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The Emergence of Computational XXX’s 

	
  

•  XXX=Social	
  Science	
  
–  “Inves/ga/ng	
  social	
  and	
  behavioral	
  rela/onships	
  and	
  interac/ons	
  through:	
  social	
  simula/on,	
  

modeling,	
  network	
  analysis,	
  and	
  media	
  analysis”,	
  Wikipedia	
  	
  

•  XXX=Biology 
–  “The science of using biological data to develop algorithms or models to better 

understand biological systems”, Wikipedia 

•  XXX=Journalism 
–  “Finding and telling news stories, WITH, BY, or ABOUT algorithms”, Nick Diakopoulos 

•  XXX=Archival Science ? 
–  The Focus of this seminar… 

	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What is CAS? 

	
  

A	
  trans-­‐disciplinary	
  field	
  concerned	
  with	
  the	
  applica/on	
  of:	
  
	
  

–  computa/onal	
  methods	
  and	
  resources	
  to	
  large-­‐scale	
  records	
  /
archives:	
  
•  processing,	
  analysis,	
  storage,	
  long-­‐term	
  preserva/on,	
  and	
  
access,	
  	
  

•  with	
  the	
  aim	
  of	
  improving	
  efficiency,	
  produc/vity	
  and	
  precision	
  
	
  

–  	
  in	
  support	
  of	
  appraisal,	
  arrangement	
  and	
  descrip/on,	
  preserva/on	
  
and	
  access	
  decisions,	
  and	
  engaging	
  and	
  undertaking	
  research	
  with	
  
archival	
  materials.	
   

	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://www.smithsonianmag.com/smithsonian-institution/how-artificial-intelligence-could-revolutionize-museum-research-180967065/ 

How Artificial Intelligence Could Revolutionize 
Archival Museum Research (Nov. 3, 2017) 

An example ( for Prof. Kohei Hatano ! ) 

•  Deep learning software to help botanists 
•  Botanical specimen categorization at museums (5 million specimens) 
•  Two big data analytics questions: 

1.  With what accuracy can a trained neural network sort mercury-stained plant specimens 
from clean ones? [90-94%] 

2.  With what accuracy can machine learning algorithms recognize members of two similar 
plant families? [96-99%] 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Related Projects in 2016/2017:  
   U. California Santa Barbara 

	
  

1.  Always	
  Already	
  Computa/onal	
  –	
  Collec/ons	
  as	
  Data:	
  
–  Goal:	
  Hold	
  mee/ngs	
  to	
  develop	
  strategies	
  around	
  library	
  collec/ons	
  that	
  support	
  

computa/onally-­‐driven	
  research	
  and	
  teaching	
  
–  Website:	
  https://collectionsasdata.github.io/ [ Look at Resources Tab ] 
–  Funded by an IMLS National Forum Grant: 

•  Award Abstract: https://www.imls.gov/grants/awarded/lg-73-16-0096-16 
•  Full Proposal:	
  hRps://www.imls.gov/sites/default/files/grants/lg-­‐73-­‐16-­‐0096-­‐16/

proposals/lg-­‐73-­‐16-­‐0096-­‐16_proposal_documents.pdf	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Related Projects in 2016/2017:  
   Library of Congress (National Digital Initiative) 

	
  

2.  Collec/ons	
  as	
  Data:	
  
–  Goal:	
  The	
  rise	
  of	
  accessible	
  digital	
  collec/ons	
  coupled	
  with	
  the	
  development	
  of	
  tools	
  

for	
  processing	
  and	
  analyzing	
  data	
  has	
  enabled	
  researchers	
  to	
  create	
  new	
  models	
  of	
  
scholarship	
  and	
  inquiry.	
  

–  2016	
  Mee/ng:	
  hRp://digitalpreserva/on.gov/mee/ngs/dcs16.html	
  
–  2017	
  Mee/ng:	
  hRp://digitalpreserva/on.gov/mee/ngs/asdata/impact.html	
  

•  YouTube	
  videos:	
  hRps://www.youtube.com/watch?v=OJWMHzgCu3c	
  
	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Related Projects in 2017:  
   UK AHRC Heritage Priority Area, Heritage Futures, 
   Alan Turing Institute, British Library  
    workshop & report 

	
  

3.  Heritage	
  and	
  Data:	
  Challenges	
  and	
  Opportuni/es	
  for	
  
the	
  Heritage	
  Sector	
  

–  Goal:	
  Discuss	
  challenges	
  and	
  opportuni/es	
  arising	
  as	
  data	
  becomes	
  ever	
  more	
  
significant	
  in	
  the	
  heritage	
  sector.	
  

