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Common Use Cases

� Extracting information of interest from CAS structures

– Automated statistical analysis

– Comparison to another CAS or “Gold Standard”

– Exporting to database for use by other applications

– Generation of machine learning (ML) features for bu ilding/evaluation 
of ML models
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Comparing UIMA annotations

Same type system
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Comparing UIMA annotations

Different type systems
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Comparing UIMA annotations

Different type systems - 2
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1. Defining criteria for comparison

� identification of annotation types that are being compared

� identification of significant properties of these annotations and their 
correspondence

� defining equality criteria for properties values

Comparing UIMA annotations (cont.)
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Comparing UIMA annotations (cont.)

1. Defining criteria for comparison
� identification of annotation types that are being compared
� identification of significant properties of these annotations and their 

correspondence
� defining equality criteria for properties values

2. Features extraction
� locating annotations of interest in CAS
� extracting values of the annotation properties
� presenting result of the extraction in desirable format

3. Analysis
� “aligning” the extraction results from both sources (or “gold 

standard”)
� comparison of the extracted values according to previously defined 

criteria
� calculation of the performance metrics (precision, recall, F-score)
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Generating ML Features: Bag of words sample

� Task definition:
– “ a bag of words within a window of size 5 centered around the word 

‘tumor’, excluding prepositions, conjunctions, articles and 
punctuation”.

� Sentence:
– “Multiple serosal, mesenteric and omental tumor studs are present.”
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Bag of words sample (cont.)

omental

mesenteric

serosal

multiple

studs

present

omental_L1

mesenteric_L2

serosal_L3

multiple_L4

studs_R1

present_R2

omental_L1_JJ

mesenteric_L2_JJ

serosal_L3_JJ

multiple_L4_NNP

studs_R1_NNS

present_R2_JJ
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Generating ML features

� Generated ML features are used:

� for building of ML models

� applying extracted from a text features at runtime against ML 
models for a classification task

� evaluation of performance metrics of ML models

� Challenges

� ability to experiment with features that require advanced, multi-
parameter definition

� large number of experiments have to be executed to identify the 
best performing feature set

� massive amounts of data have to be maintained for subsequent 
analysis – tens of GB
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FESL – Feature Extraction Specification Language

� Design goals

– Configurable feature extraction

– Complex criteria specification

– Application independent (evaluation, testing or machine 
learning related processing)

– UIMA component type independent (CAS Consumer or TAE)

– Separation of definition of feature extraction process from 
output representation

– XML based
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Criteria specification

� Special configuration files define rules for feature 
extraction by which:

– annotations are located (searched for) in CAS 
according to their type and “path”

– their properties are evaluated by combination of 
conditional expression written in normal disjunctive 
form

– values of indicated properties are extracted for 
annotations that were successfully evaluated

– extracted values are assigned an arbitrary 
categorization label



Text Mining and Computational Linguistics

© 2008 IBM Corporation13 Igor Sominsky 6/10/2008

Criteria specification (cont.)
� The criteria for search can be specified by a combination of 

the following conditional expressions, written with FESL:
– type of an annotation object and a feature (in the general case, the feature 

does not have to be a property of the object, but should be accessible (i.e. on 
the path) from its properties

– surrounding (enclosing) annotation type and relative location of the object 
within the enclosure

– path to the property from the annotation object

– type and value of the feature itself

– values of any public Java get-style methods (methods that accept no 
parameters and return a value) implemented by the underlying class of the 
feature

– location of the object or the feature on a specific path (in cases when it is 
required to select/bypass annotations if they are features of certain annotation 
types)
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Criteria specification (cont.)

� Feature values can be evaluated if they:
– are of a certain type

– belong to a specific set of values (vocabulary), where 
the set of values; enumFeatureValues XML tag

– belong to a range of numeric values (inclusively or non-
inclusively); rangeFeatureValues XML tag

– match certain bits of a bit mask (integer values only); 
bitmaskFeatureValues XML tag

– match a Java regular expression pattern; 
patternFeatureValues XML tag
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Criteria specification (cont.)

� The evaluation of the search criteria can be 
specified in disjunctive normal form

– Each conjunction is defined by featureMatchers XML tag

– Conjunctions are bounded by FESL 
groupFeatureMatcher XML tags and are referred to as 
groups.

