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Abstract In recent years, as more and more large-scale scientific facilities have been built and
significant scientific experiments have been carried out, scientific research has entered an
unprecedented big data era. Scientific research in big data era is a process of big science, big demand,
big data, big computing, and big discovery. It is of important significance to develop a full life cycle
data management system for scientific big data. In this paper, we first introduce the background of
the development of scientific big data management system. Then we specify the concepts and three
key characteristics of scientific big data. After an review of scientific data resource development
projects and scientific data management systems, a framework is proposed aiming at the full life cycle
management of scientific big data. Further, we introduce the key technologies of the management
framework including data fusion, real-time analysis, long termstorage, cloud service, and data
opening and sharing. Finally, we summarize the research progress in this field, and look into the

application prospects of scientific big data management system.
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Table 1 Stages of Full Life Cycle Management of Scientific Big Data
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Large Scale Data
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Table 2 Typical Scientific Data Resources

x2 MOABMEHERER

Resource Categories

Data Contents

Data Size

Biodiversity &-
Life &

Biological Animal, plant,microorganisms, virus, etc. 2085TB
Health Resources
Area
omics Genomics, transcriptome, proteome,metabolome, etc. 23632TB
geomagnetic field data, station observation data, satellite observation data, GPS data,
Solid Earth GNSS observation data, superconducting gravimeter data, earthquake observation 133TB
data, etc.
Meteorological ~ Observation data, reanalysis data, simulated and predicted data, institute internal 130 TB,
Earth Data data, etc. 45000 Records
and Spatial scientific satellite data, meridian project data, international meridian data,
Space L double star data. space radiation environment, international SPIDR mirror data, WDC _
Areas Spatial Data K R K i 145 TB
reas exchange data, earth observation data, space environment detection data. spatial
astronomical data, spatial scientific experimental data, etc.
A eal Image data. radio data, spectrum data, radio spectrometer, numerical simulation
stronomica . . . R,
D data, solar radio spectrometer, measured data, monitoring data, meteorological data, 502TB
ata . . .
satellite telemetry data, earthquake emergency spatial data, remote sensing data, etc.
Analytical chemistry data, spectrum data, applied chemistry data, natural products 50 GB,
Chemical Data  and medicine chemistry data, environmental chemistry data, organic chemistry data, 17. 38 million
physical chemistry data, etc. Records

Energy Data

Chromatogram data, component screening data, standard natural product chemistry
data, alga fatty acid data, coal fundamental property data, coal-derived oil & chemistry
carbon fiber research

data, coal gasification development &. engineering data,

engineering data, pollutant & C02 emission data, green chemical process data,etc.

900 000 Records

Foundation &

Frontier .
Material Data
Areas

Ancient Chinese data, inorganic non-metallic materials data, phase portrait data,
superalloy data, titanium alloy data, aluminum alloy data, magnesium alloy data,

copper alloy data, precision tube, welding materials data, material corrosion &

research plan,

Brain Science
Data

data, etc.

Information
Science
Data

. L . ” . 360000 Records
invalidation data, nanophase reference materials/certified reference material data,

formally published nanophase reference data, project information of nanophase major

nanophase material data, etc.
Brain image data, large-scale brain knowledge base, multimode schizophrenia image 5 TB
5

Multimode biometrics(iris, fingerprint, human face, palm print, gait, etc.), tumor

data about national image omics, multilingual parallel corpora, speciation analysis 10TB

corpora, word alignment corpora, language corpora, handwritten digit recognition

data, etc.
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Table 3 Comparative Analysis of Existing Scientific Data Management Systems

Systems Functions Principles Characteristics
The unified access interface of multiple
. . . . . Completing a series of complex and linked tasks
iRODS hybrid storage such as file system, Rule based data grid middleware . ! | g !
. via rules
archive system, and database
v / ix based d Imperfect in application, but valuable to the
. ector/matrix based management an o
SciDB Ivsi € Array data model research and development of the scientific data
analysis
Y management and analysis
Large-scale scientific computing., . . .
Hama € b & BSP &. Graph based Model Focusing on matrix and graph computing

especially the matrix and graph computing

SkyServer Manage TB level astronomical data

Qserv Ten billion level astronomical objects

Based on ZONE

With flexible SQIL query and direct visual
interface, but incapable to support the LSST

Columnar Database, MonetDB

Relying on technologies such as multiple data center,

large-scale distributed parallel database, etc.
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