIC-301 Network Interconnect Supplement to AMBA Designer (ADR-301)
User Guide (ARM DSU 0003)

•

AMBA Designer (ADR-301) User Guide (ARM DUI 0333)

•

AMBA Designer (ADR-301) Installation Guide (ARM DUI 0456)

•

AMBA Designer Release Notes

•

AMBA Specification (ARM IHI 0011).

Copyright © 2010-2011 ARM. All rights reserved.
Non-Confidential

viii

Preface

Feedback
ARM welcomes feedback on this product and its documentation.
Feedback on this product
If you have any comments or suggestions about this product, contact your supplier and give:
•

The product name.

•

The product revision or version.

•

An explanation with as much information as you can provide. Include symptoms and
diagnostic procedures if appropriate.

Feedback on content
If you have comments on content then send an e-mail to errata@arm.com. Give:
•
the title
•
the number, ARM DDI 0451B
•
the page numbers to which your comments apply
•
a concise explanation of your comments.
ARM also welcomes general suggestions for additions and improvements.
Note
ARM tests the PDF only in Adobe Acrobat and Acrobat Reader, and cannot guarantee the
quality of the represented document when used with any other PDF reader.
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Chapter 1
Introduction

This chapter introduces the CoreLink™ QoS Network Interconnect Advanced Quality of
Service. It contains the following sections:
•
About the product on page 1-2
•
Compliance on page 1-3
•
Features on page 1-4
•
Interfaces on page 1-5
•
Configurable options on page 1-6
•
Test features on page 1-7
•
Product documentation, design flow, and architecture on page 1-8
•
Product revisions on page 1-9.
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Introduction

1.1

About the product
The CoreLink QoS-301 Network Interconnect Advanced Quality of Service is an extension to
the CoreLink NIC-301 Network Interconnect base product and provides programmable QoS
facilities for attached AMBA masters. See Figure 2-1 on page 2-2 for a block diagram that
shows a NIC-301 design that contains QoS-301 regulators.

1.1.1

Interconnect QoS and AMBA Designer
AMBA Designer contains QoS options for Interface Block (IB) and AXI Slave Interface Block
(ASIB) nodes. Selecting an option causes the corresponding QoS regulator to be rendered as
part of the IB or ASIB. The default is for all regulators to be rendered.
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Introduction

1.2

Compliance
The CoreLink QoS-301 Network Interconnect Advanced Quality of Service is a component that
works with the CoreLink NIC-301 Network Interconnect. It complies with AMBA AXI3,
AHB-Lite, and APB. QoS-301 is compatible with NIC-301 version r2p1 and higher.
See the CoreLink NIC-301 Network Interconnect Technical Reference Manual for information
on the CoreLink NIC-301 Network Interconnect.
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Introduction

1.3

Features
The CoreLink QoS-301 Network Interconnect Advanced Quality of Service has the following
features:
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•

programmable maxima for outstanding transactions as follows:
— separate maxima for read and write requests
— combined maximum for all requests
— fractional value to provide finer control.

•

regulation of read and write request issuing rates to meet programmed traffic
specifications as follows:
— separate for read and write requests
— combined regulation for all requests.

•

regulation of read and write request QoS values to target a programmed transaction
latency

•

configurable QoS options for ASIB and IB

•

low gate count:
— you can configure the QoS facilities individually for each ASIB and IB
— efficient measurement of transaction latency.

•

low power consumption, with no dynamic power consumed when the regulators are
disabled, except for clock power

•

no cycles of latency added to requests when inactive.
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Introduction

1.4

Interfaces
The CoreLink QoS-301 Network Interconnect Advanced Quality of Service is not a stand-alone
product, but integrates with the ASIB or IB modules of the CoreLink NIC-301 Network
Interconnect. The CoreLink QoS-301 Network Interconnect Advanced Quality of Service uses
the AWQOS and ARQOS signals that you can configure on the ASIB or AXI Master Interface
Block (AMIB) of the CoreLink NIC-301 Network Interconnect.
Note
The QoS-301 programmers interface is integrated into the global programmers view for the
NIC-301 base product. See the CoreLink NIC-301 Network Interconnect Technical Reference
Manual for additional information.

ARM DDI 0451B
ID092211

Copyright © 2010-2011 ARM. All rights reserved.
Non-Confidential

1-5

Introduction

1.5

Configurable options
You can enable the following QoS-301 options in AMBA Designer, using the AMBA Designer
Graphical User Interface (GUI):
•
transaction rate regulation
•
outstanding transaction regulation
•
latency regulation.
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Introduction

1.6

Test features
The CoreLink QoS-301 Network Interconnect Advanced Quality of Service contains no test
features.
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Introduction

1.7

Product documentation, design flow, and architecture
The product documentation, design flow, and architecture for the CoreLink QoS-301 Network
Interconnect Advanced Quality of Service are the same as for the CoreLink NIC-301 Network
Interconnect. The QoS-301 is integrated into the NIC-301 architecture.
See CoreLink NIC-301 Network Interconnect documentation for more information.
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Introduction

1.8

Product revisions
This section describes the differences in functionality between product revisions:
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r0p0

First release. QoS-301 is compatible with NIC-301 version r2p1 and higher.

r0p1

No functionality changes.
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Chapter 2
Functional Description

