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Concurrent ProgrammingConcurrent Programming

•• The previous lectures dealt with The previous lectures dealt with sequentialsequential programsprograms
–– Programs with a single active execution contextPrograms with a single active execution context

•• It is also possible to develop programs with more It is also possible to develop programs with more 
than one execution contextthan one execution context

–– They are They are concurrentconcurrent programsprograms

•• For example,For example,
–– http://java.sun.com/docs/books/tutorial/essential/threads/http://java.sun.com/docs/books/tutorial/essential/threads/

•• We will refer to an execution context as a We will refer to an execution context as a threadthread
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Concurrent ProgrammingConcurrent Programming
MotivationMotivation

•• Capture the logical structure of the problemCapture the logical structure of the problem
–– E.g.E.g., servers and graphical applications, servers and graphical applications

•• Cope with independent physical devicesCope with independent physical devices
–– E.g.E.g., multiple processors in a real, multiple processors in a real--time control systemtime control system

•• Execute a single program in more than one Execute a single program in more than one 
processorsprocessors

–– Parallel computingParallel computing
–– E.g.E.g.,  scientific simulations such as weather prediction,  scientific simulations such as weather prediction
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Concurrent ProgrammingConcurrent Programming
Language SupportLanguage Support

•• Most languages support some sort of concurrent Most languages support some sort of concurrent 
executionexecution

–– We will discuss a number of approachesWe will discuss a number of approaches

•• The most important issues in concurrent The most important issues in concurrent 
programming areprogramming are

–– Thread lifetimeThread lifetime
–– CommunicationCommunication
–– SynchronizationSynchronization

•• Let’s illustrate these concepts briefly with JavaLet’s illustrate these concepts briefly with Java
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Concurrent ProgrammingConcurrent Programming
Java ThreadsJava Threads

•• We will follow the Java TutorialWe will follow the Java Tutorial
–– http://java.sun.com/docs/books/tutorial/essential/threads/http://java.sun.com/docs/books/tutorial/essential/threads/

•• ThreadsThreads are the units of execution context in Javaare the units of execution context in Java

Concurrent ProgramConcurrent Program
Sequential ProgramSequential Program
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Thread LifetimeThread Lifetime
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Creating ThreadsCreating Threads
Extending Class ThreadExtending Class Thread

public classpublic class SimpleThreadSimpleThread extends Threadextends Thread {{
public public SimpleThreadSimpleThread(String(String strstr) { ) { 
super(super(strstr); ); 

} } 
public void public void runrun() { () { 
for (for (intint i = 0; i < 10; i++) { i = 0; i < 10; i++) { 
System.out.System.out.printlnprintln(i + " " +(i + " " + getNamegetName()); ()); 
try { try { 
sleep((long)(Math.random() * 1000)); sleep((long)(Math.random() * 1000)); 

} catch (} catch (InterruptedExceptionInterruptedException e) {}e) {}
}}
System.out.System.out.printlnprintln("DONE! " +("DONE! " + getNamegetName());());

}}
}}
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Creating ThreadsCreating Threads
Implementing Interface Implementing Interface RunnableRunnable

•• SeeSee
–– http://java.sun.com/docs/books/tutorial/essential/threads/clhttp://java.sun.com/docs/books/tutorial/essential/threads/cl

ock.htmlock.html

•• Java APIJava API
–– ThreadThread

»» http://java.sun.com/products/jdk/1.2/docs/api/java/lang/Thread.hhttp://java.sun.com/products/jdk/1.2/docs/api/java/lang/Thread.htt
mlml

–– RunnableRunnable
»» http://java.sun.com/products/jdk/1.2/docs/api/java/lang/Runnablehttp://java.sun.com/products/jdk/1.2/docs/api/java/lang/Runnable..

htmlhtml
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Thread LifetimeThread Lifetime

•• http://java.sun.com/docs/books/tutorial/essential/threhttp://java.sun.com/docs/books/tutorial/essential/thre
ads/lifecycle.htmlads/lifecycle.html
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CoCo--beginbegin

