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1 Introduction

Real-time Edge software is an evolved version of Open Industrial Linux (OpenlL) for real-time and deterministic
systems in different fields. The key technology components include Real-time System, Heterogeneous Multicore
Framework, Heterogeneous Multi-SoC Framework, Real-time Networking, and Protocols.

* The Real-time System component includes Preempt-RT Linux, Native RTOS on Cortex-A, Jailhouse, and U-
Boot-based BareMetal framework. It also includes RTOS, BareMetal on Cortex-M, and different combinations
of these systems.

* Heterogeneous Multicore Framework provides a general software framework to support Heterogeneous
AMP (asymmetric multiprocessing). It enables AMP to be interconnected and provides a unified resource
management and life-cycle management.

* Heterogeneous Multi-SoC Framework enables the usage of a combination of MPU and MCU. It extends the
hardware components for both the MCU and MPU.

* Real-time Networking includes time sensitive network (TSN) technology, TSN standards, management,
configuration, and applications. This component also supports the networking and redundancy features.

* The Protocols component includes support for industry standard protocols, such as EtherCAT, CoE, FlexCan,
OPC-UA, and others.

This document describes the features and implementation of Real-time Edge Software on NXP hardware
platforms.
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1.1 Feature support matrix

Table 1 shows the features that are supported in this release.

Table 1. Key features

Real-time Edge Software User Guide

Feature i.MX i.MX i.MX8M |i.MX8M |iMX93 i.MX i.MX 93 i.MX 943 i.MX 95 i.MX 95 i.MX 91 i.MX i.MX i.MX i.MX 91 i.MX 91 i.MX93 LS1028A |LS1043A |LS1046A |LX2160A
6ULL 8DXL Mini Plus EVK 93 9x9 14x14 19x19 19x19 15x15 1Mx11 91 9x9 RT1180 8MP 1Mx11 1Mx11 11x11 RDB RDB RDB RDB
14x14 LPDDR4 || pppRrg | LPDDR4 LPDDR4 LPDDR4x | LPDDR4/5 | LPDDR5 LPDDR4 LPDDR4 |LPDDR4 |EVK LPDDR4 |LPDDR4 LPDDR LPDDR4X
EVK EVK EVK QsB EVK EVK EVK EVK EVK QsB FRDM FRDM FRDM FRDM

EVK
IMX91s
Boot mode | SD Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
eMMC Y Y Y Y Y Y Y Y Y Y Y
Real-time Preempt-RT Linux Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y
System
BareMetal ICC Y Y Y Y Y Y Y
PCle Y Y Y
Ethernet Y Y Y Y Y Y
GPIO Y Y Y
IPI Y Y Y Y Y Y Y
UART Y Y Y Y Y Y
usB Y Y
SAl Y
CAN
12C Y Y Y
QSPI Y
IFC Y
Flextimer Y
Linux ICC Y Y Y Y Y Y Y
(commun-
ication 1Pl Y Y Y Y Y Y
with
BareMetal)
Single HW Interrupt to Y
multiple cores
Newlib Math library Y Y Y Y Y Y Y
All Cortex-A cores Y
running under Baremetal
Native FreeRTOS Y Y Y Y Y Y Y Y
RTOS on
Cortex-A Zephyr Y Y Y Y Y Y Y Y
Jailhouse Y Y Y Y Y Y Y Y Y
Harpoon FreeRTOS Y Y Y Y Y
RTOS
Zephyr Y Y Y Y Y
Hetero- Flexible Flexible Free Y Y Y Y Y Y
geneous Real-time Real-time RTOS
i System
Multicore System Y Zephyr v v v v v v
Framework
RAM Free Y Y Y Y Y
Console RTOS
Zephyr Y Y Y Y Y
SMP RTOS | Zephyr \% Y
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Feature i.MX i.MX i.MX8M |i.MX8M |iMX93 i.MX i.MX 93 i.MX 943 i.MX 95 i.MX 95 i.MX 91 i.MX i.MX i.MX i.MX 91 i.MX 91 i.MX93 LS1028A |LS1043A |LS1046A |LX2160A
6ULL 8DXL Mini Plus EVK 93 9x9 14x14 19x19 19x19 15x15 1Mx11 91 9x9 RT1180 8MP 1Mx11 1Mx11 11x11 RDB RDB RDB RDB
14x14 LPDDR4 || pppRr4 | LPDDR4 LPDDR4 LPDDR4x | LPDDR4/5 | LPDDR5 LPDDR4 LPDDR4 LPDDR4 | EVK LPDDR4 |LPDDR4 LPDDR LPDDR4X
EVK EVK EVK QsB EVK EVK EVK EVK EVK QsB FRDM FRDM FRDM FRDM

EVK
IMX91s
Networking | Free Y Y Y Y
stack on A- | RTOS
Core RTOS
Unified U-Boot Free Y Y Y Y Y Y Y Y
Life Cycle booting RTOS
Native
Management| xS a. | Zephyr Y Y Y Y Y Y Y Y
Core Image
Linux Free Y Y Y Y Y Y
booting RTOS
Native
RTOS A- Zephyr Y Y Y Y Y Y
Core Image
U-Boot Free Y Y Y Y Y
booting RTOS
Native
RTOS M-
Core Image
Linux Free Y Y Y Y Y
booting RTOS
Native
RTOS M-
Core Image
RPMSG RPMSG Free Y Y Y Y Y
between RTOS
Linux and
M-Core
RTOS
RPMSG Free Y Y Y Y Y Y
between RTOS
Linux and
A-Core Zephyr Y Y Y
RTOS
RPMSG Free Y Y Y
between RTOS
2 A-Core
RTOS
RPMSG Free Y
between RTOS
Linux and
M-core
RTOS with
enhanced 8
MB buffer
RPMSG Free Y
Perfor- RTOS
mance
Evaluation
UART Free Y Y Y Y
Sharing RTOS
based on
RPMSG
Hetero- Hetero- Free Y Y
geneous geneous RTOS
Multicore Multicore
Virtlo Virtlo
Perfor-
mance
Evaluation
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Table 1. Key features...continued
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Feature i.MX i.MX i.MX8M |i.MX8M |iMX93 i.MX i.MX 93 i.MX 943 i.MX 95 i.MX 95 i.MX 91 i.MX i.MX i.MX i.MX 91 i.MX 91 i.MX93 LS1028A |LS1043A |LS1046A |LX2160A
6ULL 8DXL Mini Plus EVK 93 9x9 14x14 19x19 19x19 15x15 1Mx11 91 9x9 RT1180 8MP 1Mx11 1Mx11 11x11 RDB RDB RDB RDB
14x14 LPDDR4 || pppRr4 | LPDDR4 LPDDR4 LPDDR4x | LPDDR4/5 | LPDDR5 LPDDR4 LPDDR4 | LPDDR4 |EVK LPDDR4 |LPDDR4 LPDDR LPDDR4X
EVK EVK EVK QsB EVK EVK EVK EVK EVK QsB FRDM FRDM FRDM FRDM

EVK
IMX91s
Hetero- Free Y Y Y Y
geneous RTOS
Multicore
Virtlo
Network
Sharing
Industrial SOEM Free Y Y Y
Applications | runningon | RTOS
A-core or
M-core

Heteroge- NETC TSN | DSA single port mode Y Y Y Y

neous Switch .

Multi-SoC DSA bridge mode Y Y Y Y

Framework MTU configuration Y Y Y Y

VLAN configuration Y Y Y Y
FDB configuration Y Y Y Y
Port statistics Y Y Y Y
PTP stack Y Y Y Y
802.1CB Y Y Y Y
Qci Y Y Y Y
Qbv Y Y Y Y
Qbu Y Y Y Y
HSR Y Y Y Y
Virtual Switch Y Y Y Y
Real-time TSN Qbv Y Y Y Y Y Y Y
Networking | Standards
Qbu Y Y Y Y Y Y
Qci Y Y
Qav Y Y Y Y Y Y Y Y
802.1AS Y Y Y Y Y Y Y Y Y
802.1CB Y
VCAP chain mode Y
802.1 Q-in-Q Y
TSN Linux tc command Y Y Y Y Y Y
Config-
urations TSN tool Y
NETCONF | Qbv Y Y Y Y Y Y
IYANG Qbu Y Y Y Y Y Y
Qci Y
P Y Y Y Y Y Y
MAC Y Y Y Y Y Y Y
VLAN Y Y Y Y Y Y Y
config
PTP Y Y Y Y Y Y
LLDP Y Y Y Y Y Y
Web-based | Qbv Y Y Y Y Y
configuration
Qbu Y Y Y Y Y
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Table 1. Key features...continued

Feature i.MX i.MX i.MX8M |i.MX8M |iMX93 i.MX i.MX 93 i.MX 943 i.MX 95 i.MX 95 i.MX 91 i.MX i.MX i.MX i.MX 91 i.MX 91 i.MX93 LS1028A |LS1043A |LS1046A |LX2160A
6ULL 8DXL Mini Plus EVK 93 9x9 14x14 19x19 19x19 15x15 1Mx11 91 9x9 RT1180 8MP 1Mx11 1Mx11 11x11 RDB RDB RDB RDB
14x14 LPDDR4 || pppRr4 | LPDDR4 LPDDR4 LPDDR4x | LPDDR4/5 | LPDDR5 LPDDR4 LPDDR4 | LPDDR4 |EVK LPDDR4 |LPDDR4 LPDDR LPDDR4X
EVK EVK S EVK QsB EVK EVK EVK EVK EVK QsB FRDM FRDM FRDM FRDM

IMX91s
Qci Y
Dynamic topology Y Y Y Y Y
discovery
Dynamic Qci Y
TSN
configu- CQF Y
ration Qby Y Y Y Y Y
GenAvB / gPTP 802.1AS-2020 Y Y Y Y Y Y Y Y Y Y Y Y
TSN Stack | with multi-domain
support
SRP |[EEE 802.1Q-2022 |Y Y Y Y Y Y Y Y Y Y Y
AVB AVTP Y Y Y Y Y
Standards | [EEE
1722-
2016
ATDECC |Y Y Y Y Y Y
1722.1-
2021
Milanv1.2 |Y Y Y Y Y
MAAP Y Y Y Y Y Y
IEEE
1722-
2016
AVB Endpoint Y Y Y Y Y Y
AVB Bridge y! vy Y
AVB Hybrid vyt
TSN Endpoint Y Y Y Y Y Y Y
TSN Bridge Y
Media clock recovery Y Y y® Y y®@ vy
Industrial EtherCAT IGH EtherCAT Main Y Y Y Y Y Y Y Y Y Y Y Y
Protocol MainDevice | Device stack
IGH native Ethernet Y Y Y Y Y Y Y Y Y Y
device driver
SOEM Y Y Y Y
CodeSYS EtherCAT Y Y Y Y Y Y Y
MainDevice stack
FlexCAN Y
CANopen Y
OPC UA open62541 Y Y Y Y Y Y Y Y Y Y Y Y
OPC UA PubSub over Y Y Y Y Y Y Y Y
TSN
OPC UA Frame Y
Summation
BEE (Mikroe Click board) Y
Bluetooth Low Energy (Mikroe Click Y
board)
NFC (Mikroe Click board) Y
Modbus ‘ Modbus-RTU Y Y Y Y Y Y Y Y Y
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Table 1. Key features...continued
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Feature i.MX i.MX i.MX8M |i.MX8M |iMX93 i.MX i.MX 93 i.MX 943 i.MX 95 i.MX 95 i.MX 91 i.MX i.MX i.MX i.MX 91 i.MX 91 i.MX93 LS1028A |LS1043A |LS1046A |LX2160A
6ULL 8DXL Mini Plus EVK 93 9x9 14x14 19x19 19x19 15x15 1Mx11 91 9x9 RT1180 8MP 1Mx11 1Mx11 11x11 RDB RDB RDB RDB
14x14 LPDDR4 || pppRr4 | LPDDR4 LPDDR4 LPDDR4x | LPDDR4/5 | LPDDR5 LPDDR4 LPDDR4 LPDDR4 | EVK LPDDR4 |LPDDR4 LPDDR LPDDR4X
EVK EVK EVK QsB EVK EVK EVK EVK EVK QsB FRDM FRDM FRDM ERDM

EVK
IMX91s

Modbus-TCP Y Y Y Y Y Y Y Y Y Y Y Y Y
Digital BiSS Y
Encoder

EnDat2.2 Y

EnDat3.0 Y

HIPERFACE DSL Y

Nikon A-Format Y

Tamagawa T-Format Y

[11 Using a SUA1105Q Ethernet Interface Evaluation Board (EVB).
[2] Media clock recovery is implemented through a software-based sampling.
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1.2 Supported NXP platforms

The Table 2 lists the NXP hardware SoCs and boards that support the Real-time Edge software.