This chapter describes the major interfaces and components of the CoreLink™ QoS-301
Network Interconnect Advanced Quality of Service, and how it operates. It contains the
following sections:
•
About the functions on page 2-2
•
Operation on page 2-6.
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Functional Description

2.1

About the functions
Figure 2-1 shows the CoreLink QoS-301 Network Interconnect Advanced Quality of Service in
position in the CoreLink NIC-301 Network Interconnect.
CoreLink NIC-301 Network Interconnect
AMBA Slave
Interface
Block (ASIB)
AMBA slave
interface

QoS-301
regulator

AXI

AXI
signals

AXI

Switch
A

ASIB
AMBA slave
interface

QoS-301
regulator

AMBA
Master
Interface
Block
(AMIB)

Interface
Block (IB)
AXI

AXI
QoS-301
regulator

AXI

Switch
B

AXI signals

AMIB

AMBA
master
interface

AMIB

AMBA
master
interface

AXI
Switch
C

Routing omitted
for clarity
ASIB
AMBA slave
interface

QoS-301
regulator

AMBA
master
interface

Default
slave

AXI
signals
Distributed Global
Programmers
View (GPV)

AXI

Figure 2-1 CoreLink NIC-301 Network Interconnect with CoreLink QoS-301 Advanced Quality of Service top-level
diagram

Example 2-1 on page 2-3 contains an animation that shows the following masters, on the
left-hand side of a NIC-301 interconnect:
•
DMA controller
•
Graphics processor
•
ARM processor
•
LCD controller.
These masters send random requests to the DMC slave on the right-hand side of the interconnect
through the switches inside the interconnect. The DMC must process the requests and send
responses back to the masters to service them. When a master sends a request, the number of
outstanding transactions in the counter on the right-hand side of the animation increases by one.
When the DMC slave services one of these transactions by sending a response, the number of
outstanding transactions on the DMC decreases by one. In a system that does not use QoS-301,
the number of outstanding transactions can increase up to the limit of the memory controller, at
which point, the last master to send a request is not serviced. In Example 2-1 on page 2-3, the
memory controller can handle a maximum of 12 transactions.
The animation in Example 2-1 on page 2-3 shows a situation in which the DMC slave cannot
process the requests quickly enough, and the number of outstanding transactions reaches the
critical limit of the maximum number of outstanding transactions.
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Functional Description

Example 2-1 Animation showing transactions and responses in a NIC-301 interconnect
that does not use QoS-301

To play the movie for the first time after opening the PDF file, left-click on the diagram. Acrobat
Gives you the following choices for how to play the movie:
Play the multimedia content this one time
If you select this option, Acrobat plays the animation once, but the next time you
open the PDF file, Acrobat prompts you with the same question and does not
consider the document to be trusted. Acrobat prompts you with the same question
each time you open the PDF file from new.
Play the multimedia content and add this document to my list of trusted documents
If you select this option, Acrobat plays the animation once, and the next time you
open the PDF file, it remembers that this is a trusted document, and does not
prompt you with the same question again.
To play the movie again after the first time, right-click on the animation below and select Play.
If you right-click and select Loop, the next time you play the movie, Acrobat repeats the movie
continuously from start to end.
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Functional Description

Example 2-2 Animation showing transactions and responses in a NIC-301 interconnect
that uses QoS-301

The masters send random requests to the DMC slave on the right-hand side of the interconnect
through the QoS-301 regulators and switches. The QoS-301 regulators for the DMA controller
and graphics processor each have a maximum number of outstanding transactions that you
specify, in this example, four and five respectively. In the same way as in Example 2-1 on
page 2-3, the DMC must service the requests by sending responses back to the masters. With
QoS-301 implemented, the DMC services the requests it receives for each master, until the Qos
regulator for that master reaches its limit, the maximum number of outstanding transactions.
This means that real-time-critical masters such as the LCD controller never fail to have their
requests serviced, and no visible disruption occurs because by not adding a QoS-301 regulator
for the LCD controller, as is the case in Example 2-2, whenever the LCD controller issues a
request, the DMC services it immediately. The ARM processor also has no regulator, so its
requests gain priority over the DMA controller and the graphics processor.
The animation in Example 2-2 shows the situation where the DMC responds to requests for the
LCD controller and ARM processor when the other channels, for the DMA controller and
graphics processor, are blocked because they have reached their individual limits for the
maximum number of outstanding transactions.
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Functional Description

QoS configuration options are available on:
•
ASIBs that connect masters to the interconnect
•
IBs that connect between switches.
Note
You program the QoS-301 blocks from the NIC-301 global programmers view.

ARM DDI 0451B
ID092211

Copyright © 2010-2011 ARM. All rights reserved.
Non-Confidential

2-5

Functional Description

2.2

Operation
This section contains the following subsections:
•
Relationship with the CoreLink NIC-301 Network Interconnect
•
QoS regulators
•
Transaction rate regulation on page 2-8
•
Outstanding transaction regulation on page 2-10
•
Latency regulation on page 2-11.

