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What are Data Grids?What are Data Grids?What are Data Grids?What are Data Grids?

Data Grids are middleware servicesData Grids are middleware services
○Sitting between the applications and data providers
○Providing transparent and uniform access to diverse types of digital assets
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Using a Data Grid – in AbstractUsing a Data Grid – in Abstract

Data Grid

•User asks for data from the data grid

SAA Summer School 8

•The data is found and returned
•Where & how details are hidden
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archival research data, user-contributed data, and technology to 
generate new forms of analysis and historical research 
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archival research data, user-contributed data, and technology to 
generate new forms of analysis and historical research generate new forms of analysis and historical research 
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generate new forms of analysis and historical research 
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interdisciplinary work. 
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Science, and Data Science. 

○ develop extensive hands-on experience working with cyberinfrastructure to carry 
hi l f i

○ develop inter-disciplinary iSchools with faculty from Computer Science, Archival 
Science, and Data Science. 
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hi l f iout archival functions. out archival functions. 



How Each Project Is Related to Computational 
A hi l S i  (CAS) Th
How Each Project Is Related to Computational 
A hi l S i  (CAS) ThArchival Science (CAS) Themes:Archival Science (CAS) Themes:

Project Computational Data Modeling 
& Evolutionary Graph Crowdsourcing GISProject p

Linguistics & Evolutionary 
Prototyping

p
Analytics Crowdsourcing GIS

1. Human Face of Big Data
[Community Displacement] X X X[Community Displacement] X X X

2. Mapping Inequality
[Racial Zoning] X X X[ g]

3. St. Louis Voyage
[Refugee Narratives] X X X

4. World War II Japanese 
Camps

[Citizen Internment]
X X X X X
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• Application of analytics to archival material, including text-mining, data-mining, 
sentiment analysis, network analysis.

• Analytics in support of archival processing, including appraisal, arrangement and 
descriptiondescription.

• Scalable services for archives, including identification, preservation, metadata 
generation, integrity checking, normalization, reconciliation, linked data, entity extraction, 
anonymization and reduction.anonymization and reduction.

• New forms of archives, including Web, social media, audiovisual archives, and 
blockchain.

• Cyber-infrastructures for archive-based research and for development and hosting of 
collections

• Big data and archival theory and practice
• Digital curation and preservation

C d i d hi• Crowdsourcing and archives
• Big data and the construction of memory and identity
• Specific big data technologies (e.g. NoSQL databases) and their applications
• Corpora and reference collections of big archival dataCorpora and reference collections of big archival data
• Linked data and archives
• Big data and provenance
• Constructing big data research objects from archives



Our working definition of 
Archival Computational Science (CAS):Archival Computational Science (CAS):

An interdisciplinary field concerned with the application of computational p y pp p
methods and resources to large-scale records/archives processing, 
analysis, storage, long-term preservation, and access, with aim of 
improving efficiency productivity and precision in support of appraisalimproving efficiency, productivity and precision in support of appraisal, 
arrangement and description, preservation and access decisions, and 
engaging and undertaking research with archival material.

e.g.: NSF/SBE RIDIR, LOC National Digital Initiative, IMLS Always 
Already Computational, etc.



DIBBS:  3 1/2 years:  $115 M
======= Fall 2013:  $32.8M

Brown Dog -- University of Illinois at Urbana-Champaign / U. Maryland -- $10.5M
Data Exacell Carnegie Mellon University $8 9M

DataNet: $62.6M
SEAD:                    $8.1M (Michigan): data curation software and services for the "long tail" of small- and medium-scale data producers in sustainability science. 
Terra Populus:             $8.2M (Minnesota) -- Build tools for data integration across the domains of social science and environmental data
DFC: $8.3M (North Carolina) -- Use the integrated Rule-Oriented Data System (iRODS) to provide data grid infrastructure for science and engineering. 

DataONE:                                                   $27.9M (New Mexico) -- $20M + $7.9M Oct. 2014) -- platform for collaborative environmental and ecological science
DataConservancy:                                                   $10M – Johns Hopkins U. – 2009-2014 

NSF Office of Advanced CI (part of CISE)
D t N t &DIBBData Exacell -- Carnegie Mellon University -- $8.9M

SkyServer -- Johns Hopkins University -- $8.9M
GABBs -- Purdue University -- $4.5M