–  June	
  2017	
  Bri/sh	
  Library	
  Mee/ng:	
  hRp://hr.thedistrict.co.uk/app/uploads/2017/11/
Heritage-­‐Data-­‐Challenges-­‐Opportuni/es-­‐Report.pdf	
  

–  The	
  cultural	
  and	
  natural	
  heritage	
  sector	
  holds	
  rapidly	
  increasing	
  volumes	
  of	
  data	
  
largely	
  on	
  human	
  society	
  and	
  culture,	
  past	
  and	
  present,	
  which	
  has	
  become	
  a	
  new	
  
fron/er	
  of	
  digital	
  opera/ons	
  for	
  many	
  ins/tu/ons.	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

University of Maryland iSchool (DCIC Center): 
“Computational Archival Science (CAS)” Portal 
http://dcicblog.umd.edu/cas/ 

•  Goal: Explore computational treatments of archival and cultural content 
•  Google Group: computational-archival-science@googlegroups.com 

•  Foundational Book Chapter: Jan. 2018 
–  Book: “Advances in Librarianship – Re-Envisioning the MLIS: Perspectives on the Future of Library 

and Information Science Education”.  
–  Book Chapter: “Archival Records and Training in the Age of Big Data” 

 
CAS Founding Partners: 
-  United States: 

-  TACC: Maria Esteva 
-  NARA: Mark Conrad 
-  UMD: Richard Marciano, Bill Underwood, Greg Jansen, Michael Kurtz 

-  Canada: 
-  UBC: Vicki Lemieux 

-  United Kingdom: 
-  KCL: Mark Hedges 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	
  
(1) 	
  Evolu/onary	
  prototyping	
  and	
  computa/onal	
  linguis/cs	
  (Bill	
  Underwood)	
  

(2) 	
  Graph	
  analy/cs,	
  DH	
  and	
  archival	
  representa/on	
  (Richard	
  Marciano)	
  

(3) 	
  Computa/onal	
  finding	
  aids	
  (Greg	
  Jansen)	
  

(4) 	
  Digital	
  cura/on	
  (Michael	
  Kurtz)	
  

(5) 	
  Public	
  engagement	
  with	
  (archival)	
  content	
  (Mark	
  Hedges)	
  

(6) 	
  Authen/city	
  (Victoria	
  Lemieux)	
  

(7) 	
  Confluences	
  between	
  archival	
  theory	
  and	
  computa/onal	
  methods	
  (Maria	
  Esteva)	
  

(8) 	
  Spa/al	
  and	
  temporal	
  analy/cs	
  (Mark	
  Conrad)	
  

	
  

Foundational Book Chapter 
Archival Records and Training in the Age of Big Data 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	
  
SO	
  FAR:	
  	
  

1.  Workshop	
  on	
  CAS	
  at	
  Harvard	
  Library	
  (Dec.	
  2017)	
  

2.  	
  Workshop	
  at	
  IEEE	
  Big	
  Data	
  2017	
  in	
  Boston	
  –	
  CAS	
  #2	
  (Dec.	
  2017)	
  

3.  	
  Workshop	
  at	
  IEEE	
  Big	
  Data	
  2016	
  in	
  Washington	
  D.C.	
  –	
  CAS	
  #1	
  (Dec.	
  2016)	
  

4.  	
  Inaugural	
  workshop	
  at	
  U.	
  Maryland	
  iSchool	
  on	
  CAS	
  (Apr.	
  2016)	
  

FUTURE:	
  

1.  Annual	
  Associa/on	
  of	
  Canadian	
  Archivists	
  (ACA)	
  in	
  Canada	
  (June.	
  2018)	
  	
  

