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Abstract B-+tree is the most commonly used index structure to improve query performance in relational databases. It
maintains the order of key attributes in the database by building a balanced tree. The index improves database query
performance but introduces index maintenance overheads, which include index updating, index deletion and index
insertion, because of the high sequential order of the B+tree. Additionally, the performance of the B+tree will be
further damaged by the huge amount of data under the circumstance of big data. Therefore, it is significant to balance
index performance between the requirement of query and maintenance in B+tree systems while improving the index
operation efficiency. To tackle these problems in big data applications, a domain-specific B+tree accelerator, called
HyperTree, is proposed to boost the performance of B+tree operations including both index query and index
maintenance. HyperTree co-optimizes both memory bandwidth and computation efficiency to fully utilize resources
on the domain-specific accelerator. Specifically, to improve memory bandwidth utilization, the structures of the node
and the B+tree are designed based on the characteristic of high bandwidth utilization in memory burst read/write; to
improve computation parallelism and concurrency, multiple homogeneous computing engines and multiple data
channels are configured to fully utilize hardware resources and reduce control overheads. In addition, to eliminate the
block of index maintenance operations, a sub-tree system is proposed to uncouple the nodes in B+tree. The results of
experiments show that compared with CPU, the FPGA-based B+tree accelerator achieves 6.84 times boosts in the
throughput of query transactions and 29.14 times boosts in the throughput of index insertion.
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Fig. 1 Keyword search in B+tree
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Fig. 2 Keyword insertion in B+tree
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Fig. 3 Practical efficient read/write bandwidth of DDR4
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Fig. 4 Difference between streaming computing and batch
computing
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Fig. 9 Single computing engine architecture
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Fig. 11 Design of homogenous fully functional multi-
processing engines
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Fig. 14 Index query of B+tree accelerating system
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Table2 FPGA Hardware Resource Configuration
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Fig. 15 Normalized throughput of B+tree accelerator
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Fig. 16 Normalized throughput of parallel data query
instructions

K16 JH—fLRIFTBdE A s S At

TSI RG] JC . — 7, T
PRSI VBRI N 1= AT B g 4% 315, FPGA ¢
Bzt B e A LA R o —Jr i, BIAE3E n
B 32 MRF R, B3R A ik 1 O AT AR R AE 107 I
e, FA B TR G| AP RE A S AR /N, JLF ]
A2 WS AT, T DLk — 38 20 S B AN A 4 1 5
ARG AL RE AR

Bz 25 R Y GPU AL 9 B+ EAT X L. 2% 3C
Hk [5,7] AT GPU LAk B+ 77 it 25 44 1) 22 1 4] F:
11 W45 8 : GPU 52 LAY B A 25 5 128 MB( A7
filf OG5, AT TR R ) I, AT CPU S BRI
P B, SR AR IR PE BE4R T 20.41 %, 3 B A if) 1
REFETT 23.91 1% . SR T, 1 T GPU 1AL #Y B 25 44 v X
R B AT it S B 10 P 8] L, X — T S R R E L
SRR AE M — A0 A I B e 2R B B
Hh s TR R, DRI 55 A S 6 2 B Y A 05 DL 4
HEATXS LE. — BIAR TR s 1y Fhk i #2, 2ioR
oA e GPU YA I PERE. W] IR, S Rl A i) Y M RE £ 71
B L S A IR R A D IR, CPU S B [ £ i)
I A7 7E — S PR RE I G, B 2 ) (PL B o) 1k fiE
FEFE Bl 4 ) HAT 2.36 A5 Y 1S 45 . 412k DL CPU L A
A TR BE 0 R 1E, GPU 52 LAY BRI 2 48 (47 [l



RIUEMES . HyperTree: =3f & B+ R 5| kL

1675

PR REAR T K20 11.22 1%, A0 K P(E Ay i) M fE 4R
T2 50 50% Ao A T A SCHT 3 1) B 285 1 in i
F Y HyperTree BE % A % 4710 Bl A5 960, PEREHI R K
2y 80%.
6.3 ES|4EF1%RE

AN EEIFM RGN R T 4E 7 PERE. 76 BH &R
Sl R G, By T8 2 8ol 3 18 AT
FLUINE R G AL, R 5 4 T RO
RS BT UM R 51 4E e PR B SR A Y 1B R
HLLL 6.1 A 4 B S g MR R 6.2 75 Hh B R 5
P T B e A ) B R A SEAE, $5H BHW R 51N R
G5 920 PG G BT AR B, PP AS TR R G
TEXE 28 5] 2 77 M el R 4R T S50 LR 51l AT
AR, FAEREON 1ERFF IR (BRI 1 BRERW, A5+
RERGE), DL 2 BRI, HE 32 Bk 1k Sem g R
DA BARRAR )4 APERE (QPS) S IA—AL i 807 1. dn &l 17
FTR, S50 45 S 3R B B 2 A R B 35 &R 51 A
(A7 P BE A B 3 HE T X AR EO I #) 32 1,
RGNEREIR T2y 29.14 5 Holt 75808 5 M-S B0
194 B 2 FE 3R A I 3% FRAIR. AH B SCRik [11] £ F FPGA
SEHL B R G R R EFRESTIAK
2] 70% T BE T %X — 4518, HyperTree AE U547 55 fif Ut

