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Data	Knowledge	Base	Kick-off	mee;ng	highlights.	May	2016	

DKB Motivation  
Torre Wenaus talk in May 2016 
“Whether we can/should work to capture and 
present the whole process from physicist 
idea ➡ production intent ➡ production 
request ➡ production status ➡ completion 
of the full processing chain ➡ available data” 
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https://indico.cern.ch/event/527581/ 

DKB Basic Consideration 
Organizing metadata in ATLAS, so as to 
provide a holistic view on physics topics, 
including integrated representation of all 
ATLAS documents (papers, drafts, supporting 
documents, conference notes, Indico 
meetings, Twiki pages, etc) and corresponding 
data samples (real data, MC datasets, 
containers). 

DKB is considered to look for cross references 
among the metadata, stored in various data 
sources. 
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DKB	basic	considera;on 		
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DKB	R&D	Topics	

1. Ontological model of metadata 
2. DKB Architecture 

•  Setup and maintain of Virtuoso RDF Storage 
•  Setup and maintain of Hadoop Transitional Storage 
•  Consolidation of metadata in Virtuoso by means of Kafka 

Streams 
•  Virtual data integration (with CDS, ProdSys) 
•  Web Interface for Virtuoso RDF Storage 

3. Data Processing 
•  Modules for metadata export from GLANCE, CDS, 

ProdSys, AMI, for conversion to Turtle format and import 
in Virtuoso 

•  PDF Analyzer (metadata extraction from PDF 
documents) 
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Kurchatov	
Ins;tute	

Tomsk	
Polytechnic	
University	

NRC KI team qualification: 
Development of Hybrid SQL/NoSQL 
PanDA Metadata Storage  
•  https://indico.cern.ch/event/344958 

1.   Maria	Grigorieva	
(Team	Lead)	

2.   Marina	Golosova	
(core	developer)	

3.  Vasily	Aulov	
4.  Maxim	Gubin	
5.  Eugene	Ryabinkin	
6.  Alexander	Alexeev	
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DKB	architecture	prototype	

20.04.17	 5	

Virtual 
Integration 

Hybrid 
Integration 

Consolidation 
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Data	Integra;on	Approaches	
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Metadata Consolidation captures data from 
multiple source systems and integrates it into a 
single persistent data store 
+ Optimal performance and stability 
- Requested data might be out of date because of the 
complexity of providiing data synchronization with various 
data sources 

Metadata Federation provides a single virtual 
view of one or more data sources 
+ Federated requests always return the actual data – 
data integrity support remains on the data source side 
- The performance of federated queries depends on the 
communication channels and the queries execution rate 
on the side of data sources 

Hybrid Metadata Integration:  
-  Unchangeable data about global objects is consolidated: 

-  Experiment Attributes 
-  Links between documents 
-  Documents general parameters from CDS 
-  Metadata extracted from document’s content 

-  Changing and auxiliary data is federated: 
-  Detailed authors metadata from HEP InSPIRE system 
-  Dataset’s detailed metadata from ProdSys/AMI/Rucio  
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Hybrid	Metadata	Integra;on.	Seman;c	Web	
•  “The Semantic Web is an extension of the current web in which information is given well-

defined meaning, better enabling computers and people to work in cooperation.” // Berners-
Lee, Scientific American, May 2001 

•  Semantic Web consists primarily of three technical standards: 
–  RDF (Resource Description Framework) 
–  SPARQL (SPARQL Protocol and RDF Query Language) 
–  OWL (Web Ontology Language) 

•  RDF Statements are expressed in a "triples” <subject, predicate, object>. 
•  The entire universe can be described by triples because together, triples comprise a graph.  
•  A graph can be linked to one or many other graphs on the World Wide Web and these 

graphs are a fundamental part of the Semantic Web.  
•  Knowledge-oriented systems: reasoning engines can be used to reason against assertions 

that have been made to infer new meaning, to find relationships and meaning far beyond the 
scope of the data, managed isolated.  

20.04.17	 7	



National Research Centre 
“Kurchatov Institute” 

Big Data Technologies  
http://www.bigdatalab.nrcki.ru/ 

ATLAS	Metadata	Ontological	Model	(1)	
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•  Documents can be of different types.  
•  Scientific Paper is accompanied by Supporting Documents.  
•  Document’s inheritance is provided by “isBasedOn” Object Attribute.   
	

