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import java.awt.*;

class Lock {
  Scheduler scheduler;
  int value;

  public Lock(Scheduler scheduler) {
    value = 0; this.scheduler = scheduler;
  }

  private int testAndSet() {
    scheduler.beginOfAtomic();
      int old = value; value = 1;
    scheduler.endOfAtomic();
    return old;
  }
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  public void acquire() {
    int delay = 1;
    while (testAndSet() != 0) {
      scheduler.system.updateSyncState
        (scheduler.myPid(), new String("D: " + delay), Color.red);

scheduler.sleep(delay);
      delay = 2 * delay;
    }
    scheduler.system.updateSyncState
      (scheduler.myPid(), Color.green);

}

  public void release() {
    value = 0;
    scheduler.system.updateSyncState
      (scheduler.myPid(), Color.white);

}
}
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Ý
import java.awt.*;

public class UserThread extends SimProcess {
  String name = null; Lock lock;
  public UserThread(String f_name, Scheduler f_scheduler,
                    int f_nodeNumber) {
    super(f_name, f_scheduler, f_nodeNumber);
    name = f_name;
    lock = ((Spinlock)(scheduler.system)).lock;
  }
  public void runProcess() {
    for (int i = 0; i < 5; i++) {
      lock.acquire();

scheduler.system.updateSyncState
         (scheduler.myPid()

scheduler.sleep(2000);
      lock.release();
      scheduler.sleep(5000);
    }
  }
}
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class TicketLock implements Lock {
  Scheduler scheduler;
  int nextTicket, nowServing;

  public TicketLock(Scheduler scheduler) {
    nextTicket = 0;
    nowServing = 0;
    this.scheduler = scheduler;
  }

  private int fetchAndIncrement(){
    scheduler.beginOfAtomic();
      int old;
      old = nextTicket++;
    scheduler.endOfAtomic();
    return old;
  }
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  public void acquire() {
    int myTicket = fetchAndIncrement();
    while (myTicket != nowServing) {
      scheduler.system.updateSyncState
       (scheduler.myPid(), Color.red);
      scheduler.sleep((myTicket - nowServing) * 100);
    }
    scheduler.system.updateSyncState(scheduler.myPid(),
                                     Color.green);
  }

  public void release() {
    nowServing++;
    scheduler.system.updateSyncState(scheduler.myPid(),
                                     Color.white);
  }
}
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class ArrayBasedQueuingLock implements Lock {
  static int MUSTWAIT = 1;
  static int HASLOCK = 2;
  Scheduler scheduler;

  int slots[] = new int[Spinlock.NUMBEROFPROCESSES];
  // each element of slots should lie in a different memory module
  // or cache line

  int myPlace[] = new int[Spinlock.NUMBEROFPROCESSES];
  // each element of myPlace is private to a different process

  int nextSlot;

  public ArrayBasedQueuingLock(Scheduler scheduler) {
    nextSlot = 0; slots[0] = HASLOCK;
    for (int i = 1; i < Spinlock.NUMBEROFPROCESSES; i++) {
      slots[i] = MUSTWAIT;
    }
    this.scheduler = scheduler;
  }
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  private int fetchAndIncrement(){
    scheduler.beginOfAtomic();
      int old = nextSlot++;
    scheduler.endOfAtomic();
    return old;
  }

  private void atomicAdd(int x) {
    scheduler.beginOfAtomic();
      nextSlot += x;
    scheduler.endOfAtomic();
    return;
  }
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  public void acquire() {
    myPlace[scheduler.myPid()] = fetchAndIncrement();
    if (myPlace[scheduler.myPid()] == Spinlock.NUMBEROFPROCESSES){
      atomicAdd(-Spinlock.NUMBEROFPROCESSES);
    }
    myPlace[scheduler.myPid()]
      = myPlace[scheduler.myPid()] % Spinlock.NUMBEROFPROCESSES;
    while (slots[myPlace[scheduler.myPid()]] == MUSTWAIT) {
      scheduler.system.updateSyncState
       (scheduler.myPid(), "Slot: " + myPlace[scheduler.myPid()],
        Color.red);

scheduler.schedule();
    }
    scheduler.system.updateSyncState
     (scheduler.myPid(), Color.green);

slots[myPlace[scheduler.myPid()]] = MUSTWAIT;
  }
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  public void release() {
    slots[(myPlace[scheduler.myPid()] + 1)
          % Spinlock.NUMBEROFPROCESSES]
      = HASLOCK;
    scheduler.system.updateSyncState
     (scheduler.myPid(), Color.white);

