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PolarFire® SoC Linux Boot Time

Introduction

Microchip's PolarFire SoC FPGAs include the industry's RISC-V based Microprocessor Subsystem (MSS) and FPGA
fabric that inherits all the features of the PolarFire family. The PolarFire SoC MSS includes 5x 64-bit RISC-V
processor cores, AXI Switch, DDR Controller, Fabric Interface Controllers (FIC), and a rich set of peripherals. It

also offers an unparalleled combination of low power consumption, thermal efficiency, and defense-grade security for
smart, connected systems. It is the first SoC FPGA with a deterministic L2 memory subsystem enabling real-time
applications. Built on the award-winning, mid-range, low-power PolarFire FPGA architecture, PolarFire SoC devices
deliver up to 50% lower power than alternative FPGAs, span from 25k to 460k logic elements, and feature 12.7G
transceivers.

Microchip's PolarFire SoC Icicle kit features an MPFS250T PolarFire SoC device and on board memories such as
LPDDR4, SPI, and eMMC flash for running Linux. For more information, see UG0882: PolarFire SoC FPGA ICICLE
Kit User Guide.

Linux boot time is the time length measured from the loading of Zeroth Stage Boot Loader (ZSBL) to the Linux user
log-in prompt from the time the PolarFire SoC device is powered on. The PolarFire SoC boot sequence is simple and
does not affect the overall performance by avoiding complex boot loader and kernel configurations. This white paper
describes the unoptimized and optimized Linux boot time for Yocto and Buildroot platforms measured on PolarFire
SoC Icicle kit. The following table lists the system configuration used for measuring the Linux boot time for Yocto and
Buildroot.

Table 1. System Configuration

Product and Architecture Icicle kit, RISC-V

Platform Linux (Yocto and Buildroot)
CPU Core Frequency 600 MHz

External Memory Access eMMC/SD, LPDDR4
LPDDR4 Frequency 800 MHz

Compiler GCC

Toolchain riscv64-oe-linux-gcc(v9.3.0)
Utility Grabserial

Note: For information about building Linux using Yocto on Icicle kit, see PolarFire SoC Yocto BSP.

Note: For information about building Linux using Buildroot on Icicle kit, see PolarFire SoC Buildroot SDK.
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Linux Boot Flow

Linux Boot Flow
Microchip provides Hart Software Services (HSS) software code, which is stored in eNVM of the PolarFire SoC
device during device programming. HSS is the ZSBL that runs on the E51 monitor core. When the device is powered
up, HSS performs the following:

* Programs eMMC with Linux Image via USB

* Loads U-Boot from eMMC to LPDDR4

U-Boot is an open-source bootloader for embedded systems and runs in Supervisor Mode (S mode).
U-Boot loads the Linux OS from eMMC to LPDDR4 and switches control to Linux.

The following steps are required for bringing up Linux on Icicle kit:

1. Programming the PolarFire SoC device with the reference design. This step also programs the device eNVM
with HSS.

2. Setting the jumper configuration on the Icicle kit.

3. Programming the eMMC flash or SD card with the Linux image.

For more information, see PolarFire SoC GitHub.
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Boot Time Optimization

Boot Time Optimization

Boot time optimization is an area of interest for most of the real-time systems and is an important component
of system performance as users must wait for the boot to complete before they can use the device. Boot time
optimization reduces the boot time of a system at various levels of booting.

This white paper provides a reference for measuring boot time benchmarking on the PolarFire SoC Icicle kit. It mainly
focuses on HSS boot time, U-Boot time, Linux boot time, and System Services.

The following figure shows the Linux boot time parameters on PolarFire SoC Icicle kit.

Figure 2-1. Linux Boot Time Parameters
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Kernel optimizations are considered at T1, T2, T3, and T4, as shown in the preceding figure.
The following table lists the software and hardware requirements for boot time optimization.

Table 2-1. Boot Time Optimization Requirements

Yocto 2020.12
Buildroot 2020.12
Kernel 5.6.16

HSS 2020.12
U-Boot 2020.12
Hardware Version

PolarFire SoC Icicle Kit (MPFS250T_ES-FCVG484E)

The area of optimizations are:

HSS Time: The time taken from the system start-up (searching the source for the payload and unpack) to the
destination, that is, loading U-Boot from SD Card/eMMC to DDR. In this optimization, the search time for the source
is reduced to one sec (which in general takes five seconds). Microchip banner is removed to reduce the overall
booting time of the cores associated with the payload.

U-Boot Time: The time taken for the U-Boot initialization and copying the Linux image from the eMMC/SD Card
to the DDR. U-Boot initializes the hardware minimally, which also locates, loads, and executes the kernel image.
In this optimization, disabled features which have a significant impact, such as hardware probing features, device
initialization, Trivial File Transfer Protocol (TFTP), and Dynamic Host Configuration Protocol (DHCP) reduces the
boot time.

Linux Boot Time: The time taken to power-up peripherals, mounting the file systems, executing and launching
the system services. Linux boot time includes kernel execution and system services boot time. In this optimization,
removing console messages by adding quiet to the cmd line, eliminating printk to CONFIG_PRINTK, sizing down
the device tree by removing the unsupported features and unnecessary hardware interfaces reduce the boot time.

Reducing the kernel size helps the kernel load faster. Obtaining a smaller kernel by eliminating the Kernel
options such as CONFIG_IKCONFIG, CONFIG_HOTPLUG, CONFIG_KALLSYMS, CONFIG_DEBUG_KERNEL,
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Boot Time Optimization

CONFIG_IKCONFIG, CONFIG_DNOTIFY, CONFIG_INOTIFY, and CONFIG_AUTOFS4_FS (automounter), which
are not necessary for Linux boot up, speeds up kernel loading, therefore, reducing the kernel initial time when the
kernel is loaded.

