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Chapter 1
SDK Overview

1.1 What's New in LS1046A BSP v0.4

NXP Digital Networking is pleased to announce the release of the release of SDK 2.0, LS1046A BSP v0.4.

Highlights

e This is an early access release supporting LS1046A where loads are restricted to be issued in order. Future releases will
add additional functionality and performance improvements.

e |tis an incremental release to BSP v0.1, v0.2, v0.3 and v0.3.1, which are based on QorlQ SDK 2.0.

¢ This release includes the image tarball including ITB (kernel, dtb and core rootfs built by Yocto), u-boot, rcw, ramdisk,
toolchain, 64MB QSPI flash image.

¢ Follow README file in the patch tarball to install this release.
See full list of features and changes below:

PPA

e LPM20

Linux Kernel Core, Virtualization

* No change since BSP v0.3.1

Linux Kernel Drivers

* LPUART (not present on RDB)

e Power Management: LPM20

User Space Datapath Acceleration Architecture (USDPAA) and Reference Applications
* No change since BSP v0.3.1

U-Boot Boot Loader

e LPUART (not present on RDB)

Other Tools and Utilities

* No change since BSP v0.3.1

Benchmark

* NAS

e USDPAA IPSec

For a list of known and fixed issues in LS1046A BSP v0.4, see “Known Issues on page 21” in the Overview section.

1.2 Components
Top-level components in SDK 2.0, LS1046A BSP v0.4
Overall

* PPA

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016
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* Linux Kernel and Virtualization

e Linux Kernel Drivers

* User Space Datapath Acceleration Architecture (USDPAA) and Applications
» U-Boot Boot Loader

* Other Tools and Utilities

e Benchmark

PPA

e EL3 initialization of the platform

* CPU ON/OFF

e LPM20

* SMP boot in the Linux kernel

Linux Kernel Core and Virtualization

* Linux kernel 4.1.8

* ARM A72 (AARCH®64), Little Endian (default)
* ARM Generic timer

* 64-bit effective addressing

¢ 64-bit SMP kernel, 4 cores

* Huge Pages (hugetlbfs)

» Kernel-based Virtual Machine (KVM)

e Libvirt 1.2.19

* Linux Containers (LXC) 1.1.4 function support
Linux Kernel Driver

* LS1026A personality

* Booting kernel from QSPI flash and root filesystem in NVME card
* CAAM

e DUART

* GIC-400 (Interrupt Controller) support

* DPAA networking, 10G XFI (2 ports on Fman)
e DPAA networking, 1G RGMII

* DPAA networking, 1G SGMII

* eMMC/eSDXC card

* Flextimer

e FMD

* GPIO

e 12C

* |EEE1588 driver, ptpd stack

* IFC NAND

¢ |[FC NOR (not present on RDB)

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016
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User Space Datapath Acceleration Architecture (USDPAA) and Applications

KVM, LXC

LPUART (not present on RDB)

PCle 3.0 Gen1 - 1000 card support
PCle endpoint

PCle MSI

Power management: CPU idle, CPUFreq, DFS, LPM20

Q/Bmana

QDMA

QSPI flash

SATA controller

USB 3.0: storage, audio
Watchdog

Device-tree handling

QMan and BMan drivers and C API
DMA Memory Management
Network Configuration

CPU Isolation

PPAC Reflector

Hello Reflector

IP Forward (route cache)

IP Forward (longest prefix match)
Simple Crypto

Simple Proto

U-Boot Boot Loader

U-boot version 2016.01

64-bit DDR4 SPD support (through 12C EEPROM)
CCl400

CGU (clock generation unit)

DUART

DSPI

Fman IM mode, 1G RGMII

IFC NAND

IFC NOR, NOR boot (not present on RDB)
LPUART (not present on RDB)

PBI command

PCle Gen1 - e1000 card support

PCle Gen2

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016
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PCle Gen3 — msi display card
QSGMII (not present on RDB)
SD/MMC boot

SD/MMC controller

SGMII

12C

OCRAM - bp140_wrapper (w/BP140) (Security Mem)(64KB)
PPA integration

QSGMII

QSPI boot

QSPI flash

QSPI secure boot

Serdes lane

XFI (2 ports on Fman)

SATA controller

USB 3.0

Other Tools and Utilities

Busybox
CsT
FLIB
FMC
FMLIB

Standalone application of Aquantia firmware programming

Benchmark

Coremark

Dhrystone

EEMBC

LMBENCH

Linux IPv4 Forward

Linux IPSec

Linux TCP termination

NAS

USDPAA LPM and RC IP Forward (24G configuration)
USDPAA IPSec

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016
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1.3 Known Issues

Known issues for this and previous releases of SDK 2.0, LS1046A BSP

The following table lists Known Issues in the BSP. Each issue has an identifier, a description, a disposition, a workaround (if

available), and the release in which the issue was found or resolved.

ID
N/A

QLINUX-5835,
QLINUX-5836,QLI
NUX-5837

QLINUX-5840

QLINUX-5898

Description

Error packet may
occur on XFI2 port
when not using
Finisar optical
module (shipped
in the board kit)
and blue fiber
cable.

Kernel crash
encountered
during long term
performance test
using netperf on
10G XFI port.

1. Occurrence:
rare. Seen
once over
many iterations
of the netperf
test.

2. Not seen
during any
other type of
tests.

3. Requires
system reset
due to kernel
panic.

Sandisk, Kingston
and Apacer USB
3.0 drive were
verified.
Enumeration issue
is faced with
certain disks.

PCle end point
mode can't be
detected with x86
PC host.

Disposition Opened in

LS1046A BSP
v0.1

Hardware Issue

LS1046A BSP
v0.1

Resolved

LS1046A BSP
v0.1

Open

LS1046A BSP
v0.2

Open

Table continues on the next page...
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Table continued from the previous page...

QLINUX-5988 There is kernel call | Open LS1046A BSP
trace while doing v0.4
bridge
performance test
over PCle and 10G
ports in MSI mode
QLINUX-5989 The system cannot | Open LS1046A BSP
enter sleep when v0.4
enabling IFC.
QLINUX-5930 The system cannot | Open LS1046A BSP
enter sleep when v0.4
enabling Qman.
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Chapter 2
Getting Started

Yocto Project is an open-source collaboration project for embedded Linux developers. Yocto Project uses the Poky build
system to make Linux images. For complete information about Yocto Project, see https://www.yoctoproject.org/.

2.1 SDK File System Images

This section describes the file system images that can be built using standard Yocto Project recipes included with the NXP
SDK.

The file system images contain the programs, scripts, and other files that make up Linux user space. There are five standard
images. They are described in the following sections.

In the SDK installation directory, look in meta-freescale/recipes-£sl/images for files that define these images.

Where to start: “€s1-image-£full” contains a rich set of standard Linux features and all special NXP SDK-specific features.
It is the best starting point for exploration and evaluation.

2.1.1 fsl-image-minimal: A Barebones Starting Point for
Products

Contents:
This is a barebones image. It contains a small file set that allows Linux to boot and little else.
Purpose:

This image is intended as a starting point for product development. Users may add packages to it to form an image that
targets their particular project or purpose. Packages may be added by editing conf/local.conf and adding new packages to
be built and installed via

IMAGE_INSTALL append = " packagel package2 etc"
Then, rebuild the image using bitbake. The result will be an image that is small enough for simple flash devices and is harrowly

focused on a specific goal.

Users must add packages to “fsl-image-minimal” to make it useful. Thus it is not intended for “out-of-the-box” evaluation.
Instead, use it as the basis for targeted images for your specific product.

2.1.2 fsl-image-mfgtool: A Small Flash Image for Managing
Disks and Larger Images

Contents:

This is a small image that NXP preprograms into the flash on development boards. On many boards, the image is stored in
a NOR flash and is loaded into a RAM disk when Linux boots. It contains disk management functions as described in the
next section.

Purpose:

This image is intended to help users to load much larger images onto disks or disk-like devices such as SDHC cards or USB
thumb drives. Thus, this image contains networking support to transfer images and also standard Linux disk and file system
manipulation commands.

NXP preloads “fsl-image-full” (see below) onto disks on development boards that have them. For these boards, “fsl-image-
mfgtool” can be used to restore the larger disk image if it becomes corrupted.
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Users will find that it is often convenient to work with larger images and may wish to install “fsl-image-full” onto a disk-type
device and use it with NXP development boards that do not come with a disk drive.

The networking and disk management commands that NXP supplies are standard Linux commands. They are, in fact,
identical on all architectures and thus are not unique to NXP. Users with Linux experience will find them familiar. They include:

* ifconfig, ip, route, etc. (configure networking)

e ftp (transfer files via the network)

* scp (another way to transfer files via the network)
e date and rdate (set date and time)

* fdisk (partition disks and disk-type devices)

* mkfs (make file systems)

e tar (extract file system images, and more)

» fsck (check file systems)

* mount/umount (mount and umount file systems)

2.1.3 fsl-image-full: A Full-Featured Image, Useful Out-of-Box

Contents:

This is a large image that contains many standard Linux commands and features including native (target-resident) versions
of the GNU tools including gcc and gdb.

If you boot this image, the resulting Linux environment will be much like a command-line on a full desktop-type Linux system
rather than an embedded system.

Purpose:

While this type of image may not be appropriate for a final embedded product, it can be very helpful for many development
and evaluation tasks. The reason is the full set of standard Linux facilities that are already present in the image. In fact, users
may find that they can use this image instead of installing the Yocto Project-based NXP SDK onto a development system, at
least initially.

For this reason, “fsl-image-full” is preinstalled on the disk drives of NXP development boards that have disks.

For example, the image is complete enough that the standard Linux open source command sequence “configure; make”
stands a decent chance of working for arbitrary open source packages that do not happen to be on the image already.

To be clear, the NXP SDK is a Yocto Project/Poky-derived embedded distribution. However, the Yocto Project standard Linux
package set is large enough that if one enables a lot of the available packages, the result begins to have the feel of desk top
Linux. NXP added the special NXP-specific packages, and the result is “fsl-image-full.” It is intended for “out-of-the-box”
evaluation because it is rather complete.

2.1.4 fsl-image-core: A Small Image with NXP-Specific
Packages Present

Contents:
This is a small image somewhat like “fsl-image-minimal” except ilt contains all of the NXP-specific SDK packages.
Purpose:

This image is useful for evaluating the NXP-specific software packages in the context of a file system image that is much
more embedded-oriented than “fsl-image-full”

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016
24 NXP Semiconductors




Getting Started
Essential Build Instructions

Embedded file system images contain fewer helpful tools and utilities by definition. They are intended to support an embedded
product’s functionality rather than a developer’s tasks. Thus, it can be convenient to begin with “fsl-image-core” for evaluation
and planning and then later narrowly extend “fsl-image-minimal” to support your embedded product.

2.1.5 fsl-image-virt: An image for KVM deployment

Contents:

This is an image which contains the specific packages needed to enable virtualization.

Purpose:

This image is useful for virtualization scenarios (KVM, libvirt, Ixc). It contains:

* the guest root filesystem

e the guest image (ulmage format for Power based architectures and zimage for ARM based architectures)
e QEMU

* all necessary libraries and tools for libvirt and Ixc support

2.2 Essential Build Instructions

The following sections are essential to the build process and must be performed when using Yocto Project to build the SDK.
In order to install the SDK, prepare the host environment, setup Poky, and perform builds, follow the instructions in the
subsequent sections. When these steps are completed, the build process will be complete. Linux images that have been built
will be found in the following directory: build <machines/tmp/deploy/images/<machine>

See Additional Instructions for Developers for more information on using Yocto Project.

2.2.1 Install the SDK

1. Download and Install SDK 2.0 I1SO:
* As a prerequisite, QorlQ-SDK-V2.0-SOURCE-20160527-yocto.iso is required to be installed

* In order to speed up the build, QorlQ-SDK-V2.0-AARCH64-CACHE-20160527-yocto.iso is also recommended to be
installed.

2. Extract the LS1046A v0.4 tarball, and run the 'install' script to install the updates and sources to ISO install folder:

$ tar -xjf LS1046A-SDK-VO0.4.tar.bz2
$ ./LS1046A-SDK-V0.4/install

» During the install process, the user will be prompted to input the SDK 2.0 ISO installed location, i.e.,
<ISO_INSTALL_PATH>/QorlQ-SDK-V2.0-20160527-yocto.

2.2.2 Set Up Host Environment

Yocto Project requires some packages to be installed on the host.
The following steps are used to prepare the Yocto Project environment.

In general, Yocto Project can work on most recent Linux distributions with Python-2.7.3 or greater (excluding python3 which
is not supported), git-1.7.8 or greater, tar-1.24 or greater and required packages installed. The default Python is not 2.7.x on
some Linux distros, e.g. CentOS 6.5 installs python 2.6.6. Please follow below instructions to install the Python 2.7.x in custom
path instead of override the system default python, the override may cause system utilities breaking.

$ wget https://www.python.org/ftp/python/2.7.6/Python-2.7.6.tar.xz
[NOTE: Python 2.7.3 and python 2.7.5 can be used as well.]
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tar -xf Python-2.7.6.tar.xz

cd Python-2.7.6

./configure --prefix=/opt/python-2.7.6
make

vr r r r

sudo make install

Please run below export command to ensure python 2.7.x is used for Yocto build.
$ export PATH=/opt/python-2.7.6/bin:$PATH

Yocto Project supports typical Linux distributions:Ubuntu, Fedora, CentOS, Debian, OpenSUSE, etc. More Linux distributions
are continually being verified. This SDK has been verified on following Linux distributions: Ubuntu 14.04, CentOS-7.1.1503,
Debian 8.2, Fedora 22 and OpenSUSE 13.2

For a list of the Linux distributions tested by the Yocto Project community see SANITY_TESTED_DISTROS in poky/meta-
yocto/conf/distro/poky.conf.

The following is the detailed package list on the CentOS hosts:

$ sudo yum install gawk make wget tar bzip2 gzip python unzip perl patch \
diffutils diffstat git cpp gcc gcc-c++ glibc-devel texinfo chrpath socat SDL-devel xterm

For the Fedora hosts:
$ sudo yum install gawk make wget tar bzip2 gzip python unzip perl patch \
diffutils diffstat git cpp gcc gcc-c++ glibc-devel texinfo chrpath \
ccache perl-Data-Dumper perl-Text-ParseWords perl-Thread-Queue socat \
findutils which SDL-devel xterm

For Ubuntu and Debian hosts:

$ sudo apt-get install gawk wget git-core diffstat unzip texinfo gcc-multilib \
build-essential chrpath socat libsdll.2-dev xterm

Extra packages are needed for Ubuntu-64b:
$ sudo apt-get install 1ib32zl1 lib32ncurses5 1ib32bz2-1.0 ia32-1libs lib32ncurses5-dev
For OpenSUSE host:

$ sudo zypper install python gcc gcc-c++ libtool subversion git chrpath automake make wget
diffstat makeinfo freeglut-devel 1ibSDL-devel

2.2.3 Set Up Poky

Source the following poky script to set up your environment for your particular NXP platform. This script needs to be run once
for each terminal, before you begin building source code.

$ . ./fsl-setup-env -m <machine>
For example:
$ . ./fsl-setup-env -m 1lsl046ardb

The following shows the usage text for the £s1-setup-env command:
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Usage:
$ . ./fsl-setup-env -h
Usage: . fsl-setup-env -m <machines

Supported machines
1sl046ardb

Optional parameters:

* [-m machine]: the target machine to be built.

* [-b path]: non-default path of project build folder.

* [-j jobs]: number of jobs for make to spawn during the compilation stage.

* [-t tasks]: number of BitBake tasks that can be issued in parallel.

* [-d path]: non-default path of DL DIR (downloaded source)

* [-c path]: non-default path of SSTATE DIR (shared state Cache)

* [-g]: enable Carrier Grade Linux

* [-17: lite mode. To help conserve disk space, deletes the building
directory once the package is built.

