SE3910 - REAL TIME SYSTEMS

Dezigning Multithreaded Software For the Beaglehone

OBJECTIVES

List the methods commonly used in POSEX to manage pthreads and explain their
pUrposes.

Explainwhat & friend function is in C++.

Explzin what the purpose of a start method iz in a Java thread.

SE3IM0 REAL TIME SYSTEMS

5




FORTHE GOOD OF THE

ORDER

Lab tomomou

«  Meedtocome inwith circuit design drawn out in advance.

SE3910 REAL TIME SYSTEMS

5

OBJECTIVES

Explain the pumose for a watchdog timer

+  Finish up from Mondary

Explain how to design a simple multithreaded application using POSEK
+  Heview from C53844

Explain the concept of conditional compilation

*  How canwe use conditional compilation to our benefit
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QUESTION

*  How doyou start designing a multithreaded application in C using POSX?
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POSIX THREADS (PTHREADS)

INTERFACE

Pthreads: Standard interface for ~B0 functions that manipulate threads from C programs

Creating and reaping threads

* pthread create, pthread join
Determining wour thread 1D

* pthread self
Terminating threads

* pthread cancel, pthread exit

+ exit [terminates all threads], return [terminates current thread]

Swnchronizing access to shared vanables

* pthread mutex init, pthread mutex [un]lock

* pthread cond init, pthread cond [timed]wait

i

THE PTHREADS "HELLO,

WORLD" PROGRAM

F*

% hello.c - Pthreads "hello, world™ program

g3

fiinclude "csapp.ht

void *howdy(void *wargp):

Thread gttrbutes
(s gty MUEL)

int maini) {

pthread t cid;

Thiead gmumeants
firoid )

Pthread create(&tid, NULL, howdy, NULL) :

Pthread join{tid, LULL):
exit(0);
H

fietti i value

firoid *p]

/* thread routine */

void *howdyivoid *wvargp) {
printf("Hello, world!\n"):
return NULL:

H
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call Pthread_createl)

SE3IM0 REAL TIME SYSTEMS

[
L
(]
3

| Pthread_create( retums W
7 = #
T 0O call Pthread _joing)

printf (]
e D fain thread weats for ] return NULL:
L g peer thread to tem inate =" (neer thread
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FRIEND FUNCTION

+  Afrend function of aclass is defined outside that cless' scope but it has the right to
access all private and protected members of the class. Ewen though the prototypes
for friend functions appearin the class definition, friends are not member functions.
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POP QUIZ #2

How dowe use multithreading in Java?
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+ etz look at 3ome multithreaded code a3 an example...
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+  C++11 threads are the new kid on the block
+ std:thread class now part of standard C++ library
+ stdithread is an abstraction — maps to local platform threads
+  (POSEE, Windows, efc.
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C++11 THREAD EXAMPLE

A simple function for thread to do...

Create & schedule thread to execut

Wait for thread to finish...

C++11 THREAD
CONSTRUCTORS

class thread

{

threadi); # creates new thread object that does *not™ represent athread (e, not
Joinable)

thread( std:Functionfé T, Argséa. .. args ); # creates new thread to execute T

thread( thread&& other), # *move™ constructor

thread( threadé other); # "copy™ constructor - not available
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EXAMPLE ON THE

BEAGLEBONE

SE3910 REAL TIME SYSTEMS

MULITHTHREADED
EMBEDDED SYSTEM

// adapted from the Arduino Blink Tutorial (*)
vold main() {
pinMode (LED_PIN, OUTPUT); // setup: set the LED pin as output
while (1) { // endless loop
digitalWrite(LED_PIN, HIGH); // turn LED on
delay(1088); // wait for le6oms
digitalWrite (LED_PIN; LOW); // turn LED off
delay(1808); // wait for 1888ms
}
}

(*) Arduina Blink Tutarial: http:/fwww. arduino.cclan/ Tutorial/Blink
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RTOS BENEFITS

+  Divide and Conguer strategy

+  Multiple threads make it easier to develop code
+  More efficient CPU usage

+  Threads that are blocked do not consume CPU oycles
+  Threads can be decoupled inthe time domain

+  Changes in low priority threads hawve no impact on the timing of high pronty
threads

+  RMAcan be applied
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PROBLEMS: COMMUNICATION

Perils of Blocking

Shared-state
concumency

Synchronization
by blocking

Architectural
decay

e Quantum®[€aPs www.state-machine.con'ﬁ)

|||||| Ling embedded syulems
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BEST PRACTICES

Don't specifically block inside of code
—

+  Communicate and synchronize threads asynchronously via event objects

-thﬁ share data or resources amongst threads

—

+  Keep data isoated and bound to threads

+ Strict encapsulation

Structure threads a3 message pumps

+  Event gueue + event loop
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Best Practices: RTOS Implementation
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Event object
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void thvead_handler(A0_Type *ao) { // A0 thread routine
ces %S setup®s é

innovating embedded systams
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