•  Each Document contains 
metainformation about data analysis: 
Datasets, Energy, Integrated 
Luminosity, Data Taking Year & Period, 
Monte-Carlo generators, etc, which 
can be extracted and connected with 
document in structured/formalized 
view.   
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ATLAS	Metadata	Ontological	Model	(2)	
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•  DataSamples and Documents are connected by “usedIn”/“referTo” attributes.  
•  DataSample attributes are taken from ProductionSystem database: 

•  hasDatasetID 
•  hasStatus 
•  hasEvents 
•  hasTimestamp 
•  ….  

•  In architecture prototypes v1 and v2 dataset’s detailed metadata are consolidated in Virtuoso RDF-Storage.    
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ATLAS	Metadata	Ontological	Model	(3)	
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•  Data Analysis in ATLAS =  PhysicsExperiment 
class 

•  Each PhysicsExperiment is described by a set of 
parameters (ExperimentAttributes class): 

•  Project (ex: mc10_7TeV) 
•  Campaign (ex: mc11a) 
•  Energy (ex: 10TeV) 
•  Integrated Luminosity 
•  Physics Group (SUSY, HIGG,…) 
•  Data Taking Period (ex: 2010_A1_1) 
•  Other parameters are not defined yet 

 
•  ExperimentAttributes can be taken from AMI, 

Production System, Twiki pages.   

•  Each Document must be connected with the 
appropriate ExperimentAttributes by the 
parameters, extracted from the content.  Document 
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Data	Processing	Agents	
•  GLANCE data processing 

–  Export links between papers and supporting documents 
metadata from GLANCE in JSON 

–  Convert links JSON to Turtle [RDF syntax - 
https://www.w3.org/TeamSubmission/turtle/] 

–  Import links to Virtuoso module   
•  CDS data processing 

–  Export paper’s metadata from CDS 
–  Convert Paper’s JSON to Turtle  
–  Import Paper’s Turtle to Virtuoso 
–  Export supporting notes metadata from CDS 
–  Convert supporting notes JSON to Turtle 
–  Import supporting notes Turtle to Virtuoso 
–  Get URL of PDF documents (supporting documents) 
–  Downloading PDF Documents 
–  PDF Analyzer module 
–  Converting PDF Analyzer results from JSON to Turtle 
–  Import results to Virtuoso 
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Dataflow development issues 
•  Data transfer from “upstream” to 

“downstream” stages 
•  Data preservation between stages 
•  Obsolete data removal 
•  Guarantee of reprocessing on data/

process update 
•  Processing delay 
•  Failure recovery 
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Ka\a	Streams	for	dataflow	automa;on	
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GLANCE 

CDS 

Virtuoso 

Stage 1.0 
•  List of papers 
•  Links between papers 

& internal documents 

Stage 1.5 
•  Paper / internal 

document detailed 
info 

Stage 1.3 
•  Document PDF location 

Stage 2.0 
•  PDF upload 

Stage 3.0 
•  PDF content 

analysis 

Stage 5.5 
•  Transformation to TTL/

SPARQL 

Stage 5.0 
•  Transformation to TTL/

SPARQL 

Stage 6.0 
•  TTL/SPARQL upload 

HDFS 
Developed: 
•  Adapters to reuse existing data 

processing (extracting, 
transforming, uploading, …) 
modules within Kafka‐driven 
dataflow 

•  Management utility to run the 
dataflow stages 

•  Formulated basic rules to write 
dataflow modules 

Kafka Connector 

Kafka Stream Processor 
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Metadata	extrac;on	from	the	text	of	unstructured	documents	
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Real datasets 
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Datasets	extrac;on	from	PDF	documents	
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Regular expressions are constructed according to 
ATLAS dataset nomenclature. These expressions 
are used to extract the dataset names from the 
text. 

{    "content": {        "real_datasets": [            "data11_7TeV.
00178044.physics_Egamma.merge.DAOD_2LHSG2.f354_m765_p600",             
"data11_7TeV.00178047.physics_Egamma.merge.DAOD_2LHSG2.f351_m765_p600",             
"data11_7TeV.00178109.physics_Egamma.merge.DAOD_2LHSG2.f354_m765_p600",             
"data11_7TeV.00179710.physics_Egamma.merge.DAOD_2LHSG2.f361_m796_p600",             
"data11_7TeV.00179725.physics_Egamma.merge.DAOD_2LHSG2.f361_m796_p600",              
….. 

PDFMiner is a tool for extracting information 
from PDF documents.  

GUI interface:  
-  Edit dataset names 
-  Delete datasets from the list 
-  Export resulted list to JSON file 

JSON 

PDF 
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Extrac;on	of	data	from	tables	
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Tables are found by looking for their 
descriptions in text. After finding the 
description, the page containing the 
table is extracted into XML format 
and the table is reconstructed using 
the information from it. 

