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- MCUXpresso SW & Tools Overview

- Hands-on Lab
- Basic Debugging
-FreeRTOS Task Aware Debugging
-FreeRTOS Optimization
- FreeRTOS with SystemView

- Compiler and Linker Optimization
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MCUXpresso SW & Tools Overview
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MCUXpresso

Software and Tools

UNIFIED SUITE OF
TOOLS FOR EASY
DEVELOPMENT
WITH NXP MCUs

LEARN MORE >

XS

MCUXpresso Software and Tools

for LPC & Kinetis MCUs and i.MX RT crossover processors

MCUXpresso IDE

Edit, compile, debug and optimize in an intuitive and powerful IDE

MCUXpresso SDK

Runtime software including peripheral drivers, middleware, RTOS,
demos and more

MCUXpresso Config Tools

Online and desktop tool suite for system configuration and

optimization
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MCUXpresso IDE

Eclipse Framework for C/C++, extendible with many plug-ins
Integrated MCUXpresso Config Tools — Pins, Clocks, Peripherals

Quickstart Peripheral Power
Panel View Measurement
Advanced Instruction SWO Trace /
Build Steps Trace Profiling
New Project Data
Wizard Watching

ARM GCC ARM GDB

Support for
SDK and
LPCOpen
for ARM®

Cortex®-M

Cores

Combined
Development
Perspective

Linker and
Memory
Conflguratlo

FreeRTOS
Kernel
Awareness

Learn more at; www.nxp.com/mcuxpresso/ide @

MCUXpresso IDE
Free Eclipse / GCC-based development

Feature-rich, unlimited code size, optimized for
ease-of-use, based on industry standard Eclipse
framework for NXP’s Kinetis and LPC MCUs and
I.MX RT crossover processors

Application development with Eclipse and GCC-based
IDE for advanced editing, compiling and debugging

Supports custom development boards, Freedom,
Tower and LPCXpresso boards with debug probes
from NXP, P&E and Segger

Free: Full Featured, unlimited Code Size, no special
activation needed, community based support,
advanced trace capabilities, MTB and ETB instruction
trace

Works in conjunction with MCUXpresso Config
Tools and MCUXpresso SDK to provide complete
development environment
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http://www.nxp.com/mcuxpresso/ide

Learn more at; www.nxp.com/mcuxpresso/sdk @

MCUXpresso SDK

Software framework and drivers

Application Code

Architecture: Reference Software:
= CMSIS-CORE compatible = Peripheral driver usage examples
=  Single driver for each peripheral =  Application demos
= Transactional APIs w/ optional * FreeRTOS usage demos

DMA support for communication =  AWS WiFi and IwlP examples

peripherals i

License:
) = Clear BSD 3-clause for startup,

Integrated RTOS: drivers, USB stack
= Amazon FreeRTOS
= RTOS-native driver wrappers Toolchains:

=  MCUXpresso IDE

Integrated Stacks and * IAR®, ARM® Keil®, GCC w/

) Cmake
Middleware:
= USB Host, Device and OTG lity:
»  |WIP, FatFS, LittleFS Quality:

=  Crypto acceleration plus = Production-grade S(_)ftware
wolfSSL & mbedTLS = MISRA 2004 compliance

= SD and eMMC card support =  Checked with Coverity® static
analysis tools

emsis zros) = €)

Sifiaics fhdause Saaticd

Cipen Souro
InlZlathve
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http://www.nxp.com/mcuxpresso/sdk

Learn more at; www.nxp.com/mcuxpresso/config @

MCUXpresso Config Tools

Configuration and Code Generation

SDK Builder packages custom SDKs based on
user selections of MCU, evaluation board, and
optional software components.

Peripherals

Pins, Clocks, and Peripheral tools generate
initialization C code for custom board support.
Features validation of inputs and cross-tool
conflict resolution.

Project Update works directly with existing SDK-
based IDE projects with generated Pins, Clocks,

SDK
Builder

and Peripheral source files.

Updater Cloner

Project Cloning creates a standalone SDK
project based on a example application available
within SDK release.
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http://www.nxp.com/mcuxpresso/config

Development Flow

XD MUK
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MCUXpresso Dashboard
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File Edit Source Refactor Mavigate Search
InRAEIRET N R A -
&5 Proj.. 52 | % Peri.. i Regi.. 0 Sym...

o =
« =
€ =

wsp_mcux_10.2_Training - frdmki4f_led_blinky/source/led_blinky.c - MCUXpresso IDE

Project

i@ iBiw| Ik

= O

ConfigTools

[€] led blinky.c 3% [g startu

AT H T

Run  FreeRTOS  Wing

Examples,
Demo Apps

[ e

kb4f

=| <§>| B % | . - E? g_systickCounter--;
y B frdmkedf_freertos_generic 0] Open Pins
v == frdmkesf led_blinky
» & Project Settings Ul Open Clocks ck_DelayTicks(uint32_t n)
> 4P Binaries P OperMripherals
ickCounter = n;
i g ::;];,::gﬂ # Open Tools S:r:rvir:w . g_systick(ount;r' = au)
» [ board &0 1
> 22 drivers e}

int computeValue(int i) {
eturng *3;
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Hands-On Lab
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Lab Overview

1. Creating/Cloning MCUXpresso SDK Projects in the IDE
2. Building, Basic Debugging DCE XY X

SDK J _IDE j  CFG )

3. Overview FreeRTOS TAD

- FreeRTOS Configuration settings
- Optimization Settings

- Static code/data size impact

- Segger SystemView

- Dynamic system improvements
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Learn more at: http://www.nxp.com/frdm-k64f @

FRDM-K64F Hardware Overview

Reset Button Arduino Expansion Header

SW2 Push Button
OpenSDAv2 Debug

FXOS8700CQ
Accel + Mag
Ethernet Port
Tri-Color LED
K64F USB
SW3 Push Button
MK64FN1MOVLL12
Arduino Expansion Header 120 MHz, Cortex-M4, 1MB Flash,

256K SRAM, USB, Ethernet, 16-bit ADC,
12-bit DAC, SDHGyipany PUBLIC | 11 i



Lab Setup/Prerequisites
- MCUXpresso IDE 10.2.0 build 759

- https://www.nxp.com/mcuxpresso/ide

- FRDM-K64 SDK V2.4.0

- http://Imcuxpresso.nxp.com/

- FRDM-K64F Board with micro-USB Cable promm

File Edit Format View Help

— - h DAPLink Firmware - see https://mbed.com/daplink ~
https //WWW' nxp - CO m/freedo m Unique ID: 82400000288842450087708f0bf000278021008897965508

HIC ID: 97969988

- FRDM-K64F Board with DAPIINK/CMSIS- el .. .

. Overflow detection: @
DAP Firmware et Version 036

Bootloader Version: 8244

- Bootloader rev0244 OpenSDA v2.2 Tean Maor g CeTERREITerTbIbAbTrRETRTETOLTES
USE Interfaces: MSD, CDC, HID
- DAPLiInk reve0244 Firmware i
Remount count: 8
- https://www.nxp.com/opensda >
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https://www.nxp.com/mcuxpresso/ide
http://mcuxpresso.nxp.com/
https://www.nxp.com/freedom
https://www.nxp.com/opensda

Lab Work Guidance

- Textin Indicate actions/work to do

-« TODO notes reference ‘Tasks/todo’ items
- Markers in source files /* \todo .... */

-Menu

tas

w [ FreeRTOS

o Task List (FreeRTOS)

v [= Ge
| Tasks

TODO 01

Open

COMPANY PUBLIC | 13
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Overview: FreeRTOS and Tools

- http://www.freertos.org
- Acquired by Amazon (29. Nov. 2017) =» MIT License

- Open Source, free-of-charge, royalty free
- >35 architectures, >154,000 downloads (2016)
- Portable, simple to learn and use

- Ecosystem
- OpenRTOS/SafeRTOS: commercial supported versions
- Amazon FreeRTOS: adds AWS and |oT use cases
- SEGGER SystemView: System Visibility with Segger RTT
- PERCEPIO Tracealyzer: Powerful Analysis Views
- NXP MCUXpresso SDK with FreeRTOS v10
- NXP MCUXpresso IDE with advanced FreeRTOS views

COMPANY PUBLIC
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http://www.freertos.org/

Help
@

P & & @

MCUXpresso IDE

Help Contents
MCUXpresso |DE User Guide
Search k

Show Contextual Help

Show Active Keybindings...
Tips and Tricks...
Cheat Sheets..,

Eclipse User Storage »
Check for Updates

Install Mew Software...

Eclipse Marketplace...

Additional resources .