}
}
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import java.awt.*;

class QueueNode {
  int next; boolean locked;
  public QueueNode() {
    next = -1; locked = false;
  }
}

class ListBasedQueuingLock implements Lock {
  Scheduler scheduler;
  QueueNode[] queueNodes
     = new QueueNode[Spinlock.NUMBEROFPROCESSES];
  QueueNode tail;
  public ListBasedQueuingLock(Scheduler scheduler) {
    tail = new QueueNode();
    for (int i = 0; i < Spinlock.NUMBEROFPROCESSES; i++) {
      queueNodes[i] = new QueueNode();
      // for each i private to process i
    }
    this.scheduler = scheduler;
  }
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  private int fetchAndStore(QueueNode memory, int value){
    scheduler.beginOfAtomic();
      int old = memory.next;
      memory.next = value;
    scheduler.endOfAtomic();
    return old;
  }

  private boolean compareAndSwap(QueueNode memory,
                                 int value1, int value2) {
    boolean result = false;
    scheduler.beginOfAtomic();
      if (result = (memory.next == value1)) {
        memory.next = value2;
      }
    scheduler.endOfAtomic();
    return result;
  }
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  public void acquire() {
    queueNodes[scheduler.myPid()].next = -1;
    int predecessor = fetchAndStore(tail, scheduler.myPid());
    if (predecessor >= 0) {
      queueNodes[scheduler.myPid()].locked = true;
      queueNodes[predecessor].next = scheduler.myPid();
      while (queueNodes[scheduler.myPid()].locked) {

scheduler.system.updateSyncState
         (scheduler.myPid(), getQueue(), Color.red);

scheduler.schedule();
      }
    }

scheduler.system.updateSyncState
      (scheduler.myPid(), getQueue(), Color.green);

}
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  public void release() {
    if (queueNodes[scheduler.myPid()].next < 0) {
      if (compareAndSwap(tail, scheduler.myPid(), -1)) {
        return;
      }
      while (queueNodes[scheduler.myPid()].next < 0)
        scheduler.schedule();
    }
    queueNodes[queueNodes[scheduler.myPid()].next]
      .locked = false;
    queueNodes[scheduler.myPid()].next = -1;

scheduler.system.updateSyncState
     (scheduler.myPid(), Color.white);

}
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  String getQueue() {
    int i, root;

    String result2 = new String();
    root = -1;
    for (i = 0; i < Spinlock.NUMBEROFPROCESSES; i++) {
      if (!queueNodes[i].locked && queueNodes[i].next >= 0) {
        root = i;
        break;
      }
    }
    if (root < 0) root = tail.next;
    while (root >= 0) {
      result2 = result2 + root + " ";
      root = queueNodes[root].next;
    }
    return result2;
  }

}



� � � � � � � �

� � � � 	 
 
 � � 
 � � � � � � � � � � � 	 � � � � � � � � 
 
 � � � � � Þ � � � l ¥  � " � ß � " � � � ! Þ ¹ � º

# $ % & ' ( ) % * + * , ( - . $ / ' $ 0 1 2 ( $ 3 ' ( / 4 5 ' 6 ( ) * 7 6 - 8 2 ( 9 $ 8 : ( ; . * % < = > ? ' ( * ' % - * ' @ A ) * ' ; ' 7 $ B C ' * ( % ' 3 ) ) A ) * ' ; ' D 4 E F G : 8 ; . $ $H I J K L M N O P Q L R S I M I K T K P L M I K U I K V I R M N R W M Q I X I K Y R P I K Z [ W I \ N ] I ^ K \ V I _ O I R [ N ` I K ^ [ Z a M I K Y R Q b I K X Q P c P d K Z [ R W I R e f g K R a I KQ X P L ^ R I h I R I ^ i Q W N R W M I X T N P L K X N R \ N Z c X X Q W j k j l ÷ m