<?xml version="1.0" encoding="utf-8" ?> 
<pages> 
    <page id="1" bbox="0.000,0.000,612.000,792.000" rotate="0"> 
         <textbox id="0" bbox="229.080,675.825,366.146,691.074"> 
         <textline bbox="229.080,675.825,366.146,691.074"> 
              <text font="MGTNRE+CMSSBX10" bbox="229.080,675.825,244.226,691.074" size="15.249">A</text> 
              <text font="MGTNRE+CMSSBX10" bbox="242.273,675.825,257.419,691.074" size="15.249">T</text> 
              <text font="MGTNRE+CMSSBX10" bbox="257.386,675.825,269.391,691.074" size="15.249">L</text> 
              <text font="MGTNRE+CMSSBX10" bbox="269.396,675.825,284.541,691.074" size="15.249">A</text> 
              <text font="MGTNRE+CMSSBX10" bbox="284.509,675.825,297.134,691.074" size="15.249">S</text> 
         </textline> 
         </textbox> 
         <figure name="R5" bbox="70.920,642.800,155.880,750.800"> 
               <image width="84" height="108" /> 
         </figure> 
         <layout> 
              <textgroup bbox="73.080,185.033,522.095,691.074"> 
              <textgroup bbox="73.080,380.838,522.095,691.074"> 
         </layout> 
    </page> 
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Web	Interface	for	Virtuoso	Storage	

Ontodia is a 
JavaScript library that 
allows to visualize, 
navigate and explore 
the data in the form of 
an interactive graph 
based on underlying 
data sources. 
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DKB	architecture	prototype	
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Federated	Requests	Example	

20.04.17	 18	



National Research Centre 
“Kurchatov Institute” 

Big Data Technologies  
http://www.bigdatalab.nrcki.ru/ 

Summary,	Outline	and	Future	Plans		
•  The team from Kurchatov Institute and TPU worked on DKB prototype and tools evaluation 
•  During the first year the Data Knowledge Base prototype was designed and implemented  

–  we use hybrid integration approach (consolidation + virtual integration) 
–  automated data flows processing  (using Apache Kafka) 
–  we provide a user friendly Web I/F. It allows to present metadata cross-references in the form of 

graphs 
–  we designed a global ontological data schema, to represent Documents, Physics Topic and Data 

Samples metadata in a coherent way 
–  we evaluated tools and technologies and made a choice of  

•  virtuoso, apache kafka, ontodia, … 
–  code repository is in SVN 

•  Program to extract metadata information from unstructured scientific documents in PDF format was 
developed, coded and implemented 
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Summary,	Outline	and	Future	Plans.	Cont’d		
•  The following matters will be addressed in a near-term future 

–  code repository migration to github 
–  DKB access authentication 

•  the most probable candidate is CERN SSO 
–  implemented for BigPanDA monitor and ProdSys  

–  Virtuoso scalability studies 
–  future development of a global metadata integration model, based on hybrid 

data integration approach 
–  Refining Kafka Streams dataflows automation 
–  Enhancing semi-automatic PDF Analyzer functionality:  

•  improve GUI and add user’s option to edit automatic meta-data extraction 
results 
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Possible	Contribu;on	to	the	ATLAS	DCC	project.	
Dataset discovery and ‘whiteboard’ sub-project(s) 

–  Development of the ontological data models for various sources of ATLAS metadata 
–  Execution of the consolidation dataflow, based on metadata from GLANCE, CDS, AMI using PDF 
Analyzer  

–  as a component in addition to existing (or/and planned to be developed tools) 
–  The choice of technology and implementation of a SPARQL endpoint for metainformation from  
–  ProdSys1&2 / Rucio / AMI (?), HEP InSPIRE / CDS (?) 
–  Execution of the federated SPARQL requests (just examples): 

•  get all datasets and related meta information from ProdSys/AMI/Rucio if they found in ATLAS papers or/and  
in Supporting Documents 

•  retrieve a list of  documents referred to data analysis conducted using data from period X and year Y  
•  retrieve all Documents for a specific  physics group, published in year XYZ and reference  to produced 

datasets and datasets states 
•  get detailed information about main authors for Paper from InSPIRE and return titles of related ATLAS 

publications   
•  retrieve all documents where specific data sample  is mentioned, with detailed metadata about this dataset 

from ProdSys, and find metadata about main authors of this document in InSPIRE  
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Findings	and	Ques;ons	:	
•  It is not always clear what is the best source to find information about  