2.  Annual	
  Society	
  of	
  American	
  Archivists	
  (SAA)	
  in	
  D.C.	
  (Aug.	
  2018)	
  

3.  iConference	
  2019	
  at	
  the	
  U.	
  Maryland	
  (Mar.	
  2019)	
  
	
  

CAS Portal: http://dcicblog.umd.edu/cas/ 



 
CAS#1 (2016): 

http://dcicblog.umd.edu/cas/ieee_big_data_2016_cas-workshop/ 
  
 
Session 1: 
1: Exploring Archives with Probabilistic Models: Topic Modelling for the Valorisation of Digitised Archives of the European 
Commission [Belgium & Google Germany] 
•  Computational Methods: Topic Modeling for concept extraction from large EC archival holdings 
•  Archival Concepts: Support accessibility to large historical European Commission archival holdings 
  
#2: Traces Through Time: A Probabilistic Approach to Connected Archival Data [The UK National Archives] 
•  Computational Methods: Graph and Probabilistic Databases 
•  Archival Concepts: Going from paper catalog entries to digital catalogs, Matching records in distributed 

databases. 
  
#3: Opening Up Dark Digital Archives Through The Use of Analytics to Identify Sensitive Content [USA] 
•  Computational Methods: Analytics, predictive coding to address PII 
•  Archival Concepts: technology assisted review accessibility of presidential and federal e-mail accessioned 

into National Archives 
  
 
Session 2: 
#4: Computational Provenance in DataONE: Implications for Cultural Heritage Institutions [USA] 
•  Computatonal Methods: DataONE extensions to PROV (Provenance data model) 
•  Archival Concepts: Provenance of scientific data records (datasets).Trust in authenticity of the data, 

transparency and reuse 
  
#5: Content-based Comparison for Collections Identification [USA] 
•  Computational Methods: scalable, robust automated computational service for data content comparison. 
•  Archival Concepts: need for a service to assign globally unique persistent identifiers to data sets in order to 

support accessibility, reference and reuse. 



  
Session 2 (cont.): 
#6: Breaking Down the Invisible Wall to Enrich Archival Science and Practice [USA] 
•  Computational Methods: Linguistic Models and Graph Theory 
•  Archival Concepts: Enriched Archival Science concepts 
  
#7: Mind the explanatory gap: Quality from Quantity [UK] 
•  Computational Methods: Abstraction and ontology construction 
•  Archival Concepts: provenance in terms of why, who and how 
  
#8: Understanding Computational Web Archives Research Methods Using Research Objects [Canada] 
•  Computational Methods: Research Objects Framework used to analyze the computational methods used in 

web archives research, — Research Objects in Computational Science 
•  Archival Concepts: Web Archives Research Objects — Disciplinary perspective, legal agreements, 

Motivations, Interpretation, Designs, … 
  
 
Session 3: 
#9: Appraising Digital Archives with Archivematica [USA] 
•  Computational Methods: Analysis Tab — File Format Characterization, File Format policies, Bulk extractor 

(Identifies PII), Content Preview, Tagging 
•  Archival Concepts: Appraisal 
  
#10: Mining and Analysing One Billion Requests to Linguistic Services [Germany] 
•  Computational Methods: Text mining 
•  Archival Concepts: Corpus — One Billion Requests for Linguistic Services 



CAS#2 (2017): 
http://dcicblog.umd.edu/cas/ieee_big_data_2017_cas-workshop/  

  
A. Exploring Archival Data:  
#1: Building new knowledge from distributed scientific corpus; HERBADROP & EUROPEANA: two concrete case studies for exploring 
big archival data [France & Netherlands] 
•  Computational Methods: EUDAT automated scalable e-infrastructure, integrated computational services, document scanning, 

OCR 
•  Archival Concepts: Trusted digital repositories (TDR), digitization, cultural heritage platforms 
  
#2: An Infrastructure and Application of Computational Archival Science to Enrich and Integrate Big Digital Archival Data: Using 
Taiwan Indigenous Peoples Open Research Data (TIPD) as Example [Taiwan] 
•  Computational Methods: Record linking, GIS 
•  Archival Concepts: Big archival data 
  
à #3: Computational Curation of a Digitized Record Series of WWII Japanese-American Internment [USA] 
•  Computational Methods: NLP, NER, GIS, Graph database, linked data 
•  Archival Concepts: Digital curation, automated metadata extraction 
  
