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Resource stealing lock-free memory pool for dynamic-sized

lock-free data structures

LIU Heng, YANG Xiao-fan
(College of Computer Science, Chongqing University, Chongqing 400044, China)

Abstract: Dynamic memory management in a multi-threaded environment involes expensive synchronization cost, making it a
vital issue for the performance of dynamic lock-free data structures. This paper proposed a scheme for the lock-free implemen-
tation of a memory pool suited to dynamic-sized lock-free data structures to reduce the associated dynamic memory consumption
and dynamic memory management cost. This scheme reduced dynamic memory consumption associated with the shared lock-
free data structures by balancing threads dynamic memory consumption, it was based on thread local lock-free circular queue
that supported node stealing method. This scheme possesses three outstanding advantages: a) the memory is wait-free, b) it
can balance the threads’ consumption of dynamic memory, c)its integration with existing dynamic-sized lock-free data stru-
cutures is extremely easy. Experimental results show that this scheme is highly scalable and can effectively reduce the average
execution time of dynamic-sized lock-free data structures’ operations under heavy load. The amount of dynamic memory
consumption is mostly affected by the balancing strategy and the scalability of the memory pool under high load is also affected
by the underlying data structures.
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2 REGREILHNF

RIS R R A B R T A
SN GAR T L2 A 2R B ) FATT BB BT B A 1 S, Sl T
TEA[R)FAA BAS 8] i 406 5 B AR X N FE I FE P A, B T3¢
PRI R A TC BTN A7 1t ( memoryPool ) LR AL T AN T7 ik
getNewNode Fl1 returnNode, GetNewNode F 3 M PN 77 7 3% []
*/\?ﬁw m (bode) 5 TMij returnNode JUPRE— A5 i500& 0] 25 N £
o AR S P 2R AR AL A A SRR R 5T Y G B BF BA A
( nodeSteal LF CircularQueue ) U3 140 s 2 e B9 Pl 45 5 DA /N TR TR
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ZHI%E L MemoryPool
STRUCT MemoryPool
NodeSteal LFCircularQueue # PrivateQueues;
/ /R IERA BAIEH
int MaxTries; //#t K 22R_ 57 BOREL
int NumThreads; //£EF2%%
END STRUCT
Z#I%E X NodeSteal LFCircularQueue
STRUCT NodeSteal LFCircularQueue
int Bottom; // A% i
long Top; //BAF 5
int Size; //BAFIF
Node # FreeNodes; /47 [ B9 15 i 504l
END STRUCT
FAUE XL Node
STRUCT Node
Data DataElement; // %4}
Node % Next; //F—Jji
END STRUCT

2.1 FREVETTS & (getNewNode)
AR getNewNode J5 12 A PIAE L R B —A38 19 A, get-

FRIFAE BAS AR H— A~ B H 755 8, 5 2R I, A B 4 AR 1) A
F NG A ES T DA H A 2R P2 0 FAAR BA ST Hh B3 B — A7 i
A PRI I, ) [l A R e i — e B BT AR R A O
AR BRI iR ] — A~ B 3 S A 2R, L B
PREPERE, 57 U AE W] 2R34T, GetNewNode J5 ik i) B A4 25
BRUR .
a) FRECYHTL AR 1 FAA BAF '”*ﬁUAEP%WEX*/\ B
A A ) DU T 2T X O Bl 9 5 S [T, 5 ) 2 i
%ﬁafﬂzﬁ%‘éﬁ%%ﬂﬂ% b).

b) 2 AT 2R U A 22 8 B RR B R 57 BCE A i
TR R IR o) , 15 W BE AL E — 1 B AR LA IT 5% 3 2P
Be)o

o) #7 IR &M 1D 55 Y RTRfeny ID A5, L5125
BEb), GSMEERIEER ) .

d) i I H BR 2 AR B A 3 B S EIJ—?ﬁB&~/\ H R
BYIUB I, 5L B2 50X L 3 74 K A [l A B U %
FBEED) .

e) AR RGE T — A7 0, WCE B X R, IR L

AN SR

N4 T getNewNode J5 1% B DA FURS S

Ak

input: MemoryPool, DataElement, CurrentTID.