======= Fall 2014:  $20.8M
-Building a Modular Cyber-Platform for Systematic Collection, Curation, and Preservation of Large Engineering and Science Data -- Purdue University -- $1.5M
-User Driven Architecture for Data Discovery -- Corporation for National Research Initiatives (NRI) -- $1.5M
-Collaborative Research: Cyberinfrastructure for Interpreting and Archiving U-series Geochronologic Data -- College of Charleston -- $580K
-T2-C2: Timely and Trusted Curator and Coordinator Data Building Blocks -- University of Illinois at Urbana-Champaign -- $1.5M
Scalable Capabilities for Spatial Data Synthesis University of Illinois at Urbana Champaign $1 5M

DataNet &DIBBs: 
~ $178M of National Investments ($115M for DIBBs)

This solicitation includes two classes of 
science data pilot awards:-Scalable Capabilities for Spatial Data Synthesis -- University of Illinois at Urbana-Champaign -- $1.5M

-Domain-Aware Management of Heterogeneous Workflows: Active Data Management for Gravitational-Wave Science Workflows -- Syracuse University -- $750K
-SPIDAL: Middleware and High Performance Analytics Libraries for Scalable Data Science -- Indiana University -- $5.1M
-Ubiquitous Access to Transient Data and Preliminary Results via the SeedMe Platform -- University of California-San Diego -- $1.3M
-DIBBs for Intelligence and Security Informatics Research Community -- University of Arizona -- $1.5M
-STORM: Spatio-Temporal Online Reasoning and Management of Large Data -- University of Utah -- $1.2M
-Systematic Data-Driven Analysis and Tools for Spatiotemporal Solar Astronomy Data -- Georgia State University Research Foundation -- $1.5M
-An Infrastructure for Computer Aided Discovery in Geoscience -- Massachusetts Institute of Technology -- $1.4M
Porting Practical Natural Language Processing (NLP) and Machine Learning (ML) Semantics University of Colorado at Boulder $1 5M

science data pilot awards:
• Early Implementations are large 

"at scale" evaluations, building upon 
cyberinfrastructure capabilities of 
existing research communities or 
recognized community data 

ll ti d t di th-Porting Practical Natural Language Processing (NLP) and Machine Learning (ML) Semantics -- University of Colorado at Boulder -- $1.5M
======= 2015:  $27.5

-Tripal Gateway, a Platform for Next-Generation Data Analysis and Sharing -- Washington State University – $1.5M
-An Integrated System for Public/Private Access to Large-Scale, Confidential Social Science Data --Duke University -- $1.5M
-LearnSphere: Building a Scalable Infrastructure for Data-Driven Discovery and Innovation in Education -- Carnegie-Mellon University -- $4.8M
-An Infrastructure Supporting Collaborative Data Analytics Workflow Design and Management -- Carnegie-Mellon University -- $1M
-DNI: Give Your Data the Edge: A Scalable Data Delivery Platform -- University of Arizona -- $3.8M
-DNI: Multi-Institutional Open Storage Research InfraStructure (MI-OSiRIS) --University of Michigan Ann Arbor -- $4.9M
DNI D t A l i d M t B ildi Bl k f M lti C C b i f t t th h Cl d F d ti C ll U i it $5M

collections, and extending those 
data-focused cyberinfrastructure
capabilities to additional research 
communities and domains with 
broad community engagement.

-DNI: Data Analysis and Management Building Blocks for Multi-Campus Cyberinfrastructure through Cloud Federation -- Cornell University -- $5M
-DNI: The Pacific Research Platform -- University of California-San Diego -- $5M

======= 2016:  $31.4M
-EI: Virtual Data Collaboratory: A Regional Cyberinfrastructure for Collaborative Data Intensive Science – Rutgers -- $4M
-EI: Data Laboratory for Materials Engineering – SUNY at Buffalo-- $2.9M
-EI: mProv: Provenance-based Data Analytics cyberinfrastructure for High-frequency Movile Sensor data – U. Memphis -- $4M
-EI: Merging Science and Cyberinfrastructure Pathways: The Whole Tale -- University of Illinois at Urbana-Champaign -- $5M
-PD: Ontology-Enabled Polymer Nanocomposite Open Community Data Resource -- Rensselaer Polytechnic Institute -- $500K
EI Th L l S t D t I f t t (LSDI) UC B k l $3 9M

• Pilot Demonstrations address 
advanced cyberinfrastructure
challenges across emerging 
research communities, building upon 
recognized community data 
collections and disciplinary research-EI: The Local Spectroscopy Data Infrastructure (LSDI) – UC Berkeley -- $3.9M

-EI: VIFI:Virtual Information-Fabric Infrastructure (VIFI) for Data-Driven Decisions from Distributed Data -- UNC Charlotte -- $4M
-PD: Metadata Toolkits for Building Multi-Faceted Data – Relationship Models – MIT -- $500K
-EI: Continuous Capture of Metadata for Statistical Data – U. Michigan -- $2.6M
-EI: North East Storage Exchange – Harvard U. -- $4M

======= 2017:  $3.2M so far…
-EI: Vizier, Streamlined Data Curation – SUNY at Buffalo -- $2.7M
-PD: Accelerating Comparative Metagenomics through an Ocean Cloud Commons – U. Arizona -- $500K

collections and disciplinary research 
interests, to address specific 
challenges in science and 
engineering research.