2.2.1

Relationship with the CoreLink NIC-301 Network Interconnect
The CoreLink NIC-301 Network Interconnect base product includes an optional QoS value for
each address, AWQOS for writes and ARQOS for reads. For the base product, you can
configure the QoS value to one of the following options:
•
set to a fixed value at RTL configuration time
•
set to a fixed value that you can program at run-time
•
input from an external master that has QoS signals.
Within the interconnect, the QoS values control arbitration. Externally the QoS values connect
to slaves, such as dynamic memory controllers, to arbitrate and prioritize traffic. The QoS-301
supplies additional hardware that can both regulate the read and write requests, and control the
QoS value dynamically.
You can also program QoS-301 to append a QoS value to every address request that acts as an
arbitration priority value within the NIC-301 interconnect. You can forward the QoS value to
the addressed slave so that it prioritizes the request and reduces its latency. You can also
configure the slave interface to pass on a QoS value that the attached master supplies. This is
part of the NIC-301 configuration and QoS-301 also uses it.
TrustZone technology and security
You implement the CoreLink QoS-301 Network Interconnect Advanced Quality of Service
completely within the CoreLink NIC-301 Network Interconnect. It only extends the
programmers view of the NIC-301 within the 4KB blocks already allocated to the Interface
Block (IB) and AXI Slave Interface Block (ASIB) nodes. It does not add any signals to the master
or slave interfaces. The CoreLink QoS-301 Network Interconnect Advanced Quality of Service
does not change the TrustZone properties of the CoreLink Network Interconnect (NIC-301).

2.2.2

QoS regulators
The CoreLink QoS-301 Network Interconnect Advanced Quality of Service provides facilities
to regulate transactions based on the following inter-related measures:
RT
Issuing rate.
LT
Latency.
NT
Number of outstanding transactions.
Assuming that the master is always trying to issue transaction requests, then RT, LT, and NT are
related by the following formula:
RT = NT x 1/LT
The formula is a variation on Little’s Law, that relates queue length to arrival rate, and time in
the system. A 3-dimensional surface plotted in a graph represents this relationship. See
Figure 2-2 on page 2-7.
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QoS-301 supports three regulation mechanisms based on the above three measures. All three
regulate the aggregate of the traffic through the ASIB or IB regardless of the eventual
destination. This works best when the majority of the traffic is to a single shared resource, such
as a dynamic memory controller.
Note
A shared resource, such as a dynamic memory controller, is often the most widely shared and
heavily loaded resource in a system.
The regulators of transaction rate, and the number of outstanding transactions set an upper
bound on these measures. They prevent the measures from exceeding a limit that you program.
They do this by holding back transaction requests whenever the limits are reached.
The latency regulator adds a QoS value to the request, and the interconnect uses that value as an
arbitration priority. You can also configure the interconnect to forward this QoS value to a QoS
value-sensitive slave. This slave can then prioritize the request based on its QoS value. The
latency regulator increases the QoS value when it observes an increase in latency.

Figure 2-2 Relationship between transaction rate, latency, and outstanding transactions

The CoreLink QoS-301 Network Interconnect Advanced Quality of Service regulators provide
mechanisms that control how the NIC-301 shares the resources of a slave. You can use them
either individually, or in combination, to control this sharing, and to prevent overloading the
slave.
One measure of resource loading is the number of requests in the queue waiting to be served.
When most of the requests from a number of masters all go to the same slave, the sum of the
number of outstanding transactions at each master corresponds to the number of requests
waiting to be served at that slave.
Regulating the number of outstanding transactions from each of the masters therefore provides
a direct means to distribute the resources of a slave without overloading it. If the loading
changes for any reason, for example when a master completes its task early, then:
•
the load on the slave is reduced
•
the queue length decreases
•
the average latency that the remaining masters observe decreases.
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Figure 2-2 on page 2-7 shows that for a constant number of outstanding transactions, a decrease
in latency corresponds to an increase in transaction issuing rate. In effect, some of the spare
capacity has been shared out amongst the other masters.
Another measure of the resource that a slave provides is the rate at which it processes
transactions. The transaction rate regulator enables you to limit the rate at which a master issues
transactions, and therefore sets the proportion of the resource of the slave that is requested.
Figure 2-2 on page 2-7 shows that for a constant issuing rate, a master can compensate for any
increase in latency by increasing the number of outstanding transactions.
The third measure of latency is not under the direct control of a master because it depends on
many factors in the interconnect and the slave. The more heavily loaded a slave is, the longer a
transaction must wait for service, and the higher the latency. You can regulate the latency by
adding a QoS value to transaction requests to indicate to the system and slave when a master
requires the latency to be reduced. The higher the value, the lower the latency required.
All three regulators can be active at the same time. For example, if the rate regulator is limiting
a master to a particular rate, and the latency increases, then the number of outstanding
transactions tends to increase to compensate. If this were permitted to continue unchecked, then
the master would take more than its share of the resource from the slave. You can program the
outstanding transaction regulator to prevent this. At the same time, the latency regulator
increases the priority to decrease the latency, enabling the rate to recover, and the number of
outstanding transactions to decrease.
A control register permits you to enable or disable any combination of the three regulators in
one programming step. See Chapter 3 Programmers Model.
You can also configure internal IBs to contain QoS regulators that provide intermediate
regulation points between switches in an interconnect. This could, for example, enable a
composite flow of requests from many sources to be constrained without having to
over-constrain the individual flows.
2.2.3

Transaction rate regulation
A variant of the standard internet Traffic SPECification (TSPEC) specifies the transaction rate
regulation using the following parameters:
p
Peak rate.
b
Burstiness allowance.
r
Average rate.
You can independently program and enable the regulation of the read and write address channels
with their own control bits. Alternatively, you can select combined regulation of the read and
write address channels using another control bit. See Chapter 3 Programmers Model.
The request arrival curve, that A. TSPEC traffic upper bound, in Figure 2-3 on page 2-9 shows,
represents the characteristics imposed on the request flow, or flows.
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Accumulated
address requests

