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Paper/bibliographic search

http://academic.research.microsoft.com/
● for many research areas; graphical browsers (Windows only...)
● "explore 37,472,555 publications and 19,327,188 authors" (as of yesterday):
● people, organization, citation network, CfP calendar, research trends

http://scholar.google.com
● textual paper content search, author search

DBLP (http://www.informatik.uni-trier.de/~ley/db/): 1.8 million entries, mainly computer science 
and related field; only bibl. metadata with links to open or closed access papers

Bielefeld Academic Search (http://www.base-search.net/): 32,663,572 papers from 2085 sources: 
metadata with links to open or closed access papers

CiteceerX (http://citeseerx.ist.psu.edu/index): digital library, search engine and citation statistics 
for computer and information science papers, also a software infrastructure

Open Access Portals:

Scientific Commons (http://en.scientificcommons.org): 38,245,864 documents from 1269 sources

ArXiv (http://lanl.arxiv.org): Open access to 728,365 e-prints in Physics, Mathematics, Computer 
Science, Quantitative Biology, Quantitative Finance and Statistics

http://academic.research.microsoft.com/
http://scholar.google.com/
http://www.informatik.uni-trier.de/~ley/db/
http://www.base-search.net/
http://citeseerx.ist.psu.edu/index
http://en.scientificcommons.org/
http://lanl.arxiv.org/
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Publisher's Portals

Springer

Elsevier

Thomson-Reuters Web of Science

Universities, e.g. SciDok (SULB)

Thousands of other indexes and portals...

http://www.springer.com/
http://www.elsevier.com/
http://thomsonreuters.com/products_services/science/science_products/a-z/web_of_science/
http://scidok.sulb.uni-saarland.de/
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Citation Analysis

Pioneer: Eugene Garfield (1955), see references

founder of ISI (Information Sciences Institute, USC, Marina del Rey, 
CA)

Related Research fields:
● Scientometrics
● Bibliometrics
● Library Science
● Information Science

http://en.wikipedia.org/wiki/Scientometrics
http://en.wikipedia.org/wiki/Bibliometrics
http://en.wikipedia.org/wiki/Library_science
http://en.wikipedia.org/wiki/Information_science
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Citation Analysis

Citation Index

h-index (or Hirsch index, after Jorge E. Hirsch)
    A scientist has index h if h of his/her N papers have at least h citations each, and the other (N − 

h) papers have no more than h citations each. 

http://en.wikipedia.org/wiki/H-index
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The key to (almost) everything in citation analysis 
and search: String distance metrics...

1. Levenshtein distance: number of edits from s
1
 to s

2

2. Jaro distance:  

(i.e., normalized metric: 0=no, 1=full match; m=# of matches, 
t=1/2  # of transpositions)

3. Jaro-Winkler: Jaro with weight for prefix changes

There are many more...

→ Exercise python + external Levenshtein module (src from

http://pypi.python.org/pypi/python-Levenshtein/)

http://en.wikipedia.org/wiki/Levenshtein_distance
http://en.wikipedia.org/wiki/Jaro_distance
http://en.wikipedia.org/wiki/String_metric
http://pypi.python.org/pypi/python-Levenshtein/
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Exercise: python-levenshtein library

Ubuntu/Debian:

sudo apt-get install python-levenshtein

python

from Levenshtein import distance, hamming, jaro, jaro_winkler

>>> distance("scientometrics", "bibliometrics")

5

>>> hamming("bibliometrics", "scientometric")

13

>>> jaro("scientometrics", "bibliometrics")

0.6672771672771672

>>> jaro_winkler("scientometrics", "bibliometrics")

0.6672771672771672

>>> jaro("scientometrics", "scientomanics")

0.8772893772893773

>>> jaro_winkler("scientometrics", "scientomanics")

0.9754578754578754 
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Java variant (different library): Simmetrics

http://sourceforge.net/projects/simmetrics/ 

http://web.archive.org/web/20081224234350/
http://www.dcs.shef.ac.uk/~sam/stringmetrics.html

http://sourceforge.net/projects/simmetrics/
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The case of Medical Science

Elaborated Ontologies:
● MeSH (Medical Subject Headlines, http://www.nlm.nih.gov/mesh/)
● UMLS (Unified Medical Language System, 

http://www.nlm.nih.gov/research/umls/)

Huge text databases: PubMed/Medline (publication metadata and 
abstracts only...): http://www.ncbi.nlm.nih.gov/pubmed/ 

There are many more...