q
� � 
 
 	 � t � � s � � � � � � Û · � â 	 � � � · õ ¾ ¾ � � � õ Û � s � � � � � � � � � � � 	 ¾ ¾ � õ 	 � r · � � � �

t µ � ¶ � � 	 � � � � � � � � 
 
 � � ¾ � � � � 
 � 	 
 ¹ � � � � � 
 
 � � � �
t

� � � � � 
 
 � � � » � � � � � ¹ 
 � � * p � � � � ,
� � w ´ � s � � � + n � 
 s � � s 
 
 � � � s � � x
u � � ù � � � � r 	 � � � 
 � � � � � � t

½ � � � � � � � � � 	 t � + 
 s � � 
 » � � s � � r � � � 	 
 
 � � � � � � � s 	 � � � � s � r � � � �� 	 
 
 � � 
 � � � � � � � � +

 � � 
 � ½ � � � � � � s � w

t
¶ � � ¾ s � � � ´ � 
 � � � � 
 � � � � � s � r � 
 � � � � ¾ � � p + n � r � � � ´ õ � �

� � � � � � � �

� � � � 	 
 
 � � 
 � � � � � � � � � � � 	 � � � � � � � � 
 
 � � � � � Þ � � � l ¥  � " � ß � " � � � ! Þ ¹ � º

# $ % & ' ( ) % * + * , ( - . $ / ' $ 0 1 2 ( $ 3 ' ( / 4 5 ' 6 ( ) * 7 6 - 8 2 ( 9 $ 8 : ( ; . * % < = > ? ' ( * ' % - * ' @ A ) * ' ; ' 7 $ B C ' * ( % ' 3 ) ) A ) * ' ; ' D 4 E F G : 8 ; . $ $H I J K L M N O P Q L R S I M I K T K P L M I K U I K V I R M N R W M Q I X I K Y R P I K Z [ W I \ N ] I ^ K \ V I _ O I R [ N ` I K ^ [ Z a M I K Y R Q b I K X Q P c P d K Z [ R W I R e f g K R a I KQ X P L ^ R I h I R I ^ i Q W N R W M I X T N P L K X N R \ N Z c X X Q W j k j l ÷ j

t
¶ 	 
 
 Õ � � 	 � t 
 � � � � � � x � � 
 � � � � r � � � � · � � � � � � w � » ¾ � � � ¾ � � � � � � 	 � t � �

u � � � � 
 � � � � ¶ � 
 � � � � � � � � � � u � � � � 
 � � � � ¶ � 
 � � � � � � � + � �
µ




à Ã ç Þ è Ý à Ý Ã Ý ç Ý Þ Ý è
� Ì Ð ê Á Ç Ç Ð Ì Á Â

í à
Ã æ
Ã ç
Ã Ý
Ý è
Ý â
Ý Ã

ë
Þ
í
à

ãäååæ ç
èç

é êëç
èìí èî èïç
èð

ë
ñòó èçä ôê

ð ç
ä ñ µ

õ

à Ã ç Þ è Ý à Ý Ã Ý ç Ý Þ Ý è
� Ì Ð ê Á Ç Ç Ð Ì Á Â

í à
Ã æ
Ã ç
Ã Ý
Ý è
Ý â
Ý Ã

ë
Þ
í
à

ãäååæ ç
èç

é êëç
èìí èî èïç
èð

ë
ñòó èçä ôê

ð ç
ä ñ µ

õ

� � 
 � ö � � 
 � ö � � 
 �
s � � s õ � s 
 � r

� � 
 � ö 
 � � + � � � o
� � 
 � � � s 
 � r â 	 � 	 � � t



� � � � � � � �

� � � � 	 
 
 � � 
 � � � � � � � � � � � 	 � � � � � � � � 
 
 � � � � � ÷ " � � �  � � � � " � � " ¥  � � � " � " �

# $ % & ' ( ) % * + * , ( - . $ / ' $ 0 1 2 ( $ 3 ' ( / 4 5 ' 6 ( ) * 7 6 - 8 2 ( 9 $ 8 : ( ; . * % < = > ? ' ( * ' % - * ' @ A ) * ' ; ' 7 $ B C ' * ( % ' 3 ) ) A ) * ' ; ' D 4 E F G : 8 ; . $ $H I J K L M N O P Q L R S I M I K T K P L M I K U I K V I R M N R W M Q I X I K Y R P I K Z [ W I \ N ] I ^ K \ V I _ O I R [ N ` I K ^ [ Z a M I K Y R Q b I K X Q P c P d K Z [ R W I R e f g K R a I KQ X P L ^ R I h I R I ^ i Q W N R W M I X T N P L K X N R \ N Z c X X Q W j k j l ÷ ¤