Accumulated
address requests

r

p
b
Time
A. TSPEC traffic upper bound

Time
B. Traffic bounded by TSPEC

Figure 2-3 TSPEC traffic specification

The TSPEC parameters define an upper bound that applies over any time window.
B. Traffic bounded by TSPEC in Figure 2-3 illustrates this, with the accumulated data curve
bounded by the TSPEC curve from any point in the data sequence. You program the TSPEC
parameter values for AW and AR request rates in separate sets of registers. See Chapter 3
Programmers Model.
The regulators are disabled after reset.
If you program the regulators while they are enabled, the new values take effect immediately.
Alternatively, you can disable the regulators, update the values, and then re-enable the
regulators.
Binary fractions in transfers per cycle provide the values for peak and average rates.
So, for example, a value of 0x800, that is, 0.5 in decimal, sets a rate of one transfer every two
cycles.
A value of 0x100, that is, 0.0625 in decimal, sets a rate of one transfer every 16 cycles.
A value of 0x000 sets a rate of one transfer per cycle, that is, no regulation. If you set either the
burstiness to 0, or the average rate to 0, this disables the regulation of burstiness and average
rate, (b,r).
In the same way, if you set the peak rate to 0, this disables the peak rate regulation. You can set:
•
the peak rate only
•
the burstiness and average rate, without the peak rate.
Example 2-3 How to program the TSPEC regulator registers

If you require the transaction rate to be 1 transaction every 400 clock cycles, and each
transaction is a 16-beat burst, program the peak rate, p, burstiness allowance, b, and average
rate, r, registers as this example describes.
Transactions are only regulated on AW and AR transfers, so the burst length has no direct effect.
A single transaction every 400 clock cycles is equivalent to a decimal fraction of 0.0025. This
results in an infinite binary fraction, but an approximation to 12 bits is:
12'b000000001010

This value is approximated to 12 bits because the average rate register is 12 bits. See AW
channel average rate Register on page 3-8 and AR channel average rate Register on page 3-10.
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When you convert this approximation back, it is equivalent to a decimal fraction of
0.00244140625, and this fraction is equivalent to 1 transaction every 409.6 clock cycles.
If you do not set all three TSPEC values, you can set either the peak rate only, or the burstiness
and average rate, without the peak rate.
The peak rate register, p is only 8 bits, not 12 bits like the average rate register, r, so the
previously calculated value does not fit. See AW channel peak rate Register on page 3-7 and AR
channel peak rate Register on page 3-9. Therefore, you can achieve hard regulation at 1
transaction in 409 clock cycles by setting the following:
p

8’b00000000. See AW channel peak rate Register on page 3-7 and AR channel
peak rate Register on page 3-9.

r

12’b000000001010. See AW channel average rate Register on page 3-8 and AR

channel average rate Register on page 3-10.
b

16’b0000000000000001. See AW channel burstiness allowance Register on
page 3-7 and AR channel burstiness allowance Register on page 3-9.

The burstiness allowance, combined with the peak rate and average rate, enables variance in the
issuing rate from that master during different system loadings. For example, set the values as
follows:
p

8’b00000001, that is, 1 in 200. See AW channel peak rate Register on page 3-7 and
AR channel peak rate Register on page 3-9.

r

12’b000000001010, that is, 1 in 409. See AW channel average rate Register on

page 3-8 and AR channel average rate Register on page 3-10.
b

16’b0000000000000101. See AW channel burstiness allowance Register on
page 3-7 and AR channel burstiness allowance Register on page 3-9.

This permits an issuing rate of 1 transaction every 200 clock cycles until the burstiness
allowance, b, number of outstanding transactions is reached, and then, an average issuing rate,
r, of 1 transaction every 409 clock cycles until the number of outstanding transactions drops
below the burstiness allowance, b.

Combined AW and AR transaction rate regulation
You can regulate the combined transaction rate from the AW and AR channels. When you select
this mode, QoS ignores the individual channel rates. QoS takes the TSPEC parameter values for
the AW and AR channels combined from the AW values. See Chapter 3 Programmers Model.
Because two channels support twice the rate of a single channel, QoS scales the TSPEC
parameters, for combined regulation, by a factor of two. For example, to specify a combined
average rate of one transfer every eight cycles, set the value to 0x100. This is equal to two
transfers every 16 cycles. This means that the rate you program is half the desired combined
rate.
When the combined AW and AR channel traffic is so close to the TSPEC boundary that only
one transfer is permitted, but both channels are requesting, then the regulator admits the AW
channel and AR channel alternately.
2.2.4