#4: The Cybernetics Thought Collective Project: Using Computational Methods to Reveal Intellectual Context in Archival Material [USA] 
•  Computational Methods: NLP, NER, machine learning 
•  Archival Concepts: Geographically dispersed archives 
  
 
B. Curation and Appraisal:  
#5: Towards Automated Quality Curation of Video Collections from a Realistic Perspective [USA] 
•  Computational Methods: Feature computing from video records, automated quality prediction, scalable HPC 
•  Archival Concepts: Collection assessment, quality-aware metadata for video collections to inform appraisal, preservation, and 

access decisions, quality detection in videos 
 
à #6: Line Detection in Binary Document Scans: A Case Study with the International Tracing Service Archives [USA] 
•  Computational Methods: Line detection, image segmentation, OCR 
•  Archival Concepts: Digitization, Classification of archival images 
  
#7: Auto-Categorization & Future Access to Digital Archives [Canada & USA] 
•  Computational Methods: Auto-categorization, document-classification, machine learning 
•  Archival Concepts: Recordkeeping, Record disposition 

  



  
 
B. Curation and Appraisal (cont.): 

#8: Heuristics for Assessing Computational Archival Science (CAS) Research: The Case of the Human Face of Big Data 
Project [USA] 

•  Computational Methods: Heuristics for CAS research, Digital Curation (scanning and adjusting, geo-referencing, geo-
tracking),  System Design (interface design, database design), Implementation (prototype), Value-sensitive design 

•  Archival Concepts: Records of an urban renewal project (property documents, map) 
  
 
C. CAS Methodologies:  

#9: What Can a Knowledge Complexity Approach Reveal About Big Data and Archival Practice? [Netherlands] 
•  Computational Methods: big data analytics, data science 
•  Archival Concepts: Knowledge complexity in archives, requirements for working with complex collections, context, resistance 

to computational approaches 
  
#10: Protecting Privacy in the Archives: Preliminary Explorations of Topic Modeling for Born-Digital Collections [Canada] 
•  Computational Methods: NLP, NER, sentiment analysis, topic modeling 
•  Archival Concepts: Personally Identifiable Information 
  
#11: Identifying Epochs in Text Archives [United Kingdom] 
•  Computational Methods: Cultural analytics, topic modeling 
•  Archival Concepts: Classification of time-coded collections of textual collections into epochs and periods 
  
#12: GraphQL for Archival Metadata: An Overview of the EHRI GraphQL API [United Kingdom] 
•  Computational Methods: APIs for cultural heritage materials, graph databases, structured data query 
•  Archival Concepts: Query interfaces to archival materials 

  
 
D. Creation & Mgt. of Current Records  

#13: The Blockchain Litmus Test [USA] 
•  Computational Methods: Blockchain, secure computing, trustworthiness, risk analysis 
•  Archival Concepts: Decentralized recordkeeping 
  
#14: A Typology of Blockchain Recordkeeping Solutions and Some Reflections on their Implications for the Future of Archival 

Preservation [Canada] 
•  Computational Methods: Blockchain, computational validation, distributed ledger, computational trust 
•  Archival Concepts: Recordkeeping, digital preservation, archival trust 



  
 CAS 2017  
•  ! #6: Line Detection in Binary Document Scans:  

  A Case Study with the International Tracing Service 
      Archives  

 
•  Benjamin Lee — United States Holocaust Memorial Museum, USA 

 
 
Computational Methods:   Line detection, image segmentation 
 
Archival Concepts:    Classification of archival images 

Context (from Wikipedia): 
 

“The International Tracing Service (ITS), in Bad Arolsen, Germany, is an 
internationally governed center for documentation, information and 
research on Nazi persecution, forced labor and the Holocaust in Nazi 
Germany and its occupied regions.” 
 
It includes almost 50 million CNI (Central Name Index) Cards. 



