6.59.1 Applicability to language

“Tasks are executed by anonymous threads in a thread-pool and hence any attempt to use Java’s thread synchronization mechanisms inside tasks can result in deadlock, as discussed in 6.63.”

Perhaps consider rewording to:
“When using threads in a thread-pool, be sure to use Java’s thread synchronization mechanisms to prevent deadlock, as discussed in 6.63.”

1. It is not always true that tasks in a Java thread pool are executed by anonymous threads. While the default ThreadFactory used by the Executors utility class creates threads with default, generic names (like "Thread-0", "Thread-1", etc.), you can provide a custom ThreadFactory to name them whatever you want.

2. While it is true that using Java synchronization mechanisms incorrectly inside thread-pool tasks can cause deadlocks, the statement that "any attempt" to use them results in deadlock is false. Synchronization is necessary for thread safety; the danger lies in how those mechanisms are used relative to the thread pool's capacity. 

The core issue isn't the synchronization mechanism itself, but a pattern known as Thread Pool Induced Deadlock (or Thread Starvation Deadlock). 

a) Thread Pool Limitation: A thread pool (e.g., FixedThreadPool(n)) has a limited number of threads available to execute tasks.
b) Task Dependency: If a task (T1) submitted to the pool waits for another task (T2) to complete, T1 holds a thread but does no work.
c) Circular Dependency: If T1 holds a synchronization lock that T2 needs, or if all threads become occupied by tasks waiting for other tasks (which are stuck in the queue), the pool cannot process new tasks, leading to a permanent deadlock.
 
Example 1: Incorrect Use (Deadlock)
In this scenario, a parent task is submitted to a single-threaded pool, and it submits a child task, waiting for the child to finish. The parent blocks the only available thread, preventing the child from ever running. 

import java.util.concurrent.*;

public class DeadlockExample {
    public static void main(String[] args) {
        // A single-threaded pool
        ExecutorService pool = Executors.newFixedThreadPool(1);

        pool.submit(() -> {
            System.out.println("Parent task running");
            
            // Parent submits child and waits for it
            Future<String> child = pool.submit(() -> {
                System.out.println("Child task running");
                return "Child Finished";
            });

            try {
                // DEADLOCK: This blocks the only thread,
                // waiting for a child that cannot start.
                String result = child.get(); 
                System.out.println(result);
            } catch (Exception e) {
                e.printStackTrace();
            }
        });

        pool.shutdown();
    }
}
Output:
Parent task running
BUILD SUCCESSFUL (total time: 0 seconds)

Example 2: Correct Use (Thread-Safe)
Using synchronized to update shared state within a task is completely valid, as long as tasks do not wait for other tasks to complete inside the pool. 

import java.util.concurrent.*;
import java.util.concurrent.atomic.AtomicInteger;

public class SafeUsageExample {
    public static void main(String[] args) throws InterruptedException {
        ExecutorService pool = Executors.newFixedThreadPool(2);
        AtomicInteger counter = new AtomicInteger(0);

        // Multiple tasks updating a shared resource safely
        for (int i = 0; i < 10; i++) {
            pool.submit(() -> {
                // Correct: Synchronization is short-lived,
                // no child tasks are being waited on.
                counter.incrementAndGet();
                System.out.println(Thread.currentThread().getName() + 
		     " updated counter");
            });
        }

        pool.shutdown();
        pool.awaitTermination(1, TimeUnit.MINUTES);
        System.out.println("Final Count: " + counter.get());
    }
}

Output:
pool-1-thread-1 updated counter
pool-1-thread-2 updated counter
pool-1-thread-1 updated counter
pool-1-thread-1 updated counter
pool-1-thread-2 updated counter
pool-1-thread-2 updated counter
pool-1-thread-1 updated counter
pool-1-thread-2 updated counter
pool-1-thread-1 updated counter
pool-1-thread-2 updated counter
Final Count: 10
BUILD SUCCESSFUL (total time: 0 seconds)

Summary of Best Practices
· Avoid Nested Submissions: Avoid having tasks submit other tasks to the same pool and waiting for them.
· Use CachedThreadPool or Bounded Queues: If you must use nested tasks, use a CachedThreadPool or ensure your ThreadPoolExecutor has a sufficient, non-starving configuration.
· Timeout get() : If waiting for a future, always use future.get(timeout, unit) to avoid infinite waiting. 



