Implementing Domain Decomposition

Activity 1 – Addition with Race Conditions

Students will execute a Java program that computes the arithmetic and geometric means of 10,000,000 small integers.

Materials (used in all 3 activities)

· Multiprocessor/multicore computer

· Java SDK 1.5 or higher

· Integrated development environment (e.g. NetBeans, DrJava, Eclipse)

· Sample program MultithreadMean.java

Execution

1. Load sample program into development environment (see appendix A for source code, if necessary).

2. Compile and run.

3. Record run time & results.

Debrief

1. Is the count 10,000,000?

2. Is the Arithmetic mean 64.005764?

3. Is the Geometric mean 47.963878? 

Activity 2 – Addition with Critical Section

Students will modify and execute a Java program that computes the arithmetic and geometric means of 10,000,000 small integers.

Execution

1. Modify sample program; see appendix B for highlighted lines (yellow) and required changes (red).

2. Compile and run.

3. Record run time and results

Debrief

1. Is the count 10,000,000?

2. Is the Arithmetic mean 64.005764?

3. Is the Geometric mean 47.963878?  

4. Was the time shorter or longer than Activity one?

Activity 3 – Addition with Reduction

Students will modify and execute a Java program that computes the arithmetic and geometric means of 10,000,000 small integers.

Execution

1. Modify sample program; see appendix C for highlighted lines (yellow) and required changes (red).

2. Compile and run.

3. Record run time and results

Debrief

1. Is the count 10,000,000?

2. Is the Arithmetic mean 64.005764?

3. Is the Geometric mean 47.963878?

4. Was the time shorter or longer than Activity 1 & 2?

Appendix A

  1 public class MultithreadMean  {

  2 

  3     private static final String IDENT_PATTERN = 

  4             "Multithreaded computation example: %s\n";

  5     private static final String INIT_DATA_PATTERN = "Initializing data ";

  6     private static final String INIT_THREADS_PATTERN = 

  7             "Initializing %d threads ";

  8     private static final String TIME_PATTERN = "(%d ms)\n";

  9     private static final String PROCESS_PATTERN = "Processing data\n";

 10     private static final String RESULT_PATTERN = 

 11             "\tCount = %d\n\tArithmetic mean = %f\n\tGeometric mean = %f\n";

 12     private static final int ARRAY_SIZE = 10000000;

 13     private static final int RANDOM_SEED = 20110523;

 14     private static final int NUM_THREADS = 4;

 15     

 16     private byte[] values;

 17     private int count;

 18     private long sum;

 19     private double logSum;

 20     private Worker[] workers;

 21     

 22     public static void main(String[] args) {

 23         MultithreadMean manager = new MultithreadMean();

 24         System.out.printf(IDENT_PATTERN, "Race Condition");

 25         manager.initializeData();

 26         manager.initializeThreads();

 27         manager.process();

 28     }

 29 

 30     private void initializeData() {

 31         long start = System.currentTimeMillis();

 32         java.util.Random rng = new java.util.Random(RANDOM_SEED);

 33         System.out.printf(INIT_DATA_PATTERN);

 34         values = new byte[ARRAY_SIZE];

 35         for (int i = 0; i < values.length; i++) {

 36             values[i] = (byte) (1 + rng.nextInt(Byte.MAX_VALUE));

 37         }

 38         count = 0;

 39         sum = 0;

 40         logSum = 0;

 41         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 42     }

 43     

 44     private void process() {

 45         long start = System.currentTimeMillis();

 46         System.out.printf(PROCESS_PATTERN);

 47         processWithThreads();

 48         System.out.printf(RESULT_PATTERN, 

 49                 count, sum / (double) count, Math.exp(logSum / count));

 50         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 51     }

 52     

 53     private void initializeThreads() {

 54         long start = System.currentTimeMillis();

 55         int sliceLength = values.length / NUM_THREADS;

 56         System.out.printf(INIT_THREADS_PATTERN, NUM_THREADS);

 57         workers = new Worker[NUM_THREADS];

 58         for (int i = 0; i < workers.length; i++) {

 59             workers[i] = new Worker(sliceLength * i, sliceLength);

