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Motivation

Legal Technology is rising [4]
• Digitalisation of legal documents [13]
• Increasing number of startups
• New and changing business models [7]

Unstructured and semi-structured data [16]
• Modelling and structuring of legal documents
• Understanding the content of documents
• Creating added value

Capability of systems and algorithms [18]
• 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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Research Questions
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Which information does a stakeholder want to extract from legal contracts?

What are the functional and non-functional requirements of a software component
for the semantic analysis of legal contracts?

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

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

How can such a system be integrated into the workflow of potential stakeholders?
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Research Approach & Objectives
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Design Science [17]
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Knowledge Base

Statistical (Machine Learning) Approaches
(e.g. GermaNer, Stanford NER)

Knowledge Bases
(e.g. DBPedia, OpenCalais)

Template-based NER

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

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

Money values
Dates

References

Named Entities:
• Persons
• Organizations
• Locations
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Knowledge Base (II)

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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Environment & IS Research (II)
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Implementation
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GermaNER
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Template-based NER

1. Transformation of contract model into template

2. Analysis via placeholder
§ --Vermieter--
§ --Vermieter.Anschrift--
§ --Mieter-
§ --Mieter.Mobilnummer--

3. Resolution of the placeholder
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Template-based NER: Example
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Template-based NER: Negative Example

Problem
• Resolution of the placeholders, respectively greedyness of the comperative operators
• e.g. two consecutive placeholders

Next Steps
• Current implementation based on Myers‘ diff algorithm
• Integration into a pipeline



Implementation
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Live-Demo
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Evaluation

Semi-structured interviews
• Three areas: personal, data, technological
• Optionally additional demo

Conducted via
• Face-to-face
• Phone

Outcome
• Recognizing and highlighting Named Entities can be helpful
• Detecting more complex structures
• First implementation looks pretty promising
• Structured view of a contract would be very helpful
• A lot of lawyers still prefer printed versions
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Qualitative
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Quantitative

Evaluation on judgments from the 8th Zivilsenat of the German BGH
• 500 judgments from the law of tenancy
• 20 randomly selected judgments
• 25.423 tokens

Template-based NER on contracts
• 5 different contracts
• 7.790 tokens

Per-entity F1 Overall

System PER ORG LOC DAT MV REF OTH Precision Recall F1

Templated 0.88 0.77 0.82 0.86 0.88 0.93 0.71 0.94 0.91 0.92

GermaNER 0.35 0.71 0.45 0.91 0.89 0.91 0.33 0.98 0.68 0.80

DBpedia 0.51 0.76 0.52 0.91 0.86 0.91 0.59 0.87 0.87 0.87
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Conclusion

Named Entity Recognition was successfully applied to the legal domain

Incorporation of three different approaches
• Statistical machine learning based on CRF
• Knowledge-based approach with DBpedia
• Template-based approach

Lack of legal data
• Gold standards
• Training sets
• Ontologies

Named Entity Disambiguation needs further research

© sebis170925 Glaser MA Final Presentation 23



Technische Universität München
Faculty of Informatics
Chair of Software Engineering for Business 
Information Systems

Boltzmannstraße 3
85748 Garching bei München

Tel +49.89.289.
Fax +49.89.289.17136

wwwmatthes.in.tum.de

Ingo Glaser
B.Sc. 

17138

ingo.glaser@tum.de



Bibliography
[1]
Aizawa, A., "An information-theoretic perspective of tf–idf measures”, Information Processing & Management, vol. 39, no. 1, pp. 45-65, 2003.

[2]
Bauer, L., “Introducing linguistic morphology”, 2nd ed. Washington, D.C.: Georgetown University Press, 2003, pp. x, 366 p.

[3]
Benikova, D., Muhie, S., Prabhakaran, Y., and Biemann, S.C., "C.: GermaNER: Free Open German Named Entity Recognition Tool”, in In: Proc. GSCL-2015, 2015: Citeseer.

[4]
Boston Consulting Group, “How Legal Technology Will Change The Business of Law”, 2016, Bucerius Law School

[5]
Beeferman, D., Berger, A., and Lafferty, J., "Statistical Models for Text Segmentation”, Machine Learning, journal article vol. 34, no. 1, pp. 177-210, 1999.

[6]
Choi, F. Y. Y., "Advances in domain independent linear text segmentation”, presented at the Proceedings of the 1st North American chapter of the Association for Computational 
Linguistics conference, Seattle, Washington, 2000. 

[7]
Deloitte, “Digitisation of Documents and Legal Archiving”, 2014

[8]
Habash, N., Rambow, O., and Roth, R., "MADA+ TOKAN: A toolkit for Arabic tokenization, diacritization, morphological disambiguation, POS tagging, stemming and lemmatization”, in 
Proceedings of the 2nd international conference on Arabic language resources and tools (MEDAR), Cairo, Egypt, 2009, vol. 41, p. 62.