Product Information
MCZUXpresso IDE support forum
About MCUXpresso IDE

© Workbench User Guide

@ e Development User Guide

& Eclipse Marketplace User Guide

@ EGit Documentation

@ GCov User Guide

@ MCUXpresso Config Tools User's Guide (IDE)

& MCUXpresso IDE FreeRTOS Debug Guide

e MCUXpresso IDE Installation Guide

e MCUXpresso IDE Instruction Trace Guide

e MCUXpresso IDE LinkServer Power Measurement Guide

& MCUXpresso IDE LinkServer SWO Trace Guide

@ MCUXpresso IDE User Guide

@ Tools (Compilers, Debugger, Utilities)

@ XPath 2.0 Processor User Manual

@ XSL Tools User Documentation
- &

File Edit Nevigete Search Progect ConfigTocls Run  FreeRTOS Window Help
4 v & v @ Din|> 0wy (SR DTRAOSR LS FFPAIN FHEO0QU
.’ v v { - -t - v ‘\.“4,,.. N Accen r:']‘
L Proj. . = 0 @ Welcome 2 =
% 5% B T . [mq 1€ /rep MCU XK pressolDE_10,2.0_755/ e/ pages registered, htm vl
W Qu.. = ' =
Welcome to MCUXpresso IDE !
~ MCUXgresso IDE provides an easy-10-use Ecigse-tased development snvennmest for NXP MCUs based on ARME
MCUXprmo IDE - Qu“m" Pane Corten®M cisns, intuding LIPC and Kinelis microcanirolion and : MX RT croasaver processomn i offern advanced
we | No t sebected wdng, compiiog. and detuogng festees with B addBon of MOU speclic debugyng vews. code kace sod profiing
= progect ssecte Mmubicere debugging and infegrated condguralion ool
* Create of lnport 4 progect Your eelataion of MOUXpreeso 1DE s ready 10 s Al product luncioneity is snabied, and no e sctivation
requed
. New project
- = Documentation
V4 B vo90n SOK exnimplals < >
& oot projectis] from hile systen
Iyt 22 8| : & Det L= = b "
« Duild your project = -
<2 e
o KB
- , )1 |
(o] . 3 Installed SDKs
= Sy . = m % Tao install #n SOK, smply drag and drop an SOK [op file/folder) mto the Installed SOKs' view.
Name SOK Ver.., Mandes.. Location SOK Datalls B
3 & # SDK 23 FRDM-4 240 338 (1) \SDK,  Selacted SO content.
* Miscollaneoin v
< >
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* Create or import a project

Create FreeRTOS Example Project |_'= S

Import SDE example(s)...

Import project(s) from file system...

° P re req u ISIte : . Board and/or Device selection page
- SDK 2.x FRDM-K64F installed in IDE ~ SDKMCUs Available boards

MCUs from installed SDKs Please select an available board for yo

NXP MK&4FNTMOox12

v Kéx
|MK64FN1M0>ooc12 |

Supported boards for device: MK64F!

- Use Quickstart Panel with “Import
SDK example(s)...”

-Select frdmk64f board image ope to filte

~Click “Next” L
—Select “ > [ E ntag_idc_plus_examples

v [W] £ rtos_examples
&

Examples

” visualization

freertos_dspi

-Click * "’

freertos event

N il i oom

freertos_genenc
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Build and Debug

(]
(m i C ro U S B to O pe n S DA) @) Qui.. |®=Glo.. (®=Vari.. ®Bre.. o= Outh. = O
- Windows may need to enumerate P oy Sy e
USB connection

? Import project(s) fromflle system...

~ Build your project Connect to target: MK64FN1MOxoc12

1 probe found. Select the probe to use:
—_ & Build
0’/ Clean
1 Available attached probes
~ Debug your project ™~ B-EH-E-
Marme Serial number/ID Type Manu... IDE Debug Mode
% Debug 3 B8 DAPLink CMSIS-DAP 0240000022884e4¢ LinkSen ARM  Non-Stop

Y ¥ o S Y o
Debugger discovers probe -

Probe search options

- Use SHIFT to force probe re-

d . Rermember my selection (for this Launch configuration)
ISCOve ry » Debug your project . - E - E - @ Cancel

#‘DE

#‘ Tffmehuc project (Press SHIFT to force probe re-discovery)

COMPANY PUBLIC | 17 4



Debug Probe Connection -

Connect to target: MKG4FN1MOxome12

- Configure to use

- Allows thread aware debug view Available attached probes

- OtherW|Se Only Current thread |S Shown Mame Serial number..  Type Man.. IDE Debug Mo..
a . , . . (¥ DaPLink CMSIS-DAP 0240000028884 LinkSer ARM  All-Stop v

- Note: ‘Live Variables’ not possible in All-Stop mode

o , then
- Application writes message counter to console

45 Debug 52 > & o | 2 & P | i - = g Supported Probes (tick/untick to enable/disable)

W . frambkgaf_freertos_generic LinkServer Debug [C/C++ (MAP Semiconductors) MCL MCUXpresso IDE LinkServer (inc. CM3I5-DAP) probes
w02 frdmbkbdf freertos_generic.axd [MKEAFN1MGeo2 (cortex-md)] P&E Micro probes
“f of® Thread #1 1 (Rx Suspended] (Suspended : Container) | SEGGER J-Link probes
xQueueReceive() at queue.c:1'345 (x20b0 i

Receive message counter:
Receive message counter:

preQueueReceiveTask() at freertos_generic.c:228 (xEba
pxPortinitialiseStack() at port.c:164 0x1934

Probe search options

Receive message counter: A of® Thread £2 4 (IDLE Stopped) (Suspended : Signal : SIGINT:Interrupt) 5earch again
\ B ' xPortGetFreeHeapSize() at heap_4.0:312 0wl 73e |
Recelve TES5age counter: vihpplicationldleHook() at freertos_generic.c:403 (xdbac Remember rmy selection (for this Launch configuration)

Receive message counter:
Receive message counter:
Receive message counter:
Receive message counter:

prvldieTask() at tasks.c:3'284 (edclc |
pxPortinitialiseStack() at port.c:164 0x1934 I @, Cancel
& Thread £3 3 (Sem Suspended) (Suspended : Cantainer)
o Thread #4 2 (TX Delayed) (Suspended : Container)

o Thread #3 3 (Tmr Svc Delayed) (Suspended : Container)
g arm-none-eabi-gdb (50,0040 T125)

NEm e z mmim

[ I e I W o R LA I (S S
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Debugger Run Control

wsp_micue_10.2_Training - frdmk64f led_blinky/sourcefled_blinky.c - MCUXpresso IDE

° ReS u m e/R u n File Edit Source Refactor Mavigate Search Project CenfigTeols Run FreeRTOS  Window Help
i | ®-|R-BIIVI@-iBin|puEaNe I lbhEBrRRIS ISP A%
-0 NCIER: MGECRAR Quick Access| | (5 | [
° 5 ; d/P [f Project Explorer 52 | 2, Peripherals+ 11} Registers /£ Symbel Viewer = O % Debug 2 | = ¥ =0
u S p e n au S e = <§> | B % | . - W . fradmbk&df_[dd_blinky LinkServer Debug [C/C++ (MXP Semiconductors) MCU Application
= frdmkBaf_led_blinky " ~ o2 frodmkesf e _blinky.axf [MKSLFMTMGox12 (cortex-md)]
. © Project Settings =N (Suspended : Signal : SIGINT:Interrupt)
® rm I n i‘}b Binaries : . ick_ ayTi.cksO at led_blinky.c:67 0x2%ec
I Iﬂ]-' Includes e
2 CMSIS '
2 board
. 2 drivers _
. ISCoNnnect v & source - -
[£] led_blink. S
[€] semiflost_hardfault.c G64= void SysTick_DelayTicks(uint32_ ~
2 start 65 f
- Step Into = i
D) Quickstar... ?‘5 U '“<:.
-
- o . - .
- Step Over MCUXp P— .
iDE | Project: frdmk64f_led_blinky [Debug] T P S
~ Create or import a project ° Bc x = 3 M AD Q'._-'. wr Es B = g
. Step Out 8 iusesic o
. B8 import SDK exemple(s).. frdmk54f led_blinky LinkServer Debug [C/C++ (NXP Semicenductors) MCU Application] frdmbks
& Import project(s) from file system.. [MCUXpresso Semihosting Telnet console for 'frdmke4f_led blinky LinkSe
~ Build your project
[
&, Build
& Clean
» Debug your project M~-EH-H-
‘#‘ Debug
4 Terminate, Build and Debua Iy >
15 fromkB4f_led_blinky : T8 1O NP MKEAFNIMbood2 (Frdmks...blinky)
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FreeRTOS Thread Aware Debugging

Part of MCUXpresso IDE

Show and debug FreeRTOS
Tasks/Threads

LinkServer (LPC-Link, LPC-Link2,
CMSIS-DAP)

- Uses ‘freertos_tasks c_additions.h’
- Uses GDB ‘all-stop mode’
- See ‘FreeRTOS Thread Aware_ Setup.pdf’

P&E (Multilink, OpenSDA)
- automatically supported/enabled
Segger (J-Link, OpenSDA)

- Uses GDB server option:
-rtos GDBServer/RTOSPIlugin_FreeRTOS

#5 Debug 23 |i'=i> ¥ = B
v E MEKEAFMT I 2_Project_Demo JLink Debug [GDE Segger Interface Debugging]
v i MESAFMN 1Moo 2_Project_Dermo.axf
o Thread #3 536882184 (Shell: Running [P: 1]} (Suspended : Signal : SIGTRAP: Trace/breakpoint trap)
o Thread £4 5388875912 (IDLE [P: O} (Suspended : Cantainer)

w f# Thread £5 5356883896 (Main [P: 0) (Suspended : Cantainer)
= MainTask() at Application.c:257 0150
= 0

w o Thread £5 536872072 (TzCtrl [P: 1]) (Suspended : Container)
= vPortYieldFromISR() at port.c:947 0x18548
= wTaskDelay() at tasks.c:1'374 0x19848
= TzCtrl() at trckernelPort.c:360 Ox1b382
= 0D

w o Thread #7 536889624 (Tmr Swc [P: 2]) (Suspended : Container)
= vPortYieldFromISR() at port.c:347 (x18548
= prvProcessTimerOrBlockTask() at timers.c:618 Oxlads0
= prTimerTask() at timers.c:366 (xlaced
= 00

g arm-none-eahi-gdb (7.12.0.20181204)

