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ParallelismParallelism

• parallel: several activities occurring simultaneouslyp g y
• Parallelism is natural phenomena is our daily lives

– Many students take notes in a class.
– Multiple cars wait for a traffic light.
– Several lines of people order fast food (and eat).
– A student uses several washers in a laundry room.
– Several players try to catch a basketball.

A hundred customers order books on line– A hundred customers order books on-line.
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Sequential Programming ModelSequential Programming Model

• One statement executes first, then the next statement.,
• Control structures (if, for, while, function call ...) may 

change the sequence of execution.
• Within a small segment (inside if, for, while, function ...), 

statements are executed sequentially, one by one.
• Sequential programming model was appropriate when a• Sequential programming model was appropriate when a 

computer had only one processor.
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Parallel Computer on Your DesktopParallel Computer on Your Desktop
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Parallel Programming ModelsParallel Programming Models

• Multi-threading is one of the most popular, but not the g p p ,
only available programming model.

• Other models include
– client-server
– producer-consumer

pipeline– pipeline
– multithread
– ...
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Client ServerClient Server

• web browser (client) ⎯ web server( )
• client sends request, server responds
• The client and the server may

(in fact, very likely) be mulit-
thread individually.

client server

request

response

request
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PipelinePipeline

stage 1 stage 2 stage 3

• instruction-level parallelism

stage 1 stage 2 stage 3

• factory assembly line
• buffet or BBQ line
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Latency and ThroughputLatency and Throughput

Car 1 Car 2 Car 3

S1 S2 S3 S1 S2 S3 S1 S2 S3 divide into S1 S2 S3 S1 S2 S3 S1 S2 S3

S1 S2 S3 S1 S2 S3 S1 S2 S3

stages

S1 S2 S3 S1 S2 S3 S1 S2 S3

S3 S1 S2 S3 S1 S2 S3 S1 S2

S2 S3 S1 S2 S3 S1 S2 S3 S1

pipeline

time
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Requirements for ParallelismRequirements for Parallelism

• multiple processing unitsp p g
• multiple data
• independence among the units and data
• (usually) some forms of agreements among the units 

and the data
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Multi-ThreadMulti-Thread
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Why is Multiple Thread Important?Why is Multiple Thread Important?

• One of the most popular parallel programming models.p p p p g g
• Most machines (through libraries and languages) 

support multithreads.
• Multiple threads allow a program to respond to different 

requests quickly.
• You have been using multi-thread programs for years:• You have been using multi-thread programs for years: 

web browser and most GUI programs.
• It demonstrates many important concepts.
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What is a “thread”?What is a thread ?

• A thread is (almost) an independent program except( ) p p g p
– different threads created in the same program can 

access shared variables / objects
– smaller overhead compared with processes in context 

switch
– once a thread starts running it runs independently– once a thread starts running, it runs independently 

until completion or synchronization
• context switch = the processor changes which thread to 

execute
• OOP is a natural approach for parallelism. Objects are 

independent and active
YHL Parallelism 14

independent and active.



ECE 462
Object-Oriented Programmingj g g

using C++ and Java

Threads

Yung-Hsiang Lu
l @ d dyunglu@purdue.edu

YHL Threads 1



Java ThreadJava Thread

class YourClass extends Thread { main start
public void run () {

// what does this thread do?
}

main start

}
}
...

bli t ti id i (St i [] ) {public static void main(String [] args) {
YourClass t1 = new YourClass("...");
t1.start();

}
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Qt ThreadQt Thread

#include <QtCore>
class YourClass extends QThread {

public void run () {
// what does this thread do?// what does this thread do?

}
};
...
int main(int argc, char * argv[]) {

YourClass t1 ("...");
t1.start();

}
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Thread Execution TimeThread Execution Time
t1 t1 t1

t2 t2 t2

t3 t3 t3

t1 t1 t1 t1 t1 t1t1 t1 t1 t1 t1 t1

t2 t2 t2 t2 t2 t2

t3 t3 t3 t3 t3 t3
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Many Threads, Few ProcessorsMany Threads, Few Processors

• advantages of many threads, even on single processorg y , g p
– impression of continuous progress in all threads
– improve utilization of different components
– handle user inputs more quickly

• disadvantage of many threads
– add slight work to program structure
– incur overhead in thread creation

cause complex interleaving the execution and– cause complex interleaving the execution and 
possibly wrong results (if you do not think "in 
parallel")
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Java Thread ExamplesJava Thread Examples
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Matrix AdditionMatrix Addition