Table 2. Supported NXP platforms

Platform Architecture Boot

i.MX 6ULL EVK Arm v7 SD

i.MX 8DXL LPDDR4 EVK Arm v8 SD, eMMC
i.MX 8M Mini LPDDR4 EVK Arm v8 SD, eMMC
i.MX 8M Plus LPDDR4 EVK Arm v8 SD, eMMC
i.MX 8M Plus LPDDR4 FRDM Arm v8 SD

i.MX 93 EVK Arm v8 SD, eMMC
i.MX 93 9x9 QSB Arm v8 SD, eMMC
i.MX 93 11x11 LPDDR4x FRDM Arm v8 SD, eMMC
i.MX 93 14x14 EVK Arm v8 SD, eMMC
i.MX 95 19x19 LPDDR5 EVK Arm v8 SD, eMMC
i.MX 95 15x15 LPDDR4X EVK Arm v8 SD, eMMC
i.MX 91 11x11 LPDDR4X EVK Arm v8 SD, eMMC
i.MX 91 11x11 LPDDR4 FRDM Arm v8 SD, eMMC
i.MX 91 11x11 LPDDR4X FRDM IMX91S Arm v8 SD

i.MX 91 9x9 LPDDR4 QSB Arm v8 SD, eMMC
i.MX 943 19x19 LPDDR5 EVK Arm v8 SD, eMMC
i.MX 943 19x19 LPDDR4 EVK Arm v8 SD, eMMC
i.MX 943 15x15 LPDDR4 EVK Arm v8 SD, eMMC
LS1028ARDB Arm v8 SD, eMMC
LS1043ARDB Arm v8 SD
LS1046ARDB Arm v8 SD, eMMC
LX2160ARDB Rev 2 Arm v8 SD
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1.2.1 Switch settings
The Table 3 lists and describes the switch configuration for the platforms supported by Real-time Edge software.

Table 3. Switch setting for various NXP platforms

Platform Boot source Switch setting
i.MX 6ULL EVK Internal Boot / MicroSD |SW602 = 0b'10 (internal boot) and SW601[1:4] = 0b'0010
(MicroSD)
i.MX 8DXL LPDDR4 EVK SD, eMMC e SD: SW1[1:4] = 0b'1100
¢ eMMC: SW1[1:4] = 0b'0100
i.MX 8M Mini LPDDR4 EVK MicroSD / uSDHC2 e SW1101[1:10] = Ob’ 0110110010
e SW1102[1:10] = Ob’ 0001101000
i.MX 8M Plus LPDDR4 EVK MicroSD / SDHC2 SW4[1:4] = 0b’0011
i.MX 8M Plus LPDDR4 FRDM MicroSD / SDHC2 SW4[1:4] = 0b’0011
i.MX 93 EVK MicroSD / uSDHC2 SW1301[1:4] = 0b'0100
i.MX 93 9x9 QSB MicroSD / uSDHC2 SW601[1:4] = 0b'0011
i.MX 93 11x11 FRDM SD, eMMC ¢ SD: SW1[1:4] = 0b1100
¢ eMMC: SW1[1:4] = 0b0100
i.MX 93 14x14 EVK SD, eMMC ¢ SD: SW5[1:4] = 0b'0100
* eMMC: SW5[1:4] = 0b'0000
i.MX 95 19x19 LPDDR5 EVK SD, eMMC e SD: SW7[1:4] = 0b'1011
¢ eMMC: SW7[1:4] = 0b'1010
i.MX 95 15x15 LPDDR4X EVK SD, eMMC e SD: SW7[1:4] = 0b1011
¢ eMMC: SW7[1:4] = 0b1010
i.MX 91 11x11 LPDDR4X EVK SD, eMMC e SD: SW1301[1:4] = 0b0100
¢ eMMC: SW1301[1:4] = 0b0000
i.MX 91 11x11 LPDDR4 FRDM SD, eMMC e SD: SW1[1:4] = 0b1100
e eMMC: SW1[1:4] = 0b0100
i.MX 91 11x11 LPDDR4 FRDM- |SD e SD: SW1[1:4] = 0b1100
IMX91S
i.MX 91 9x9 LPDDR4 QSB SD, eMMC e SD: SW3[1:4] = 0b0011
¢ eMMC: SW3[1:4] = 0b0010
i.MX 943 19x19 LPDDR4 EVK SD, eMMC e SD: SW3[1:4] = 0b1100
¢ eMMC: SW3[1:4] = 0b0010
i.MX 943 19x19 LPDDR5 EVK SD, eMMC ¢ SD: SW3[1:4] = 0b1100
¢ eMMC: SW3[1:4] = 0b0010
i.MX 943 15x15 LPDDR4 EVK SD, eMMC e SD: SW3[1:4] = 0b1100
e eMMC: SW3[1:4] = 0b0010
LS1028ARDB SD, eMMC e SD: SW2[1:8] = 0b’10001000
¢ eMMC: SW2[1:8] = 0b’10011000
LS1043ARDB SD SW4[1:8] + SW5[1] = 0b'00100000_0
UART1 output select
¢ SW3[3] = 0b’0: RJ45
e SW3[3] = 0b’1: CMSIS-DAP (MiniUSB)
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Table 3. Switch setting for various NXP platforms...continued

Platform Boot source Switch setting
LS1046ARDB SD, eMMC SW5[1:8] + SW4[1] = 0b'00100000_0
UART1 output select
« SW4[4] = 0b'0: RJ45
+ SW4[4] = 0b’1: CMSIS-DAP (MicroUSB)
LX2160ARDB Rev2 SD SW1[1:8] = 0b'10001000
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1.2.2 Flashing prebuilt images

Real-time Edge Software User Guide

Prebuilt images for hardware platforms supported by Real-time Edge software can be downloaded from the

below URL:

https://www.nxp.com/design/software/development-software/real-time-edge-software:REALTIME-EDGE-

SOFTWARE

Download the image required and extract it by using the commands below: (The code below shows the

commands used for i.MX 93 EVK as an example.)

$ unzip Real-time Edge v3.3 IMX93EVK.zip

$ cd Real-time Edge v3.3 IMX93EVK/real-time-edge/

S 1s

Image-imx93evk.bin
imx93-11x11-evk-avb.dtb
imx93-11x11l-evk-dpdk.dtb
imx93-11xll-evk-dsa.dtb
imx93-11x11-evk-dsa-enetc.dtb
imx93-11x11l-evk.dtb
imx93-11x1ll-evk-ecat.dtb
imx93-11x1ll-evk-ecat-userspace.dtb
imx93-11x1l-evk-harpoon-avb.dtb

imx93-11x11l-evk-igh.dtb
imx93-11x1l-evk-inmate.dtb
imx93-11xll-evk-multicore-rtos.dtb
imx93-11x11-evk-root.dtb
imx93-11x1ll-evk-rpmsg.dtb
imx93-11xll-evk-uart-sharing-cm33.dtb
imx93-11x1l-evk-virtio-net-cab55.dtb
imx93-11xll-evk-virtio-net-cm33.dtb
nxp-image-real-time-edge-

imx93evk.rootfs.manifest
imx93-11xll-evk-harpoon.dtb
imx93evk.rootfs.tar.zst
imx93-11x11l-evk-harpoon-industrial.dtb
imx93evk.rootfs.wic.zst
imx93-11x11-evk-harpoon-virtio-net.dtb

nxp-image-real-time-edge-

nxp-image-real-time-edge-—

Extract the compressed wic image:

S zstd -d nxp-image-real-time-edge-imx93evk.rootfs.wic.zst

Insert the SD card. A device node “sdx” (for example: sdc) is created in directory “/dev/” with USB reader.
Flash the file “nxp-image-real-time-edge-imx93evk.rootfs.wic” to SD card:

$ sudo dd if=./nxp-image-real-time-edge-imx93evk.rootfs.wic of=/dev/sdc bs=1M
conv=fsync

After flashing this image to an SD card, insert this SD card into i.MX 93 EVK board. Then, connect the DBG port
and open it. Then, power on the i.MX 93 EVK board. The message below is displayed:

U-Boot SPL 2025.04-g7d45dffba048 (Jul 15 2025 - 10:04:29 +0000)

PMIC: PCA9451A
PMIC: Over Drive Voltage Mode
DDR: 3733MTS

M33 prepare ok

Normal Boot

Trying to boot from BOOTROM

Boot Stage: Primary boot

image offset 0x8000, pagesize 0x200,
Load image from 0x57800 by ROM API

ivt offset 0x0

NOTICE: TRDC init done

NOTICE: BL31l: v2.12.0(release):1f-6.12.20-2.0.0-dirty

NOTICE: BL31: Built 08:15:07, May 9 2025
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U-Boot 2025.04-g7d45dffba048 (Jul 15 2025 - 10:04:29 +0000)
Reset Status: POR

CPU: NXP 1.MX93(52) Revl.l A55 at 1700 MHz

CPU: Industrial temperature grade (-40C to 105C) at 36C
Model: NXP 1i.MX93 11X11 EVK board

DRAM: 2 GiB

TCPC: Vendor ID [0x1fc9], Product ID [0x5110 Addr [I2C2 0x52]

I
TCPC: Vendor ID [0x1fc9], Product ID [0x5110], Addr [I2C2 0x51]
TCPC: Vendor ID [0x1fc9], Product ID [0x5110], Addr [I2C2 0x50]
Core: 249 devices, 37 uclasses, devicetree: separate
MMC : FSL SDHC: 0, FSL SDHC: 1
Loading Environment from MMC... Reading from MMC(1l)... *** Warning - bad CRC,

using default environment

[*]-Video Link 0adv7535 mipi2hdmi hdmi@3d: Can't find cec device id=0x3c
fail to probe panel device hdmi@3d

fail to get display timings

probe video device failed, ret -19

[0] lcd-controller@4ae30000, wvideo
[1] dsiR42el0000, video bridge
[2] hdmi@3d, panel
adv7535 mipi2hdmi hdmi@3d: Can't find cec device id=0x3c
fail to probe panel device hdmi@3d
fail to get display timings
probe video device failed, ret -19

In: serial
Out: serial
Err: serial
BuildInfo:

- ELE firmware version 2.0.2-85b63cb9

switch to partitions #0, OK

mmcl is current device

UID: 7e9483913bcad4ffba6a990c8d86d46ba

flash target is MMC:1

Net: ethO: ethernet@42890000, ethl: ethernet@428a0000 [PRIME]
Fastboot: Normal

1.3 Real-time Edge Software Yocto Project

For using the Yocto build environment, refer to the Real-time Edge Yocto Project User Guide. This document
describes the steps to build Real-time Edge images using a Yocto Project build environment for both i.MX and
QorlQ (Layerscape) boards.

1.4 Related documentation

All documentation related to Real Time Edge software is available on the link: REALTIME EDGE
Documentation. The following documents are available:

* Real-time Edge Release Notes (document RN00161) provides release information.

* Real-time Edge User Guide (document REALTIMEEDGEUG) provides description of features and usage of
the software.
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* Real-time Edge Yocto Project User Guide (document RTEDGEYOCTOUG) provides information for using
the Yocto build environment.

* GenAVB/TSN Stack Evaluation User Guide (document GENAVBTSNUG) provides information on how to
set up Audio Video Bridging evaluation experiments of the GenAVB/TSN Stack on NXP platforms.

* Harpoon User's Guide (HRPNUG) provides information to build Harpoon Yocto images.
* i.MX6ULL EVK GenAVB/TSN Rework Application Note (document AN13678)
* NXP MPU Cortex-A Core Zephyr User Guide (document UG10199)

* For details about the graphics feature available in i.MX 8M Plus and i.MX 8M Mini boards, refer to the i.MX
Graphics User's Guide (https.//www.nxp.com/docs/en/user-guide/UG10159.pdf).

To boot up and set up the boards mentioned in this document, refer to the instructions available in the following
user guides:

i.MX 6ULL EVK Quick Start Guide

e .MX 8M Mini LPDDR4 EVK Quick Start Guide
i.MX 8M Plus LPDDR4 EVK Quick Start Guide
i.MX 8XLite EVK Quick Start Guide
LS1028ARDB Quick Start Guide
LS1043ARDB Getting Started Guide
LS1046ARDB Getting Started Guide
LX2160A/LX2160A-Rev2 RDB Quick Start Guide
i.MX 93 EVK Quick Start Guide

i.MX 91 EVK Quick Start Guide

i.MX RT1180 Getting Started Guide

Note: For access to these documents, contact your local NXP Field Application Engineer (FAE) or your local
NXP support executive.
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2 Real-time system

This section provides an overview of Real-time systems, features, support matrix, and deployment methods
using Baremetal and RTOS.

