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Abstract A unified storage and retrieval method is proposed for managing the massive number of small files in the
Chinese Meridian Project space weather scientific data system and for supporting the coexistence of raw-file trace-back access
and record-level conditional retrieval. In this method, columnar containers are hosted on object storage, and discrete files are
organized according to data product category and time partition. Raw file contents and parsed structured records are
collaboratively preserved within the same container, while file trace-back access and record-level conditional retrieval are jointly
supported through metadata indexing and statistical pruning inside containers. Validation was conducted using real observational
data spanning four years, with a total volume of approximately 2.4 TB and about 15.1 billion records. The results show that an
overall compression ratio of 29.9% was achieved, including a compression ratio of 46.2% for text data. In addition,
approximately 2 million files of parsable numerical data were converged into 93 containers, and the record-carrying capacity per
unit storage space was improved by about 80%. Under concurrent access conditions, both file trace-back access services and
record-level conditional retrieval services were stably completed. The proposed method can effectively alleviate file-number
proliferation caused by massive discrete small files and reduce the management overhead associated with metadata maintenance,
backup migration, and replica synchronization, thus providing a reference for the unified organization and online service of
similar scientific observational data.
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Tab.5 Concurrent File Read Performance in the Medium-File Scenario

QPS Avg Latency /ms P99 Latency /ms
VAR S g5 VAWIE S A VALWIE S g M7 %
1 1.49 1.31 673.00 761.00 673.00 761.00
5 2.15 2.81 1518.40 848.40 1612.00 869.00
10 2.38 3.18 275270 2235.20 3536.00 2609.00
20 2.35 2.59 5403.10 6306.25 7716.00 6870.00
30 2.40 2.76 7426.07 8159.97 11631.00 10027.00
50 2.45 2.46 11425.62 13926.20 19544.00 19421.00
80 2.46 2.49 17619.28 20175.02 31714.00 31824.00
100 2.48 2.68 21668.88 22928.59 40016.24 36404.74
* 6 PNEIXHIHRARIFIIERER
Tab.6 Concurrent File Read Performance in the Small-File Scenario
QPS Avg Latency /ms P99 Latency /ms
IETTR G—HE TR ETTRE G—HATR ETTRE Z—HE TR

1 8.13 9.26 123.00 108.00 123.00 108.00

5 5.44 4.94 79.20 86.60 127.00 115.00
10 10.94 9.88 107.10 91.20 172.00 129.00
20 21.72 19.34 169.35 100.15 334.00 137.00
30 22.64 28.33 454.43 120.37 935.00 161.00
50 22.75 38.05 989.02 339.78 1517.00 511.00
80 23.15 41.64 1690.60 723.27 2691.00 1076.00
100 23.19 44.88 2153.76 882.81 3650.19 1644.85
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Tab.7 Concurrent Record Query Performance

QPS Avg Latency /ms P99 Latency /ms
EITR Gi—HP TR TR Gi—HP TR TR gi—HA TR
1 0.02 5.75 44065.00 174.00 44065.00 174.00
5 0.04 4.63 107129.60 156.00 115977.00 185.00
10 0.06 9.24 146515.50 155.80 157611.00 181.00
20 0.07 18.20 291466.75 169.10 305918.00 196.00
30 0.06 27.20 471793.77 216.67 477089.00 258.00
50 0.06 36.28 820069.94 497.96 838001.00 740.00
80 MM ARTERK 26.95 RIS AR 58 % 1640.17 RIS AR 58 % 2685.00
100 FERTARTERL 25.93 RIS A 58 % 1929.16 FEBIN A 58 % 3396.97
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Tab.8 Comparison with Engineering Design Indicators

b7i5 8 BATHaR WA RSG5 VNIES LS
s T R e £ 42MB /N 100 RS, £ 42MB /N 100 HFRZFE,
ey x5 100 TRAR, B Avg Lat N 2153.76 :99 Avg Lat N 882.81 P99L?t
V atenc N . ms, V atenc N . ms, atenc
T AT 2 e S e Y
(5MB) Latency A 3650.19 ms N 1644.85 ms
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