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Deal with unstructured documents written in natural languages:

@ newspaper/newswire articles

biomedical research papers

o
@ encyclopedia on building architecture
° documents
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Source Code vs. Documentation

A typical problem. ..

Source Code
public class OwlExporter
implements ProcessingResource {

Documentation
The class OwlExporter implements the interface
LanguageResource
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Recovery of Traceability Links

Background

Traceability links help software engineers understand the relations
and dependencies among various software artifacts (e.g., source
code, documentation).
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Recovery of Traceability Links

Background

Traceability links help software engineers understand the relations
and dependencies among various software artifacts (e.g., source
code, documentation).

Challenge

Links between different artifacts often get lost during the
development process, for various reasons:

e Difference in languages (natural language vs. source code)

o Difference in abstraction level (design or requirements vs.
implementation)

@ Maintanance of links is typically not enforced

o Lack of adequate (semi-automatic) tool support for creating
and maintaining links

René Witte Text Mining for Software Engineering




Introduction Motivation
Recovery of Traceability Links
Ontology in Software Engineering

Ontology-Based Approach

@ Automatic recovery of traceability links

@ Use an ontology as a single data model for knowledge
concerning both source code and documentation artifacts

@ Instance information is extracted from source code using
compilers and static code analysis

@ Likewise, instance information can also be obtained from
documents using text mining

@ The resulting ontologies can be aligned on the class level and
linked or merged to provide traceability (and other new
features)
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Ontology Aligment: Code and Document Instances

Documentation Source Code
Ontology Ontology

Design Pattern




Introduction Motivation
Recovery of Traceability Links
Ontology in Software Engineering

Applications in Software Engineering

Source Code

Ontology
(non-populated)

Automatic
Population

Semantic
Web clients

Maintainers

Documents

@ Architectural Recovery. Comprehend and maintain
large-scale architectures when restructuring code.

@ Security Analysis. ldentify security concerns in source code
through ontology queries and reasoning.

@ Recovery of Traceability Links. Connect code with its

corresponding documentation.
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Software Ontology

Source Code Sub-Ontology

@ Capture major concepts of (object-oriented) programing
languages (Class, Variable, Method, etc.)

@ Concepts with a direct mapping to source code elements
= can be automatically discovered by a Java compiler

Documentation Sub-Ontology

@ Concepts that can be discovered in software documents:
o Programming: languages, algorithms, data structures
o Design: design patterns and software architectures
o Document-specific: sentences, NPs, coreference chains

@ The documentation ontology and source code ontology share
many concepts from the programming language domain

@ allows us to establish links between source code and
documentation
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The Software Text Mining System

Collections Framework Qverview - Kongueror.

Location Edit View Geo Bookmarks Tools Settings Window Help

Java

Collections Framework Overview

Introduction

The Java 2 platform includes a new collections framework. A collectien is an object that
represents a group of objects (such as the familiar Vector class). A collections framework
is a unified architecture for representing and manipulating collections, allowing them to
be manipulated independently of the details of their representation.

Overview

Input: Software documents written in natural language
(currently, English)
Processing: Ontology-based natural language processing to
extract semantic knowledge
Output: OWL-DL software ontology, populated with instances

detected in documents
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‘ NLP preprocessing: Tokenisation, Noun Phrase detection etc. ‘

1 I

Instantiated Source Code Ontology

‘ Gazetteer: assign ontology classes ERRE T - -

l assign ontology classes to document eitities.

‘ Grammar: Named Entity recognition

l consider ontological hierarchies in grammar rules

‘ Coreference Resolution: determine identical individuals } -

l look up synonym relations to find: synonyms
‘ Normalization: get representational individuals in canonical form [-------------------------- -
- . - . v
l look up ontology properties with rules for establishing the canonical form

‘ Deep Syntactic Analysis: Morphological analysis, SUPPLE ‘ }
l . populated subset of,

as well as document—
specific NLP results

Relation detection: establish relations with syntactical rules

‘ OWL Ontology Export }—b Populated Ontology for Processed Documents
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Named Entity (NE) Detection

“..that the getNumber method is used ..."”

@ OntoGazetteer: Find lexical
occurrences of software

artifacts NP
o “method” is in the / ‘ \
“Method” class of the DET MOD HEAD
ontologie | | .

