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Ideal 80-Thread Performance
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Regular FIFO Queues
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Distributed Queues
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Distributed Queues
[_,Payer,Röck,Sokolova’12]

FIFO Queue 1

enqueueFIFO Queue 2

FIFO Queue 3

FIFO Queue k

Load
Balancer

dequeue



Up to k Parallel Enqueues 
and k Parallel Dequeues

FIFO Queue 1 Operation 1

FIFO Queue 2

FIFO Queue 3

FIFO Queue k

Load
Balancer

Operation 2

Operation 3

Operation k



enqueue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

8

1

2



enqueue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer7

8

1

2



enqueue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer7

8

1

2



enqueue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer7

81

2



enqueue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

81

2



dequeue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

81

2



dequeue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

81

2



dequeue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

8
1

2



dequeue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

8
1
2



dequeue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

8
1

2



dequeue

Load Balancing

3 5

4 6

head

head

tail

tail

Load
Balancer

7

8 1

2



Emptiness
Check?



Segmented Queues
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Segmented Queues
[Afek,Korland,Yanovsky’10],[_,Lippautz,Payer’12]
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Listing 1.1. Lock-free bounded-size (BS) and unbounded-size (US) k-FIFO queue al-
gorithms. Gray highlighted code is only used in the BS version

1 bool enqueue(item):

2 while true:

3 tail_old = get_tail();

4 head_old = get_head();

5 item_old , index = find_empty_slot(tail_old , k, TESTS);

6 if tail_old == get_tail():

7 if item_old.value == EMPTY:

8 item_new = atomic_value(item , item_old.counter + 1);

9 if CAS(&tail_old[index], item_old , item_new):

10 if committed(tail_old , item_new , index):

11 return true;

12 else:

13 if queue_full(head_old , tail_old):

14 if segment_not_empty(head_old , k) && head == get_head():

15 return false;

16 advance_head(head_old , k);

17 advance_tail(tail_old , k);

18

19 bool committed(tail_old , item_new , index):

20 if tail_old[index] != item_new:

21 return true;

22 head_current = get_head();

23 tail_current = get_tail();

24 item_empty = atomic_value(EMPTY , item_new.counter + 1);

25 if in_queue_after_head(tail_old , tail_current , head_current):

26 return true;

27 else if not_in_queue(tail_old , tail_current , head_current):

28 if !CAS(&tail_old[index], item_new , item_empty):

29 return true;

30 else: //in queue at head

31 head_new = atomic_value(head_current.value , head_current.counter + 1);

32 if CAS(&head , head_current , head_new):

33 return true;

34 if !CAS(&tail_old[index], item_new , item_empty):

35 return true;

36 return false;

37

38 item dequeue():

39 while true:

40 tail_old = get_tail();

41 head_old = get_head();

42 item_old , index = find_item(head_old , k);

43 if head_old == head:

44 if item_old.value != EMPTY:

45 if head_old.value == tail_old.value:

46 advance_tail(tail_old , k);

47 item_empty = atomic_value(EMPTY , item_old.counter + 1);

48 if CAS(&head_old[index], item_old , item_empty):

49 return item_old.value;

50 else:

51 if head_old.value == tail_old.value && tail_old == get_tail():

52 return null;

53 advance_head(head_old , k);

(line 9). If the insertion is successful the method verifies whether the insertion is also
valid by calling the committed method (line 10), as discussed below. If any of these
steps fails a retry is performed. If no empty slot is found in the current tail k-segment
the enqueue method tries to increment tail by k using CAS (line 17) and then retries.
Hence in the worst-case only TESTS slots may be used in a k-segment if TESTS < k.

4

enqueue



dequeue

Listing 1.1. Lock-free bounded-size (BS) and unbounded-size (US) k-FIFO queue al-
gorithms. Gray highlighted code is only used in the BS version

1 bool enqueue(item):

2 while true:

3 tail_old = get_tail();

4 head_old = get_head();

5 item_old , index = find_empty_slot(tail_old , k, TESTS);

6 if tail_old == get_tail():

7 if item_old.value == EMPTY:

8 item_new = atomic_value(item , item_old.counter + 1);

9 if CAS(&tail_old[index], item_old , item_new):

10 if committed(tail_old , item_new , index):

11 return true;

12 else:

13 if queue_full(head_old , tail_old):

14 if segment_not_empty(head_old , k) && head == get_head():

15 return false;

16 advance_head(head_old , k);

17 advance_tail(tail_old , k);

18

19 bool committed(tail_old , item_new , index):

20 if tail_old[index] != item_new:

21 return true;

22 head_current = get_head();

23 tail_current = get_tail();

24 item_empty = atomic_value(EMPTY , item_new.counter + 1);

25 if in_queue_after_head(tail_old , tail_current , head_current):

26 return true;

27 else if not_in_queue(tail_old , tail_current , head_current):

28 if !CAS(&tail_old[index], item_new , item_empty):

29 return true;

30 else: //in queue at head

31 head_new = atomic_value(head_current.value , head_current.counter + 1);

32 if CAS(&head , head_current , head_new):

33 return true;