 60         }

 61         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 62     }

 63     

 64     private void processWithThreads() {

 65         for (int i = 0; i < workers.length; i++) {

 66             workers[i].start();

 67         }

 68         for (int i = 0; i < workers.length; i++) {

 69             try {

 70                 workers[i].join();

 71             }

 72             catch (InterruptedException e) {}

 73         }

 74     }

 75     

 76     public void update(byte value) {

 77         sum += value;

 78         logSum += Math.log(value);

 79         count++;

 80     }

 81     

 82     private class Worker extends Thread {

 83 

 84         private int rangeStart;

 85         private int rangeLength;

 86 

 87         public Worker(int rangeStart, int rangeLength) {

 88             this.rangeStart = rangeStart;

 89             this.rangeLength = rangeLength;

 90         }

 91 

 92         public void run() {

 93             for (int i = rangeStart; i < rangeStart + rangeLength; i++) {

 94                 update(values[i]);

 95             }

 96         }

 97 

 98     }

 99 

100 }

Appendix B

  1 public class MultithreadMean  {

  2 

  3     private static final String IDENT_PATTERN = 

  4             "Multithreaded computation example: %s\n";

  5     private static final String INIT_DATA_PATTERN = "Initializing data ";

  6     private static final String INIT_THREADS_PATTERN = 

  7             "Initializing %d threads ";

  8     private static final String TIME_PATTERN = "(%d ms)\n";

  9     private static final String PROCESS_PATTERN = "Processing data\n";

 10     private static final String RESULT_PATTERN = 

 11             "\tCount = %d\n\tArithmetic mean = %f\n\tGeometric mean = %f\n";

 12     private static final int ARRAY_SIZE = 10000000;

 13     private static final int RANDOM_SEED = 20110523;

 14     private static final int NUM_THREADS = 4;

 15     

 16     private byte[] values;

 17     private int count;

 18     private long sum;

 19     private double logSum;

 20     private Worker[] workers;

 21     

 22     public static void main(String[] args) {

 23         MultithreadMean manager = new MultithreadMean();

 24         System.out.printf(IDENT_PATTERN, "Critical Section");

 25         manager.initializeData();

 26         manager.initializeThreads();

 27         manager.process();

 28     }

 29 

 30     private void initializeData() {

 31         long start = System.currentTimeMillis();

 32         java.util.Random rng = new java.util.Random(RANDOM_SEED);

 33         System.out.printf(INIT_DATA_PATTERN);

 34         values = new byte[ARRAY_SIZE];

 35         for (int i = 0; i < values.length; i++) {

 36             values[i] = (byte) (1 + rng.nextInt(Byte.MAX_VALUE));

 37         }

 38         count = 0;

 39         sum = 0;

 40         logSum = 0;

 41         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 42     }

 43     

 44     private void process() {

 45         long start = System.currentTimeMillis();

 46         System.out.printf(PROCESS_PATTERN);

 47         processWithThreads();

 48         System.out.printf(RESULT_PATTERN, 

 49                 count, sum / (double) count, Math.exp(logSum / count));

 50         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 51     }

 52     

 53     private void initializeThreads() {

 54         long start = System.currentTimeMillis();

 55         int sliceLength = values.length / NUM_THREADS;

 56         System.out.printf(INIT_THREADS_PATTERN, NUM_THREADS);

 57         workers = new Worker[NUM_THREADS];

 58         for (int i = 0; i < workers.length; i++) {

 59             workers[i] = new Worker(sliceLength * i, sliceLength);

 60         }

 61         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 62     }

 63     

 64     private void processWithThreads() {

 65         for (int i = 0; i < workers.length; i++) {

 66             workers[i].start();

 67         }

 68         for (int i = 0; i < workers.length; i++) {

 69             try {

 70                 workers[i].join();

 71             }

 72             catch (InterruptedException e) {}

 73         }

 74     }

 75     

 76     public synchronized void update(byte value) {

 77         sum += value;

 78         logSum += Math.log(value);

 79         count++;

 80     }

 81     

 82     private class Worker extends Thread {

 83 

 84         private int rangeStart;

 85         private int rangeLength;