* [-h]: help

2.2.4 Build Kernel itb

Follow these steps to do builds using Yocto Project. Be sure to set up the host environment before doing these steps.

1.
$ cd <ISO-install-dir>/QorIQ-SDK-V2.0-20160527-yocto

2.
S bitbake fsl-image-kernelitb

NOTE
fsl-image-kernelitb:is a FIT image that includes the Linux image, dtb and rootfs image. For
additional Yocto Project usage information, refer to https://www.yoctoproject.org/

2.3 Additional Instructions for Developers

This section describes additional "How To" instructions for getting started with Yocto Project.

Each set of instructions is aimed towards developers that are interested in modifying and configuring the source beyond the
default build. Each section will describe instructions on how to use Yocto Project to achieve a specific development task.

2.3.1 Customize U-Boot

To Modify U-Boot Configuration:

Modify uBooT_conric. Values for uBooT conric are listed in <sdk-install-dirs/sources/meta-nxp-npi-1lsl046a/

conf/machine/<machines.conf

e.g. UBOOT_CONFIG ??="nor"

To Modify U-Boot Source Code:
If source code has already been installed, please skip steps 1 & 2 and proceed modifying source code.

1. ¢ bitbake -c cleansstate u-boot
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NOTE
Other helpful bitbake cleaning commands:

bitbake -c¢ clean <targets>

* Removes work directory in build <machine>/tmp/work
bitbake -c¢ cleansstate <target>

* Removes work directory in build <machine>/tmp/work

* Removes cache files in <sdk-install-dir>/sstate-cache/ directory.

2. $ bitbake -c patch u-boot

3. $ cd <s> and modify the source code. Follow instructions to "Rebuild U-Boot Image" when you are finished modifying
source code.

NOTE
Usebitbake -e <package-name> | grep *S=togetvalue of <S>, the package source code
directory.
To Rebuild U-Boot Image:
1. $ cd build <machines
2. $ bitbake -c compile -f u-boot
3. ¢ bitbake u-boot
NOTE

U-Boot image can be found in build <machines>/tmp/deploy/images/<machines>/

2.3.2 Customize Linux Kernel
How to Configure, Modify, or Rebuild the Linux Kernel

To Modify Kernel Source Code:

If source code has already been installed, please skip steps 1 & 2 and proceed modifying source code.
1. $ bitbake -c cleansstate virtual/kernel

2. $ bitbake -c patch virtual/kernel

3. $ cd <S> and change the source code. Follow instructions to "Rebuild Kernel Image" when you are finished modifying
source code.

NOTE
Use bitbake -e <package-name> | grep *S= getthe value of <S> (package source code
directory).

To Change the Kernel defconfig:
1. Update KERNEL_DEFCONFIG variable in <sdk-install-dir>/sources/meta-freescale/conf/machine/<machine>.conf

To Change dts:

1. Update KERNEL_DEVICETREE variable in <sdk-install-dir>/sources/meta-freescale/conf/machine/<machine>.conf

To Do menuconfig:

1. ¢ bitbake -c menuconfig virtual/kernel
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NOTE
If you are going to reuse this new kernel configuration for future builds, tell menuconfig to "Save
Configuration to Alternate File" and give it an absolute path of /tmp/my-defconfig. If you do not
do this, the new defconfig file will be removed when doing a clean/cleansstate for kernel.

NOTE
This runs the normal kernel menuconfig within the Yocto Project environment. If the kernel
configure Ul cannot open, edit /<yocto_install path>/build <machines/conf/
local.conf and add the following based on your environment (prior to issuing the bitbake
command).

For a non-X11 environment:

e OE TERMINAL = "screen"

The following commands can be used for the other environments:
For a GNOME environment (default):

e OE TERMINAL = "gnome"

For a KDE environment:

e OE TERMINAL = "konsole"

For non-GNOME and non-KDE environments:

e OE_TERMINAL = "auto"

To Rebuild Kernel Image:
1. $ cd build <machines>
2. $ bitbake -c compile -f virtual/kernel

3. $ bitbake virtual/kernel

NOTE
Kernel images can be found in <sdk-install-dir>/build <machine>/tmp/deploy/

images/<machine>/

2.3.3 Build Native Packages

How to Build Native Packages for the Host
Native packages such as cst-native are supported in Yocto Project. To build a native package, do the following:

$ bitbake cst-native

NOTE
The binaries can be found in build <machines>/tmp/sysroot/
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Chapter 3
Deploy U-Boot, Linux Kernel, and Root Filesystem
to a Reference Design Board (RDB)

3.1 Introduction

This chapter describes how to deploy U-Boot, Linux kernel and root file system to the NXP Reference Design Board (RDB) .
The guide starts with generic host and target board pre-requisites. This is followed by board-specifc configuration:

* Switch Settings

* U-Boot environment Variables

* Management Complex(MC), DPC, DPL

* Reset Configuration Word (RCW) and Ethernet Interfaces (if applicable)
* System Memory Map

* Flash Bank Usage

The "Switch Settings" section within each guide shows the default switch settings for the reference design board. If more
information is needed beyond the scope of the default configuration, refer to the reference design board's Quick Start Guide
and Reference Manual/ User Manual.

For reference design boards with more than one QSPI flash, the "Programming a New U-Boot, RCW, Management Complex"
section describes how the user can individually or simultaneously update U-Boot, RCW, and Management Complex, DPC,
DPL by flashing them to the board's second QSPI flash prior to deployment.

Once the board is set-up and configured appropriately, select one of the following deployment methods:

¢ Ramdisk deployment from TFTP

* Ramdisk deployment from Flash

* NFS deployment

* Harddisk deployment (if applicable)

» SD deployment (if applicable)

* Hypervisor deployment (if applicable)

Each of these guides will step you through the deployment method of your choice.

3.2 Basic Host Set-up

Since TFTP will be used to download files onto the target board, a TFTP server must be running on your host system. If you
are going to use NFS deployment then an NFS server must also be running on your host system.

Once TFTP and NFS servers are installed, use the following generic instructions to complete the host set-up:

1. Create the tftboot directory.

mkdir /tftpboot
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2. Copy over kernel, bootloader, and flash filesystem images for your deployment to the /tftpboot directory:

cp <yocto work dirs>/build <platform> release/tmp/deploy/images/* /tftpboot

3. Use Yocto Project to generate a tar.gz type file system, and uncompress it in <nfs_root_path>.

4. Edit /etc/exports and add the following line:

<nfs_root path> <target board IP> (rw,no_root_ squash, async)

5. Edit /etc/xinetd.d/tftp to enable TFTP server:

service tftp

{

disable= no

socket type= dgram
protocol= udp

wait= yes

user= root

server= /usr/sbin/in.tftpd
server args= /tftpboot

}
6. Restart the nfs and tftp servers on your host:

/etc/init.d/xinetd restart
/etc/init.d/nfs restart

7. Connect the board to the network.

8. Connect the target to the host via a cross cable serial connection.

9. Open a serial console tool on the host system and set it up to talk to the target board:
¢ Select appropriate serial device.

» Configure the serial port with the following settings: Baud rate = 115,200; Data = 8 bit; Parity = none; Stop = 1 bit; Flow
control = none.

* Power on board and see the console prompt.

NOTE
(i) The Linux distribution running on your host will determine the specific instructions to use.

(i) Steps 3 and 4 are only necessary when using NFS deployment.

3.3 Supported Boards
3.3.1 LS1046ARDB

3.3.1.1 Overview

The LS1046A reference design board (RDB) is the high-performance computing, evaluation, and development platform that
supports the QorlQ LS1046A processor. This guide provides board-specific configurations and instructions for different
methods of deploying U-Boot, Linux kernel and root file system to the target board.
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3.3.1.2 Switch Settings

The RDB has user selectable switches for evaluating different boot options for the LS1046A device. Table below lists the

default switch settings and the description of these settings.('0' is OFF, '1'is ON.)

Table 1. Default Switch Settings

1 2 3 4 5 8
SW3 0 1 0 0 0 0
Sw4 0 0 1 1 1 1
SW5 0 0 1 0 0 0

Below are additional switch settings for alternate boot devices. Please note that changing the boot device configuration may
require additional changes in the RCW or in other code images.

Table 2. LS1046ARDB Switch Settings

Boot Source

QSPI flash 0 (bank0)
QSPI flash 1 (bank4)
SD

Switch

SW5[1-8] +SW4[1] = 0b'00100010_0 SW3[3-5]= 0b'000
SWH5[1-8] +SW4[1] = 0b'00100010_0 SW3[3-5]= 0b'001
SWH5[1-8] +SW4[1] = 00'00100000_0

3.3.1.3 U-Boot Environment Variables

The following sections will guide the users on how to set the U-Boot environment and configure the U-Boot network

parameters.

3.3.1.3.1 U-Boot Environment Variable "hwconfig"

Environment variable "hwconfig" is used within the U-Boot bootloader to convey information about desired hardware

configurations. It is an ordinary environment variable in that:

* |t can be set in the U-Boot prompt using the "setenv" command.

* |t can be removed from the U-Boot environment by setting it to an empty value, i.e.

=>setenv hwconfig

* |t can be modified in the U-Boot command prompt using the "editenv" command.
* |t can be saved in the U-Boot environment via the "saveenv" command.

Variable "hwconfig" is set to a sequence of option:value entries separated by semicolons.

The default setting for for "hwconfig" on LS1046ARDB is as follows:

hwconfig = fsl ddr:bank intlv=auto
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3.3.1.3.2 Configuring U-Boot Network Parameters

To support TETP based deployments, set up the U-Boot environment once, and save it, so that settings persist on subsequent

resets.

=>setenv ipaddr <board ipaddress>

=>setenv serverip <tftp serverip>

=>setenv gatewayip <your gatewayip>

=>setenv ethaddr <mac addr0>

=>setenv ethladdr
=>setenv eth2addr
=>setenv eth3addr
=>setenv ethprime

<mac addrl>
<mac addr2>
<mac addr3>
<ethx>

=>setenv ethact <ethx>

=>setenv netmask 255.255.x.x

=>saveenv

NOTE

* <ethx> is the Ethernet port on the board connected to the Linux boot server. "netmask” is subnet
mask for the Linux boot server's network.

Below is one example of the MAC address configuration corresponding to the set up above. Change these values to approriate
MAC addresses appropriate for your board.

=>setenv ethaddr 00:€0:0c:00:89:00
=>setenv ethladdr 00:€0:0c:00:89:01
=>setenv eth2addr 00:€0:0c:00:89:02
=>setenv eth3addr 00:€0:0c:00:89:03

=>saveenv

NOTE

1. For boards with more network interfaces, additional environment variables need to be set (e.qg.,
eth6addr, eth7addr,...).

2. In the overwhelming majority of cases, eth<*>addr can be autoset.

Now the flashed version of U-Boot is ready for performing TFTP based deployments.

3.3.1.4 Frame Manager Microcode (FMan Ucode)

There are microcode binaries for the Frame Manager hardware block that is in QorlQ products. Specific platforms require
specific binaries, and those also have to match specific software versions (i.e., match Frame Manager Driver version). See
the U-Boot log for LS1046A version information and also for the version of FMan microcode currently flashed on the LS1046A
(e.g., microcode version 108.4.19). For QorlQ SDK 2.0, one of the following FMan microcode binaries should be used:

fsl fman ucode t2080 rl.1 106_4 18.bin

NOTE

(i) Refer to the "readme" and release notes in the microcode git repository for a description of the
various microcode releases.

(ii) For instructions on how to flash a new FMan microcode image, see Programming a New U-boot,

RCW, FMan Microcode.

(iii) Using a microcode binary from an older SDK (e.g., SDK 1.9) with a Linux kernel from SDK 2.0
is not supported.
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3.3.1.5 RCW (Reset Configuration Word) and Ethernet Interfaces

The RCW directories' names conform to the following naming convention:

ab_cdef ghij

Table 3. RCW directories Naming Convention Legend

Slot Convention
a 'R' indicates RGMII1 @ DTSEC3 is supported

‘N' if not available/not used

b 'R' indicates RGMII2@DTSEC4 is supported

‘N' if not available/not used

c What is available in SerDes1 Lane 0
d What is available in SerDes1 Lane 1
e What is available in SerDes1 Lane 2
f What is available in SerDes1 Lane 3
g What is available in SerDes2 Lane 0
h What is available in SerDes2 Lane 1

[ What is available in SerDes2 Lane 2

j What is available in SerDes2 Lane 3

Table 4. For Lanes (C through H)

Flag Convention

'N' NULL, not available/not used
P’ PCle

X' XAUI

S’ SGMII

Q QSGMII

F XFI

H SATA

‘Al AURORA
For example,

RR_FFPPPN_1133_ 5559
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means:
* RGMII1 @DTSEC3 on board
* RGMII2@DTSEC4 on board
e XFI9 on Copper port

* XFI10 on SFP cage

e SGMII5 on SGMIIT port

* SGMII6 on SGMII2 port

e PCle1 on miniPCle slot

* PCle2 on Slot 2

* PCle3 on Slot 3

e SATA

» SERDESH1 Protocol is 0x1133
* SERDES2 Protocol is 0x5559

The RCW file names for the Is1046ardb conform to the following naming convention:

rcw_<frequency> <specialsettings>.rcw

Table 5. RCW Files Naming Convention Legend

Code Convention

frequency Core frequency(MHZ)

specialsetting bootmode QSPI/SD/EMMC
special support emmc: eMMC boot

sdboot: SD boot
sben: Secure boot

gspiboot: QSPI boot

For example,

rcw_1600_sdboot.rcw means rcw for core frequency of 1600MHz with sd boot.

1s1046ardb/RR_FFPPPN 1133 5559/rcw 1600 gspiboot.rcw means rcw for core frequency 0f 1600MHz with
QSPI boot.

The following RCW binaries are used on the Is1046ardb:

RR_FFPPPN_ 1133 5559/rcw_1600_ gspiboot.bin
RR_FFPPPN_1133 5559/rcw_1600_ gspiboot sben.bin

3.3.1.6 System Memory Map

In 64-bit u-boot, there is a 1:1 mapping of physical address and effective address. After system startup, the boot loader maps
physical address and effective address as shown in the following table:
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0x50 0000 0000

0x57 FFFF_FFFF

Start Physical Address End Physical Address Memory Type Size

Secure Boot ROM 1MB
0x00_0000_0000 0x00_O0OFF_FFFF

CCSR 240MB
0x00_0100_0000 0x00_OFFF_FFFF

OCRAMO 64KB
0x00_1000_0000 0x00_1000_FFFF

OCRAM1 64KB
0x00_1001_0000 0x00_1001_ FFFF

DCSR 64MB
0x00_2000_0000 0x00_23FF FFFF

QSPI 512MB
0x00_4000_0000 0x00_S5FFF_FFFF

IFC region 512MB
0x00_6000_0000 0x00_7FFF_FFFF

DRAM 2GB
0x00_8000_0000 0x00_FFFF_FFFF

QMAN S/W Portal 128M
0x05_0000_0000 0x05_07FF_FFFF

BMAN S/W Portal 128M
0x05_0800_0000 0x05_OFFF_FFFF

DRAM 30GB
0x08_8000_0000 0x0F_FFFF_FFFF

PCI Expressi 32G
0x40_0000_0000 0x47_ FFFF_FFFF

PCI Express2 32G
0x48 0000_0000 0x4F_FFFF_FFFF

PCI Express3 32G

3.3.1.7 Flash Bank Usage
LS1046ARDB has 2 QSPI flash connected over QSPI contoller.

Only one QSPI flash is available at a time depending upon the board switch settings. These switch settings can also be
overriden by CPLD commands.