7
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Thread Aware Debug View

. Lists all FreeRTQOS tasks with
stacks 45 Debug T e e e

. . . , W . frdmbk&df_freertos_generic LinkServer Debug [C/C++ (MXP Semiconductors) MCU Application] ~
- Llnkserver: ReqL"reS A”-Stop mOde! v 2 frdmksdf freertos_generic.ad [MKBLFN 1Moo 2 (cortex-md)]

w o Thread #1 1 (Rx Suspended) (Suspended : Cantainer)
xueueReceivel] at queue.c:1'345 (2 0b0
preCueueReceiveTask( freertos_generic,c:282 0xbba

. = pePortinitializeStack() at port.c:184 (x1934
- ConteXt, reg ISte rS, StaCk w o Thread #2 4 (IDLE Stopped) (Suspended : Signal : SIGINT:Interrupt)
= prvldleTask() at tasks.c:3'241 Ge2bfc
= pxPortinitialiseStack() at port.c:164 (1934

- Switch debug context to thread

preEventSemnaphoreTask() at freertos_generic.c:309 Jwtfa

i (to p) Of a. w o Thread #3 3 (Sem Suzpended) (Suspended : Container)
th d xueueSemaphoreTakel) at queue.c:1'339 Gxd2al
= pxPortinitialiseStack() at port.c:164 (1934
. o® Thread #4 2 (TX Delayed] (Suzpended : Container) v
- Debug it ( )
° to another thread
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FreeRTOS TAD
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FreeRTOS TAD
- Thread Aware Debugging

- Show and switch between threads in Debug View
- Views to inspect status of the RTOS

- Views read RTOS data structures while target is haltet

- Debugger needs extra information:
<IDE Installation Path>\MCUXpresso IDE_FreeRTOS Debug Guide.pdf

- SDK projects should be updated for this

FreeRTOS | Window Help
Task List

Cueue List

Tirner List

Heap Usage

MXP Community
About FreeRTOS TAD

i [ M m m

( ) 52 B® =15
. . Type Heap Base Heap End Heap Usage Free Space Heap Usage Graph
# Task List ':FFEE RTOS] EE 4 0x20000054 0x20002854 5.21kB /10 kB 47.89% (4.79 kB)
~
TCE#=  Task Mame Task Handle Task State Prigri., Stack Usage Ewer- e Heksar  BlockEnd
,,,,, B
¥ 1 Pz Onc20000520 Suspended 22 336 B /1016 B Unk - 158)
3 E
2 T (20000928 [l Blocked 1{1) 160B /1016 B . o5
3 Sem 020000230 Suspended 404 300B /1016 B Unk & mesksud 58)
7 | Allacated
= IDLE Onc20001130 BD‘ F!.UI'II'III'Ig Gl # Queue List (FreeRTOS) 2
e T T [, ~
Trmr Sve (20001433 ug Elocked 4 I-."U # Queue Mame Address Length Item Size #TxWai.., #RxWai.. QueueType
v 1 TmrQ 0%20000e8 0/10 CFFFFFAFF (-1B) 0 1 Queue
Head: 02000038
Tail: (20000fd8
Read from: 02000038
Write to: 020000748
Address Queue Data [DEC] Queue Data [HEX] Queue Data [BIMN] Queue Data [A5CI] ‘ '



Task List

FreeRTOS | Window Help

- Start debugging your FreeRTOS application E ==
- Lists FreeRTOS Tasks in the System N
() About FreeRTOS TAD

- Menu
- Pause Button: do not update data when target is stopped
- Save Button: Store information as .csv file

w Task List (FreeRTOS) 53 @ = 8
TCé\.: Task Mame Task Handle Task State Prigri... Stack Usage Event Ohject Runtirme
» 1 R Oxe20000520 Suspended 202 336 B /1016 B Unknown ((x20000084) £

2 TX Onc2 000088 UL Blocked 1013 160B /1016 E i

3 Semn Dhc2 000030 Suspended 44 300B/1016E Unknown (0x200000ed i

4 IDLE (20001150 B Running 0 (0} 83B/352E i,

5  TrrSve (20001428 [ Blocked 44 160B/712B Trar (R &
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Queue List

FreeRTOS | Window Help

= Toel-| ict

Clueue List I

. Lists all FreeRTOS Queues I
- Menu

- Pause Button: do not update data when target Is
stopped

- Save Button: Store information as .csv file

=
=
=l

&
@

Trrner List

Heap Usage

MXP Community
About FreeRTOS TAD

# Queue List (FreeRTOS) 53 'CD = 0

sy

# Clueue Mame Address Length [tem Size £ Tx Wai.. #FPRxWai.. CueueType
v 1 Trnr} 2 0000eck 0/10 O FEFFE (-1 B) 1] 1 Queue
Head: (2000038
Tail: o2 00003
Read from: (oc20000f38
Write to: Cre2 (00043
z Address Cueue Data [DEC] Cueue Data [HEX] CQueue Data [EBIN] Cueue Data [ASCI]

COMPANY PUBLIC
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Queue Timer

. Lists all FreeRTOS Software Timer 5 cueln
- Menu " Er—
. Pause Button: do not update data when targetis = %=
stopped

- Save Button: Store information as .csv file

# Timer List (FreeRTOS) 32 1l = B

D a Timer Mame Period [... Autorel.. Timer Mumber Callback function

O LEDTirmer 200 Yes O vExampleTimerCallback (Tx000006...

COMPANY PUBLIC | 26



Heap Usage

FreeRTOS | Window Help

. Status of FreeRTOS Heap and Memory Allocation =

+ Menu =

- Pause Button: do not update data when target is =~ =
stopped

- Save Button: Store information as .csv file

# Heap Usage (FreeRTOS) 53 l = g

o~

Type Heap Base Heap End Heap Usage Free Space Heap Usage Graph

4 (20000054 (20002854 5.21kB / 10 kB 47.89% (4.79 kB)
e - Details Block Start Block End Size =

Allocated Ohe2 000054 (20000117 Ohecd (196 B

2 o (Task Stack) 020000118 Onc2000050F Owe3f8 (1016 B)

3 Allocated D2 0000510 Onc2000051f Ix10 (16 B

4 Fuc (Task TCR) (20000520 Onc 20000597 78 (120 B)

5 Allocated Onc20000593 Ohc20000 591 08 (8B

& TX (Task Stack) Ox200005a0 Oxc20000997 Ow3f8 (1016 B)

i Allncated The (WA (he (WA T A0 M6 R N
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FreeRTOS Optimization
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FreeRTOS Application Optimization Approach

- Static
-FreeRTOS Configuration o
= Only enable what is necessary ~—

- Compiler/Linker
= Enable higher level of optimizations (-O3, -flto)
= Use optimized libraries (no semihosting/no-host, RedLib, newlib-nano)
- Dynamic
-FreeRTOS Runtime Statistics
- Segger SystemView
- Percepio Tracealyzer (not covered in this lab, see backup slides)
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FRDM-K64F SDK FreeRTOS
. Import ‘'FRDM-K64F SDK_FreeRTOS’ project

-Drag Folder into ‘Project Explorer’ view

-Drage into ‘empty’ space on bottom of view
-Use ‘Copy’

- Project uses FreeRTOS features with SEGGER RTT/SystemView

5P R |EBP MR ? = O

_— r~ - d
= | N3 4 &% vy ¥

=i\
=/

S frdmke4f_generic_freertos_generi

"“-.I Are you sure you want to import the following projects?
F''Chtmphtrainingprojects\FROM-KEe4F_SDE_FreeRTOS

&P, !
Copy kj Cancel Link -
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Base Code and Data Size

- Build Project
+ Inspect Console view
« Note the Initlal code and data size needed

Note your
sizes
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Libraries and Printf()/semihosting
- Avoid semihosting/printf (=>»

n O h OSt) 5 Project Explorer i1 2, Peripherals+ 1] Registers .| Symbol Viewer

w 1L FROM-KE4F_SDK_FreeRTOS [McuOnEclipse master]

- Use smaller library v @ P e

=i, Aszociated SDK

L 2 Lib 1gr famd rermibackinat
9 n6W|Ib-nanO 9 v ;rfir:g.ﬁ EditLibr;riss

© MCU
- ‘nohost’ maps printf to empty functions B
. 5 i
3 CMSIS
W % amazon-freertos
° =% FreeRTOS

Ex include
=% license
[£% portable

v (&3 board
|.__v|“e1 hoard.c

[k} board.h
[# clock_config.c

[, 1 1

COMPANY PUBLIC
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Mewlb (none)

