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Multithreaded Programming in Java

Computation Abstractions

Multiprocessors

= Provesses

e Threads

A compuiter

So, What Is a Thread?

= Description
— Multiple processing units (mulliprocessor)
— From single microprocassor o large compute clustars
— Can perform multiple tasks in parallel simultanaously
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Processes vs. Threads

feg., J¥M's)

- Conceptually
— Parallel computation occurring within a process

« Implementation view
— Program counter and stack
— Heap and static area shared among all threads

- All programs have at least one thread (main)

int x; int x; int x;

foo () { foo () {

— —_—

I} 1
Processes do mor Threads share dara
share dawa within @ process

Implementation View

— [esp|

= Per-thread stack and instruction pointer
— Saved in memory when thread suspanded
— Put in hardware espfeip whan thread rasumes



Tradeoffs Programming Threads

- Threads can increase performance = Threads are available in many languages
— Parallelism on multiprocessors — G, C++, OCaml, Java, Ruby, ...
— Concurrency of computation and V'O
- Matural fit for some programming patterns + Inmany languages (e.g., C and C++), threads
— Event processing are a platform specific add-on
_ Simulafions — Not part of the language specification
— 1 ented as code libran .3., pthreads
- But increased complexity e L
— Nead to worry about safety, iveness, composition - Theyre part of the Java language specification

And higher resource usage

Java Threads Thread Creation
- Every app_li::‘.alinn has at least one thread exacution (imea) S
— The "main” thread, started by the JYM to rum the

application’s main{) method H"‘m..ﬁ thraad

= main() can create other threads
— Explicitly, using the Thread class thread starls
— Implicitly, by calling libraries that create threads as a \l
consaquence
- FMIL, AWT/Swing, Applets, afc. | ""rfilram:l thread ends
Join
Thread Creation in Java Running Example: Alarms
- To explicitly create a thread: - Goal: let's set alarms which will be triggered in
— Instantiate a Thread objoct the future
= An oiject of class Thread or a subciass ol Thread _||":|.|_|'[:t'|'|'|g|-[5g-m|'|d5:|a|'|.|j message m
— Invoke the object’s starl{) method — Result: we'll see m printed after t seconds

= This will slart executing the Thread's run() method
concuTently with ihe cument thread

— Thread terminates when its rumi) method returns



Example: Synchronous alarms Making It Threaded (1)

whila (trua) [ public class AlarmThread extends Thraad [
System.out . print ("Alarm "); privata String msg = null;
privata int timeowt = 0;
#/ read msar input

gtring line = b.readLina(); public AlarwThread(String msg, int tima) |
parsaInput (lina); // sets timaout this. msg = msg;
thiz. timaout = tima;
A wait [(in sacs) i
try |
Thread. slaeop (timecat * 1000); public woid ram({} [
} catch (IntaerroptedExzception a)} { |} try |
Systam.out .println(” ("+timaout+*} "+msg); Thraad. sleep (timeout #+ 1000 ;
1 } catch [(InterruptedExcaption @) [ }

Eystam.out.priotln (" ("+timaout+") "+msg);
}
}

Making It Threaded (2) Alternative: The Runnable Interface
while (true) f{ - Extending Thread prohibits a different parent
Systeam.out .print ("Alarm> ");
/7 read nser input - Instead implement Runnable
String line = b.readLine(); — Daclares that the class has a void run() mathod
parseInput (line) ;
if (m '= null) { .
e i Construct a Thread from the Runnable
Thread t = new AlarmThread(m,tm); — Constructor Thread(Runnable target)
t.start(); — Constructor Thread(Runnable target, String namea)
}
}
1%
Thread Example Revisited Thread Example Revisited (2)
poblic class AlarmRunnable implaments Bunnabla |
private Ftring msg = mull; whila {(trua) |
privata int timaout = 0; Systam.out.priot ("Alarm> "});
poblic AlarmBonnablae (String msg, int tima) | A/ raad oser input
this m=sqg = msg; gtring lina = b_readLina();
this.timeout = tima; Pﬂ-rﬂﬁll:"ﬂt[lillﬂ}i
] if (m '= moll) |
J7 start alarm thraad
public woid ron() | Thraad t = new Thraad|
try [ naw AlarmRuonnable {m, tm));
Throad. sloap (timeout + 1000} ; t.start{);
| catch (IntarruvptedExcaption a) [ } i

Bystem.owt .println(* {"+timaoat+=) ~“+msdq); i
1