Related research field: Literature analysis/text mining as subfield 
of Bioinformatics

http://en.wikipedia.org/wiki/MeSH
http://www.nlm.nih.gov/mesh/
http://en.wikipedia.org/wiki/UMLS
http://www.nlm.nih.gov/research/umls/
http://www.ncbi.nlm.nih.gov/pubmed/
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Computational Linguistics

LT World (http://www.lt-world.org)
● Underlying ontology and data: people, organisations, projects, 

conferences, news, links, resources, tools, etc.
● Largely hand-crafted content, limited terminology resources, no 

publication metadata nor publication content

ACL Anthology (http://www.aclweb.org/anthology)
● Open access digital library of more than 23,000 CL papers from 1967 

until today, including the complete CL Journal.
● Content search via Google custom search and DFKI's Searchbench
● Incomplete publication metadata (will be improved)
● Citation Network: http://clair.si.umich.edu/clair/anthology/ 

  

http://www.lt-world.org/
http://www.aclweb.org/anthology
http://aclasb.dfki.de/
http://clair.si.umich.edu/clair/anthology/
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Using more NLP for Science Information 
Application

Motivation: go beyond citation graphs and indexes, text 
retrieval/fulltext and metadata search

Users want to see original, full content of papers, not just 
bibliographic metadata, abstracts and references

Interesting areas for NLP:
● improve search → semantic search ("find what I mean")

● search for complex propositions, synonyms, in context
● preprocess textual content: parsing, coreferences, etc.

● automatic terminology, taxonomy & ontology extraction from text
● qualitative citation analysis
● automatic summarization
● question answering, learning by reading, expert systems, … 
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Parsing Science with NLP (more or less...)

MEDIE is a semantic search engine to retrieve biomedical correlations 
from MEDLINE articles (Sætre et al., 2008)

SciBorg: UK-based research project on parsing and named entity 
recognition of chemistry papers from a publisher

Wolfram Alpha: Question answering, specialized tools and database: 
http://www.wolframalpha.com/

http://www-tsujii.is.s.u-tokyo.ac.jp/medie/
http://www.wolframalpha.com/
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NLP Pipeline and before

Preprocessing 1: Text extraction from digital and scanned documents

commercial (O)CR:

– Omnipage, Abbyy

Open source (O)CR:

– Tesseract (http://code.google.com/p/tesseract-ocr/)

Open source layout recognition on top of Tesseract:

– Ocropus (http://code.google.com/p/ocropus/)

Alternatives for native (not scanned) PDF:

– Apache PDFbox: http://pdfbox.apache.org/

– Poppler/Xpdf: http://poppler.freedesktop.org/

Text and metadata extraction from office file formats etc.:

– Apache POI (http://projects.apache.org/projects/poi.html),

– Aperture (http://aperture.sourceforge.net/)

http://code.google.com/p/tesseract-ocr/
http://code.google.com/p/ocropus/
http://pdfbox.apache.org/
http://poppler.freedesktop.org/
http://projects.apache.org/projects/poi.html
http://aperture.sourceforge.net/
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NLP Pipeline

Preprocessing 2: 

– text filtering (remove non-text character sequences)

– de-hyphenation

– XML Markup (optional, e.g. TEI P5, Docbook,...), containing 
information on section headings, footnotes, tables, 
character styles such as Italics, page numbers, figures 
and tables, captions, …
Potentially useful for detecting argumentative zones, 
citation classification, emphasized tokens marked for 
parsing, etc.

– Example: XML file: paper.xml
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NLP Pipeline

Preprocessing 3: 

– Sentence boundary recognition

– Tokenization

– PoS tagging (for unknown word guessing, term 
extraction, ...)