Outstanding transaction regulation
The regulator enables you to program, at run-time, values for the number of AW and AR
requests that it issues. See Chapter 3 Programmers Model.
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At design time, you can configure the ASIB, or internal IBs, using maximum values for the
number of AW and AR requests that the master can issue at any one time. You normally set these
limits to match the characteristics of the attached master, in the case of an ASIB, but in either
case, you must always observe these limits because they size the downstream components. If
you program the QoS regulator with larger values than the configuration limits, it has no effect.
Fractional outstanding transactions
You can characterize a sequence of transactions, with periods when there are no outstanding
transactions, by using a fractional outstanding transaction number. For example, if requests
occur every 100 cycles, but it only takes 50 cycles for the last response to arrive, then this would
correspond to an average of 0.5 outstanding transactions. This generalizes to give an average
value for any sequence of transactions where the number of outstanding transactions varies.
Combined AW and AR outstanding transaction regulation
You can program a maximum outstanding transaction capability for the combined AW and AR
channels. This is in addition to the individual channel maxima, so that it is possible to set a
combined limit that is lower than the sum of the individual channel limits. A combined value of
zero, or greater than or equal to the sum of the individual configuration limits, has no effect.
For example, if the AW and AR configuration issuing capabilities are four and four, the default
issuing capability is eight. Setting a combined value of six lowers the combined issuing
capability, but leaves the individual channel configuration limits unaltered. Therefore, if there
are four outstanding AW requests, then only two AR requests are permitted. Alternatively, if
there are only two outstanding AW requests, then four AR requests can be made.
2.2.5

Latency regulation
The regulator achieves latency regulation by modifying the AxQOS value of each transaction
request. This overrides any AxQOS value that the NIC-301 base product has specified, if any.
If the interconnect and the addressed slave treat this as a priority value, then it has the required
regulatory effect. For example, if a transaction is given an AxQOS value that gives it a higher
priority, then this tends to reduce the latency of that transaction. In this way, a feedback loop is
set up so that when the actual latency is higher than the target latency, the AxQOS value is
proportionately raised, and the larger the latency discrepancy, the higher the priority.
Note
Where AxQOS is either ARQOS or AWQOS.
Latency regulation is useful for masters that have performance that is directly dependent on
transaction latency. For example, a processor might be stalled while it waits for data after a
cache miss.
You program the target latency separately for writes and reads. You enable latency regulation
by setting the appropriate control bits in the control register. See Chapter 3 Programmers
Model.
When you enable latency regulation for reads or writes, the base product AxQoS values are not
used.
You set the range of AxQOS values used for latency regulation by programming the minimum
and maximum values for writes and reads.
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You program a scaling factor to give control over how quickly the AxQOS values change. The
smaller the scaling factor, the more slowly the AxQOS values change in response to changes in
latency. The scaling factor is specified as powers of two. See Chapter 3 Programmers Model.
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Chapter 3
Programmers Model

This chapter describes the programmers model. It contains the following sections:
•
About this programmers model on page 3-2
•
Register summary on page 3-3
•
Register descriptions on page 3-4.

ARM DDI 0451B
ID092211

Copyright © 2010-2011 ARM. All rights reserved.
Non-Confidential

3-1

Programmers Model

3.1

About this programmers model
The following information applies to the QoS-301 registers:
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•

The base address is not fixed, and can be different for any particular system
implementation. The offset of each register from the base address is fixed.

•

Unless otherwise stated in the accompanying text:
— do not modify undefined register bits
— ignore undefined register bits on reads
— all register bits are reset to a logic 0 by a system reset, or a power-on reset.

•

Access type in Table 3-1 on page 3-3 is described as follows:
RW
Read and write.
RO
Read only.
WO
Write only.
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3.2

Register summary
Table 3-1 shows the registers in offset order from the base memory address.
Table 3-1 Register summary

Offset

Name

Type

Reset

Width

Description

0x000-0x0FF

-

-

-

-

Reserved

0x100

read_qos

RW

0

4

CoreLink™ NIC-301 Network Interconnect read_qos register. See the
CoreLink NIC-301 Network Interconnect Technical Reference
Manual for information about this register.

0x104

write_qos

RW

0

4

CoreLink NIC-301 Network Interconnect write_qos register. See the
CoreLink NIC-301 Network Interconnect Technical Reference
Manual for information about this register.

0x108

fn_mod

RW

0

2

CoreLink NIC-301 Network Interconnect fn_mod register. See the
CoreLink NIC-301 Network Interconnect Technical Reference
Manual for information about this register.

0x10C

qos_cntl

RW

0

8

QoS control Register on page 3-4

0x110

max_ot

RW

0

6, 8, 6, 8

Maximum number of outstanding transactions Register on page 3-5

0x114

max_comb_ot

RW

0

7, 8

Maximum number of combined transactions Register on page 3-6

0x118

aw_p

RW

0

8

AW channel peak rate Register on page 3-7

0x11C

aw_b

RW

0

16

AW channel burstiness allowance Register on page 3-7

0x120

aw_r

RW

0

12

AW channel average rate Register on page 3-8

0x124

ar_p

RW

0

8

AR channel peak rate Register on page 3-9

0x128

ar_b

RW

0

16

AR channel burstiness allowance Register on page 3-9

0x12C

ar_r

RW

0

12

AR channel average rate Register on page 3-10

0x130

tgt_latency

RW

0

12, 12

Target latency Register on page 3-10

0x134

ki

RW

0

3, 3

Latency regulation Register on page 3-11

0x138

qos_range

RW

0

4, 4, 4, 4

QoS range Register on page 3-12

0x13C-0xFFF

-

-

-

-

Reserved
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3.3

Register descriptions
This section describes the CoreLink QoS-301 Network Interconnect Advanced Quality of
Service registers. Table 3-1 on page 3-3 provides cross references to individual registers.

