
Research Data Infrastructure 
of CAS :Practices and 

Challenges 

Dr. Jianhui LI(lijh@cnic.cn) 
Computer Network Information Center 

Chinese Academy of Sciences 



CNIC in CAS 

CAS	  

12	  Management	  
Branches � 

104	  
Research	  
Ins7tutes	  

5	  
Universi7es	  	  &	  
Suppor7ng	  

Organiza7ons � 

University	  of	  
Chinese	  Academy	  

of	  Sciences � 

University	  of	  
Science	  and	  
Technology	  of	  

China � 

Computer	  Network	  
Informa7on	  Center	  

(CNIC) � 

Na7onal	  Science	  
Library � 

China	  Science	  
Daily � 

3	  
Other	  Units	  

25 Legal 
Entities 

Affiliated � 

22 CAS Invested 
Hold � 

Founded in November 1949, Chinese Academy of Sciences 
(CAS) is the primary academic institution in China in the 
natural sciences. It is also China’s largest comprehensive R&D 
organization in the natural sciences and high technology as well 
as the country’s foremost science and technology advisory 
body. 

Founded in April 1995, Computer Network Information Center  (CNIC) is supporting 
institute involved in constructing and operating IT infrastructure and providing IT-related 
services. In addition, it serves as an R&D and demonstration base for IT technology applications.  



CNIC Located in zhongguancun,
 Beijing 

Zhongguancun, � Haidian � District， � Beijing � 

Data � Center � located � in � 
HuaiRou � District, � Beijing � 



CNIC’s History and Mission 

1986 �  1994.5 �  1995.3 � 1994.4 �  1996 �  1999 �  2001 � 

First router 
developed in China � 

China’s first .CN 
Domain Name 

Server � 

China’s earliest 
HPC service 

Earliest CAS Virtual 
Science Museums 

2002 �  2013 � 

The � State � 
Science � and � 
Technology � 
Commission � 
approved � 
the � founding � 

of � CNIC. �  � 

N C F C � 
achieved �  full-
f u n c t i o n a l � 
connection � to � 
the � Internet. � 

The � State � 
Planning � 
Commission � 
approved � 
the � initiation � 
of � Scientific � 
Database � 
Project. � 

CNIC � started � 
the � earliest �  � 
scientific � 
computing � 
application � 
and � service � 
in � China. �  � 

C N I C � 
i n i t i a t e d � 
V i r t u a l � 
S c i e n c e � 
Museums �  of � 
China. �  � 

.CN � Domain � 
Name � Server � 
was � 
established � 
and � began � 
to � provide � 
registration � 
service. � 

CNIC � 
provided � 
operation � 
support � to � 
Academia � 
Resource � 
Planning � 
system � of � 
the � CAS. �  �  �  � 

CNIC � 
constructed � 
the � early � 
version � of � 
the � CAS � 
website � 
system. �  � 

The � State � 
Development � 
and � Reform � 
Commission � 
approved � the � 
initiation � of � 
China � Internet � 
of � Things � 
Name � Service � 
Platform. �  �  � 

Earliest CAS 
Scientific 
Database 

 Internet  

2015 � 2008 � 



CSTNet 

2.5G线路 � 
1G线路 � 
155M线路 � 
低于155M线路 � 

北京 � 

乌鲁木齐 � 

大连 � 

青岛 � 
烟台 � 

沈阳 � 
长春 � 

哈尔滨 � 

上海 � 南京 � 

宁波 � 

台北 � 

香港 � 
广州 � 深圳 � 厦门 � 

福州 � 长沙 � 

武汉 � 

山西 � 
石家庄 � 

合肥 � 

贵阳 � 昆明 � 

西双版纳 � 

成都 � 

兰州 � 
西宁 � 

西安 � 

拉萨 � 
羊八井 � 

乌鲁木齐南山 � 

Core �  � Exchange：10G � 

4G �  �  �  �  �  �  �  � 5G �  �  �  �  �  �  �  � 2.5G �  �  �  �  �  �  �  �  � 32G �  � 

（GLORIAD） � 

OrientPlus: � 中国与欧洲科研网络连接的桥梁 � 

 � 
•  30 � provinces � 
•  370＋ � 

Organizations � 
•  Above � 1M � Users � 10G � 

BJNAP 

10G �  10G � 

Domestic � Bandwidth: � 69.5G �  International � Bandwidth � : � 27.5G � 

IPv4/IPv6 � 

USA：10G � 
EU：10G � 



Massive Storage System 
–  1 Primary center+1 Archive cente

r+12 Regional Center 

–  Capability 
•  50PB storage 

2.5-10 Gigabit Interconnection 



l  Aggregated	  Compu.ng	  capacity:	  
1.3Pflops(CPU)+3Pfops	  (GPU)	  

l  Tier0:	  1.2Pflops	  
l  Tier1:	  >100Tflops	  

n  10 nodes 
n  general or specific Purpose 

l  Tier2:	  50Tflops	  
n  ~20 institutes of CAS 

Computing Grid in CAS 
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S&T Cloud of CAS 
Informatization Program of CAS from 2010-2015 (budget is
 almost 500M RMB) 



Why We Need Research data 
Infrastructure 

•  Large scientific facilities produce huge data 
–  +20 being operation 
–  +20 under construction  

•  Long-Term field observation stations 
–  +100  stations including Ecology, Environment, Space, etc. 