Redlib (none)
MewlibMano (none)
Mewlib (nohost)
Redlib (nohost)
Redlib (rMSost-nf)
MewlibMano (nohost)
Mewlib (semihost)
Redlib (semihost])
Redlib (semihost-nf)
Redlib (semihost-mb)
Redlib (semihost-mb-nf)

MewlibMano (semihost)




F ree RTOS CO nfi g u rati O n Fi Ie v (== frn:lmkEJf_frEErtnz_gjenerin:_freErtnz_generic

Project Settings
& Proj g

. FreeRTOSConfig.h 2
. Header file configuring the RTOS 5 ameron et
- Features oo
- API functionality Y e
- Diagnostics [h| FreeRTOSConfig.h
- Performance analysis g
- Hardware configuration and interrupts =~ o
= doc

- Recommendation

- Only enable what is needed!
- Requires knowledge of application and RTOS functionality (will cover in next sections)
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Assertions

#define configASSERT(x) if((x) == @) \

{taskDISABLE INTERRUPTS(); for (;;);}

- Recommendation
- Turn on during development
- Disable for ‘release’ version (define as ‘empty’)
- Impact: reduced code size

COMPANY PUBLIC

TODO 01
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Queue Regqistry
#define configQUEUE_REGISTRY_SIZE %)
- Registry to store names for queues, semaphore and mutex

- Recommendation

- As small as possible, or O to disable
- Impact: reduced RAM size, reduced code size, no names for
gueues/semaphore/mutex

TODO 02

# Queue List (FreeRTOS) 52 m|E® = 0

# Queue List (FreeRTOS) 23 | © - # Clueue Mame Address Len.. Item Size E#T.. #R.. CueueType
» 1 TmrQ (re20001F78 010 10 (16 B) 0 1 Cueue
0 1 Binary Sermaphore

By Warning ~ ;
2 IPC_Sem (2 0002928 01 Ernpty
Cueue registry size is zero! Each gueus must be registered with
wQueuehddToRegistry() and configQUEUE_REGISTRY_SIZE macro

must be greater than zero (found in FreeRTO5Config.h)
&3 Address Clueue Data [... Cueue Data [... CQueue Data [BIMN] Clueue Data [...
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Stack High Address

#define configRECORD_STACK_HIGH_ADDRESS 2]
- Stores stack end address in task control block (TCB)
- Recommendation TODO 03

- Enable for debugging, disable for release
- Impact: better stack size debugging, less RAM usage
- Detalls see this arlicle

lower addresses | 5a5a5absz <—pxStack (‘Stack Base’)

Stack Usage Event Object Runtime

& 168B /3728 i ‘Stack High Water Mark’
i) 200B/372B A,

- OFE 260 B A

&nahle “configRECORD_STACK_HIGH_ADDRESS" macro in FreeRTOSconfig.h to see "Stack usage”. pxTopOfStack (‘Stack Top’)
Y 16 B/ 330 B &,

PXEndOfStack,

COMPANY PUBLIC | 36 4
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https://mcuoneclipse.com/2018/05/21/understanding-freertos-task-stack-usage-and-kernel-awarness-information/

Task Stack Size

#define configMINIMAL_ STACK SIZE ((unsigned short)200)

- Stack units on ARM: 32bits!

-Used by IDLE task, dedicated macro for timer task
- Often used for task stacks

- Recommendation
-Use configMINIMAL STACK SIZE for IDLE task only

# Task List (FreeRTOS) 23

_Tlmer TaSk: use dedlcated Slze TCE.: Task Mame Task Handle Task State Prior... | Stack Usage E
) 1 first_task (52000010 [0 Blocked s |4 IEEETEEE

-Value as small as possible (use Stack Usage) 2 e [ooomen [@Reaty o & 0B/

_ Impact: reduced RAM and Heap 4 second_task Ohc2 001 440 B+ Running 3(3) Fi ) 36B /2008
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RTOS Timers

#define configUSE_TIMERS 1
#define configTIMER_TASK PRIORITY 2
#define configTIMER_QUEUE_LENGTH 10

#define configTIMER_TASK_STACK DEPTH (configMINIMAL_STACK SIZE * 2)

- Software timer, implemented with Daemon task and message queue

- Recommendation
-Disable if not used, or use values as small as possible
-Use FreeRTOS timers for low power applications instead of HW timers
- Use reduced command queue length
- Impact: reduced RAM size, reduced code size

e |

# Queue List (FreeRTOS) 52 o | 5] @ 5

Address Clueue Data [DEC] Cueue Data [HEX] Clueue Data [BIM] Clueue Data [ASCI] 33 \



Timer and IDLE Stack Size
TODO 04

) TODO 05

. needed for IDLE task TODO 06
- Hint: Number is for 32bit entities

0 needed for TmrSvc task

- Hint: Should be more than for IDLE task " Task st (FreefT0S) 2
TC.. Task Mame Task Han.. TaskState  Pri..  Stack Usage

— Hlnt: queue Operat|0ns 1 Timers 0x20001262 [0 Blocked 0(0) = 292B/435B

2 Master 20001460 (U Blocked 1 (1) 324 B /455 B

3 first task Ce20001772 [l Blocked 4 (4) 324B /455 B

i » 4 |DLE 0x20001b28 [BE= Running 0 (0 88B/T792B
3 Trr Svc Cee200022f0 | [l Blocked 9 (9) 300E 7 1.55 kB

1 . T & second_task 20002578 [0 Blocked 3 (3) 162 B /4596 B

- Hint: number of timer commands (3 should be ok) @ ° I 002858 | [ Suepen| 11 INHAHY 4965

\
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Heap Scheme

#define configFRTOS_MEMORY_SCHEME 4

- 1: allocate only, 2: no block merge, 3: malloc()/free(), 4. merges
blocks, 5: multiple memory areas

- Recommendation
-Use scheme 1, 3 if middleware uses malloc()/free(), otherwise 4

- Use static allocation (configSUPPORT_STATIC_ALLOCATIO 1) with no dynamic
allocation (configSUPPORT_DYNAMIC_ ALLOCATION 0)

- Impact: reduced RAM size, reduced code size

#= Heap Usage (FreeRTOS) 23 i | EH @ = O
Type Heap Base Heap End Heap Usage Free Space Heap Usage Graph
4 (20000293 020003293 254 kB /10 kB 74.61% (7.46 kB) 25.39% Used
E Details Block Start Block End Size &
2 first_taszk (Tazk Stack) Do 20000aal Qo 20000b 83 Twed (228 B) v
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Heap Scheme

TODO 07

W 'h_i?- FRODM-KG4F_SDK_FreeRTOS
€ Project Settings
g};f Binaries
i) Includes
2 CMSIS

v 3 amazon-freertos

v [ FreeRTOS

¢ v (2% portable

lr} heap_l.c
L} heap_2.c
|.__||"e| heap_3.c
Lr} heap_d.c

° N Ote % heap_5.c

M port.c
@, portmacro.h

-macro selects which heap file is used ek
(heap_1.c, ... heap 5.c) [f) list.c

|.__rg| fUELE.C
Le, stream_buffer.c
|.__||"g| tasks.c
|.__rg| timers.c
=g include
[ licensze
[#% portable

(&3 board
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Runtime Statistics

#tdefine configGENERATE_RUN_TIME_STATS
#define configUSE_TRACE_FACILITY
#define configUSE_STATS FORMATTING_FUNCTIONS (%)

= O®

- Collects runtime statistics

- Recommendation
- Turn off for release
- Impact: reduced RAM size, reduced code size, improved performance, no statistics

s Task List (FreeRTOS) 53 m|E® =8
TCBE  Task Mame Task Handle Task State F'rigr... Stack Usage Ewvent Object Runtime
1 Shell (23011450 Ul Blocked 101 172 B/ 4.88 kB O (00058)
3 App 0x200139c0 B Running 1(1) 1.79kB / 7.8 kB 0x1190 (100.0%)
2 Accel 20011940 I Ready 1(1) 372B/992E One) (0005
4 IDLE (20071 3bcd I Ready 0 (0] 3BB/332EB
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Task Runtime

TODO 08

- Application has setup a 0.1 ms timer to measure task execution time

- Hint: Press SW3 and keep it pressed

v Task List (FreeRTOS) &7 ro+ Queue List (FreeRTOS m|E @ = 5
TCE# Task Mame Task Handle Task State Priori... Stack Usage Event Object Runtime

1 Tirmers 020001678 Ul Blocked 0 (0) 292B/49cE 0s10 (0.0%)

2 Master 0x200018f5 [0 Blocked o) [NSGDIEESGE Dx1 (0.0%)

3 first_task 0x20001b73 Ul Blocked o4 324B/49¢E 0s15 (0.0%)

4  IDLE 0x20001f20 B+ Running 0 (0) 88B /792 B k127 (88.7%)
5 TmrSve 02000260 Ul Blocked o9 373B/1.55kB TrrQ) (Rx) 03 (0.0%)

6 second_task O 20002960 Ul Blocked 03 168 B / 496 B 081 (0.3%)

7 Slave Onc20002c38 [] Suspended 0(1) 236B /496 B IPC_Sern (Rx) 02 (0.0%)
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FreeRTOS with SystemView
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FreeRTOS Trace Hooks

#ifndef traceTASK _SWITCHED OUT
/* Called before a task has been selected to run. pxCurrentTCB holds a pointer

to the task control block of the task being switched out. */
#define traceTASK_SWITCHED OUT()
#endif

