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Linguistic Pipelines



NLP Architectural Patterns 

· Integrated Toolkit:
ÁSet of APIs, one for each tool

ÁBound to a programming language

ÁApplications are programmed using standard IDE

· Component Framework:
ÁGeneric data structures, described in language independent 

formalism

ÁEach tool consumes/produces such data

ÁSpecial compiler transforms data descriptions into language 
specific types

ÁFramework handles Flow Control between components

ÁApplications are built using specific Framework tools



NLP Architectural Patterns

·Data Pipeline

ÁComponent communicate directly, exchanging 

data through pipes

ÁBoth generic and specific data structures

ÁComponents can be in different languages, as long 

as they can manipulate the same data



NLP Architectural Patterns 

· Integrated Toolkits

ÁLingPipe (Java)

ÁOpenNLP (Java)

ÁNLTK (Python)

·Workflow Frameworks

ÁGATE

ÁUIMA

·Data Pipeline

ÁTanl



Workflow Control Model

Controller

Tokeniser Lemmatiser



GATE

· Language Resources

·Processing Resources

·Controllers



GATE

· Features: Map<name, value>

·Annotation:
(start, end, type, features)

·Document:
(content, annotations, features)

·Corpus: List<Document>

·Processing Resource:
Ávoid init()

Ávoid execute()



GATE Example

SerialAnalyserController sac =
Factory.createResource("SerialAnalyserController", é);

FeatureMap params = Factory.newFeatureMap();

sac.add(Factory.createResource(òTokeniseró, params));
sac.add(Factory.createResource(òLemmatiseró, params));
é

Corpus corpus = ...;
sac.setCorpus(corpus);
sac.execute();



Unstructured Information 

Management Architecture



Internal Architecture 

11/34



Logical Process Model

·Common Analysis Structure (CAS)

·Analysis Engines process CASes

·Simple logical interface: CAS in/CAS out

·Each AE analyzes document and previous 

CAS and adds annotations to the CAS

· This simplicity facilitates interoperability and 

composability



Annotations

·Main component in UIMA

ƁNot just for text, but also for other media
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Annotations for text

·Most analysis in UIMA: text

·Predefined UIMA component (class): 
org.apache.uima.jcas.tcas.Annotation

Ɓcontains begin and end text positions

Ɓmay contain additional Features

¶e.g. reference to a Person -Entity in a Person -Annotation
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Analysis Engines (AE)

·Two types of AEs: primitive AEs and aggregated AEs

·Primitive AEs consist of :

ƁType System: defines annotations (and possibly other types)

ƁAnnotator: creates annotations in text

·Classes for types of the Type System are automatically 

generated

·Annotator class:

Ɓimplements interface AnalysisComponent

Ɓextends JCasAnnotator_ImplBase
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Interface AnalysisComponent

· void process(AbstractCas aCAS)

· boolean hasNext()

·AbstractCas next()



Framework role

Framework interacts with an Annotator 

supplying a CAS as follows:

annotator.process(aCas);

while (annotator.hasNext())

annotator.next(); 



Example

AnalysisEngine tokAnnotator =
produceAnalysisEngine(é);

AnalysisEngine posAnnotator =
produceAnalysisEngine(é);

ArrayList<AnalysisEngineMetaData> mdl =
new ArrayList<é>();

mdl.add(tokAnnotator.getAnalysisEngineMetaData());
mdl.add(posAnnotator.getAnalysisEngineMetaData());

CAS aCAS = createCAS(mdl);

aCAS.setDocumentText(getTextFromFile(é));
tokAnnotator.process(aCAS);
posAnnotator. process(aCAS);



CAS Consumer

ArrayList<String> entities = new é;

JFSIndexRepository indexes = 
aCASégetJFIndexRepository();

Iterator<Entity> it = 
indexes.getAnnotationIndex(Entity.type).iter
ator();

while (it.hasNext()) {

Entity en = it.next();

entities.add(en.getCoveredText());

}



Data Pipeline Model

Tokenizer

Lemmatizer



Benefits

·Pros

ÁProcessing on demand

ÁSmaller granularity

ÁLower memory usage

ÁLower latency

ÁParallel processing

·Cons

ÁMore frequent context switching



Tanl (NL Text Analytics)

