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Abstract 

Java includes  Java Concurrency Utilities which are actually are high-level concurrency types that simplifies threading tasks 
especially on multicore systems. The paper describes how the Java Concurrency Utilities handle locking. 
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1. Introduction 

Low-level threading capabilities provided by java are famously hard to use and error-prone, which is why they are 
associated with deadlock, thread starvation, race conditions, and other concurrency bugs. One alternative to this is 
the Java Concurrency Utilities, introduced in JDK 5. We will explore how Java developers use the packages and 
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libraries in java.util.concurrent to work around common threading bugs and are able to  write cleaner, simpler 
programs.[1] 

In Part 1, explores the Executor framework, the Java Concurrent Collections package   and synchronizer utilities. 

 Part 2 is a deep study at the mechanics of java.util.concurrent's advanced locking mechanisms and atomic variables, 

as well as a short tutorial on the Fork/Join framework. [2] 
 

2. The Locking framework 

Java gives threads the facility to use synchronization to update shared variables safely and it ensures that 
the updates done by one’s thread are visible to other threads. In the Java language, you call synchronization via 
the synchronized keyword. The Java virtual machine (JVM) supports this mechanism via monitors and the 
associated monitors enter and monitor exit instructions.[2]. Every Java object is linked with a monitor, which 
prevents multiple threads from concurrently executing in a critical section(a mutual exclusion mechanism). Before a 
thread can enter this section, it must lock the monitor. If the monitor is already locked, the thread blocks until the 
monitor is unlocked. Monitors also address the quirks of memory caching and compiler optimizations that might 
otherwise prevent one thread from observing another thread's update of a shared variable. Before a thread leaves the 
critical section, the monitor ensures that the thread's updates are immediately visible, so that another thread about to 
enter the critical section.[2] 

3. Locks 
The Lock interface provides more extensive locking operations than it's possible to obtain via synchronized methods 
and statements. For instance, you could use Lock to immediately back out of a lock-acquisition attempt if a lock 
wasn't available, or you could wait indefinitely to acquire a lock and back out only if interrupted. 
 
Lock declares the following methods: 
Lock declares the following methods: 
Lock declares the following methods:[4] 

• void lock() acquires a lock, disabling the current thread when the lock is not available The thread remains 
dormant until the lock becomes available. 

• void lockInterruptibly() is similar to void lock() but allows the disabled thread to be interrupted and resume 
execution through a thrownjava.lang.InterruptedException. (Note that interrupting lock acquisition is not 
supported in all cases.) 

• Condition newCondition() returns a new Condition instance that's bound to a given Lock instance. If 
the Lock implementation doesn't support conditions, java.lang.UnsupportedOperationException is thrown. (I 
discuss conditions later in this article.) 

• void lock() acquires a lock, disabling the current thread when the lock is not available. The thread remains 
dormant until the lock becomes available. 

• Boolean tryLock() acquires a lock only when it's free at the time of invocation. This method returns true when 
the lock is acquired; otherwise, it returns false. 

• Boolean tryLock(long time, TimeUnit unit) is similar to Boolean tryLock(); however, it lets you specify an 
amount of time to wait for the lock to become available. Pass the magnitude of the delay to time and the units 
represented by this delay to unit. For example, you might pass 2 to time and TimeUnit.SECONDS to unit. 
(Thejava.util.concurrent.TimeUnit enum also offers DAYS, HOURS, 
MICROSECONDS, MILLISECONDS, MINUTES, and NANOSECONDS.) This method 
throws InterruptedException when the current thread is interrupted while acquiring the lock (in cases where 
interrupting lock acquisition is supported). 

• void unlock() releases the lock. 
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4. Working with locks 
 

The ReentrantLock class implements Lock and describes a reentrant mutual exclusion lock. The lock is 

associated with an acquisition count. When a thread holds the lock and re-acquires the lock, the acquisition count is 

incremented and the lock must be released twice.[5] 

ReentrantLock offers the same concurrency and memory semantics as the implicit monitor lock normally accessed 

using synchronized methods and statements.[5] It offers better performance under high thread contention (that is, 

when threads are frequently asking to acquire a lock that is already held by another thread). When many threads try 

to access a shared resource, the JVM spends less time scheduling and more time executing them. 