- Instruments Kernel with additional trace hooks

- Macros provided by user or trace library

- Percepio Tracalyzer
- Segger SystemView

- Recommendation
- Disable for release version, use for application tuning and debugging

- Impact: improved application performance
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Segger SystemView

- Free-of-Charge, requires Segger debug interface

- Uses Segger RTT (Real Time Transfer)

- Realtime data recording and time measurement

- Continuous, Single-Shot and Post-Mortem recording

- Uses Cortex M4 Cycle count register, SysTick on MO+

- http://mcuoneclipse.com/2015/11/16/segger-systemview

I STOCEN Symmamtiiwment V234 INDN- AP PrawTIO%] b Cover WP I

{ U
haew I ] e e Mo Fam e R L S P | prvreas wrraar Timerany
. O 1M OSSO END ORI SN OLW 13w AUS B~ an o Bhiagacs
Tow e g 0 1O nirRa » I BO0EE e 00M e (1MED) 0808 i 2} LT e ose e s W matese S I, Sy
b dever 9Y L3 B OMIes 0 the 08w 10w b ta% |
W USud & e LTI QDR » [ T ) e - 0NN OEMIew LN !0““"‘ B e gtz il Pty
o Bamer 2800 WSS BIMLO - oE MR QNS rTINNG  MITXSA e RINIL TNOMMT e 1ASBem EL9% @ anc 8 PENEFEE
= Ao oo wemmas e 2 LR OB mc 0L OUISE i TR LA 0% BN - — R SRS T
5 .
(PN JE——

PPTIR TS R -
(B fewyy BRATAMIN B
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http://mcuoneclipse.com/2015/11/16/segger-systemview

Segger SystemView

- https://www.segger.com/|link-software.html
- https://www.segger.com/systemview.html

Products v+ Downloads v Purchase~ Supportw AboutUsw

SystemView
T ———

SystemView

—

’
e

™~

Technology ~

|

ol

Licensing ~

SEGGER—SystemView

Minimally system intrusive
Free tool. No license cost, no hidden fees
RTOS task, resource, and API tracing

Interrupt tracing for bare metal systems without an RTOS

technology

the target

SEGGER embOS, emb0OS/IP, and emFile API call tracing as standard
uC/0S-IIl, Micrium OS Kernel, and FreeRTOS instrumentation included
Can be adapted to other RTOS using a fully documented API

Works on any CPU

Tracking of unlimited number of events (SystemView PRO only)

@ ContactUs % Forum W Wiki ™ Wet

Continuous real-time recording and live analysis with J-Link and SEGGER RTT

Live analysis of captured data - view responses to stimuli in real time without stopping

COMPANY PUBLIC


https://www.segger.com/jlink-software.html
https://www.segger.com/systemview.html

SEGGER SystemView

- Install SystemView
-SEGGER\Setup_SystemView_V240.exe

Contexts
Mame Type Stack Information Run Count  Frequency Last Run Time Min Bun Time Max Run Time  Total Run Time  Run Timefs Min Run Time/s Max Run Time/s
SysTick # =15 6633 1001 Hz 00116 ms 0.0105 ms (£260) 0.0865 ms (£19285) 94,5570 ms 139906 ms 1.40% 139633 ms 1.40% 14,5148 ms  1.45%
Scheduler & 4624 688 Hz 0.0165ms  0.0064 ms (£390.., 0.1662 ms (#13358) 64,5438 ms 9.4306 ms 0.94% 0.0ms 0.00% 10,1581 ms  1.02%
App Bt @ T1 @ Ol fffGcd® 669 100 Hz 00377 ms  0.0306 ms (2721... 0.1952 ms (17751) 248410 ms 38672 ms 037% 36205 ms 0.30% 38436 ms 0.38%
Shell = il 103 @ O 1FFFSF40 683 103 Hz 00404 ms  0.0057 ms (£277... 0.3432 ms (£13335) 28,1264 ms 40968 ms 0.41% 40166 ms 0.40% 45802 ms 0.46%
Refl &= oao T4 @ Ox1fffad58 1343 199 Hz 1.870ms  0.006 ms (£1319... 1.880 ms (#13417) 1141.2270ms 1709532 ... 17.10% 169.0978 ms 16.91% 1710407 ms 17.10%
Idle (0] 6352 958 Hz 08885 ms  0.0032 ms (2136, 0,9925 ms (£13408) 33332962 ms  THR.8834 ., T9.B9% 0.0ms 0.00% T798.8884 ms T9.89%
Timeline Width: 20.0 ms Events
03.991 552 025 +5 ms +10 ms +15ms 4 Timestamp Context Ewvent Detail ™
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' L L1 1cau2 03.990 013 &00 SysTick ¥y ISR Exit Return
Unified I || 15343 03.990 030 133 Shell b Task Run  Rums £
& SysTick [ | 15944 03.990 053 733 Shell S xQueusGene.. xQueus
4 ¢ Scheduler [ | 15945 03.990 062 567 Shell f~ vTaskDelay =xTicks
= app ] 15946 03,990 070 533 Shell Il Task Block Shell,
= shell [ 15947 03.990 082 000 Scheduler M System Idle Idle £
15350 03.991 013 400 SysTick %y ISR Exit Return

< > | 15951 03.991 030 133
15352 03,821 05% 733
15953 03,291 087 287
15354 03.991 079 333

irp P Task Bun Buns £
Lpp Jx  wTaskDelay xTicks
App Il Task Block App, W
Scheduler M System Idle Idle £

SysTick

15955 03.951 593 200

Scheduler SysTick ISR Enter FRuns f

153548 03.952 004 487 SysTick gg ISR Exit Return

App

= ref 15348 03.930 393 200 SysTick % ISR Enter FRuns £
™ Ide 15949 03.991 001 733 SysTick  IP Task Ready Zpp, r

15957 03.992 993 200 SysTick I5SE Enter Runs L
Shell 15958 03.993 004 &&7 SysTick ’g ISR Exit Return
Ref 15959 03,993 993 200 SysTick "” ISR Enter Runs £
15980 03.994 004 &&7 SysTick w 15E Exit Return ¥
Idle ! H < >
| | | | |
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OpenSDA with Segger J-Link Firmware

- SystemView uses SEGGER RTT OpenSDAv2 Debug

- Reset
Button

- Press (and hold) Reset Button

- Power board with OpenSDAv2 Debug USB
connector

- Board enumerates as MAINTENANCE drive

- Copy OpenSDA\SEGGER_02 OpenSDA_FRDM-
K64F.bin to drive

- Unplug USB cable
- Power/plug the USB cable

-
| 2 |
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Force Probe Re-Discovery

- To debug board with different probe connection = force re-discovery
- Press SHIFT while using Quickstart Debug icon

- Debug your project WL -F-

SEID‘JE
E ]

In
| DEhLlcj |:|r|:||E|:t IF'rE SHIFT to force probe re-discovery) l

-
| 2 |
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J-Link Probe Discovery

- Discovers attached debug probes
(check for only once a day)

k.4 Probes discovered

Connect to target: MKG64FN1MOxooc12

1 probe found. Select the probe to use:

Available attached probes

Marme Serial number/ID - Type

Manu... IDE Debug Maode

Y Tk 33458 i

SEGGER  All-Stop

Supported Probes (tick/untick to enable/disable)
MCUXpresso IDE LinkServer (inc, CMSIS-DAP) probes
P&E Micro probes

SEGGER J-Link probes

Probe search options

Rermernber my selection (for this Launch configuration)

? Cox ]| cnee

The connected emulator iz an Open5SDA running aJ-Link compatible firmsare.
Inorder to make use of this firmmare, the following Terms OF Use rust be accepted.

J-Link V&.32g - Terms of use

TERMS OF USE

1] The firmware iz only to be uzed with Freescale target devices. Using it with other devices is prohibited
and illegal.

2] The firmware iz for use with evaluation boards anly. [t iz not for use with customn hardware.

3] The firmware may only be uzed for development and/or evaluation purposes. It may not be used for
production purpozes.

4] The firmmare iz made awvailable without any warranty and without zuppart,

8] The firmware may be uzed with the DpenS0A platform only.

