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HathiTrust	  Digital	  Library	  History	  

•  To	  contribute	  to	  the	  common	  good	  by	  collec:ng,	  
organizing,	  preserving,	  communica:ng,	  and	  sharing	  
the	  record	  of	  human	  knowledge.	  

•  Launched	  in	  October	  2008	  
–  University	  of	  Michigan	  
–  Indiana	  University	  

•  Expanded	  to	  include	  content	  from	  	  
–  CIC	  Member	  Libraries	  
–  UC	  System	  Libraries	  
–  Now	  includes	  more	  than	  50	  partner	  ins:tu:ons	  



A	  Call	  for	  a	  Research	  Center	  

•  Started	  in	  response	  to	  proposed	  Google	  
SeSlement	  	  -‐	  June	  2009	  
§  Specific	  Funding	  set	  aside	  by	  Google	  to	  build	  a	  public	  

research	  center	  	  
§  Worked	  to	  iden:fy	  key	  stakeholders	  from	  HT	  ins:tu:ons	  to	  

collaborate	  and	  write	  RFP	  	  

•  Developed	  specific	  RFP	  for	  HathiTrust	  to	  solicit	  
proposals	  –	  Summer/Fall	  2009	  
– HTRC	  RFP	  Working	  Group	  

•  RFP	  Released	  –	  Winter	  2010	  



HTRC	  	  

•  Phase	  I	  :	  star:ng	  July	  2011	  and	  going	  for	  18	  
mos.	  

•  Phase	  II	  :	  star:ng	  Winter	  2013	  and	  going	  for	  
…	  

•  Goal:	  enable	  strong	  computa:onal	  research	  
and	  educa:on	  on	  a	  collec:on	  that	  has	  not	  
been	  amenable	  to	  computa:onal	  
explora:on	  EVER	  before!	  



More	  formally	  

•  HTRC	  is	  founded	  as	  a	  joint	  venture	  between	  
Indiana	  University	  and	  the	  University	  of	  Illinois	  
Urbana-‐Champaign,	  aimed	  at	  solving	  the	  
difficult	  challenges	  of	  increasing	  
computa:onal	  access	  to	  the	  public	  domain	  
and	  copyrighted	  material	  in	  HathiTrust.	  	  	  	  





Governance	  

•  HTRC	  Exec	  Management	  Team:	  Beth	  Plale	  (IU),	  chair;	  
Robert	  McDonald	  (IU),	  Marshall	  ScoS	  Poole	  (UIUC),	  J.	  
Stephen	  Downie	  (IU),	  John	  Unsworth	  (Brandeis	  Univ)	  

•  MOUs	  guide	  IU-‐UIUC	  interac:on	  and	  HTRC-‐HT	  
interac:on	  

•  Laine	  Farley,	  California	  Digital	  Library,	  and	  HT	  
Execu:ve	  CommiSee	  is	  liaison	  to	  HTRC	  

•  Google	  Public	  Domain	  agreement	  –	  in	  process	  of	  
signing	  (IU	  and	  UIUC	  individually	  execu:ng)	  



Expert	  Advisory	  Board	  
–  Cathy	  Blake,	  University	  of	  Illinois,	  Urbana-‐Champaign	  
–  Beth	  Cate,	  Indiana	  University	  
–  Greg	  Crane,	  Tugs	  University	  
–  Laine	  Farley,	  California	  Digital	  Libraries	  	  
–  Brian	  Geiger,	  University	  of	  California	  at	  Riverside	  
–  David	  Greenbaum,	  University	  of	  California	  at	  Berkeley	  
–  Fo:s	  Jannidis,	  University	  of	  Wurzberg,	  Germany	  
–  MaShew	  Jockers,	  Stanford	  University	  
–  Jim	  Neal,	  Columbia	  University	  
–  Bill	  Neuman,	  Indiana	  University	  
–  Bethany	  Nowviskie,	  University	  of	  Virginia	  
–  Andrey	  Rzhetsky,	  University	  of	  Chicago	  
–  Pat	  Steele,	  University	  of	  Maryland	  
–  Craig	  Stewart,	  Indiana	  University	  
–  David	  Theo	  Goldberg,	  University	  of	  California	  at	  Irvine	  
–  John	  Towns,	  Na:onal	  Center	  for	  Supercompu:ng	  Applica:ons	  
–  Madelyn	  Wessel,	  University	  of	  Virginia	  	  



