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Bluima,	  NLP	  for	  Neuroscience	  	  

•  BlueBrain’s	  bioNLP	  toolkit,	  based	  on	  UIMA	  
•  goal:	  extract	  structured	  data	  from	  PubMed	  to	  
support	  researchers	  in	  brain	  modeling	  

•  focus:	  extracDng	  enDDes	  that	  are	  specific	  to	  
neuroscience	  (like	  brain	  regions	  and	  neurons)	  

•  examples:	  
– Brain	  region	  x	  brain	  region	  
– Protein	  concentraDon	  
– Neuron	  properDes	  



Before	  UIMA	  

•  While	  research	  scienDst	  at	  Fachhochschule	  
Windisch,	  Switzerland	  

•  Project:	  seman&c	  matching	  from	  job	  
adver&sement	  (1Mio	  /	  year)	  and	  resume	  
profiles	  (from	  PDF)	  

•  Took	  2	  months	  to	  re-‐invent	  a	  CAS	  structure	  
•  Another	  2	  to	  re-‐invent	  a	  RUTA-‐like	  DSL	  
•  Wished	  I	  had	  used	  UIMA…	  



RUTA-‐like	  DSL	  (Pseudocode)	  



Learning	  UIMA	  

•  Steep	  curve	  at	  first,	  too	  many	  acronyms,	  too	  
much	  XML	  

•  IBM	  &	  Apache:	  good	  pedigree,	  trust	  
•  Very	  well	  thought	  concepts	  and	  API;	  solid	  
implementaDon;	  never	  had	  to	  digg	  into	  
UIMA’s	  core	  library	  

•  UIMAFit	  facilitates	  pipeline	  development	  
•  FAIL:	  Pear	  à	  ended	  up	  providing	  a	  resource	  
path,	  and	  package	  UIMA	  with	  Maven	  



IntegraDng	  ExisDng	  Modules	  into	  Bluima	  

•  Typesystem	  and	  Tokenizer	  based	  on	  JULIELab	  
modules	  

•  Protein	  Named	  enDty	  recognizers	  (NERs)	  
(ABNER,	  BANNER,	  Gimli)	  

•  Other	  NERs	  (OSCAR4,	  Linnaeus)	  	  
•  Many	  lexical	  NERs	  with	  ConceptMapper	  



Lexica	  in	  Bluima	   Bluima 3

Name Source Scope # forms
Age BlueBrain age of organism, developmental stage 138
Sex BlueBrain sex (male, female) and variants 10
Method BlueBrain experimental methods in neuroscience 43
Organism BlueBrain organisms used in neuroscience 121
Cell BlueBrain cell, sub-cell and region 862
Ion channel Channelpedia [27] ion channels 868
Uniprot Uniprot [1] genes and proteins 143,757
Biolexicon Biolexicon [30] unified lexicon of biomedical terms 2.2 Mio
Verbs Biolexicon verbs extracted from the Biolexicon 5,038
Cell ontology OBO [2] cell types (prokaryotic to mammalian) 3,564
Disease ont. OBO [23] human disease ontology 24,613
Protein ont. OBO [20] protein-related entities 29,198
Brain region Neuronames [3] hierarchy of brain regions 8,211
Wordnet Wordnet [7] general English 155,287
NIFSTD NIF [12,4] neuroscience ontology 16,896

Table 1. Lexica and ontologies used for lexical matching.

2.2 Pipeline Scripting Language

Tool Advantages Disadvantages
UIMA GUI GUI minimalistic UI, can not reuse pipelines
XML descriptor typed (schema) very verbose
raw UIMA java API typed verbose, requires writing and compiling Java
UIMAFit compact, typed requires writing and compiling Java code

Table 2. Di↵erent approaches to writing and running UIMA pipelines.

There are several approaches2 to write and run UIMA pipelines (see Table 2).
All Bluima components were initially written in Java with the UIMAFit library,
that allows for compact code. To improve the design and experimentation with
UIMA pipelines, and enable researchers without Java or UIMA knowledge to
easily design and run such pipelines, a minimalistic scripting (domain-specific)
language was developed, allowing UIMA pipelines to be configured with text files,
in a human-readable format (Table 3). A pipeline script begins with the definition
of a collection reader (starting with cr:), followed by several annotation engines
(starting with ae:)3. Parameter specification starts with a space, followed by the

