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Overview 

• Background 
•  cTAKES: overview 
•  cTAKES: type system 

•  cTAKES: coding example 
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Definitions 
•  Information Extraction (IE) 

•  Extracting existing facts from unstructured or loosely 
structured text into a structured form 

•  Information Retrieval (IR) 
•  Finding documents relevant to a user query 

•  Named Entity Recognition (NER) 
•  Discovery of groups of textual mentions that belong to 

certain semantic class 

•  Natural Language Processing (NLP) 
•  Computational methods for text processing based on 

linguistically sound principles 
•  Clinical NLP – NLP for the clinical narrative 
•  Biomedical NLP – NLP for the clinical narrative and 

biomedical literature 
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Problem Space 
•  Structured information 

•  Relational databases 
•  Easy to extract information from them 

•  Semi-structured information 
•  Loosely formatted XML, CSV tables 
•  Not challenging to extract information 

•  Unstructured information 
•  Scholarly literature, clinical notes, research reports, 

webpages 
•  Majority of information is unstructured!! 
•  Real challenge to extract the information 



Natural Language Processing 

         I    saw  the   man with  the     telescope. 
        w1     w2      w3       w4        w5      w6            w7 

  pronoun   verb  article  noun    prep    article       noun 

NP VP NP 

NP VP NP PP 

Courtesy Wendy Chapman 



Natural Language Processing: 
Methods 

Rule-based 

Machine-learning/statistical 

Hybrid          
   I         saw     the   man with  the     telescope. 

w1         w2      w3     w4   w5   w6          w7 

pronoun   verb    article  noun   prep  article       noun 

NP VP NP 

NP VP NP PP 
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Why NLP? Why not Google? 
•  From Google to language understanding 

•  Negation (and any other similar context) 
   The patient denies headache, earache, sore throat, fever, 

rash, hallucinations, stomachache, cough and any 
pneumonia-related symptoms  

•  Inverted syntax 
   Colon, ascending and descending, biopsy 
•  Relation discovery 
   Tamoxifen is used in the treatment of breast cancer. 
•  Morphologic variations 
   runs, running, ran, run -> mapped to the same base form 
•  Higher level discourse phenomena: synonyms, anaphora 

relations, temporal relations, document summarization  
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clinical Text Analysis and 
Knowledge Extraction System 

(cTAKES) 
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Overview 
•  cTAKES 

•  Release 1.0 developed at Mayo (Savova and team) 
•  Goal:  

•  Phenotype extraction 
•  Generic – to be used for a variety of retrievals and use 

cases 
•  Expandable – at the information model level and 

methods 
•  Modular 
•  Cutting edge technologies – best methods combining 

existing practices and novel research with rapid 
technology transfer 

•  Best software practices (80M+ notes) 

•  Commitment to both R and D in R&D 
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cTAKES Technical Details  
•  Open source 

•  www.ohnlp.org 
•  Downloads: Documentation and Downloads 
•  Technical details: Publications 
•  Java 1.5, Apache 2.0 license 

•  Framework  
•  IBM’s Unstructured Information Management Architecture 

(UIMA) open source framework, Apache project 

•  Methods  
•  Natural Language Processing methods (NLP) 

•  Application  
•  High-throughput system (80M+ notes; 80B+ tokens) 
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cTAKES: Components 

•  Clinical narrative as a sublanguage 
•  Core components 

•  Sentence boundary detection (OpenNLP technology) 
•  Tokenization (rule-based) 
•  Morphologic normalization (NLM’s LVG) 
•  POS tagging (OpenNLP technology) 
•  Shallow parsing (OpenNLP technology) 
•  Named Entity Recognition 

•  Dictionary mapping (lookup algorithm) 
•  Machine learning (MAWUI) 
•  types: diseases/disorders, signs/symptoms, anatomical 

sites, procedures, medications 
•  Negation and context identification (NegEx) 
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Output Example: Drug Object  
•  “Tamoxifen 20 mg po daily started on March 1, 2005.” 

