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High Performance Skiplist for GPU Computing

LI Huai-ming, DENG Yang-dong

(Institute of Microelectronics, Tsinghua University, Beijing 100084, China)

Abstract: This work proposes a high performance skiplist data structure that can be efficiently implemented on
graphics processors. The key idea is to convert the pointer operations into arrayed manipulations so as to unleash the
computing power of GPUs. Experimental results prove that the proposed data structure outperform the best
previous work by 6.8X and 9. 6X in insertion and delete operations, respectively.
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struct node

keytype key; node** forward;
valuetype value; int randomlevel;

}

E¥ random_level()

begin
level - 1
while(BE3 A PIRIBENL M R 2 )level ¢ level+1
return level

end

struct node_ref{keytype key, int level}
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Algorithm] insert(data[],S)
Input:F536 A\ B4 data[], kLS
output: FHAFTTRFHIBRES
begin
for i €[0,data.size()] do in parallel /*E1*/
searchkey(S,data[],node_level[],
node_ptr[],pre,next[])
pre_fixsum(node level[]) in parellel /*E2*/
for i€[0,data.size()] do in parallel /*E3*/
start €= prefix_sum[7]
for j€[0, nodelevel[/]] do
mix_data[start+] € key,j
sort(mix_data[],index[]) in parallel J*E4*/
for i€[0,pre.size()] do /*E5*/
if pre_eq[i]=pre_eq[i+1]
mix_data[{]#5 Mmix__data[i+1]
else
mix_data[7]§5 [Finext[7]
pre_eq[i+1]#8 Amix_data[i+1]
end
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Algorithm?2 delete(data[])
Input: F¢8 A B4 datal], BERS
output: FMAFTE/SIBEES
begin
for { €[0,data.size()] do in parallel /*E1¥
searchkey(S,data[],node_level[],node_ptr[],pre[1[],next[1[1)
pre _fixsum(data[]) in parellel J*¥E2*/
for i€[0,data.size()] do in parallel J*E3%/
start €~ prefix_sum[i]
for j€[0, nodeleve[i]] do
mix_data[start+j] € key,j
index[start+i] € i
sort(mix_data[],index[]) in parallel /*E4*/
for i€[0,mix_data.size()] in parallel /*E5*/
if (pre_eq[#].level=mix_data[i+1].level \
&&pre_eq[7].key==mix_data[7].key
pre_eq[i+1] €= OxfTfTTTT, Ox AT
next_eq[/] <« OxfITH,0x AT
stable_partition(pre[][],next[][])
for i€[0,pre_eq.size()] do in parallel /*E6*/
pre_eq[i]45 [Minext[{]
end

7 MBREE

4 KWERKNIERES T

S:7E NVIDIA GeForce GTX 670 i85 F &
AT URACES i CUDA 5. 0 9% i % 4 178, LA
ik Misra Fil Chaudhurit™ (& 7 MC) #2 i 4 Bk 3=
P RE fc b, PR AR SOl T IZ T AR SR A A TR AR S L 78 58
4 [R) B BB 2 R BE T LA MC R B ik 1) CU-
DA 523,

ST PR T HRAE 32~ 250 000 AR 1k BE
T ARV B3 1 B8 46 I DX 57 43 A B4 block Y
1 B R AR BN 512, 51 R $ic s i 3 n block 4
RS PR Ak B

8 v LAl A B 1 R AR TR S RN R
FH B 1% 1) Bk e 45 1 1k BB S 38 02 MC 1) 143%, fi



#5124 ZEPRAA A5 . 3 T P A BEAR A9 1 BE Wk 2 (Skiplist) B 45 44 5

——MC =3
30
g2
=20
E1s
E=S
210
€ 5
0
S @@@ X @@ S
Qv A f\%“& s“«“ N INX X, o
BB
B8 WmANERERR
= R SiEA fAREEN ot o B
1 8 RARARARR il I
< 0 iann IIIIIII”””HH
E 60 f
2 4
i I
30 I
of
0 @Q@ N
BV PEP'®
R ”’”'\Q?” ROV @'{»"'»“ '»@Q
#{iﬂi/l
B9 BARERSREBESE
——AMREE = MCRIFRSE
a200
£ 150
100
& 50
= 0
f,,\ 65@@@5@%@@ @@ SO
RS PR RO ,\,@
BREA