6.63.1 Applicability to language

“In Java, it is fundamentally important that, within synchronized methods, wait calls are only placed to the object that is the synchronization object. Waiting on other objects is likely to result in an immediate deadlock since the lock on the synchronized object is not freed by the wait().”

The statement is partially true, but the description of "immediate deadlock" is inaccurate. You must call wait(), notify(), or notifyAll() on the object that is the synchronization object; otherwise, an IllegalMonitorStateException is thrown immediately at runtime. 

It is true that wait calls are only placed on the synchronization object. The requirement for holding the lock is defined in the official API documentation for the Object.wait() method, which is available on the Oracle Help Center. The documentation states: "The current thread must own this object's monitor.” (Ref. https://docs.oracle.com/javase/8/docs/api/java/lang/Object.html )

It is not accurate that “waiting on other objects is likely to result in an immediate deadlock". It causes an IllegalMonitorStateException to be thrown because the thread does not hold the monitor for the object it is trying to wait on. Deadlock is a different, more complex scenario that occurs when two or more threads are blocked forever, waiting for each other to release resources. The core reason for this rule is to prevent race conditions and ensure the integrity of the shared resource, as described in the Oracle documentation's section on synchronized methods. If this condition is not met, the documentation explicitly states that an IllegalMonitorStateException is thrown 
(Ref. https://docs.oracle.com/javase/8/docs/api/java/lang/Object.html )


Incorrect Usage (throws IllegalMonitorStateException)
In this example, the thread synchronizes on the lockA object but calls wait() on lockB. This will immediately crash the program with an IllegalMonitorStateException at runtime. 

public class IncorrectWait {
    private final Object lockA = new Object();
    private final Object lockB = new Object();

    public void testMethod() {
        synchronized (lockA) { // Synchronizing on lockA
            System.out.println(Thread.currentThread().getName() + " acquired lockA. 
                Attempting wait on lockB.");
            try {
                // Error: Calling wait() on lockB, but the current thread only holds 
 // the monitor for lockA
                lockB.wait(); 
            } catch (IllegalMonitorStateException e) {
                System.out.println(Thread.currentThread().getName() + " caught expected
                    IllegalMonitorStateException.");
            } catch (InterruptedException e) {
                Thread.currentThread().interrupt();
                System.out.println(Thread.currentThread().getName() + " was interrupted.");
            }
        }
    }

    public static void main(String[] args) {
        IncorrectWait incorrectWaitInstance = new IncorrectWait();
        // The method will throw an IllegalMonitorStateException at runtime
        incorrectWaitInstance.testMethod(); 
    }
}

Output:
main acquired lockA. Attempting wait on lockB.
main caught expected IllegalMonitorStateException.
BUILD SUCCESSFUL (total time: 0 seconds)

Correct Usage
The correct approach is to call wait() on the same object used in the synchronized block, as shown in this example from the Java tutorials. 

public class CorrectWait {
    private final Object lock = new Object();
    private boolean condition = false;

    public void someMethod() {
        synchronized (lock) { // Synchronizing on lock
            try {
                while (!condition) { // Use a loop to handle spurious wakeups
                    lock.wait(); // Correct: Calling wait() on the same lock object
                }
                // ... proceed with protected action ...
            } catch (InterruptedException e) {
                Thread.currentThread().interrupt();
            }
        }
    }
}

· Synchronized Methods - Essential Java Classes
Warning: When constructing an object that will be shared between threads, be very careful that a reference to the object does not ...


· Mastering wait(), notify(), and notifyAll() in Java: An Interview ...
Oct 19, 2024 — Without Synchronization: You cannot use wait() , notify() , or notifyAll() without the current thread holding the object's lock (i...