•  Long-Term Research data need to be archived and 
curation and sharing 
–  100+ institutes  

Large Scientific facilities Field observation stations 



Evolution of Research Data
 Infrastructure in CAS 

1986-2000 2001-2005 2005-2010 2011-2015 2016-2020 

data 
curation 

Open Data 
& online 
Service 

 Data 
integration & 

Data Grid 

Data Cloud 
& Process/ 

Analysis 
service 

Big Data 
Driven 

Discovery 



Data Cloud of CAS 

Computing & Storage  Resource Pool � 

Computing � 

Visualization
(Dviz) � 

Darwin 
Tree � 

Data applications & services 
Social 

Network 
(Datapub) � 

Backup � Archive � Storage  � 

GS 
Cloud � 

SaaS 

IaaS 

DaaS/PaaS DaaS 

IaaS 

management �  publication � Processing �  Linked 
data � 

DATA � 

… � 

… � 

TeamDR � 



Data Cloud Portal 
www.csdb.cn 



IaaS 

•  Computing Cloud 
–  ZeStack based on

 OpenStack 
–  Multi-domain resource

 management and
 Federation service 

•  Storage Cloud 
–  Distributed File System 
–  Providing one-surface

 federation service 

DFS 

Nanjing 
Site 

DFS 

Guangzhou 
Site 

DFS 

Chendou 
site 

	  Schedule	  and	  Federa.on	  Middleware 

Self-‐Service	  	  
interface	   Cloud Service Engine 

。。。 

App App 

Web service 
 

Customized clients 
users 

Process 

data 

图例： 

clients 



DaaS 

Research � 
data � 

publishing � 

Research � 
data � 

Publishing � 
database  � 

database  � 

Translator � & � Integration � 

Topic  � 

Subject  � 

Access � Brokers � 

 � Service � access � and � federating � Middleware � 

M
D

 � H
arvesting � 

M
onitor � 

Metadata � 
Repository � 

MD � 

Metrics � 

Monitoring � 

Service � Portal � 

D
istributed � 

D
ata � Sites � 

 � D
ata � link � 

&
Integrating � 

D
ata � 

services � 

Research � 
data � 

Publishing � 

Research � 
data � 

Publishing � 

Service � Register �  Service � finder �  Data � finder �  … � 

VDBCloud 



VDB/VDBCloud 

① 

•  An invisible VdbEngine 
which organizes all data into 
a whole database 

② 

•  A set of VdbTools which help 
data managers manage and 
publish their data 

③ 

•  A VdbServer which serves local 
database as an accessible data 
source on the Web 

④ 

•  A VdbFramework which help 
developers build applications 
(VdbApps)  based on VisualDB  

VdbInstance #1

VdbEngine

security-
framework 
extension

model
builder

data-
admin

app-pub

VdbTools

data-
validation

cloud-db

log-
analysis

VdbInstance #2 VdbInstance #n

app-pub 
instance

VdbApps

VdbFramework

VTL

VdbApp #n
Service Registry

core
services

VdbServer

application 
context 

injection

stat

dav
wod

meta-harv
srv

rest
security-

center

engine API

ui-support



•  VdbTools - ModelBuilder 



 Finding Data Services 
•  Voovle fetches all scientific data from 

distributed databases  via interfaces 
exposed by middleware, builds a large data 
store, creates index, and provides search 
interfaces for end users. 



