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[Abstract]

To address the limitations of strict FIFO lock-free queues, relaxed queues have been actively studied
as a way to loosen the FIFO constraint and improve parallelism. In this work, we present the
Time-Stamped Window Decoupled Queue, a novel relaxed queue that integrates time-stamping with the
window-decoupled approach. Experimental results demonstrate that our design outperforms existing
relaxed queues in both micro- and macro-benchmarks. Notably, in microbenchmarks, the proposed queue
achieves significantly higher performance as the enqueue rate increases, surpassing other relaxed queues.
In a microbenchmark with 72 threads, our queue delivers 60.67% higher throughput than the d-Choice
Balanced Operations Queue.
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Fig. 5. Flow chart: dequeue of TSWD

2. Implementation

01 struct TimeStampedWindowDecoupledQueue:
02 Window window_get

03 Window window_put

04 PartialQueue queues[NUM_THREAD]

06 struct Window:
o7 uint64 time_stamp

09 method Enqueue(value):

10 node := Node(value)

1 put_ts := window_put.time_stamp

12 if queues[THREAD_ID].tail.time_stamp = put_ts + depth:

13 CAS(window_put.time_stamp, put_ts, put_ts + depth)
14 queues[THREAD_ID].Enqueue(node, put_ts)

Fig. 6. Algorithm: data structures and enqueue of TSWD
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15 method Dequeue():

16 old_heads := Array(NUM_THREAD)

17 id := THREAD_ID

18 while TRUE:

19 cnt_empty := @

20 put_ts := window_put. time_stamp

21 get_ts := window_get. time_stamp

22 for i in @ to NUM_THREAD - 1:

23 value, old_heads[id] := queues[id].TryDequeue(get_ts)
24 if value = DEQUEUE_FAILED:

25 cnt_empty := cnt_empty + 1
26 elif value != RETRY_REQUIRED:

27 return value

28 id := (id + 1) % NUM_THREAD

29 if cnt_empty = NUM_THREAD:

30 is_empty := TRUE

31 for i in 1 to NUM_THREAD - 1:

32 id := (i + THREAD_ID) % NUM_THREAD
33 next := old_heads[id].next
34 if next != NULL:

35 is_empty := FALSE
36 break

37 if is_empty = TRUE:

38 return DEQUEUE_FAILED

39 else:

40 id := THREAD_ID

41 if get_ts < put_ts:
42 CAS(window_get . time_stamp, get_ts, get_ts + depth)

Fig. 7. Algorithm: dequeue of TSWD
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43 struct PartialQueue:

44 Node head

45 Node tail

47 struct Node:

48 Vvalue value

49 Node next

50 uint64 time_stamp

52 method Enqueue(node, put_ts):

53 tail_ts := tail.time_stamp

54 node.time_stamp := max(put_ts, tail_ts) + 1
55 tail.next := node

56 tail := node

58 method TryDequeue(get_ts):

59 while TRUE:

60 loc_head := head

61 first := loc_head.next

62 if first = NULL:

63 return { DEQUEUE_FAILED, loc_head }
64 if first.time_stamp > get_ts + depth:
65 return { RETRY_REQUIRED, loc_head }
66 value := first.value

67 if CAS(head, loc_head, first):

68 return { value, loc_head }

Fig. 8. Algorithm: partial queue
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Fig. 10. Linearizability simulation for the concerned case

Lemma 6.4, TSWDojl=
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V. Experimental Evaluation
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1. Microbenchmark Performance
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1.1 General Scalability (Microbenchmark)
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Table 2. Microbenchmark parameter

Data Structure Parameter
TSWD depth =14
2Dd (width,depth) = (n,15)
d-CBO (width,d) = (n,2)

1.2 Relaxation Scalability (Microbenchmark)
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Table 3. Depth configuration (Microbenchmark)

Data Structure Depth
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2, Macrobenchmark Performance