Larry Smarr
$5,000,000
2015-2020

The Pacific Research 
Rim

Bertram Ludaescher
$4,986,951
2016-2021

Whole Tale
David Lifka
$4,975,094
2015-2020

Aristotle
Shawn McKee
$4,918,411
2015-2020

MS-OSiRIS
Larry Peterson
$3,804,911
2015-2019

Syndicate

Ken Koedinger
$4,830,819 2014-
2019

Building a Scalable 
Infrastructure for Data-
Driven Discovery and 
Innovation in Education

Geoffrey Fox
$5,000,000
2014-2019

SPIDAL

Kenton McHenry
$10 519 716

Alex Szalay
$7,603,723

SciServer
Michael Levine
$

The Data Exacell
GABBs

Xiaohui Carol Song
$3,409,029
2013 2018$10,519,716

2013-2018
, ,

2013-2018 $4,902,601
2013-2018

2013-2018

Reagan Moore
$8,300,992
2011-2016

NSF NSF 

Steven Ruggles
$7,993,266
2011-2016

Margaret Hedstrom
$8,000,000
2011-2016

Bill Michener
$21,194,548
2009-2014

DataNets
DIBBs
DataNets
DIBBs

Golam Choudhury
$10,085,120
2009-2014



executable papers, 
provenance 
preservation

social 

data transformation, 
software preservation / 
publishing

preservation

data curation

curation, auto 
curation, 
publishing
dataiRODs data data curation

and sharing
iRODs, data 
management



Big Data Big Data CurationCurationBig Data Big Data CurationCurationBig Data Big Data CurationCuration
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NCSA Brown DogNCSA Brown DogNCSA Brown Dog
“The Super Mutt”
NCSA Brown Dog
“The Super Mutt”

Public API for
F t Mi ti

Public API for
F t Mi ti● Format Migration

● Feature Extraction
● Format Migration
● Feature Extraction

Web ScaleWeb ScaleWeb ScaleWeb Scale



The Problem Addressed by Brown DogThe Problem Addressed by Brown DogThe Problem Addressed by Brown DogThe Problem Addressed by Brown Dog

○Large collections of un-curated and/or unstructured digital data (“long-tail” data)○Large collections of un-curated and/or unstructured digital data (“long-tail” data)

○Many file formats

○No metadata

○No useful filenames
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○No metadata
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○No textual contents

○No useful directory structure

○No textual contents



What Is NeededWhat Is Needed

○Means of indexing data contents so that large collections of data can be searched 
and desired data found
○An ability to compare data

○Means of indexing data contents so that large collections of data can be searched 
and desired data found
○An ability to compare data○An ability to compare data○An ability to compare data



Brown Dog Data Transformation ServicesBrown Dog Data Transformation Services

○The Data Access Proxy (DAP)○The Data Access Proxy (DAP)○The Data Access Proxy (DAP)
○http://dap.ncsa.illinous.edu/conversion/:output/:file

○File in, File out

○The Data Access Proxy (DAP)
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○File in, File out

○The Data Tilling Service (DTS)
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○File in, JSON out

○The Data Tilling Service (DTS)
○http://dts.ncsa.illinois.edu/extraction/:domain/:file

○File in, JSON out

○JSON can contain metadata, tags, signatures, links to derived data products, etc…○JSON can contain metadata, tags, signatures, links to derived data products, etc…



Brown Dog Use CasesBrown Dog Use CasesBrown Dog Use CasesBrown Dog Use Cases

○Addressed specifically here:
1. Biology/Ecology

○Addressed specifically here:
1. Biology/Ecology

2. Civil and Environmental Engineering

3. Social Science

2. Civil and Environmental Engineering

3. Social Science

○Testbed data:
4. UMD CI-BER testbed, at the U. Maryland iSchool

○Testbed data:
4. UMD CI-BER testbed, at the U. Maryland iSchool



B DB DBrown DogBrown Dog

The Data Tilling Service (DTS)The Data Tilling Service (DTS)



Data TillingData TillingData TillingData Tilling

○Data Tilling (v): To prepare and cultivate (data) for analysis

○Data Tillage (n): Is the computational preparation of data by algorithmic agitation of 
various types  such as digging  stirring  and overturning