[9]
Hashmi, M., “A Methodology for Extracting Legal Norms from Regulatory Documents”, 2015, IEEE 19th International Enterprise Distributed Object Computing Workshop

© sebis170925 Glaser MA Final Presentation 25



Bibliography (II)
[10]
Hakimov, S., Oto, S. A. & Dogdu, E., “Named Entity Recognition and Disambiguation using Linked Data and Graph-based Centrality Scoring”, 2012, SIGMOD

[11]
Lavrac, N., Mladenic, D. & Erjavec, T., "Ripple Down Rule learning for utomated word lemmatisation”, AI Communications, vol. 21, no. 1, pp. 15-26, 2008.

[12]
Rajaraman, A.U., "JD (2011)." Data Mining”, Mining of Massive Datasets, pp. 1-17

[13]
Saravanan, M., Ravindran, B. & Raman, S., “Improving Legal Information Retrival Using an Ontological Framework”, 2009, Artificial Intelligence and Law

[14]
Singh, J. & Gupta, V., "Text Stemming: Approaches, Applications, and Challenges”, ACM Comput. Surv., vol. 49, no. 3, pp. 

[15]
Stevenson, M., & Wilks, Y., "Word sense disambiguation”, The Oxford Handbook of Comp. Linguistics, pp. 249-265, 2003.

[16]
Svyatkovskiy, A., Imai, K., Kroeger, M., & Shiraito, Y., “Large-scale Text Processing Pipeline with Apache Spark”, 2016, IEEE International Conference on Big Data

[17]
Von Alan, H. R., March, S. T., Park, J., Ram, S., “Design science in information systems research”, 2004, MIS quarterly, vol. 28, pp. 75-105.

[18]
Waltl, B., Landthaler, J., Scepankova, E., Matthes, F., Geiger, F., Stocker, C., Schneider, C., “Automated Extraction of Semantic Information from German Legal Documents”, 2017, 
Internationales Rechtsinformatik Symposium, Salzburg

© sebis170925 Glaser MA Final Presentation 26



Backup Slides

© sebis170925 Glaser MA Final Presentation 27



Evaluation
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Quantitative: Evaluation Data Set Judgments

NE Types PER ORG LOC DAT MV REF OTH O

Count 114 106 45 267 78 310 182 24314
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Quantitative: GermaNER Confusion Matrix

Tokens

Gold

PER ORG LOC DAT MV REF OTH O

PER 24 0 0 0 0 0 0 0

ORG 0 59 2 0 0 0 0 0

LOC 0 0 14 0 0 2 0 1

DAT 0 0 9 229 0 0 0 0

MV 0 0 0 0 62 0 0 0

REF 0 0 2 0 2 261 0 0

OTH 6 9 9 2 7 1 44 7

O 84 38 9 36 7 46 138 24306
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Quantitative: DBpedia Confusion Matrix

Tokens

Gold

PER ORG LOC DAT MV REF OTH O

PER 40 0 0 0 0 0 0 0

ORG 0 67 2 0 0 0 0 0

LOC 10 12 28 0 0 0 1 11

DAT 1 0 9 229 0 0 0 0

MV 0 0 0 0 62 0 0 0

REF 0 0 1 0 0 261 0 0

OTH 32 25 3 2 8 3 165 137

O 34 4 2 31 8 46 16 24193
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Quantitative: GermaNER and DBpedia Evaluation Results

GermaNER DBpedia

Precision Recall F1 Precision Recall F1

PER 1.00 0.21 0.35 1 0.34 0.51

ORG 0.97 0.56 0.71 0.97 0.62 0.76

LOC 0.82 0.31 0.45 0.45 0.62 0.52

DAT 0.96 0.86 0.91 0.96 0.86 0.91

MV 1 0.79 0.89 1 0.79 0.86

REF 0.98 0.84 0.91 0.99 0.84 0.91

OTH 0.52 0.24 0.33 0.44 0.91 0.59

Overall 0.98 0.68 0.8 0.87 0.87 0.87
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Quantitative: Evaluation Data Set Contracts

NE Types PER ORG LOC DAT MV REF OTH O

Count 14 8 23 38 23 25 46 7614
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Quantitative: Template-based NER Confusion Matrix

Tokens

Gold

PER ORG LOC DAT MV REF OTH O

PER 11 0 0 0 0 0 0 0

ORG 0 5 0 0 0 0 0 0

LOC 0 3 16 0 0 0 1 0

DAT 0 0 0 31 0 0 5 2

MV 0 0 0 0 18 0 1 1

REF 0 0 0 0 0 19 0 0

OTH 0 0 4 6 4 3 34 8

O 3 0 3 1 1 3 5 7603