3.3.1

QoS control Register
The qos_cntl Register characteristics are:
Purpose

The QoS control register contains the enable bits for all the regulators. By
default, all of the bits are set to 0, and no regulation is enabled.

Usage constraints Regulation only takes place when both the enable bit is set, and its
corresponding regulation value is non-zero. This enables you to perform
an integration test without activating the regulation. The QoS regulators
are reset whenever they are re-enabled.
Configurations

Available in all QoS-301 configurations.

Attributes

See Table 3-1 on page 3-3.

Figure 3-1 shows the bit assignments.
31

8 7 6 5 4 3 2 1 0
Reserved
en_awar_ot
en_ar_ot
en_aw_ot
en_ar_latency
en_aw_latency
en_awar_rate
en_ar_rate
en_aw_rate

Figure 3-1 qos_cntl Register bit assignments

Table 3-2 shows the bit assignments.
Table 3-2 qos_cntl Register bit assignments
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Bits

Name

Function

[31:8]

-

Reserved. Do not modify. Read as zero.

[7]

en_awar_ota

Enable combined regulation of outstanding transactions.

[6]

en_ar_ota

Enable regulation of outstanding read transactions.

[5]

en_aw_ota

Enable regulation of outstanding write transactions.

[4]

en_ar_latencyb

Enable regulation of AR latency.

[3]

en_aw_latencyb

Enable regulation of AW latency.

[2]

en_awar_ratec

Enable combined AW/AR rate regulation.

[1]

en_ar_ratec

Enable AR rate regulation.

[0]

en_aw_ratec

Enable AW rate regulation.
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a. If you include outstanding transaction regulation, you can configure en_awar_ot,
en_ar_ot, and en_aw_ot. Otherwise, these bits, bits [7:5] are reserved, read as zero,
and you cannot modify them.
b. If you include latency regulation, you can configure en_ar_latency and
en_aw_latency. Otherwise, these bits, bits [4:3] are reserved, read as zero, and you
cannot modify them.
c. If you include transaction rate regulation, you can configure en_awar_rate,
en_ar_rate, and en_aw_rate. Otherwise, these bits, bits [2:0] are reserved, read as zero,
and you cannot modify them.

3.3.2

Maximum number of outstanding transactions Register
The max_ot Register characteristics are:
Purpose

The maximum number of outstanding transactions register enables you to
program the maximum number of address requests for the AR and AW
channels. See Outstanding transaction regulation on page 2-10 for more
information.
The outstanding transaction limits have an integer part and a fractional
part as follows:
ar_max_oti
Corresponds to the integer part of the maximum outstanding
AR addresses.
aw_max_oti
Corresponds to the integer part of the maximum outstanding
AW addresses.
ar_max_otf
Corresponds to the fractional part of the maximum outstanding
AR addresses.
aw_max_otf
Corresponds to the fractional part of the maximum outstanding
AW addresses.
A value of 0 for both the integer and fractional parts disables the
programmable regulation so that the NIC-301 base product configuration
limits apply.
A value of 0 for the fractional part programs disables the regulation of
fractional outstanding transactions.
The AW and AR outstanding transaction limits are enabled when you set
the corresponding en_aw_ot or en_ar_ot control bits of the QoS control
register. See QoS control Register on page 3-4 and Table 3-2 on page 3-4.

Usage constraints You cannot increase the limits above either:
•
the configuration limits you set at design time
•
the CoreLink NIC-301 Network Interconnect limit of 32.
Configurations

Only available when you select outstanding transaction regulation in
AMBA Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-2 on page 3-6 shows the bit assignments.
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31 30 29

24 23
ar_max_oti

16 15 14 13
ar_max_otf

Reserved

8 7
aw_max_oti

0
aw_max_otf

Reserved

Figure 3-2 max_ot Register bit assignments

Table 3-3 shows the bit assignments.
Table 3-3 max_ot Register bit assignments

3.3.3

Bits

Name

Function

[31:30]

-

Reserved. Do not modify. Read as zero.

[29:24]

ar_max_oti

Integer part of the maximum outstanding AR addresses.

[23:16]

ar_max_otf

Fractional part of the maximum outstanding AR addresses.

[15:14]

-

Reserved. Do not modify. Read as zero.

[13:8]

aw_max_oti

Integer part of the maximum outstanding AW addresses.

[7:0]

aw_max_otf

Fractional part of the maximum outstanding AW addresses.

Maximum number of combined transactions Register
The max_comb_ot Register characteristics are:
Purpose

The maximum combined outstanding transactions register enables you to
program the maximum number of address requests for the AR and AW
channels. The combined limit is applied after any individual channel
limits. See Outstanding transaction regulation on page 2-10 for more
information.
The outstanding transaction limits have an integer part and a fractional
part as follows:
awar_max_oti
Corresponds to the integer part.
awar_max_otf
Corresponds to the binary fraction.
A value of 0 for both the integer and fractional parts disables the
programmable regulation so that the configuration limits apply.
A value of 0 for the fractional part programs disables the regulation of
fractional outstanding transactions.
The regulation of the combined outstanding transaction limit also requires
that you set the en_awar_ot control bit of the QoS control register. See QoS
control Register on page 3-4 and Table 3-2 on page 3-4.

Usage constraints You cannot increase the limit above either:
•
the configuration limits you set at design time
•
the CoreLink NIC-301 Network Interconnect limit of 64.
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Configurations

Only available when you select outstanding transaction regulation in
AMBA Designer.