•• CoCo--Begin (Begin (AlgolAlgol--68, 68, OccamOccam, SR), SR)
–– SequentialSequential

beginbegin
a := 3,a := 3,
b := 4b := 4

endend

–– ConcurrentConcurrent
par beginpar begin
a := 3,a := 3,
b := 4b := 4

endend
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CoCo--beginbegin

•• CoCo--BeginBegin

par beginpar begin
p(a, b, c),p(a, b, c),
beginbegin
d := q(e, f);d := q(e, f);
r(d, g, h)r(d, g, h)

end,end,
s(i, j)s(i, j)

endend

p(a, b, c)p(a, b, c) d:=q(e, f)d:=q(e, f)
r(d, g, h)r(d, g, h)

s(i, j)s(i, j)
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Parallel LoopsParallel Loops

•• Each iteration is executed concurrentlyEach iteration is executed concurrently
–– SRSR

co (i := 5 to 10 co (i := 5 to 10 -->>
p(a, b, i)p(a, b, i)

ococ

–– OccamOccam
par i = 5 for 6par i = 5 for 6
p(a, b, i)p(a, b, i)
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Parallel LoopsParallel Loops

•• FortranFortran
–– OpenMPOpenMP

!$OMP PARALLEL DO
do i=1,n-1
A(i) = B(i) + C(i)

enddo
!$OMP END PARALLEL DO

–– HPFHPF
forallforall (i = 1:n(i = 1:n--1)1)
A(i) = B(i) + C(i)A(i) = B(i) + C(i)

end end forallforall
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Parallel LoopsParallel Loops

•• FortranFortran
–– HPFHPF

forallforall (i = 1:n(i = 1:n--1)1)
A(i) = B(i) + C(i)A(i) = B(i) + C(i)
A(i + 1) = A(i) + A(i + 1)A(i + 1) = A(i) + A(i + 1)

end end forallforall Data dependencyData dependency
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Parallel LoopsParallel Loops

•• FortranFortran
–– HPFHPF

forallforall (i = 1:n(i = 1:n--1)1)
A(i) = B(i) + C(i)A(i) = B(i) + C(i)
A(i + 1) = A(i) + A(i + 1)A(i + 1) = A(i) + A(i + 1)

end end forallforall

•• Data dependencies make sequences of statements Data dependencies make sequences of statements 
inherently sequentialinherently sequential

–– The two statement must execute sequentiallyThe two statement must execute sequentially
–– Updates to A(i+1) should not be seen by A(i) in the Updates to A(i+1) should not be seen by A(i) in the 

subsequent operationsubsequent operation

Data dependencyData dependency
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LaunchLaunch--AtAt--ElaborationElaboration

•• AdaAda

procedure P isprocedure P is
task T istask T is
……

end T;end T;
begin begin ----PP
……

end P;end P;
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Fork/JoinFork/Join

•• In previous mechanisms, the creation of threads is In previous mechanisms, the creation of threads is 
implicit, while it is explicit in the forkimplicit, while it is explicit in the fork--join modelsjoin models

–– The fork join model is more generalThe fork join model is more general
–– E.g.E.g., , AdaAda

task type T istask type T is
……

beginbegin
……

end T;end T;
pt : access T := new T;pt : access T := new T;

•• Java threads follow the fork/join modelJava threads follow the fork/join model

ForksForks a new threada new thread
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Fork/JoinFork/Join

•• (a) Threads are always (a) Threads are always 
properly nested with coproperly nested with co--
begin statementsbegin statements

•• (b) The fork/join (b) The fork/join 
mechanism is more generalmechanism is more general

–– In Java, In Java, 
»» Fork by creating a Thread and Fork by creating a Thread and 

executing executing start()start()

»» Join by executing Join by executing join()join() on on 
the threadthe thread
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Reading AssignmentReading Assignment

•• Read ScottRead Scott
–– Ch. 12 introCh. 12 intro
–– Ch. 12.2Ch. 12.2