Real-time System addresses several real-time requirements on multicore platforms. Schedule latency, inter-
core communication, hardware resource sharing, unified life-cycle management, and unified building and
deployment mechanism are some of these requirements that a real-time system addresses.

To support different schedule latency requirements, the Real-time System provides the following features:

e Preempt-RT Linux

* Native RTOS on Cortex-A core and Cortex-M core
* RTOS on Cortex-A core with Jailhouse

« BareMetal framework

To meet the requirements for different use cases, Real-time System provides a flexible combination of different
cores running Preempt-RT Linux and RTOS/BareMetal.

The heterogeneous multicore framework feature of Real-time Edge software facilitates intercore communication
and hardware-resource sharing between the different CPU cores and operating systems. This feature covers
high-performance communication and real-time requirements. Unified CPU core life cycle management feature
provides a unified mechanism to bootstrap the Cortex-A core and Cortex-M core on the heterogeneous MPU
system. Refer to chapter Section 3 for details.

The unified software building and deploying mechanism provides easy building and deployment for the
software components running on the Cortex-A core and Cortex-M core. These components and features of this
mechanism are depicted in Figure 1.

Low Latency OS

Preempt-RT RTOS BareMetal With Determinism

Real-time

Heterogeneous VirtlO Communication

Real-time

RPMSG Heterogeneous Multicore Framework Resource Sharing

remoteproc

Unified Life-Cycle
Management

il

Unified Building,
Deployment, Release

Yocto and West

Real-time System in Real-time Edge

Figure 1. Real-time system
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2.1 Real-time system features

Real-time Edge software provides a general software architecture to run Real-time systems on MPU platforms
with the following features:

 Different frameworks and flexible combinations for different schedule latency requirements
The Figure 2 shows all the OSes/BareMetal supported in Real-time Edge on MPU platforms with different-
scale schedule latency:
— Preempt-RT Linux on Cortex-A Core
Real-time Linux kernel provides deterministic low latency compared to Linux.
— BareMetal on Cortex-A Core
Single or multiple BareMetal instances run Cortex-A Cores with zero schedule latency.
— Native RTOS SMP/AMP on Cortex-A Core
Native RTOS (FreeRTOS or Zephyr) is kicked to one or more Cortex-A Cores from U-Boot. Jailhouse is
not used and this combination targets lower latency and higher performance as compared to RTOS with
Jailhouse.
— RTOS SMP/AMP on Corex-A Core with Jailhouse
RTOS (FreeRTOS or Zephyr) runs in Jailhouse inmate with hardware resource isolation on Cortex-A Core.
— RTOS and BareMetal on Cortex-M Core
This combination is used for Real-time Control systems, but has less CPU computing ability than Cortex-A
Core.

™ FoTTTTTmTmmmmmmmmmmmmme
' Inmate Cell !
RootCell | [ e ][ RTOS |
Preempt- Native Native Linux ] (SMP/AMP) |
Zephyr FreeRTOS RT Linux BareMetal Zophyr FreeRTOS T i - % 7777777777 ? — ‘1
Jailhouse
y {

IC

| 1L e J e I e JL e JL e JL e J e JL = |
o | [ o [ oe |[ oo |[ o [ o J[ o J[ e J[ e ]
TCM L2 Cache L2 Cache ‘
% % ) ) ¥ ¥ ¥ % ¥
A4 v v v A4 \ 4 A v A
1
v
DDR
Memory

Figure 2. Flexible AMP in Real-time system
All these Real-time operating systems or BareMetal can be combined to be a flexible AMP system on
multicore system. For example, the i.MX 8M Plus platform has four Cortex-A53 cores and one Cortex-
M7 core. The Real-time Edge software supports the flexible AMP system to run these OS/BareMetal
combinations:
— Four Cortex-A53 cores run SMP Preempt-RT Linux while the Cortex-M7 core runs RTOS.
— Four Cortex-A53 cores run four Baremetal/RTOS instances while the Cortex-M7 core runs RTOS.
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— One or more Cortex-A53 cores run Preempt-RT Linux while the other Cortex-A53 cores run one or more
Baremetal/RTOS instances and theCortex-M7 core runs RTOS.

— One or more Cortex-A53 cores run Preempt-RT Linux as the Jailhouse Root Cell. The other Cortex-A53
cores run as one or more inmate cells with RTOS.
* Unified Software Building, Deploy, and Release
— All different OSes or applications running on different CPU cores are built via Yocto.
— A bitbake command is used to create all images on different cores.
— A single Flash Image includes all OSes or applications running on all CPU cores.
* Heterogeneous Multicore Framework
A common framework with the following key features and functions:
— Inter-Core Data Communication and Resource Sharing
— The Common Heterogeneous Multicore Framework provides data communication and resource sharing
between the M-Core and A-Cores or between different A-Cores simultaneously.
— RPMSG provides standard message communication for low-bandwidth use cases.
— Heterogeneous Multicore Virtio provides high-performance data path and resource sharing to meet high
bandwidth requirement.
— Unified life cycle management for flexible AMP

The Real-time Edge software supports Preempt-RT Linux, FreeRTOS, Zephyr, and BareMetal running on
different processors with Heterogeneous Multicore Framework.
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2.2 Real-time-system support matrix

The Table 4 shows the support matrix on NXP platforms:

Table 4. Real-time-system support matrix

Real-time Edge Software User Guide

i.MX 8M Mini i.MX 8M i.MX 8DXL |i.MX93 EVK |i.MX93 EVK |i.MX 943 19x19 |i.MX i.MX i.MX91 [i.MX 95 i.MX 95 LS1028ARDB |LS1043ARDB |LS1046ARDB |LX2160ARDB
Real-time Svstem LPDDR4 EVK Plus (14 x 14) LPDDR4/5 EVK | RT1180 919x9 | 11x11 15x15 EVK | 19x19 EVK
v LPDDR4 EVK QsB EVK
EVK
4 xA53 1x |4x 1x [2x 1x |2x 1x 2x 1x 4x 2xM7 |[1xM7 1x 1xA55 |6x 1x |6x 1x |2xA72 4 x A53 4 x A72 16 x A72
Cores M4 |A53 |[M7 |A35 M4 |A55 [M33 |[A55 |[M33 |A55 and 1 x A55 A55 M7 | A55 M7
M33
Preempt-RT Linux Y Y Y Y Y Y Y Y Y Y
BareMetal Y Y Y Y
Native FreeRTOS Y Y Y Y Y Y
RTOS Zephyr Y Y |y Y
Jailhouse Baremetal Y Y Y Y Y Y Y
FreeRTOS Y Y Y
Zephyr Y Y Y
Harpoon Y Y Y Y
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2.3 Building, deploying, and releasing unified software

The Yocto project is an open source collaboration project that helps developers create custom Linux-based
systems regardless of the hardware architecture. The project provides a flexible set of tools and a space where
embedded developers worldwide can share technologies, software stacks, configurations, and best practices.
These features can further be used to create tailored Linux images for embedded and loT devices, or for a
customized Linux OS. Moreover, the Linux factory selects Yocto as the building tool. Real-time Edge also
selects Yocto as the unified SW release tool. Figure 3 shows the unified Yocto structure for Heterogeneous
AMP.

yocto-real-time-edge

Preempt-RT Linux on Pure RTOS on Cortex-A core RTOS on Cortex-A with Jailhouse RTOS on Cortex-M core
Cortex-A core
Cortex-A Core Support in Github mcux-sdk

github.com/nxp-real-time-edge- : github.com/nxp-real-time- github.com/nxp-
sw/real-time-edge-linux g:;f‘rf;;f:‘nﬁ < -edge-sul github.com/ edge-sw/soem MCUXPresso/Xxx
| heterogeneous-multicore NAEHamoanzapes]
v v v l l
meta-real-time-edge meta-rtos-industrial meta-nxp-harpoon meta-rtos-industrial

meta-real-time-edge

Linux Factory MCUXpresso SDK github Real-time Edge Software

Figure 3. Unified Yocto structure of Heterogeneous AMP

The different Yocto Layers support different functions:

* The meta-real-time-edge layer focuses on building Linux and BareMetal application on Cortex-A core.

* The meta-nxp-harpoon layer focuses on building RTOS on Cortex-A core.

* The meta-rtos-industrial layer focuses on building RTOS running on both Cortex-A core and Cortex-M
core.

Only one build command is required to generate the complete image including all binaries running on core A
and core M.

For example:

# setup yocto environment for imx8mp-lpddr4-evk board

$ DISTRO=nxp-real-time-edge MACHINE=imx8mp-lpddrd4-evk source real-time-edge-
setup-env.sh

# build all images for imx8mp-lpddr4-evk board

$ bitbake nxp-image-real-time-edge

2.3.1 Yocto layer for Cortex-A core

The Cortex-A core allows users to run Linux, Jailhouse, BareMetal, and RTOS. The corresponding Yocto layer
description is as follows:

1. Linux and Rootfs
The Yocto layer meta-real-time-edge focuses on Linux building on Cortex-A cores. This layer is based
on Linux factory and describes the process for building all applications for Linux and rootfs on Cortex-A

core.
2. Jailhouse
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The scripts under meta-real-time-edge/recipes—-extended/real-time-edge-jailhouse
describe how to build Jailhouse running on Cortex-A core.

3. Baremetal application
The scripts under meta-real-time-edge/recipes-extended/real-time-edge-baremetal
describe how to build baremetal application on Cortex-A core. Refer to Section 2.5 for details.

4. Harpoon (RTOS on A core)
Harpoon provides an environment to develop real-time demanding applications on an RTOS that runs on
one or several Cortex-A cores. The application runs in parallel to a Linux distribution and uses the 64-bit
Arm (R) architecture for higher performance. The system starts on Linux and the Jailhouse partitions the
hardware to run both Linux and the guest RTOS in parallel. The hardware partitioning is configurable and
depends on the use case. The Yocto layer meta-nxp-harpoon describes how to build these applications
on Cortex-A core. For more information, refer to the Harpoon User's Guide. See Section 1.4.

2.3.2 Yocto layer for Cortex-M core

When the application runs on the Cortex-M core, it uses different toolchain and source code. For a unified
compilation interface, Yocto meta layer meta-rtos-industrial is introduced into Real-time Edge project.
The meta-rtos-industrial layer provides the build environment to create MCUX SDK application for
Cortex-M cores.

2.3.2.1 Introduction to meta-rtos-industrial

The Figure 4 shows the meta-rtos-industrial file structure.

* meta-rtos-industrial
sources/

+— conf
j—base
distro ; : ’
— meta-browser '_ e Layer configuration and distro settings
| rtos-industrial.cont - (current distro options: rtos-industrial)
|— meta-clang e

|— meta-cpan
j— meta-freescale

}— meta-freescale-3rdparty

|— evkbimxrt1050.conf

Define MCU and MPU's M core setting

|
|
|

|— meta-cloud-services | “— machine
|
| —evkmimx8mp.conf +
|

L— include

— meta-freescale-distro }— recipes-devtools
}— meta-imx | — external-arm-toolchain
}— meta-nxp-demo-experience | F—ambinary-toslchaininc

L gec-arm-none-sabi_10.3-2021.10.bb - - Download and install arm-none-eabi toolchain

}— meta.nxp-harpoon I

}— meta-openembedded
— meta-python2

|— meta-qoriq

|— meta-qt5

f— meta-real-time-edge
|— meta-rtos-industrial
— meta-security

}— meta-selinux

|— meta-timesys

}— meta-virtualization

L— recipes-kernel
— meux-kernel

|— demo-hello-world.bb
|— driver-gpio-led-output bb
|— fraertos-hello.bb
|— treertos-soem-gpio-pulse
|— freertos-soem-gpio-pulse.bb
|— meux-example_inc
— mcux-sdk-src.bh
— die-sre.ine "

Define example binary compiling, installation and
" deployment

meux-sdk

— soem-gpio-pulse.bb

L— poky

Figure 4. RTOS Industrial Layer structure

2.3.2.1.1 Source code definition

All source code-related definition is under recipes-kernel/mcux-kernel folder.

The file mcux-sdk-src.inc defines all the repos of (NXPmicro/mcux-sdk: MCUXpresso SDK (github.com))
and the new repos.
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If a new repo must be downloaded, append a new line to “SRC_URI” with the URL and location of the required
repo.