Attributes

See Table 3-1 on page 3-3.
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Figure 3-3 shows the bit assignments.
31

15 14
Reserved

8 7
awar_max_oti

0
awar_max_otf

Figure 3-3 max_comb_ot Register bit assignments

Table 3-4 shows the bit assignments.
Table 3-4 max_comb_ot Register bit assignments

3.3.4

Bits

Name

Function

[31:15]

-

Reserved. Do not modify. Read as zero.

[14:8]

awar_max_oti

Integer part of the maximum combined outstanding AW and AR addresses.

[7:0]

awar_max_otf

Fractional part of the maximum combined outstanding AW and AR addresses.

AW channel peak rate Register
The aw_p Register characteristics are:
Purpose

AW channel peak rate, that is, a binary fraction of the number of transfers
per cycle. See Transaction rate regulation on page 2-8 for more
information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select transaction rate regulation in AMBA
Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-4 shows the bit assignments.
31

24 23

0

aw_p

Reserved

Figure 3-4 aw_p Register bit assignments

Table 3-5 shows the bit assignments.
Table 3-5 aw_p Register bit assignments

3.3.5

Bits

Name

Function

[31:24]

aw_p

AW channel peak rate.

[23:0]

-

Reserved. Do not modify. Read as zero.

AW channel burstiness allowance Register
The aw_b Register characteristics are:
Purpose

ARM DDI 0451B
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AW channel burstiness allowance, in transfers. See Transaction rate
regulation on page 2-8 for more information.
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Usage constraints There are no usage constraints.
Configurations

Only available when you select transaction rate regulation in AMBA
Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-5 shows the bit assignments.
31

16 15

0

Reserved

aw_b

Figure 3-5 aw_b Register bit assignments

Table 3-6 shows the bit assignments.
Table 3-6 aw_b Register bit assignments

3.3.6

Bits

Name

Function

[31:16]

-

Reserved. Do not modify. Read as zero.

[15:0]

aw_b

AW channel burstiness.

AW channel average rate Register
The aw_r Register characteristics are:
Purpose

Average rate, that is, a binary fraction of the number of transfers per cycle.
See Transaction rate regulation on page 2-8 for more information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select transaction rate regulation in AMBA
Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-6 shows the bit assignments.
31

20 19

0

aw_r

Reserved

Figure 3-6 aw_r Register bit assignments

Table 3-7 shows the bit assignments.
Table 3-7 aw_r Register bit assignments
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Bits

Name

Function

[31:20]

aw_r

AW channel average rate.

[19:0]

-

Reserved. Do not modify. Read as zero.
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3.3.7

AR channel peak rate Register
The ar_p Register characteristics are:
Purpose

AR channel peak rate, that is, a binary fraction of the number of transfers
per cycle. See Transaction rate regulation on page 2-8 for more
information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select transaction rate regulation in AMBA
Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-7 shows the bit assignments.
31

24 23

0

ar_p

Reserved

Figure 3-7 ar_p Register bit assignments

Table 3-8 shows the bit assignments.
Table 3-8 ar_p Register bit assignments

3.3.8

Bits

Name

Function

[31:24]

ar_p

AR channel average rate.

[23:0]

-

Reserved. Do not modify. Read as zero.

AR channel burstiness allowance Register
The ar_b Register characteristics are:
Purpose

AR channel burstiness allowance, in transfers. See Transaction rate
regulation on page 2-8 for more information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select transaction rate regulation in AMBA
Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-8 shows the bit assignments.
31

16 15
Reserved

0
ar_b

Figure 3-8 ar_b Register bit assignments
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Table 3-9 shows the bit assignments.
Table 3-9 ar_b Register bit assignments

3.3.9

Bits

Name

Function

[31:16]

-

Reserved. Do not modify. Read as zero.

[15:0]

ar_b

AR channel burstiness.

AR channel average rate Register
The ar_r Register characteristics are:
Purpose

AR channel average rate, that is, a binary fraction of the number of
transfers per cycle. See Transaction rate regulation on page 2-8 for more
information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select transaction rate regulation in AMBA
Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-9 shows the bit assignments.
31

20 19

0

ar_r

Reserved

Figure 3-9 ar_r Register bit assignments

Table 3-10 shows the bit assignments.
Table 3-10 ar_r Register bit assignments

3.3.10

Bits

Name

Function

[31:20]

ar_r

AR channel average rate.

[19:0]

-

Reserved. Do not modify. Read as zero.

Target latency Register
The tgt_latency Register characteristics are:
Purpose

Target latency, in cycles, for the regulation of reads and writes. A value of
0 corresponds to no regulation. See Latency regulation on page 2-11 for
more information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select latency regulation in AMBA Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-10 on page 3-11 shows the bit assignments.
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31

28 27

Reserved

16 15
ar_tgt_latency

12 11

0

Reserved

aw_tgt_latency

Figure 3-10 tgt_latency Register bit assignments

Table 3-11 shows the bit assignments.
Table 3-11 tgt_latency Register bit assignments

3.3.11

Bits

Name

Function

[31:28]

-

Reserved. Do not modify. Read as zero.

[27:16]

ar_tgt_latency

AR channel target latency.

[15:12]

-

Reserved. Do not modify. Read as zero.

[11:0]

aw_tgt_latency

AW channel target latency.