Boot Time Parameters

In the PolarFire SoC devices, Linux boot time includes the following parameters.

Table 2-2. Boot Time Parameters

HSS Time Time to load U-Boot from eMMC to DDR

U-Boot Time U-Boot_init + Time to copy Linux image from eMMC to DDR (till initiating kernel
execution)

Linux Boot-Time Time from start Kernel to shell prompt (Kernel + Userspace)

Boot Time Measurement
To measure boot time, follow these steps:
1.  Download and install Grabserial.
2. Install Python (sudo apt-get install python3.6).
3. Execute Grabserial by entering the following cmd during Linux/HSS boots up.

sudo grabserial -v -d "/dev/ttyUSBO" -b 115200 -w 8 -p N -s 1 -e 90 -t -m
"Starting kernel.*"

Opening serial port /dev/ttyUSBO

Where,

» -d = serial device
* -t = print timestamps
* -m = match string before starting to log

» -e = number of seconds to capture for (useful when redirecting to a file: ensure that the file is closed cleanly and
all output is recorded)

» -0 [filename] = output to filename.

Grabserial utility use jiffies (the time between two successive clock ticks) and also adds time stamp to all serial
console outputs, which is convenient to analyze the boot time. For more information, see Grabserial.

Build Procedure Without Optimization

Build the image with default options as described in PolarFire SoC GitHub and execute Grabserial during kernel/HSS
boots up. Unoptimized boot time values for Yocto and Buildroot are listed in Table 3-1 and Table 3-2, respectively.

Build Procedure With Optimization
To optimize the boot time,
1. Follow the step described in PolarFire SoC GitHub for bringing up Linux on Icicle kit.

2. Build HSS by removing the search time of the booting source and by removing the Microchip banner.

3. Build the kernel. Update the file system with the newly built kernel image, kernel modules, and device tree
files.
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Boot Time Optimization

4. Setthe log level to 0. This reduces the boot time by eliminating UART print to bottle the neck.
5. Reduce the console message by adding quiet to the cmd line.

Optimized boot time values for Yocto and Buildroot are listed in Table 3-1 and Table 3-2, respectively.
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Boot Time Results

Boot Time Results

The unoptimized boot time results can be optimized using the following:

» Size Optimization
— Reducing the size of binaries
— Removing features that are not required to reduce component size
» Speed Optimization
— Removing unnecessary kernel options
Optimizing for the target processor
Using a faster medium for loading bootloader and kernel
Reducing the number of tasks leading to the boot
Removing features that are not required for the boot process

The following table lists the unoptimized and optimized boot time results for Yocto.

Table 3-1. Yocto Boot Time Results

HSS 13.18 Secs 8.3 Secs
U-Boot 3.87 Secs 3.87 Secs
Kernel 2.8 Secs 2.2 Secs
User Space 10.9 Secs 10.6 Secs
Total Boot Time 30.75 Secs 24.97 Secs

The following table lists the unoptimized and optimized boot time results for Buildroot.

Table 3-2. Buildroot Boot Time Results

HSS 13.9 Secs 8.3 Secs
U-Boot 5.2 Secs 4.2 Secs
Kernel 2.2 Secs 1.7 Secs
User Space 6.3 Secs 0.8 Secs
Total Boot Time 27.6 Secs 15 Secs
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Summary of Optimized PolarFire SoC Boot Time Resul...

Summary of Optimized PolarFire SoC Boot Time Results

The following table lists the optimized boot time results for Yocto and Buildroot.

Table 4-1. Optimized Boot Time Results

Yocto 24.97 Secs
Buildroot 15 Secs
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Conclusion

Conclusion

In this white paper, the booting process of the Linux system is analyzed at various stages to optimize the boot time.
HSS optimization, Kernel decompression, and loading RAM are some of the areas where significant improvement is
possible in terms of reducing Linux boot time. Invocation of background processes and system services are other
areas of improvement where traditional methods are being used and need to be changed or optimized in order to
improve boot time.
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The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

» Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

» Microchip believes that its family of products is secure when used in the intended manner and under normal
conditions.

* There are dishonest and possibly illegal methods being used in attempts to breach the code protection features
of the Microchip devices. We believe that these methods require using the Microchip products in a manner
outside the operating specifications contained in Microchip’s Data Sheets. Attempts to breach these code
protection features, most likely, cannot be accomplished without violating Microchip’s intellectual property rights.

» Microchip is willing to work with any customer who is concerned about the integrity of its code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable.” Code protection is constantly
evolving. We at Microchip are committed to continuously improving the code protection features of our products.
Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act.
If such acts allow unauthorized access to your software or other copyrighted work, you may have a right to sue
for relief under that Act.
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Legal Notice

Information contained in this publication is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like is provided only for your convenience and may be
superseded by updates. It is your responsibility to ensure that your application meets with your specifications.

THIS INFORMATION IS PROVIDED BY MICROCHIP “AS IS”. MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL OR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION. Use of Microchip devices in life support and/or safety applications is entirely at the buyer’s risk,
and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages, claims, suits, or
expenses resulting from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.
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The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo,
MOST, MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip
Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.
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ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra,
TimeProvider, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching,
BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge,
In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto,
maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach,
Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE,
Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/O, simpleMAP, SimpliPHY, SmartBuffer, SMART-I.S., storClad,
SQl, SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2021, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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