○Data Tilling (v): To prepare and cultivate (data) for analysis

○Data Tillage (n): Is the computational preparation of data by algorithmic agitation of 
various types  such as digging  stirring  and overturningvarious types, such as digging, stirring, and overturningvarious types, such as digging, stirring, and overturning



(Pre) Data Analysis(Pre) Data Analysis(Pre) Data Analysis(Pre) Data Analysis

○Not necessary data cleaning

○M  lik  t d t  t ti

○Not necessary data cleaning

○M  lik  t d t  t ti○More like metadata extraction

○Not full analysis / Not perfect results

○Apply as many methods as possible

○More like metadata extraction

○Not full analysis / Not perfect results

○Apply as many methods as possible

○Support the user in finding the metadata they need○Support the user in finding the metadata they need



Extracting Information from Raw Files
Arbitrary 
metadata

File / URL

Previews
DTSFile / URL

Tags

DTS

Content based 
signaturessignatures



ExtractorsExtractors



[M3d] User Case Extractors[M3d] User Case Extractors
○Floodplain extraction○Floodplain extraction○Floodplain extraction

○Pond extraction from aerial photos

○Gap filled versions of the data

○Floodplain extraction

○Pond extraction from aerial photos

○Gap filled versions of the data

○Text extraction from digitized documents (in particular numerical values)

○River locations from hand drawn maps

○River locations from aerial photos

○Text extraction from digitized documents (in particular numerical values)

○River locations from hand drawn maps

○River locations from aerial photos

○Route/image extraction

○Geolocation

○Green Index extractor

○Route/image extraction

○Geolocation

○Green Index extractorG ee  de  e ac o

○Human preference from images

○Sentiment analysis from text

○Data extraction from articles (e g  tables)

G ee  de  e ac o

○Human preference from images

○Sentiment analysis from text

○Data extraction from articles (e g  tables)○Data extraction from articles (e.g. tables)○Data extraction from articles (e.g. tables)



[M3d] Other Extractors[M3d] Other Extractors[M3d] Other Extractors[M3d] Other Extractors

○OpenCV
○Faces, eyes

○Tik

○OpenCV
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○Tesseract
○Text extraction from images

○Tesseract
○Text extraction from images

○Tika
○Language detection

○Simple Summary
○S i

○Tika
○Language detection

○Simple Summary
○S i

○CMU Sphinx
○Speech recognition

○VLFeat

○CMU Sphinx
○Speech recognition

○VLFeat
○Summaries

○Cell Profiler
○Human, yeast, fly, tumor, …

○Summaries

○Cell Profiler
○Human, yeast, fly, tumor, …

○Plane, motorcycle, …○Plane, motorcycle, …



Data Collection
URL, File System, …

DAPDAP
Native Byte 
Encoding
File Formats Data

Data Structures
Arrays, Strings, 
Images Videos

Derived 
Data/
Metadata

DTSDTS
File Formats, Data 
Bases, Websites, 
Documents 

Images, Videos, 
Audio, 3D Models, …

Metadata
Tags, 
Signatures

Applications
Search RelateSearch, Relate, 
View, Process, 
Use

Usable DataUsable Data



M. Dietze, Ecology, Boston University
A. Desai, Ecology, University of Wisconsin
D. LeBauer, Ecology, University of Illinois Urbana-Champaign

Data Collection
Handwritten 
Settlement Vegetation

, gy, y p g

DAPDAP
Native Byte 
Encoding
Various Image

Data Structures
Image

Derived 
Data/
Metadata

Settlement Vegetation 
Data

DTSDTS
Various Image 
Formats Text, 

Number 
ValuesApplications

Climate Modeling

Usable Data

Climate Modeling

Usable Data





B. Minsker, Civil & Env. Engineering, University of Illinois Urbana-Champaign
A. Schmidt, Civil & Env. Engineering, University of Illinois Urbana-Champaign
B. Sullivan, Landscape Architecture, University of Illinois Urbana-Champaign