To protect the default U-Boot in flashO (aka bankO0), it is a convention employed by NXP to deploy work images into the flash1
(aka bank4), and then switch to the flash1 (aka bank4) for testing. Switching to the flash1 (aka bank4) can be done in software
using CPLD commands and effectively swaps the flashO (aka bank0) with the flash1 (aka bank4). This protects flash1 and
keeps the board bootable under all circumstances.
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To determine the current bank, refer to the U-Boot log:

U-Boot 2016.01

SoC:

LS1046E

Clock Configuration:

CPUO (A72) :1600 MHz

(Aug 19 2016

(0x87070010)

CPU3 (A72) :1600 MHz

Bus: 600 MHz

DDR :

Deploy U-Boot, Linux Kernel, and Root Filesystem to a Reference Design Board (RDB)

16:59:27 +0800)

CPU1 (A72) :1600 MHz

Reset Configuration Word (RCW) :

I2C:
Model:
Board:
CPLD:
PCBA:

00000000: 0cl150010
00000010: 11335559
00000020: 00000000
00000030: 20124000

ready

LS1046A RDB Board
L.S1046ARDB, boot from QSPI vBank 0

V2.2
V2.0

SERDES Reference Clocks:
SD1_CLK1l = 156.25MHZ,

DRAM:

0e000000 00000000
40005012 40025000
00000000 00000000
00003101 00000096

SD1_CLK2 = 100.00MHZ

Initializing DDR....using SPD

Detected UDIMM 18ASF1G72AZ-2G3B1

8 GiB

SECO:

(DDR4, 64-bit, CL=15,
DDR Chip-Select Interleaving Mode:
RNG instantiated

PPA Firmware: Version 0.2

Using SERDES1 Protocol: 4403

Using SERDES2 Protocol:

NAND :
MMC :

SF: Detected S25FL512S 256K with page size 256 Bytes,
EEPROM:

PCIel:
PCIe2:
PCIe3:
In:
Out:
Err:

512 MiB
FSL_SDHC: 0

Invalid ID (5a
Root Complex no
Root Complex no
Root Complex no
serial
serial
serial

SATA link 0 timeout.
AHCI 0001.0301 32 slots 1 ports 6 Gbps 0x1 impl SATA mode
64bit ncqg pm clo only pmp fbss pio slum part ccc apst

flags:

Found 0 device(s) .
Net: SF: Detected S25FL512S_ 256K with page size 256 Bytes, erase size 256 KiB, total 64 MiB
Fmanl: Uploading microcode version 106.4.15
FM1@DTSEC3 [PRIME], FM1@DTSEC4, FM1@DTSECS5,

SCSI:

Hit any key to stop autoboot:

=>

21849

5a 5a
link,
link,
link,

ECC on)

(0x1133)
(0x5559)

5a)

2100 MT/s

00000000
c1000000
00238800
00000001

Cs0+CS1

regs @ 0x3400000
regs @ 0x3500000
regs @ 0x3600000

0

FMAN :

CPU2 (A72) :1600 MHz

700 MHz

erase size 256 KiB,

total 64 MiB

FM1@DTSEC6, FM1@TGEC1l, FM1@TGEC2

Bank switching can be done in U-Boot using the following statements:

* Switch to QSPI bank 0(default) for RDB:

=>cpld reset

¢ Switch to QSPI bank 4 for RDB:

=>cpld reset altbank

The table below shows the QSPI flash memory map for LS1046ARDB:
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Table 6. QSPI Flash Memory Map for LS1046ARDB

Start End Offset Description Size
0x40000000 0x400FFFFF bankO rcw + pbi 1M
0x40100000 0x401FFFFF bank0 U-Boot image 1M
0x40200000 0x402FFFFF bank0 U-Boot Env 1M
0x40300000 0x403FFFFF bank0 Fman ucode 1M
0x40400000 0x404FFFFF bank0 UEFI 1M
0x40500000 0x406FFFFF bank0 Primary Protected Application (PPA) 2M
0x40700000 0x408FFFFF bankO Secure boot header + bootscript 2M
0x40900000 O0x40FFFFFF bankO0 reserved 7™M
0x41000000 0x43FFFFFF bankO FIT Image 48 M
0x44000000 0x440FFFFF bank4 rcw + pbi 1M
0x44100000 0x441FFFFF bank4 U-Boot image 1M
0x44200000 0x442FFFFF bank4 U-Boot Env 1M
0x44300000 0x443FFFFF bank4 Fman ucode 1M
0x44400000 Ox444FFFFF bank4 UEFI 1M
0x44500000 0x446FFFFF bank4 PPA 2M
0x44700000 0x448FFFFF bank4 Secure boot header + bootscript 2M
0x44900000 O0x44FFFFFF bank4 reserved 7™M
0x45000000 0x47FFFFFF bank4 FIT Image 48 M

3.3.1.8 Programming a New U-Boot, RCW and FMan Ucode

The following three sections will discuss how to individually update U-Boot, RCW. For specific addresses, please refer to the
QSPI Flash Memory Map as a reference.

Prior to continuing with the following instructions, please refer to Configuring U-Boot Network Parameters to make sure all
necessary U-Boot parameters have been set.

Here are U-Boot commands to switch between the three different boot sources:
1. cpld reset: reset to boot from current bank
2. cpld reset altbank: resetto boot from alternate bank

3. cpld reset sd: reset to boot from SD card

Programming a New U-Boot to QSPI flash

By default, an existing U-Boot is run in QSPI bank O after the system is powered on or after a hard reset is performed. To
flash U-Boot to the alternate bank, first switch to bank 0 by performing a hard reset or by typing reset. Then use the following
commands to flash a new U-Boot into the alternate bank and then switch to that alternate bank where the new U-Boot is
flashed:

=>tftp <uboot image addr> <uboot file name>.bin
=>sf probe 0:1
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=>sf erase 100000 +$filesize
=>sf write <uboot_ image addr> 100000 $filesize
=>cpld reset altbank

NOTE
1. Using "sf probe 0:0" could program U-Boot to the current bank.

2. The U-Boot image generated from code needs to be swapped. Yocto Project generates the
swapped U-Boot image, which is programmed into QSPI flash. For steps to build U-Boot without
using Yocto Project, refer to QSPI Deployment.

Programming a New RCW to QSPI flash

To program a new RCW, first switch to QSPI bank 0 by performing a hard reset or by typing reset. Next, load the new RCW
to RAM by downloading it via TFTP and then copying it to flash offset 0x0. 0x0 is the offset address of RCW in the QSPI
flash. Execute the following commands at the U-Boot prompt to program the RCW to QSPI flash and reset to alternate bank.

=>tftp <rcw_image_addr> <rcw_file name>.bin
=>sf probe 0:1

=>sf erase 0 +S$filesize

=>sf write <rcw_image addr> 0 $filesize;
=>cpld reset altbank

NOTE
Using "sf probe 0:0" could program RCW to the current bank.

Programming a New U-Boot to SD card

To program U-boot, first boot the board to u-boot. Next, load the new U-Boot SD boot image(u-boot-with-spl-pbl.bin) to RAM
by downloading it via TFTP and then copying it to SD card with blk offset 0x8. Execute the following commands at the U-
Boot prompt to program the U-Boot to SD card and reset to sd boot.

=>tftp <uboot_image_ addr> u-boot-with-spl-pbl.bin
=>mmc erase 8 0x800

=>mmc write <uboot image addr> 8 0x800

=>cpld reset sd

Program the image to SD card in Linux.

dd if=u-boot-with-spl-pbl-sd.bin of=/dev/sdb bs=512 seek=8

Programming a New FMan Microcode
Program a new microcode to QSPI flash 1(bank 4):

To program a new microcode, first switch to QSPI bank 0 by performing a hard reset or by typing cpld reset. Next, load the
new microcode to RAM by downloading it via TFTP and then writing it to flash offset 0x300000. 0x300000 is the offset of
ucode in the QSPI flash. Then execute the following commands at the U-Boot prompt to program the ucode to the boot device.

=>tftp <ucode image addr> <ucode file name>.bin
=>sf probe 0:1

=>gf erase 300000 +$Sfilesize

=>sf write <ucode image addr> 300000 $filesize

NOTE: Using "sf probe 0:0" could program microcode to the current bank.
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Program a new microcode to SD Card:

=>tftp <ucode_ image_ addr> <ucode file name>.bin

=>mmc write <ucode_ image addr> 820 50

3.3.1.9 Deployment

Each of these guides will step you through the deployment method of your choice. Please refer to the board's NOR Flash
Memory Map within Flash Bank Usage as reference for specific addresses.

3.3.1.9.1 FIT Image Deployment from TFTP

1.

2.

Setting U-Boot Environment
Before performing FIT image deployment, the U-Boot environment variables need to be configured.

Refer to Configuring U-Boot Network Parameters on page 33 to set the U-Boot environment variables. In addition,
execute the following commands at the U-Boot prompt to prepare for FIT image deployment from TFTP:

=>setenv bootargs ‘root=/dev/ram0 earlycon=uart8250,mmio,0x21c0500 console=ttyS0,115200"
=>saveenv

Booting Up the System

Execute the following commands to TFTP the image to the board, then boot into Linux.

=>tftp a0000000 <fit image name>
=>bootm a0000000

Now the board will boot into Linux .

3.3.1.9.2 FIT Image Deployment from Flash

1.

2.

3.

Setting U-Boot Environment

Before performing FIT image from flash, the U-Boot environment variables need to be configured. Refer to Configuring
U-Boot Network Parameters to set the U-Boot environment variables. In addition, execute the following commands at the
U-Boot prompt to prepare for deployment from flash:

=>setenv bootargs root=/dev/ram0 earlycon=uart8250,mmio, 0x21c0500 console=ttyS0,115200
=>setenv bootcmd sf probe 0:0;sf read <fit image addr> 1000000 2800000;bootm <fit image addr>
=>saveenv

Programming FIT image to QSPI Flash

The FIT image should be downloaded to the RAM address using TFTP then copied to flash offset 0x1000000 as per
"QSPI memory map" in Flash Bank Usage. At the U-Boot prompt, use the following commands to program the image to
QSPI current bank:

=>tftp <fit_image_addr> <fit_image_name>
=>sf probe 0:0
=>gf erase 0x1000000 +Sfilesize

=>sf write <fit image addr> 0x1000000 $filesize

Booting Up the System
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The kernel can boot up automatically after the board is powered on, or the following command can be used to boot up
the board at U-Boot prompt:

=>boot
or

=> bootm <fit image addr>

3.3.1.9.3 NFS Deployment

1. Generating File System
Use Yocto to generate a tar.gz type file system, and uncompress it for NFS deployment.
2. Setting Host NFS Server Environment

a. On the Linux host NFS server, add the following line in the file /etc/exports:

nfs_root path board ipaddress (rw,no_root_ squash,async)

b. Restart the NFS service:

/etc/init.d/portmap restart

/etc/init.d/nfs-kernel-server restart

NOTE
nfs_root_path: the NFS root directory path on NFS server.
3. Setting U-Boot Environment

The NFS file system generated by Yocto allows you to perform NFS deployment. Before performing NFS deployment, the
U-Boot environment variables need to be configured. Refer to Configuring U-Boot Network Parameters on page 33 to set
the U-Boot environment variables. In addition, execute the following commands at the U-Boot prompt to prepare for NFS
deployment:

=>setenv bootargs root=/dev/nfs rw nfsroot=<tftp serverips>:<nfs root path>
ip=<board ipaddr>:<tftp serverip>: <your gatewayips>:<your netmask>:<board names>:<ethx>:off
console=ttyS0,115200 earlycon=uart8250,mmio, 0x21c0500

=>saveenv

NOTE
<ethx> is the port connected on the Linux boot network.

Now U-Boot is ready for NFS deployment.
4. Booting up the System
TFTP the kernel FIT image to the board, then boot it up.

=>tftp a0000000 kernel.itb;
=>bootm a0000000:kernel@l - a0000000:fdt@l

Now the board will boot up with NFS filesystem.
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3.3.1.9.4 SD Deployment

Partition SD Card
1. Insert SD card into the Linux Host PC.

2. Use the "fdisk" command to repartition the SD card.
# fdisk /dev/sdb
3. Use the mkfs.ext2 command to creat the filesystem.

#mkfs.ext2 /dev/sdbl

NOTE

The first 2056 sectors of SD card must be remained for u-boot image

FIT Kernel Image and Root File System Deployment from SD Card
1. Insert SD card into the Linux Host PC.

2. Create temp director in host PC and mount the ext2 partition to the temp

#mkdir temp
#mount /dev/sdbl temp

3. Copy the FIT Kernel Image to the SD card partition.
#cp kernel.itb temp/
4. Copy the Root File System to the SD card partition.
#cp fsl-image-core-1sl043ardb <release date>.rootfs.tar.gz temp/

#tar xvfz fsl-image-core-1sl043ardb <release date>.rootfs.tar.gz
#rm fsl-image-core-1sl043ardb <release dates>.rootfs.tar.gz temp/

5. Umount the temp director

#umount temp

U-Boot Image Deployment from SD Card
e Form Linux Host PC
1. Insert SD card into Host.

2. Use the "dd" command
# dd if=u-boot-with-spl-pbl.bin of=/dev/sdb seek=8 bs=512

* Form Is1043ardb Board
1. Insert SD card into target board and power on.

2. Programming U-boot image to SD Card

=> tftpboot 82000000 u-boot-with-spl-pbl.bin
=> mmc write 82000000 8 800
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=> cpld reset sd

Setting U-Boot Environment

* Execute the following commands at the U-Boot prompt

=> setenv bootcmd "ext2load mmc 0 a0000000 kernel.itb && bootm a0000000"
* Using the Ramdisk as the Root File Systemp

=> setenv bootargs "root=/dev/ram0 earlycon=uart8250,mmio, 0x21c0500 console=ttyS0,115200"
* Using the Ext2 Partition of SD card as the Root File Systemp

=> getenv bootargs "root=/dev/mmcblkOpl rw earlycon=uart8250,0x21c0500 console=ttyS0,115200"
* Saving the environment

=>saveenv

NOTE
The kernel. itb is the name of your FIT Image, you can use the ext21s command to list it at
the U-Boot prompt

3.3.1.9.5 QSPI Deployment

Build U-Boot image for QSPI without Yocto Project

The U-Boot image generated from code needs to be swapped for QSPI boot. Yocto generates the swapped U-Boot image,
which is programmed into QSPI flash. Below are steps to build U-Boot without Yocto:

1. Compile QSPI boot image(enable QSPI):

$make distclean ARCH=aarch64 CROSS_ COMPILE=${toolchain path}/bin/aarché4-linux-gnu-
S$make ARCH=aarch64 $1sl046ardb gspi defconfig

$make CROSS COMPILE=${toolchain path}/bin/aarch64-linux-gnu- -j4

2. Swap the bytes for QSPI boot:

Stclsh byte swap.tcl rcw 1600 gspiboot.bin rcw 1600 gspiboot swap.bin 8

Stclsh byte swap.tcl u-boot-dtb.bin u-boot swap.bin 8

The byte_swap.tcl script is a shareable tool and can be found under rcw/Is1046ardb/ directory.

3. Switch to QSPI altbank:

=>cpld reset altbank

Or set switches referring to board configurations Switch Settings and power on the board from QSPI boot.
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Build Linux image and FIT image for QSPI boot

1. Compile Linux kernel image:

$make distclean ARCH=aarch64 CROSS COMPILE=${toolchain path}/bin/aarché4-linux-gnu-
Smake ARCH=armé64 S$make defconfig freescale.config

$make CROSS COMPILE=${toolchain path}/bin/aarch64-linux-gnu- -j4

2. Make it into kernel.itb:
Smkimage -f kernel-1sl046a-rdb.its kernel.itb

To boot kernel, please refer to FIT Image Deployment from TFTP and FIT Image Deployment from Flash.

3.3.1.10 Check 'Link Up' for Serial Ethernet Interfaces

Check Communication to External PHY

In order to check if U-Boot can communicate with the PHYs on the board, use the U-Boot command mdio list. The U-Boot
command mdio list will display all manageable Ethernet PHYs.