For example, use the below code to download 'SOEM' stack to git/core/components/SOEM folder:

git://${NXPMICRO BASE}/soem.git;protocol=https;nobranch=1;destsuffix=git/core/
components/SOEM; name=SOEM \

The mcux-sdk-src-XxX.inc defines the MCUX SDK repo commit ID for the release XXX. For example,
mcux-sdk-src-2.11.0.1inc contains all the commit IDs for the release 2.11.0 repository.

The parameter PREFERRED VERSION MCUX-SDK defines the default version in mcux-sdk-src.inc. If you
want to compile a different version, overwrite this parameter in the 1ocal.conf.

For example:

# Add the below line into local.conf
PREFERRED_VERSION_MCUX—SDK = "2.10.0"

2.3.2.1.2 Example definition

The file mcux-examples. inc describes the common method to compile, install, and deploy examples. Each
example bb file must include this file and then specify the folder of the example.

Use the command below to add a new example:

include mcux-example.inc
MCUX EXAMPLE DIR = "examples/${RTOS-INDUSTRIAL-BOARD}/demo apps/hello world"

2.3.2.1.3 Toolchain definition

The file recipes-devtools/external-arm-toolchain/gcc-arm-none-eabi VERSION.Dbb describes
how to download, install, and deploy gcc-arm-none-eabi toolchain of the specific VERSION.

This layer also supports an external toolchain. Parameter “ARMGCC_DIR” can be overwritten to point the
external toolchain.

For example:

ARMGCC DIR = “/MYPATH/arm-none-eabi”

2.3.2.2 Integration of meta-rtos-industrial

To integrate meta-rtos-industrial into the Real-time Edge project, you must specify the board and
examples.

The board name is different between i.MX SDK and MCUX SDK. For example, in order to compile Cortex-

M application for i.MX 8M Mini EVK with LPDDR4, use the board name evkmimx8mm instead of imx8mm-
lpddrd4-evk. The file rtos-industrial-examples.inc is created under meta-real-time-edge/
distro/include to map the board names. The board name used by MCUX SDK must be set to parameter
RTOS-INDUSTRIAL-BOARD.

In the path meta-real-time-edge/recipes—-nxp/packagegroups, packagegroup-real-time-edge-
rtos.bb is used for examples that are compiled. These examples should be installed into rootfs.
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2.3.2.3 Building meta-rtos-industrial

As the meta-rtos-industrial is already integrated into Real-time Edge, we do not need any special commands
or settings to enable building the rtos application. When building nxp-image-real-time-edge image, all
examples defined in packagegroup-real-time-edge-rtos.bb are built and installed into “/examples”

folder in rootfs.

Use the below commands to create nxp-image-real-time-edge image for imx8mm-lpddr4-evk board.

$ mkdir yocto-real-time-edge
$ cd yocto-real-time-edge
$ repo init —-u https://github.com/nxp-real-time-edge-sw/yocto-real-time-edge.git

\

-b real-time-edge-walnascar —-m real-time-edge-3.3.0.xml

repo sync

Uy Ur

DISTRO=nxp-real-time-edge MACHINE=imx8mm-lpddrd-evk \

source real-time-edge-setup-env.sh -b build-real-time-edge
S bitbake nxp-image-real-time-edge

The sample binary files are located under the tmp/deploy/images/imx8mm-1pddrd-evk/examples and /
examples directories of rootfs.

examples/

REALTIMEEDGEUG

—— heterogeneous-multicore
— hello-world-freertos

hello world cab53.bin

hello world cab3.elf

hello world ca53 RTOSO RAM CONSOLE-0x94b£ff000
hello world ca53 RTOSO RAM CONSOLE-0x94bff000
hello world ca53 RTOSO UART4.bin

hello world ca53 RTOSO UART4 elf

hello world ca53 RTOS1 RAM CONSOLE-0x95bf£f000
hello world ca53 RTOS1 RAM CONSOLE-0x95bff000
hello world ca53 RTOS2 RAM CONSOLE-0x96b£f£f000
hello world ca53 RTOSZ RAM CONSOLE-0x96bf£f000
hello world ca53 RTOS3 RAM CONSOLE-0x97bff000
hello world ca53 RTOS3 RAM CONSOLE-0x97bff000
hello_world_ca53_RTOSS_UART2.bln

hello world ca53 RTOS3 UART2.elf

hello world cm4.bin

hello world cm4.elf

— hello-world- zephyr

hello world ca53 RTOSO0 RAM CONSOLE-0x93d00000
hello world ca53 RTOSO RAM CONSOLE-0x93d00000
hello world ca53 RTOSO UART4.bin
hello world ca53 RTOSO UART4 elf
hello world ca53 RTOSl _RAM CONSOLE-0x94d00000
hello world ca53 RTOS1 RAM CONSOLE-0x94d00000
hello world ca53 RTOS2 RAM CONSOLE-0x95d00000
hello world ca53 RTOS2 RAM CONSOLE-0x95d00000
hello world ca53 RTOS3 RAM CONSOLE-0x96d00000
hello world ca53 RTOS3 RAM CONSOLE-0x96d00000
hello world ca53 RTOS3 UART2.bin
hello world ca53 RTOS3 UART2.elf

— lwip-ping-freertos

lwip ping cab53.bin
lwip ping cab3.elf

—— rpmsg-str-echo-freertos

rpmsg_str echo cab53.bin

All information provided in this document is subject to legal disclaimers.
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— rpmsg str echo cab3.elf
— rpmsg_str ~echo ca53 RTOS0 RAM CONSOLE-0x94bff000.
— rpmsg_ str echo ca53 RTOS0O RAM CONSOLE-0x94bff000.
— rpmsg_str ~echo ca53 RTOS0 UART4.bin
— rpmsg_str “echo ca53 RTOSO UART4 elf
— rpmsg_str “echo ca53 RTOS1 | _RAM CONSOLE-0x95bff000.
— rpmsg_ str “echo ca53 RTOS1 | RAM CONSOLE-0x95b£f£000.
— rpmsg str ~echo cm4.bin
— rpmsg_ str echo cmé.elf
— rpmsg-uart-sharing-freertos
rpmsg_uart sharing cmé4.bin
rpmsg _uart sharing cmé4.elf
— rt-latency-freertos
rt latency cab53.bin
rt latency cab3.elf
— rt-latency-zephyr
t:: rt latency cab53.bin
rt latency cab53.elf
— soem-digital-io-freertos
t:: soem digital io cab3.bin
soem digital io ca53.elf
I— soem-digital-io-zephyr
t:: soem digital io cab3.bin
soem digital io cab3.elf
— soem-servo-freertos
soem servo cab3.bin
soem_servo cab3.elf
I — soem-servo-rt1180-freertos
soem servo rtll80 cab3.bin
soem_servo " rt1180 ca53.elf
— soem-servo-rt1180- zephyr
soem servo rtll80 cab3.bin
soem_servo rt1180 cab3.elf
— soem-servo- zephyr
t:: soem servo_ cab3.bin
soem_servo " cab53.elf
— virtio-net-backend-freertos
— virtio net backend cab53.bin
— virtio net “backend ca53.elf
— virtio net " backend cm4.bin
L virtio net backend cmé.elf
L virtio-perf-freertos
— virtio perf ca53.bin
— virtio perf cab3.elf
— virtio perf cmé4.bin
— virtio perf cmé4.elf
— igh-ethercat-userspace
L— ec motor example
— mcuxsdk
—— demo-hello-world
hello world cmé4.bin
hello world cmé4.elf
— freertos-hello
freertos hello cm4.bin
freertos hello cmd.elf
— igpio-led-output
igpio led output cmé4.bin
igpio led output cmé4.elf
I — iuart-9bit-interrupt-transfer
— iuart 9bit interrupt transfer cmd.bin
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L iuart 9bit interrupt transfer cmd.elf

—— iuart-9bit-polling

iuart 9bit polling cmé4.bin

iuart 9bit polling cmé4.elf
— soem-gpio-pulse-bm

soem gpio pulse bm cm4.bin

soem gpio pulse bm cm4.elf
— soem-gpio-pulse-freertos
soem gpio pulse freertos cmé4.bin
soem gpio pulse freertos cm4.elf
— soem-servo-motor-bm
t:: soem servo motor bm cm4.bin

soem_ servo motor bm cmé4.elf

— soem-servo-motor-freertos
soem servo motor freertos cmé.bin
soem_servo motor freertos cmé4.elf
— soem-servo-motor-rt1180-bm
soem servo motor rtll80 bm cm4.bin
soem servo motor rtll80 bm cmd.elf
L— soem-servo-motor-rtl180-freertos
soem servo motor rtll80 freertos cmé4.bin
soem servo motor rtll80 freertos cméd.elf

To compile a special example, use the following command:

For example:

$ DISTRO=nxp-real-time-edge MACHINE=imx8mm-lpddr4-evk bitbake demo-hello-world

2.4 Preempt-RT Linux

The Preempt-RT Linux option turns the kernel into a real-time kernel. It does so by replacing various locking
primitives (for example, spinlocks and rwlocks) with preemptible priority-inheritance aware variants. The
Preempt-RT Linux option also enforces interrupt threading and introduces mechanisms to break up long non-
preemptible sections. This feature makes the kernel fully preemptible and brings most execution contexts under
scheduler control. However, very low level and critical code paths (entry code, scheduler, low-level interrupt
handling) remain non-preemptible.

2.41 System Real-time Latency tests

The basic measurement tool for Real-time Linux is cyclictest.

2.4.1.1 Optimizations in Preempt-RT Linux

1. Linux kernel optimizations

a. Linux kernel configuration optimizations: CONFIG _CPU_ FREQ DEFAULT GOV _PERFORMANCE=y:
The CPU frequency scaling feature, also known as Dynamic Frequency Scaling (DFS), can change the
CPU core frequency at runtime. However, this feature introduces additional latency.

Note: Users should note that the Real-time Edge software sets the CPU frequency governor to
performance to use the highest frequency supported by the CPU.

b. Linux kernel driver optimizations: Linux kernel drivers for some Ethernet IPs are used on NXP SoCs.
For example, i.MX 8M Plus EVK uses ENET_QOS, LX2160A uses DPAA2 Ethernet, and LS1028A uses
ENETC. These drivers are patched to be compatible with PREEMPT-RT. As a result, the scheduling
latency under high network traffic is reduced significantly when using PREEMPT-RT Linux.

[PATCH net] net: stmmac: use  napi schedule() for PREEMPT RT
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[PATCH net-next 1/2] dpaa2-eth: use napi schedule to be compatible with
PREEMPT RT

[PATCH net-next 2/2] enetc: use napi schedule to be compatible with
PREEMPT RT

c. Ethernet interface optimizations: To avoid introduing extra latency by the software IRQ used by
NAPI, change to use threaded NAPI of the Ethernet interfaces, which is an operating mode that uses
dedicated kernel threads rather than software IRQ context for NAPI processing.

echo 1 > /sys/class/net/eth<n>/threaded

2. Linux real-time application optimizations

Depending on the actual real-time application, some of the following optimization techniques can be applied

to get better real-time performance.

» Real-time scheduling policy and priority SCHED_FIFO and SCHED_RR are the two real-time scheduling
policies. Processes scheduled under one of the real-time policies (SCHED_FIFO, SCHED_RR) have a
scheduling priority in the range 1 (low) to 99 (high). The chrt command can be used to set the real-time
scheduling policy and priority of a process. The sched setscheduler () system call can be used for
the same purpose. More information on how to build a real-time application can be found at the below link:
https://wiki.linuxfoundation.org/realtime/documentation/howto/applications/application_base

* CPU isolation
The isolcpus= kernel boot parameter can isolate CPU core from the kernel scheduler. In this way, the
isolated CPU core can be used to run real-time application. for examaple:

isolcpus=2, 3 nohz full=2,3 rcu nocbs=2,3

e CPU affinity
The taskset command can be used to set the CPU affinity of a real-time application. Alternatively, the
sched setaffinity () system call can be used for the same purpose. for example:

taskset -c 2 cyclictest

* SMP IRQ affinity
Some interrupts introduce jitter and havea negative impact on real-time applications. The affinity of these
interrupts can be controlled using the proc file system /proc/irg/<irg>/smp affinity. In this way,
the interrupts can be moved away from the core running real-time application. For example:

echo 1 > /proc/irqg/<irqg>/smp affinity

2.4.1.2 Running Cyclictest

Cyclictest provides statistics about the latencies of the system. It accurately and repeatedly measures the
difference between the intended wake-up time of a thread and the time at which it actually wakes up. It can
measure latencies in real-time systems caused by the hardware, the firmware, and the operating system.