HTRC	  will:	  

•  Maintain	  repository	  of	  text	  mining	  algorithms	  and	  
retrieval	  tools	  available	  on-‐line	  for	  human	  and	  
programma:c	  discovery.	  	  Also	  register	  derived	  data	  sets,	  
indexes,	  and	  versions	  in	  registry	  repository.	  	  	  

•  Be	  a	  user-‐driven	  resource,	  with	  an	  ac:ve	  advisory	  board,	  
and	  a	  community	  model	  that	  allows	  users	  to	  share	  
algorithms	  and	  tools.	  	  	  

•  Support	  interoperability	  across	  collec:ons	  and	  
ins:tu:ons,	  through	  use	  of	  community	  supported	  open	  
iden:ty	  management	  systems.	  



Non-‐consump:ve	  Research	  

•  One	  of	  HTRC’s	  unique	  research	  challenges	  is	  support	  
for	  non-‐consump:ve	  research.	  	  Google	  Book	  
SeSlement	  defines	  non-‐consump:ve	  research	  as	  
“research	  in	  which	  computa:onal	  analysis	  is	  
performed	  on	  one	  or	  more	  books,	  but	  not	  research	  
in	  which	  a	  researcher	  reads	  or	  displays.”	  	  	  

•  In	  prac:ce,	  we	  believe	  this	  will	  mean	  HTRC	  users	  
should	  not	  be	  able	  to	  export	  copyrighted	  materials	  
from	  the	  research	  environment.	  	  

•  hSp://books.google.com/booksrightsholders/	  	  
•  hSp://www.hathitrust.org/copyright	  	  



Non-‐consump:ve	  Research	  Defini:on	  

•  No	  ac&on	  or	  set	  of	  ac&ons	  on	  part	  of	  users,	  either	  
ac&ng	  alone	  or	  in	  coopera&on	  with	  other	  users	  
over	  dura&on	  of	  one	  or	  mul&ple	  sessions	  can	  
result	  in	  sufficient	  informa&on	  gathered	  from	  
collec&on	  of	  copyrighted	  works	  to	  reassemble	  
pages	  from	  collec&on.	  

•  Defini:on	  disallows	  collusion	  between	  users,	  or	  
accumula:on	  of	  material	  over	  :me.	  	  
Differen:ates	  human	  researcher	  from	  proxy	  
which	  is	  not	  a	  user.	  	  Users	  are	  human	  beings.	  	  
	  
	  
	  
	  



Long-‐term	  goals	  

•  Support	  innova&on	  in	  cyberinfrastructure	  to	  deliver	  
op:mal	  access	  and	  use	  of	  	  HathiTrust	  corpus.	  

•  Implement	  	  “Non-‐consump&ve”	  research:	  a	  technical	  
and	  intellectual	  challenge	  

•  Iden&fy	  and	  host	  exis&ng	  data	  analysis,	  text	  mining	  
and	  retrieval	  tools	  that	  are	  of	  interest	  to	  the	  
community.	  	  	  

•  S&mulate	  development	  of	  new	  analy&cal	  methods	  
and	  tools.	  We	  hope	  that	  the	  scale	  of	  the	  HTRC	  will	  
promote	  new	  levels	  of	  collabora:on	  in	  tool	  
development.	  



HTRC	  Domain	  Space	  



New	  ques:ons	  require	  computa:onal	  
access	  to	  large	  corpus	  	  

Inves:gate	  way	  in	  which	  concepts	  of	  philosophy	  
are	  used	  in	  physics	  through	  	  
– Extrac:ng	  argumenta:ve	  structure	  from	  large	  
dataset	  using	  mixture	  of	  automated	  and	  social	  
compu:ng	  techniques	  

– Capture	  evidence	  for	  conjecture	  that	  availability	  
of	  such	  analyses	  will	  enable	  innova:ve	  
interdisciplinary	  research	  

– Digging	  into	  Data	  2012	  award,	  Colin	  Allen,	  IU	  



New	  ques:ons,	  cont.	  