  
 CAS 2017 #6: Line Detection in Binary Document Scans: A Case Study with the 
International Tracing Service Archives  
[Benjamin Lee — United States Holocaust Memorial Museum, USA] 
Computational Methods: Line detection, image segmentation 
Archival Concepts: Classification of archival images 



Making data from historical forms at the DCIC	
  
Displacement record, TRACING Service project Displacement record, TRACING Service project 

Maryland historical newspaper United States draft card Art record, ERR - Nazi looting organization 

Art record, OMGUS - US Occupying Gov. 



  
 CAS 2017  
•  ! #3: Computational Curation of a Digitized Record Series  

  of WWII Japanese-American Internment  
 

•  William Underwood, Richard Marciano, …  — USA 
 
 
 
Computational Methods:   NLP, NER, GIS, Graph database 
 
Archival Concepts:    Digital curation,  

         automated metadata extraction 



GOAL: 
Automating  
the review  
and release  
of records  
at scale  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

THEMES: 
 

Big Records &  
Archival Analytics 

 
 
 

Computational 
Archival 

Science (CAS) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DCIC Digital Curation Projects… 
“The	
  acAve	
  and	
  ongoing	
  management	
  and	
  enhancement	
  of	
  digital	
  assets	
  for	
  current	
  and	
  
future	
  use.”	
  	
  	
  Digital	
  cura/on	
  entails	
  more	
  than	
  secure	
  storage	
  and	
  preserva/on	
  of	
  digital	
  
informa/on	
  because	
  cura/on	
  may	
  add	
  value	
  to	
  digital	
  informa/on	
  and	
  increase	
  its	
  u/lity.	
  

	
  	
  	
  	
  	
  [Preparing	
  the	
  Workforce	
  for	
  Digital	
  Cura?on	
  (2015)	
  -­‐	
  NRC	
  /	
  BRDI	
  Report]	
  
 

Digitization Datafication 
Data Modeling 

 

Data Visualization 
Digital Storytelling 

 

Archival Documents 

Archival Analytics 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Practical Digital Curation Skills for Archivists in the 
21st Century 

MARAC, Nov 3, 2016 

  http://drum.lib.umd.edu/handle/1903/18865 

Justice, Human Rights, & Cultural Heritage: 
 
  THEME       PROJECTS   
   Community Displacement      The Human Face of Big Data 
   Racial Zoning:            Mapping Inequality 
   Refugee Narratives:          St. Louis Voyage 
   Citizen Internment:           Japanese American WWII Camps  
   Movement of People:         Overseas Pension Project 
   Revealing Untold Stories:       Legacy of Slavery 
 
 
Cyberinfrastructure for the Cur. & Mgt. of Dig. Assets at Scale: 
 
  FUNDING       PROJECTS   
   NSF              Brown Dog                  
   IMLS              DRAS-TIC Fedora  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2016/2017	
  	
  
Digital	
  CuraAon	
  
PROJECT	
  OBJECTIVES:	
  

(1) Gain new 
digital skills 

 
(2) Conduct 

interdisciplinary 
research 

 
… at the 
intersection of 
archives, big data, 
& analytics 
 



How	
  Each	
  Project	
  Is	
  Related	
  to	
  ComputaAonal	
  Themes:	
  

Project	
   ComputaAon
al	
  LinguisAcs	
  

Data	
  
Modeling	
  &	
  
EvoluAonary	
  
Prototyping	
  

Graph	
  
AnalyAcs	
  

Crowdsourci
ng	
   GIS	
  

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

2.	
  Mapping	
  Inequality	
  
[Racial	
  Zoning]	
   X	
   X	
   X	
  

3.	
  St.	
  Louis	
  Voyage	
  
[Refugee	
  Narra/ves]	
   X	
   X	
   X	
  

4.	
  World	
  War	
  II	
  Japanese	
  
Camps	
  

[Ci/zen	
  Internment]	
  
X	
   X	
   X	
   X	
   X	
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The	
  DCIC	
  is	
  Pursuing	
  a	
  CAS	
  Training	
  /	
  Teaching	
  Agenda	
  

There is a need to : 
•  create innovative classes that emphasize new modes of collaboration, and 

interdisciplinary work.  
•  blend elements of archival thinking and computational thinking:   

–  problem solving that uses modeling, decomposition, pattern recognition, 
abstraction, algorithm design, and scale (Jeannette Wing, 2006 – Comm. of the 
ACM) 

•  develop inter-disciplinary iSchools with faculty from Computer Science, Archival 
Science, and Data Science.  