– Named entity recognition

– Parsing

– Semantics extraction

– Index preparation

– (Structured) indexing with Apache Lucene/Solr

http://lucene.apache.org/
http://lucene.apache.org/solr/
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ACL Anthology Searchbench

• http://aclasb.dfki.de  

• Released at ACL-2011 

• Combines semantic, full-text and bibliographic search in 19,000 
papers of the ACL Anthology from the past 46 years, incl. CL journal

• ACL Anthology start page links to it!

http://aclasb.dfki.de/


U. Schäfer – Science Information Applications

ACL Anthology Searchbench
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Research Fields in TAKE

Unsupervised 
multi-word 
domain term 
extraction

Deep parsing and 
semantic tuple 
extraction

Coreference 
resolution

Glossary 
extraction

Taxonomy 
extraction

Citation 
Analysis

Combined 
semantic 
search
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Paper Parsing Architectue

Common NL Pre-
Processing
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Boost in Deep Parsing Coverage and Efficiency

ACL Anthology Parsing: breakthrough by combining

– chart pruning: directed search during parsing to increase 
performance, and also coverage for longer sentences 
(Cramer & Zhang, 2010)

– chart mapping, a novel method for integrating 
preprocessing information (Adolphs et al, 2008)

– new grammar (ERG) with better handling of open word 
classes

– fine-grained named entity recognition, including citation 
patterns (SProUT)

– new parse ranking model (WeScience; Oepen ‘09)

→ Improvement of overall coverage from 63% to now 
>83% full parses (now 4.3 million sentences)
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DMRS to Semantic Tuple Conversion

“We took the raw strings from the 140-sentence development set and 
parsed them with each of the state-of-the-art probabilistic parsers.” 

From W07-1209, section 3
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Asking Solr Index (simplified)

Query:
"method improve baseline"

is translated into Apache Solr 
query:
subj:method +pred:(improve OR 
ameliorate OR better OR 
meliorate) +(dobj:baseline OR 
iobj:baseline OR rest:baseline)

result (1 of 72)  →

could also be used for question 
answering...

<doc>  <!-- each doc is a single quriple sentence here -->
  <float name="score">1.2502118</float>
  <date name="timestamp">2009-01-27T10:46:38.452Z
  </date>
  <str name="aclaid">W05-0814</str>
  <int name="offset">198</int>
  <int name="sentno">87</int>
  <int name="page">4</int>
  <str name="prefix">W05-0814-s87-p4</str>
  <str name="qgen">PET</str>
  <str name="sentence">Our model and training method 

improve upon a strong baseline for producing 1-to-
many alignments.

  </str>
  <str name="subj">Our model training method</str>
  <int name="subj_start">0</int>
  <int name="subj_end">28</int>
  <str name="pred">improve</str>
  <int name="pred_start">30</int>
  <int name="pred_end">36</int>
  <str name="rest">upon a strong baseline for producing 

1-to-many alignments
  </str>
  <int name="rest_start">38</int>
  <int name="rest_end">94</int>
</doc>
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Searchbench: Statement Search Options

strict
only find strictly affirmative statements with a predicate matching 

only the entered one.
default

find generally affirmative or neutral statements with a predicate 
matching either the entered one or a synonym of it.

lax
as before, but additionally find statements with negated or neutral 

predicates matching antonyms of the entered predicate.
maximal

find statements with the entered predicate or a synonym/antonym 
thereof, irrespective of whether the predicate is negated or not
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Multiword Domain Term Extraction

Based on an extended implementation of the Frantzi & Ananiadou 
2000 approach (C-Value/NC-Value)

Example in Searchbench: „data structure + speech recognition + 
partial results + …

Also basis for taxonomy and glossary extraction
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Automatic Taxonomy Extraction – Evaluation 
with OntoGWAP
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Examples of extracted hypernym-hyponym pairs
(including invalid pairs)
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Hyper-/Hyponym Extraction: Evaluation

The competition for prizes lasted 10 days. 61 players participated. 32 Tetris 
players, 10 Invaders players, 26 quiz participants. Only one played all games.
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Citation Classification & Navigation
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Typed (Qualified) Citation Classification

Classify citation sentences into categories such as use, refutation, neutral, 
confirmative, …

Possibly several categorized citations contribute to an overall classification of 
the reference from one paper to another (colored edge in the graphical 
user interface)

Rule-based approaches with PoS-, lexical, syntactical patterns:
not robust, low overall recall and precision

→ Novel approach with semi-supervised learning on citation classification 
addresses two problems:

• expensive manual annotation

• unbalanced class distribution
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New Citation Browser for ACL Searchbench
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View Citations Sentences in Context
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Exercise 2: Searchbench 

Formulate Searchbench queries from questions
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