Document	  through	  sogware	  text	  analysis	  
techniques,	  the	  appearance,	  frequency	  and	  
context	  of	  terms,	  concepts	  and	  usages	  related	  
to	  human	  rights	  in	  a	  selec:on	  of	  English-‐
language	  novels.	  	  
–  	  Ronnie	  Lipschutz	  of	  UCSC	  is	  currently	  doing	  this	  
analysis	  on	  one	  of	  Jane	  Austen’s	  books.	  He’d	  like	  
to	  extend	  the	  work	  to	  encompass	  a	  far	  larger	  
corpus.	  	  	  	  



New	  ques:ons,	  cont.	  

Iden:fy	  all	  18th	  century	  published	  books	  in	  
HathiTrust	  corpus,	  and	  apply	  topic	  modeling	  
to	  create	  a	  consistent	  overall	  subject	  
metadata	  



Topic	  Modeling	  
•  Uses	  MALLET	  Topic	  Modeling	  to	  cluster	  	  
•  Top	  8	  topics	  showing	  at	  most	  200	  keywords	  for	  that	  topic	  



	  
	  GOOGLE	  DIGITAL	  HUMANITIES	  AWARDS	  RECIPIENT	  

INTERVIEWS	  REPORT	  	  
PREPARED	  FOR	  THE	  HATHITRUST	  RESEARCH	  CENTER	  

VIRGIL	  E.	  VARVEL	  JR.	  	  
ANDREA	  THOMER	  	  

CENTER	  FOR	  INFORMATICS	  RESEARCH	  IN	  SCIENCE	  AND	  
SCHOLARSHIP	  	  

UNIVERSITY	  OF	  ILLINOIS	  AT	  URBANA-‐CHAMPAIGN	  

Fall 2011 



The	  study	  

•  Dr.	  John	  Unsworth,	  a	  representa:ve	  of	  HTRC,	  
distributed	  invita:ons	  to	  par:cipate	  in	  this	  study	  via	  
email	  to	  22	  researchers	  given	  Google	  Digital	  
Humani:es	  Research	  Awards.	  

•  Interviews	  were	  conducted	  via	  telephone,	  Skype®,	  or	  
face-‐to-‐face,	  and	  all	  were	  audio	  recorded.	  All	  
par:cipants	  agreed	  to	  IRB	  permission	  statement	  via	  
email.	  	  

•  A	  semi-‐structured	  interview	  protocol	  was	  developed	  
with	  input	  from	  HTRC	  to	  elicit	  responses	  from	  
par:cipants	  on	  primary	  goals	  of	  project.	  



Select	  findings	  

•  Op:cal	  Character	  Recogni:on	  	  
– Steps	  should	  be	  taken	  to	  improve	  OCR	  quality	  if	  
and	  when	  possible	  	  

– Scalability	  of	  scanned	  image	  viewing	  is	  necessary	  
for	  OCR	  reference	  and	  correc:on	  	  

– Metadata	  should	  expose	  the	  quality	  of	  OCR	  	  



Select	  Findings	  

•  “Would	  like	  beSer	  metadata	  about	  text	  languages,	  
par:cularly	  in	  mul:-‐text	  documents	  and	  on	  language	  
by	  sec:ons	  within	  text.	  Automa:c	  language	  
iden:fica:on	  func:ons	  would	  be	  helpful,	  but	  
human-‐created	  metadata	  is	  preferred,	  par:cularly	  
for	  documents	  with	  low	  OCR	  quality.”	  	  

•  “primary	  issue	  was	  retrieving	  the	  bibliographic	  
records	  in	  usable	  form,	  unparsed	  by	  Google.	  […]	  
process	  took	  10	  months	  to	  design	  the	  queries	  and	  
get	  the	  data.”	  	  



