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Motivation

• Legal technology is rising [BCG]
• Digitalisation of legal documents [Saravanan]
• Increasing number of startups
• New and changing business models [Deloitte]

• Unstructured and semi-structured data [Svyatkovskiy]
• Modelling and structuring of legal documents
• Understanding the content of documents
• Creating added value

• Capability of systems and algorithms [Waltl]
• Computational power increases continuously
• Technologies such as Apache Spark or Hadoop allowing even more powerful 

clusters
• Natural Language Processing
• Machine Learning and Data Mining
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Administrative Setup

• Chair: Software Engineering for Business Information Systems

• Title: Semantic Analysis and Structuring of German Legal Documents 
using Named Entity Recognition and Disambiguation

• Author: Ingo Glaser (ingo.glaser@tum.de)

• Supervisor: Prof. Dr. Florian Matthes (matthes@in.tum.de)

• Advisor: M.Sc. Bernhard Waltl (b.waltl@tum.de)

• Start: 15th of March, 2017

• End: 15th of September, 2017
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Problem Statement

• Legal documents as unstructured and semi-structured data [Hashmi] 
• Often plain text
• Lack of consistency
• Not suitable to be processed by systems

• Content and meaning of documents is unknown [Waltl]
• Purpose of a document
• Included entities
• Norms

• Many tasks need to be performed manually
• Missing added value of IT
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Research Approach

• Literature Research
• Finding state of the art solutions

1. Research

• What is Named Entity Recognition?
• Which value does NER add to contract analysis?
• How can Keyword Extraction help to recognize semantic meaning?
• How to dissolve ambiguities by using Word-sense disambiguation?
• How to utilize Semantic Role Labeling in order to classify the entities into semantic functions?

2. Machine Learning to support information extraction

• Understand needs of lawyers
• Identify stakeholders and understand their intention

3. Interviews

• Implement a prototypical usecase within Lexia

4. Implementation

• Evaluate the use case and different scenarios

5. Evaluation

© sebis 9
200117 Glaser - Semantic Analysis of Legal Documents by Applying Natural Language 
Processing



Outline

1. Motivation
2. Administrative Setup
3. Problem Statement
4. Research Approach
5. Solution
6. Research Questions and Challenges
7. Thesis Timeline

© sebis 10
200117 Glaser - Semantic Analysis of Legal Documents by Applying Natural Language 
Processing



Solution
Text Processing Chain for Information Retrieval [Singh]
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Raw Text Lexical Phase Morphological
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Syntactic
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Semantic
Phase

• Sequence of
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documents

• Text 
Segmentation

• Tokenization
• POS-Tagging
• Stop-Words

• Stemming
• Lemmatization
• Coreference
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• Dependency
Parsing
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Parsing

• Predicate
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• Syntactic
Structures
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• Word Sense 

Disambiguation
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• Latent Semantic

Analysis
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• Sentiments
• (Text-Segmentation)

Appropriate
segmentation in 
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Strict boundaries 
between phases may 
not be feasible!

Quantity of
methodologies?

Selection of
methodologies?

Comments

Semantic Analysis 
outside of Information 
Retrieval?
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Statistical Approaches & 
Graph-based Approaches

Rule-based Approaches
(e.g. Apache Ruta, RegEx)

Rule-based Approaches
(e.g. Apache Ruta, RegEx)

Knowledge Bases
(e.g. DBPedia, OpenCalais)

Rule-based Approaches
(e.g. Apache Ruta, RegEx)

Extraction and Annotation of Informations

Named Entity Recognition

• Monetary values
• Dates

• References

• Named Entities
• Persons
• Organisations
• Locations

• Keywords
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Monetary Values, Dates and References
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Monetary Values
• Absolute: 1.234 Euro;
• Relative: „50 % der Miete“; 

Dates
• Absolute:

• „15. September bis 15. Mai“

• Relativ:
• „12 Monate nach Ende des Abrechnungszeitraums“
• „4 Wochen nach XX“
• „3 Monate vor Beginn der Bauarbeiten“

References
• „Teilkündigung und Verwertungskündigung §§ 573, 573a, 573b BGB"
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Named Entities
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Persons
• „Herrn Martin Rollinger“
• „Prof. Dr. Florian Matthes“

Organisations / Institutions
• „Technische Universität München“
• „SINC GmbH“

Locations / Geographic Information
• „Rheingaustr. 182, 65203 Wiesbaden“
• „Boltzmannstraße 3

85748 Garching bei München, Deutschland“

Roles
• “Principal“ / „Contractor“
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Named Entity Recognition

Named Entity Recognition is the detection and classification task of proper 
names in continuous text [Benikova]:

• A named entity is a phrase that contains the names of persons, 
organizations, locations, etc.

• “Die SINC Gmbh mit Sitz in Wiesbaden wird vertretendurch Ihren
Geschäftsführer Herr Martin Rollinger
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NER approaches

Rule-based
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machine learning
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Keyword Extraction
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Disambiguation (I)

• Resolution of the role of a named entity
• e.g. Employment agreement

• Technische Universität München à Institution à Employer
• Bernhard Waltl à Person à Employee
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Text Named Entity Role

Technische Universität München Institution Employer

Bernhard Waltl Person Employee

3 Monate Time duration Cancelation period

30. April 2018 Date End of contract

... ... ...

NE Recognition NE Disambiguation
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Disambiguation(II)

• Domain model is required
• Types with attributes (perhaps relations)
• Context (Sentence, Clause, Document)

1. Assignment of NE by means of rules
• Apache Ruta
• RegEx
• “Bootstrap“ of ML-Approaches (labelled data set)

2. Assignment of NE through heuristic approaches
• Active Machine Learning
• Apache Spark

• Naive Bayes
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Semantic Role Labeling

Semantic role labeling is a task consisting of the detection of semantic 
arguments associated with the predicate or verb of a sentence and their 
classification into their specific roles [Palmer]:

• This helps to understand the meaning of sentence
• That knowledge can be used to obtain the meaning of whole documents
• The recognized entities or tags from previous phases is linked to semantic 

functions

• Herr Waltl erhält von der TUM eine monatliche Vergütung von 4000 Euro
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Solution

• Output in Lexia
• Overview of contract with all relevant 

information
• Search features

• Full-text search
• Narrowing done the results by specific 

criteria based on the learned semantic
• Additional use cases

• Reusability as a crucial requirement
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Research Questions

• Which information does a stakeholder want to extract from contracts?

• What are the functional and non-functional requirements (evaluation 
criteria) of a software for the analysis of legal contracts?

• How does a prototypical implementation enabling the semantic analysis of 
contracts look like? 

• Which NLP technologies can be used, to extract the semantic meaning of a 
contract? How to combine these technologies into a Apache UIMA pipeline?

• How can such a system be integrated into the workflow of potential 
stakeholders?
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Thesis Timeline
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March April May June July August September

Approach:
Literature
Research

Interviews

Concept
Development

Implemen-
tation

Evaluation

MA:

Writing

Review
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Thank you for your attention!

• Suggestions?
• Questions?
• Remarks?
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