A4 Ah A 2SS 2B 20

0 Average 82% 89% % 1% 77% 65%

78% Median 85% 100% 67% 75% 73% 69%
10% STD 12% 22% 37% 20% 12% 27%
96.00% Max 100.00% 100.00% 100.00% 100.00% 100.00% 125.00%

59.00% Min 60.00% 33.33%.. ..0.00%. .33.33% 50.00% 18.75%



Starting

Lets take a look at a Java observer implementation
Our friend the crosswalk...

Detailed Design and Implementation
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Jay==Multithreading
Co o lings

Objectives — (@b San @

*Define thread -—

*Explain the purpose for the Runnable Interface _A L]

*Draw the representaﬁ'ﬁn for the stack when multiple thread!aﬂxguting
*Implement a simple multi-threaded application in Javaess=

*Draw the thread lifecycle

*Explain how threads are indicated by the design of a state machine.

Detailed Design and Implementation



Embedded Systems

Example

* | wantto blink a light on the ATMEGA32
boare-erce per second.

— How would | do this?

Tl mer ‘}'zﬂ-!"}' "pl/fj
an )4‘/em//7l'
Cue /;« fc [I/]I .

Detailed Design and Implementation
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Java Example

* | wantto write a program which will
countdown once per second from n
(where n is passed on the command
line) to O before saying “Liftoff”.




—J,-’-_-_
* This class will provide a method that will count down from n to 0, once per
* second.

-

* @author schilling

-

*/

public class CountdownTimer { ?_ /‘,;C

= public static void : ‘ []}
// Determine what number tTo Star ”g/ i/c:
int loopCount = Integer. parseInt[arga[ / w
I/l Ccg
" Ty Hhe (///(qf'

vstem.out.println("" + l Count

loopCount--; d Jé" > /

try {

System.out.println("Liftoff");

Detailed Design and Implementation




Rub Your Tummy Lyrics

Rub your tummy, just like this.
Rub it all day long!

Rub your tummy, rub it hard,
While we sing our song.

Rub, rub, rubba, rub

Rub, rub, rubba, rub

Rub, rub, rubba, rub

Rub, rub, rubba, rub

Rub

Pay and sing along.

Pat your head, just like this.
Pat it all day lon!

Pat your head, but not too hard,
And sing our silly song

Pat Pat Patta Pat

Pat Pat Patta Pat

Pat Pat Patta Pat

Pat Pat Patta Pat

Pat

SE2811 Lecture 3 Multthreading i Java




UML Class Diagram

-t".;:~ ;D\
U

\

3
3

'+ + +

Person(String)
doActivities() : void
main(String[]) : void

811 Lecture

3 Multithreading in Java




Lets look at the code

Lecture

| B

3 Multithreading in Java



* What are the problems with this code?

DO@; /ﬁy ) A
ﬁ/"'/‘//ll fw;f’/ézf

= Wit W }7[4;/7‘

ﬂt/t /o--h-) :
e f L,ul 3 §,ma/lwrau;},

Problems




are About

Things

* _Thread Class 51 seil irms Qf

— A thread objects rs;g;;_g thread of

execution in ap gl‘aﬂ}m%’/

Runnable Interface

— interface is implemented by those classes
whose instances are supposed to be
executed in a different thread.

S T

SE2811 Lecture 3 Multthreading i Java 12
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Java Thread Interface:
What’s wrong with this diagram?

java.lang.Thread <<|nterface>>
+Thread() | funs | _java.lang.Runnable
+Thread(r : Runnable) +run()
+start()
|

: |

| N

: im plements
The explicit value Lless orApproachiwo

constructor is used

% "'Fl'lm')

WLFHS WAAL

/

¢

A hd 4 4 Sk

Lecture
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How does a multi-threaded

oY
Q. :

s A
- _

17, Zéb Wia . A [ //
S Srw i hieo
)

.g 7[4 /(r/f..

o

Q.