– Disjunction is implicit between multiple groups. 

– Both conjunctions and disjunctions can be negated as 
specified by “exclude” attributes of corresponding tags
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Criteria specification (cont.)

� The semantics of FESL define separate concepts and 
specification of target annotations (TA) and feature 
annotations (FA). 

– They use identical semantic rules for specifying the 
search criteria

– The ways the results of the search are processed are 
different. 
• TAs are used to locate a concept (specified by the 

targetAnnotationMatcher XML Tag)
• FAs are the annotations upon which the extraction of 

features is performed (featureAnnotationMatcher XML tag)

� For comparison applications they are the same while in 
ML related applications they are different
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Bag of words sample

� Task definition:
– “ a bag of words within a window of size 5 centered around the word 

‘tumor’, excluding prepositions, conjunctions, articles and 
punctuation”.

� Sentence:
– “Multiple serosal, mesenteric and omental tumor studs are present.”
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Bag of words sample – FESL configuration file
<?xml version ="1.0" encoding ="UTF-8" ?>
<tns:targetAnnotations className ="BagOFWords5_Example“

enclosingAnnotation ="uima.tt.SentenceAnnotation" >
<tns:targetAnnotationMatcher annotationTypeName ="uima.tt.TokenAnnotation" >

<tns:groupFeatureMatchers>
<tns:featureMatchers featurePath ="coveredText" featureTypeName ="java.lang.String" >

<tns:enumFeatureValues>
<tns:values> tumor </tns:values>

</tns:enumFeatureValues>
</tns:featureMatchers>

</tns:groupFeatureMatchers>
</tns:targetAnnotationMatcher>
<tns:featureAnnotationMatchers annotationTypeName= "uima.tt.TokenAnnotation“

windowsizeLeft ="5" windowsizeRight ="5" >
<tns:groupFeatureMatchers>

<tns:featureMatchers featurePath ="coveredText“ featureTypeName ="java.lang.String“ />
<tns:featureMatchers featurePath ="pennTag" featureTypeName ="java.lang.String“

exclude ="true" >
<tns:enumFeatureValues caseSensitive ="true" >

<tns:values> IN</tns:values>
<tns:values> CC</tns:values>
<tns:values> DT</tns:values>
<tns:values> null </tns:values>

</tns:enumFeatureValues>
</tns:featureMatchers>

</tns:groupFeatureMatchers>
</tns:featureAnnotationMatchers>

</tns:targetAnnotations>
</tns:CFEConfig>
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Feature path

� A sequence of feature/method names, separated by 
the colon character that mimics the sequence of Java 
method calls required starting at the annotation object, 
in order to extract the feature value

• Required for processing hierarchical models where the 
feature is not a property of the annotation, but rathe r is 
accessible (i.e. on the path) from the annotation 
properties
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Feature path example

DictionaryVariant:DictEntry:Code
DictionaryVariant:Tokens:toArray:NormalizedForm
DictionaryVariant:Tokens:toArray[0]:NormalizedForm

T
okens

D
ictE

ntry
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Additional operations on feature path elements

� Sorting annotation objects that are members of arrays b y 
their offset

– "PrimaryTumor:Size:Dimensions:toArray[sort]…"

� Selecting individual members of array by index or range

– "PrimaryTumor:Size:Dimensions:toArray[0]…“

– "PrimaryTumor:Size:Dimensions:toArray[0-3]…"

� Alternative feature specification (in case the value of a 
primary feature is null)

– “AnatomicalSite:Code|InferedCode…"
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Implementation details

� FESL specification is done in XSD format

� Implemented in Java for Apache UIMA

– Previous implementation for UIMA 1.4 exists

� Integrated with Eclipse 3.3 EMF framework to 
support automated code generation
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Future work

� Extend FESL capabilities

– Loop processing

• Example: dependency path ML feature

– Specification of comparison rules for fully automated 
evaluation

� Design a GUI (Web based) for semi automated 
creation of FESL configuration files
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Conclusions

� CFE has been successfully used in two domains: 
performance evaluation and machine learning

� FESL is a declarative language that can be used to 
guide extraction of data from a UIMA CAS in a 
completely generalized way

� The CFE system, the FESL declarative language 
specification and the UIMA component to interpret it 
will be released into Open Source as part of the 
Apache UIMA incubator project.