•  Drug 
•  Text: Tamoxifen 
•  Associated code: C0351245 
•  Strength: 20 mg 
•  Start date: March 1, 2005 
•  End date: null 
•  Dosage: 1.0 
•  Frequency: 1.0 
•  Frequency unit: daily 
•  Duration: null 
•  Route: Enteral Oral 
•  Form: null 
•  Status: current 
•  Change Status: no change 
•  Certainty: null 
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Output Example: Disorder Object  

•  “No evidence of cholangiocarcinoma.” 
•  Disorder 

•  Text: cholangiocarcinoma 
•  Associated code: SNOMED 70179006 
•  Certainty: 1  
•  Context: current 
•  Relatedness to patient: true 
•  Status: negated 
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Mayo cTAKES: UIMA Type System  

cTAKES 1.0.5 
document version 1.0.0.1  

  Copyright © 2009 Mayo Foundation for Medical Education and Research 



Introduction 

 We start with a chart that shows the 
inheritance diagram of the UIMA Type 
System for cTAKES 
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A chart showing the inheritance diagram of the type system 

The UIMA framework provides some types, such as TOP 
and uima.tcas.Annotation. 

cTAKES defines many types that inherit from Annotation, 
such as DocumentID for the document name or 
other identifier, Sentence and Segment that 
indicate parts of the document, and 
NamedEntity, which has attributes for the type 
of NamedEntity, the Segment the NamedEntity 
appears in, and whether the NamedEntity is 
negated. 

cTAKES also defines types that do no inherit from 
Annotation, such as Ontology Concept and 
UMLS Concept, which inherit directly from 
TOP. 

Other types that inherit from Annotation or its descendents 
include the token types that compose the 
document such as Punctuation Token, Newline 
Token, Word Token; context dependent token 
types such as Date Annotation, Range 
Annotation, and Person Title Annotation; and 
Chunk types such as ADJP, NP, and LST. 

Many of the types have attributes other than just their 
begin and end offsets. 

TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

ContextAnnotation 
focusText:String(enumeration) 

scope:String(enumeration) 

LST 

… 

IdentifiedAnnotation 

NamedEntity 
discoveryTechnique:int(enumeration) 
status(aka context):int(enumeration) 
certainty(negation):int(enumeration) 

typeID:int(enumeration) 
confidence:Float 
segmentID:String 

ontologyConceptArr:FSArray of  
OntologyConcept 

OntologyConcept 
codingScheme:String 

code:String 

UmlsConcept 
cui:String 
tui:String 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

Property 
key:String 

value:String 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

LookupWindowAnnotation 

NewlineToken 

ContractionToken 
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Don’t dwell on this slide 
now, it appears again 
later…. 



Representing inheritance 

Here’s part of the larger  

diagram, to illustrate how  

inheritance is represented. 

A parent has a line connecting to the bottom of its box. A child appears 
somewhere below its parent and is connected to its parent. 

Document, DocumentID, Segment, Sentence and BaseToken are all children 
of uima.tcas.Annotation  

NewlineToken is one of the children of BaseToken 

Copyright © 2009 Mayo Foundation for Medical Education and Research 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

NewlineToken 

Here’s part of the 
larger diagram, to  
illustrate how 
inheritance is 
represented. 



Attributes accumulate: 

Children inherit their parent’s attributes, the attributes are not listed 
explicitly within the descendents  

All descendents of Annotation have begin and end attributes 

NewlineToken has the same attributes as BaseToken (which 
includes begin and end) 
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uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

NewlineToken 



Building up the diagram 

We will build up to the full diagram of 
the Type System for cTAKES, by 
starting with UIMA-provided types. 
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Types provided by the UIMA framework 

TOP, uima.tcas.Annotation, and uima.tcas.Document are provided by the 
UIMA framework 

The type Annotation has integer attributes for the begin and end offsets 
of the annotation. 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

uima.tcas.Document 
language:String 

These types are 
provided by the UIMA 
framework. 