–  ATLAS projects 
–  Campaigns and sub-campaigns  

•  and description 
–  Data taking periods 

It would be beneficial to have above descriptions in more formalized 
format 
Pointing to the source of information to be used for our studies will help 
–  Datasets (and data samples) are descirbed in several places 

•  We didn’t find one with the complete meta-data info 
–  AMI, Rucio, ProdSys : each has a part of info 

»  we didn’t study coherency between them, just an observation 
–  Authors & Publications  

•  CDS/InSPIRE (?) 
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Findings	and	Ques;ons	(cont’d)	:	
 

•  What is a combination of meta-information or/and parameters to identify 
the data sample used for a particular physics analysis : 

–  Project(s) 
–  Campaign(s) and sub-campaign(s) 
–  integrated luminosity (and statistics) 
–  Physics Groups 

–  Data taking period(s) 
–  SW release  

….	
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Thanks	
•  This talk drew on presentations, discussions, comments, input from 

many. Thanks to all, including those I’ve missed 
–  Kaushik De,	Dmitry Golubkov, Alexei Klimentov, Mikhail Korotkov, Dimitry 

Krasnopevtsev, Eygene Ryabinkin, Anatoly Tuzovsky,... 
–  Special thanks go to Torre Wenaus who initiated this work and for his ideas about Data 

Knowledge Base content design 
This work was funded by  

 the Russian Ministry of Science and Education under contract #14.Z50.31.0024  
 the Russian Foundation for Basic research under contract #16-37-00246. 
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DKB	architecture	prototype	v.1	
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Ontology storage – OpenLink 
Virtuoso: 
•  Developed first prototype of the ontology for 

ATLAS Data Analysis.  
•  Virtuoso ontology storage installed in Tomsk 

Polytechnic University 
 
Transitional Hadoop Storage in 
Kurchatov Institute 
•  Production System metadata [datasets] was 

exported from Oracle DB and imported to 
Hadoop Storage 

 
ATLAS Internal Notes processing: 
•  Developed PDF Analyzer tool, based on 

PDFMiner, which extracts dataset names from 
full texts of ATLAS Internal Notes  

 
Data Processing: 
•  Developed tools, converting the metadata from 

GLANCE, CERN Document Server and 
Production System [datasets] to TTL format for 
Virtuoso storage 

•  Metadata consolidated in Virtuoso storage  
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DKB	architecture	prototype	v.2	
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Data Processing: 
•  Implemented Metadata Integration Chain using data streaming based on Apache Kafka to automate data processing 

workflows  
•  Executed test data flow which export metadata from GLANCE and CDS, and import integrated metadata in TTL 

format in Virtuoso Storage 

Enhanced ontological model 
with metadata from AMI: 
•  Data taking periods 
•  Run Numbers 
•  Projects 
•  Campaigns  

Enhanced PDF Analyzer 
functionality: 
•  Extract metadata from PDF 

Tables  
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Reconstruc;on	of	the		real	and	MC	datasets	from	document	content		

20.04.17	 29	

Campaign Description from AMI 
… 
}, { 
    "MC11a": { 
        "mc11_7TeV": { 
            "digit": { 
                "RDO": ["d579", "d580"] 
            }, 
            "merge": { 
                "AOD": ["r2700", "r2780"] 
            }, 
            "recon": { 
                "*": ["a128", "a131", "a133", 
"a134", ...] 
            } 
        } 
    } 
},  
… 

Project 

Not unique values: 
could repeat in  
different projects 

mc11_7TeV.116866.*.*.*.e873_s1310_s1300_r2920_r2900_p756 
mc11_7TeV.125170.*.*.*.e893_s1310_s1300_r2920_r2900_p756 
mc11_7TeV.125329.*.*.*.e825_s1310_s1300_r2920_r2900_p756 
mc11_7TeV.125489.*.*.*.e825_s1310_s1300_r2920_r2900_p756 
mc11_7TeV.116064.*.*.*.e893_s1310_s1300_r2920_r2900_p756 
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Reconstruc;on	of	the		real	and	MC	datasets	from	document	content		
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Period’s Description from AMI 
[{"period": "A",
  "periodLevel": "2",
  "projectName": "data10_7TeV",
  "description": "unsqueezed stable beam data 
(beta*=10m): typical beam spot width in x and 
y is 50-60 microns.",
  "status": "locked"}, 
{"period": "B",
 "periodLevel": "2",
 "projectName": "data10_7TeV",
 "description": "first squeezed stable beams 
(beta*=2m): typical beam spot width in x and y 
is 30-40 microns.",
 "status": "locked"}, {Real data 

MC 

Project Name 
“mc09_7TeV” 

Project Name 
“data10_7TeV” 
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