$£52% £ 3H/2026 £3 A/HENTIE ARILX

HESEYENAITEFEREARELI

BFLEMEAV BT B AR VBRI
(1. WP ERL B S R PRI T . L E 10004952, FpERR2 B K2, L E 1000495
3. VU R X i e ihos, U1 BEER 610213)

O SRRy S IR b P R A A0 i T AR S R R v T AR T AT SR AR Y A (R
BE . S5 B VB AT T SR RGBT B AL SRS, BRI T RGN FRASCR . B X iR )
PEH R S RE BRI EATAE R G . TS NG EOS AT R 7F IR 20 A0 () SRl B 34 0 ml o AR A
1 AEAE AR S5 2 AT P A 2 Ja 6 SCAE 1/O 38R T AT A g b330, el 2> B 8% 3l » % Ak I 246 T g - 4 T 54 Ak
AR, SRS AL T b de b 2SI T 4 AR T B3] (CPU-FPGA) A A M I AT B LS IR 55 2% . BT X
1/ O BT SSTHA E A B BAR B R i 1S A AT B0 5538 i PCle S 2R HI 2L 2 FPGA I )& T F71 ik
ST BE )T . X R GEM LI AR 45 S F B L v TR it Z 50 B A AT B HEBN B[] 01 D) 45 2 3R 0 11 446 5
1T 55 W AR AT RS (B] . FEF FPGA BYREAIN3 , A 30784 TAAE IR 55 25 o CPU 1AM BB 55 RO Bl b . 32 7 T
RGBTl . LT LHAASO W ff i A5 b (% 3 v, T 3877 i R GE SC B T 24 6 A% i
Tt

KEIR : AITFEAAAE s AT U T AR TR R B s = RE Y B

hESES. TP391 NEkPRERD: A DOL: 10:19678/j. issn. 1000-3428. 0070060

Research and Implementation of Computational Storage System
for High-Energy Physics

GAO Yu'?; CHENG Yaodong"*?, ZHANG Minxing"?, CHENG Yaosong', Bl Yujiang’
(1. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. TIANFU Cosmic Ray Research Center, Chengdu 610213, Sichuan, China)

[Abstract] In high-energy physics experiments, data-processing typically involves a compute-storage separated
computing model. During the computation process, data must be transferred between the computing and storage
nodes. The continuous growth in experimental data and data analysis demands has led to data transfer bottlenecks,
reducing the overall processing efficiency of these systems. This paper proposes a computational storage system for
high-energy physics. First, the storage software EOS is extended. Computational storage plugins are introduced by
building on the original architecture.. After parsing user commands, the storage server executes local computations
based on the file 1/O, thereby reducing data movement, alleviating network pressure, and enhancing data
processing efficiency. Second, a computational storage server based on a Central Processing Unit-Field
Programmable Gate Array (CPU-FPGA) heterogeneous computing architecture is constructed. Considering the
lower computational complexity of I/O-intensive tasks, tasks suitable for parallel computing are offloaded to the
FPGA via the PCle bus, thereby extending the computational capabilities of the storage server. Experimental
evaluations show that the computational storage system eliminates queuing time and network latency, thereby
shortening the overall execution time of computational tasks. Moreover, leveraging FPGA-based hardware
acceleration effectively compensates for the weak computing performance of CPUs in storage servers, thereby
enhancing the algorithmic versatility of computational storage devices. In tests based on decoding by LHAASO, the
computational storage system achieves a speedup of approximately sixfold.

[Key words] computational storage; heterogeneous computing; Field Programmable Gate Array (FPGA); big
data; high-energy physics
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Fig.1 Computational storage architecture

for high-energy physics
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Fig.7 Decode time-consuming comparison in different modes




5245 £3H/2026 £3 A/HENTRE

305

MIREE AT LA A6 50 AR Re ) 2
DIREAE 1/O % £ RAT 55 T H R R IR T R . th T4k
NS REE Y e e N I N PR e U L S E i
THEAAAEA T BT IS AR FAF B B AT
FOFRATIS ) B S 4 . LBt 25 SR AT AT 55 By 448 o
FEAPFIH T A 1/0 4 58, PERR4R T . T AE AR
B BB, A B A iz 7 R R 45 5
1A T BE A 55 B0 22  FER IV I ) A 0
5.2 FPGA fniEEfL

B 4 2 e RE R A A& R R BRI S T
KL (TS DS EEE K= R AN N e W LN o a1
WA FPGA #1758k, A7 2 T Xilinx
INEITFIREY Z1ib Fl Zstd B9 L1 BRSPS
FR Y CPU FRARFL AT T LB T .

NE 8 JrzRs » 43 il 75 X86 Sk Iz 55 #% FiAs S i
MBS T FPGA s K % ARM iR %5 & L. X
Zlib F1 Zstd Wi Fh & 45 50k dE 47 0 L. R Y
3 LB A ) o X86 R 55 7% 4l #4414 . ARM
JIR 55 24l B 8 R 4 A1 ARM. IR 55 2% 4 ) FPGA TR
AR IFET

120 7
C— Ziib
il = Zstd
80.
£
z 0]
40
20 F
=
X86 A FPGA

8 EHERHFER IR
Fig.8 Time-consuming testing of compression algorithms
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