E3h B3 2WA0}2 So) TSWD7 53] A8
2 BY 2 Atk ¥ 9 Az N oo
Relaxed Breadth-First Search(RBFS)E £5to] 219]
& AR 1 AYE Atste tlAzYIX|urEE AR
RBFS+= Concurrent Breadth-First Search(CBFS)[5]2}¢
Ci b2 9Al02 FIPEI) CBFSOH: Ch2s RBFSE:
o 2889 J25 YHAER|2te ofu] WEeh e
251x] ofListn] ofE A2|=o} BAK|o] EXR} 29
Mg FA3i}. olo] meh, 3t Relaxationo] 2 7
9 wzgAel A2E A 9 Holvl, AH| H5e
5flA+= Throughput?h ¥2{& Zlo] opd, AHsHA| 273
= Relaxationo] Z 35t} Fig. 119 du2]&5-2 AJ&TH
£ 3 ARt 20 e A4 S Roji

- OO O a
o Beta,

~
=
a

15 o go

o o

19 o

S
AbgH ddize 5 65/(Alpha,
Gamma, Delta, Epsilon, Zeta)o]d, T& Jdjo=
Unweighted Graph@l3} =A]of] Undirected Grapho|ct.
7b TJefmo] tfgt B Table 40] HA|E]o] QJct. of=.
=Hx|o}a AlE Gl 108] Alge] Haglolrh

2.1 General Scalability (Microbenchmark)

ARz, A2 7ieE S7HAA 7t tiE =R
Ot=LE Alsgetth. Af]E 740 w2t Relaxation®] 7%
ESF AR =E 51T QETQ2A, 1184} YT 0

2 2Ddet d-CBOE AfHsiRit};. 7oz ofHol:=
TSWDe} o] BfARIE 7]89F dve|E5 ARgshe TS
Family(TS-interval, TS-Stutter, TS-atomic,
TS-CAS) E3F A=}, 2 Abg—tAo] 2291 oieulg
9] 32 Table 50 PA=lo] Qlct.

69 method RelaxedBFS(src, dst):

70 found := Array(NUM_THREAD)

n Fill(found, INF)

72 dists := Array(NUM_VERTEX)

73 Fill(dists, INF)

74 dists[src] := @

75 has_ended := FALSE

76 queue.Enqueue(src)

77 threads := Array(NUM_THREAD)

78 for i in @ to NUM_THREAD - 1:

79 threads[i] := Thread(WorkerThread(dst))
80 for i in @ to NUM_THREAD - 1:

81 threads[i].Join()

82 return Min(found)

a3

84 method WorkerThread(dst):

85 while has_ended = FALSE:

86 curr := queue.Dequeue()

87 if curr != DEQUEUE_FAILED:

88 dist := dists[curr] + 1

89 for adj in adj_vertices[currl:
90 if adj = dst:

91 has_ended := TRUE
92 found[ THREAD_ID] := dist
93 break

94 if dists[adj] = INF:
95 if CAS(dists[adj], INF, dist):
96 queue.Enqueue(adj)

Fig. 11. Algorithm: relaxed breadth—first search

Table 4. Graphs used in macrobenchmark

Graph Vertices Edges ;?si;t:cs;
Alpha 4,500,000 53,608,016 386
Beta 4,500,000 320,150,816 60
Gamma 12,000,000 214,066,426 659
Delta 18,000,000 1,282,592,852 236
Epsilon 21,000,000 1,745,718,670 236
Zeta 25,000,000 2,474,029,252 238

Table 5. Macrobenchmark parameter

Data Structure Parameter
TSWD depth = 56
2Dd (width,depth) = (n,57)
d-CBO (width,d) = (n,2)
TS-CAS delay = 24us
TS-interval delay = 15us
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Fig. 20. Relaxed BFS — Gamma (general scalability)
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Fig. 23. Relaxed BFS — Zeta (general scalability)
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Fig. 25. Relaxed BFS — Beta (relaxation scalability)
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Fig. 26. Relaxed BFS — Gamma (relaxation scalability)
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Fig. 27. Relaxed BFS — Delta (relaxation scalability)
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