HathiTrust	  Research	  Center:	  
dedicated	  to	  provision	  of	  
computa:onal	  access	  to	  
comprehensive	  body	  of	  

published	  works	  for	  scholarship	  
and	  educa:on	  



à  HathiTrust is large corpus 
providing opportunity for new 
forms of computation 
investigation. 
à  The bigger the data, the less 
able we are to move it to a 
researcher’s desktop machine 
à  Future research on large 
collections will require 
computation moves to the data, 
not vice versa 
 
 

Currently Digitized 
 
10,111,502 total volumes  
5,373,800 book titles 
266,595 serial titles 
3,539,025,700 pages 
453 terabytes 
120 miles 
8,216 tons 
2,804,665 volumes (~28% of 
total) in the public domain  



•  Analysis on 10,000,000+ 
volumes of HathiTrust 
digital repository	  

•  Working with OCR 
•  Large-scale data storage 

and access 
•   HPC and Cloud	  

Type	  of	  Data	  (Public	  
domain	  and	  copyrighted	  
works)	  

Es,mated	  ini,al	  
size:	  300-‐500	  TB	  

Solr	  Indexes	   36	  TB	  (3	  indexes)	  

File	  system	  rsync	   12	  TB	  

Fast	  volume	  access	  store	  	   30TB	  

Versions	  of	  collec:on	  (5)	   120	  TB	  

Volume	  store	  indexes	   100	  TB	  

HathiTrust Research Center 
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HTRC	  Data	  

•  Current	  Data	  
– Non-‐Google	  Public	  Domain	  sample	  
– 350,000	  volumes	  
– 69,297,000	  pages	  
– 20,173,974,251	  

•  Soon	  to	  have	  all	  public	  domain	  data	  
–  	  2,804,665+	  volumes	  



Technical	  Objec:ves	  of	  HTRC	  	  

•  HTRC	  will	  provide	  a	  persistent	  and	  sustainable	  
structure	  to	  enable	  original	  and	  cuung	  edge	  
research	  

•  Leverage	  data	  storage	  and	  computa:onal	  
infrastructure	  at	  Indiana	  U	  and	  	  UIUC	  

•  Provision	  secure	  computa:onal	  and	  data	  
environment	  for	  scholars	  to	  perform	  research	  
using	  HathiTrust	  Digital	  Library	  

	  



Primary	  Func:ons	  to	  Support	  

•  Data	  discovery	  
– Searching	  	  
– Crea:ng	  and	  saving	  collec:ons	  

•  Service	  Discovery	  
– Algorithms,	  analyses,	  and	  processes	  
– Parameters	  and	  outputs	  

•  Data	  storage	  and	  retrieval	  
•  Computa:onal	  resources	  
•  APIs	  for	  controlled	  access	  to	  data	  and	  services	  



•  Web	  services	  architecture	  and	  protocols	  
•  Registry	  of	  services	  and	  algorithms	  
•  Solr	  full	  text	  indexes	  
•  noSQL	  store	  as	  volume	  store	  
•  Large	  scale	  compu:ng	  
•  openID	  authen:ca:on	  
•  Portal	  front-‐end,	  programma:c	  access	  
•  SEASR	  mining	  algos	  
4/13/12	   29	  
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HTRC	  Solr	  
•  Has	  both	  bibliographic	  informa:on	  and	  full-‐text	  OCR	  scan	  

–  29	  fields	  
–  volume	  ID,	  :tle,	  author,	  several	  reference	  IDs	  (ISBN,	  ISSN,	  callnumber,	  

etc),	  and	  full	  text	  

•  Basic	  search	  like	  term	  query,	  wildcard,	  	  fuzzy	  query,	  phrase	  
query	  and	  range	  query:	  
–  Example:	  “OCR:	  war”,	  search	  documents	  containing	  the	  word	  “war”	  in	  text	  

•  Term	  Vector	  is	  enabled	  to	  get	  word	  frequency	  and	  offset	  for	  
each	  word	  :	  
–  Occurences	  
–  posi:on	  and	  offset	  

	  



Filtered	  Term	  Vector	  
•  Default	  Term	  Vector	  is	  massive	  –	  

5MB	  per	  volume	  
–  Extremely	  slow	  response	  for	  mul:ple	  

volumes	  

•  We	  extended	  Solr	  to	  filter	  
unwanted	  words	  to	  enhance	  
response	  speed	  significantly.	  
–  Reduced	  term	  vector	  size	  to	  

80KB	  per	  volume.	  
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Ingest	  Procedure	  

•  Use	  rsync	  to	  pull	  filesystem	  data	  from	  HT	  main	  
collec:on.	  