X —[a, 55— T, FRBC IR Sk [11] Frd 59 CPU-

FPGA I fb 42 44 7 ¥ A 52 B0tk 3 1 R 5| 4 e 7 RE 42
Tt, MiAGHE o P Ak 8 BE CPU Ml FPGA B8 4T, ff
— SR IE A I FPGA Jin sk i) 24 75 1580 b 1 e T
() CPU BUAR, F LI ¥4 7t 43 F FH FPGA 1R fig.

30 4
QPS

By ST 15

20

JH—1kIIQPS
[\S]
SFEJFERT/us

T2 4 8 16
PR

Fig. 17 Parallelism of sub-tree

P17 TR T

W iZ8E 55 GPU Ak iy B+ ifE 47 XF b 225 3C
fik [5,7] A H GPU S5 B — Fh A 46 1) B A7 6 25
P04 S B T4 A 25 R S BT GPU SE B BHAH 25
ok 128 MB( HAFf G5 5, AN rfil TR ) B, 3
T M R K 2940y CPU 52 81 1Y bk 1 B B 72%. iX
3 — 20 UL B (0 248 7 A 2 R 5 Ik R A 2k 1 ¢

# R 2. T HyperTree F T3 i 35 & 1) 8088 776 7 1%
RE 8% fift D 1 2R 5 2 P ek B v i o e S B
SR AT VR XE 1 ) R, DA T A R TR 5 4 T 1 1 e
YA 4R T B A I A 4 e

6.4 ITEZEMMTTYT B

AR AL BHW R B RGP k.
ZRRE AT 7 R AT DA A — A T S AL B e 3 0
THE Y SR, B R SR G 04 B0 DA B S B
AE B9 32 THE R FI) A [ B 14 &5 5230 B+ R 51
ARG, A DL R AR BT R A R 8 4
FAAR A GEUR, LA /N B 100 B B 1 0% R R AR 3R 45 R 40
PERE 4 Th. AR A SE 80, BE A Xilin Alveo U200,
U50, U280 X 3 AN [m] 9% 5 B & 1) FPGA #i R >k 55 81
B+# 2% 51 i3 #% 2 48 HyperTree. 3X 3 S H 1 o FR i
ZGPERERY R AN TR . U200 B 98 9 UR 32 R, US0 1Y
T 132 4 9T 37 PR, U280 T A5 9% 1 52 B (76 AR 52 56
S AR TS ).

VEM T 5 2804 1 m] 7 J i, AT DL o 38 i R 48
TR SV ECH , PP A 3R G 5 0 R % 4l A% B0
KRGl SE ke, fESR g, Bt R MR 51 85
HM 4 b5, L2 B R Rk g &, B 3 256 /4> ak
(2 1 1 % 45 5 R PR 4, US0 Y %2 75 128 4~ 35 5]
) AR IR S 5 T S B TR RS Ak B S R R H
M, $843F 28 B S4B 5 500 A A (3% —
ol B REL ) S 6 PR, DG Ak P BB 6% T 4% TR M
PATR LI k15 19 QPS {H h FRAR Z5 1 T 1Y 4%
e, HNBEA Bl vh o LA F 51 48 40 0E . SL e &%
B A% 25 5 VAR AL B 51 45 | BOHE A7t R IR 3R S 1
REETE, 4550k 4 PR,

U200 R 1Y N A7 SE AR FR 1 BE i 76.8 GBps, i
e KACFFH N A2 S8 BRI, Y585 1 5840 H o 32 B,
PR FE A D6 BE R T LA %) 41.8 GBps, HEASSZ L T A 98
() e A R 5CR , MR CPU I3 —1K % QPS AT LA ik
2 174.78. T H 51 B W BT 5, 32 W) BN A7 T 1 BR
i, RGEIRMEREA S — BRI 55
B TC A, B i s F 55 T SO B
S IR, i A 1 3 A R A IR 2. USO Al R il
FH HBM % 5 fiefig 42 it 316 GBps [ HR & N 774 6. N
T84 F FH X — i N AR 0 BRI, SR 25 SRR, B
128 N TH5E 5 5 RR A A% 40 B 5000 ) I B 3k 3 de A
U BRI AR i A PR R R USO I i At T A
THAA TR 09 B H JCEE SRR 2 G E L T U280 AR
R S s S B R (1 e Y R R R B,
HARFR N AEAT 58 7] LAIA 2] 460 GBps. 1E A L S2 31 256



1676

HENTR SR E 2023, 60(7)

Table 4 The Scalability of B+tree Accelerator
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