Data Collection
Satellite/Aerial Data

, p , y p g

DAPDAP
Native Byte 
Encoding
Various Image

Data Structures
Image

Derived 
Data/
Metadata

DTSDTS
Various Image 
Formats

Metadata
Land 
Cover/Usage/
…Applications

Human Access to

Usable Data

Human Access to 
Green 
Infrastructure

Usable Data





P. Kumar, Civil & Env. Engineering, University of Illinois Urbana-Champaign

Data Collection
LiDAR Data

DAPDAP
Native Byte 
Encoding
LAS

Data Structures
Depth Data

Derived Data/
Metadata
Floodplains

DTSDTS
LAS Floodplains

Applications
Flood Plain

Usable Data

Flood Plain 
Analysis

Usable Data



P. Kumar, Civil & Env. Engineering, University of Illinois Urbana-Champaign

Data Collection
LiDAR Data

DAPDAP
Native Byte 
Encoding
LAS

Data Structures
Depth, Polygons

Derived Data/
Metadata
Floodplains

DTSDTS
LAS Floodplains,

Depth Distribution

Applications
Flood Plain

Usable Data

Flood Plain 
Analysis

Usable Data





P. Kumar, Civil & Env. Engineering, University of Illinois Urbana-Champaign

Data Collection
Digitized 19th Century 
Maps

DAPDAP
Native Byte 
Encoding
Various Image

Data Structures
Image

Derived 
Data/
Metadata

Maps

DTSDTS
Various Image 
Formats

Metadata
River/Stream 
Locations

Applications
River MeanderRiver Meander

Usable DataUsable Data





B. Minsker, Civil & Env. Engineering, University of Illinois Urbana-Champaign
A. Schmidt, Civil & Env. Engineering, University of Illinois Urbana-Champaign
B. Sullivan, Landscape Architecture, University of Illinois Urbana-Champaign

Data Collection
Landscape/Architectur
e/Design Images

, p , y p g

DAPDAP
Native Byte 
Encoding
Various Image

Data Structures
Image

Derived 
Data/
Metadata

e/Design Images

DTSDTS
Various Image 
Formats Human 

Preference 
ScoreApplications

Green

Usable Data

Green 
Infrastructure 
Design

Usable Data





M. Poole, Social Science, University of Illinois Urbana-Champaign
F. Pena-Mora, Civil & Env. Engineering, Columbia University
D. Espelage, Education, University of Illinois Urbana-Champaign

Data Collection
Groupscope

p g , , y p g

DAPDAP
Native Byte 
Encoding
Various Video

Data Structures
Video

Derived 
Data/
Metadata

DTSDTS
Various Video 
Formats People 

Locations/ 
InteractionsApplications

Large Dynamic

Usable Data

Large Dynamic 
Group Behavior

Usable Data





K. Nahrstedt, Computer Science,  University of Illinois Urbana-Champaign
J. Rogers, Material Science, University of Illinois Urbana-Champaign

Data Collection
Material Fabrication 
Data

DAPDAP
Native Byte 
Encoding
SEM Images

Data Structures
Image

Derived 
Data/
Metadata

Data

DTSDTS
SEM Images

Successful/F
ailed 
ExperimentsApplications

Data Mining

Usable Data

Data Mining 
towards future 
Materials 
Development

Usable Data





Industry

Data Collection
Digitized Technical 

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived 
Data/
Metadata

g
Drawings

DTSDTS
Various Image 
Formats

Metadata
Shape 
Descriptors, 
MetadataApplications

Indexing

Usable DataUsable Data





S. Punyasena, Biology, University of Illinois Urbana-Champaign

Data Collection
Pollen Microscopy 

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived 
Data/
Metadata

py
Images

DTSDTS
Various images 
formats

Metadata
Pollen Count, 
Filtering, 
Classification

Applicationspp
Biostratigraphy, Paleoclimate, 
Paleoecology, Plant Evolution, 
Forensics 

Usable DataUsable Data





E. Spalding, Botany, University of Wisconsin

Data Collection
Seedling Images

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata
Root tip Root

g g

DTSDTS
Various images 
formats

Root tip, Root 
tip 
characteristics

Applicationspp
Phenomics

Usable DataUsable Data





Stephan Joslyn, Veterinary Medicine, University of Illinois Urbana-
Champaign

Data Collection
Aerial photos of cattle 

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

p
feedlots

DTSDTS
Images formats Cattle detection, 

cattle clustering

ApplicationsApplications
Disease detection, Food supply

Usable DataUsable Data





David LeBauer, Ecology, University of Illinois Urbana-Champaign

Data Collection
Biofuel Research 

DAPDAP
Native Byte 
Encoding

Data Structures
Tables, Images

Derived Data/
Metadata

Publications

DTSDTS
Document formats Plant species, 

locations, yields

ApplicationsApplications
Biofuel production, 
Environmental Impact

Usable DataUsable Data





David LeBauer, Ecology, University of Illinois Urbana-Champaign

Data Collection
Biofuel Research Data

DAPDAP
Native Byte 
Encoding

Data Structures
Tables

Derived Data/
MetadataDTSDTS

Document formats Plant species, 
locations, yields

ApplicationsApplications
Biofuel production, 
Environmental Impact

Usable DataUsable Data





Brian Wee, Ecology, National Ecological Observatory Network (NEON) 