We will add types in the order annotations are generated by 
cTAKES 

 Now we build up the cTAKES Type 
System diagram one step at a time, 
adding in the types in the order 
that annotations are generated by 
the Mayo cTAKES pipeline. 
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Document ID annotation 

First store the name of the input file, or a handle for the document if it’s 
from a database 

Document ID inherits from uima.tcas.Annotation. 
Copyright © 2009 Mayo Foundation for Medical Education and Research 

TOP 

uima.tcas.Annotation 
begin:int 
end:int 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

First store the name of 
the input file, or a 
handle for the 
document if it’s from a 
database 



TOP 

uima.tcas.Annotation 
begin:int 
end:int 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Segment annotation 

Add Segment annotations based on section tags in the CDA document.  
If not processing a CDA document, treat entire document as one section – 

create one Segment annotation. 
Segment inherits from uima.tcas.Annotation. 
Copyright © 2009 Mayo Foundation for Medical Education and Research 

Add Segment 
annotations based on 
section tags in the CDA 
document.  

If not processing a 
CDA document, treat 
entire document as one 
section – create one 
Segment annotation. 



TOP 

uima.tcas.Annotation 
begin:int 
end:int 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

SentenceDetector 
Annotator creates 
Sentence annotations 

Sentence annotation 

SentenceDetector Annotator creates Sentence annotations 

Sentence inherits from uima.tcas.Annotation. 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

NumToken 
numType:int(enumeration) 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 

NewlineToken 

ContractionToken 

Each sentence is 
“broken” into tokens by 
the Tokenizer. 

Base Token 
annotation 

Each sentence is “broken” into Base Tokens by the Tokenizer. Newline Token, Contraction 
Token, Num Token, Punctuation Token, Symbol Token, and Word Token all inherit from 
Base Token. 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 

lemmaEntries:FSList of Lemma 

NumToken 
numType:int(enumeration) 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

NewlineToken 

ContractionToken 

Add attributes to some 
Token annotations 
based on output of 
LVG, and add Lemma 
annotations. 

Attributes from 
LVG 

Add normalized form attribute  
to some annotations  

that inherit from Base Token 
  based on output of LVG, 

and add Lemma annotations. 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 

lemmaEntries:FSList of Lemma 

NumToken 
numType:int(enumeration) 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

NewlineToken 

ContractionToken 

Add annotations for 
context dependent 
entities that can be 
found by pattern 
matching (using FSMs) 

  Add annotations for context  
  dependent entities that are created  
  by pattern matching using  
  finite state machines (FSMs).  
  These inherit from Annotation. 
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Context dependent entities 



TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

NumToken 
numType:int(enumeration) 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

NewlineToken 

ContractionToken 

Assign value to 
partOfSpeech attribute 
for each NumToken, 
WordToken, etc (i.e. for 
BaseToken children) 

Part of speech 
attribute 

  Assign value to  
  partOfSpeech attribute  
  for each Num Token,  
  Word Token, etc. (i.e.  
  for Base Token children) 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

LST 

… 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

NewlineToken 

ContractionToken 

Shallow parsing – add 
annotations for chunks 

Chunk 
annotation 

    Shallow parsing. Add annotations  
    for chunks such as noun phrases  
    (NP) and list markers (LST). 
    NP, ADJP, LST, etc. inherit from  
    Chunk, which inherits from  
    Annotation. 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

LST 

… 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

LookupWindowAnnotation 

NewlineToken 

ContractionToken 

Add annotations for the 
windows of text  (NPs 
and optionally NP-PP-
NP) that will be 
examined during 
dictionary lookup 

Lookup Window Annotation 

  Add annotations for  
  the windows of text   
  (NPs and optionally NP-PP-NP)  
  that will be examined  
  during dictionary lookup. 
  LookupWindowAnnotation  
  inherits from Annotation. 
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Dictionary lookup 

Add Named Entity (NE) annotations and associated code(s)    from a dictionary, ontology,  or thesaurus. 