 86 

 87         public Worker(int rangeStart, int rangeLength) {

 88             this.rangeStart = rangeStart;

 89             this.rangeLength = rangeLength;

 90         }

 91 

 92         public void run() {

 93             for (int i = rangeStart; i < rangeStart + rangeLength; i++) {

 94                 update(values[i]);

 95             }

 96         }

 97 

 98     }

 99 

100 }
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  1 public class MultithreadMean  {

  1 public class MultithreadMean  {

  2 

  3     private static final String IDENT_PATTERN = 

  4             "Multithreaded computation example: %s\n";

  5     private static final String INIT_DATA_PATTERN = "Initializing data ";

  6     private static final String INIT_THREADS_PATTERN = 

  7             "Initializing %d threads ";

  8     private static final String TIME_PATTERN = "(%d ms)\n";

  9     private static final String PROCESS_PATTERN = "Processing data\n";

 10     private static final String RESULT_PATTERN = 

 11             "\tCount = %d\n\tArithmetic mean = %f\n\tGeometric mean = %f\n";

 12     private static final int ARRAY_SIZE = 10000000;

 13     private static final int RANDOM_SEED = 20110523;

 14     private static final int NUM_THREADS = 4;

 15     

 16     private byte[] values;

 17     private int count;

 18     private long sum;

 19     private double logSum;

 20     private Worker[] workers;

 21     

 22     public static void main(String[] args) {

 23         MultithreadMean manager = new MultithreadMean();

 24         System.out.printf(IDENT_PATTERN, "Reduction");

 25         manager.initializeData();

 26         manager.initializeThreads();

 27         manager.process();

 28     }

 29 

 30     private void initializeData() {

 31         long start = System.currentTimeMillis();

 32         java.util.Random rng = new java.util.Random(RANDOM_SEED);

 33         System.out.printf(INIT_DATA_PATTERN);

 34         values = new byte[ARRAY_SIZE];

 35         for (int i = 0; i < values.length; i++) {

 36             values[i] = (byte) (1 + rng.nextInt(Byte.MAX_VALUE));

 37         }

 38         count = 0;

 39         sum = 0;

 40         logSum = 0;

 41         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 42     }

 43     

 44     private void process() {

 45         long start = System.currentTimeMillis();

 46         System.out.printf(PROCESS_PATTERN);

 47         processWithThreads();

 48         System.out.printf(RESULT_PATTERN, 

 49                 count, sum / (double) count, Math.exp(logSum / count));

 50         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 51     }

 52     

 53     private void initializeThreads() {

 54         long start = System.currentTimeMillis();

 55         int sliceLength = values.length / NUM_THREADS;

 56         System.out.printf(INIT_THREADS_PATTERN, NUM_THREADS);

 57         workers = new Worker[NUM_THREADS];

 58         for (int i = 0; i < workers.length; i++) {

 59             workers[i] = new Worker(sliceLength * i, sliceLength);

 60         }

 61         System.out.printf(TIME_PATTERN, System.currentTimeMillis() - start);

 62     }

 63     

 64     private void processWithThreads() {

 65         for (int i = 0; i < workers.length; i++) {

 66             workers[i].start();

 67         }

 68         for (int i = 0; i < workers.length; i++) {

 69             try {

 70                 workers[i].join();

 71             }

 72             catch (InterruptedException e) {}

 73         }

 74     }

 75     

 76     public synchronized void update(int count, long value, double logValue) {

 77         sum += value;

 78         logSum += logValue;

 79         this.count += count;

 80     }

 81     

 82     private class Worker extends Thread {

 83 

 84         private int rangeStart;

 85         private int rangeLength;

 86 

 87         public Worker(int rangeStart, int rangeLength) {

 88             this.rangeStart = rangeStart;

 89             this.rangeLength = rangeLength;

 90         }

 91 

 92         public void run() {

 93             long sum = 0;

 94             double logSum = 0;

 95             for (int i = rangeStart; i < rangeStart + rangeLength; i++) {

 96                 sum += values[i];

 97                 logSum += Math.log(values[i]);

 98             }

 99             update(rangeLength, sum, logSum);

100         }

101 

102     }

103 

104 }