B 10 MBRIRIELLER
< R o GEEEREE s TN - g

A A %%
*m

'b'"f» “’Q@Q@@Q SONS @Q S
'5 '\Qq N \b‘Q SH Wb‘“,»@
HEEAN

11 MERRAE & 5 TR At 8 Lk 51

A R A2 A B MC 19 6. 82 £ 7E46 A 150 000
A b B4 B R AR EAT e MC 5 62 %.

B9 i s T e A 3R [a] K /INECHE B 4 A HR
VB 2% A4~ 25 B BT o7 FH B[] 7 L 481

Pl 10 Ff RS2 36 L 858 D B3 0 2R A7 S TR 58l 1t 1
TSR AR BT T A ) i) 52 565 S 7R, 7 /N B MR et (32~
8 192)1F I T« MC Y 58 1 M B W 47 (H M 408 1t 3 K
J& s MC MPERER IR AR E IR B T Rk A L
MO FE3: I AR M L BT 1 N o 3 32 LA A e i 9
PR 1 PE i (] 2500 Sk /N R Ir P 4 78 9 058 2 A
K FE 8 192~250 000 14 E5 8 1t Y [l I, AR SCOR 71

e MC /Y 3. 8 1%, B Al 3k 9. 6 135,

11T 7R 1 B AR TR A A RO S LN 5 2P
R B RF ) A5 o [ 4 AR A G SR A e A B R
2 — A FAk B 25 R

5 HERIE

AR B I T EH T GPU KBk 3= 50 45
A FIURR R 35 4 . S0 6 BH LB 7 i 7E B 3R i 4 A

N R 48 A 25 BE RN AR A e 2 2 7
SE K

[1] Deng Y. MuS. A survey on GPU based electronic de-
sign automation computing[ ] ]. Foundation and Trends
in Electronics Design Automation, 2013 (4538 FAT A 5%
A 30) :1-180.

[2] Pugh W. Skip lists: a probabilistic alternative to bal-
anced trees[ J ]. Communications of the ACM, 1990,
33(6): 668-676.

[3] Lars Nyland, Stephen Jones. Understanding and using
atomic memory operations[ C] // GPU Technical Con-
ference. San Jose, 2013.

[4] Pugh W. Concurrent maintenance of skip lists[ D]. Mary-
lard : University of Maryland,College Park: 1998.

[5] Fomitchev M, Ruppert E. Lock-free linked lists and
skip lists[ C] // Proceedings of the twenty-third annual
ACM symposium on Principles of distributed compu-
ting. Washington,DC, ACM, 2004 50-59.

[6] Sundell H, Tsigas P. Scalable
dictionaries[ C] // Proceedings of the 2004 ACM sym-
posium on Applied computing. Washington, ACM,
2004 . 1438-1445.

[7] Misra P, Chaudhuri M. Performance evaluation of

and lock-free concurrent

concurrent Lock-free data structures on GPUs[C] /
ICPADS. Singapore,2012: 53-60.

[8] Harris M, Sengupta S, Owens J D. Parallel prefix
sum (scan) with CUDA[J]. GPU gems, 2007,39(3):
851-876.

[9] Bell N, Hoberock J. Thrust: A productivity-oriented
library for CUDA[J]. GPU Computing Gems, 2011
(8):359-364.

EEE N :

ZPRER 55, (1989-) W 1. B FE J7 0] hy B T [BUJE Ak 3 28 19
FAT I K IR AT 1B 4544 . E-mail : dream bingo@163. com.
WG 5 (1973 BIHEZ WA S 0L WF 57 10 9 I AT
AR B AR R R R