I v \
@ Perform NP chunking based t;z Numb o
(mainly) on POS tags e getNumber metho

@ Ontology-aware grammar
rules (JAPE) to combine Ontology class "Method"
both

Method instance "getNumber"
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Relations in Software Documents

e Find relations between entites (e.g., <class> implements
<interface>, <variable> declared_in <method>)
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Relations in Software Documents

e Find relations between entites (e.g., <class> implements
<interface>, <variable> declared_in <method>)

“Both the batch and the interactive TestRunner require that the
Test class provides a static suite() method.”
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Relations in Software Documents

e Find relations between entites (e.g., <class> implements
<interface>, <variable> declared_in <method>)

“Both the batch and the interactive TestRunner require that the
Test class provides a static suite() method.”

Approach

e Grammar rules (JAPE transducer)

@ Deep syntactic analayis (SUPPLE parser)

@ Ontology filter for semantically correct relations
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Automatic Relation Detection

Grammar-based Relation Detection

@ Relations defined in ontology and detected through
OntoGazetter

@ VG chunker module to find verb groups
@ hand-crafted grammar rules: <entity> <relation> <entity>

Relationserkennung durch Syntaxanalyse

@ SUPPLE bottom-up parser
@ extract predicate-argument structures from the resulting parse

René Witte Text Mining for Software Engineering



Overview
Named Entity Detection
Software Text Mining Relation Detection
Coreference Resolution and Normalization
Traceability Recovery

Automatic Relation Detection

Grammar-based Relation Detection

@ Relations defined in ontology and detected through
OntoGazetter

@ VG chunker module to find verb groups

@ hand-crafted grammar rules: <entity> <relation> <entity>

Relationserkennung durch Syntaxanalyse

@ SUPPLE bottom-up parser

@ extract predicate-argument structures from the resulting parse

Relation Filtering

@ Check detected relations for semantic consistency using the
ontology

e E.g. “variable” <implements> ‘class” is not valid

René Witte Text Mining for Software Engineering



Syntax tree

Software Text Mining

Overvie

Named Entity Detection

Relation Detection

Coreference Resolution and Normalization
Traceability Recovery

6l

bnp

bnp_core

bnp_head

ne_np

names_np

TestSuite

vpcore

fwpcore

nonmodal_vpcore

nonmodal_vpcorel

vpcorel
|

av premods

|
advp premod

|

th v du
| —
now provides a constructor

bhp_core

np

bnp_core

premods
|
bnp_head premod
| |
ne_np ne_np
names_np names_np  bnp_head \
pn sym pn n sym .
| |
Testsuite < Class theClass >

g for Software Enginee




Overview
Named Entity Detection
Software Text Mining Relation Detection
Coreference Resolution and Normalization
Traceability Recovery

Coreference Resolution and Normalization

Coreference Resolution

Build coreference chains using a number of nominal and
pronominal heuristics developed for the software domain.

o E.g., the TestRunner class is implemented, this class is used
by... => Chain: ('the TestRunner class’, 'this class')
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Coreference Resolution and Normalization

Coreference Resolution

Build coreference chains using a number of nominal and
pronominal heuristics developed for the software domain.

o E.g., the TestRunner class is implemented, this class is used
by... => Chain: ('the TestRunner class’, 'this class')

Entity Normalization

Detected named entites have to be normalized for ontology
population

e Text: the suite() method,
@ Normalized: suite

— achieved through lexical normalization rules, stored in the
ontology with their corresponding classes.
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Software Text Mining

E GATE 3.1-betal build 2233

File Options Tools Help
*| & & ® @ [0 =

Messages GATE corpus_0001F | % SoftMiner | =] GATE document_DOO1E

Loaded Processing resources

Selected Processing resources

Name | Type | Name

Type

B} Hash Gazeueer_00018 Hash Gazeueer| Document Reset FR

Document Reset PR

[ ]
@ | ™, ANNIE English Tokeniser_0001C

ANMIE English Tokeniser

.|§- OntoGazetteet_00045

OntoGazetteer

IPD AnnotationSetTransfer_00024

IPD AnnotationSetTransfer

ANNIE Sentence Splitter_000A2

ANNIE Sentence Splitter

ANNIE POS Tagger_0009A

ANNIE POS Tagger

NP Chunker

ape Transducer

ANNIE VP ChunKker_00030

ANNIE VP Chunker

Jape main

Jape Transducer

IPD FuzzyCoreferencer_00025

IPD FuzzyCoteferencer

owlClassFinder

Jape Transducer

Jape owlexportclass

Jape Transducer

GATE Morphological analyser_D0D1E

GATE Morphological analyser

SUPPLE Parser_0001C

'SUPPLE Parser

SuppleRelationFinder_0001B

SuppleRelationFinder

JapeRelationFinder

Jape Transducer

Jape owlexportrelation

Jape Transducer

OwlExporter_0002E

OwlExporter

Corpus: | GATE corpus_0001F

Parametets for the "NP Chunker” Jape Transducer

The corpus and document parameters are not available as they are automatically set by the controller!
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NE Detection & Normalization Example