Example:

=> mdio list

FSL_MDIOO:

1 - RealTek RTL8211F <--> FM1@DTSEC3
2 - RealTek RTL8211F <--> FM1@DTSEC4
3 - RealTek RTL8211F <--> FM1@DTSECS5
4 - RealTek RTL8211F <--> FM1@DTSEC6
FM_TGEC_MDIO:

0 - Aquantia AQR107 <--> FM1@TGEC1l

The results from the above mdio list command show that U-Boot was able to see PHYs on each of the 4 DTSEC interfaces
and on the 10GEC interface. If you see “Generic” reported, it is an indication that something is there but the Is1046ardb can’t
communicate with the device/port.

Check Link Status for External PHY

In order to check the status of a SGMII link, you can use the mdio read command. Since this is a Clause 22 device, we pass
two arguments to the mdio read command.

mdio read <PHY address> <REGISTER Address>

Example:

=> mdio read FM1@DTSEC3 1
Reading from bus FSL_MDIOO
PHY at address 1:

1 - 0x79ad

The link partner (“copper side”) link status bit is in Register #1 on the PHY. The 'Link Status' bit is bit #2 (from the left) of the
last nibble. In the above example the nibble of interest is "d" (d = b'1101"), and therefore the 'Link Status' = 1, which means
'link up'. If the link were down this bit would be a "0," and we would see 0x79a9.
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3.3.1.11 Basic Networking Ping Test

U-BOOT

The LS1046ARDB has two RGMII ports and two SGMII ports. The log below shows how to ping from FM1@DTSECS and
FM1@DTSEC4 interfaces.

U-Boot 2016.01 (Aug 19 2016 - 16:59:27 +0800)

SoC: LS1046E (0x87070010)

Clock Configuration:
CPUO (A72) :1600 MHz CPUL1(A72):1600 MHz CPU2(A72):1600 MHz
CPU3 (A72) : 1600 MHz
Bus: 600 MHz DDR: 2100 MT/s FMAN: 700 MHz

Reset Configuration Word (RCW) :
00000000: 0c1l50010 0e000000 00000000 00000000
00000010: 11335559 40005012 40025000 <c1000000
00000020: 00000000 00000000 00000000 00238800
00000030: 20124000 00003101 00000096 00000001

I2C: ready

Model: LS1046A RDB Board

Board: LS1046ARDB, boot from QSPI vBank 0

CPLD: V2.2

PCBA: V2.0

SERDES Reference Clocks:

SD1_CLK1l = 156.25MHZ, SD1_CLK2 = 100.00MHZ

DRAM: Initializing DDR....using SPD

Detected UDIMM 18ASF1G72AZ-2G3Bl

8 GiB (DDR4, 64-bit, CL=15, ECC on)
DDR Chip-Select Interleaving Mode: CS0+CS1

SECO: RNG instantiated

PPA Firmware: Version 0.2

Using SERDES1 Protocol: 4403 (0x1133)

Using SERDES2 Protocol: 21849 (0x5559)

NAND : 512 MiB

MMC:  FSL SDHC: 0

SF: Detected S25FL512S 256K with page size 256 Bytes, erase size 256 KiB, total 64 MiB

EEPROM: Invalid ID (5a 5a 5a 5a)

PCIel: Root Complex no link, regs @ 0x3400000

PCIe2: Root Complex no link, regs @ 0x3500000

PCIe3: Root Complex no link, regs @ 0x3600000

In: serial
out: serial
Err: serial

SATA link 0 timeout.

AHCI 0001.0301 32 slots 1 ports 6 Gbps 0xl impl SATA mode

flags: 64bit ncqg pm clo only pmp fbss pio slum part ccc apst

Found 0 device(s) .

SCSI: Net: SF: Detected S25FL512S 256K with page size 256 Bytes, erase size 256 KiB, total 64 MiB
Fmanl: Uploading microcode version 106.4.15

FM1@DTSEC3 [PRIME], FM1@DTSEC4, FM1@DTSEC5, FM1@DTSEC6, FM1@TGEC1l, FM1@TGEC2
Hit any key to stop autoboot: 0

=> setenv serverip 10.192.208.233

=> setenv ipaddr 10.193.20.129

=> setenv ethaddr 00:€0:0c:00:89:00

=> ping $serverip

Using FM1@DTSEC3 device

host 10.192.208.233 is alive

=> setenv ethact FM1@DTSEC4
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=> setenv ethaddrl 00:e0:0c:00:89:01
=> ping $serverip

Using FM1@DTSEC4 device

host 10.192.208.233 is alive

LINUX

Bring the kernel-Is1046a-rdb.itb via FMan interface to boot up Linux kernel:

=> tftp a0000000 kernel-1sl046a-rdb.itb;bootm a0000000

Using FM1@DTSEC3 device

TFTP from server 10.192.208.233; our IP address is 10.193.20.129

Filename 'kernel-1sl046a-rdb.itb'.

Load address: 0xa0000000

Loading: #######HHHH PP

done

R R R R
FHEHHHHHHEEHHTREEHHT R R
HHEHHHE R R R R
R
R R
FHHE AR R R
R R R R
FHEHHHHEHEEHHTREEHHT R R
HHEHHHE R R R R
R
R R
FHHE AR R R
R R R R
FHEHHHHEHEEHHTREEHHT R R
HHEHHHE R R R R
R
R R
FHHE AR R R
R R R R
FHEHHHHEHEEHHTREEHHT R R
HHEHHHE R R R R R
R
R R
FHEHHHE AR R R R
R R R R
FHEHHHHEHEEHHTREEHHT R R
HHEHHHE R R R R R
HHE

2.5 MiB/s

Bytes transferred = 27185703 (19ed227 hex)
## Loading kernel from FIT Image at a0000000
Using 'config@l' configuration
Trying 'kernel@l' kernel subimage
Description: ARM64 Linux kernel

Type: Kernel Image
Compression: gzip compressed

Data Start: 0xa00000dc

Data Size: 5473947 Bytes = 5.2 MiB
Architecture: AArché64

0S: Linux

Load Address: 0x80080000
Entry Point: 0x80080000
Verifying Hash Integrity ... OK
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## Loading ramdisk from FIT Image at a0000000
Using 'confige@l' configuration
Trying 'ramdiske@l' ramdisk subimage
Description: LS1046 Ramdisk

Type: RAMDisk Image
Compression: gzip compressed

Data Start: 0xa053e5b8

Data Size: 21686563 Bytes = 20.7 MiB
Architecture: AArché64

0S: Linux

Load Address: unavailable
Entry Point: wunavailable
Verifying Hash Integrity ... OK
## Loading fdt from FIT Image at a0000000
Using 'confige@l' configuration
Trying 'fdtel' fdt subimage
Description: Flattened Device Tree blob

Type: Flat Device Tree
Compression: uncompressed
Data Start: 0xa053882c
Data Size: 23809 Bytes = 23.3 KiB
Architecture: AArché4

Verifying Hash Integrity ... OK

Loading fdt from 0xa053882c to 0x90000000

Booting using the fdt blob at 0x90000000

Uncompressing Kernel Image ... OK

Using Device Tree in place at 0000000090000000, end 0000000090018d00

Starting kernel

0.000000] Booting Linux on physical CPU 0x0

0.000000] Initializing cgroup subsys cpu

0.000000] Linux version 4.1.8-gdce5972 (ggy@titan) (gcc version 4.9.1 20140529 (prerelease)
crosstool-NG linaro-1.13.1-4.9-2014.07 - Linaro GCC 4.9-2014.06) ) #12 SMP PREEMPT Wed Aug 24
12:21:27 CST 2016

[
[
[
(

[ 0.000000] CPU: AArché4 Processor [410f£d082] revision 2

[ 0.000000] Detected PIPT I-cache on CPUO

[ 0.000000] earlycon: Early serial console at MMIO 0x21c0500 (options '"'")

[ 0.000000] bootconsole [uart0] enabled

[ 0.000000] efi: Getting EFI parameters from FDT:

[ 0.000000] efi: UEFI not found.

[ 0.000000] Reserved memory: initialized node bman-fbpr, compatible id fsl,bman-fbpr

[ 0.000000] Reserved memory: initialized node gman-fgd, compatible id fsl,gman-fqgd

[ 0.000000] Reserved memory: initialized node gman-pfdr, compatible id fsl,gman-pfdr

[ 0.000000] cma: Reserved 16 MiB at 0x00000000££000000

[ 0.000000] psci: probing for conduit method from DT.

[ 0.000000] psci: PSCIv0.2 detected in firmware.

[ 0.000000] psci: Using standard PSCI v0.2 function IDs

[ 0.000000] PERCPU: Embedded 18 pages/cpu @ffff80097f£d6d000 s33664 r8192 d31872 u73728
[ 0.000000] Built 1 zonelists in Zone order, mobility grouping on. Total pages: 2063880
[ 0.000000] Kernel command line: console=ttyS0,115200 root=/dev/ram0 earlycon=uart8250,mmio,
0x21c0500

[ 0.000000] log buf len individual max cpu contribution: 4096 bytes

[ 0.000000] log buf len total cpu extra contributions: 12288 bytes

[ 0.000000] log buf len min size: 16384 bytes

[ 0.000000] log buf len: 32768 bytes

[ 0.000000] early log buf free: 14320(87%)

[ 0.000000] PID hash table entries: 4096 (order: 3, 32768 bytes)

[ 0.000000] Dentry cache hash table entries: 1048576 (order: 11, 8388608 bytes)

[ 0.000000] Inode-cache hash table entries: 524288 (order: 10, 4194304 bytes)
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[mem 0xfafff000-0xfefff000]

running at 25.00MHz

resolution 40ns,

16384

(64MB)

(7754K kernel code,
16384K cma-reserved)

mapped at

[E£££80007af££000-

582K rwdata, 3092K rodata,

Oxffff7LEffbEEF0000 (126974 GB)
O0xff££7£££c0000000 ( 4096 GB maximum)
Oxffff7bffe7££8000 ( 607 MB actual)
Oxfff£f7££££ac00000 ( 12 KB)
Oxffff7f£££fbe00000 ( 16 MB)
0xf£f££800000000000 ( 64 MB)
0xff££80097£e00000 ( 38910 MB)
0xf£f££800000b91000 ( 476 KB)
0xf£f££800000b19974 ( 10855 KB)
0xf£f££800000c33800 ( 582 KB)

RCU restricting CPUs from NR CPUS=64 to nr cpu ids=4.

(phys) .

OxfEFfEFFEFFFFFf max cycles:

wraps

value calculated using timer frequency..

(order: 5,

16384 (order: 5,

RCU: Adjusting geometry for rcu fanout leaf=16, nr cpu ids=4

0x5c40939b5,

every 4398046511100ns

50.00

131072 bytes)

131072 bytes)

hw perfevents: enabled with arm/armv8-pmuv3 PMU driver,

Oxffffffff max cycles:

7 counters available

OxfEEfffff, max idle ns:

[ 0.000000] software IO TLB

ff££f80007effefff]

[ 0.000000] Memory: 8068852K/8386560K available

476K init, 756K bss, 301324K reserved,

[ 0.000000] Virtual kernel memory layout:

[ 0.000000] vmalloc 0xff££000000000000

[ 0.0000001] vmemmap OxfE£££7bf£c0000000

[ 0.0000001] OxEff£f£7bf£c2000000

[ 0.000000] fixed oxffff7ffffabfdo0oo

[ 0.0000001] PCI I/0 Oxfff£f7f£££2e00000

[ 0.000000] modules OxfEf£7££££c000000

[ 0.000000] memory 0xff££800000000000

[ 0.0000001] .init 0xff££800000b1a000

[ 0.0000001] .text 0xf£££800000080000

[ 0.0000001] .data : 0xffff£800000ba2000

[ 0.000000] Preemptible hierarchical RCU implementation.
[ 0.000000] Additional per-CPU info printed with stalls.
[ 0.000000]

[ 0.0000001]

[ 0.000000] NR_IRQS:64 nr irgs:64 0

[ 0.000000] Architected cpl5 timer (s)

[ 0.000000] clocksource arch sys counter: mask:
max idle ns: 440795202646 ns

[ 0.000002] sched clock: 56 bits at 25MHz,

[ 0.008237] Console: colour dummy device 80x25

[ 0.012708] Calibrating delay loop (skipped),
BogoMIPS (1lpj=250000)

[ 0.023127] pid max: default: 32768 minimum: 301

[ 0.027809] Security Framework initialized

[ 0.031948] Mount-cache hash table entries:

[ 0.038863] Mountpoint-cache hash table entries:

[ 0.046512] Initializing cgroup subsys memory

[ 0.050902] Initializing cgroup subsys hugetlb

[ 0.055451]

[ 0.063605] EFI services will not be available.

[ 0.143758] CPUl: Booted secondary processor

[ 0.143760] Detected PIPT I-cache on CPUl

[ 0.163758] CPU2: Booted secondary processor

[ 0.163761] Detected PIPT I-cache on CPU2

[ 0.183767] CPU3: Booted secondary processor

[ 0.183769] Detected PIPT I-cache on CPU3

[ 0.183802] Brought up 4 CPUs

[ 0.211728] SMP: Total of 4 processors activated.

[ 0.216455] CPU: All CPU(s) started at EL2

[ 0.220751] devtmpfs: initialized

[ 0.226415] DMI not present or invalid.

[ 0.230400] clocksource jiffies: mask:
19112604462750000 ns

[ 0.240504] pinctrl core: initialized pinctrl subsystem
[ 0.246350] NET: Registered protocol family 16

[ 0.280834] cpuidle: using governor ladder

[ 0.310840] cpuidle: using governor menu

[ 0.314830] fsl-mc bus type registered

[ 0.318648] MC object device driver fsl mc dprc registered
[ 0.324196] MC object device driver fsl mc allocator registered
[ 0.330165] Bman ver:0a02,02,01

[ 0.335432] gman-fgd addr 0x9ff000000 size 0x800000

[ 0.340335] gman-pfdr addr 0x9£c000000 size 0x2000000
[ 0.345418] Qman ver:0a0l1,03,02,01

[ 0.348875] vdso: 2 pages (1 code @ f£fff£800000ba9000,

1 data @ ££££800000ba8000)
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hw-breakpoint: found 6 breakpoint and 4 watchpoint registers.
DMA: preallocated 256 KiB pool for atomic allocations

Serial: AMBA PLO11l UART driver

vgaarb: loaded

SCSI subsystem initialized

usbcore: registered new interface driver usbfs

usbcore: registered new interface driver hub

usbcore: registered new device driver usb

i2c i2c¢-0: IMX I2C adapter registered

i2c i12¢c-0: can't use DMA

i2¢c i2c¢c-1: IMX I2C adapter registered

i2c i2c¢c-1: can't use DMA

pps_core: LinuxPPS API ver. 1 registered

pps_core: Software ver. 5.3.6 - Copyright 2005-2007 Rodolfo Giometti
PTP clock support registered

bman-fbpr addr 0x9fe000000 size 0x1000000

Bman err interrupt handler present

Bman portal initialised, cpu 0

Bman portal initialised, cpu 1

Bman portal initialised, cpu 2

Bman portal initialised, cpu 3

Bman portals initialised

Qman err interrupt handler present

QMan: Allocated lookup table at f£fff0000001cd000, entry count 131073
Qman portal initialised, cpu 0

Qman portal initialised, cpu 1

Qman portal initialised, cpu 2

Qman portal initialised, cpu 3

Qman portals initialised

Bman: BPID allocator includes range 32:32

Qman: FQID allocator includes range 256:256

Qman: FQID allocator includes range 32768:32768

Qman: CGRID allocator includes range 0:256

Qman: pool channel allocator includes range 1025:15

No USDPAA memory, no 'fsl,usdpaa-mem' in device-tree

fsl-ifc 1530000.ifc: Freescale Integrated Flash Controller
fsl-ifc 1530000.ifc: IFC version 1.4, 8 banks

Switched to clocksource arch sys counter

NET: Registered protocol family 2

TCP established hash table entries: 65536 (order: 7, 524288 bytes)
TCP bind hash table entries: 65536 (order: 8, 1048576 bytes)
TCP: Hash tables configured (established 65536 bind 65536)
UDP hash table entries: 4096 (order: 5, 131072 bytes)
UDP-Lite hash table entries: 4096 (order: 5, 131072 bytes)
NET: Registered protocol family 1

RPC: Registered named UNIX socket transport module.