Named Entity inherits from Identified Annotation, which inherits   from Annotation.  Named Entity includes an  

FSArray of Ontology Concept. Ontology Concept inherits from TOP.  UmlsConcept inherits from Ontology Concept.  OntologyConcept has attributes  

for the coding scheme and a code. Umls Concept has additional attributes for CUI and TUI. 
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Dictionary lookup: Add 
NE annotations and 
associated code(s) 
(from a dictionary, 
ontology, or thesaurus) 

TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

LST 

… 

IdentifiedAnnotation 

NamedEntity 
discoveryTechnique:int(enumeration) 

typeID:int(enumeration) 
confidence:Float 
segmentID:String 

ontologyConceptArr:FSArray of  
OntologyConcept 

OntologyConcept 
codingScheme:String 

code:String 

UmlsConcept 
cui:String 
tui:String 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

LookupWindowAnnotation 

NewlineToken 

ContractionToken 

Dictionary lookup: Add 
NE annotations and 
associated code(s) 
(from a dictionary, 
ontology, or thesaurus) 



Context Annotation 

Context Annotation inherits from Annotation. Determine if  
negation words or other contexts such as “history of” appear near each NE. 
Assign status (aka context) attribute and certainty (negation) attribute of Named Entity. 
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Determine if negation 
words or other contexts 
such as “history of” 
appear near each NE, 
and assign attributes. 

TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

ContextAnnotation 
focusText:String(enumeration) 

scope:String(enumeration) 

LST 

… 

IdentifiedAnnotation 

NamedEntity 
discoveryTechnique:int(enumeration) 
status(aka context):int(enumeration) 
certainty(negation):int(enumeration) 

typeID:int(enumeration) 
confidence:Float 
segmentID:String 

ontologyConceptArr:FSArray of  
OntologyConcept 

OntologyConcept 
codingScheme:String 

code:String 

UmlsConcept 
cui:String 
tui:String 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

LookupWindowAnnotation 

NewlineToken 

ContractionToken 



Property Annotation 

Finally add Property annotations – key value pairs. A Property is  
used for example to store the version number of the pipeline that was used.  Property inherits from Annotation. 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

ContextAnnotation 
focusText:String(enumeration) 

scope:String(enumeration) 

LST 

… 

IdentifiedAnnotation 

NamedEntity 
discoveryTechnique:int(enumeration) 
status(aka context):int(enumeration) 
certainty(negation):int(enumeration) 

typeID:int(enumeration) 
confidence:Float 
segmentID:String 

ontologyConceptArr:FSArray of  
OntologyConcept 

OntologyConcept 
codingScheme:String 

code:String 

UmlsConcept 
cui:String 
tui:String 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

Property 
key:String 

value:String 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

LookupWindowAnnotation 

NewlineToken 

ContractionToken 

Finally add Property 
annotations, used for 
example to store the 
version number of the 
pipeline that was used 



That completes the overview of the type system for cTAKES 
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TOP 

uima.tcas.Annotation 
begin:int 
end:int 

BaseToken 
tokenNumber:int 

normalizedForm:String 
partOfSpeech:String 

lemmaEntries:FSList of Lemma 

Chunk 
chunkType:String 

NumToken 
numType:int(enumeration) 

ADJP 

ADVP 

NP 

(Context  
Dependent) 

RomanNumeralAnnotation 

FractionAnnotation 

DateAnnotation 

TimeAnnotation 

RangeAnnotation 

MeasurementAnnotation 

PersonTitleAnnotation 

ContextAnnotation 
focusText:String(enumeration) 

scope:String(enumeration) 

LST 

… 

IdentifiedAnnotation 

NamedEntity 
discoveryTechnique:int(enumeration) 
status(aka context):int(enumeration) 
certainty(negation):int(enumeration) 

typeID:int(enumeration) 
confidence:Float 
segmentID:String 

ontologyConceptArr:FSArray of  
OntologyConcept 

OntologyConcept 
codingScheme:String 

code:String 

UmlsConcept 
cui:String 
tui:String 

PunctuationToken 

SymbolToken 

uima.tcas.Document 
language:String 

DocumentID 
documentID:String 

Segment 
segmentID:String 

Sentence 
sentenceNumber:int 

Property 
key:String 

value:String 

WordToken 
capitalization:int(enumeration) 
numPosition:int(enumeration) 

suggestedSpelling:String 
canonicalForm:String 

Lemma 
key:String 

posTag:String 

LookupWindowAnnotation 

NewlineToken 

ContractionToken 

Here is the complete 
diagram again 



36 

Questions 