Thomas Gleixner (tglx) wrote the original test, but several people had later contributed modifications. Cyclictest
is part of the test suite, rt-tests. Clark Williams and John Kacur currently maintain Cyclictest.

cyclictest:

* Use the below command to perform Latency Test:

S cyclictest -p90 -h50 -D30m

Note: For detailed parameters of Cyclictest, refer to the Cyclictest Web Page.
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2.4.2 Real-time application development

This section describes the steps for developing the Real-time application.
Real-time Application: API, Basic Structure, Background:

» Basic Linux application rules are the same; Use the POSIX API.

* There is still a division of Kernel Space and User Space.

* Linux applications run in User Space.

 For details, refer to: https://wiki.linuxfoundation.org/realtime/documentation/howto/applications/
application_base

Real-time Application: Users can build it using the steps below:

* Using the cross-compiler example:

$ arm-linux-gnueabihf-gcc <filename>.c -o <filename>.out -lrt -Wall

* Using the native compiler on a target example:

S gcc <filename>.c -o <filename>.out -lrt -Wall

Scheduling policies have two classes:
1. Completely Fair Scheduling (CFS)

* SCHED_NORMAL (traditionally called SCHED_OTHER): This scheduling policy is used for regular tasks.
Every task gets a so called 'nice value' Itis a value between -20 for the highest nice value and 19 for
the lowest nice value. The average value of execution time of the task depends on the associated 'nice
value'.

» SCHED_BATCH: Does not preempt nearly as often as regular tasks. Hence, it allows tasks to run longer and
make better use of caches, but at the cost of interactivity. This is well suited for batch jobs and optimized for
throughput.

 SCHED_IDLE: This policy is even weaker than a nice value of 19. However, itis not a true idle timer
scheduler in order to avoid getting into priority inversion problems, which would deadlock the machine.

2. Real-time policies

* SCHED_FIFO: Tasks have a priority between 1 (low) and 99 (high). A task running under this policy is
scheduled until it finishes or a higher prioritized task preempts it.

 SCHED_RR: This policy is derived from SCHED_FIFO but is slightly different. A task running under this policy
runs during a defined time slice (if it is not preempted by a higher prioritized task). It can be interrupted by
a task with the same priority once the time slice is used up. The time slice definition is exported in procfs (/
proc/sys/kernel/sched rr timeslice ms).

* SCHED_DEADLINE: This policy implements the Global Earliest Deadline First (GEDF) algorithm. Tasks
scheduled under this policy can preempt any task scheduled with SCHED_FIFO or SCHED_RR.

2.5 Baremetal on Cortex-A core

The following sections provide an overview of the Real-time Edge BareMetal framework on A core including:

* Features supported

» Getting started with the BareMetal framework using the supported platforms:
— NXP Layerscape platforms
—i.MX 8M /i.MX 93 platforms

It also describes how to run a sample BareMetal framework on the host environment and develop customer-
specific applications based on this framework.
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2.5.1 BareMetal framework

The BareMetal framework supports the scenarios that need low latency, real-time response, and high
performance. There is no OS running on the cores and customer-specific application runs on the core directly.
The Figure 5 depicts the BareMetal framework architecture.

Linux/ I I I
Other 0s | | APP-oad i App | | App
U-boot I I I

Figure 5. BareMetal framework architecture

The main features of the BareMetal framework are as follows:

* Core0 runs as a controller and runs the BareMetal or the operating system such as Linux, Vxworks.
* Responder cores run the BareMetal application.

» Easy assignment of different IP blocks to different cores.

* Interrupts between different cores and a high-performance mechanism for data transfer.

Different UART for coreQ and secondary cores for easy debug.

* Communication via shared memory.

The primary core0 runs the BareMetal under primary mode. It then loads the BareMetal application to the
secondary cores and starts the BareMetal application. The Figure 6 depicts the boot flow diagram:
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Figure 6. BareMetal framework boot flow diagram

The Table 5 lists the industrial loT features supported by various NXP processors and boards.

Table 5. BareMetal features supported by NXP processors

Processor Board Main features supported
i.MX 8M Mini i.MX 8M Mini LPDDR4 |UART, IPI, data transfer, Ethernet, GPIO
EVK
i.MX 8M Plus i.MX 8M Plus UART, IPI, data transfer, Ethernet, GPIO
LPDDR4 EVK
i.MX 93 i.MX 93 EVK UART, IPI, data transfer, Ethernet
i.MX 93 9x9 LPDDR4 |UART, IPI, data transfer
QSB
LS1028A LS1028ARDB I12C, UART, ENETC, IPI, data transfer, SAI
LS1043A LS1043ARDB IRQ, IPI, data transfer, Ethernet, IFC, I12C, UART, FMan, USB, PCle
LS1046A LS1046ARDB IRQ, IPI, data transfer, Ethernet, IFC, I12C, UART, FMan, QSPI, USB,
PCle, GPIO
LX2160A/Rev2 LX2160ARDB UART, IPI, data transfer

Typical use cases are as follows:

1. Core0 as a primary core runs Linux to manage secondary cores and communicate with the server.
Secondary cores run Baremetal application for real-time processing. Refer Figure 7.
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Figure 7. BareMetal Use Case 1
2. All cores run the BareMetal application for real-time processing. See Figure 8.
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Figure 8. BareMetal Use Case 2

2.5.2 Getting started

This section describes how to set up the environment and run the Baremetal examples on secondary cores
(assuming that the core0 is the primary core and the other cores are the secondary cores).

2.5.2.1 Hardware and software requirements

Running the BareMetal framework scenarios requires the following:
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* Hardware: i.MX 8M Mini LPDDR4 EVK, i.MX 8M Plus LPDDR4 EVK, i.MX 93 EVK, i.MX 93 9x9 LPDDR4
QSB, LS1028ARDB, LS1043ARDB, LS1046ARDB, LX2160ARDB, and serial cables.

» Software: Real-time Edge Software v2.7 release or later.
2.5.2.2 Hardware setup

This section describes the hardware setup required for the NXP boards for running the BareMetal framework
examples.

2.5.2.2.1 i.MX 8M Mini LPDDR4 EVK and i.MX 8M Plus LPDDR4 EVK board

Follow the steps below.

1. i.MX 8M Plus LPDDR4 EVK: There is one USB MicroB Debug port on board. Four UART ports can be
found when the MicroB cable connects to PC.

/dev/ttyUSBO
/dev/ttyUSB1
/dev/ttyUSB2
/dev/ttyUSB3

Use /dev/ttyUSB2 for core0 (primary core) and /dev/ttyUSB3 for core1, core2, and core3 (secondary
cores).

2. i.MX 8M Mini LPDDR4 EVK: There is one USB MicroB Debug port on board. Two UART ports can be found
when the MicroB cable connects to PC.

/dev/ttyUSBO
/dev/ttyUSB1

Use /dev/ttyUsSB1 for core0 (primary core) and /dev/ttyUSBO for core1, core2, and core3 (secondary
cores).

3. GPIO setup
For GPIO test on i.MX 8M Plus LPDDR4 EVK, connect pin 7 and pin 8 of J21 by a jumper, as shown in

Figure 9.
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Figure 9. Connections for GPIO test on i.MX 8M Plus LPDDR4 EVK board
4. For GPIO test on i.MX 8M Mini LPDDR4 EVK, connect pin7 and pin8 of J1003 by a jumper as shown in
Figure 10.
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Figure 10. Connections for GPIO test on i.MX 8M Mini LPDDR4 EVK board

2.5.2.2.2 LS1028ARDB, LX2160ARDB, LS1043ARDB, or LS1046ARDB

To develop the Real-time Edge BareMetal framework using one of the boards (LS1028ARDB, LX2160ARDB,
LS1043ARDB, or LS1046ARDB), two serial cables are needed for connection. One serial cable is used for
core0, to connect to UART1 port. The other cable is used for slave cores and connects to the UARTZ2 port.

To support the SAI feature on LS1028ARDB, set the switch SW5_8 to "ON".

2.5.2.2.3 i.MX 93 EVK

On the i.MX 93 EVK board, the USB Type-C connector (J1401) provides four UART ports when connected to a

PC using USB cable. The third port (LPUART1) is used for coreQ (primary core) and the fourth port (LPUART2)
is used for core1 (secondary core).

2.5.2.2.4 i.MX93 9x9 LPDDR4 QSB

On the i.MX 93 9x9 LPDDR4 QSB board, the USB Type-C connector (J1708) provides four UART ports when

connected to a PC using USB cable. The third port (LPUART2) is used for core0 (primary core) and the fourth
port (LPUARTS3) is used for core1 (secondary core).
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2.5.2.3 Building the software

There are two methods to build the BareMetal images:

* The first method is to compile the images in a standalone way, and is described in the following section.

* The second method is to build the BareMetal images using the Real-time Edge framework. This method
is described in the document, Real-time Edge Yocto Project User Guide in the Section "Building the image
through Yocto".

2.5.2.3.1 Building the BareMetal binary for secondary cores

Perform the steps mentioned below:

1. Download the project source from the following path:
https://github.com/nxp-real-time-edge-sw/real-time-edge-uboot.git
2. Check it out to the tag:
* Real-Time-Edge-v3.3-baremetal-202512
3. Configure the cross-toolchain in your host environment.
4. Then, run the following commands:

/* build Baremetal image for i.MX 8M Mini LPDDR4 EVK Rev.C board */
$ make imx8mm evk baremetal slave defconfig

S make

/* build Baremetal image for i.MX 8M Plus LPDDR4 EVK board */
S make imx8mp evk baremetal slave defconfig

S make

/* build Baremetal image for i.MX 93 EVK board */

$ make imx93 11x11 evk baremetal slave defconfig

S make

/* build Baremetal image for i.MX 93 9x9 LPDDR4 QSB board */
$ make imx93 9x9 gsb baremetal slave defconfig

S make

/* build Baremetal image for LS1028ARDB board */

$ make 1sl028ardb baremetal slave defconfig

S make

/* build Baremetal image with SAI for LS1028ARDB board */

S make 1sl028ardb baremetal slave sai defconfig

S make

/* build Baremetal image for LS1043ARDB board */

$ make 1sl043ardb baremetal slave defconfig

S make

/* build Baremetal image for LS1046ARDB board */

S make lslO46ardb baremetal slave defconfig

S make

/* build Baremetal image for LX2160ARDB board */

$ make 1x2160ardb baremetal slave defconfig

S make

5. Finally, the file u-boot-dtb.bin used for BareMetal is generated.

To get the code and build images for these platforms, follow the Real-time Edge Software Yocto Project. See
Section 1.4

2.5.2.3.2 Building the image through Yocto

There are two methods to build the Baremetal images. The first method, which is used to compile the images
in a standalone way, is described in Section 2.5.2.3. The other method is to build the Baremetal images using
Real-time Edge software framework, and is described in this section.
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The Real-time Edge software is designed for embedded industrial usage. It is an integrated Linux distribution for
industry. With the current version, the Baremetal can be built and implemented conveniently.

2.5.2.3.2.1 Getting Real-time Edge software

The latest release is available at the following URL:

https://github.com/nxp-real-time-edge-sw/yocto-real-time-edge.git

Follow Yocto documentation "Real-time Edge Yocto Project User Guide" to get the code and build the image.
Refer to Section 1.4.

2.5.2.3.2.2 Building the Baremetal images

This section describes the steps for building the Baremetal images for various boards. The steps described are
applicable to boards such as LS1043ARDB, LS1046ARDB, LX2160ARDB, i.MX 8M Plus LPDDR4 EVK, and
i.MX 8M Mini LPDDR4 EVK.

Building the Baremetal images for various boards

Run the following commands to build the final Baremetal image for Layerscape and i.MX platforms.