 

5. ReentrantLock or synchronized? 

ReentrantLock behaves like synchronized and you might wonder when it's appropriate to use one or the other. Use 

ReentrantLock when you need timed or interruptible lock waits, non-block-structured locks (obtain a lock in one 

method; return the lock in another), multiple condition variables, or lock polling. Furthermore, it supports scalability 

and is useful where there is high contention among threads. If none of these factors come into play, 

use synchronized.[5]. ReentrantLock declares the following constructors: 

 
• ReentrantLock() it  creates a reentrant lock. 

• ReentrantLock(boolean fair) creates a reentrant lock with the given fairness policy. 
Passing true to fair results in a lock that uses a fair ordering policy, which means that under contention, the 
lock favors granting access to the longest-waiting thread. The former constructor invokes this constructor, 
passing false to fair.. 

• int getHoldCount() returns the number of holds on this lock by the current thread: a thread has a hold on a 
lock for each lock action that isn't matched by an unlock action. When the lock() method is called and the 
current thread already holds the lock, the hold count is incremented by one and the method returns 
immediately. 

• boolean isFair() returns the fairness setting. 

• boolean isHeldByCurrentThread() queries if this lock is held by the current thread, returning true when this 
is the case. This method is often used for debugging and testing. 

 
6. Conditions 
The Condition interface factors out the java.lang.Object monitor methods (wait(), notify(), and notifyAll()) into 

distinct objects to give the effect of having multiple wait-sets per object, by combining them with the use of 

arbitrary Lock implementations. Where Lockreplaces synchronized methods and 

statements, Condition replacesObject monitor methods.[6] 

Condition declares the following methods:[5] 

• void await() forces the current thread to wait until it's signalled or interrupted. 
• Boolean await(long time, TimeUnit unit) forces the current thread to wait until it's signalled or interrupted, or the 

specified waiting time elapses. 
• long awaitNanos(long nanosTimeout) forces the current thread to wait until it's signalled or interrupted, or the 

specified waiting time elapses. 
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• void awaitUninterruptibly() forces the current thread to wait until it's signalled. 
• Boolean awaitUntil(Date deadline) forces the current thread to wait until it's signalled or interrupted, or the 

specified deadline elapses. 
• void signal() wakes up one waiting thread. 
• void signalAll() wakes up all waiting threads. 

 
7. Working with conditions 
The classic producer-consumer example nicely demonstrates conditions. In this example, a producer thread 

repeatedly produces items for consumption by a consumer thread. The producer thread must not produce a new item 

until the previously produced item has been consumed. Similarly, the consumer thread must not consume an item 

that hasn't been produced. This is known as lockstep synchronization.[5]. Listing 2 demonstrates conditions (and 

locks) in a producer-consumer context. 

 

 Listing 2. CondDemo.java 

import java.util.concurrent.locks.Condition; 
import java.util.concurrent.locks.Lock; 
import java.util.concurrent.locks.ReentrantLock; 
 
public class CondDemo 
{ 
   public static void main(String[] args) 
   { 
      Shared s = new Shared(); 
      new Producer(s).start(); 
      new Consumer(s).start(); 
   } 
} 
 
class Shared 
{ 
   // Fields c and available are volatile so that writes to them are visible to  
   // the various threads. Fields lock and condition are final so that they're 
   // initial values are visible to the various threads. (The Java memory model  
   // promises that, after a final field has been initialized, any thread will  
   // see the same [correct] value.) 
 
   private volatile char c; 
   private volatile Boolean available; 
   private final Lock lock; 
   private final Condition condition; 
 
   Shared() 
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   { 
      c = '\u0000'; 
      available = false; 
      lock = new ReentrantLock(); 
      condition = lock.newCondition(); 
   } 
 