Data Collection
Rhizotron Data

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
MetadataDTSDTS

Image formats Underground 
biomass

ApplicationsApplications

Usable DataUsable Data





Brian Wee, Ecology, National Ecological Observatory Network (NEON) 

Data Collection
Canopy cover imagery

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

py g y

DTSDTS
Image formats Vegetation cover 

percentage, leaf 
area index

ApplicationsApplications

Usable DataUsable Data





Brian Wee, Ecology, National Ecological Observatory Network (NEON) 

Data Collection
LiDAR

DAPDAP
Native Byte 
Encoding

Data Structures
Depth, Wafeform

Derived Data/
MetadataDTSDTS

LAS Tree 
structure/specie
s

ApplicationsApplications
Leaf area index, biomass, 
carbon

Usable DataUsable Data





Tim Gernat, Entomology, University of Illinois Urbana-Champaign
Gene Robinson, Entomology, University of Illinois Urbana-Champaign

Data Collection
Bee Hive 

DAPDAP
Native Byte 
Encoding

Data Structures
Image, Image 

Derived Data/
Metadata

Images/Video

DTSDTS
Image and Video 
formats

Sequences Bee locations, 
movement, 
interactions

ApplicationsApplications
Social Interactions of Bees

Usable DataUsable Data





Entomology

Data Collection
Bug Box Images

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

g g

DTSDTS
Image formats Insect species, 

specimens, 
locations

ApplicationsApplications

Usable DataUsable Data





Amelia Bartholomew, Medicine, University of Illinois Chicago

Data Collection
Kidney Biopsy 

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

y p y
Microscopy Images

DTSDTS
Image formats Tissue 

classification, 
Changes in tissue

ApplicationsApplications
Population Obesity, Renal 
Failure

Usable DataUsable Data





Amelia Bartholomew, Medicine, University of Illinois Chicago

Data Collection
Publications

DAPDAP
Native Byte 
Encoding

Data Structures
Tables, Images

Derived Data/
MetadataDTSDTS

Document formats Demography 
data, 
gene/manifestatio
n correlations

Applications
Population Obesity, Renal 
Failure

Usable DataUsable Data





Ian Brooks, Biochemistry, University of Illinois Urbana-Champaign

Data Collection
Community Data

DAPDAP
Native Byte 
Encoding

Data Structures
Numerical, Temporal 

Derived Data/
Metadata

y

DTSDTS
Documents, … Feature Vectors, 

Classifications
Correlations in 
data

ApplicationsApplications
Disease Spread/Containment

Usable DataUsable Data





Christopher Lynberg, Computer Science, Center for Disease Control (CDC)

Data Collection
Pathogen Cards

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

g

DTSDTS
Image formats Pathogen 

attributes from 
blood work

ApplicationsApplications
Disease

Usable DataUsable Data





Sonia Giovinazzi, Civil & Natural Resource Engineering, University of Canterbury

Data Collection
Sewer/Water System 

DAPDAP
Native Byte 
Encoding

Data Structures
Image, Image 

Derived Data/
Metadata

y
Videos

DTSDTS
Video formats Sequences Structural 

defects

ApplicationsApplications
Urban Infrastructure

Usable DataUsable Data





Ruth Gates, Marine Biology, University of Hawaii 

Data Collection
Coral Reef Data

DAPDAP
Native Byte 
Encoding

Data Structures
Text, Image, …

Derived Data/
MetadataDTSDTS

Image Formats, 
Document Formats, 
GIS, Sensor 
Streams, Spectral, 

Coral Reef 
Changes, 
Correlations

ApplicationsFASTA Applications
Biodiversity and Ecosystem 
Resiliance

Usable DataUsable Data





Chris German, Marine Geochemistry, Woods Hole Oceanographic Institute (WHOI)
Scott Gallager, Biology, Woods Hole Oceanographic Institute (WHOI)
James Kinsey, Mechanical Engineering, Woods Hole Oceanographic Institute (WHOI)

Data Collection
UAV Data

y, g g, g p ( )
Joe Futrelle, Computer Science, Woods Hole Oceanographic Institute (WHOI)

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
MetadataDTSDTS

Image Formats, 
Video Formats

Color Correction, 
Event detection, 
Species 
classification/counti
ngApplications