Pronounced ñtunnelò



Tanl Architecture

·Data pipeline model

ÁData is exchanged through Enumerator<Type>

ÁEach component provides a pipeline combination 

method

·Components built in C++, with Python 

wrappers produced by SWIG

·Applications assembled through Python 

scripts or C++ code



Example of Tanl Pipeline

ss= SentSplitter('italian.spl').pipe(stdin)

wt = Tokenizer().pipe(ss)

pt = PosTagger('italian.pos').pipe(wt)

pa = Parser('italian.par').pipe(pt)

for sentence in pa:

print sentence

source

transform

sink



Pipeline Components

·Source: creates initial pipe

· Transform: gets data from one pipe and 

outputs on another

·Sink: consumes the output of a pipe



Tee Pipe

pt = PosTagger('italian.pos').pipe(wt)

tee = Tee(printSink, pt)

pa = Parser.create('italian.MLP').pipe(tee)



Class Tee

class Tee:

def __init__(self, func, arg):

self.func = func

self.arg = arg

def next(self):

aux = self.arg.next()

func(aux)

return aux



Handling Metadata

·Examples: document filename, section 

structure

·Workflow systems use annotations

· Tanl uses Context field in tokens

ÁA context is set of key/value pairs

ÁContexts can be nested

ÁTokens in same context share the same context 

object, saving space



Implementation



Token

form statue

POS NN

DEP

context

form glass

POS NN

DEP

context

form of

POS PR

DEP

context

ÅExtensible structure:

ÅArbitrary attributes

ÅArbitrary links

ÅContext with arbitrary values

ÅEach stage adds attributes or links to tokens

comp prep



Multilayer Sentence 

Representation

· Lexical: lemma, POS, morph, token attributes 

(category, capitalization, etc.)

·Syntactic: dependencies

·Semantic: arg/predicate, entity, supersense, 

anaphora

·Context: document, section, collection



Token Detail

struct Token {
string form;
Attributes attributes;
Links links; 
Context* context;

};

struct Link {
int target; 
string label;

}; 



Language Integration

·Modules can be written either in C++ or 

Python

·Python can call C++

·C++ can call Python



SWIG Interface

%module PosTagger
%{

#include " PosTagger.h "
%}

%include "std_vector.i"
%include "Token.i"
%include "Enumerator.h"

%template(CharsVector) vector<char*>;
%template(VectorToken) vector<Token*>;
%template(EnumeratorVectorToken) 

Enumerator<vector<Token*>*>;



Pipeline Composition

%newobject PosTagger::tag();

struct PosTagger : public

IPipe<vector<Token*>, vector< Token*>>

{

PosTagger(const char* PosParameters);

PosTaggerPipe* pipe(Enumerator<Token*>& 
ts);

};



PosTagger Pipe

struct PosTaggerPipe : public 
Enumerator<vector<Token*>*>

{

PosTaggerPipe(PosTagger& tagger, 
Enumerator<Token*>& ts);

bool          MoveNext ();

vector<Token*>*    Current ();

};



Pipes as Python Iterators

/* SWIG magic to turn C++ method into Python iterators. */
%exception PosTaggerPipe::next {

$action
if (!result) {

PyErr_SetObject(PyExc_StopIteration, Py_None); // exception
return NULL;

}
}

%extend PosTaggerPipe {
PosTaggerPipe* __iter__() { return $self; }

std::vector<Tanl::Token*>* next () {
return ($self ->MoveNext()) ? $self ->Current() : NULL;

}
}



Memory Management

· Python uses reference counting and SWIG 
ensures that C++ destructor gets called when 
count gets to 0

· Not enough, because in
pp = Parser.create ("model").pipe( sr)

pipe proxy refers to parser, which should survive ala pipe 
exists

parser proxy gets destroyed since python does not refer 
to it

parser get destroyed

· Solution: added refcount to C++ as well



Map/Reduce

·A Tanl pipeline can be processed in parallel

·Developed modified version of Hadoop 

streaming in order to preserve order of 

documents

·Using cluster of 12 nodes, whole Italian 

Wikipedia is processed in 4 hours

·Version of Hadoop in Python in progress



Tanl Modules



Enumerator<vector<Token>>
SuperSenseTagger

Enumerator<vector<Token>>
NER Tagger

Enumerator<Token>
Parser

Enumerator<Token>

POS Tagger

Enumerator<string>
Word Tokenizer

text
Sentence Splitter



Tanl Modules

·Sentence Splitter [Punkt]

· Tanl Tokenizer [Quex]

·POS [Hunpos, TreeTagger]

·NER [Tanl Chunker]

·SST tagger [Tanl Chunker]

·DeSR dependency parser

·Coreference Resolution



Applications