•  develop extensive hands-on experience working with cyberinfrastructure to carry 
out archival functions.  

•  COLLABORATE!   https://datachallenge.ischool.umd.edu/   Feb. 24 – Mar. 3, 2018 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONTACTS 

marciano@umd.edu 

http://dcicblog.umd.edu/cas/ 
computational-archival-science@googlegroups.com 

 
 

	
  



	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Cyberinfrastructure for digital records: a collection architecture 
for archaeology data 
 
Maria Esteva, Texas Advanced Computing Center, University of 
Texas at Austin 
Fukuoka, Japan, 2018                                Drawing courtesy of Adam T. Rabinowitz 



In the process of discovery, the 
archaeological site is destroyed 

Images courtesy of the Institute of Classical Archaeology, University of Texas at Austin 

 



•  Archaeological research is increasingly digital 
–  Involves multiple systems and data types 

•  Documentation traces the materials from the site to 
store-room and museum exhibition 
–  Preserve relationships between primary data, process 

history and the researcher’s interpretation  

•  Sole evidence of destructed excavation 
–  Data and system’s preservation is fundamental 

Drawings courtesy of Adam T. Rabinowitz 



Collection’s architecture 
•  Diverse computational resources as building blocks 
•  Enables active and archival data functions 

•  Appraisal, arrangement, description, study, archiving, 
preservation, publication, and access 

•  Research data lifecycle 
•  Processes can be automated 
•  Efficiency, security, scalability   



Functions of the archaelogical 
collection’s architecture 

•  Appraisal and 
assessment 

•  Arrangement and 
description 

•  Research/study 
workflows 

•  Use of powerful 
computers to improve 
processes 

•  Digital preservation  
–  while it is more vulnerable 

(active) and when it is 
archived 
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Intermediary?

SVN
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Ingest

Register #

First step is to understand the 
data processes, record types 
and research requirements 



Collection’s (distributed) 
architecture 

ICA

Web	
  Services

ARK

TACC
Long-­‐term	
  Storage

Ranch

Rodeo

Central File 
Share

SAV

MS

PZ

Corral with  
iRODS

SAV

MS

PZ

RDBMS

GIS

Data 
Curator

Archaeologist

Editor

Staging	
  Area

Backup	
  System

ATS/LAITS

Web	
  Services

Wordpress

Archive It

Backup	
  System

UT	
  LIBRARIES

Collaborator

University
Data Center



Directory view of the Institute of 
Classical Archaeology collection 

33	
  

•  The collection is 4.3 
TB and ~1 million 
files in deeply 
nested directories 

•  40 + years of 
excavations 
including digitized 
and born-digital 
data 

•  Hundreds of 
researchers across 
the world 

•  In a shared drive 
with no metadata, 
just based on 
memory of the staff 

•  Nobody could find 
anything 



Diverse data and record types 
Images courtesy of the 
Institute of Classical 
Archaeology, University of Texas 
at Austin 

 



Appraisal via visual 
representation 
	
  
• Developed with 
metadata extracted 
using DROID 
• Allows understanding 
file types, size and 
content of directories,  
• Research stages are 
represented by colors 

–  pdfs are publications, 
gis files are research 
data, images are raw/
site data, etc.  

35	
  



Parallel computing 

•  One job, several processors: a parallel solution 
•  Parallel programming works by breaking 

problems into pieces, and computing those 
pieces at the same time 

36	
  



Running DROID in parallel 

0	
  

5	
  

10	
  

1	
   2	
   4	
   31	
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Arrangement 
•  Objects get arranged 

in: 
–  Big Buckets according 

to functions 
•  records management  

•  Buckets’ labels are 
mapped to 
descriptive metadata 

•  Metadata gets 
formed automatically 
at data ingest to 
iRODS 
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objects
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Metadata integration 

•  Metadata 
preserves 
relations 
between 
data object, 
site and 
location 
where it was 
found, 
changes 
and versions 
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Description and interoperability 

•  Metadata is ingested into database Archaeological Recording Toolkit 
(ARK) 