•  Parse	  structural	  metadata	  (METS)	  –	  ordering	  
of	  page,	  page	  checksum	  (and	  verifica:on);	  
some	  metadata	  stored	  to	  NoSQL.	  

•  Analyze	  delta	  logs	  to	  push	  incremental	  
changes	  to	  NoSQL	  store	  



Bib	  
metdata	  

Collec:on	  
namespace	  1	  
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pairtree 

Rsync root 
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using	  split	  tree	  
list	  
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HathiTrust Research 
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HTRC Text Corpora 
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NoSQL	  Repository	  

•  U:lizing	  Cassandra	  as	  a	  storage	  space	  for	  our	  
text	  collec:ons	  and	  related	  metadata	  
– Aggregates	  small	  text	  files	  

•  Allows	  us	  to	  manage	  flexible	  schemas	  
•  Key-‐value	  based	  column	  store	  
•  Offers	  good	  scalability,	  redundancy,	  and	  
performance	  



Cassandra	  Schema	  

•  Each	  row	  represents	  a	  volume	  
–  Row	  key	  is	  the	  volume	  ID	  
–  Each	  row	  contains	  many	  columns	  
–  First	  column	  contains	  metadata	  aSributes	  about	  the	  volume	  
–  Each	  subsequent	  column	  family	  is	  a	  page,	  key	  is	  page	  ID	  
–  Page-‐specific	  columns	  contain	  page	  contents	  and	  metadata	  about	  the	  page	  

Key:	  (volume	  ID)	  

Inu.320001	  

metadata	  

copyright	  

public	  

Page	  count	  

16	  

Inu.320001/001	  

content	  

What’s	  up	  doc?	  

size	  

12	  

MD5	  

12345f	  

Inu.320001/xxx	  

content	  
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size	  
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Inu.320002	  

metadata	  

copyright	  

In-‐copyright	  

Page	  count	  
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content	  

2b|!2b	  

size	  

6	  

MD5	  

7effdd	  

Inu.320002/xxx	  

content	  

A	  ques:on	  

size	  

10	  

MD5	  

deadbeef	  

…



Cassandra	  Schema	  

•  Pros	  
–  Works	  well	  for	  all	  access	  primi:ves	  
–  Well	  organized	  metadata	  –	  no	  repe::ons	  
–  Volume	  level	  versioning	  could	  follow	  similar	  schema,	  but	  version	  number	  needs	  to	  be	  

concatenated	  to	  volume	  ID	  for	  historical	  versions	  

•  Cons	  
–  Subcolumn	  families	  cannot	  be	  indexed	  
–  Extra	  metadata	  are	  picked	  up	  even	  when	  only	  page	  contents	  are	  needed	  
–  Must	  store	  historical	  versions	  of	  volumes	  as	  deltas;	  naïve	  transla:on	  of	  the	  above	  

format	  to	  historical	  versioning	  would	  have	  high	  cost	  in	  space	  

Key:	  (volume	  ID)	  
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copyright	  
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Page	  count	  

16	  
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NSF	  XSEDE	  



Agent/Registry	  Architecture	  

•  Agent	  	  
– Controls	  session	  and	  access	  permissions	  
– Manages	  resources	  

•  Registry	  
– Organizes	  and	  manages	  components	  

•  Collec:ons	  
•  Algorithms,	  analyses,	  and	  processes	  
•  Input	  parameters	  
•  Results	  
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SEASR	  