RPC: Registered udp transport module.

RPC: Registered tcp transport module.

RPC: Registered tcp NFSv4.1l backchannel transport module.
Trying to unpack rootfs image as initramfs...

rootfs image is not initramfs (no cpio magic); looks like an initrd
Freeing initrd memory: 21172K (£f£££80002053£f000 - f£f£££8000219ec000)
kvm [1]: interrupt-controller@1440000 IRQ9

kvm [1]: timer IRQ3

kvm [1]: Hyp mode initialized successfully

futex hash table entries: 1024 (order: 4, 65536 bytes)

audit: initializing netlink subsys (disabled)

audit: type=2000 audit (0.720:1): initialized

HugeTLB registered 2 MB page size, pre-allocated 0 pages

VFS: Disk quotas dquot 6.6.0
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.868469
.875691
.880784
.885033
.889127
.893182
.899088] io scheduler noop registered

] VFS: Dquot-cache hash table entries: 512 (order 0, 4096 bytes)

]

]

]

]

]

]
.903057] io scheduler cfqg registered (default)

]

]

]

]

]

]

]

NFS: Registering the id resolver key type

Key type id resolver registered

Key type id legacy registered

fuse init (API version 7.23)

9p: Installing v9fs 9p2000 file system support

.908251
.914857
.919941
.925468
.931053
.937801
.943317] pci_bus 0000:00: root bus resource [io 0x0000-0xffff]
.949561] pci_bus 0000:00: root bus resource [mem 0x4040000000-0x407fffffff] (bus address
00000-0x7£££££fFF])
.960317] pci 0000:00:00.
.968438] pci 0000:00:00.
.975624] pci 0000:00:00.
.982802] pci 0000:00:00.
.990426] pci 0000:00:00.0: PCI bridge to [bus 01]
.995441] pcieport 0000:00:00.0: enabling device (0000 -> 0002)
.001640] pcieport 0000:00:00.0: Signaling PME through PCIe PME interrupt

1

1

1

1

]

find msi-controller /soc/msi-controller@l1580000
PCI host bridge /soc/pcie@3400000 ranges:
IO 0x4000010000..0x400001ffff -> 0x00000000
MEM 0x4040000000..0x407fffffff -> 0x40000000
layerscape-pcie 3400000.pcie: PCI host bridge to bus 0000:00
pci _bus 0000:00: root bus resource [bus 00-ff]

0x40
bridge configuration invalid ([bus 00-00]), reconfiguring
BAR 1: assigned [mem 0x4040000000-0x4043ffffff]

BAR 0: assigned [mem 0x4044000000-0x4044ffffff]

BAR 6: assigned [mem 0x4045000000-0x4045ffffff pref]

o O O o

.008818] PCI host bridge /soc/pcie@3500000 ranges:
.013907 IO 0x4800010000..0x480001ffff -> 0x00000000
.019424 MEM 0x4840000000..0x487fffffff -> 0x40000000
.025007] layerscape-pcie 3500000.pcie: PCI host bridge to bus 0001:00
.031747] pci _bus 0001:00: root bus resource [bus 00-£ff]
1.037270] pci bus 0001:00: root bus resource [io 0x10000-0x1ffff] (bus address [0x0000-0xffff])
1.046289] pci bus 0001:00: root bus resource [mem 0x4840000000-0x487fffffff] (bus address
0x40000000-0x7E£E££££])
1.057026] pci 0001:00:00.
.065142] pci 0001:00:00.
.072321] pci 0001:00:00.
.079505] pci 0001:00:00.
.087125] pci 0001:00:00.0: PCI bridge to [bus 01]
.092131] pcieport 0001:00:00.0: enabling device (0000 -> 0002)
.098334] pcieport 0001:00:00.0: Signaling PME through PCIe PME interrupt
]
]
]
]
]

H P RPRPRPRRFPROOOOO®OO®OOOOOOOOOOOOoOOoOOoO o o

bridge configuration invalid ([bus 00-00]), reconfiguring
BAR 1: assigned [mem 0x4840000000-0x4843ffffff]

BAR 0: assigned [mem 0x4844000000-0x4844ffffff]

BAR 6: assigned [mem 0x4845000000-0x4845ffffff pref]

o O O O

.105508] PCI host bridge /soc/pcie@3600000 ranges:

.110592 IO 0x5000010000..0x500001f£fff -> 0x00000000

.11e6115 MEM 0x5040000000..0x507f£ffffff -> 0x40000000

.121692] layerscape-pcie 3600000.pcie: PCI host bridge to bus 0002:00

.128458] pci_bus 0002:00: root bus resource [bus 00-ff]
1.133979] pci_bus 0002:00: root bus resource [io 0x20000-0x2ffff] (bus address [0x0000-0xffff])
1.142994] pci_bus 0002:00: root bus resource [mem 0x5040000000-0x507fffffff] (bus address

0x40000000-0x7££E£££F])

PR R R PR R R R BRRR

1.153738] pci 0002:00:00.0: bridge configuration invalid ([bus 00-00]), reconfiguring
1.161846] pci 0002:00:00.0: BAR 1: assigned [mem 0x5040000000-0x5043ffffff]
1.169032] pci 0002:00:00.0: BAR 0: assigned [mem 0x5044000000-0x5044ffffff]
1.176215] pci 0002:00:00.0: BAR 6: assigned [mem 0x5045000000-0x5045ffffff pref]
1.183834] pci 0002:00:00.0: PCI bridge to [bus 01]

1.188841] pcieport 0002:00:00.0: enabling device (0000 -> 0002)

1.195046] pcieport 0002:00:00.0: Signaling PME through PCIe PME interrupt
1.202340] Freescale LS2 console driver

1.206336] fsl-ls2-console: device fsl mc_console registered

1.212151] fsl-1ls2-console: device fsl aiop console registered

1.219546] Serial: 8250/16550 driver, 4 ports, IRQ sharing disabled

1.226540] msm_serial: driver initialized

1.230858] console [ttyS0] disabled
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21c0500.serial: ttySO at MMIO 0x21c0500 (irg = 18, base baud = 18750000) is a 16550A

.243320
.250309
.250309
.258337
.267291
.276245
.288701
.293380
.296585
.303471
.310790]
1.319760]
sds apst
.329738]
.333229]
.341947]
.348311]
.352315]
.360623]
.367676]
.374551]
.381947]
.388390]
.395613]
.399790]
.404846]
.411315]
.417174]
.423299]
.428336]
.433361]
.438394]
.443419]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1

PR R R BRE R R R R R R R

1
1
1
1
]
1
1
1
1
1
]
]

funy

[
[
[
[
[
[
[
[
[
[
[
[
[
[

.448451
.453478
.458505
.473182
.480715
.484382
.490043
.494665
.501503
.506123
.513007
.517627
.524512
.529127
.535973
.540588
.547547
S552115613
.559026
1.563471]

PR R R RPRPRRPRRPRRPRRERPEPRRRRERERPERRERRPERRRERRERRPERRRRRP R BP R

console [ttyS0] enabled
console [ttyS0] enabled
bootconsole [uart0] disabled
bootconsole [uart0] disabled

21c0600.serial: ttySl at MMIO 0x21c0600 (irg = 18, base baud = 18750000) is a 16550A
21d0500.serial: ttyS2 at MMIO 0x21d0500 (irg = 19, base baud = 18750000) is a 16550A
21d0600.serial: ttyS3 at MMIO 0x21d0600 (irg = 19, base baud = 18750000) is a 16550A

brd: module loaded
loop: module loaded
at24 0-0052: 65536 byte 24c512 EEPROM, writable, 1 bytes/write
at24 0-0053: 65536 byte 24c512 EEPROM, writable, 1 bytes/write

ahci-gorig 3200000.sata: AHCI 0001.0301 32 slots 1 ports 6 Gbps 0xl impl platform mode

ahci-gorig 3200000.sata: flags: 64bit ncg sntf pm clo only pmp fbs pio slum part ccc

scsi host0: ahci-gorig

atal: SATA max UDMA/133 mmio [mem 0x03200000-0x0320ffff] port 0x100 irg 30
nand: device found, Manufacturer ID: 0x2c, Chip ID: 0Oxac

nand: Micron MT29F4G08ABBEAH4

nand: 512 MiB, SLC, erase size: 256 KiB, page size: 4096, OOB size: 224
Bad block table found at page 131008, version 0x01

Bad block table found at page 130944, version 0x01

fsl,ifc-nand 7e800000.nand: IFC NAND device at 0x7e800000, bank 0
fsl-quadspi 1550000.quadspi: s25fs512s (65536 Kbytes)

fsl-quadspi 1550000.quadspi: s25fs512s (65536 Kbytes)

libphy: Fixed MDIO Bus: probed

tun: Universal TUN/TAP device driver, 1.6

tun: (C) 1999-2004 Max Krasnyansky

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

libphy: Freescale XGMAC MDIO Bus: probed

Freescale FM module, FMD API version 21.1.0

Freescale FM Ports module

fsl mac: fsl mac: FSL FMan MAC API based driver

fsl mac 1ae4000.ethernet: FMan MEMAC

fsl mac 1ae4000.ethernet: FMan MAC address: 00:00:00:00:00:03

fsl mac 1ae6000.ethernet: FMan MEMAC

fsl mac 1ae6000.ethernet: FMan MAC address: 00:00:00:00:00:04

fsl mac 1ae8000.ethernet: FMan MEMAC

fsl mac 1ae8000.ethernet: FMan MAC address: 00:00:00:00:00:05

fsl mac laea000.ethernet: FMan MEMAC

fsl mac laea000.ethernet: FMan MAC address: 00:00:00:00:00:06

fsl mac 1af0000.ethernet: FMan MEMAC

fsl mac 1af0000.ethernet: FMan MAC address: 00:00:00:00:00:07

fsl mac 1af2000.ethernet: FMan MEMAC

fsl _mac 1af2000.ethernet: FMan MAC address: 00:00:00:00:00:08

fsl dpa: FSL DPAA Ethernet driver

fsl dpa fsl,dpaa:ethernet@0: of find device by node (/soc/fman@1a00000/

ethernet@e0000) failed

[ 1.572963]
[ 1.579616]

fsl dpa: probe of fsl,dpaa:ethernet@0 failed with error -22
fsl dpa fsl,dpaa:ethernet@l: of find device by node (/soc/fman@1a00000/

ethernet@e2000) failed

[ 1.589106]

fsl dpa: probe of fsl,dpaa:ethernete@l failed with error -22
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.600629
.610449
.620543
.630908
.641565
.652419
.657362
.662324
.668030
.673688
.679513
.683593
.690334
.697385
.703161
.708994
.714940
.718848
.724110
.932972
.938470
.946283
.955006
.961164
.964927
.968952
.974445
.982121
.990427
.994184
.998220
.003713
.011513
.020231
.026366
.030117
.034144
.039629
.047311
.055613
.059364
.063400
.068920
.076727
.085446
.091579
.095366
.099384
.104876
.112552
.120850
.124629
.128663
.135220
.139684
.145029
.151211
.155707
.161061
.167189

1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]
1
1
1
1
]
]

fsl dpa: fsl dpa: Probed interface ethoO

fsl dpa: fsl dpa: Probed interface ethl

fsl dpa: fsl_dpa: Probed interface eth2

fsl _dpa: fsl_dpa: Probed interface eth3

fsl dpa: fsl _dpa: Probed interface eth4

fsl dpa: fsl dpa: Probed interface eth5

fsl advanced: FSL DPAA Advanced drivers:

fsl proxy: FSL DPAA Proxy initialization driver

fsl dpa shared: FSL DPAA Shared Ethernet driver

fsl dpa macless: FSL DPAA MACless Ethernet driver

fsl oh: FSL FMan Offline Parsing port driver

atal: SATA link down (SStatus 0 SControl 300)

e1000: Intel(R) PRO/1000 Network Driver - version 7.3.21-k8-NAPI

el000: Copyright (c) 1999-2006 Intel Corporation.

el000e: Intel(R) PRO/1000 Network Driver - 2.3.2-k

el000e: Copyright(c) 1999 - 2014 Intel Corporation.

sky2: driver version 1.30

VFIO - User Level meta-driver version: 0.3

vfio fsl mc driver init: Driver registration fails as no fsl mc_bus found
xhci-hecd xhci-hed.0.auto: xHCI Host Controller

xhci-hcd xhci-hcd.0.auto: new USB bus registered, assigned bus number 1
xhci-hed xhci-hed.0.auto: hcc params 0x0220f66d hci version 0x100 quirks 0x00010010
xhci-hcd xhci-hed.O.auto: irg 27, io mem 0x02£00000

hub 1-0:1.0: USB hub found

hub 1-0:1.0: 1 port detected

xhci-hecd xhci-hed.0.auto: xHCI Host Controller

xhci-hcd xhci-hcd.0.auto: new USB bus registered, assigned bus number 2

usb usb2: We don't know the algorithms for LPM for this host, disabling LPM.
hub 2-0:1.0: USB hub found

hub 2-0:1.0: 1 port detected

xhci-hecd xhci-hed.l.auto: xHCI Host Controller

xhci-hcd xhci-hcd.l.auto: new USB bus registered, assigned bus number 3
xhci-hecd xhci-hed.l.auto: hcc params 0x0220f66d hci version 0x100 quirks 0x00010010
xhci-hcd xhci-hed.l.auto: irg 28, io mem 0x03000000

hub 3-0:1.0: USB hub found

hub 3-0:1.0: 1 port detected

xhci-hecd xhci-hed.l.auto: xHCI Host Controller

xhci-hcd xhci-hcd.l.auto: new USB bus registered, assigned bus number 4

usb usb4: We don't know the algorithms for LPM for this host, disabling LPM.
hub 4-0:1.0: USB hub found

hub 4-0:1.0: 1 port detected

xhci-hecd xhci-hcd.2.auto: xHCI Host Controller

xhci-hcd xhci-hcd.2.auto: new USB bus registered, assigned bus number 5
xhci-hcd xhci-hcd.2.auto: hcc params 0x0220f66d hci version 0x100 quirks 0x00010010
xhci-hcd xhci-hcd.2.auto: irg 29, io mem 0x03100000

hub 5-0:1.0: USB hub found

hub 5-0:1.0: 1 port detected

xhci-hecd xhci-hcd.2.auto: xHCI Host Controller

xhci-hcd xhci-hcd.2.auto: new USB bus registered, assigned bus number 6

usb usbé6: We don't know the algorithms for LPM for this host, disabling LPM.
hub 6-0:1.0: USB hub found

hub 6-0:1.0: 1 port detected

ehci hecd: USB 2.0 'Enhanced' Host Controller (EHCI) Driver

ehci-pci: EHCI PCI platform driver

ehci-platform: EHCI generic platform driver

ohci_hecd: USB 1.1 'Open' Host Controller (OHCI) Driver

ohci-pci: OHCI PCI platform driver

ohci-platform: OHCI generic platform driver

usbcore: registered new interface driver usb-storage

mousedev: PS/2 mouse device common for all mice
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.172941]
.181682]
.188479]
.194275]
.200675]
.209254]
.215370]
.221548]
.225958]
.231727]
.237565]
.283583]
.292162]
.298788]
.303933]
.310546]
.317314]
.322993]
.331427]
.336493]
.344195]
.350438]
.356101]
.359999]
.366378]
.372405]
.376588]
.380419]
.385008]
.390677]
.396003]
.401496]
.406863]
.412357]
.417768]
.422073]
.426910]
.431749]
.436204]
.440667]
.444877]
.449173]
.453670]
.457893]
.466054]
.474584]
.481260]
.242385]
.249050]
.2522009]
.259991]
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rtc-pcf2127 1-0051: chip found, driver version 0.0.1

rtc-pcf2127 1-0051: rtc core: registered rtc-pcf2127 as rtcO

i2c /dev entries driver

ina2xx 0-0040: power monitor ina220 (Rshunt = 1000 uOhm)