   Lock getLock() 
   { 
      return lock; 
   } 
 
   char getSharedChar() 
   { 
      lock.lock(); 
      try 
      { 
         while (!available) 
            try 
            { 
               condition.await(); 
            } 
            catch (InterruptedException ie) 
            { 
               ie.printStackTrace(); 
            } 
         available = false; 
         condition.signal(); 
      } 
      finally 
      { 
         lock.unlock(); 
         return c; 
      } 
   } 
 
   void setSharedChar(char c) 
   { 
      lock.lock(); 
      try 
      { 
         while (available) 
            try 
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            { 
               condition.await(); 
            } 
            catch (InterruptedException ie) 
            { 
               ie.printStackTrace(); 
            } 
         this.c = c; 
         available = true; 
         condition.signal(); 
      } 
      finally 
      { 
         lock.unlock(); 
      } 
   } 
} 
 
class Producer extends Thread 
{ 
   // l is final because it's initialized on the main thread and accessed on the 
   // producer thread. 
 
   private final Lock l; 
 
   // s is final because it's initialized on the main thread and accessed on the 
   // producer thread. 
 
   private final Shared s; 
    
   Producer(Shared s) 
   { 
      this.s = s; 
      l = s.getLock(); 
   } 
 
   @Override 
   public void run() 
   { 
      for (char ch = 'A'; ch <= 'Z'; ch++) 
      { 
         l.lock(); 
         s.setSharedChar(ch); 
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         System.out.println(ch + " produced by producer."); 
         l.unlock(); 
      } 
   } 
} 
class Consumer extends Thread 
{ 
   // l is final because it's initialized on the main thread and accessed on the 
   // consumer thread. 
 
   private final Lock l; 
 
   // s is final because it's initialized on the main thread and accessed on the 
   // consumer thread. 
 
   private final Shared s; 
 
   Consumer(Shared s) 
   { 
      this.s = s; 
      l = s.getLock(); 
   } 
 
   @Override 
   public void run() 
   { 
      char ch; 
      do 
      { 
         l.lock(); 
         ch = s.getSharedChar(); 
         System.out.println(ch + " consumed by consumer."); 
         l.unlock(); 
      } 
      while (ch != 'Z'); 
   } 
}  

 

Listing 2 presents four classes: CondDemo, Shared, Producer, and Consumer. CondDemo drives the 

application, Sharedencapsulates the logic for setting and getting a shared variable's value, Producer describes the 

producer thread, andConsumer describes the consumer thread.[7] 
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8. Read-write locks 

You'll occasionally encounter a situation where data structures are read more often than they're modified. The 

Locking framework has a read-write locking mechanism for these situations that yields both greater concurrency 

when reading and the safety of exclusive access when writing.[5] 

The ReadWriteLock interface maintains a pair of associated locks, one for read-only operations and one for write 

operations. The read lock may be held simultaneously by multiple reader threads as long as there are no writers. 

The write lock is exclusive: only a single thread can modify shared data. (The lock that's associated with 

thesynchronized keyword is also exclusive.). ReadWriteLock declares the following methods: 

• Lock readLock() returns the lock that's used for reading. 
• Lock writeLock() returns the lock that's used for writing. 

 

9. Working with read-write locks 
The Reentrant Read Write Lock class implements Read Write Lock and describes a read-write lock with similar 

semantics to a reentrant lock. Like Reentrant Lock, Reentrant Read WriteLock declares a pair of constructors:[7] 

 
• ReentrantReadWriteLock() creates a reentrant read-write lock with default (nonfair) ordering properties. 

• ReentrantReadWriteLock(boolean fair) creates a reentrant read-write lock with the given fairness policy. 

• ReentrantReadWriteLock implements ReadWriteLock's methods and provides additional methods, 
including the following trio:ingetQueueLength () returns an estimate of the number of threads waiting to 
acquire either the read or write lock. 

• int getReadHoldCount() returns the number of read holds on this lock by the currentthread. A reader thread 
has a hold on a lock for each lock action that is not matched by an unlock action. 

  

10. The mechanics of RWLockDemo 
 

The main() method first instantiates the Names class, which stores the list of names and provides methods 

for adding names to and dumping the list. It then declares NamedThread. 