•  Sogware	  Environment	  for	  the	  Advancement	  
of	  Scholarly	  Research	  

•  Developed	  at	  UIUC	  (with	  funding	  from	  Mellon)	  
•  A	  tool	  set	  for	  the	  development	  of	  DH	  
applica:ons	  

•  Works	  with	  MEANDRE	  workflow	  system	  
•  A	  key	  component	  of	  HTRC	  
•  hSp://seasr.org/	  	  



One	  access	  point:	  through	  SEASR	  
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Query = title:Abraham Lincoln 
AND publishDate:1920 
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SEASR:  workflow 
used to generate 
tagcloud    



Query = author:Withers, Hartley 4/13/12	   49	  



Workflow invokes HTRC Solr index and HTRC data API.    
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Concept	  Mapping	  
•  Sen:ment	  Analysis	  

–  six	  core	  emo:ons	  (Love,	  Joy,	  Surprise,	  Anger,	  Sadness,	  
Fear)	  



Correla:on-‐Ngram	  Viewer	  



Mayor Rex Luthor announced today the establishment 

of a new research facility in Alderwood.  It will be 

known as Boynton Laboratory. 

NE:Person NE:Time 

NE:Location 

NE:Organization 

Named	  En:ty	  (NE)	  Tagging	  

SEASR Project, UIUC, http://seasr.org 



Date	  En:ty	  to	  Simile	  Timeline	  

Visualiza:on	  for	  Extracted	  En::es	  
Network	  Analysis	  

Loca:on	  En:ty	  to	  Google	  Map	  

SEASR Project, UIUC, http://
seasr.org 



Corpus	  Usage	  PaSerns	  
Chapter 1 

Chapter 1 

Chapter 1 

Page IV 

Page IV 

Page IV 

Table of 
Contents 
1………….
# 
2…………
## 

Table of 
Contents 
1………….
# 
2…………
## 

Table of 
Contents 
1………….
# 
2…………
## 

Access by 
chapter 

Access by 
page 

Access by 
special contents 
(table of 
contents, index, 
glossary) 
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Data	  API	  

•  An	  abstrac:on	  between	  the	  analysis	  applica:on	  and	  
the	  data	  

•  Allows	  secured	  data	  access	  to	  trusted	  3rd	  par:es	  
•  Simplifies	  programming	  
•  Access	  data	  by	  

–  Volumes	  
–  Pages	  
– Metadata	  (the	  bibliographic	  record)	  
–  SOLR	  indexes	  
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HTRC	  Futures	  



Metadata	  Enrichment	  

•  Gender	  
•  Genre	  
•  Structural	  	  

–  Chapters	  
–  Front	  maSer	  
–  Indexes	  
–  Bibliographies	  

•  Part-‐of-‐Speech	  (POS)	  
tagging	  

•  OCR	  evalua:on/correc:on	   Example source: http://www.stanford.edu/~mjockers/cgi-bin/drupal/node/17 



Next	  Steps	  

•  Develop	  the	  portal	  
– Design	  in	  process	  
– Blacklight	  extensions	  

•  HTRC	  Data	  API	  integra:on	  
•  Page	  access	  and	  views	  (like	  HT)	  

•  Demo	  to	  Advisory	  Board	  in	  June	  
•  Non-‐consump:ve	  research	  con:nues	  
•  Task	  deployment	  and	  management	  
•  Hardening	  and	  deploying	  sogware	  	  



How	  to	  Engage	  

•  Building	  partnership	  with	  researchers	  and	  
research	  communi:es	  is	  key	  goal	  of	  the	  
HathiTrust	  Research	  Center	  	  

•  HTRC	  can	  give	  technical	  advice	  to	  researchers	  
as	  they	  look	  for	  funding	  opportuni:es	  
involving	  access	  to	  research	  data	  	  

•  Upcoming	  “Fix	  the	  OCR	  and	  Metadata	  
Shortage	  Community	  Challenge”	  :	  help	  us	  
address	  couple	  key	  weaknesses	  of	  HT	  corpus	  	  



	  

Thank	  you	  for	  your	  aSen:on	  
	  

Ques:ons?	  
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