getNewNode

output: result.
LocalQueue = MemoryPool. PrivateQueues| CurrentTID ] ;
/IR FRANA LS
result = Dequeue( LocalQueue) ;// 22183 —~ B 75 5
if result = = NULL
AttemptionCount =0 ;// 3% B 24K 5L
while result = = NULL AND AttemptionCount + + < Memory-
Pool. MaxTries
VictimID = rand (') % MemoryPool. NumThreads ;
/7R A AR R ID
if VietimID = = CurrentTID;
// HARE AR ID 5 4R A2 1D A [, 8k
continue;
else // 221X\ HFRZARALAT BAS h 57 BL— 5 55
VictimLocalQueue = MemoryPool. PrivateQueues| VictimID] ;
result = StealNode ( VictimLocalQueue) ;
//8 i StealNode J7 3 A5 BT 15
end if
end while
end if
if result = = NULL
result = malloc ( sizeof (Node) ) ;
/7T IR, I B E 2R G R — ST A
end if
result. DataElement = DataElement; //15 & 7 &5 % o7 38 19 (&
result. Next = NULL;

return result // 3% [A] 5 15



- 3774 -

it E R AR

529 %

2.2 RiET5 & (returnNode)

ReturnNode 75 23—~ 17 #3R [ 25 R A3 , 5 98 FH R R 1)
A NG AT , WA SO R R AR AL A BRI 2508 A 4k
FEFAA BRI 1 , DURKE Y R IR I 4R R 58, HAA AP
L/ 31

a) A7 TR TR A AL A BA S 25 i © 0l , DK mT L 22 AR
T R AR R GBRER G, P IR D) o

b) BT A M RTER R R BRI Z

NI T returnNode J59 AP CHL S BE

B2

input: MemoryPool, Node, CurrentTID.

returnNode

output ; none.
LocalQueue = MemoryPool. PrivateQueues| CurrentTID ]
if LocalQueue. Bottom — LocalQueue. Top > = LocalQueue. Size — 1
free(Node) ;
// AT BRSNS B T K SR, IR I G B R G
else
Enqueue ( LocalQueue, Node) ;
7/ WA A ] K SRR B
end if
2.3 T EFEEHEIRBAS (nodeStealingLF CircularQueue)
H SR 56T BUER A (StealNode ) |, 5 X6 TG 807G B4 BA 51
YEB Y, LA #53 Enqueue/Dequeue Fil StealNode #4475 K JC 5
HR 8 3 B M B SN T
a) Dequeue J7¥5IR [Al—4> A f1 %5 55, Dequeue H AT LI
A A NS R Z AR IE T, BRI S A 24 B SR — A~ |
N IZO7 AT BT CAS™ 4 ok S R IO Y i, Al
B 22 1% R A BRI 1 BA A JEGF ( bottom ) ) [ R 49 450
b) StealNode J7 12 B A BA B 67 B — 4> ) | 19 8, %0
TR CAS VR R AT 51 AR AE, DL 5 Dequeue Jy i 5 H:
ML ARAEZ NS F i 5 87 BORAE 7 AR 08 . StealNode 32
B SR T BAS TR (top ) 1719 o
¢) Enqueue F iR — AT L2 RERCH H BT SFEAAR
BAF 3207 15 T A A BRI IR
T4 H T Dequeue StealNode . Enqueue J5 7% A SE L,
B3 Dequeue
input: LocalQueue.
output; result.
LocalQueue. Bottom = LocalQueue. Bottom — 1 ;//1 & 387 PAJiE
oldTop = LocalQueue. Tops /3N i i

leftover = LocalQueue. Bottom — oldTop;
/7 RBBAB R A% B | B

if leftover >0 // R K TE, WIARIL AT AR 15 by 5 51

result = LocalQueue. FreeNodes [ LocalQueue. Bottom% LocalQueue.

Size ] ;

else if leftover = =

7/ RAABARE R A I BAB TRERATY W] REA — A~ H 1

if CAS( &LocalQueue. Top, oldTop, oldTop +1) = = TRUE
%% 3 UNIG

result = LocalQueue. FreeNodes [ LocalQueue. Bottom% LocalQueue.
Size ] ;
else// AR s SR, 4 BAJIE B EL D BA TR BN 1
result = NULL;
LocalQueue. Bottom = oldTop +1;
end if
else//FREAL/N T, A PUREIE S T AT (B
result = NULL;
LocalQueue. Bottom = oldTop;
end if
RETURN result;
k4 StealNode
input: VictimQueue.
output; result.
oldTop = VictimQueue. Top; // 3B\ T5 it (A
leftover = VictimQueue. Bottom — oldTop;
/7B BRI HAE 1 R R H
if leftover < =0 //BAFI %5, i BRI
result = NULL;
else / = PAFIAEZS, ] CAS BRAEME BN, 5 L2y, DI EBCA 224 iy A Tt
AT R =/
if CAS(&VictimQueue. Top, oldTop, oldTop +1) = =TRUE
result = VictimQueue. FreeNodes [ (oldTop + 1) % VictimQueue.
Size ] ;
else//CAS $#AE R, 67 HUR K
result = NULL;
end if
end if
return result;
By 5  Enqueue
input; LocalQueue, Node.
output: none.
LocalQueue. FreeNodes [ LocalQueue. Bottom% LocalQueue. Size ] =
Node ; //fF A5 45,
LocalQueue. Bottom = LocalQueue. Bottom + 1
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