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How to develop concurrent algorithms?



4

How to develop concurrent algorithms?



Bounded Queue

class BoundedQueue<T>(capacity: Int) {

   // Returns `true` on success and

   // `false` if the queue is full.

   fun add(item: T): Boolean

   // Returns the first element or

   // `null` if the queue is empty.

   fun poll(): T?

}
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Bounded Queue by Chat-GPT
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class BoundedQueueGPT<T>(private val capacity: Int) {

   private val queue = ConcurrentLinkedQueue<T>()

   private val size = AtomicInteger()
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   fun add(item: T): Boolean {

     // Check if there is space 

     // available in the queue.

     if (size.get() == capacity) 

         return false

     // Add the element.

     queue.offer(item)

     // After the element was added 

     // to the queue, increment the size.

     size.incrementAndGet()

     return true

   }

   

class BoundedQueueGPT<T>(private val capacity: Int) {

   private val queue = ConcurrentLinkedQueue<T>()

   private val size = AtomicInteger()
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   fun add(item: T): Boolean {

     // Check if there is space 

     // available in the queue.

     if (size.get() == capacity) 

         return false

     // Add the element.

     queue.offer(item)

     // After the element was added 

     // to the queue, increment the size.

     size.incrementAndGet()

     return true

   }

   

   

   fun poll(): T? {

     // Retrieve and remove 

     // the head of the queue.

     val item = queue.poll() ?: return null

     // Decrement the size of the queue.

     size.decrementAndGet()

     return item

   }

class BoundedQueueGPT<T>(private val capacity: Int) {

   private val queue = ConcurrentLinkedQueue<T>()

   private val size = AtomicInteger()
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Is BoundedQueueGPT correct? 



Typical Concurrent Tests

😬 Cover only easy-to-verify scenarios 

😤 Contains hundreds of lines of boilerplate code 

🤯 Hard to analyze errors 
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Typical Concurrent Tests

😬 Cover only easy-to-verify scenarios 

😤 Contains hundreds of lines of boilerplate code 

🤯 Hard to analyze errors 
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We need a reliable easy-to-use framework 
for writing concurrent tests!



An Ideal Concurrent Test

class BoundedQueueGPTTest {

   

   
   

   

}
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An Ideal Concurrent Test

class BoundedQueueGPTTest {

   val q = BoundedQueueGPT<Int>(capacity = 2)

   

   

   

}
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Initial state



An Ideal Concurrent Test

class BoundedQueueGPTTest {

   val q = BoundedQueueGPT<Int>(capacity = 2)

   @Operation fun add(item: Int) = q.add(item)

   @Operation fun poll() = q.poll()

   

}
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Operations



An Ideal Concurrent Test

class BoundedQueueGPTTest {

   val q = BoundedQueueGPT<Int>(capacity = 2)

   @Operation fun add(item: Int) = q.add(item)

   @Operation fun poll() = q.poll()

   @Test fun test() = runConcurrentTest(this)

}

16
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https://github.com/Kotlin/kotlinx-lincheck 

https://github.com/Kotlin/kotlinx-lincheck


    Lincheck test for BoundedQueueGPT

class BoundedQueueGPTTest {

   val q = BoundedQueueGPT<Int>(capacity = 2)

   @Operation fun add(item: Int) = q.add(item)

   @Operation fun poll() = q.poll()

   @Test fun test() = ModelCheckingOptions()
                      .check(this::class)

}
18



Let’s run the test!
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= Invalid execution results =

add(2):  true    add(6): true 

add(-8): true   

                               

= The following interleaving leads to the error =

                   add(6)                                   

                     size.get(): 0 at BoundedQueueGPT.kt:10

                     queue.offer(6): true at BoundedQueueGPT.kt:12        

                     switch                                                       

add(2): true  

add(-8): true                                                                                                                                                       

                     size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 

                     result: true



What is correctness 
in the world of concurrency?
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Correctness in Sequential World

Is this execution correct? 

 val q = BoundedQueue<Int>(2)
 q.add(1): true
 q.add(2): true
 q.add(3): false   
 q.poll(): 1 
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Correctness in Sequential World

Is this execution correct? 

 val q = BoundedQueue<Int>(2)
 q.add(1): true
 q.add(2): true
 q.add(3): false   
 q.poll(): 1 

22

CORRECT



Correctness in Sequential World

Is this execution correct? 

 val q = BoundedQueue<Int>(2)
 q.add(1): true
 q.add(2): true
 q.add(3): false  // capacity is exceeded  
 q.poll(): 1  

23

CORRECT



Correctness in Sequential World

Is this execution correct? 

 val q = BoundedQueue<Int>(2)
 q.add(1): true
 q.add(2): true
 q.add(3): false  // capacity is exceeded  
 q.poll(): 1  // extracts the first element

24

CORRECT



Correctness in Sequential World

Is this one also correct? 

 val q = BoundedQueue<Int>(2)
 q.add(1): true
 q.add(2): true
 q.add(3): true
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Correctness in Sequential World

Is this one also correct? 

 val q = BoundedQueue<Int>(2)
 q.add(1): true
 q.add(2): true
 q.add(3): true  // capacity is exceeded
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FORBIDDEN



Correctness in Concurrent World
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TOPLAS’90



Correctness in Concurrent World

An execution is linearizable if it can be expressed 
with a sequential execution that:

1. does not violate the original happens-before order
(program order + synchronization)

2. shows the same results

* the definition is simplified 28



Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "a"

q.add("b"): true
q.poll() // "b"

Is this execution correct? 
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Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "a"

q.add("b"): true
q.poll() // "b"

Is this execution correct? 