NamedThread is a local class that is subsequently used in an executor context to provide a name for the executor's 

thread.It  implementsthe java.util.concurrent.ThreadFactory interface and its Thread newThread(Runnable 

r) method, which returns a new thread whose name was previously passed to the NamedThread(String 

name)constructor.[5,6], 

Next, main() invokes java.util.concurrent.Executors'sExecutorService newSingleThreadExecutor(ThreadFactory 

threadFactory) method to create an executor for the writer thread. The name is obtained from 

the NamedThread instance. A runnable for the writer thread is then created and submitted to the executor. The 

runnable repeatedly creates and adds a name to the list of names, and then delays for a short amount of time to give 

the reader threads a chance to run.[7]. A pair of executors for the reader threads are now created along with a shared 

runnable for repeatedly dumping the names list. This runnable is submitted to each of the reader executors.[8] 

Lastly, main() invokes shutdown() to initiate an orderly shutdown of the executor as it finishes. 
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11. About Names 
 
Names a simple class that establishes read-write locks. It declares the  list-of-names, reentrant read-write lock, read-

lock, and write-lock fields followed by a constructor which initializes these fields. 

The void add(String threadName, String name) method is invoked by the writer thread to add a new name. 

The threadName argument is used to identify the writer thread (perhaps we might want to add more writer threads) 

and the name argument identifies the name to be added to the list.[5] 

This method first executes writeLock.lock(); to acquire the write lock and then outputs the number of threads 

waiting to acquire the read (0 to 2) or write (1) lock. After adding the name to the list, it 

executes writeLock.unlock(); to release the write lock.The void dump(String threadName) method is similar 

to add()except for iterating over the list of names, outputting each name, and sleeping for a random amount of 

time.[7] 

12. Concurrency in Java 8 

Java 8 will reach general availability status in March 2014. it includes other new features that will help to improve 

developer productivity. Consider the following enhancements to the Java Concurrency Utilities: 

• Improved ConcurrentHashMap class: The java.util.concurrent.ConcurrentHashMap class has been 
improved. New methods include sequential and parallel bulk operations. 

• Changes to the Fork/Join framework: The ForkJoinPool and ForkJoinTask classes have  been updated to 
improve performance and includes other capabilities.  

• New CompletableFuture class: This new class is a "Future that may be explicitly completed (setting its 
value and status), and may include dependent functions and actions that trigger upon its completion." This 
class is associated with the 
new java.util.concurrent.CompletableFuture.AsynchronousCompletionTask interface and the 
newjava.util.concurrent.CompletionException exception. Check out Tomasz Nurkiewicz's Java 8: 
Definitive guide to CompletableFuture blog post for an extensive tutorial on how to 
use CompletableFuture.[8] 

• New StampedLock class: The new java.util.concurrent.locks.StampedLock class is "a capability-based lock 
with three modes for controlling read/write access." Check out Dr. Heinz Kabutz's Phaser and 
StampedLock Concurrency Synchronizers video presentation to learn about StampedLock. A PDF file of 
this presentation is also available.[8] 

• Parallel array sorting: The java.util.Arrays class has been augmented with several parallel- 

• prefixed class methods  to sort arrays in parallel. 

• Scalable updatable variables: The java.util.concurrent.atomic package includes 
new DoubleAccumulator, DoubleAdder,LongAccumulator, and LongAdder classes that address a 
scalability problem in the  a single count, sum, or some other value with the possibility of updates from 
many threads. These new classes "internally employ contention-reduction techniques that provide huge 
throughput improvements as compared to atomic variables. This is made possible by relaxing atomicity 
guarantees in a way that is acceptable in most applications."[9,10] 
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13. Conclusion 

The Java Concurrency Utilities framework offers an alternative to Java's low-level threading capabilities. This 
article completes my two-part series on java.util.concurrent by focusing on the Locking framework, atomic 
variables, and the Fork/Join framework. I also introduced seven significant enhancements to the Java Concurrency 
Utilities, which are coming in Java 8. 

The two articles in this series couldn't cover every API in the Java Concurrency Utilities, but there is more to 
explore. The code file for this article includes more demos, including exercises in 
the  java.util.concurrent.ThreadLocalRandom andjava.util.concurrent.locks.LockSupport classes, and more. 
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