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Multithreaded Programming in Java

Multiprocessors

« Descnption
— Multiple processing units (multiprocessor)
— From =zingle microprocessor to large compute clusters
— Can perform multiple tasks in parallel zimultaneously

Dual-core 32 processor 106K
AMD Athlon Pentium Xeon processor IBM
M T X2 BlueGene/L -

Computation Abstractions

Procezsses

fg.g. JFMz)

Threads:

A computer

Processes vs. Threads

int x; int x; int x;

foo() { foo() {

} }
Processes do noi Threads share daia
share data within a process




=0, What Is a Thread?

Implementation View

+ 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)

— ESp

eip

eip |

Per-thread stack and instruction pointer
— Saved in memory when thread suspended
— Put in hardware esp/eip when thread resumes

Tradeoffs

Frogramming Threads

Threads can increase performance
— Parallelism on multiprocessors
— Concurrency of computation and IO

Matural fit for some programming patterns
— Event proceszing

— Simulations
But increased complexity
— Meed to wormry about safety, liveness, composition

And higher resource usage

Threads are available in many languages
— G, C++, OCaml, Java, Ruby, ...

In many languages (e.g., C and C++), threads
are a platform specific add-on
— Not part of the language specification

— Implemented as code libraries (e.g., pthreads)

They're part of the Java language specification




Java Threads

Thread Creation

+ Every application has at least one thread

— The *main” thread, started by the JWM to run the
application’s main() method

» main() can create other threads
— Explicitly, using the Thread class

— Implicitly, by calling libraries that create threads as a
consequence
= RMI, AWT!Swing, Applets, etc.

execution (time) main thread

"--,H thread starts
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thread

join

Thread Creation in Java

Running Example: Alarms

+ To explicitly create a thread:

— Instantiate a Thread object
= An object of class Thread or a subclass of Thread

— Invoke the object's start() method

» This will start executing the Thread's runi) method
concurrenthy with the current thread

— Thread terminates when itz run{) method retums

« Goal: let's set alarms which will be triggered in
the future
— Input: time t (secondz) and message m

— Result: we’'ll see m printed after t zeconds