Far mare information, please refer to hittp: /fwww.segger.com/openeda. html

If there i any doubt if a certain uze may be conzidered within the foregoing scope,
it iz stranagly recommended to consult SEGGER prior to use.
I order to contact SEGGER, pleasze visit http:/Awne zegger. comycontact-us. himl

For development on target hardware, we recommend our industry leading
J-Link PRO [http: £ fvavaw, zegger. com/link-pro.ktml)

J-Link Ultra+ [http: /Aanana, zegaer. comédjlink -ultra-pluz. html)

J-Link PLUS [http: / Aenane seqger. comlink -plus. ktml)

J-Link, [http: /v, zegger. com/link. html)

For professional production flazh pragramming we recommend:

v Do not show this message again for today

Decline |

W

Accept '
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FreeRTOS Thread Awareness with J-Link

L] L]
- Menu Run > Debug Configurations
L]
INA® Sermiconducton)
- Enable Select RTOS plugin e | D oo setngs
Attach to Apglcatan
Pestmedsm Debugger ILink Interface Settings
== Remote 2gplcatan R
= Gbe are Datugging Hink Imterface Wuse | 123250 | Qe
[&3 Go8 PErscro Intestace Debuggs Device NAKEAR N Mo o
v [B U6 SEGGER intwéace Debuggn -
[l #ROM KL et bim . Target Intertace 540
) 1POM-KGS beg matt Free || gpeeq Dudiptve. Baste Ofiesd
ol FROM KBS _SOE_FreaRTOS )
B FRDM-XEE _SOK FreeR105 ) GOB Secves Settings
; :;:; ::::mm Server tartup and pomt selechon ®aao ) manu
8§ Lounch Group T Sove
B Launch Graup (Degrecated
T Rercte leve Agplcasan
xR
38
Endenens Itle v
Discennect behrvisus Run -
Md ition.al DPtiOI'I‘S CFowes Toiget Enatie Semihasting
GON (Bemt Sattings
Request hardware breakpoint for stop on startup symbol/address A target om startup [l intiaica CPU toguters
[]silent [] Verify Single run [] Attach to a running target
SC ri |C|t | || B rowse | 7] Feguast hardware bissbzoint lur tap on startug symbol sddoes
[Csdem vty B Sngerun [ Atach to s nmneg terget
H o . [ | Bravess
[“15Select RTOS plugin; | GDBServer/RTOSPlugin_FreeRTOS | : . |
| GDBServe REOSHug FreefTOS

3 |
| Filter miatches 23 of 23 e

Other server options

N4
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Running SystemView

« Launch SystemView (Shortcut)
» Click OK on System Information Dialog

SystemView

File  View Go  Target  Tool

Window  Help

m SEGGER SystemView V2.52a - SEGGER start project [embO5] on ME&EFN2M o1 8

#

1 00.000 000 000
2 00.000 002 708
3 00.000 009 143
4 00.000 015 750
5 00.000 019 554
[3 00.000 026 932

nified
ETH RX
ETH_TX
SysTick
cheduler
P Task

P W_eh&gm%r
vebserver Child

1 e
<

CPULoad Mumber of bins: 50, Bin widt|
ETH_RX | |

ETH_TX

SysTick
Scheduler
IP_Task
IP_WebServer
Webserver Child
Webserver Child
Ide

| Contexes |

Mame Type
IP_Task B @is

Context

Event

43466 Events loaded successfully.

A | |.|@|@ © FulRecording « | (@) |Cursorat20%  «

Timestamp Context Mz M

Property
~ Target System
MName
@ 0s
v (&) Modules
embO5IP
@ Device
Cycle Freq...
&) Cycle Period
Z uptime
v Recording
3 Host Time
Duration
o Title
a Author
%5 Description
v Tasks

Frequency
v I5Rs
# Load
= Frequency
=

Z Switch Cou...

Detail

SEGGER start project
embO5

Event 512 - 1035
MKEEFMN2 Moo 18
168 000 000 Hz
6ns

12,882 997

08 Jul 2018 17:24:53
10,529 972

embO5/IP Webserver
Johannes

1529
10 Hz

0.51%
1007 Hz

11 927 [ Webserver ch. @
57 07 (] Webserver ch. @
60 130 [ Webserver cn.. @
428 . Webserver Ch. H =

>

me Min Run Time &

ms 0.0026 ms (#24642) (

IP_WebServer B3 @151
Webserver Child B @150
Webserver Child £ @150
ldle (4]

3072 @ O 1fFF0454
2000 @ Ox 13978
2000 @ O 1ffG148

226

10546

0Hz
4Hz
OHz
1004 Hz

(8]4
01645 ms

00619 ms 0,003 ms (#36100) {

0.0667 ms 0.0031 ms (#30093) {

0.9951 ms 0.0034 ms (#17253) v
>

0.0064 ms (#27378)

43 466 Events (1 - 43 466)

10.529 972

Manual Scroll
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b SEGGER SystemView V2.52a - SEGGER start project [embO5] on MEGEF

View  Go  Target Tool  Window  Help

N Q@& EF O Firecodng v/ @

Collecting Data

R F RTO S | : : : h D b tart Recording Context Ewvent
¢ un ree app ICa‘tlon Wlt e ugger 1 00.000 000 000 | | Idle * Start
¢ " y 2 00,000 o002 70s8 Idle * System Info
»+ Press ‘Start Recording S onooooos 14| T+ syscem Descrir
. . 4 00,000 015 750 Tdle * Syatem Descri
- Specify target device .
4 SEGGER SystemView V2.52a | Co... 7
- MK64FN1MOXXX12 Connection to J1-Link
- Records data oue - Dsese
() TCR/IP
1 N b
- Press 'Stop Recording’ s A
Fie View Go  Twget Tood Window | Help
B 4 EHDGEOS O Mooy > O Comsn v+ NN @ _
e o Target Device
¢ Tisestesy teatexs Svese Zetail AL Tivertasy Ccateat ah
i “'“9 ebf ?So : f:t : ::::B Inls TETreqeil0sQ0%00, TESTregei ; ":, ﬁ Zﬁ-fyiu‘ g | MEESFNIMOXXX 12 - |
I4ls * Systes Descoiprtion WeSTN S riew exaxple.D LT ETL T LI !ﬂ't:“ll .
e . E-,---.-:: :t-:rxlrzna 'ua:'; :z ol v
Idle * Target Tipe {uz| 23117443, 040 900 < b Target Interﬁ:n:e & SDEEd
00,000 00O 000 * M1
: |SWD - | 5000 2| Kz
) SEGGER SystemView V2.52a
File  View  Go  Target RTT Control Block Detection
: (®) Auto Detection () Address () Search Range
Automatically search for RTT Control Block im known RAM,
# Timestamp
1 UU-UUU UUU UUU Harma Type Stact informatan FAun Count Freguenty Laat Fun Tiva NS R Time A [K | | Ca'“:d
SCReduke ? OHz Goms
e o < = @ a’\nu« 43t um"‘-ua'm’l "‘f?
B B  Same T
- LK : o -

3 60 Fearmy Hsen Manusl feral »
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Events

. List of Events recorded
« Click to show In Timeline

Events

$ Timestamp Context Event Detail "
Se97 Og.445 010 142 gecond t.. f=  wTaskDelay xTicksToDelay=1
Se598 Oe.445 022 458 gecond t__ B System Idle Idle for 4.%E811 ms (597 735 c..
Se9%9 Og.449 553 375 Idle I Task Ready gecond_task, runs after 10.2 .
5700 0g.450 003 583 second_t.. P Task Run
5701 O0g.450 010 142 gecond_t.. f=  wTaskDelay xTicksToDelay=1
5702 O0g.450 022 453 gecond_t.. B System Idle Idle for 4.%211 ms (587 735 c..
Lans e, 454 4993 375 Tdle |.' Tazsk BEeadyw aecnnd task. ring after 10,2 i
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Terminal

- Messages
static void first task(wvoid *pvParameters) {

produced by
. . if (xTaskCreate(second task, "second task™, 588/sizeof(StackType t), NULL, 3, NULL) !'= pdPASS) {
appl |Cat|0n PRINTF("Task creation failed!.\r\n");

vTaskSuspend(NULL);
¥
¢ /* dummy code, print counter and delay */
for (int counter = 8;; counter++) {
#if APP_CONFIG_USE_SEGGER_SYSTEMVIEW
SEGGER_SYSVIEW PrintfTarget("first task counter: ¥d ", counter++);
#endif
vTaskDelay(pdMS_TO _TICKS(1@8));
¥
T I
Timestamp Context Message
02:19:50... [ first task [ first task counter: 33562
02:19:51... [ Tmr Sve [ 1 S=c Timer (ID 0) expired
02:19:51... ] first task [ first task counter: 33564
02:19:51... (@ first task O first task counter: 33566
02:19:52.. () Tmr Sve [ 1 Sec Timer (ID 0) expired
02:1%9:52.. C] first_task H first task counter: 33568 W
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Timeline & CPU Load

- Shows task sequence and CPU load
« Use mouse wheel to zoom in/out
« Use mouse to move

Timeline Width: 200.0 us

.'IES.{]?{] 030 ?B-Eli I | I +5[il us I I I I +1EI:3I us I +15:3I us

§§§§§
i
SN

£ >

=
=

CPULoad Mumber of bins: 50,
Scheduler
Idle
Timers
Master
first_task
Tmr Svc
second_task
Slave
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Ccontexts

- List of Tasks with priorities
- Run count, stack size, task frequency, runtime statistics

Mare Type

o
@0

@1

@4
@3
»3

@1

IEaEEEC

Stack Information

428 @ (ec200071470
428 @ (ec2000 102
423 @ (20001960
1524 @ (we20002070
428 @ (20002730
428 @ (20002200

Fun Count

"
1]

5539
554
28
56
28
5540
28

Frequency
OHz

00 Hz

20 Hz
1Hz

2Hz

1Hz

200 Hz
1Hz

Last Run Time
0.0 ms

45811 ms
0.0193 ms
20337 ms
0,0593 ms
0.0974 msz
00188 ms=

n AT

2.0377 ms

Min Run Time

46973 ms (£3179)
0.0182 ms (£534)
0.0366 ms (#5820)
0.0527 ms (£13751)
0.0820 ms (£13748)
0.0177 ms (£25)
0.0343 ms (£11112)