30
CORRECT



Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "b"

q.add("b"): true
q.poll() // "a"

Is this one also correct? 
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Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true

q.poll() // "b"

q.add("b"): true
q.poll() // "a"

Is this one also correct? 

32
CORRECT



Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "b"

q.add("b"): true
q.add("c"): true
q.poll() // "a"

What about this one?
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Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "b"

q.add("b"): true

q.add("c"): true
q.poll() // "a"

What about this one?

34

CORRECT



Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "b"

q.add("b"): true
q.add("c"): true
q.poll() // "c"

This is also correct, isn’t it?
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Correctness in Concurrent World

val q = BoundedQueue<String>(capacity = 2)

q.add("a"): true
q.poll() // "b"

q.add("b"): true

q.add("c"): true
q.poll() // "c"

This is also correct, isn’t it?

36

FORBIDDEN



Back to BoundedQueueGPT
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= Invalid execution results =

add(2):  true    add(6): true 

add(-8): true   
                               

= The following interleaving leads to the error =

                  add(6)                                   

                    size.get(): 0 at BoundedQueueGPT.kt:10

                    queue.offer(6): true at BoundedQueueGPT.kt:12        

                    switch                                                       

add(2): true  

add(-8): true                                                                                                                                                       

                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 

                    result: true

Exceeds capacity



Back to BoundedQueueGPT
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= Invalid execution results =

add(2):  true    add(6): true 

add(-8): true   
                               

= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 0

empty



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 0

empty



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 0

6



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 0 1

6, 2



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 1 2

6, 2, -8



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 2 3

6, 2, -8



Back to BoundedQueueGPT
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= The following interleaving leads to the error =
                  add(6)                                   
                    size.get(): 0 at BoundedQueueGPT.kt:10
                    queue.offer(6): true at BoundedQueueGPT.kt:12        
                    switch                                                       
add(2): true  
add(-8): true                                                                                                                                                       
                    size.incrementAndGet(): 3 at BoundedQueueGPT.kt:14 
                    result: true

fun add(item: T): Boolean {
  if (size.get() == capacity) 
    return false
  queue.offer(item)
  size.incrementAndGet()
  return true
}

queue = 

size  = 3

6, 2, -8
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Lincheck Overview
I.Generates concurrent 
scenarios (à la fuzzer)
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Lincheck Overview
I.Generates concurrent 
scenarios (à la fuzzer)

II. Examines them either via 

stress testing or model checking



III. Automatically verifies the outcome results 48

Lincheck Overview
I.Generates concurrent 
scenarios (à la fuzzer)

II. Examines them either via 

stress testing or model checking



Bytecode Transformation
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class Counter {
   @Volatile var value = 0

   fun incAndGet(): Int {
       value += 1
       return value
   }
}



Bytecode Transformation
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public incAndGet()I()

   ALOAD 0

   GETFIELD Counter.value : I // read

   ISTORE 1

   ALOAD 0

   ILOAD 1

   ICONST 1

   IADD

   PUTFIELD Counter.value : I // write

   ALOAD 0

   GETFIELD Counter.value : I // read

   IRETURN

class Counter {
   @Volatile var value = 0

   fun incAndGet(): Int {
       value += 1
       return value
   }
}



Bytecode Transformation

51

public incAndGet()I()

   ALOAD 0

   INVOKESTATIC Lincheck.beforeRead:()V

   GETFIELD Counter.value : I // read

   ISTORE 1

   ALOAD 0

   ILOAD 1

   ICONST 1

   IADD

   INVOKESTATIC Lincheck.beforeWrite:()V

   PUTFIELD Counter.value : I // write

   ALOAD 0

   INVOKESTATIC Lincheck.beforeRead:()V

   GETFIELD Counter.value : I // read

   IRETURN

class Counter {
   @Volatile var value = 0

   fun incAndGet(): Int {
       value += 1
       return value
   }
}



Counter Test

class CounterTest {
   private val c = Counter()

   @Operation 
   fun incAndGet() = c.incAndGet()

   @Test
   fun test() = ModelCheckingOptions()
                .check(this::class)
}

class Counter {
   @Volatile var value = 0

   fun incAndGet(): Int {
       value += 1
       return value
   }
}



Counter Test
= Invalid execution results =
incAndGet(): 1  incAndGet(): 1 

= The following interleaving leads to the error =
                      incAndGet()                                                   
                         value.READ: 0 at Counter.incAndGet(Counter.kt:7)          
                         switch                                                    
 incAndGet(): 1                                                                     
                         value.WRITE(1) at Counter.incAndGet(Counter.kt:7)         
                         value.READ: 1 at Counter.incAndGet(Counter.kt:8)          
                      result: 1                                                   