•  Allows researchers to access already described data for study 
purposes 



Arrangement in parallel 
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Entity resolution  

•  Classic Artificial 
Intelligence problem 

•  Find duplicate and 
redundant data 

•  Available data  
pointers are 
processed in a 
computational 
workflow 

•  Requires expert 
evaluation of results 



Clustering analysis 

•  /Ukraine/shared_photos/
2006/CathyD/bones/
134.jpg 
–  Series 
–  Tags 

•  Quality/expert 
assessment of clustering 
results: 

•  Do they allow making 
decisions about what to 
keep and what to 
discard? 
–  Still a difficult problem 

to solve 
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Collection before and after 
arrangement 



Multiple preservation strategies 
•  Data on high performance storage resource 

–  Managed by iRODS 
–  Authenticity/integrity  

•  Technical metadata extraction 
–  Mapped to PREMIS 
–  Stored in iRODS with the data object 

•  Geographical replication 
–  On disk in Arlington TX 
–  On tape 

•  ARK Database 
–  MySql dumps 
–  Entire database snapshots 
–  Cascading on tape 

•  WordPress site 
–  ArchiveIT 



Conclusions 
•  Data collections are safe  
•  Transitions from active to archival 
•  Workflows get modified 
•  Archive “on the go” 
•  Interdisciplinary work 
•  Architecture and archival functions 

are seamlessly integrated 
•  Involves archivists as designers and 

evaluators of systems and processes 



Bibliography 
	
  
•  Sivakumar	
  Kulasekaran,	
  Jessica	
  Trelogan,	
  Maria	
  Esteva,	
  Michael	
  Johnson,	
  (2014).	
  Metadata	
  Integra/on	
  for	
  an	
  Archaeology	
  Collec/on	
  

Architecture.	
  Proceedings	
  of	
  the	
  DCMI	
  Interna/onal	
  Conference	
  on	
  Dublin	
  Core	
  and	
  Metadata	
  Applica/ons	
  DC-­‐2014,	
  Aus/n	
  Texas,	
  
USA.	
  Available	
  at:	
  hRp://dcevents.dublincore.org/IntConf/dc-­‐2014/paper/view/242	
  

•  	
  Xu,	
  Weijia,	
  Esteva	
  Maria,	
  Trelogan	
  Jessica,	
  Swinson,	
  Todd.	
  	
  A	
  Case	
  Study	
  on	
  En/ty	
  Resolu/on	
  for	
  Distant	
  Processing	
  of	
  Big	
  Humani/es	
  
Data.	
  Proceedings	
  of	
  the	
  Big	
  Data,	
  2013	
  IEEE	
  Interna/onal	
  Conference,	
  pp.	
  113-­‐120	
  doi:	
  10.1109/BigData.2013.6691678	
  	
  

•  Maria	
  Esteva,	
  Jessica	
  Trelogan,	
  Weijia	
  Xu,	
  Andrew	
  Solis,	
  (2013).	
  Lost	
  in	
  the	
  Data,	
  Aerial	
  Views	
  of	
  an	
  Archaeological	
  Collec/on.	
  
Proceedings	
  of	
  the	
  2013	
  Digital	
  Humani/es	
  Conference.	
  University	
  of	
  Nebraska,	
  Lincoln.	
  June	
  16-­‐19.	
  Available	
  at:	
  
hRp://dh2013.unl.edu/abstracts/author.html?q=author:%22esteva%2C%20maria||Esteva%2C%20Maria%22	
  

•  Maria	
  Esteva,	
  Jessica	
  Trelogan,	
  Adam	
  Rabinowitz,	
  David	
  Walling,	
  Stephen	
  Pipkin.	
  (2010).	
  From	
  the	
  Site	
  to	
  Long-­‐Term	
  Preserva/on:	
  A	
  
Reflexive	
  System	
  to	
  Manage	
  and	
  Archive	
  Digital	
  Archaeological	
  Data.	
  Proceedings	
  of	
  the	
  IS&T’s	
  Archiving	
  2010	
  Conference,	
  June	
  1-­‐4,	
  
2010,	
  Den	
  Haag,	
  The	
  Netherlands.	
  Available	
  at:	
  
hRp://ist.publisher.ingentaconnect.com/contentone/ist/ac/2010/00002010/00000001/art00001	
  