Max Run Time

5.0405 ms (£8420)

0.0197 ms (£474)
0.0357 ms (£1411)
0.0595 ms (#1843)
0.0874 ms (£1402)
0.0197 ms (£4484)
0.0377 ms (#1413)

Total Run Time Fun Time/s

mon oo
dmE WA

995.531 ms 99.533%
0.3869 ms 0.04%

0.0 ms
27571.0325 ..
10,7033 ms

1.0577 msz 02,0387 mz 0.00%
3.2304 ms 0.1188 ms 0.01%

2.60486 msz
1045371 ms
1.0038 ms=

0.0874 mz 0.01%
37882 mz 0.38%

PR P
0.0377 ms  0.00%
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Min Run Time/s
0.0 ms

0.0 ms

0.3674 ms

2.0 ms

0.0593 ms

0.0 msz

37705 mz

0.0 ms

58

e
whieid o

AN
Wil o

0.04%

nnnes
Wi e

0.01%

nOnes
e

0.38%

l-\'I ﬁlﬂlo:
UL D

Max Run Time/s

95,5542 ms
0.3880 ms
20337 ms
0.1188 ms
0.0974 msz
37917 ms

n AT

2.0377 ms

0 Ny
i

99.56%
0.04%
J—

R

0.01%
0.01%
0.38%

UL e



Tick Rate

#define configTICK RATE_HZ

((TickType_ _t)1000)

- Typical tick rates of 100 Hz, 50 Hz or 1 kHz
- All RTOS timing depends on it

- Too high: higher interrupt load

- Too low: bigger timing granularity

- Recommendation

-Tick rate as low as possible
- Impact: System interrupt load
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Tick Rate

Application waits for 5, 50, 100 and

1000 ms

- Can reduce tick period to 5 ms (200 Hz)

TODO 09

Unified

& SysTick
% Scheduler
E= Tror Sve
F&) first_task
4 5] second_task
E5] Master
E5) Slave
=) Timers
" 1de

00.021 038 01

-

1

Unified

& SysTick
% Scheduler
= Toor Sve
E5) first_task
4 [5] second_task
=} master
= Slave
E=} Timers
" Ide

00.020 205 252

w
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Tickless IDLE Mode

#define configUSE_TICKLESS_ IDLE %)

- SysTick wakes up CPU from low power mode (timing, preemption)

- Extends interrupt periods to reduce interrupts for low-power
applications

- Recommendation
- Enable for low power applications
- Impact: reduced power consumption, reduced interrupt load, time slippage

- Detalls: Low Power with FreeRTOS: Tickless Idle Mode
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https://mcuoneclipse.com/2013/07/06/low-power-with-freertos-tickless-idle-mode/

Tickless Idle Mode

Timeline Width: 200.0 ms

I ms

-3[J|ms

-EDIms

-lﬂlms

TODO 10

i
|

ms

-lﬂlms

00.020 205 252

Unified

& SysTick

% Scheduler

@ Tmr Svc

E=) first_task

4[5} second_task

@ Master

F=) Slave

F=) Timers

Kl

" 1did
00.127 973 415

Unified

& SysTick

% Scheduler

@- Tmr Sve

£ first_task

£} second_task

[

=l master

=} slave

E=) Timers

4 (M de

- B

+30mz

+40 me

+50 mg

+60 ms +7/0ms
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Compiler & Linker Optimizations
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C .| O t. . t- {5 Project Explorer 53 2, Peripherals+ 1}f Registers % Symbol Viewer -
ompiier vptimiZations i

W '_,_i?- » FROM-KE4F_SDK_FreeRTOS [McuOnEclipse master]
~ & Project Settings

- By default, projects are typically =i sctes

=, Libraries (and semihosting)

using $u
w [ Optior-

_OO o De [ Edit Dpf'ﬂgs FF"_I_IJL:'-'FI-I'I.1$'.D=Z'Z_-:m-' CPU_MES:

- no optimization, easy debugging _
- More aggressive optimization with

B Tool Settings & Build steps Build Artifact Binary Parsers & Error Parsers

_OS w By MCU C Compiler Optimization Level Optimize for size (-0s) -
(2 Dialect Maone (-00)

@ Preprocessor Other optimization flags Optimize (-01)

- Keeps variables in registers & ncldes [ Enabe Linktime optinOptiize o (-02)

@ Optimization Fat Ito objects (-ffat-It Optimize most (-03)

Optimize for size (-0s) .

- Does branch tail merging & Debugsing Optimiz fordebug (OgR

2 Warnings
i) 5 <
(22 Miscellaneous

- Might impact debugging 5 Avchtectr
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Link-Time Optimization
- Linker can optimize across multiple

modules

- Inlining, constant propagation
- Parameter propagation
- Might affect debugging

& Tool Settings & Build steps

v By MCU C Compiler
@ Dialect
@ Preprocessar
@ Includes
(¥ Optimization
@ Debugging

Build Artifact Binary Parsers €3 Error Parsers

Optimization Level Optimize for size (-0s)

[y Project Bxplorer 57 | 2, Peripherals+ iilf Registers &1 Symbol Viewer

~ 1= > FRDM-KB4F_SDK_FreeRTOS [McuOnEclipse master]

v & Project Settings
=i Aszociated SDK
=, Libraries (and semihosting)

[PU_MKB4FNTMOVDC12_crnd, CPU_MKE:

€ MCu
wian Memory
w [ Optior-
o De [ Edit options
:j:.;p‘ Binaries k

8 Tool Settings & Build steps

w By MCU C Compiler
(2 Dialect
(2 Preprocessor
@ Includes
(2 Optimization
(# Debugging
(E Warnings
@ Miscellaneous
@ Architecture
w By MCU Assembler
@ General
@ Architecture 8 Headers

e w By MCU Linker

Other optimization flags | -fno-common

| @ General

Enable Link-time optimization (-flta)
Fat [to objects (-ffat-lto-objects)

(#2 Libraries
"

Build Artifact Binary Parsers €3 Error Parsers

[] Do not use standard start files [-nostartfiles)
] Do not use default libraries (-nodefaultlibs)
Mo startup or default libs (-nostdlib)

] omit all symbol information (-5}

[ Mo shared libraries (-static)

Enable Link-time optirmization (-fito)

Link-time optimization level | Optimize for size (-0s)
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Summary
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Summary

« NXP FreeRTOS Enablement

- MCUXpresso IDE
- MCUXpresso SDK
- MCUXpresso Config Tools

- Optimizing FreeRTOS
- FreeRTOS Configuration

- Segger RTT and SystemView IDE ) (_SDK /| _CFG
- NXP Kernel and Thread Awareness =

- Compiler and Linker Optimizations
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pr Additional Resources

- Web pages
-MCUXpresso Software and Tools — www.nxp.com/mcuxpresso
= MCUXpresso SDK — www.nxp.com/mcuxpresso/sdk
COMMON TOOLKIT :
“OR THOUSANDS = MCUXpresso IDE — www.nxp.com/mcuxpresso/ide

OF KINETIS® & LPC = MCUXpresso Config Tools — www.nxp.com/mcuxpresso/config
MICROCONTROLLERS . .
- Supported Devices Table (Community Doc)

- Communities
-MCUXpresso Software and Tools -
https://community.nxXp.com/community/mcuxpresso

= MCUXpresso SDK -
https://community.nxp.com/community/mcuxpresso/mcuxpresso-sdk

= MCUXpresso IDE — http://www.nxp.com/mcuxpresso/ide/forum

= MCUXpresso Config Tools - _ |
https://community.nxp.com/community/mcuxpresso/mcuxpresso-config

MCUXpresso

Software and Tools
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https://community.nxp.com/community/mcuxpresso
https://community.nxp.com/community/mcuxpresso/mcuxpresso-sdk
http://www.nxp.com/mcuxpresso/ide/forum
https://community.nxp.com/community/mcuxpresso/mcuxpresso-config

Restore LinkServer/CMSIS-DAP OpenSDA Firmware

- Press (and hold) Reset Button OpenSDAv2 Debug

- Power board with OpenSDAv2 Debug USB Reset

Button

connector

- Board enumerates as MAINTENANCE
drive

- Copy
DAPLINK k20dx_frdmk64f if crc _legac
y 0x5000.bin to drive

- Unplug USB cable
- Power/plug the USB cable

\
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Error Hooks

=

#define configCHECK_FOR_STACK_ OVERFLOW
#define configUSE_MALLOC_FAILED HOOK 1

- Trap errors stack overflows
-disabled (0), Method1 (1) and Method2 (2)

Trap for ‘out of heap’
* ra p O r O u O ea p #- Task List (FreeRTOS) 23
TCE; Task Mame Task Handle Task State Prior..) Stack Usage
1 first_task 0x20000c10 00 Blocked 14 | ANEEEETIEE
2 IDLE (%2000000 () Ready o |&  0B/284B
. 3 TrarSve 20001250 2 Ready 2(2) | & 0B/B44EB
¢ Recom mendatlon 4 second_task 0hc20001440 = Ffunn-ring EVI I 36B/260B

- Turn on during development
- Disable for ‘release’ version
- Impact: reduced code size, improved context switch time
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Maximum Task Priorities