(O
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How does a multi-threaded

?

appllcatlon start up:

»_IVM calls the @ b e s

main method, )
N 4iA R o
; k! /f main thread

Mw//.

55 asle
4/uﬂ

J
f’l/f(r’f;

ecture 3 Multithreading in Java




How does a multi-threaded

e JVM calls the
main method

.
Q.

" )

= Wos D
1_7; / pfwthe d
E%Uﬂ ﬂ/ %4&’
.E?“‘Lj;lfé/ ‘712
_Q_fr-e f’)(f’w’cﬂ.

Q.

(O

ecture 3 Multithreading in Java




How does a multi-threaded

application start up?

e JVM calls the
main method

* Main spawns a
new thread

 JVM switches

Thaioentties

CTAGTY T m
shoall Lecnme 3

MWultithreading n Java

user thread A

8



Rub Tummy and Pat Head

Multithreaded style

+ ypl 1 n

class Threaded

=

ThreadedPerson:Head

Runnable

Fan Y

| "1
h‘h.

::QlHead{int} - void

+

run() : void

-head \

ThreadedPerson

AT 4L

L.

Runnable

ThreadedPerson:Tummy

— O,

+ run(): void

rubTummy(int) : void

tumm ﬂ

- name: String
- head: Head

- tummy: Tummy

+ ThreadedPerson(Stnng)
+ doActivities() : void
+ main(String[]) : void

SE2811 Lecture 3 Multithreading in Java




Lets look at the code

Lecture

| B
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4 (avsts F54Fbeeey
Vé'k/])ﬂ;wﬂ W e ) e’
e c
o
SN /w |
O -
2 ' Runnable ) wait
—
— notify
E 74“{‘1 \mmf" g
E WLHIL\ qu_j —1
-I—"]'Uf tA (r n{{ Z a:a.ﬂ' f?;f/_k

_g+ h"‘l‘ 54“4[0_' JA!{,{_E} 174y
I_




6[: !7&:747: mn—~/, | ﬂ/?f.,'/ rs

/%? mple;stopwatch).,, ..

stm e&a‘ﬁplm
%a_”'"ﬁfﬁ fs +4
+im e

AR FStopEed N\

+ entry / updateStete("STOPPED")

9&__/—*6 c»n,/-r'

gopTimer gartTimer

= -L///%

-

)0

v

< S - ""4(;7.’//5‘(

1 / Tmin
L4 veell g

+ entry / updateState("TIMING")
+ do/run

Detailed Design and Implementation




£ S
class example? //:_ fgé)f [7[

«interface observers (_ xzinte rre_lce-n
Stopw atc hO bserverinterface StopwatchSubjectinterface
+ updateTime(int) : void L + Subscnbe(StopwatchObsemverinterface) - void
+ updateState(String) - void + unsubscribe, subjectinterface(StopwatchObservernterface) - void

& \\H—DDEEWEFS [M—-’Lﬂﬁ

Runnable
Tl T iR,
JFanefK /
Real Ob ‘/ &
ﬁsﬁ :E:lim - mepWing: boolean = X
piVate - timind" boolean = false
- seralVersonUID: long = 1L {readOniy} - tmrThredd. Thread 4
- timeDisplay: JTextField sicker| - OMeE: in/7] 2 477 / «./%
- gate: JTextField - observers: List{EtDpM ba&'ﬁ: r e>=new LinkedLig<__.
- ficker: TimeTicker —

+ updateTime(int) - void }J dy"ﬂ"#’%

+ updateState(String): va —-—...._,___\k
run() - void
uodateStateStina) C v ~

clearTime, f
AL T I SN - + stopTimer(): void
+ Subscribe(StopwatchObsemnverinterface) - void
+ ubsubscribe(StopwatchObserverd nterface) : void

ipdateTime(int) : void 5/ {;‘h
stopWatchUI()
mAain{Strirg(]) : void

"
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