34 if !CAS(&tail_old[index], item_new , item_empty):

35 return true;

36 return false;

37

38 item dequeue():

39 while true:

40 tail_old = get_tail();

41 head_old = get_head();

42 item_old , index = find_item(head_old , k);

43 if head_old == head:

44 if item_old.value != EMPTY:

45 if head_old.value == tail_old.value:

46 advance_tail(tail_old , k);

47 item_empty = atomic_value(EMPTY , item_old.counter + 1);

48 if CAS(&head_old[index], item_old , item_empty):

49 return item_old.value;

50 else:

51 if head_old.value == tail_old.value && tail_old == get_tail():

52 return null;

53 advance_head(head_old , k);

(line 9). If the insertion is successful the method verifies whether the insertion is also
valid by calling the committed method (line 10), as discussed below. If any of these
steps fails a retry is performed. If no empty slot is found in the current tail k-segment
the enqueue method tries to increment tail by k using CAS (line 17) and then retries.
Hence in the worst-case only TESTS slots may be used in a k-segment if TESTS < k.
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Fig. 2. Very high and low contention producer-consumer microbenchmarks with an increasing
number of k for different amounts of threads on a 40-core (2 hyperthreads per core) server

sense that there exists only a single range of close-to-optimal k. Furthermore, the popu-
lation density of a k-segment that is used for dequeueing has an impact on the range of k
where good performance can be observed. If k gets too large, i.e., the population in the

10
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Fig. 2. Very high and low contention producer-consumer microbenchmarks with an increasing
number of k for different amounts of threads on a 40-core (2 hyperthreads per core) server

sense that there exists only a single range of close-to-optimal k. Furthermore, the popu-
lation density of a k-segment that is used for dequeueing has an impact on the range of k
where good performance can be observed. If k gets too large, i.e., the population in the
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(d) BS number of failed reads per oper-
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consumer benchmark (c = 1000, i = 5000)
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Fig. 2. Very high and low contention producer-consumer microbenchmarks with an increasing
number of k for different amounts of threads on a 40-core (2 hyperthreads per core) server

sense that there exists only a single range of close-to-optimal k. Furthermore, the popu-
lation density of a k-segment that is used for dequeueing has an impact on the range of k
where good performance can be observed. If k gets too large, i.e., the population in the
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(b) US k-FIFO queue

Fig. 4. Variable-load producer-consumer microbenchmarks with an increasing number of static k
versus a dynamically controlled k on a 40-core (2 hyperthreads per core) server

MS and RD perform best for up to 20 threads. With more than 20 threads scalability is
negative for all data structures except RP, BS k-FIFO, and US k-FIFO. The BS k-FIFO
queue algorithm is the only algorithm that scales near-linearly.

Similarly, the results with our high contention scenario, depicted in Figure 3(b),
show that the scalability turnaround is at 30 threads and that both k-FIFO versions
outperform and outscale all other algorithms. As the contention gets less in Figures 3(c)
and 3(d), the turnaround gets shifted to a larger number of threads. The difference in
performance and scalability of all algorithms is less significant with more computational
load. Note that SQ returns up to 2000 times falsely null due to the non-linearizable
empty check.

5.3 Dynamic k

We implemented a prototypical PID controller which aims at identifying optimal k au-
tomatically at runtime for best performance. Each thread i stores performed enqueue
operations oi and performed retries in enqueue operations ri in thread-local counters.
The controller runs in an extra thread, reads the thread-local counters of all n threads
periodically (100ms), and resets them to 0 after reading. The goal of the controller is to

minimize the ratio
n
Â

i=1
ri/

n
Â

i=1
oi. The controller operates in the approximately linear part

of this ratio. With the US k-FIFO algorithm the controller determines the k-segment
size that enqueue operations use to create new segments which store their size for de-
queue operations to look up. For the BS k-FIFO algorithm the maximum k needs to be
bounded to provide a linearizable empty check.

We use a variable-load producer-consumer microbenchmark to evaluate the perfor-
mance of the controller. Each thread performs o = 4000000 operations and starts with
c = 1000. The workload changes for each thread whenever o/4 operations are per-
formed by changing c to 500, 2000, and 1500. We compare the BS and US k-FIFO
algorithms with dynamically controlled k to the unmodified baseline versions with stat-
ically configured k ranging from 1 to 120. Figure 4(b) shows the performance of the
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with a k-FIFO queue elements may be returned 
out-of-FIFO order up to k

the oldest element is returned after at most k+1 
dequeue operations that may return elements 
not younger than k (or return nothing)

starvation-free for finite k

0-FIFO queue = regular FIFO queue

bigger k -> better performance, scalability?
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We call k
the worst-case semantical 

deviation (WCSD) of
a k-FIFO queue from
a regular FIFO queue



The actual semantical 
deviation (ASD) is

the semantical deviation of 
a k-FIFO queue when 

applied to a given workload
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Here k may be around 40
on average: best tradeoff
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Whereas here k is one order 
of magnitude bigger w/o gain
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Random vs. d-Random
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Segmented Queues
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Back to Correctness?



Questions?