#define configMAX PRIORITIES 5

- Task priorities from O up to N-1
- Kernel maintains a list for each priority

- Recommendation
- As small as possible

# Task List (FreeRTOS) &2 0 | |_|:1_| @ = H
—_ NO gaps In task prlorltles TCEBF  Task Mame Task Handle Task State Prigr... Stack Usage Ewvent Ohject Runtime
2 IDLE (2000000 2 Ready o OB/2B4EB a
. i 3 TrrSvc (20001250 2 Ready 212) [, 0B /6d44B &
- Share prlorltles 4 second_task Tne2 0007440 B= Running 3(3) 2 36672608 &,
. 1 first_task 0x20000¢ 10 [0 Blocked YOV  220B/228B | 'y
- Impact: reduced RAM size
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Task Name Length

#define configMAX_TASK_ NAME_LEN 20

- Used as name for tasks at creation time
- Name stored in task descriptor

- Recommendation

- As small as possible, or 1 to disable

- Impact: reduced RAM size
Limited or no task name in Task List

# Task List (FreeRTOS) 52 mwlE®-=a
TCEBZ | Task Mame Task Handle Task State F'rigr... Stack Usage Event Ohject Runtime

2 | Unknown Orc20000d0 (1) Ready o & 0B/284B Ay

3 | Unknown Ox:20001230 (L) Ready 2020 & 0B/044B &

1 | Unknown (x20000c 10 IEETS YO 220B/228B | by

4 | Unknown (20001410 = Running 303 i 24B /2608 &
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Heap Size

#define configSUPPORT_STATIC_ ALLOCATION %)
#define configSUPPORT DYNAMIC ALLOCATION 1
#define configTOTAL_ HEAP_SIZE ((size_t)(10 * 1024))

- Dynamic memory for task stack, queues, semaphore, ...

- Recommendation

- As small as possible, static allocation (configSUPPORT_STATIC _ALLOCATIO 1) with
no dynamic allocation (configSUPPORT_DYNAMIC ALLOCATION 0)

- Impact: reduced RAM size, reduced code size

# Heap Usage (FreeRTOS) 23 Lt | l.|::.| @ = O
Type Heap Base Heap End Heap Usage Free Space Heap Usage Graph
4 (20000293 020003293 254 kB /10 kB 74.61% (7.46 kB) 25.39% Used
Details Block Start Block End Size &
2 first_taszk (Tazk Stack) Do 20000aal Qo 20000b 83 Twed (228 B)

v
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Cortex-M Interrupts

#define configUSE_PORT OPTIMISED TASK SELECTION 1

- Optimized task selection using bit instructions
- Supports up to 32 task priorities

- Recommendation

- Enable for Cortex-M4/M7
- Impact: improved application performance (~1%)
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Idle Yielding

#define configIDLE_SHOULD_ YIELD 1

- In preemptive mode allows IDLE task to give back time to tasks

- Recommendation
- Enable IDLE yielding
- Impact: improved application performance
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Application Hooks

#define configUSE_IDLE_HOOK 1
#define configUSE_TICK HOOK 1
#define configUSE_DAEMON_TASK_STARTUP_HOOK 0
- Application hooks for IDLE, tick interrupt or timer daemon startup

- Recommendation
-Use IDLE hook to enter low power mode
- Use tick hook instead of periodic timer interrupt
- Disable Daemon hook if not used
- Impact: reduced code size, reduced hardware timer usage

COMPANY PUBLIC | 77



Cortex-M Interrupts

#define configLIBRARY_MAX_SYSCALL_INTERRUPT_PRIORITY 2

- Cortex-M0O+: Scheduler masks all interrupts; Cortex-M4(F): only SYSCALL
and below (less urgent)

- Recommendation

- Put interrupts which do not use RTOS API above SYSCALL level
- Impact: improved application performance, less interrupt latency

1
‘ .

i i

Kemel

ll
tIll%

SSSSSSS
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User SystemViewer Events

SEGGER_SYSVIEW_RecordEnterISR();

SEGGER_SYSVIEW_RecordExitISR();

- Ability to instrument application and
Interrupts

- Log messages and event markers

- Recommendation
- Use for measurement and debugging
- Turn off for release
- Impact: improved application

Unified

£ SysTick

4 4% Scheduler

03.991 352 025

k=1 App

E=d shel

E=) Ref

¢ Ide

N

Timestamp Context M *
19.119 032 () 2pp B xEvoENC
19.269 011 [ scheduler B =EvDENC
19.269 087 [ scheduler B =EvDENC
20.389 032 | App B xEvoEnC
20,519 011 [ Scheduler [ xEvDENC
20.351% 087 [ scheduler i xEvDBNC

£

>
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Percepio Tracealizer

- Percepio (http://www.percepio.com)
Free/Professional (Paid) edition
Hosts: Windows, Linux

Over 20 graphical views

Tasks, System Calls and User Events
CPU Load

Timing Variations

Communication Flow

Kernel Object History

User Events, Signal Plots

Eclipse launcher plugin

H FreeRTOS+Trace Professional Edition - C:\tmp\myTrace.dump

File Find View Bookmarks Help

|3

lllll

.
%]

\ xSemaphoreTake(Anonymous #0) I
xSemaphoreTake(Anonymous #0) biocks I

L]
=
B
3

%[5

Shell

] L]
= =
B B
3 3

3

Shell

Actor Information
- Tagk Slave
B Instance: 1/1
- Triggered by: Master
- Triggers: None
- Execution Time: 1.529 (ms.us)

- Response Time: 1.525 {ms us)
[H- Fragmentation: 1

--CPU Usage: 1.26 %

- Priorty: 1

(- Performs 2 event(s)

Previous Instance ‘ Next Instance ‘

,
[ [ ]
[a%]
& g
& E
=
3
E

View size [121.299  (ms.us)
[# Grid [10.000 (msus) W Auto

Zoom In ‘ ‘

Visibility Filter

Bl [¥] Actor Instances: 18 of 18
Bl [v] Task: 18 of 18

Bl [¥] Kemel Objects Uses: 12.of 12
B[] Mutex: 6 of 6
[ [w] Queue: 3of 3
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FreeRTOS+Trace Tracealyzer from Percepio

- Tracealyzer for FreeRTOS: htip://percepio.com/download/
- Free version (task scheduling only)
- 30 day evaluation (Professional Edition) license

percepio

G SOFTWARE

Download Tracealyzer and get started within a minute!

Tracealyzer is provided in a single installer for demo, evaluation and commercial use. The evaluation mode is enabled by registering in the application and
allows for 10 days evaluation usage. If you need more time, you may request an extension. There is also a demo mode that allows you to start exploring the

visualization right away, using an example trace. If using Linux, download the .tgz archive, extract and run the application using Mono

Windows installer (.exe) Other 0S (.tgz)

Tracealyzer for FreeRTOS
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@ Mermaty Heap |88t ee = "

Vienr Rscitien  Iosm  Custemie

Mummeory Ho st =T

@ . Hess

Tracealyzer Views

- Memory Heap Utilization (memory leaks)
- Communication Flow (usage of queues) |
- Timeouts ; || | ,

)
'
]
i
| }

woere b
" | Soom G |
& Tracealyzer for FreeRTOS - trace_2017-05-08_20.15.56.psf Show W e thew
File Find View Bookmarks J-Link Help ” [ | Show i Koren! Choest Hostry
. _—1 05 Tick: 2650 | = | Actor Information = G
W 2pp | — | : - Task Refl : o
i+ 8 e - Instance: 223/1224 1 gy
4514000 - Triggered by: Mone } L .
{vTasiaay - Tiages Nane @ Crmmeintee - 0 ]
! - - Execution Time: 603 (us) | Wle View Bheractoes Fite Olyects  Zoom
‘L O3 Tick: 2651 I || B~ Response Time: 5§19 {us) I
-‘J- v Tz [ Fragmentation: 1
TzCirl L—= =" Actor Ready: TzCtrl .CPU Usage: 5.05 %
o) I oW 4 \ B
- ! WTaskDelay(10) il :
- ' [ Performs 4 event(s) - Cormmurcares weh actor
a - . Facerves Fem
— OS5 Tick: 2652 28", - m:: Te
e o CT o DL S il
. Shares Wiewes Ddvec!
Jr—_Actor Ready: Refl iE =
M xSemaphoreTake(RefSem, -1) | s TEETE | HEG AT |
Refl 4 516.000 B
= = |2 |7 | xSemaphoreGive(RefSem) | Flecon View size |4_842 (ms.ps)
'\?-—l xSemaphoreTake(RefStartStopSem, 0) timeoutfail | ¥ Grid |1333 (us) ¥ Aute
1 e mames R SR — I‘ Zoom In | Zoom Out | Preset |
! 05 Tick: 2853 - n +
53 g View Filter | _jlJ < '
g 8 |2 ‘ .
- = Actor Instances: 5053 of 5053 ~ :
 OS Tick: 2654 | Kemel Notices: 17287 of 17287 1w |
Kemel Objects Uses: 4535 of 4335
4,518 000 Kemel Service Calls: 9987 of 3387
4 517 532 (s.ms.ps) Data event in Refl at 4.516.317: xSemaphore Take{Ref Start StopSem, 0} timeout Aail A

\
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