n o n o � ´ s � � � � � � �
q

Ø � � � � s � � 
 � � � � � ´ s � � � � � � �
t

¶ � � � � � � � � � � � s � � � ø s � � s � � � � + r � � r � � � � � � s 	 
 
 � � � � � r � � � � � � � 
 
 � � ù � � � + ½ s � � � �s � w � ¾ ¾ � � r � � � � � s r 
 s w � � x � � 
 r � � � � � � � � s � w � ¾ ¾ � o
ö � � � � � � � � � � � � � � r 	 � � � µ ¾ 
 � � � � � � � � � � ´ � � � � 
 � � � � ø s � � s � � � � r � � � ù � � 
 � � � 	 � r � � � � o

t
· � � ½ � � � � t w � � � � � � ´ � � � s � s � � � � � � � � � � � � � � � � � s � � � w � � ù � � � � � � � 
 � � � � 
 � s � w �
´ 	 
 � � � s 
 � 	 � t r 	 � � � r � � x � � � � � � � t s � t � w � ¾ ¾ � � � � � � � � s r 
 + r s r s � � r � � Ø ù � � x s � � s � � �� � � � � � ¾ � 	 
 
 � � 
 � � � � � � � � � � t � � s t � � � ½ � � r � � r s � 
 o

� � � � � � � �

� � � � 	 
 
 � � 
 � � � � � � � � � � � 	 � � � � � � � � 
 
 � � � � � ÷ " � � �  � � � � " � � " ¥  � � � " � " �

# $ % & ' ( ) % * + * , ( - . $ / ' $ 0 1 2 ( $ 3 ' ( / 4 5 ' 6 ( ) * 7 6 - 8 2 ( 9 $ 8 : ( ; . * % < = > ? ' ( * ' % - * ' @ A ) * ' ; ' 7 $ B C ' * ( % ' 3 ) ) A ) * ' ; ' D 4 E F G : 8 ; . $ $H I J K L M N O P Q L R S I M I K T K P L M I K U I K V I R M N R W M Q I X I K Y R P I K Z [ W I \ N ] I ^ K \ V I _ O I R [ N ` I K ^ [ Z a M I K Y R Q b I K X Q P c P d K Z [ R W I R e f g K R a I KQ X P L ^ R I h I R I ^ i Q W N R W M I X T N P L K X N R \ N Z c X X Q W j k j l ÷ ÷

class Process extends Thread {
  private Scheduler scheduler;

  private Barrier barrier;
  private int round = 0;
  public Process(Scheduler scheduler, String name,
                 Barrier barrier) {
    this.scheduler = scheduler; setName(name);

    this.barrier = barrier;

  }
  private void println(String string) {
    scheduler.system.tmp.println(string);

    System.out.println(string);

  }
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  public void run () {
scheduler.schedule();

     println(“Process “ + getName() + “ started”);

    scheduler.sleep(1000);
    for (round = 0; round < 3; round++) {

println(getName() + “: begin of round “ + round);

      scheduler.sleep((scheduler.myPid() + 1) * 10000);
      barrier.join();
    }
    scheduler.eliminateThread(this);
  }
}
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class Barrier {
Scheduler scheduler;

boolean localSense[] = new boolean[Scheduler.NUMBEROFTHREADS];
// component i of localSense is local to process/thread i

  boolean sense = true;
  int numberOfThreads;
  int count;

  public Barrier(Scheduler scheduler, int numberOfThreads) {
    count = this.numberOfThreads = numberOfThreads;
    for (int i = 0; i < Scheduler.NUMBEROFTHREADS; i++) {
      localSense[i] = true;
    }
    this.scheduler = scheduler;
  }
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  private int fetchAndDecrement(){
    scheduler.beginOfAtomic();
      int old = count--;
    scheduler.endOfAtomic();
    return old;
  }

  public void join() {
localSense[scheduler.myPid()] = !localSense[scheduler.myPid()];