$ cd yocto-real-time-edge

For i.MX 93 EVK Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=imx93evk source real-time-edge-
setup-env.sh -b build-imx93evk-bm

For i.MX 93 9x9 LPDDR4 QSB Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=imx93-9x9-1lpddr4-gsb source real-
time-edge-setup-env.sh -b build-imx93gsb-bm

For LS1028ARDB Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=1s1028ardb source real-time-edge-
setup-env.sh -b build-1s1028ardb-bm

For LS1043ARDB Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=1s1043ardb source real-time-edge-
setup-env.sh -b build-1s1043ardb-bm

For LS1046ARDB Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=1sl046ardb source real-time-edge-
setup-env.sh -b build-1sl1046ardb-bm

For LX2160ARDB Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=1x21l60ardb-rev2 source real-time-
edge-setup-env.sh -b build-1x2160ardb-bm
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For i.MX 8M Plus LPDDR4 EVK Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=imx8mp-lpddr4-evk source real-
time-edge-setup-env.sh -b build-imx8mpevk-bm

For i.MX 8M Mini LPDDR4 EVK Baremetal image:

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=imx8mm-lpddr4-evk source real-
time-edge-setup-env.sh -b build-ix8mmevk-bm

Then, use:

$ bitbake nxp-image-real-time-edge

2.5.2.4 Booting up Linux with BareMetal

Use the following steps to boot up the system with the images built from Real-time Edge software.

For platforms that can boot up from the SD card, there are just two steps required to program the image into the
SD card.

1. Insert an SD card (at least 4 GB size) into any Linux host machine.
2. Find the image file in the build directory (for example: 1s1028ardb):

tmp/deploy/images/1sl1028ardb/nxp-image-real-time-edge-1s1028ardb.wic.zst

3. Then, run the following commands:

S zstd -d nxp-image-real-time-edge-1s1028ardb.wic.zst

$ sudo dd if=./nxp-image-real-time-edge-1sl1028ardb.wic of=/dev/sdx bs=1M
conv=fsync

# or in some other host machine:

$ sudo dd if=./nxp-image-real-time-edge-1s1028ardb.wic of=/dev/mmcblkx bs=1M
conv=fsync

# find the right SD Card device name in your host machine and replace the
“sdx” or “mmcblkx”.

4. Then, insert the SD card into the target board (for example, LS1028ARDB) and power on.

After completion of the above-mentioned steps, the Linux system boots up on the primary core (core 0). The
BareMetal system boots up on the secondary core (core 1) automatically.

2.5.3 Running examples

The following sections describe how to run the Baremetal examples on the host environment for LS1028ARDB
board. Similar steps can be followed for LS1043ARDB, LS1046ARDB, i.MX 8M Mini LPDDR4 EVK, i.MX 8M
Plus LPDDR4 EVK, i.MX 93 EVK and i.MX 93 9x9 LPDDR4 QSB board.

2.5.3.1 Preparing the console

In current Baremetal framework design, two UART ports are used as console. One UART is used for primary
core and the other UART is used for secondary cores. Refer to Section 3.2.2.2 for preparing the console.
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2.5.3.2 Running the Baremetal binary

As described earlier, there are two methods to compile the Baremetal framework. One is a standalone method
and the other method uses the Real-time Edge software. These methods are described in Section 2.5.2.3 and
Section 2.5.2.3.2 respectively.

* If the Real-time Edge software is used to compile the Baremetal image, the Baremetal image is included in
the nxp-image-real-time-edge-xxxx.wic.zst. In this case, the primary core starts the Baremetal
image on secondary cores automatically.

* |If a standalone compilation method is used, perform the steps below to run the Baremetal binary from th U-
Boot prompt of the primary core. See the below example run on Layerscape platform:
1. After starting U-Boot on the master, download the bare metal image: u-boot-dtb.bin on 0x84000000
using the command below:

=> tftp 0x84000000 xxxx/u-boot-dtb.bin

Where
— xxxx IS your tftp server directory.
— 0x84000000 is the address of CONFIG TEXT BASE on bare metal for Layerscape platforms.
Note:
a. The address is 0x50200000 for i.MX 8M Plus LPDDR4 EVK and i.MX 8M Mini LPDDR4 EVK boards.
b. The address is 0x90200000 for .MX 93 EVK board.
2. Then, start the Baremetal cores using the command below:

=> dcache flush; cpu 1 release 0x84000000

Note: In the command cpu <num> release 0x84000000, the 'num'can be 1, 2, 3, ... to the
maximum CPU number.
For i.MX 8M Plus LPDDR4 EVK and i.MX 8M Mini LPDDR4 EVK boards, use the below command:

=> dcache flush;cpu 1 release 50200000;sleep 6;cpu 2 release 50200000;sleep
2;cpu 3 release 502000005

3. Last, the UART2 port displays the logs, and the bare metal application runs on secondary cores
successfully.

2.5.4 Development based on Baremetal framework

This chapter describes how to develop a customer-specific application based on the Baremetal framework.

2.5.4.1 Developing the Baremetal application

The “app” directory in the U-boot repository includes the test cases for testing the 12C, GPIO, and IRQ init
features. Users can write their custom applications and store them in this directory.

2.5.4.2 Main file app.c

The file <U-boot path>/app/app.c is the main file to add all applications. Users can modify the app. c file
to add their applications.

* When the standalone method is used to build the Baremetal image as described in Section 2.5.2.3, change
the directory to U-boot path to read or edit the app. c file.

* When the Real-time Edge software is used to compile the Baremetal binary, change to the building directory
to view or edit the app. c file.
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The following is a sample code of the file app . c that shows how to add the example test cases of I12C, IRQ, and
GPIO.

void corel main (void)
{
test 12c();
test irqg init();
test gpio();
return;

2.5.4.3 Common header files

There are some common APIs provided by Baremetal. The table below describes the header files that include
the APIs.

Table 6. Common header file description
Header file Description

asm/io.h Read/Write 10 APlIs.
For example, raw readb, raw writeb, out be32,and in be32.

linux/string.h This file includes APIs for manipulating strings.
For example, strlen, strcpy, and strcmp.

linux/delay.h This file includes APIs used for small pauses.
For example, udelay and mdelay.

linux/types.h This file includes APls specifying common types.
For example, u32 and u64.

common . h This file includes the common APIs.
For example, printf and puts.

2.5.4.4 GPIO example

The file uboot/app/test gpio.c is an example to test the GPIO feature, and shows how to write a GPIO
application.

Here is an example for the i.MX 8M Mini board:

1. First, you need the GPIO header file, asm-generic/gpio.h and dm.h, which include all interfaces for the
GPIO.

2. Then, find the corresponding GPIO description according to the name of the GPIO (such as GPIO5_7),
configure GPIO5_7 to OUT direction, configure GPIO5_8 to IN direction and request it.

3. Now, by writing the value 1 or 0 to GPIO5_7, you can receive the same value from GPIO5_8.

The Table 7 shows the APIs used in the file test gpio.c application example.

Table 7. GPIO APIs and their description

Function declaration Description
int dm gpio lookup name (const char Looks up a named GPIO and returns its description.
*name, struct gpio_desc *desc) name: Name to look up, such as GPIO5_7

desc: GPIO description
Returns: 0 if OK, -ve on error
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Table 7. GPIO APIs and their description...continued
Function declaration Description

int dm _gpio request (struct gpio_desc |Manually requests a GPIO.

*desc, const char *label) desc: GPIO description of GPIO to request.

label: Label to attach to the GPIO while claimed, such as "output1".
Returns: 0 if OK, -ve on error

int dm gpio_set value (const struct Configures the direction of GPIO to OUT and writes the value to it.
gpio_desc *desc, int value) desc: GPIO description.

value: the value written to this GPIO.

Returns: 0 if OK, —ve on error.

int dm gpio set dir flags(struct Sets direction using description and added flags
gpio_desc *desc, ulong flags) desc: GPIO description

flags: New flags to use

Returns: 0 if OK, -ve on error.

int dm gpio free (struct udevice *dev, |Frees a single GPIO.

struct gpio_desc *desc) dev: Device that requested the GPIO.
desc: GPIO description.

Returns: 0 if OK, -ve on error.

2.5.4.5 12C example

The file uboot/app/test i2c.c can be used as an example to test the 12C feature and shows how to write
an 12C application.

On LS1043ARDB board, read a fixed data from offset 0 of INA220 device(0x40). If the data is 0x39, a message,
[ok]I2C test ok is displayed on the console.

The table below shows the APIs used in the sample file, test_i2c.c.

Table 8. 12C APIs and their description

Function declaration Description
int i2c_set bus num (unsigned Sets the 12C bus.
int bus) bus- bus index, zero based

Returns 0 if OK, -1 on error.

int i2c_read (uint8_t chip, Reads data from an 12C device chip.
unsigned int addr, int alen,  chip - 12C chip address, range 0..127
uint8_t *buffer, int len) * addr - Memory (register) address within the chip

* alen - Number of bytes to use for address (typically 1, 2 for larger
memories, 0 for register type devices with only one register)

* buffer - Where to read/write the data

* len - How many bytes to read/write

Returns 0 if OK, not 0 on error.

int i2c_write (uint8_ t chip, Writes data to an 12C device chip.
unsigned int addr, int alen,  chip - 12C chip address, range 0..127
uint8_t *buffer, int len) * addr - Memory (register) address within the chip

* alen - Number of bytes to use for address (typically 1, 2 for larger
memories, 0 for register type devices with only one register)

* buffer - Where to read/write the data

* len - How many bytes to read/write

Returns 0 if OK, not 0 on error.
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2.5.4.6 IRQ example

The file uboot/app/test irqg init.c provides an example to test the IRQ and IPI (inter-processor
interrupts) feature and shows how to write an IRQ application. The process is described in brief below.

The file asm/interrupt-gic.h is the header file of IRQ, and includes all its interfaces. Then, register an IRQ
function for SGI 0. After setting an SGI signal, the CPU gets this IRQ and runs the IRQ function. Then, register
a hardware interrupt function to show how to use the external hardware interrupt.

SGI IRQ is used for inter-processor interrupts, and it can only be used between BareMetal cores. To
communicate between the BareMetal core and the Linux core, refer to Section 2.5.4.16. SGI IRQ id is 0-15. The
SGI IRQ id '8' is reserved for ICC.

Note: Fori.MX 8M Mini LPDDR4 EVK, i.MX 8M Plus LPDDR4 EVK, i.MX 93 EVK and i.MX 93 9x9 LPDDR4
QSB boards, SGI IRQ id is 9.

The Table 9 shows the APIs used in the sample file, test _irg init.c.

Table 9. IRQ APIs and their description

Return type APl name (parameter list) Description

int irqg desc register (struct irg Registers an IRQ function.

*irqg_ data, void (*irq_handle) (int, |e irg data- Include IRQ id(0-15 for SGI, 16-31 for PPI, 32-1019 for
int, void *), wvoid *data) SPI), and IRQ dev

* irg handle —IRQ function
* data—IRQ data

void gic_send sgi(u32 id, int core_ |Sets a SGIIRQ signal.

mask) * core_mask — target core mask
e id-IRQid

int irqg set affinity(struct irg Sends the target core for hw IRQ.

*irg, int core_mask) * core mask — target core mask

* irg—IRQ data, include IRQ id

int irg set polarity(struct udevice |Sets the type for hardware IRQ to identify whether the corresponding
*dev, uint id, bool active low) interrupt is edge-triggered or level-sensitive.

¢ dev - IRQ dev

* id-IRQid

* active low —true if active low, false for active high

2.5.4.7 QSPI example

The file uboot/app/test gspi.c provides an example that can be used to test the QSPI feature. The below
steps show how to write an QSPI application:

1. First, locate the QSPI header files spi flash.h and spi.h, which include all interfaces for QSPI.

2. Then, initialize the QSPI flash. Subsequently, erase the corresponding flash area and confirm that the erase
operation is successful.
3. Now, read or write to the flash with an offset of 0x3f00000 and size of 0x40000.

The Table 10 shows the APIs used in the file test gsip.c example.

Table 10. QSPI APIs

API name (type) Description
spi_find bus_and cs (bus,cs, The API finds if a SPI device already exists.
&bus_dev, é&new) * “pus” - bus index, zero based.

e “cs” — the value to chip select mode.
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Table 10. QSPI APIs...continued
API name (type) Description

* “bus_dev” - If the bus is found.
¢ “new” — If the device is found.
Returns 0 if OK, ~-ENODEV on error.

spi_flash probe bus cs (bus, cs, Initializes the SPI flash device.
speed, mode, &new) * “bus” - bus index, zero based.
e “cs” —the value to Chip Select mode.

e “speed” — SPI flash speed, can use 0 or CONFIG_SF_DEFAULT _
SPEED.

* “mode” —SPI flash mode, can use 0 or CONFIG_SF_DEFAULT_MODE.
¢ “new” — If the device is initialized.
Returns 0 if OK, ~-ENODEV on error.

dev_get uclass_priv (new) Gets the SPI flash.
* “new” - The device being initialized.
Returns flash if OK, NULL on error.

spi_flash erase(flash, offset, Erases the specified location and length of the flash content, erases the
size) content of all.

* “flash” - Flash is being initialized.

e “offset” — Flash offset address.