Marine Biology, Fishing Industry

Usable DataUsable Data





David Zeppa, Computer Science, University of California Santa Cruz

Data Collection
Publications

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
MetadataDTSDTS

Document formats Polymers

Applications

Usable DataUsable Data





David Zeppa, Anthropology, University of Southern Florida

Data Collection
Glyph Photos/Images

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

yp g

DTSDTS
Document formats, 
Image formats

Glyph signatures 
for CBIR

Applications
Finding glyphs in situ

Usable DataUsable Data





Robert Markley, English, University of Illinois Urbana-Champaign

Data Collection
Historical Maps

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
Metadata

p

DTSDTS
Image formats Lake locations, 

boundaries, 
signatures for CBIR

Applications
Coastline/climate changes over 
time

Usable DataUsable Data





Ann MacNeil, Music, University of North Carolina at Chapel Hill

Data Collection
Sheet Music

DAPDAP
Native Byte 
Encoding

Data Structures
Image

Derived Data/
MetadataDTSDTS

Image formats Notes

Applications

Usable DataUsable Data







SALT/”yan”:  a metaphor for digital curation
SustainAbiLiTy (SALT) labSustainAbiLiTy (SALT) lab

SALT/ y p g

PolicyGovernance annotationconditioning
Imperial officer Weapon

B iContent

Infrastructure
collection
Brine

ContainerInfrastructure

Evolution

preservation
current & future use



















Digital Repositor At Scale That In ites Comp tation

Beyond iRODS

Digital Repository At Scale - That Invites Computation
[ To Improve Collections ]

GOAL: Build out the open source DRAS‐TIC platform into a horizontally scalable archives 
framework serving the national library, archives, and scientific data management communities
● Product of a 2-year startup by partners, Archive Analytics Solutions Ltd.

S li t billi f fil d b d● Scaling to billions of files and beyond
● Interfaces:

○ Web client
○ Command-line client
○ REST storage API (CDMI) industry standard

● Key-value metadata
● Listener mechanism
● Python source on GitHub (Open AGPL license)

• Computational Finding Aids

● Python source on GitHub (Open AGPL license)
● Apache Cassandra database (CERN, eBay, GitHUB, Hulu, Instagram, Netflix, Twitter…)



DRASTIC MeasuresDRASTIC MeasuresDRASTIC Measures
Designing Scalable Cyberinfrastructure

DRASTIC Measures
Designing Scalable Cyberinfrastructure

for Metadata Extraction
in Billion-Object Archives
for Metadata Extraction

in Billion-Object Archives

Gregory Jansen
Richard Marciano

Gregory Jansen
Richard Marciano



The Rest of the TalkThe Rest of the TalkThe Rest of the Talk..The Rest of the Talk..
○ Approaching 1 Billion files○ Approaching 1 Billion files

○ New DRAS-TIC Repository

○ NCSA’s Brown Dog Service

○ New DRAS-TIC Repository

○ NCSA’s Brown Dog Service○ NCSA s Brown Dog Service

○ Automatic Feature Extraction & Curation

○ NCSA s Brown Dog Service

○ Automatic Feature Extraction & Curation

○ Digging into Collections with Elasticsearch

○ Projects & Opportunities

○ Digging into Collections with Elasticsearch

○ Projects & Opportunities



Approaching Billions
at 1/10 Scale

Approaching Billions
at 1/10 Scaleat 1/10 Scale

100 Million files

at 1/10 Scale

100 Million files
72 Terabytes of data

Hundreds of file formats
U i  fil  f t

72 Terabytes of data
Hundreds of file formats

U i  fil  f tUnique file formatsUnique file formats

4 x 32 core servers4 x 32 core servers4 x 32 core servers
15 trays of hard drives
180 4 Terabyte drives

4 x 32 core servers
15 trays of hard drives
180 4 Terabyte drives80  e aby e d es

720 Terabytes raw storage
80  e aby e d es

720 Terabytes raw storage



C* ClusterDRASTIC API 
S

Cassandra
Server

Server

Cassandra
Server

DRASTIC API 
Server

Django Web App
CDMI

Cassandra
Server

Django Web App

MQTT Broker
Server

CassandraDRASTIC API Cassandra
ServerServer





Workflow for a Digital ObjectWorkflow for a Digital Object

PDFPDF

File Name
Directory
File Size

REPOSITORY SERVICES



Text Format Conversion (PDF to TXT)Text Format Conversion (PDF to TXT)

PDFPDF

TXTTXT

File Name
Directory
File Size

REPOSITORY SERVICES



Now we have a full text index..Now we have a full text index..