2 Other interesting solutions exist (e.g. IBM LanguageWare, Argo), but are not open
source.

3 If not package namespace is specified, Bluima loads Readers and Annotator classes
from the default namespace.



IntegraDng	  ExisDng	  Modules	  into	  Bluima	  

•  Many	  modules	  and	  models	  available	  for	  
BioNLP,	  jumpstarted	  

•  Lego-‐like	  composiDon	  of	  pipelines	  is	  great	  

•  OWen,	  research-‐grade	  code;	  many	  &	  exoDc	  
dependencies;	  lots	  of	  duplicaDon,	  every	  
module	  does	  its	  own	  preprocessing	  (e.g.	  
BANNER,	  OSCAR).	  But	  sDll	  much	  befer	  that	  
wriDng	  these	  modules	  ourselves!	  

•  Did	  not	  abstract	  the	  typesystem	  yet	  



Pipeline	  ScripDng	  Language	  

Bluima 3
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Pipeline	  ScripDng	  Language	  
•  A	  minimalisDc	  scripDng	  (domain-‐specific)	  
language,	  allowing	  UIMA	  pipelines	  to	  be	  
configured	  with	  text	  files,	  in	  a	  human-‐readable	  
format	  

•  Goals	  
–  Improve	  faster	  and	  more	  lightweight	  
design	  and	  experimentaDon	  with	  UIMA	  pipelines	  

– Enable	  researchers	  without	  Java	  or	  UIMA	  knowledge	  
to	  easily	  design	  and	  run	  pipelines	  



Pipeline	  Script	  Example	  

Bluima 5

3 Case Studies and Evaluation

A first experiment to illustrate the scripting language was conducted on a large
dataset of full-text biomedical articles. A second simulated experiment evalu-
ates the performance of the MongoDB CAS store against existing serialization
formats.

3.1 Scripting and Scale-Out

# collection reader configured with a list of files (provided as external params)
cr: FromFilelistReader
inputFile: $1

# processes the content of the PDFs
ae: ch.epfl.bbp.uima.pdf.cr.PdfCollectionAnnotator

# tokenization and lematization
ae: SentenceAnnotator
modelFile: $ROOT/modules/julielab_opennlp/models/sentence/PennBio.bin.gz

ae: TokenAnnotator
modelFile: $ROOT/modules/julielab_opennlp/models/token/Genia.bin.gz

ae: BlueBioLemmatizer

# lexical NERs, instantiated with some helper java code
ae_java: ch.epfl.bbp.uima.LexicaHelper.getConceptMapper("/bbp_onto/brainregion")
ae_java: ch.epfl.bbp.uima.LexicaHelper.getConceptMapper("/bams/bams")

# removes duplicate annotations and extracts collocated brainregion annotations
ae: DeduplicatorAnnotator
annotationClass: ch.epfl.bbp.uima.types.BrainRegionDictTerm

ae: ExtractBrainregionsCoocurrences
outputDirectory: $2

Table 3. Pipeline script for the extraction of brain regions mention co-occurrences
from PDF documents.

Bluima was used to extract brain region mention co-occurrences from scien-
tific articles in PDF. The pipeline script (Table 3) was created and tested on
a development laptop. Scale-out was performed on a 12-node (144-core) clus-
ter managed by SLURM (Simple Linux Utility for Resource Management). The
383,795 PDFs were partitioned in 767 jobs. Each job was instantiated with the
same pipeline script, using di↵erent input and output parameters. The process-
ing completed in 809 minutes (' 8 PDF/s).

3.2 MongoDB CAS Store

The MongoDB CAS store (MCS) has been evaluated against 3 other available
serialization formats (XCAS, XMI and ZIPXMI). For each, 3 settings were eval-
uated: writes (CASes are persisted to disk), reads (CASes are loaded from their
persisted states), and incremental (CASes are first read from their persisted



MongoDB	  CAS	  Store	  
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ExisDng	  CAS	  Stores	  

•  XCAS,	  XMI	  
•  ZipXCAS,	  ZipXMI	  
•  BinaryCasReader	  (DKPro)	  
•  NEW:	  Database	  (Fefe,	  2013)	  



MongoDB	  

•  Popular,	  open	  source	  
•  NoSQL:	  Schema	  validaDon	  already	  provided	  by	  
UIMA	  typesystem	  

•  Document	  oriented:	  CAS	  fits	  into	  document-‐
oriented	  database	  



Available	  UIMA	  Components	  

•  MongoCollec&onReader	  reads	  CAS	  from	  a	  MongoDB	  
collecDon.	  OpDonally,	  a	  (filter)	  query	  can	  be	  specified;	  