* “size” - Erase the length of the data.
Returns 0 if OK, !0 on error.

spi flash read(flash, offset, Reads flash data to memory.

len, vbuf) e “flash” - The flash being initialized.

e “offset” — Flash offset address.

* “len” - Read the length of the data.

e "vbug" - the buffer to store the data read
Returns 0 if OK, ! 0 on error.

spi flash write(flash, offset, Writes memory data to flash.

len, buf) e “flash” - The flash being initialized.

e “offset” — Flash offset address.

* “len” - Write the length of the data.

* "puf" - the buffer to store the data write
Returns 0 if OK, !0 on error.

2.5.4.8 IFC example

Both LS1043ARDB and LS1046ARDB have IFC controller. However, LS1043ARDB supports both NOR flash
and NAND flash, whereas LS1046ARDB supports only NAND flash.

NOR and NAND flash messages are displayed while booting Baremetal cores, as shown below:

1:NAND: 512 MiB
1:Flash: 128 MiB

or (LS1046ARDB)

1:NAND: 512 MiB

There is no example code to test it, but we can use a few commands to verify these features.
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For LS1043ARDB NOR Flash (the map memory address is 0x60000000), the below command can be used to

verify it:

=> md 0x60000000

1:60000000: 55aabb5aa 000lee01 10001008 0000000a L U
1:60000010: 00000000 00OOOOOOO 02005514 12400080  ......... U....@Q.
1:60000020: 005002e0 002000cl 00000000 00000000 P L
1:60000030: 00000000 00880300 00000000 01110000 ... iiiinininnnn..
1:60000040: 96000000 01000000 78015709 10e00000  ......... W.x....
1:60000050: 00001809 08000000 18045709 9e000000  ......... Wooaoooa
1:60000060: 1c045709 9000000 20045709 9e000000 WLl W. ....
1:60000070: 00065709 00000000 04065709 00001060 B W.. ...
1:60000080: c000ee09 00440000 58015709 00220000  ...... D..W.X..".
1:60000090: 40800089 01000000 40006108 f56b710a 200@ooo00 a.Q.gk.
1:600000a0: ffffffff ffffffff ffffffff fEEEEEEF o o i

For NAND flash on LS1043ARDB and LS1046ARDB, "nand" command can be used to verify it (nand erase,

nand read, nand write, and so on.):

=> nand info
l:Device 0: nand0O, sector size 128 KiB

1: Page size 2048 b

1: OOB size 64 b

l: Erase size 131072 b

1: subpagesize 2048 b

1: options 0x00004200

1: Dbbt options 0x00028000

=> nand

l:nand - NAND sub-system

1:Usage:

nand info - show available NAND devices
nand device [dev] - show or set current device
nand read - addr off|partition size
nand write - addr off|partition size

read/write 'size' bytes starting at offset 'off'
to/from memory address 'addr', skipping bad blocks.
nand read.raw - addr off|partition [count]
nand write.raw[.noverify] - addr off|partition [count]
Use read.raw/write.raw to avoid ECC and access the flash as-is.
nand erase[.spread] [clean] off size - erase 'size' bytes from offset
With '.spread', erase enough for given file size, otherwise,
'size' includes skipped bad blocks.
nand erase.part [clean] partition - erase entire mtd partition'
nand erase.chip [clean] - erase entire chip'
nand bad - show bad blocks
nand dump|[.oob] off - dump page

nand scrub [-y] off size | scrub.part partition | scrub.chip
really clean NAND erasing bad blocks (UNSAFE)
nand markbad off [...] - mark bad block(s) at offset (UNSAFE)

nand biterr off - make a bit error at offset

'off'

2.5.4.9 Ethernet example

The file uboot/app/test net.c provides an example to test the Ethernet feature and shows how to write a

net application for using this feature.
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Here is an example for the LS1043ARDB (or LS1046ARDB) board.

Note: For LS1046ARDB board, network could be assgined by setting
CONFIG_FMAN_FMAN1_COREID=<core num> (core num could be 0 - 3). If you want to verify it on core 1,
please set CONFIG_FMAN_FMAN1_COREID=1 and compile baremetal image in standalone way to enable the

network for the target core.
1. Connect one Ethernet port of LS1043ARDB board to one host machine using Ethernet cable.

* For LS1046ARDB, the default ethact is FM1@DTSECS5. Network cable must be connected to the
SGMII1 port.

e For LS1043ARDB, the default ethact is FM1@DTSECS3. Network cable must be connected to the
RGMII1 port.

2. Configure the IP address of the host machine as 192.168.1.2.

3. Power up the LS1043ARDB board. If the network is connected, the message host 192.168.1.2 is
alive is displayed on the console.

4. The IP addresses of the board and host machine are defined in the file test net.c. In this file, modify the

IP address of LS1043ARDB board using variable ipaddr and change the IP address of host machine using
variable ping ip.

The table below lists the Net APIs and their description.

Table 11. Net APIs and their description

API name (type) Description

void net init (void) Initializes the network

int net loop (enum proto_ t Main network processing loop.
protocol)

* enum proto_t protocol - protocol type

int eth receive (void *packet, Reads data from NIC device chip.
int length) * void *packet
* length - Network packet length
Returns the length

int eth _send (void *packet, int Writes datato NIC device chip.

length) ¢ packet - pointer to the packet is sent
* length - Network packet length
Returns the length.

2.5.4.10 USB example

The file uboot/app/test usb.c provides an example that can be used to test the USB features. The steps
below show how to write a USB application:

1. Connect a USB disk to the USB port.

Include the header file, usb . h, which includes all APIs for USB.

Initialize the USB device using the usb_init APL

Scan the USB storage device on the USB bus using the usb_stor scanAPI.

Get the device number using the b1k get devnum by type APl

Read data from the USB disk using the b1k dread API.

Write data to the USB disk using the b1k dwrite API.

Nook~ON

The table below shows the APIs used in the file test usb.c example:
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Table 12. USB APIs and their description

API name (type) Description

int usb_init (void) Initializes the USB controller.

int usb_stop (void) Stops the USB controller.

int usb_stor scan(int mode) Scans the USB and reports device information to the user if
mode = 1
* Mode - if mode = 1, the information is returned to user.
Returns

¢ the current device, or
¢ -1 (if device not found).

struct blk desc *blk get devnum by type (enum |Get a block device by type and number.

if_type if_type, int devnum) e If type — Block device type
¢ devnum - device number
Returns

* Points to block device descriptor, or
* NULL (if not found).

unsigned long blk dread(struct blk_desc Reads data from USB device.
*block dev, lbaint t start, lbaint t blkcnt, |e pblock dev — block device descripter

void *buffer) ; e start — start block

* blkent — block number
e buffer - bufferto store the data
Returns the block number from which data is read.

unsigned long blk dwrite (struct blk desc Writes data to USB device.
*block dev, lbaint t start, lbaint t blkcnt, |e block dev — block device descripter
const void *buffer) ; . start_— start block

¢ blkcnt — block number
e buffer - bufferto store the data
Returns the block number to which data is written.

2.5.4.11 PCle example

The file app/test pcie.c provides a sample code to test PCle and network card (such as e1000) features.
The steps below show how to write a PCle and net application:

Insert a PCle network card (such as e1000) into a PCle2 or PCle3 slot (if it exists).
Configure the IP address of the host machine to 192.168.1.2.

Include the files include/pci.h and include/ netdev.h.

Initialize the PCle controller using the pci init API.

Get uclass device by its name using the uclass get device by seqAPL
Initialize the PCle network device using the pci eth init API.

Begin pinging the host machine using the net loop APL

Nogakod -~

The table below shows the APIs used in the file test pcie.c example.

Table 13. PCle APIs and their description

API name (type) Description

void pci init(void) Initializes the PCle controller. Does not return a value.

REALTIMEEDGEUG All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
User guide Rev. 3.3 — 15 December 2025 Document feedback

42576


https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_REALTIMEEDGEUG

NXP Semiconductors REALTIMEEDGEUG

Real-time Edge Software User Guide

Table 13. PCle APIs and their description...continued

API name (type) Description
int uclass_get device by Gets the uclass device based on an ID and sequence:
seq(enum uclass_id id, int seq, |e id—uclassID
struct udevice **devp) * seq- sequence
* devp - Pointer to device
Returns:
* 0if Ok.
* Negative value on error.
static inline int pci eth Initializes network card on the PCle bus.
init(bd_t *bis) e Bis - struct containing variables accessed by shared code
Returns the number of network cards.
int net loop (enum proto_t Main network processing loop.
protocol) * enum proto_t protocol - protocol type
Returns:
* 0if Ok.

* Negative value on error.

2.5.4.12 ENETC example

The file app/test net.c provides an example to test ENETC Ethernet feature and shows how to write a net
application for using this feature. This example is a special case of using Net APls.

The file test net for ENETC is only an example for the LS1028ARDB board with
(CONFIG _ENETC COREID SET enabled).

1. Connect ENETC port of LS1028ARDB board to one host machine using Ethernet cable.

2. Configure the IP address of the host machine as 192.168.1.2.

3. Power up the LS1028ARDB board. If the network is connected, the message host 192.168.1.2 is
alive is displayed on the console.

4. The IP addresses of the board and host machines are defined in the file test net.c. In this file, modify
the IP address of LS1028ARDB board using variable ipaddr and change the IP address of host machine
using variable ping ip.

The table below lists the Net APIs for ENETC and their description, refer to Section 2.5.4 for other Net APls.

Table 14. ENETC APIs and their description

API name (type) Description
void pci init(void) Initializes the PCle controller. Does not return a value.
void eth initialize(void) Initializes the Ethernet.

2.5.413 SAl example

The audio feature needs SAI module and codec drivers. The following sections provide an introduction to SAI
module and the audio codec (SGTL5000). These sections also describe the steps for integrating audio with
Baremetal and running an audio application on Baremetal.
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2.5.4.13.1 Synchronous Audio Interface (SAl)

The LS1028A integrates six SAl modules, but only SAI4 is used by LS1028ARDB board. The synchronous
audio interface (SAIl) supports full duplex serial interfaces with frame synchronization. The bit clock and frame
sync of SAl are both generated externally (SGTL5000).

» Transmitter with independent bit clock and frame sync supporting 1 data line
* Receiver with independent bit clock and frame sync supporting 1 data line

* Maximum Frame Size of 32 words

» Word size of between 8-bits and 32-bits

» Word size configured separately for first word and remaining words in frame
* Asynchronous 32 x 32-bit FIFO for each transmit and receive channel

» Supports graceful restart after FIFO error

¥ ¥
Write Read - :
FIFQ FIFO FIFO - ol SAI_TH_DATA
! Control 5 Control Register :
CEI‘HS:k. H 1 - J »@l SAI_TX_BCLK
oC :
«— o FEym: 1—-—-.5 SALTX_SYNC
Registars Genaration " _TX_
3 Contral !
: Transmitter [ :
Audio ) e A 0 e R LI mcar it o i B AT BT AT, DT ppen .
Clock T —————————— | S | : Synchronous Mode
: Receiver ¥ z :
Cantrol Bit Clock (it E
e————>fl] SAI_RX_SYNC
Registers Geaneration Sync :
I Eﬂllhlﬂ :
Bus ] ] i Y :
Clock ' 3 : : — =il SAI_LRX_BCLK
Read ' Write : :
FIFO [= FIFO FIFO =« S W SALRX_DATA
Contral Control Register :
A A

Figure 11. SAl block diagram

2.5.4.13.2 Audio codec (SGTL5000)

The SGTL5000 is a low-power stereo codec with headphone amplifier from NXP. It is designed to provide a
complete audio solution for products requiring LINEIN, MIC_IN, LINEOUT, headphone-out, and digital 1/Os. It
allows an 8.0 MHz to 27 MHz system clock as input. The codec supports the following sampling frequencies:

* 8.0kHz

* 11.025 kHz
* 12kHz

* 16 kHz
22.05 kHz
* 24 kHz
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* 32 kHz
* 441 kHz
* 48 kHz
* 96 kHz

The LS1028ARDB board provides a 25 MHz crystal oscillator to the SGTL5000.
The SGTL5000 provides two interfaces (12C and SPI) to set up registers. The LS1028ARDB board uses the 12C

interface.
o
Headphone Yolume Control
LLINE IN 52dB to +12dB P_OUTH
i | DAC Volume (CHIP_ANA_HP_CTRL)
MIC CAIN -goggn:nméua
LMIC_IN®=| (0dB, 20dB,
3048, 40dB) A dics
Switch
-125_DIN- -
Line Out Volurme Control
-128_DOUT (CHIP_LINE_OUT VOL) }L'”E':’UT‘

_ Mix AVC Bass Enhancement Tone Control /GEQYPEQ
@ (")

Only Gain is shown for the Digital Audio Processing blocks. For complete description
please see Digital Audio Processing section

Figure 12. System block diagram, signal flow, and gain

2.5.4.13.3 Digital interface formats

The SGTL5000 provides five common digital interface formats. The SAlI and SGTL5000 digital interface formats
must be the same.