PDFPDF

TXT

Full Text

TXT

Full Text
File Name
Directory
File Size

REPOSITORY SERVICES



Optical Character Recognition (OCR) Optical Character Recognition (OCR) 
ExtractorExtractor

PDFPDF

PNG

OCR Text

PNG

OCR OCR Text
File Name
Directory
File Size

OCR

REPOSITORY SERVICES



Format Recognition (Siegfried PRONOM Format Recognition (Siegfried PRONOM 
Extractor)Extractor)

PDFPDF

PUIDPNG PUID
PDF 
1.4.2

Format

PNG

OCR Format
OCR Text
File Name
Directory
File Size

OCR

REPOSITORY SERVICES
File Size



Facial Recognition (Computer Vision Facial Recognition (Computer Vision 
Extractors)Extractors)

PDFPDF

PUIDPNG PUID
PDF 
1.4.2

# Faces

PNG

OCR

6 
FACES

# Faces
Format
OCR Text
File Name
Directory

OCR

REPOSITORY SERVICES
Directory
File Size



Facial Recognition (Computer Vision Facial Recognition (Computer Vision 
Extractor)Extractor)

PDFPDF

PUID # FacesPNG PUID
PDF 
1.4.2

# Faces
# Eyes
# Close Ups
# Profiles

PNG

OCR

6 
Faces

3 i

1 Close 
Up

# Profiles
Format
OCR Text
File Name
Directory

OCR 12 
Eyes

3 in 
Profile

REPOSITORY SERVICES

Directory
File Size



PDF Object Enhanced with Extracted MetadataPDF Object Enhanced with Extracted Metadata

PDF

PUID
PNG

PUID
PDF 1.4.2

OCR

6 Faces 1 Close Up

OCR
12 Eyes 3 in Profile











DON’TDON T
PANIC



ElasticSearch + KibanaElasticSearch + Kibana

● Free plugin for 
Elasticsearch

● Gives shape to an 
Elasticsearch indexElasticsearch index

● Write queries 
visually and 
interactively



Lots of ways to Lots of ways to 
explore the dataexplore the data

Files Formats
○ C t i  Pi  Ch t
Files Formats
○ C t i  Pi  Ch t○ Concentric Pie Chart
○ Inner: Mimetype
○ Outer: PRONOM PUID

○ Concentric Pie Chart
○ Inner: Mimetype
○ Outer: PRONOM PUID



Charts can be added to data dashboards..Charts can be added to data dashboards..



Arrangement can be used as a FacetArrangement can be used as a FacetArrangement can be used as a FacetArrangement can be used as a Facet

As you browse the As you browse the y
hierarchy...

The entire dashboard is 
redrawn to reflect the 

y
hierarchy...

The entire dashboard is 
redrawn to reflect the redrawn to reflect the 
particular record 
group, series or folder 
under study.

redrawn to reflect the 
particular record 
group, series or folder 
under study.y

“Drill down” or zoom in 
and out of your 
collections.

y
“Drill down” or zoom in 

and out of your 
collections.collections.collections.



Text Comparison between FoldersText Comparison between Folders

Significant Terms are based 
on full text

Significant Terms are based 
on full text

Denied
‘V’

on full text.
They are significant within 

overall scope of query.
Si ifi t T  b  d 

on full text.
They are significant within 

overall scope of query.
Si ifi t T  b  d 

Science
Budget

Specification

Significant Terms can be used 
to distinguish neighboring 
folders or documents.

Significant Terms can be used 
to distinguish neighboring 
folders or documents.

Budget

Specification
Diagram





JOIN FORCESJOIN FORCESDRAS-TICDRAS-TIC JOIN FORCESJOIN FORCESDRAS TIC
Institutional R&D Partners
Use cases for Parallel Compute
Fedora Sprinters

DRAS TIC
Institutional R&D Partners
Use cases for Parallel Compute
Fedora Sprinters

Brown Dog
Try it on your Scientific Data
Become an Early Adopter of the API

Brown Dog
Try it on your Scientific Data
Become an Early Adopter of the APIBecome an Early Adopter of the API
Contribute Extractors & Converters

UMD iSchool

Become an Early Adopter of the API
Contribute Extractors & Converters

UMD iSchool
Partner with the DCIC on Projects
Digital Curation Certificate Program
Computational Archival Science

Partner with the DCIC on Projects
Digital Curation Certificate Program
Computational Archival Science



http://dcic.umd.edu
http://github.com/UMD-DRASTIC
http://browndog.ncsa.illinois.edu

marciano@umd.edu

Thank you ISGC 2017 Team:
L d k  Si  St ll  Vi k

Thank you ISGC 2017 Team:
L d k  Si  St ll  Vi kLudek, Simon, Stella, Vicky,

and many other staff 
Ludek, Simon, Stella, Vicky,

and many other staff and many other staff and many other staff 