Architecture of Voovle 



Finding Data  

•  SPARQL query interface 
•  free text search  

–  Voovle use Jena + Lucene to
 index and search data
 descriptions 



Descriptive information of 
red soil, including soil 
class no., soil class name, 
general description, etc. 

subclass 
geographical distribution 
physical and chemical 
properties 

20 

•   linking data 



Scientific Databases (SDB)  
•  A Long-term mission started 

in 1986 which funded by CAS 
–  many institutes involved 
–  long-term, large-scale 

collaboration 
–  data from research, for research 

•  Collecting multi-discipline 
research data and promoting 
data sharing 
–  More than 350 research 

databases and 1350 datasets by 
61 institutes 

–  Over 600TB data available to 
open access and download http://www.csdb.cn 



Scientific Databases (cont.)  
•  focusing on data integration and improving 

research database to be resource database and 
even reference database) 

Research database Research database 

Resource database 

Reference database 

Application 
oriented 
database 



Scientific � Databases � (cont.) � 
•   Resource databases 

–  Geo-Science 
–  Biodiversity 
–  Chemistry 
–  Astronomy 
–  Space Science 
–  Micro biology and virus 
–  Material science 
–  Environment 

•   Reference databases 
−  China Species 
−  Compound 

•   Application-Oriented databases 
−  High Energy (ITER) 
−  Western Environment Research 
−  Ecology research 
−  Qinghai Lake Resource 

databases 
•  Research databases 

– Physics & Chemistry, 
Geosciences, Biosciences, 
Atmospheric & Ocean 
Science, Energy Science, 
Material Science, Astronomy 
&Space Science 



•  A open data cloud for geospatial data  
– Collecting Global Data sources dynamically 
– Coverage main focus on  China and surrounding

 area 
– Make data Findable, Accessible , Interoperable

 Reusable（FAIR) and Citable 
 

Typical Case1: Geospatial Data 



open Data which can be harvested online 

Data Sources 

Landsat1-3 MSS 
 Landsat 4-5 
MSS 
Landsat 4-5 TM 
Landsat 7 SLC-
on 
Landsat7 SLC-off 
Landsat 8 OLI 

 

TERRA 
AQUA 

TERRA 
AQUA 

SRTM 30米 
SRTM 90米 
海洋高程 

HYP_L1R 
HYP_L1G 

AL1 

LANDSAT MODIS MODIS_L1B DEM EO-1 



GSCloud Architecture 

Access Data  Service finder 

Queue scheduling  

Task Monitor 

Metadata 
Harvesting 

Translate & filter 

Harvest 
Engine 

Data Pool Metadata 
Repository 

 Cloud Resource Pool 

Product process based on 
crowd sourcing   

On-demand Computing 
Engine 

temporal-spatial retrieval 
Engine 

Service 
Engine 

Service Portal 



Http://www.gscloud.cn 



Data resources -- 438.7TB 



Query	  op.ons:	  
Ø  Dataset	  Filter	  
Ø  Geographic Filter 

•  Administration boundaries 
•  latitude and longitude coordinates 
•  Defined regions by user on map 
•  Path and row 
•  Shapefile  

Ø  temporal range Filter 
Ø  Metadata Filter 

Data retrieve 

Download	  op.ons:	  
Ø  Download: HTTP 
Ø  Bulk Download: FTP 



Online data processing 



1、Set	  parameters	  of	  the	  model	  online:	  
For	  the	  DEM	  Clip	  Model,	  parameters	  include	  task	  
name,	   data	   source	   (e.g.	   DEM	   of	   30m	   and	   90m	  
resolu7on),	   spa7al	   region,	   output	   file	   format,	  
save	  path 

2、AWer	   execu7ng	   the	   task,	   users	   can	  
check	  the	  progress	  of	  the	  task	  in	  page	  “My	  
tasks”. 

3、Results	  can	  be	  downloaded	  at	  last. 

On-demand data processing 



Data processing 
By crowdsourcing 

1.Task Definition and Division 

2.Recruitment and Talents Selection 

3.Task Execution and Time Control 

4. Quality Control and Result 
Aggregation 

Steps: 
Goals： 
    Extracting land use information 
from Remote Sensing images 
 
Problem: 

Difficult to do it automatically.  
It is human computation task. 



45 tasks have been published 

Task progress and results 
uploaded by task executors 



 registered users: 150,000+ 
 
Supporting published papers: 1783  

Peng Li et. al., 2015, Mapping rice cropping systems using 
Landsat-derived Renormalized Index of Normalized 

Difference Vegetation Index (RNDVI) in the Poyang Lake 
Region, China. Frontiers in Earth Science 



Typical � CASE: � Research � Data � 
publication � 

¡  Academic journal publishing multidisciplinary data 
papers 

¡  Quarterly with online bilingual versions 
¡  Open access,efficient processing,high exposure and 

rapid dissemination 
¡  CN11-6035/N，ISSN 2096-2223 

¡  SCOPE:Data papers describing (but not limited to) : 
l  Datasets or data products generated from major scientific 

activities   
l  Derived datasets or data products refined from raw data  
l  Datasets linked to existing publications  

¡  China Scientific Data does NOT publish new research 
findings, or techniques, methods and cases concerning 
data quality researches and data applications. 