0-004c supply vcc not found, using dummy regulator

imx2-wdt 2ad0000.wdog: timeout 60 sec (nowayout=0)

sdhci: Secure Digital Host Controller Interface driver

sdhci: Copyright(c) Pierre Ossman

sdhci-pltfm: SDHCI platform and OF driver helper

sdhci-esdhc 1560000.esdhc: No vmmc regulator found

sdhci-esdhc 1560000.esdhc: No vgmmc regulator found

mmcO: SDHCI controller on 1560000.esdhc [1560000.esdhc] using ADMA 64-bit
platform caam gi.0: Linux CAAM Queue I/F driver initialised

caam 1700000.crypto: Instantiated RNG4 SH1

caam 1700000.crypto: device ID = 0x0al1030100000000 (Era 8)

caam 1700000.crypto: job rings = 4, gi =1

caam algorithms registered in /proc/crypto

platform caam gi.0: fsl,sec-v5.4 algorithms registered in /proc/crypto
caam_jr 1710000.jr: registering rng-caam

caam 1700000.crypto: fsl,sec-v5.4 algorithms registered in /proc/crypto
MC object device driver fsl dpaa2 caam registered

usbcore: registered new interface driver usbhid

usbhid: USB HID core driver

fsl-mc bus not found, restool driver registration failed

MC object device driver fsl dpio drv registered

Freescale USDPAA process driver

fsl-usdpaa: no region found

Freescale USDPAA process IRQ driver

MC object device driver fsl dpaa2 eth registered

MC object device driver dpaa2 mac registered

MC object device driver dpaa2 ethsw registered

MC object device driver dpaa2 evb registered

MC object device driver fsl dce api registered

MC object device driver dpaa2 rtc registered

Initializing XFRM netlink socket

NET: Registered protocol family 10

sit: IPv6 over IPv4 tunneling driver

NET: Registered protocol family 17

NET: Registered protocol family 15

8021g: 802.1Q VLAN Support v1.8

9pnet: Installing 9P2000 support

Key type dns resolver registered

registered taskstats version 1

fsl generic: FSL DPAA Generic Ethernet driver

rtc-pcf2127 1-0051: setting system clock to 2016-08-23 22:21:29 UTC (1471990889)
fdt: not creating '/sys/firmware/fdt': CRC check failed

RAMDISK: gzip image found at block 0

VFS: Mounted root (ext2 filesystem) readonly on device 1:0.

devtmpfs: mounted

Freeing unused kernel memory: 476K (f£££800000b1a000 - ££££800000b91000)
Freeing alternatives memory: 48K (££££800000b91000 - ££££800000b9d000)

INIT: version 2.88 booting

Starting udev
4.365202]
.393090]
.493818]
.493848]
.563841]
.563870]

]

[
[
[
[
[
[
[ .663783

[ S R T

udevd[1890] : starting version 182

fsl dpa fsl,dpaa:ethernet@2 fml-mac3: renamed from ethO
fsl dpa fsl,dpaa:ethernet@8 fml-mac9: renamed from eth4
udevd[1893] : renamed network interface ethO to fml-mac3
fsl dpa fsl,dpaa:ethernet@5 fml-mac6: renamed from eth3
udevd[1898] : renamed network interface eth4 to fml-mac9
fsl dpa fsl,dpaa:ethernet@3 fml-mac4: renamed from ethl
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.6638009]
.723709] fsl dpa fsl,dpaa:ethernet@4 fml-mac5: renamed from eth2
.730024] udevd[1894]: renamed network interface ethl to fml-mac4
.773732] udevd[1895] : renamed network interface eth2 to fml-mac5
4.820204] random: dd urandom read with 3 bits of entropy available

udevd[1896] : renamed network interface eth3 to fml-macé

[

[
[
[
[
[

Populating dev cache
Running postinst /etc/rpm-postinsts/100-sysvinit-inittab...
INIT: Entering runlevel: Sun-postinsts exists during rc.d purge
Configuring network interfaces... ethO: ERROR while getting interface flags: No such device
Starting OpenBSD Secure Shell server: sshd

generating ssh RSA key...

generating ssh ECDSA key...

generating ssh DSA key...

generating ssh ED25519 key...
done.
Starting network benchmark server: netserver.
Starting system log daemon...0
Starting kernel log daemon...0

QorIQ SDK (FSL Reference Distro) 1.9 1sl043ardb /dev/ttySO
1s1043ardb login: root

root@lsl043ardb:~# ifconfig
lo Link encap:Local Loopback
inet addr:127.0.0.1 Mask:255.0.0.0
inet6 addr: ::1/128 Scope:Host
UP LOOPBACK RUNNING MTU:65536 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txgqueuelen:O0
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)

root@lsl043ardb:~# ifconfig -a

eths Link encap:Ethernet HWaddr 00:00:00:00:00:08
BROADCAST MULTICAST MTU:1500 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txgqueuelen:1000
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)
Memory:1af2000-1af2fff

fml-mac3 Link encap:Ethernet HWaddr 00:00:00:00:00:03
BROADCAST MULTICAST MTU:1500 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txqueuelen:1000
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)
Memory:lae4000-lae4fff

fml-mac4 Link encap:Ethernet HWaddr 00:00:00:00:00:04
BROADCAST MULTICAST MTU:1500 Metric:1
RX packets:0 errors:0 dropped:0 overruns:0 frame:0
TX packets:0 errors:0 dropped:0 overruns:0 carrier:0
collisions:0 txgqueuelen:1000
RX bytes:0 (0.0 B) TX bytes:0 (0.0 B)
Memory:1ae6000-lae6fff

fml-mac5 Link encap:Ethernet HWaddr 00:00:00:00:00:05
BROADCAST MULTICAST MTU:1500 Metric:1
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fml-macé
RX packets
TX packets
collisions
RX bytes:0
fml-mac9
RX packets
TX packets
collisions
RX bytes:0
lo
inet6 addr:
RX packets
TX packets
collisions
RX bytes:0
sito Link encap
NOARP MTU
RX packets
TX packets
collisions
RX bytes:0
root@lsl043ardb: ~#
root@lsl043ardb:
root@lsl043ardb:
PING 10.192.208.233
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
64 bytes from 10.192
e

RX packets
TX packets
collisions
RX bytes:0

Link encap:Ethernet
BROADCAST MULTICAST

Link encap:Ethernet
BROADCAST MULTICAST

Deploy U-Boot, Linux Kernel, and Root Filesystem to a Reference Design Board (RDB)

:0 errors:0 dropped:0 overruns:0 frame:0

:0 errors:0 dropped:0 overruns:0

:0 txqueuelen:1000
(0.0 B)
Memory:1ae8000-1ae8fff

:0 errors
:0 errors

TX bytes:0 (0.0 B)

HWaddr 00:00:00:00:00:06

MTU:1500 Metric:
:0 dropped:0 overruns:0
:0 dropped:0 overruns:0

:0 txqueuelen:1000
(0.0 B)
Memory:laea0O00-laeafff

:0 errors
:0 errors

TX bytes:0 (0.0 B)

1

HWaddr 00:00:00:00:00:07

MTU:1500 Metric:
:0 dropped:0 overruns:0
:0 dropped:0 overruns:O0

:0 txqueuelen:1000
(0.0 B)
Memory:1af0000-1af0fff

TX bytes:0 (0.0 B)

Link encap:Local Loopback

inet addr:127.0.0.1
::1/128
UP LOOPBACK RUNNING

:0 errors
:0 errors

Mask:255.0.0.0
Scope:Host

1

MTU:65536 Metric:1
:0 dropped:0 overruns:0 frame:0

:0 dropped:0 overruns:0 carrier:0

:0 txqueuelen:0
(0.0 B)

:UNSPEC HWaddr 00-00-00-00-3A-30-30-30-00-00-00-00-00-00-00-00
:1480

TX bytes:0 (0.0 B)

Metric:1

carrier:0

frame:0
carrier:0

frame:0

carrier:0

:0 errors:0 dropped:0 overruns:0 frame:0

:0 errors:0 dropped:0 overruns:0 carrier:0

:0 txqueuelen:O0
(0.0 B)

TX bytes:0 (0.0 B)

~# ifconfig fml-mac3 10.193.20.129
~# ping 10.192.208.233
(10.192.208.233) 56(84) bytes of data.

.208
.208
.208
.208
.208
.208
.208
.208
.208

- 2338
- 2338
.233:
- 2338
o233 3
- 2333
- 2338
- 2338
.233:

icmp seg=1 ttl=63
icmp seg=2 ttl=63
icmp_seg=3 ttl=63
icmp_seqg=4 ttl=63
icmp seg=5 ttl=63
icmp seg=6 ttl=63
icmp seg=7 ttl=63
icmp seg=8 ttl=63
icmp_seg=9 ttl=63

--- 10.192.208.233 ping statistics ---

9 packets transmitted,
rtt min/avg/max/mdev

root@lsl043ardb: ~#

9 received,

0% packet loss,

time=0.
time=0
time=0.
time=0.
time=0.
time=0
time=0.
time=0.
time=0.

= 0.259/0.296/0.319/0.027 ms
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.314

281
319
318

.289
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259
318
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Chapter 4
System Recovery

4.1 Environment Setup

4.1.1 Environment Setup (Common)

The section describes the related setup for system recovery

1.

Required Materials

* Target board

¢ The related recovery image files

2. Host PC setup

The host PC should have a serial-terminal program capable of running at 115,200bps, 8-N-1, for communicating with U-
Boot running on the target board.

Target board setup

a.

b.

Power off the target board system if the power is already on.

If U-Boot runs on this board, and U-Boot commands will be used to reflash the U-Boot images, connect the target
board to the network via the eTSEC port on the board.

Connect the target board to the host machine via the serial port with an RS-232 cable and the joined NXP adapter
cable, if needed.

Set up the serial terminal in the host machine with 115,200bps, 8-N-1, no flow control.

Verify all the switches and jumpers are set up correctly to default values described in <Hardware configurations> as
described in the Switch Settings section of the board's Software Deployment Guide

Connect the JTAG cable for your CodeWarrior TAP or Gigabit TAP to the board if you will be using the CodeWarrior
Flash Programmer to recover the board image.

Power on the board.

4.2 Image Recovery

4.2.1 Recover system with already working U-Boot
Target Board Setup

1.
2.
3.

Power off the target board system if the power is already on.

Connect the target board to the network via the eTSEC port on the board.

Connect the target board to the host machine via the serial port with an RS-232 cable and the joined NXP adaptor cable,
if needed.

Set up the serial terminal in the host machine with 115,200bps, 8-N-1, no flow control.

Verify all the switches and jumpers are setup correctly to default value described in the board's "Switch Settings" section
in the board's Software Deployment Guide.
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6. Power on the board.

Refer to the “Programming a New U-Boot...” section in the Software Deployment Guide for the target board to be recovered.

4.2.2 Recover system using CodeWarrior Flash Programmer

Environment Setup

Required Materials

 Target board.

» CodeWarrior for Power Architecture v10.x (for Windows or Linux)
» CodeWarrior TAP or Gigabit TAP run control device.

e The related recovery image files.

Host PC setup

The host PC is assumed to be running Windows 7, or one of the supported distributions of Linux (refer to the CodeWarrior
PA10 Release Notes for the list of supported Linux distributions).

This machine should have latest CodeWarrior PA10 installed and working correctly. If the run control device is a CodeWarrior
TAP used over USB, then the USB drivers should be installed automatically when the device is plugged in. If the run control
device is a CodeWarrior TAP used over Ethernet, or a Gigabit TAP, then both the host PC and TAP should be connected to
the network, and communications between them should be verified.

Target board setup
1. Power off the Target board system if the power is already on.

2. Connect the Target board to the host machine via the serial port with an RS-232 cable and the joined NXP adaptor
cable, if needed.

3. Set up the serial terminal in the host machine with 115,200bps, 8-N-1, no flow control.

4. Verify all the switches and jumpers are set up correctly to default values described in the "Switch Settings" section in
the board's Software Deployment Guide.

5. Connect the TAP's JTAG cable to the board.

6. Power on the board.

System Recovery
1. Start the CodeWarrior PA10 or ARMv7 IDE.

2. For LS102x targets, see Chapter 3 of Getting Started for ARMv7 Processors.pdf in the CodeWarrior ARMv7
installation for steps on creating a BareBoard Core0 project for the LS102x processor on this target board. For other
QorlQ targets, see Quick Start for PA 10 Processors.pdf in the CodeWarrior PA10 installation for steps on creating a
BareBoard AMP Core0 project for the QorlQ processor on this target board. In the "Debug Target Settings Page", of the
procedure for creating a new project, uncheck the ‘Download' option, and enable the 'Download SRAM' option, if
available.

3. Select your CodeWarrior TAP or Gigabit TAP as your debug connection type. For CodeWarrior TAP, select “USB” or
“Ethernet” as the connection medium.

4. Build the project.
5. Bring up the Target Tasks view: go to Window>Show View>Other>Debug>Target Task.
6. Import the Flash Profile:

a. In the Target Tasks view, click on the Import button. A file-browser window will appear, showing the
"Flash_Programmer" folder.
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b.

C.

7. Int

a.

Open the "Flash_Programmer" folder, then the folder associated with the processor family on this target board.

Select the configuration file for the particular target and flash device to be programmed on this target board, and
click OK to import it. This file will appear in the Target Tasks view.

he board's Software Deployment Guide, locate the “Flash Bank Usage” section for the target board to be recovered.

Identify the NOR/NAND/SPI flash memory map that applies to the flash to be programmed. For the following steps,
if the target flash supports multiple banks, choose the starting addresses for ‘Bank0’ or ‘current bank; as
appropriate.

b. ldentify the starting address for the u-boot image.

c. ldentify the starting address for the RCW image (if applicable).

d. Identify the starting address for the ucode/microcode (if applicable).

e. ldentify the starting address for the dtb image.

f. ldentify the starting address for the RamDisk image.

g. ldentify the starting address for the Linux Kernel image. For example:

Table 7. T4240QDS NOR flash

Binaries Starting Address
U-Boot OxEFF40000
RCW 0xE8000000
ucode O0xEFF00000
dtb 0xE8800000
RamDisk (rootfs) 0xE9300000
Linux Kernel (ulmage) 0xE8020000

8. Configure Flash Programmer.

a.
b.
c
d.
e.
f.

g.
h.

Double-click on the file name that was imported with the flash profile, to bring up the Flash Programmer Task view.

Click on 'Add Action'>'Program/Verify'.

. Set 'File Type' to "Binary".

Click on 'File System' and navigate to the folder containing the u-boot binary image.
Enable "Erase sectors before program"”.

Enable "Apply address offset", and enter the starting address where this binary recovery image will be flashed (see
the tables in the previous step for examples).

(OPTIONAL) Enable 'Verify after program' to verify that the flash programming was successful.

Repeat steps (starting with Click 'Add Action’) above for each binary image file to be programmed into flash.

9. Execute Flash Programming.

a.

C.

In the Target Tasks view, right-click on the imported filename and select the green Execute button to launch the
programmer.

If Execute is not green, the debugger is not running. The debugger must be running for this flash programmer to
work.

When finished flashing, terminate the debugger.

10. This is the end of the process. Now the boot loader, kernel and root file system are programmed to flash.
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11. Reset or power-cycle the board and verify that u-boot appears in the board’s serial terminal.
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Chapter 5
Linux Kernel Drivers

5.1 DMA Controller

5.1.1 Enhanced Direct Memory Access Driver (ARM)
5.1.1.1 eDMA User Manual

Description

The SoC integrates NXP's Enhanced Direct Memory Access module. Slave device such as 12C or SAI can deploy the DMA
functionality to accelerate the transfer and release the CPU from heavy load.