Latency regulation Register
The latency regulation Register characteristics are:
Purpose

Latency regulation value, AWQOS or ARQOS, scale factor coded for
powers of 2 in the range 2-5 to 2-12, to match a 16-bit integrator. See
Latency regulation on page 2-11 for more information.

Usage constraints There are no usage constraints.
Configurations

Only available when you select latency regulation in AMBA Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-11 shows the bit assignments.
31

11 10

0

Reserved

ar_ki

8 7

3 2
Reserved

0

aw_ki

Figure 3-11 ki Register bit assignments

Table 3-12 shows the bit assignments.
Table 3-12 ki Register bit assignments
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Bits

Name

Function

[31:11]

-

Reserved. Do not modify. Read as zero.

[10:8]

ar_ki

ARQOS scale factor, power of 2 in the range 2-5 to 2-12.

[7:3]

-

Reserved. Do not modify. Read as zero.

[2:0]

aw_ki

AWQOS scale factor, power of 2 in the range 2-5 to 2-12.
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Table 3-13 defines the translation from the programmed value to the scale factor used to derive
the QoS value from the latency integrator. See Latency regulation on page 2-11 for more
information.
Table 3-13 Latency regulation scale factor translation

3.3.12

Latency regulation value

Latency regulation scale factor

0x0

2-5

0x1

2-6

0x2

2-7

0x3

2-8

0x4

2-9

0x5

2-10

0x6

2-11

0x7

2-12

QoS range Register
The qos_range Register characteristics are:
Purpose

Enables you to program the minimum and maximum values for the
ARQOS and AWQOS signals that the latency regulators generate. See
Latency regulation on page 2-11 for more information.

Usage constraints Do not set ar_min_qos to a value greater than ar_max_qos because this
causes unpredictable behavior.
Configurations

Only available when you select latency regulation in AMBA Designer.

Attributes

See Table 3-1 on page 3-3.

Figure 3-12 shows the bit assignments.
31

28 27

24 23

20 19

16 15

12 11

Reserved ar_max_qos Reserved ar_min_qos Reserved

8 7

4 3

0

Reserved

aw_max_qos

aw_min_qos

Figure 3-12 qos_range Register bit assignments

Table 3-14 shows the bit assignments.
Table 3-14 qos_range Register bit assignments
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Bits

Name

Function

[31:28]

-

Reserved. Do not modify. Read as zero.

[27:24]

ar_max_qos

Maximum ARQOS.

[23:20]

-

Reserved. Do not modify. Read as zero.

[19:16]

ar_min_qos

Minimum ARQOS.
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Table 3-14 qos_range Register bit assignments (continued)
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Bits

Name

Function

[15:12]

-

Reserved. Do not modify. Read as zero.

[11:8]

aw_max_qos

Maximum AWQOS.

[7:4]

-

Reserved. Do not modify. Read as zero.

[3:0]

aw_min_qos

Minimum AWQOS.
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Appendix A
Signal Descriptions

This chapter describes the QoS-301 signals. It contains the following sections:
•
Introduction on page A-2
•
AXI Slave Interface Block (ASIB) signals on page A-3
•
AXI Master Interface Block (AMIB) signals on page A-4.
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Signal Descriptions

A.1

Introduction
You can configure the CoreLink™ QoS-301 Network Interconnect Advanced Quality of Service
signals in the CoreLink NIC-301 Network Interconnect. The CoreLink QoS-301 Network
Interconnect Advanced Quality of Service also uses these signals.
The following subsections describe the CoreLink QoS-301 Network Interconnect Advanced
Quality of Service signals:
•
AXI Slave Interface Block (ASIB) signals on page A-3
•
AXI Master Interface Block (AMIB) signals on page A-4.
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A.2

AXI Slave Interface Block (ASIB) signals
You can configure the ASIB to have the QoS signals that Table A-1 shows.
Table A-1 ASIB signals

Name

Direction

Width

Description

AWQOSa

Input

[3:0]

The QoS value for this transaction. This acts as a priority and the higher the value, the higher the
priority.

ARQOSa

Input

[3:0]

The QoS value for this transaction. This acts as a priority and the higher the value, the higher the
priority.

a. This signal is an optional signal in the NIC-301 base product. This signal is overridden if you use QoS-301, and you use latency regulation.
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A.3

AXI Master Interface Block (AMIB) signals
You can configure the AMIB to have the QoS signals that Table A-2 shows. A connected slave
can use these signals to arbitrate between different transactions based on the priority value.
Table A-2 AMIB signals

Name

Direction

Width

Description

AWQOS

Output

[3:0]

The QoS value for this transaction. This acts as a priority and the higher the value, the higher the
priority.

ARQOS

Output

[3:0]

The QoS value for this transaction. This acts as a priority and the higher the value, the higher the
priority.
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Appendix B
Revisions

This appendix describes the technical changes between released issues of this book.
Table B-1 Issue A
Change

Location

Affects

First release

-

-

Table B-2 Differences between issue A and issue B
Change

Location

Affects

Added a Flash animation to demonstrate transactions and responses in a NIC-301
interconnect that does not use QoS-301

Example 2-1 on page 2-3

All revisions

Added a Flash animation to demonstrate transactions and responses in a NIC-301
interconnect that uses QoS-301

Example 2-2 on page 2-4

All revisions

Added a worked example that describes how to program the TSPEC regulator registers

Example 2-3 on page 2-9

All revisions
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