To making data findable, accessible, intelligible and reusable  

¡  Enhance 
data 
Quality 

¡  Credit for 
data 
producers 

¡  Incentive 
for open 
data 



SUBMISSION 
 
 
 
 

Publishing � Process � 

data paper 

datasets 

Author 

REVIEW 
 
 
 
 

paper review 

data curation 

Editor&Data curator 

REPEER 
REVIEW 

Experts 

VOTING 

Editorial board 

OTHER 
PROCESS 
BEFORE 
PUBLISHING 

DATA PAPERS 

DATASETS 

DOI/Metrics 

DOI/Metadata 

Editorial office 

www.csdata.org 

www.sciencedb.cn 



Data � paper � 
l  TITLE 
l  ABSTRACT  
l  KEYWORDS 
l  Database/Dataset Profile 
l  Introduction/Overview 
l  Data collection and processing 
l  Sample description 
l  Quality control and assessment 
l  Values and significance (optional) 
l  Usage notes (optional) 
l  Acknowledgments (optional) 
l  Authors and contributions 
l  References 
l  Data citation 



Published � Data � papers � over � 70 � 



Big Data for 
Better Science 



 Challenges 
•  Make data flowing from generator to applications (Data

 Flow ) 
–  without barriers, automatically or semi-automatically, on-demand 

•  Make huge multi-source data linked together as a data
 network（knowledge graph） 
–  Based on semantics, automatically  or semi-automatically find

 invisible relationship 
–  Huge graph data management 

•  Semi-automatically find correlation from multi-source, high
 dimension data based on feature (Data explore and data
 Intelligent) 
–  Feature selection, machine learning model selection ，training and

 optimization  

•  Make research data infrastructure scalable , evolution
 and invisible  



Data Flow Life Cycle  
 Online processing 

 Storage & offline processing 

Reanalysis  Publish&share 

Archive & preservation 

Filter & Translate  

Link & integration 

annotation 

Ingest 

Index 

Raw data 

documents 

analysis 

Model 

Facilities  
& sensors 

query 

Predict 
model 

Visualization
g 

Data flow 

provenance 



A typical use Case：GWAC 
The Ground-based Wide-Angle Camera array, part of SVOM 

•  40 telescopes 

•  15 second ：40＊32MB 

Image 

•  1.7 Million object per 

image 

•  How to real time process the date steam in 15 second 

•  How to storage and query 100-1000 billion  objects 



One Size Does Not Fit All 

Stonebraker,2015年 one surface fits all？！ 



Scientific Big Data Management
 system(PiStack) 

•  Accelerate Data Flowing and
 data link 

•  A whole life cycle management 
•  Open architecture, Open

 source, and dynamic evolution 
•  Funded by National Key

 Research and Development
 Program(2017.7-2019.8) 

one surface fits all 



 � non � structure � 
data � and � High � 
Physicals � 
domain � 

 � 

Graphic � Data � 
and � life � science � 
domain � 

Relational � data � 
and � Astronomy � 
domain � 

Architecture � 

Collaborators  

System � 
Development � 
and � deployment � 

PiStack 



Architecture of PiStack 

non-structural 
data 

management

large-scaled 
key-values 

management

high-throughput 
stream data 

management

large-scaled 
graph data 

management

large-scaled 
relational data 
management

scientific big data 
collection 
framework

scientific data applications (astronomical discovery , biological knowledge discovery...）

scientific data analysis tools

scientific data access interfaces

unified query language

big data software deployment and management

big data cloud service

scientific big data management engine

data provenance

scientific big data pipeline management & schedule system

domain specific data pipeline 
tools

task scheduler

scientific big 
data 

infrastructure

domain 
specific data 

collector tools

integrated management

open source 
community

large 
scientific 
facilities

experiments

observation 
stations

…

Open source 
community 

Data collection 
Framework 

Cloud 
infrastructure 

Data 
management 
Engine 

Dataflow 
Engine 

Applicatons 



Progress and outlook 
•  3 specific data management model 

–  AstroDB(base on relational model) 
–  GraphDB(based on graph model) 
–  EventDB(based on no-SQL model) 

•  Simba: A Unified data query and access model  
•  PackOne: A Cloud resource scheduling and

 deployment toolkits 
•  A big data analysis framework for discovery  

–  Methodology + specification + implementation + 
 domain specific application 

•  CAS’s Scientific big data program start, it will push PiStack
 development and deployment.  



Conclusion 
•  Science discovery has increasingly become

 data intensive, and it calls for reliable and
 easily accessible scientific data infrastructure 

•  CAS is always promoting to build scientific data
 infrastructure to driven better science,
 especially in big data era 

•  Seeking potential cooperation with all
 international Colleagues in big data for science 



Thank you! 


