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Abstract For sort acceleration on FPGA, the selection and optimization of various performance metrics, such as
latency, throughput, power efficiency, hardware utilization and bandwidth efficiency, etc., are of critical importance.
We compare the evolution of performance-driven sort acceleration, with advances in larger data size, more data types,
more algorithm support, hardware-software cooperation and new hardware-based design; we analyze the problems and
optimization strategies faced at different stages of design, implementation, testing and so on. Among the numerous
sorting algorithms, merge sort becomes mainstream due to its excellent hardware parallelism, scalability and simple
control logic. Sort acceleration is an architectural design that is deeply tied to specific application scenarios. We
analyze the architectural adjustments made from the perspective of database system acceleration for resource
competition, data arrangement, unique operations and diversity of user requests problems faced in databases. At last,
to address the problems and shortcomings of existing studies, we provide an outlook on future directions in terms of
distributed sort acceleration for very large data scale, the introduction of new hardware devices such as data
processing unit, and the improvement of auxiliary tool chains such as high level synthesis to drive the iterative update
of sort acceleration design.
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Table 1 Schemes of Sort Acceleration Using FPGAs
®1 ETF FPGA WHEFMERR

PRTAE ARG P B Slice(f H/%) BRAM(iH/%)  #7t%/GBps  #ii%/MHz FPGA 5

SCHR 1] 2009 FMS 128 KB 559(1) 30(22) 166 Virtex-5(XC5VSX50T-1)
k21 2010 RPEHET 5250(20.6) 12 40 Virtex-5
SCHR[3] 2011 AETHHE 640 KB 562(6) (100) 79.821 Spartan3E-1200E-FG320
CHK[4] 2011 FMS; MT  344KB;35.1 MB 10 646(74); 12983(90)  103(98);105(100) 2:1 252,273 Virtex-5(XC2VP30)
CHR (5] 2012 SN 14 336(70) 17 100 Virtex-5(FX130T)
ik 6] 2012 SN 8 KB 63 720(54) (100) 10 Virtex-6(XC6VLX760)
CHR[7] 2014 SN 1KB 5355(78) o)) 827 108.38 Spartan-6 & ZedBoard
Sk (8] 2015 SN 64 KB 14 079(13) 176.4(6) 8 250 Virtex-7(XC7VX690T)
SCHE[9] 2015 SN 1 MB 24345.25(32.08) 649(63.01) 1 167 Virtex-7(XC7VX485T)
SCHR[10] 2015 SN+MT 1GB 10 190(20) (50) 8.99 200 Kintex-7(XC7K325T)
SCHR[11] 2015 SN+MT 256 KB 31250(28.86) 109(3.70) 10 200 Virtex-7(XC7VX690T)
SCHK[12] 2016 MT 256 KB 35 544.75(46.83) 24.64 99.2 Virtex-7(XC7VX485T)
Ik [13] 2016 MT 512 MB @31 (66) 0.7 200 HARP Altera Stratix V
ik [14] 2016 MT 1.11 MB 1305.48(1.72) 289.4(7.48) 1.11 150 Virtex-7(XC7VX485T)
SCHK (151 2017 MT 15.26 GB 43 996.25(16.82) 79.3 320 Virtex-7(XC7VX980T-2)
Xk [16] 2017 MT 512 GB 125 Virtex-7(VC707)
3CHK (171 2018 MT 1526 MB 135 526(95) 38.28 175 Virtex-7(XC7VX980T-2)
SCHK (18] 2018 MT 15.26 MB 41 028.75(28.76) 126.38 506.3 Virtex-7(XC7VX980T-2)
SCHK (191 2018 MT 32 KB 91.5 Zynq 7020 FPGA SoC
3CHk [20] 2018 MT 3.98 GB 5100(16) (74) 9.584 188 VC709 board

SCHk (211 2019 MT 15.26 MB 22561.5(14.75) 199.99 39139 Virtex-7(XC7VX980T-2)
SCHK [22] 2020 MT 512 MB 11 000(61.97) 64(14.80) 3.34 214 Zynq UltraScale+ZU3E
SCHK 23] 2020 MT 100 TB 71918(33.3) 960(60) 32 250 AWS F1

SCHK 241 2020 MT 15.26 MB 135 522(42.80) 819.25 200 Virtex UltraScale
Sk [25] 2020 CREEHER 14 GB 157 384.25(53.3) 801.6(50.1) 7.2 250 AWS F1

R [26] 2021 MT 128 GB 40 135.75(49) 127(20) 1.8 250 Samsung SmartSSD
SCHR [27] 2021 MT+SN 4GB 86 856(9) 0.11 309.98 Stratix10
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Fig. 1 Design process of FPGA sort acceleration
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Fig.2  Selection of sort algorithms
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Fig. 3 Three data paths of sort acceleration on FPGA
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Fig. 6 Resource utilization of different sort acceleration
schemes on FPGA
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HE Py R 110 45 b s A 45 D L 9 1k — AP TR A A 1Y

(a) XA

() AEXTFRXCM A

(b) F AT

Fig. 7 Sorting network
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Fig. 8 Optimizations of sorting network
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A B A ] SR A R . D, — AT AT R Ak
8 it 2 (R I HE P 22 A 91, 90 BHE 2 TR) AR Ut S A
K, DR FE K 26 i i A i B

R 1R 2 AR 3

1 i O—0-1 —10

3 3 H-o-O2 =70

5 o—oFo3 — o

7 . ! 0

%8

Iy
LyEy
ﬁﬁgmmm

Bl B2 Wik 3
(a) BREHT

o N BN

(b) XCAF-He P

Fig. 9 Derivative architecture of bitonic sorting
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Fig. 10 Sorting architecture with feedback datapath and its
optimization

K10 A RO A HE P A S LA

Papaphilippou % A" i H () FLIMS X 75 2 1 4~ XU
P HE AL, TR BRUE AR RS 32 40 A T SE TR
— R PR IRT A, WK 10 () TR, 5 SHMS Fl HMS
() 2 21 i A FIFO 19 %k 20 217 XA ], FLIMS 5 22
P A% A FIFO, P 2l BUJE P HE P 0 s A i 150 H , IF
LT R 2 A 7 B H R A 0 T KR B AR T
() FIFO . 76 2 i U5 FE A4 B, 3 — 4R AE S (i 4558 1 2
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Fig. 11 FMS structure
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23 FHFBHEIT SR

VS A A OB 4 98 O0RE U3 91 A58 B i 2 A7 A B
HYE—, WE 12 (a), XFF WA 4k 3= 24
rb7E R R R SRR L A ik R R A A A
Jy T

VA 5 2 HE i 3 3 R mT 43 ok T HE I B B RS
IFB B, Forh SCHE I B B 4 A VA 0T B Bz i, FH L
FEA A E 0 AR F UA I B B E AT 05 9%, 2 1 0
U5 I B BE A 2 AR B, DR/ R /N RS B 1) R
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Fig. 12 Merge tree and its optimizations
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