Kernel Configure Options
Tree View

Below are the configure options need to be set/unset while doing "make menuconfig" for kernel

Kernel Configure Tree View Options Description

DMA engine subsystem driver and eDMA driver support

Device Drivers --->
[*] DMA Engine support ---> --->
LV Freescale eDMA engine support
Identifier

Below are the configure identifiers which are used in kernel source code and default configuration files.

Option Values Default Value Description

CONFIG_FSL_EDMA y/m/n n eDMA Driver

Device Tree Binding
Device Tree Node

Below is an example device tree node required by this feature. Note that it may has differences among platforms.

edmal: edma@2c00000 {
#dma-cells = <2>;
compatible = "fsl,vf61l0-edma";
reg = <0x0 0x2c00000 0x0 0x10000>,
<0x0 0x2cl10000 0x0 0x10000>,
<0x0 0x2c20000 0x0 0x10000>;
interrupts = <GIC_SPI 135 IRQ TYPE LEVEL HIGH>,
<GIC_SPI 135 IRQ TYPE LEVEL HIGH>;
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interrupt-names = "edma-tx", "edma-err";
dma-channels = <32>;

big-endian;

clock-names = "dmamux0", "dmamuxl";

clocks = <&platform clk 1>,
<&platform clk 1>;

IF:

Device Tree Node Binding for Slave Device

Below is the device tree node binding for a slave device which deploy the eDMA functionality.

i2c0: 12c@2180000 {

#address-cells = <1>;
#size-cells = <0>;
compatible = "fsl,vf610-i2c";

reg = <0x0 0x2180000 0x0 0x10000>;
interrupts = <GIC _SPI 88 IRQ TYPE LEVEL HIGH>;
clock-names = "i2c";
clocks = <&platform clk 1>;
dmas = <&edmalO 1 39>,
<&edmalO 1 38>;
dma-names = "tx", "rx";
status = "disabled";

Source Files

The following source files are related the this feature in Linux kernel.

Table 8. Source Files

Linux Kernel Drivers
DMA Controller

Source File Description

drivers/dma/fsl-edma.c The eDMA driver file

Verification in Linux

1. Use the slave device which deploy the eDMA functionality to verify the eDMA driver, below is a verification with the 12C

salve.

root@lsl02laqgds:~# i2cdetect 0

WARNING! This program can confuse your I2C bus, cause data loss and worse!

I will probe file /dev/i2c-0.
I will probe address range 0x03-0x77.
Continue? [Y/n]
0O 1 2 3 4 5 6 7 8 9 a b c¢c d e f£

00: el ml Ml Ml ol ol oo -
10: —= o= D= D Mo e Ml Ml Dl ol o oo o
20: —= —= o= D= Do - L. o L . L - o - o __
POy == == == == == == == == == == == == == == == ==
1
50. e m e e e e e m e e e e e e e m e e e e =
60: -- -- -= -= -- -- -- -= -- 69 -- -- -- -- -- --
70g == == =55 == == == == oo

root@lsl02lagds:~# i2cdump 0 0x69 i

0 1 2 3 4 5 6 7 8 9 a b c d e f 0123456789abcdef
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00: 05 07 f£ff £ff 5d 55 10 55 11 05 le 00 e8 03 b5 ff ??..]U0?0??2?2.2°2°7.
10: £ff e8 03 95 00 00 00 00 aa fe 9a 00 00 00 OO0 78 LR?2.0.0..222.0 000X
20: 05 12 04 ff 00 7f 40 14 1d 60 3c 83 05 00 40 00 ??7..72@?7 <??.@.
30: fe 80 c6 29 00 00 00 7a 00 ff ff ff ff ff ff ff PP?) L .Z .
40: 05 07 ff ff 54 55 10 55 11 05 le 00 e8 03 b5 ff ??..]1U0?U0?2?2.2272.
50: ff e8 03 95 00 00 00 00 aa fe 9a 00 00 00 00 78 LRP?2....222.0 0 ..X
60: 05 12 04 ff 00 7f 40 14 1d 60 3c 83 05 00 40 00 ??7..?2@?7 <??.@.
70: fe 80 c6 29 00 00 00 7a 00 ff ff ff f£f ff f£f ff ???) . Z e
80: 07 ff ff 5d 55 10 55 11 05 1le 00 e8 03 b5 ff ff ?..]10?0??2?2.2°27?2..
90: e8 03 95 00 00 00 00 aa fe 9a 00 00 00 0O 78 0O BBPR0000BBB o000 0o
a0: 12 04 ff 00 7f 40 14 1d 60 3c 83 05 00 40 00 fe ??..72@??2°<??.@.°
b0: 80 c6 29 00 00 00 7a 00 ff ff ff ff ff ff f£f ff ??) e Ze e
cO: 07 £ff £f 5d 55 10 55 11 05 le 00 e8 03 b5 ff ff ?..]10?0?2?2?2.2°272..
d0o: e8 03 95 00 00 00 00 aa fe 9a 00 00 00 00 78 00 ?P?....7272. ... XK.
e0: 12 04 ff 00 7f 40 14 1d 60 3c 83 05 00 40 00 fe ?7..7@?7 " <??.@.°
fo: 80 c6 29 00 00 00 7a 00 ff ff ff ff ff ff ff ff ??) i Zee e
root@lsl02laqgds:~# cat /proc/interrupts

CPUO CPU1

29: 0 0 GIC 29 arch timer

30: 5563 5567 GIC 30 arch timer

112: 260 0 GIC 112 fsl-1lpuart

120: 32 0 GIC 120 2180000.i2c

121: 0 0 GIC 121 2190000.i2c

167: 8 0 GIC 167 eDMA

IPIO: 0 1 CPU wakeup interrupts

IPI1: 0 0 Timer broadcast interrupts

IPI2: 1388 1653 Rescheduling interrupts

IPI3: 0 0 Function call interrupts

IPI4: 2 4 Single function call interrupts

IPIS: 0 0 CPU stop interrupts
Err: 0

root@lsl02laqgds: ~#

5.2 DPAA 1.x Devices
5.2.1 DPAA Primer for Software Architecture

5.2.1.1 DPAA Primer

Multicore processing, or multiple execution thread processing, introduces unique considerations to the architecture of
networking systems, including processor load balancing/utilization, flow order maintenance, and efficient cache utilization.
Herein is a review of the key features, functions, and properties enabled by the QorlQ DPAA (Data Path Acceleration
Architecture) hardware and demonstrates how to best architect software to leverage the DPAA hardware.

By exploring how the DPAA is configured and leveraged in a particular application, the user can determine which elements
and features to use. This streamlines the software development stage of implementation by allowing programmers to focus
their technical understanding on the elements and features that are implemented in the system under development, thereby
reducing the overall DPAA learning curve required to implement the application.

Our target audience is familiar with the material in QorlQ Data Path Acceleration Architecture (DPAA) Reference Manual.

Benefits of the DPAA

The primary intent of the DPAA is to provide intelligence within the 10 portion of the System On Chip (SOC) to route and
manage the processing work associated with traffic flows to simplify ordering and load balance concerns associated with
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multi core processing. The DPAA hardware inspects ingress traffic and extracts user defined flows from the port traffic. It then
steers specific flows (or related traffic) to a specific core or set of cores.

Architecting a networking application with a multicore processor presents challenges (such as workload balance and
maintaining flow order), which are not present in a single core design. Without hardware assistance, the software must
implement techniques that are inefficient and cumbersome, reducing the performance benefit of multiple cores. To address
workload balance and flow order challenges, the DPAA determines and separates ingress flows then manages the temporary,
permanent, or semi-permanent flow-to-core affinity. The DPAA also provides a work priority scheme, which ensures ingress
critical flows are addressed properly and frees software from the need to implement a queuing mechanism on egress. As the
hardware determines which core will process which packet, performance is boosted by direct cache warming/stashing as
well as by providing biasing for core-to-flow affinity, which ensures that flow-specific data structures can remain in the core’s
cache.

By understanding how the DPAA is leveraged in a particular design, the system architect can map out the application to meet
the performance goals and to utilize the DPAA features to leverage any legacy application software that may exist. Once this
application map is defined, the architect can focus on more specific details of the implementation.

5.2.1.1.1 General Architectural Considerations

As the need for processing capability has grown, the only practical way to increase the performance on a single silicon part
is to increase the number of general purpose processing cores (CPUs). However, many legacy designs run on a single
processor; introducing multiple processors into the system creates special considerations, especially for a networking
application.

5.2.1.1.2 Multicore Design

Multicore processing, or multiple execution thread processing, introduces unique considerations. Most networking
applications are split between data and control plane tasks. In general, control plane tasks manage the system within the
broad network of equipment. While the control plane may process control packets between systems, the control plane process
is not involved in the bulk processing of the data traffic. This task is left to the data plane processing task or program.

The general flow of the data plane program is to receive data traffic (in general, packets or frames), process or transform the
data in some way and then send the packets to the next hop or device in the network. In many cases, the processing of the
traffic depends on the type of traffic. In addition, the traffic usually exists in terms of a flow, a stream of traffic where the packets
are related. A simple example could be a connection between two clients that, at the packet level, is defined by the source

and destination IP address. Typically, multiple flows are interleaved on a single interface port; the number of flows per port

depends on the interface bandwidth as well as on the bandwidth and type of flows involved.

5.2.1.1.3 Parse/classification Software Offload

The DPAA provides intelligence within the 10 subsection of the SoC (system-on-chip) to split traffic into user-defined queues.
One benefit is that the intelligence used to divide the traffic can be leveraged at a system level.

In addition to sorting and separating the traffic, the DPAA can append useful processing information into the stream; offloading
the need for the software to perform these functions (see the following two figures).

Note that the DPAA is not intended to replace significant packet processing or to perform extensive classification tasks.
However, some applications may benefit from the streamlining that results from the parse/classify/distribute function within
the DPAA. The ability to identify and separate flow traffic is fundamental to how the DPAA solves other multicore application
issues.
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DataPlane Programs iL

Pretocoll_patkatl+info Protocel2_packetl+info Protocold_packetl+info
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Protocoll_sacketieinfs
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WM

N
send_packet
XN X
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send_packaet
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Figure 1. Hardware-sorted Protocol Flow

5.2.1.1.4 Flow Order Considerations

In most networking applications, individual traffic flows through the system require that the egress packets remain in the order
in which they are received. In a single processor core system, this requirement is easy to implement. As long as the data
plane software follows a run-to-completion model on a per-packet basis, the egress order will match the ingress packet order.
However, if multiple processors are implemented in a true symmetrical multicore processing (SMP) model in the system, the
egress packet flow may be out of order with respect to the ingress flow. This may be caused when multiple cores
simultaneously process packets from the same flow.

Even if the code flow is identical, factors such as cache hits/misses, DRAM page hits/misses, interrupts, control plane and
OS tasks can cause some variability in the processing path, allowing egress packets to “pass” within the same flow, as shown

in this figure
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For some applications, it is acceptable to reorder the flows from ingress to egress. However, most applications require that
order is maintained. When no hardware is available to assist with this ordering, the software must maintain flow order. Typically,
this requires additional code to determine the sequence of the packet currently being processed, as well as a reference to a
data structure that maintains order information for each flow in the system. Because multiple processors need to access and
update this state information, access to this structure must be carefully controlled, typically by using a lock mechanism that
can be expensive with regard to program cycles and processing flow (see the next figure). One of goals of the DPAA

architecture is to provide the system designer with hardware to assist with packet ordering issues.
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Figure 3. Implementing Order in Software

5.2.1.1.5 Managing Flow-to-Core Affinity

Multicore processing, or multiple execution thread processing, introduces unique considerations to the architecture of
networking systems, including processor load balancing/utilization, flow order maintenance, and efficient cache utilization.
Herein is a review of the key features, functions, and properties enabled by the QorlQ DPAA (Data Path Acceleration
Architecture) hardware and demonstrates how to best architect software to leverage the DPAA hardware.

In a multicore networking system, if the hardware configuration always allows a specific core to process a specific flow then
the binding of the flow to the core is described as providing flow affinity. If a specific flow is always processed by a specific
processor core then for that flow the system acts like a single core system. In this case, flow order is preserved because there
is a single thread of operation processing the flow; with a run-to-completion model, there is no opportunity for egress packets
to be reordered with respect to ingress packets.

Another benefit of a specific flow being affined to a core is that the cache local to that core (L1 and possibly L2, depending
on the specific core type) is less likely to miss when processing the packets because the core’s data cache will not fetch flow
state information for flows to which it is not affined. Also, because multiple processing entities have no need to access the
same individual flow state information, the system need not lock the access to the individual flow state data. The DPAA offers
several options to define and manage flow-to-core affinity.
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Figure 4. Managing Flow-to-Core Affinity

Many networking applications require intensive, repetitive algorithms to be performed on large portions of the data stream(s).
While software in the processor cores could perform these algorithms, specific hardware offload engines often better address
specific algorithms. Cryptographic and pattern matching accelerators are examples of this in the QorlQ family. These
accelerators act as standalone hardware elements that are fed blocks or streams of data, perform the required processing,
and then provide the output in a separate (or perhaps overwritten) data block within the system. The performance boost is
significant for tasks that can be done by these hardware accelerators as compared to a software implementation.

In DPAA-equipped SoCs, these offload engines exist as peers to the cores and |10 elements, and they use the same queuing
mechanism to obtain and transfer data. The details of the specific processing performed by these offload engines is beyond
the scope of this document; however, it is important to determine which of these engines will be leveraged in the specific
application. The DPAA can then be properly defined to implement the most efficient configuration/definition of the DPAA
elements.

5.2.1.2 DPAA Goals

A brief overview of the DPAA elements in order to contextualize the application mapping activities. For more details on the
DPAA architecture, see the QorlQ Data Path Acceleration Architecture (DPAA) Reference Manual

The primary goals of the DPAA are as follows:
* To provide intelligence within the 10 portion of the SoC.

 To route and manage the processing work associated with traffic flows.
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 To simplify the ordering and load balance concerns associated with multicore processing.

The DPAA achieves these goals by inspecting and separating ingress traffic into Frame Queues (FQs). In general, the intent
is to define a flow or set of flows as the traffic in a particular FQ. The FQs are associated to a specific core or set of cores
via a channel. Within the channel definition, the FQs can be prioritized among each other using the Work Queue (WQ)
mechanism. The egress flow is similar to the ingress flow. The processors place traffic on a specific FQ, which is associated
to a particular physical port via a channel. The same priority scheme using WQs exists on egress, allowing higher priority
traffic to pass lower priority traffic on egress without software intervention.

5.2.1.3 FMan Overview

The FMan inspects traffic, splits it into FQs on ingress, and sends traffic from the FQs to the interface on egress.

On ingress traffic, the FMan is configured to determine the traffic split required by the PCD (Parse, Classify, Distribute) function.
This allows the user to decide how he wants to define his traffic: typically, by flows or classes of traffic. The PCD can be
configured to route all traffic on one port to a single queue or with a higher level of complexity where large numbers of queues
are defined and managed. The PCD can identify traffic based on the specific content of the incoming packets (usually within
the header) or packet reception rates (policing).

The parse function is used to identify which fields within the data frame determine the traffic split. The fields used may be
defined by industry standards, or the user may employ a programmable soft parse feature to accommodate proprietary field
(typically header) definition(s). The results of the parse function may be used directly to determine the frame queue; or, the
contents of the fields selected by the parse function may be used as a key to select the frame queue. The parse function
employs a programmed mask to allow the use of selected fields.

The resultant key from the parse function may be used to assign traffic to a specific queue based on a specific exact match
definition of fields in the header. Alternatively, a range of queues can be defined either by using the resultant key directly (if
there are a small number of bits in the key) or by performing a hash of the key to use a large number of bits in the flow identifier
and create a manageable number of queues.