f Messages ’/.{a‘ GATE corpus_0001F r 47 GATE document_0001B

‘ Annotation Sets‘ |Annntations ‘ Co-reference Editor

|-

ailistring message) |

Class

Exceptions during setldpd and tearDown) are now §§ L] Constructor
caught and reported. §§ [] Have
Awvarning is now given when a TestCase class isn't I T
public or has no test method ,z |
All the assert methods are ng “r ~ “
Cermany. Both the batch and|l:lass |v|
estEunner no longer requir
provides a static suite) meth
est subclasses. If there is nd| |ClASSName ¥ ||Class v | X
public woid methods starting corefChain - |10526 - | X
arguments are run {see abo
ariation of the graphical Tes instanceMame w |[TestCase w | X
[junit.ui. TestEunner) the Loag
LoadingTestRunner uses a cu||  |Fepresentationld |- (13118 | X
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Navigating a populated ontology with SWOOP

File View Bookmarks Resource Holder Advanced About

4 | )Audr'ess ‘httn://www.owl-anto\ugies‘com/ur\r\amed.owlxjﬁlU,TestSu\te

: . Ontology List | 2 [] showlnherited [] Changes/Annotatiar

unnamed.awl

Concise Farmat |~ Abstract Syntax | Matural Language | RDF/xML | Turtle |

OWL-Individual: _3310_TestSuite

Instance of:
Constructor

| Add [F] Add &

Add GCI | Remowe Rename |- .
Datatype Assertion
show imports [] QNames Mo Reasoner | w | corefStringwithld

Class Tree | Froperty Tree | List corefStringWithld

corefStringWWithld :

3311_a construckor TestSuite"~~<xsd:string>
'3310_a construckar TestSuite"~~<xsd:strings>
'3313_This constructor’~~<xsd:string>

@ Show Individuals " 2 corefSentencewithid : "3311_TestSuite now provides a constructar TestSuita(Class theClass)
3295 _focus A S rensdistring
—3297_release A corefSentencewithid : "3310_TestSuite now provides a constructor TestSuite(Class theClass)

_3299_refactor Srersdistrings
_3299_framework | corefsentencevvithid @ "3313_This constructor adds all the methods fraom the given class starting witl
_3301_more H &quot;testlauot; as test cases ta the suite,"~"<xsdistring:

_3303_tests idPropof : “3310"~"~<xsdiint>
_3304_prefix ol
_3305_junit

_3307_version
_3309_TestSuite
_3310_TestSuite
_3312_theClass
_3314_methods
_3316_starting
3310 _test
_3319_suite
_3321_update
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Automatic Traceability Recovery

Results so far
We now have two instantiated OWL ontologies:

@ Source code ontology (from software analysis)
e Documentation ontology (through text mining)
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Automatic Traceability Recovery

Results so far

We now have two instantiated OWL ontologies:

@ Source code ontology (from software analysis)
e Documentation ontology (through text mining)

We now have to link the two ontologies to find information
concerning an entity from both sides

@ For example, a ‘“class” appears in both ontologies
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Automatic Traceability Recovery

Results so far

We now have two instantiated OWL ontologies:

@ Source code ontology (from software analysis)
e Documentation ontology (through text mining)

We now have to link the two ontologies to find information
concerning an entity from both sides

@ For example, a ‘“class” appears in both ontologies

Solution: Ontology Alignment

Classes appearing in both ontologies are candidates for alignment;

@ Instances from those classes that share the same name (or
certain properties) are assumed to be equal
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Analysis of the uDig GIS: Source code and corresponding
documentation

Documentation Ontology
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Conclusions

Conclusions

NLP and Software Engineering

Dealing with semantics is an emerging topic in software
engineering:
e Natural language documents are (almost) completely unused
for automated software engineering tasks

@ While we cannot really “understand” natural language yet,
language technology has matured to a point that makes
targeted automated analyses feasible on a large scale

Automatic processing requires shared representation format:

@ Ontologies (in OWL-DL) are expressive, standardised (W3C),
provide for automated reasoning, and are well supported by
tools
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Conclusions

Thank You!

Questions?

More information: http://rene-witte.net
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