•  RegexMongoCollec&onReader,	  similar	  to	  
MongoCollecDonReader	  but	  allows	  specifying	  a	  query	  
with	  a	  regular	  expression	  on	  a	  specific	  field;	  

•  MongoWriter	  persists	  new	  UIMA	  CASes	  into	  MongoDB	  
documents;	  

•  MongoUpdateWriter	  persists	  new	  annotaDons	  into	  an	  
exisDng	  document;	  

•  MongoCollec&onRemover	  removes	  selected	  
annotaDons	  in	  a	  MongoDB	  collecDon	  



EvaluaDon	  of	  MongoDB	  CAS	  Store	  

•  Writes	  and	  reads	  performed	  on	  random	  
sample	  of	  500,000	  PubMed	  abstracts	  and	  
annotated	  with	  all	  available	  Bluima	  NERs.	  	  

•  Incremental	  annotaDon	  performed	  on	  a	  
random	  sample	  of	  5,000	  PubMed	  abstracts	  
and	  incrementally	  annotated	  with	  the	  
Stopwords	  annotator.	  	  

•  Processing	  Dme	  and	  disk	  space	  measured	  on	  a	  
commodity	  laptop	  (4	  cores,	  8GB	  RAM)	  

•  Compared	  with	  XCAS,	  XMI,	  ZipXMI	  



EvaluaDon	  of	  MongoDB	  CAS	  Store	  
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Write [s] Write Size [MB]
XCAS 4014 41718
XMI 4479 32236
ZIPXMI 5033 4677
MongoDB 3281 16724

Read [s] Incremental [s]
XCAS 3407 31.7
XMI 3090 42.2
ZIPXMI 2790 43.6
MongoDB 730 22.5

Fig. 1. Performance evaluation of MongoDB CAS Store against 3 other serialization
formats.

states, then further processed, and finally persisted again to disk). Writes and
reads were performed on a random sample of 500,000 PubMed abstracts and an-
notated with all available Bluima NERs. Incremental annotation was performed
on a random sample of 5,000 PubMed abstracts and incrementally annotated
with the Stopwords annotator. Processing time and disk space was measured on
a commodity laptop (4 cores, 8GB RAM).

In terms of speed, the MCS significantly outperforms the other formats, espe-
cially for reads (Figure 1). The MCS disk size is significantly smaller than XCAS
and XMI formats, but almost 4 times larger than the compressed ZIPXMI for-
mat. The incremental annotation is significantly faster with MongoDB, and does
not require duplicating or overwriting files, like with the other serialization for-
mats. The MCS could be scaled up in a cluster setup, or using solid states drives
(SSDs). Writes could probably be improved by turning MongoDB’s ”safe mode”
option o↵. Furthermore, by adding indexes, the MCS can act as a searchable
annotation database.

4 Conclusions and Future Work

In the process of developing Bluima, a toolkit for neuroscientific NLP, we inte-
grated and wrapped several specialized resources to process neuroscientific arti-
cles. We also created two UIMA modules (scripting language and CAS store).
These additions proved to be very e↵ective in practice and allowed us to leverage
UIMA, an enterprise-grade framework, while at the same time allowing an agile
development and deployment of NLP pipelines.

In the future, we will open-source Bluima and add more models for NER and
relationship extraction. We also plan to ease the deployment of Bluima (and its
scripting language) on a Hadoop cluster.



TODOs	  

•  Complex	  types	  mapping	  
•  Custom	  field	  mapping,	  or	  defaults	  
•  Queries	  



Bluima	  Aussicht	  (Future	  work)	  

•  Open	  source	  Bluima	  by	  end	  of	  year	  <-‐-‐	  PLEDGE!	  
•  AnnotaDon	  filtering	  
•  Brain	  region	  NER	  (based	  on	  French	  2009)	  
•  RelaDon	  extracDon	  for	  selected	  neuroscience	  enDDes	  

–  Brain	  region	  x	  brain	  region	  
–  Ion	  channel	  x	  subcellular	  locaDon	  
–  Neuron	  properDes	  

•  LDA,	  hLDA	  
•  InformaDon	  extracDon	  from	  PDF	  tables	  (supervised	  CRF)	  
•  Scaling	  (full-‐text,	  Hadoop)	  	  



AnnotaDon	  Filtering:	  Before	  
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AnnotaDon	  Filtering:	  AWer	  
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