•  David	
  Walling,	
  Maria	
  Esteva	
  (2011).	
  Automa/ng	
  the	
  Extrac/on	
  of	
  Metadata	
  from	
  Archaeological	
  Data	
  Using	
  iRods	
  Rules.	
  Interna/onal	
  
Journal	
  of	
  Digital	
  Cura/on,	
  Vol	
  6.	
  No	
  2.	
  Available	
  at:	
  hRp://www.ijdc.net/index.php/ijdc/ar/cle/view/196	
  	
  	
  	
  

•  Adam	
  Rabinowitz,	
  Maria	
  Esteva,	
  Jessica	
  Trelogan,	
  (2012).	
  Ensuring	
  a	
  future	
  for	
  the	
  past:	
  long-­‐term	
  preserva/on	
  strategies	
  for	
  digital	
  
archaeological	
  data.	
  In	
  Proceedings	
  of	
  the	
  UNESCO	
  Conference	
  Memory	
  of	
  the	
  World	
  in	
  the	
  Digital	
  Age.	
  	
  Vancouver,	
  Canada,	
  
September	
  26-­‐28.	
  Available	
  at:	
  
hRp://www.unesco.org/new/en/communica/on-­‐and-­‐informa/on/events/calendar-­‐of-­‐events/events-­‐websites/the-­‐memory-­‐of-­‐the-­‐
world-­‐in-­‐the-­‐digital-­‐age-­‐digi/za/on-­‐and-­‐preserva/on/	
  

•  Arora	
  Ritu,	
  Esteva	
  Maria,	
  Trelogan	
  Jessica,	
  (2014).	
  Leveraging	
  High	
  Performance	
  Compu/ng	
  for	
  Managing	
  Large	
  and	
  Evolving	
  Data	
  
Collec/ons.	
  Interna/onal	
  Journal	
  of	
  Digital	
  Cura/on.	
  Vol.	
  9,	
  No	
  2,	
  p	
  17	
  –	
  27.	
  hRp://dx.doi.org/10.2218/ijdc.v9i2.331	
  

•  Sivakumar	
  Kulasekaran,	
  Maria	
  Esteva,	
  Jessica	
  Trelogan.	
  Si	
  Liu,	
  (2015).	
  A	
  Framework	
  for	
  Mul/tasking	
  Data-­‐Intensive	
  Management	
  
Services	
  in	
  High	
  Performance	
  Compu/ng	
  Environments.	
  Proceedings	
  of	
  the	
  IEE	
  Big	
  Data	
  Service	
  2015.	
  March	
  30	
  –	
  April	
  2,	
  2015,	
  San	
  
Francisco,	
  USA.	
  doi:	
  10.1109/BigDataService.2015.42	
  

•  Jessica	
  Trelogan,	
  Lauren	
  Jackson,	
  Maria	
  Esteva,	
  (2015).	
  Unlocking	
  the	
  data	
  behind	
  the	
  Chora	
  of	
  Metaponto	
  publica/on	
  series:	
  “on-­‐the-­‐
fly”	
  solu/ons	
  for	
  sharing	
  and	
  archiving	
  an	
  evolving	
  collec/on.	
  Proceedings	
  of	
  the	
  80th	
  Annual	
  Mee/ng	
  of	
  the	
  Society	
  for	
  American	
  
Archaeology	
  2015	
  Conference,	
  San	
  Francisco,	
  April	
  15-­‐19.	
  doi:10.6067/XCV8RB75ZC	
  	
  	
  

•  §	
  Jessica	
  Trelogan,	
  Maria	
  Esteva,	
  Lauren	
  Jackson,	
  (2015).	
  Preserving	
  an	
  Evolving	
  Collec/on:	
  “On-­‐The-­‐Fly”	
  solu/ons	
  for	
  the	
  Chora	
  of	
  
Metaponto	
  Publica/on	
  Series.	
  Proceedings	
  of	
  iPRES	
  2015,	
  Chapel	
  Hill,	
  USA,	
  November	
  2	
  –	
  6.	
  Available	
  at	
  
hRp://phaidra.univie.ac.at/o:429572	
  