* 12S Format (n = bit length)

CHIP_I2S0_CTRL field values:
(SCLKFREQ= 0; SCLK_INV = 0; DLEN = 1; 12S_MODE = 0; LRALIGN = 0; LRPOL = 0)

IZS_LRCLK_! i # ﬁ i : b b

s mm;;m ;;Lﬁ_ﬂ_fw /Spipinint/ Halinlin
125_DIN Damj-bmc# X EXEX O OEENH X # X

Figure 13. 12S Format (n = bit length)
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* Left Justified Format (n = bit length)

CHIP_I2S0_CTRL field values:
(SCLKFREQ=0; SCLK_INV = 0; DLEN =1; 125_MODE =0; LRALIGN = 1; LRPOL =0)

CSELER g — b b i ! W A
25 sou LML LML LML fLIL MU L fune
5. o pouT XIE X H D@ OO H I @

Figure 14. Left Justified Format (n = bit length)
* Right Justified Format (n = bit length)

CHIP_I12S0_CTRL field values:
SCLKFREQ= 0; SCLK_INV = 0; DLEN = 1; I12S_MODE = 1; LRALIGN = 1; LRPOL = 0)

i T i A

|
I
| I |
[

125 SCLK rpﬂ_}w;;m ;;Lrlm_rm_rﬁm LML
125_DIN, muo:;:cf:x:cﬁ IEX KOO H th =X

Figure 15. Right Justified Format (n = bit length)
* PCM Format A

l
I25_LRCLK __ |
|

CHIP_I2S0_CTRL = 0x01F4
(SCLKFREQ=1; MS = 1; SCLK_INV = 1; DLEN = 3; 12S_MODE = 2; LRALIGN = 0)

esurew L g 7 R ho 1
128_SCLK l_lmﬂ!_rum aliplinlingh ;;m}ﬁ.rgfu—l_;}wm_ piniinl
2s.piN, Dout X OEXEN— ff TXEEK M m X f f

Figure 16. PCM Format A
* PCM Format B
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CHIP_I2S0_CTRL = Ox01F6
(SCLKFREQ=1; MS =1; SCLK_INV = 1; DLEN = 3; 12S_MODE = 2; LRALIGN = 1)

s o i $— W fp—11

I I

125_SCLK uimr’:_ﬂ_m{«h_ﬂ_ﬂ_m #[—I_E'T_l_‘;_ﬂ_i‘l_ /giigiglig/ininigl

25 DN, DOUT XEXEX X Hf TX B EX @ X I X

Figure 17. PCM Format B

2.5.4.13.4 Running the SAl application

To run the SAI application, BareMetal images should be rebuilt with SAl support.

1. Enable SAl support in Real-time Edge software as follows:

$ cd yocto-real-time-edge/sources/meta-real-time-edge
# Open file "conf/distro/include/real-time-edge-base.inc", add "sai" to
"DISTRO FEATURES:append:1sl028ardb" like this:
DISTRO FEATURES:append:1sl028ardb = " jailhouse real-time-edge-libbee real-time-
edge-libblep libnfc-nci \
wayland-protocols weston imx-gpu-viv libdrm kmscube \
real-time-edge-sysrepo tsn-scripts wayland alsa sai"

2. Build the image:

S cd yocto-real-time-edge

$ DISTRO=nxp-real-time-edge-baremetal MACHINE=1s1028ardb source real-time-edge-
setup-env.sh -b build-1s1028ardb-bm

S bitbake nxp-image-real-time-edge

3. Play a demo audio file in the secondary core after booting the board:

=> wavplayer
kA Ak kA hhhkr kA hhkhkhrhkhkhAhhkkhkrhkhkhhhkhkhrhkhkhhhkhkrhkhkhkhkhkhkrhkkhkhhkhkkhrkhkkxkxk*k
audioformat: PCM nchannels: 1 samplerate: 16000 bitrate: 256000 blockalign: 2
bps: 16 datasize: 67968 datastart: 44
R R IR I b db b db b b db b b S db b b S I b I db b IR Ib b d db b b S Sb b J IR b b db Ib b S db b b db Ib b b db b dh b b4
sgtl5000 revision 0x11l fsl sai ofdata to platdata Probed
sound 'sound' with codec 'codec@a' and i2s 'sai@f130000'

i2s transfer tx data The music waits for the end! The music is finished!
kAhkkhkhkkhkhkkhkhhkhkhhkhhkhkhkhkkhkhkkhkhkhhkhhkhhkhkhkhkkhkhkkhkhrhkhkhkhkhkhkhkkhkhkkhkhkhkhhkhhkhkhkhkx*k
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2.5.4.14 FlexTimer example

The FlexTimer module (FTM) works on BareMetal core as the wake-up source for LS1046ARDB. It can support

nanosecond (ns) level alarm setting. There is no example code to test the module. However, a few commands
can be used to verify these features.

Use the below commands to verify the FTM feature:

* Use the “ftm” command to get help information:

=> ftm
l:ftm - ftm alarm test

1:Usage:

ftm test ftm alarm

show - show FTM test result

start [count] us - start FTM test
stop - stop FTM test

e Usethe “ftm start [count]” command to start the ftm test:

=> ftm start
1:Use default alarm time - 5 us
1:FTM test start.

=> ftm start 100
1:FTM test start.

* Use the “ftm stop” command to stop the ftm test and show the test result:

=> ftm stop

1:FTM test stop.

l:irg count | total (us) | average (us) | max (us) | min (us) |
1:3087560 | 309579251 | 100 | 102 | 100 |

¢ Use the “ftm show” command to show the test result:

=> ftm show
l:irg count | total (us) | average (us) | max (us) | min (us) |
1:317803 | 31854521 | 100 | 102 | 100 |

The table below lists the attributes for “ftm show” and “ftm stop” result:

Table 15. FlexTimer module attributes and their description

Attribute Name Description

irg count Generated interrupt single count since the “ftm start” command
total (us) The time since “ftm start” command

average (us) The average time between two interrupt signals

max (us) The maximum time between two interrupt signals

min (us) The minimum time between two interrupts signals

The table below lists the FTM APIs and their description.

Table 16. FlexTimer module APIs
APl Name Description

int ftm rtc set alarm by us (struct Setting alarm by us count
udevice *dev, unsigned long us, void (*
func) (void *))

e struct udevice *dev — device struct of ftm
e unsigned long us — the time for ftm alarm
e void (* func) (void *) —the handle function when time up
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Table 16. FlexTimer module APIs...continued

APl Name Description

void ftm rtc_set alarm (struct udevice |Setting alarm by ftm timer count

*dev, ul6 ticks, void (* func) (void e struct udevice *dev — device struct of ftim
*))i e ul6 ticks — the timer counter for ftm alarm

e void (* func) (void *) —the handle function when time up

void ftm rtc_alarm stop(struct udevice |Stop and resetftm alarm
*dev) * struct udevice *dev — device struct of ftm

unsigned long ftm rtc get max alarm us |Getthe max alarm time value for ftm alarm
(struct udevice *dev) e struct udevice *dev —device struct of ftm

2.5.4.15 Newlib’s math library

To control IO devices such as to change the speed or angle, mathematical calculations are required. The math
library provided by Newlib is added to support such calculations. Newlib is a C library intended for use on
embedded systems.

All math-related files are under the math folder. The file directory structure is as follows:

math

COPYING
include
L— math.h
1ib

L libm.a
README

To use the math library, include the below code in the file header. Then, the user can directly call all kinds of
math APIs.

#include <math.h>
#undef  always inline
#undef  section
#include <stdlib.h>
#include <common.h>
#include <command.h>
#undef log

For detailed usage, refer to the example file math. c under the cmd folder. The example shows how to call the
math library APl including acos/asin/atan/cos/sin/tan and log/pow/sqrt. Use the math command to
verify these APIs under U-Boot command.

For example:

=> math

math - Test Math Functions
Usage:

math - Only test some simple math functions:

math acos x(double)
math asin x (double)
math atan x(double)
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math atan2 y x(double)

math cos x(double)

math cosh x(double)

math sin x(double)

math sinh x (double)

math tanh x (double)

math exp x(double)

math ldexp x (double) exp(int)
math log x(double)

math logl0 x (double)

math pow x(double) y(double)

math sqgrt x(double)

math ceil x (double)

math fabs x (double)

math floor x (double)

math fmod x (double) y(double)

> math asin 0.8
0.927

:=> math sin 1.0
0.841

:=> math cos 1.0
0.540

> math log 10
2.302

:=> math loglO 10
1.000

===

2.5.4.16 ICC module

Inter-core communication (ICC) module works on Linux core (primary) and BareMetal core (secondary). It
provides the data transfer between cores via SGI inter-core interrupt and shared memory blocks. It can support
a multicore silicon platform and transfer the data concurrently and efficiently.

The ICC module structure is based on two basics:

» SGI: Software-generated Interrupts in Arm GIC, used to generate inter-core interrupts. The ICC module uses
the number 8 SGI interrupt for all Linux and BareMetal cores.

» Shared memory: A memory space shared by all platform cores. The base address and size of the share
memory must be defined in the header files before compilation.

ICC modules can work concurrently, lock-free among multicore platform, and support broadcast case with Buffer
Descriptor Ring mechanism.

The figure below shows the basic operating principle for data transfer from Core 0 to Core 1. After the data
writing and head point moving to next, Core 0 triggers a SGI (8) to Core 1. After this step, the Core 1 gets the
BD ring-updated status and reads the new data, then moves the tail point to the next.
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Block

Figure 18. BD rings for inter-core communication

For a multicore platform (that is, four cores), the total BD rings are arranged as shown in the following figure.
(See the BD rings on Core 0 and Core 1.)

CoreQ to Core1 0 1 2 3 4 5 6 7 8 9
CoreQ to Core2 0 1 2 3 4 5 6 7 8 9
CoreQ to Core3 0 1 2 3 4 5 6 7 8 9
Core1 to Core0 0 1 2 3 4 5 6 7 8 9
Core1 to Core2 0 1 2 3 4 5 6 7 8 9
Core1 to Core3 0 1 2 3 4 5 6 7 8 9
Figure 19. BD rings for multicore platform

All the ICC ring structures, BD structures, and blocks for data are in the shared memory. A four-core platform
ICC module would map the shared memory as shown in the figure below.
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Base Address

Ring and BD structures

Corel )
Blocks with 4K for each

Ring and BD structures
Core1l
Blocks with 4K for each

Share memory
Ring and BD structures size for all cores

Core2
Blocks with 4K for each

Ring and BD structures

Core3
Blocks with 4K for each

Reserved for custom usage

Base Address + Siz_é.-

Figure 20. ICC shared memory map for the four-core platform

Generally, Core 0 runs Linux as the primary core while other cores run BareMetal as the secondary core. They
obtain the same size of share memory to structure the rings and BDs, and split the blocks space with 4k unit
for each block. The reserved space at the top of the share memory is out of the ICC module and for the custom
usage.

For the LS1028ARDB platform with two cores, the shared memory map is defined as:

» The total shared memory size is 256 MB.
* The reserved space for custom usage is 16 MB at the top of the share memory space.

* Core 0 runs Linux as the primary core. The shared memory size for ICC is 120 MB, in which the ring and BD
structure space is 2 M. The block space for data is 118 MB with 4K for each block.

* Core 1 runs BareMetal as the secondary core. The shared memory size for ICC is 120 MB, in which the ring
and BD structure space is 2M. The block space for data is 118 MB with 4K for each block.

The ICC module includes two parts of the code:

* ICC code for Linux user space, works for data transfer between primary core and secondary cores. The code
is integrated into the Real-time Edge software and named real-time-edge-icc. After the compilation, the
icc binary is put into the Linux file system.

* |CC code for BareMetal runs on every secondary core, works for data transfer between BareMetal cores and
primary core.

The ICC code for Linux user space in the repository: https://github.com/nxp-real-time-edge-sw/real-time-edge-
icc.qit.
|— icc-main.c ---the example case commands

I— inter-core-comm.c

— inter-core-comm.h - includes the header file to use ICC module.
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