Project groups will be sent out this afternoon
Start working on your project proposal (due 10/13)

HWS is due a week from now (10/11)

13: Scheduling
and RTOS




‘ Latency and priority

High priority interrupt: A (4 ms every 10 ms)

Lower priority interrupts: B (7 ms every 100ms),
C (Ims every 15 ms)

Can C fail to execute within 15 ms?
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‘ Scheduling

Decide when CPU runs what task so that deadlines are met
Soft: correctness “degrades” if deadlines aren't met
VS

Hard: correctness fails if deadlines aren’t met

EX@m[@H@Z ﬁﬂfﬂ@WU[@ﬁS [Preemptive:]task can interrupt lower-priority task

[ Dynamic:]done at run-time VS

VS [Non-preemptiveﬁ tasks can't interrupt each other

Static done at compile-time Example: cyclic execution




Feasibility of scheduling periodic

tasks
Feasibility: feasible if f.<d. for all i EE——
[ >
o . . execution time | ¢;
Utilization: % of time CPU spends k| (o,
. . execution L T
executing tasks (vs idle) i ] >
I S; f, d,'
Necessary but not Sufficient condition o 2 5 5 g
for feasibility: st £ Z| B
Sum of e /p. (aka e,/d.) for all jis at most 1 E 8
latency: si - ri

Aka utilization <= 100%



Scheduling examples on the
board

Dynamic scheduling:

o EDF (earliest deadline first) - schedule next
task based on deadline

o LSF/LLF (least slack/laxity first) - schedule
next task based on how much execution it
has left to do
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‘ Rate Monotonic Scheduling (RMS)

Fixed-priority, determined ahead of time
Each task has its own priority
Task with smallest period = highest priority

Pre-emptive (higher priority tasks interrupt
lower-priority tasks)

Guarantee of scheduling when utilization < 69.3%

p < n(2Y" - 1), (12.2)



Stepping back - Embedded
systems as systems

Application

Interfacing with hardware

Electrical
properties




‘ Real-Time Operating Systems

OS - manages system resources and provides
services to programs/processes/threads

RTOS - an OS with real-time constraints

e Scheduling policies

e Often support for prioritization

¢ Libraries for mutexes/semaphores
¢ Memory management

freeRTOS scheduler description
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https://www.freertos.org/implementation/a00005.html

Application

RTOS

Interfacing with hardware

Electrical
properties

1
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Pros/cons to using an RTOS?
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Would you want to write your
own RTOS?



Most embedded projects utilize an operating system

Although open source is popular, four in ten use either commercial OS or open-source OS distributed commercially

OS Used in Current Embedded Project

An internally
developed orin-
house operating

system
18%

A commercial
_operating system
21%

An open-source

operating system A commercial

distribution of an

without
: open-source
commercial ting system
support o opel"al %)
o with support
20%
Total Respondents

74% use an 0S in current embedded project

Reasons for not using commercial 0S

Current solution works fine

Want to avoid reliance on commercial supplier

Commercial alternatives are too expensive

Security concerns with commercial alternatives

Too much trouble to learn to use commercial alternative
Safety concerns with commercial alternatives

Commercial alternatives use too much memory
Incompatible with existing software, applications, or drivers
Commercial alternatives lack an important feature | need
No need for real-time

No need for multithreading or multitasking

58%
42%
38%
18%
16%
14%
13%
12%
11%
{i Multiple responses allowed
9% Other=6%,

~
N

Base = Those not using commercial OS (284)

29. Does your_current embedded project use an operating system, RTOS, kernel, software executive, or scheduler of any kind?

30. My current embedded project uses:
31. 31. What are your reasons for NOT currentl

using a commercial operating system?

ASPENCORE | 21

Image source
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https://www.embedded.com/embedded-survey-2023-more-ip-reuse-as-workloads-surge/

OS use will increase, but open-source share will grow

Nearly 30% of those now using commercial OS are considering open-source alternatives

—
An internally
_developed or in-house
operating system
12%
Willnotusean —— /
operating system
. 14% A commercial
86% will use an 0OS distribution of an

open-source
~_operating system with

for next embedded project

support
21%
A commercial
___operating system
An open-source & 16%
operating system
without commercial
support
37% N3
Total Respondents
embedded e
33. My next embedded project will likely use: ASPENCORE | 22
SUrve

Image source
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https://www.embedded.com/embedded-survey-2023-more-ip-reuse-as-workloads-surge/

Most popular embedded OSs - Embedded Linux, FreeRTOS and Ubuntu

Top 3 0Ss are especially popular in APAC, while Embedded Linux is used more in the Americas

Embedded Linux [N £4%
FreerTOS  [INNEGEGEGE 249%
Ubuntu [ 13%
Debian (Linux) [NEGGEEE 17%
Android [N 16%
In-house/custom | 11%
Keil (RTX) [N 9%
Express Logic (ThreadX) [ 8%
Texas Instruments RTOS [ 7%
Red Hat (IX Lunix) [ 6%

QNX (QNX) [ 6% Multiple responses allowed
AnalogDevices (VDK) [ 5%
Only those with 4% or more total
ECos NN 5% mentions shown
Microsoft (Windows 7 Compact or earlier) [l 4%
Freescale MQX [ 4% Other=7%

Micrium (uc/0s-11) [l 4%
Texas Instruments (DSP/BIOS) [l 4%
Wind River (VxWorks) [l 4% L IS

Micrium (uc/os-11) [ 4% Base = Those who will use an OS (566)

ASPENCORE | 23

EmbEdd%j 35. Please select the operating systems you are currently using or considering using in the next 12 months for a commercial

product development project. (Only include non-RTOS operating systems that you embed into your projects.)

survey

Image source
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https://www.embedded.com/embedded-survey-2023-more-ip-reuse-as-workloads-surge/

Those using a commercial OS look for documentation, hardware compatibility
and support to complement real-time capabilities

Large OEMs and APAC developers put particular emphasis on most commercial OS capabilities

Real-time capability
Documentation

Processor or hardware compatibility
Support for my processor including drivers
Good software tools
Security

Technical support

Ease of future maintenance
Networking capability
Overall cost

Safety Certification

Code size / memory usage
Scheduling efficiency
Modularity

Royalty-free

Context switch time

Power management
Supplier's reputation
Multicore support
Customer's desire
Hypervisor functionality

embeded

kernel, etc.?

I 49%
I — 43%
I — 43%
I, 43%
I —— 40%
S
I 36%
I 35%
I 34%
— 34%
I 34%
I 319
I 30%
I 29%
— 28%
I 27%
I 26%
I 26%
I 25%
I 21%

I 18%

32. How important are the following factors regarding your decision to use a commercial operating system, RTOS,

‘Very Important’
Summary

Multiple responses allowed

N
Base = Those using commercial OS (200)

ASPENCORE | 24

Image source
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