B11 B12 B13 B14B11 B12 B13 B14

B21 B22 B23 B24

B31 B32 B33 B34B31 B32 B33 B34

B41 B42 B43 B44

A11 A12 A13 A14

A21 A22 A23 A24

C11 C12 C13 C14

C21 C22 C23 C24

C31 C32 C33 C34A31 A32 A33 A34

A41 A42 A43 A44

C31 C32 C33 C34

C41 C42 C43 C44
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Divide Matrix AdditionDivide Matrix Addition

B11 B12 B13 B14B11 B12 B13 B14

B21 B22 B23 B24

B31 B32 B33 B34

thread 1

thread 2
B31 B32 B33 B34

B41 B42 B43 B44

A11 A12 A13 A14

A21 A22 A23 A24

C11 C12 C13 C14

C21 C22 C23 C24

C31 C32 C33 C34A31 A32 A33 A34

A41 A42 A43 A44

C31 C32 C33 C34

C41 C42 C43 C44
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Matrix MultiplicationMatrix Multiplication

B11 B12 B13 B14B11 B12 B13 B14

B21 B22 B23 B24

B31 B32 B33 B34B31 B32 B33 B34

B41 B42 B43 B44

A11 A12 A13 A14

A21 A22 A23 A24

C11 C12 C13 C14

C21 C22 C23 C24

C31 C32 C33 C34A31 A32 A33 A34

A41 A42 A43 A44

C31 C32 C33 C34

C41 C42 C43 C44
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Divide Matrix MultiplicationDivide Matrix Multiplication

B11 B12 B13 B14B11 B12 B13 B14

B21 B22 B23 B24

B31 B32 B33 B34

thread 1

thread 2
B31 B32 B33 B34

B41 B42 B43 B44

A11 A12 A13 A14

A21 A22 A23 A24

C11 C12 C13 C14

C21 C22 C23 C24

C31 C32 C33 C34A31 A32 A33 A34

A41 A42 A43 A44

C31 C32 C33 C34

C41 C42 C43 C44
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th[0] = new AdderThread
main thread

th[0] = new AdderThread ...
th[1] = new AdderThread ...

th[2] = new AdderThread ...

th[0].start();

th[1] start();th[1].start();

th[2].start();

ti

th[0].join(); th[1].join();
th[2].join();
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totally 8 processors (0 7)totally 8 processors (0 – 7)
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8GB memory
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When Java starts, use 1024MB 
memory. Maximum memorymemory. Maximum memory 
is 2048MB.
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Qt ThreadQt Thread
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ClassificationClassification

• S: single, M: multiple, I: instruction, D: datag , p , ,
• SISD: single instruction single data ⇒ sequential 

program on a single-processor computer
• SIMD: single instruction multiple data ⇒ multiple data 

elements are operated in the same way, matrix addition
• MISD: multiple instruction single data ⇒ relatively rare• MISD: multiple instruction single data ⇒ relatively rare, 

find the eigenvalues and transpose of the same matrix
• MIMD: multiple instruction multiple data ⇒ most general 

form of parallel computation
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ParallelizationParallelization

• data parallelism ⇒ break a big piece of data into smaller p g p
units
– different rows of matrices
– different bank accounts
– different books

instruction parallelism ⇒ break a long function into• instruction parallelism ⇒ break a long function into 
smaller functions
– different bank transactions
– different purchase options

• granularity of data and instruction parallelism
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Data SharingData Sharing

• read only ⇒ no problemy p

• write ⇒BIG problem, if you are not carefule ⇒ G p ob e , you a e o ca e u

– read (d0) before write (d1)
– write (d0) before read (d1)write (d0) before read (d1)
– write (d0) before write (d1)

• will be explained later on the topic of synchronization, 
mutual exclusion, and critical section
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Data PartitionData Partition

• how to add a group of number?g p
⇒ divide them into pairs and add the pairs recursively time
7 9 6 5 3 4 1 8 2 67 9 6 5 3 4 1 8 2 6

16 11 7 9 8

t1 t2 t3 t5t4

27 16

t1 t2

43

51

t1
t1

O(log n)
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AssumptionsAssumptions

• the time and space (overhead) for thread creation, p ( ) ,
scheduling, and destruction can be ignored 

• number of threads = half the number of operands 
(i iti ll )(initially)

• number of processor = half the number of operands 
(initially)(initially)

• all processors can read the operands within the same 
amount of time

• the intermediate results are accessible by other 
processors
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Structure of Parallel ProgramsStructure of Parallel Programs
data partition

create threads

start thread execution

performance improvement
by parallel processing

collect results

by parallel processing
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