The FMan also provides a policer function, which is rate-based and allows the user to mark or drop a specific frame that
exceeds a traffic threshold. The policing is based on a two-rate, three-color marking algorithm (RFC2698). The sustained
and peak rates as well as the burst sizes are user-configurable.
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Figure 5. Ingress FMan Flow
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The figure above shows the FMan splitting ingress traffic on an external port into a number of queues. However, the FMan
works in a similar way on egress: it receives traffic from FQs then transmits the traffic on the designated external port.
Alternatively, the FMan can be used to process flows internally via the offline port mechanism: traffic is dequeued (from some
other element in the system), processed, then enqueued onto a frame queue processing further within the system.

On ingress traffic, the FMan generates an internal context (IC) data block, which it uses as it performs the PCD function.
Optionally, some or all of this information may be added into the frames as they are passed along for further processing. For
egress or offline processing, the IC data can be passed with each frame to be processed. This data is mostly the result of
the PCD actions and includes the results of the parser, which may be useful for the application software. See the QorlQ
DPAA Reference Manual for details on the contents of the IC data block.

Traffic Dequeued from FQ's
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Figure 6. FMan Egress Flow
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5.2.1.4 QMan Overview

The QMan links the FQs to producers and consumers (of data traffic) within the SoC. The producers/consumers are either
FMan, acceleration blocks, or CPU cores.

All the producers/consumers have one channel, each of which is referred to as a dedicated channel. Additionally, there are
a number of pool channels available to allow multiple cores (not FMan or accelerators) to service the same channel. Note
that there are channels for each external FMan port, the number of which depends on the SoC, as well as the internal offline
ports.

Pool
Pool Channel
Pool Channe! Dedicated | | Dedicated
Channel Channel Channel
SEC PME
Corel Core 2 e Core N
K .\ f FMan 1 Fian 1 FMan 1
Port 1 Port 2 saa| PortN
Dedicated Dedicated Dedicated ! T
Channel Channel Channel |
| ]
Dedicated Dedicated Dedicated
Channel Channel Channel

Figure 8. DPAA Channel Types

Each channel provides for eight levels of priority, each of which has its own work queue (WQ). The two highest level WQs
are strict priority: traffic from WQO must be drained before any other traffic flows; then traffic from WQ1 and then traffic from
the other six WQs is allowed to pass. The last six WQs are grouped together in two groups of three, which are configurable
in a weighted round robin fashion. Most applications do not need to use all priority levels. When multiple FQs are assigned
to the same WQ, QMan implements a credit-based scheme to determine which FQ is scheduled (providing frames to be
processed) and how many frames (actually the credit is defined by the number of bytes in the frames) it can dequeue before
QMan switches the scheduling to the next FQ on the WAQ. If a higher priority WQ becomes active (that is, one of the FQs in
the higher priority WQ receives a frame to become non-empty) then the dequeue from the lower priority FQ is suspended
until the higher priority frames are dequeued. After the higher priority FQ is serviced, when the lower priority FQ restarts
servicing, it does so with the remaining credit it had before being pre-empted by the higher priority FQ.

When the DPAA elements of the SoC are initialized, the FQs are associated with WQs, allowing the traffic to be steered to
the desired core (dedicated connect channel), set of cores (pool channel), FMan, or accelerator, using a defined priority.
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QMan: Portals

A single portal exists for each non-core DPAA producer/consumer (FMan, SEC, and PME). This is a data structure internal
to the SoC that passes data directly to/from the consumer’s direct connect channel.

Software portals are associated with the processor cores and are, effectively, data structures that the cores use to pass
(enqueue) packets to or receive (dequeue) packets from the channels associated with that portal (core). Each SoC has at
least as many software portals as there are cores. Software portals are the interface through which the DPAA provides the
data processing workload for a single thread of execution.

The portal structure consists of the following:
* The Dequeue Response Ring (DQRR) determines the next packet to be processed.
* The Enqueue Command Ring (EQCR) sends packets from the core to the other elements.

* The Message Ring (MR) notifies the core of the action (for example, attempted dequeue rejected, and so on).
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* The Management command and response control registers.
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Figure 10. Processor Core Portal

On ingress, the DQRR acts as a small buffer of incoming packets to a particular core. When a section of software performs
a get packet type operation, it gets the packet from a pointer provided as an entry in the DQRR for the specific core running
that software. Note that the DQRR consolidates all potential channels that may be feeding frames to a particular core. There
are up to 16 entries in each DQRR. Each DQRR entry contains:

* a pointer to the packet to be processed,

* an identifier of the frame queue from which the packet originated,
¢ a sequence number (when configured),

¢ and additional FMan-determined data (when configured).

When configured for push mode, QMan attempts to fill the DQRR from all the potential incoming channels. When configured
in pull mode, QMan only adds one DQRR entry when it is told to by the requesting core. Pull mode may be useful in cases
where the traffic flows must be very tightly controlled; however, push mode is normally considered the preferred mode for
most applications.
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Figure 11. Ingress Channel to Portal Options

The DQRRs are tightly coupled to a processor core. The DPAA implements a feature that allows the DQRR mechanism to
pre-allocate, or stash, the L1 and/or L2 cache with data related to the packet to be processed by that core. The intent is to
have the data required for packet processing in the cache before the processor runs the “get packet” routine, thereby reducing
the overall time spent processing a particular packet.

The following is data that may be warmed into the caches:

* The DQRR entry

» The packet or portion of the packet for a single buffer packet
* The scatter gather list for a multi-buffer packet

Additional data added by FMan

* FQ context (A and B)

The FQ context is a user-defined space in memory that contains data associated with the FQ (per flow) to be processed. The
intent is to place in this data area the state information required when processing a packet for this flow. The FQ context is
part of the FQ definition, which is performed when the FQ is initialized.

The cache warming feature is enabled by configuring the capability and some definition of the FQs and QMan at system
initialization time. This can provide a significant performance boost and requires little to no change in the processing flow.
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When defining the system architecture, it is highly recommended that the user enable this feature and consider how to
maximize its impact.
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Figure 12. Cache Warming Options

In addition to getting packet information from the DQRR, the software also manages the DQRR by indicating which DQRR
entry it will consume next. This is how the QMan determines when the DQRR (portal) is ready to process more frames. Two
basic options are provided. In the first option, the software can update the ring pointer after one or several entries have been
consumed. By waiting to indicate the consumption of multiple frames, the performance impact of the write doing this is
minimized. The second option is to use the discrete consumption acknowledgment (DCA) mode. This mode allows the
consumption indication to be directly associated with a frame enqueue operation from the portal (that is, after the frame has
been processed and is on the way to the egress queue). This tracking of the DQRR Ring Pointer Cl (Consumer Index) helps
implement frame ordering by ensuring that QMan does not dequeue a frame from the same FQ (or flow) to a different core

until the processing is completed.

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016

74 NXP Semiconductors



Linux Kernel Drivers
DPAA 1.x Devices

5.2.1.5 QMan Scheduling

The QMan links the FQs to producers and consumers (of data traffic) within the SoC.

QMan: Queue schedule options

The primary communication path between QMan and the processor cores is the portal memory structure. QMan uses this
interface to schedule the frames to be processed on a per-core basis. For a dedicated channel, the process is straightforward:
the QMan places an entry in the DQRR for the portal (processor) of the dedicated channel and dequeues the frame from an
FQ to the portal. To do this, QMan determines, based on the priority scheme (previously described) for the channel, which
frame should be processed next and then adds an entry to the DQRR for the portal associated with the channel.

When configured for push mode, once the portal requests QMan to provide frames for processing, QMan provides frames
until halted. When the DQRR is full and more frames are destined for the portal, QMan waits for an empty slot to become
available in the DQRR and then adds more entries (frames to be processed) as slots become available.

When configured for pull mode, the QMan only adds entries to the DQRR at the direct request of the portal (software request).
The command to the QMan that determines if a push or pull mode is implemented and tells QMan to provide either one or
from one to three (up to three if there are that many frames to be dequeued) frames at a time. This is a tradeoff of smaller
granularity (for one frame only) versus memory access consolidation (if the up to three frames option is selected).

When the system is configured to use pool channels, a portal may get frames from more than one channel and a channel
may provide frames (work) to more than one portal (core). QMan dequeues frames using the same mechanism described
above (updating DQRR) and QMan also provides for some specific scheduling options to account for the pool channel case
in which multiple cores may process the same channel.

QMan: Default Scheduling

The default scheduling is to have an FQ send frames to the same core for as long as that FQ is active. An FQ is active until
it uses up its allocated credit or becomes empty. After an FQ uses its credit, it is rescheduled again, until it is empty. For its
schedule opportunity, the FQ is active and all frames dequeued during the opportunity go to the same core. After the credit
is consumed, QMan reactivates that FQ but may assign the flow processing to a different core. This provides for a sticky
affinity during the period of the schedule opportunity. The schedule opportunity is managed by the amount of credit assigned
to the FQ.

NOTE
A larger credit assigned to an FQ provides for a stickier core affinity, but his makes the processing
work granularity larger and may affect load balancing.

QorlQ LS1046A BSP v0.4, Rev. A, Sep 2016
NXP Semiconductors 75




Linux Kernel Drivers
DPAA 1.x Devices

Default Scheduling

Corel Core 2 Core 3
A A A
“Sticky™ affinity during FQ1's f i /
schedule opportunity but affinity f-" f
maychange when FQ1 rescheduled ,° 1 i
] P o 2 / PooledCores .~ - PR
| | FQ2 FQ1 || P e a
. : -
- — - e
s - -
a - - e T o
|— -
“-u.__ _..'__.-"
s e
= o ——
e —— ——
“Sticky” affinity FQ2 scheduls
Pool opportunity but affinity may change
o] PR when FQ2 is reschaduled

Figure 13. Default Scheduling

QMan: Hold Active Scheduling

With the hold active option, when the QMan assigns an FQ to a particular core, that Q is affined to that core until it is empty.
Even after the FQ’s credit is consumed, hen it is rescheduled with the next schedule opportunity, the frames go to the same
core for processing. This effectively makes the flow-to-core affinity stickier than the default case, ensuring the same flow is
processed by the same core for as long as there are frames queued up for processing. Because the flow-to-core affinity is
not hard-wired as in the dedicated channel case, the software may still need to account for potential order issues. However,
because of flow-to-core biasing, the flow state data is more likely to remain in L1 or L2 cache, increasing hit rates and thus
improving processing performance. Because of the specific QMan implementation, only four FQs may be in held active state
at a given time.
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QMan: Avoid blocking scheduling

Avoid blocking scheduling QMan can also be scheduled in the avoid blocking mode, which is mutually exclusive to hold active.
In this mode, QMan schedules frames for an FQ to any available core in the pool channel. For example, if the credit allows
for three frames to be dequeued, the first frame may go to core 1. But, when that dequeue fills core 1’s DQRR, QMan finds
the next available DQRR entry in any core in the pool. With avoid blocking mode there is no biasing of the flow to core affinity.
This mode is useful if a particular flow either has no specific order requirements or the anticipated processing required for a
single flow is expected to consume more than one core’s worth of processing capability.

Alternatively, software can bypass QMan scheduling and directly control the dequeue of frame descriptors from the FQ. This
mode is implemented by placing the FQ in parked state. This allows software to determine precisely which flow will be
processed (by the core running the software). However, it requires software to manage the scheduling, which can add
overhead and impact performance.
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Figure 15. Avoid Blocking Scheduling

QMan: Order Definition/ Restoration

The QMan provides a mechanism to strictly enforce ordering. Each FQ may be defined to participate in the process of an
order definition point and/or an order restoration point. On ingress, an order definition point provides for a 14 bit sequence
number assigned to each frame (incremented per frame) in a FQ in the order in which they were received on the interface.
The sequence number is placed in the DQRR entry for the frame when it is dequeued to a portal. This allows software to
efficiently determine which packet it is currently processing in the sequence without the need to access a shared (between
cores) data structure. On egress, an order restoration point delays placing a frame onto the FQ until the expected next
sequence number is encountered. From the software standpoint, once it has determined the relative sequence of a packet,
it can enqueue it and resume other processing in a fire-and-forget manner.

NOTE
The order definition points and order restoration points are not dependent on each other; it is
possible to have one without the other depending on application requirements. To effectively use
these mechanisms, the packet software must be aware of the sequence tagging.
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Figure 16. Order Definition/Restoration

As processors enqueue packets for egress, it is possible that they may skip a sequence number because of the nature of
the protocol being processed. To handle this situation, each FQ that participates in the order restoration service maintains
its own Next Expected Sequence Number (NESN). When the difference between the sequence number of the next expected
and the most recently received sequence number exceeds the configurable ORP threshold, QMan gives up on the missing
frame(s) and autonomously advances the NESN to bring the skew within threshold. This causes any deferred enqueus that
are currently held in the ORP link list to become unblocked and immediately enqueue them to their destination FQ. If the
“skipped” frame arrives after this, the ORP can be configured to reject or immediately enqueu the late arriving frame.

5.2.1.6 BMan

The BMan block manages the data buffers in memory. Processing cores, FMan, SEC and PME all may get a buffer directly
from the BMan without additional software intervention. These elements are also responsible for releasing the buffers back
to the pool when the buffer is no longer in use.

Typically, the FMan directly acquires a buffer from the BMan on ingress. When the traffic is terminated in the system, the core
generally releases the buffer. When the traffic is received, processed, and then transmitted, the same buffer may be used
throughout the process. In this case, the FMan may be configured to release the buffer automatically, when the transmit
completes.

The BMan also supports single or multi-buffer frames. Single buffer frames generally require the adequately defined (or
allocated) buffer size to contain the largest data frame and minimize system overhead. Multi-buffer frames potentially allow
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better memory utilization, but the entity passed between the producers/consumers is a scatter-gather table (that then points
to the buffers within the frame) rather than the pointer to the entire frame, which adds an extra processing requirement to the
processing element.

The software defines pools of buffers when the system is initialized. The BMan unit itself manages the pointers to the buffers
provided by the oftware and can be configured to interrupt the software when it reaches a condition where the number of free
buffers is depleted (so that software may provide more buffers as needed).

5.2.1.7 Order Handling

The DPAA helps address packet order issues that may occur as a result of running an application in a multiple processor
environment. And there are several ways to leverage the DPAA to handle flow order in a system. The order preservation
technique maps flows such that a specific flow always executes on a specific processor core.

For the case that DPAA handles flow order, the individual flow will not have multiple execution threads and the system will
run much like a single core system. This option generally requires less impact to legacy, single-core software but may not
effectively utilize all the processing cores in the system because it requires using a dedicated channel to the processors. The
FMan PCD can be configured to either directly match a flow to a core or to use the hashing to provide traffic spreading that
offers a permanent flow-to-core affinity.

If the application must use pool channels to balance the processing load then the software must be more involved in the
ordering. The software can make use of the order restoration point function in QMan, which requires the software to manage
a sequence number for frames enqueued on egress. Alternatively, the software can be implemented to maintain order by
biasing the stickiness of flow affinity with default or hold active scheduling; lock contention and cache misses can be biased
to increase performance.

If there are no order requirements then load balancing can be achieved by associating the non-ordered traffic to a pool of
cores.

NOTE
All of these techniques may be implemented simultaneously on the same SoC; as long as the flow
definition is precise enough to split the traffic types, it is simply a matter of proper defining the FQs
and associating them to the proper channels in the system.

Using the exact match flow definition to preserve order

The simplest technique for preserving order is to route the ingress traffic of an individual flow to a particular core. For the
particular flow in question, the system appears as a legacy, single-core programming model and, therefore, has minimal
impact on the structure of the software. In this case, the flow definition determines the core affinity of a flow.
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Figure 17. Direct Flow-to-Core Mapping (Order Preserved)

This technique is completely deterministic: the DPAA forces specific flows to a specific processor, so it may be easier to
determine the performance assuming the ingress flows are completely understood and well defined. Notice that a particular
processor core may become overloaded with traffic while another sits idle for increasingly random flow traffic rates.

To implement this sort of scheme, the FMan must be configured to exa