Counter Test
= Invalid execution results =
incAndGet(): 1  incAndGet(): 1 

= The following interleaving leads to the error =
                      incAndGet()
                         Lincheck.beforeRead(): CONTINUE                                                   
                         value.READ: 0 at Counter.incAndGet(Counter.kt:7)
                         Lincheck.beforeWrite(): SWITCH          
                         switch                                                    
 incAndGet(): 1                                                                     
                         value.WRITE(1) at Counter.incAndGet(Counter.kt:7)
                         Lincheck.beforeRead(): CONTINUE         
                         value.READ: 1 at Counter.incAndGet(Counter.kt:8)          
                      result: 1                                                   



How do we use Lincheck
in Kotlin Coroutines? 

55
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58https://github.com/Kotlin/kotlinx.coroutines/issues/3621 

https://github.com/Kotlin/kotlinx.coroutines/issues/3621
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Impossible to implement without Lincheck



Summary

● Never use ChatGPT to implement 
concurrent algorithms

● Always use     Lincheck to test them

● Stay tuned for updates 🙂

60



Thank you,
and don’t forget
to vote

KotlinConf’23
Amsterdam



Scenario Generation: Single Consumer/Producer

62

import org.jctools.queues.atomic.*

class MPSCQueueTest {

   private val queue = MpscLinkedAtomicQueue<Int>()

   @Operation

   public fun offer(element: Int) = queue.offer(element)

   @Operation

   public fun poll(): Int? = queue.poll()

   @Operation

   public fun peek(): Int? = queue.peek()

   @Test

   fun test() = LincheckOptions().check(this::class)

}



Scenario Generation: Single Consumer/Producer
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import org.jctools.queues.atomic.*

class MPSCQueueTest {

   private val queue = MpscLinkedAtomicQueue<Int>()

   @Operation

   public fun offer(element: Int) = queue.offer(element)

   @Operation

   public fun poll(): Int? = queue.poll()

   @Operation

   public fun peek(): Int? = queue.peek()

   @Test

   fun test() = LincheckOptions().check(this::class)

}

 poll()      offer(3)  
 peak()      peak()
 offer(1)    offer(5)  
 offer(-7)   poll()  
 peak()      offer(10) 
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import org.jctools.queues.atomic.*

class MPSCQueueTest {

   private val queue = MpscLinkedAtomicQueue<Int>()

   @Operation

   public fun offer(element: Int) = queue.offer(element)

   @Operation(nonParallelGroup = "consumers")

   public fun poll(): Int? = queue.poll()

   @Operation(nonParallelGroup = "consumers")

   public fun peek(): Int? = queue.peek()

   @Test

   fun test() = LincheckOptions().check(this::class)

}

Scenario Generation: Single Consumer/Producer
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import org.jctools.queues.atomic.*

class MPSCQueueTest {

   private val queue = MpscLinkedAtomicQueue<Int>()

   @Operation

   public fun offer(element: Int) = queue.offer(element)

   @Operation(nonParallelGroup = "consumers")

   public fun poll(): Int? = queue.poll()

   @Operation(nonParallelGroup = "consumers")

   public fun peek(): Int? = queue.peek()

   @Test

   fun test() = LincheckOptions().check(this::class)

}

 poll()      offer(3)  
 poll()      offer(-4) 
 peak()      offer(5)  
 offer(-7)   offer(8)  
 peak()      offer(10) 

Scenario Generation: Single Consumer/Producer



Invalid execution results:

addLast(-6)       addFirst(-8)    

peekFirst(): -8   pollLast(): -8     

The following interleaving leads to the error:

                  addFirst(-8)                                           

                  pollLast(): -8                                             

                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 

                    last(): Node@1 at CLD.pollLast(CLD.java:936)         

                    item.READ: null at CLD.pollLast(CLD.java:938)        

                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      

                    item.READ: -8 at CLD.pollLast(CLD.java:938)          

                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      

addLast(-6)                                                              

peekFirst(): -8                                                          

                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)

                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         

                   result: -8                                            

Run ConcurrentLinkedDequeTest
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Bug in ConcurrentLinkedDeque

67

                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque

73

                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            



Bug in ConcurrentLinkedDeque
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            
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                  addFirst(-8)                                           
                  pollLast(): -8                                             
                   pollLast(): -8 at DequeTest.pollLast(DequeTest.kt:35) 
                    last(): Node@1 at CLD.pollLast(CLD.java:936)         
                    item.READ: null at CLD.pollLast(CLD.java:938)        
                    prev.READ: Node@2 at CLD.pollLast(CLD.java:946)      
                    item.READ: -8 at CLD.pollLast(CLD.java:938)          
                    next.READ: null at CLD.pollLast(CLD.java:940)                                                      
addLast(-6)                                                              
peekFirst(): -8                                                          
                    item.CAS(-8,null): true at CLD.pollLast(CLD.java:941)
                    unlink(Node@2) at CLD.pollLast(CLD.java:942)         
                   result: -8                                            

Cannot synchronize via this CAS


