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Who are we?
L] Who are we @ NTNU
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2} Where are embedded systems?
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Physical: Cyber: Physical:
Sensors Actuators

Embedded Compute Embedded
system platform system




Two problems in embedded
systems design

1. Concurrency is hard
2. Timing is hard




1. Concurrency is hard

1985-1987

- Embedded systems are concurrent
- Shared memory concurrency is a
bad idea

- Therac-25 and Toyota unintended i/i;;;;’ﬁ'gi‘-tg;;{},geﬁde%” 159
acceleration pshaiallos




2. Time iIs hard

Accurate timestamping
external events

Accurately generating
external events

WCET and
schedulability

Maintaining a logical
timeline

STATUS UPDATES | May 27, 2021
Surviving an In-Flight Anomaly: What
Happened on Ingenwtys SIXth Fllght

n by Havard Grip, Ingenuity Mars Helicopter Chief Pilot
Propu\sion Laborator y

Y2K Repair Bill: $100 Billion
Commerce Estimate Lower Than Others

By Rajiv Chandrasekaran
Washington Post Staff Writer
Thursday, November 18, 1999; Page EO1

U.S. businesses and government agencies are being forced to spen
about $100 billion to keep the year 2000 glitch from crashing their
computers, making a simple two-digit programming "bug" the mo:
expensive peacetime catastrophe in modermn history.



c]  Lingua Franca: A solution to all
this
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In a nutshell

“Lingua Franca is a polyglot,
declarative, coordination
language for concurrent, real-
time (and distributed) systems”




1 reactor Sensor {

2 output out:int

3 timer t(9,100 msec)

4 state cnt:int(9)

5

6 reaction(t) -> out {= /* Imperative C code here */ =}

7}

8 reactor Processing {

9 input in:int
10 output out:int
11
12 reaction(in) -> out {= /* Process measurement */ =}
13}
14 reactor Actuator { SenseToAct
15 input in:int
16 Sensor Processing Actuator
17 } reaction(in) {= /* Dr @ ____ D _ out in D outin |
18

(0, 100 msec)

=
0




0] Interaction and real-time

NTNU

reactor Interactive { 1 reac’.m" De?dl%ne {
physical action a; 2 input in:int .
reaction(a) {= = 3 I‘eactlon(ln)'{= =:.? deadline (50 msec) {=
4 // Deadline miss handler here
¥ - )
6 }
Interactive Deadline

AT S




o] Lingua Franca on embedded
systems

Reactor 1 | Reactor 2 | Reactor 3 | Reactor4 LIy Zephyr
task 1 task 2
LF C-runtime
LF Zephyr support
Zephyr Counter API Zephyr kernel API
Zephyr OS




@ How to evaluate embedded
systems frameworks

1. Average-case performance
(Savina+ThreadMetric)

2. Time precision benchmarks
(PWM generator)

3. Interrupt latency

Platform: nRF52 (64MHz)




0] Average-case performance
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Performance
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o] Precision at Sensor and Actuator
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O] Interrupt timestamping precision
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and latency

Interactive
AT

Physical action timestamping precision Physical action latency
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/10000
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Timestamping error [us] 50.45 50.50 50.55 50.60 50.65 50.70

Latency [us]




0] Thank you
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« Web page: https://www.lf-lang.org/
« Github: https://github.com/If-lang/linqua-franca
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https://www.lf-lang.org/
https://github.com/lf-lang/lingua-franca