    System.out.println(scheduler.myPid() + “: count = “ + count);

    if (fetchAndDecrement() == 1) {
      count = numberOfThreads;
      sense = localSense[scheduler.myPid()];
    } else {
      scheduler.system.updateSyncState(scheduler.myPid(), Color.red);

      while (sense != localSense[scheduler.myPid()])
        scheduler.schedule() ;
    }
    scheduler.system.updateSyncState(scheduler.myPid(), Color.green);

  }
}
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class Flag {
  private boolean flag;

public Flag(boolean f) {
    flag = f;
  }
  public boolean getValue() {
    return flag;
  }
  public void setValue(boolean f) {
    flag = f;
  }
}
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class Flags {
  public Flag myFlags[][], partnerFlags[][];
  public Flags(int rounds) {
    myFlags = new Flag[2][rounds];
    partnerFlags = new Flag[2][rounds];
    for (int r = 0; r < 2; r++)
      for (int k = 0; k < rounds; k++)
        myFlags[r][k] = new Flag(false);
  }
}

class Barrier {
  Scheduler scheduler;

  int parity[], numberOfThreads, rounds = 0;
  boolean sense[];
  Flags localFlags[], allnodes[];
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  public Barrier(Scheduler scheduler, int numberOfThreads) {
    numberOfThreads = numberOfThreads;
    parity          = new int[numberOfThreads];
    sense           = new boolean[numberOfThreads];
    localFlags      = new Flags[numberOfThreads];
    allnodes        = new Flags[numberOfThreads];
    int tmp = numberOfThreads * 2 - 1;
    while ((tmp = tmp / 2) > 0) rounds++;
    for (int i = 0; i < numberOfThreads; i++) {
      allnodes[i] = new Flags();  parity[i] = 0;
      sense[i] = true;            localFlags[i] = allnodes[i];
    }
    for (int i = 0; i < numberOfThreads; i++)
      for (int j = 0; j < numberOfThreads; j++)
        for (int k = 0; k < rounds; k++)
          if (j == (i+(int)(Math.pow(2,k)+0.1)) % numberOfThreads)
            for (int r = 0; r < 2; r++)
              allnodes[i].partnerFlags[r][k]
                = allnodes[j].myFlags[r][k];
    this.scheduler = scheduler;
  }
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public void join() {
    int myPid = scheduler.myPid();
    for (int round = 0; round < rounds; round++) {
      localFlags[myPid]
        .partnerFlags[parity[myPid]][round]
        .setValue(sense[myPid]);
      do {

       scheduler.schedule();

     } while (localFlags[myPid]
                 .myFlags[parity[myPid]][round]
                 .getValue()
               != sense[myPid]);
    }
    if (parity[myPid] == 1) {
      sense[myPid] = !sense[myPid];
    }
    parity[myPid] = 1 - parity[myPid];
  }
}
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class Flag {
  public boolean flag;

 public Flag(boolean f) {
    flag = f;
  }
  public boolean getValue() {
    return flag;
  }
  public void setValue(boolean f) {
    flag = f;
  }
}

class TreeNode {
  public Flag parentSense;
  public Flag parentPointer;
  public Flag childPointers[] = new Flag[2];
  public Flag haveChild[] = new Flag[4];
  public Flag childNotReady[] = new Flag[4];
  public Flag dummy;
};



� � � � � � � �

� � � � 	 
 
 � � 
 � � � � � � � � � � � 	 � � � � � � � � 
 
 � � � � � £ � " " l ¥  � " � ¥  � � � " �

# $ % & ' ( ) % * + * , ( - . $ / ' $ 0 1 2 ( $ 3 ' ( / 4 5 ' 6 ( ) * 7 6 - 8 2 ( 9 $ 8 : ( ; . * % < = > ? ' ( * ' % - * ' @ A ) * ' ; ' 7 $ B C ' * ( % ' 3 ) ) A ) * ' ; ' D 4 E F G : 8 ; . $ $H I J K L M N O P Q L R S I M I K T K P L M I K U I K V I R M N R W M Q I X I K Y R P I K Z [ W I \ N ] I ^ K \ V I _ O I R [ N ` I K ^ [ Z a M I K Y R Q b I K X Q P c P d K Z [ R W I R e f g K R a I KQ X P L ^ R I h I R I ^ i Q W N R W M I X T N P L K X N R \ N Z c X X Q W j k j l ³ �

class Barrier {
  Scheduler scheduler;
  TreeNode nodes[];
  Flag sense[];       // sense[i] is local to node i
  public Barrier(Scheduler scheduler, int numberOfThreads) {
    int i, j;
    nodes = new TreeNode[numberOfThreads];
    sense = new Flag[numberOfThreads];
    for (i = 0; i < numberOfThreads; i++) {
      sense[i] = new Flag(true);
      nodes[i] = new TreeNode();
      nodes[i].parentSense = new Flag(false);
      nodes[i].dummy = new Flag(false);
    }

� � � � � � � �

� � � � 	 
 
 � � 
 � � � � � � � � � � � 	 � � � � � � � � 
 
 � � � � � £ � " " l ¥  � " � ¥  � � � " �

# $ % & ' ( ) % * + * , ( - . $ / ' $ 0 1 2 ( $ 3 ' ( / 4 5 ' 6 ( ) * 7 6 - 8 2 ( 9 $ 8 : ( ; . * % < = > ? ' ( * ' % - * ' @ A ) * ' ; ' 7 $ B C ' * ( % ' 3 ) ) A ) * ' ; ' D 4 E F G : 8 ; . $ $H I J K L M N O P Q L R S I M I K T K P L M I K U I K V I R M N R W M Q I X I K Y R P I K Z [ W I \ N ] I ^ K \ V I _ O I R [ N ` I K ^ [ Z a M I K Y R Q b I K X Q P c P d K Z [ R W I R e f g K R a I KQ X P L ^ R I h I R I ^ i Q W N R W M I X T N P L K X N R \ N Z c X X Q W j k j l ³ �

//  building acquire and wakeup tree
    for (i = 0; i < numberOfThreads; i++) {
//    build part of acquire tree
      for (j = 0; j < 4; j++) {
        nodes[i].childNotReady[j]
            = (4*i+j+1 < numberOfThreads ? new Flag(true)
                                           : new Flag(false));
        nodes[i].haveChild[j]
            = (4*i+j+1 < numberOfThreads ? new Flag(true)
                                           : new Flag(false));
      }
      nodes[i].parentPointer
        = (i == 0 ? nodes[i].dummy

: nodes[(i - 1) / 4].childNotReady[(i - 1) % 4]);
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//    build part of wakeup tree
      if (i != 0)
      nodes[i].childPointers[0]
        = (2 * i + 1 >= numberOfThreads ? nodes[i].dummy

: nodes[2 * i + 1].parentSense);
      nodes[i].childPointers[1]
        = (2 * i + 2 >= numberOfThreads ? nodes[i].dummy

: nodes[2 * i + 2].parentSense);
    }
    this.scheduler = scheduler;

  }

  public void join() {
    int i, vpid = scheduler.myPid();
    while (nodes[vpid].childNotReady[0].flag
           || nodes[vpid].childNotReady[1].flag
           || nodes[vpid].childNotReady[2].flag
           || nodes[vpid].childNotReady[3].flag)

scheduler.schedule() ;
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//  prepare for next barrier
    for (i = 0; i < 4; i++) {
      nodes[vpid].childNotReady[i].flag
        = nodes[vpid].haveChild[i].flag;
    }
//  let parent know I’m ready
    nodes[vpid].parentPointer.flag = false;
//  if not root, wait until my parent signals wakeup
    if (vpid != 0) {
      while (nodes[vpid].parentSense.flag != sense[vpid].flag)

       scheduler.schedule() ;
    }
//  signal children in wakeup tree
    nodes[vpid].childPointers[0].flag = sense[vpid].flag;
    nodes[vpid].childPointers[1].flag = sense[vpid].flag;
    sense[vpid].flag = !sense[vpid].flag;
  }
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int fca(int* destination, int mask, int* source) {
  int tmp = destination;
  *destination = (*destination & mask) + *source;
  return tmp;
}
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