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Huge amount of unstructured

legal documents and text

 Legislative texts

 Regulations

 Enactments

 Patents

 Contracts

 IP documents

 Agreements

 …

Demand for Natural Language Processing

which needs annotated datasets for modelling tasks



Corpus Legal Translation Classification Summarization Size

JRC-Acquis X 22 languages X - 463k docs

DCEP X 23 languages - - 1.5m docs

Europarl X 20 languages - - 30m sen

DGT-TM X 24 languages - - 65m sen

EAC-TM X 26 languages - - 78k sen

MultiUN X 7 languages - - 80m sen

EUbooks ~ 26 languages - - 173m sen

The HOLJ Corpus X english - X 188 docs

The Old Bailey X english X - 1219 docs

ParaCrawl ~ 14 languages - - 282m sens

Motivation

4Final Presentation Master Thesis – Christoph Gebendorfer

Annotated legal datasets are highly limited or barely exist at all

• Primarily translation • Small size • No testsets
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What can we do?

Popular methods:

 Creating new datasets

 Use datasets from other domains

What else?

Text in the legal domain has special

properties

 Unique discource type

 Very strict and factual

 References

 Enumerations
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Multi-Task Deep Learning
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Objective:

 Exploit commonalities and overcome task-specific dataset shortage

in the legal domain

 Establish Transfer Learning for better results in legal text tasks

 Support generic / task-independent Deep Learning architecures

MultiModel [1]

Translate

Summarization

Multi-label Classification

Translation

Summarize Label

Final Presentation Master Thesis – Christoph Gebendorfer

Concurrent Training
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Research Questions
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1
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4

How does training on multiple tasks of the legal domain

simultaneously compare to training on each task separately?

Can multi-task deep learning be beneficial for tasks in the legal domain?

What needs to be considered for choosing suitable hyperparameters

for multi-task deep learning in the legal domain?

How far is multi-task deep learning from state-of-the-art solutions in the

legal domain? 

Final Presentation Master Thesis – Christoph Gebendorfer
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Approach
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Deductive Reasoning

 Search for datasets in the legal domain and process them

 Choose a suitable Multi-Task model

 Integrate datasets into the Multi-Task model

 Conduct experiments

 Train selected models on special hardware

 Decode from the trained models

 Evaluate generated information

Backed by literature research

Verify or disprove research questions

Final Presentation Master Thesis – Christoph Gebendorfer
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1 2

6 Ready-to-use

Legal Corpora

Integration into 

Tensor2Tensor

Multilingual (CS, DE, EN, ES, FR, IT, SV)

 3 Legal Translation Corpora

 1 Legal Text Summarization Corpus

 1 Legal Document Labeling Corpus

German

 2 Legal Document Classification Corpora

Problem definitions with data generators

 35 legal tasks

 21 translation (combined

translation corpora)

 7 summarization

 7 multi-label classification

 2 classification



Corpus Legal Translation Classification Summarization Size

JRC-Acquis* X 22 languages X X 463k docs

DCEP* X 23 languages - - 1.5m docs

Europarl* X 20 languages - - 30m sen

Legal GCD* X german X - 42k docs

DGT-TM X 24 languages - - 65m sen

EAC-TM X 26 languages - - 78k sen

MultiUN X 7 languages - - 80m sen

EUbooks ~ 26 languages - - 173m sen

The HOLJ Corpus X english - X 188 docs

The Old Bailey X english X - 1219 docs

ParaCrawl ~ 14 languages - - 282m sens
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Processed

1

*Available online for download at mediaTUM
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2

Legal Translation Tasks

 CS-DE, CS-EN, CS-ES, CS-FR, CS-IT, CS-SV

 DE-EN, DE-ES, DE-FR, DE-IT, DE-SV

 EN-ES, EN-FR, EN-IT, EN-SV

 ES-FR, ES-IT, ES-SV

 FR-IT, FR-SV

 IT-SV

Legal Summarization Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Multi-Labeling Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Classification Tasks

 Court  Verdict
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Experiments - Setup
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[2]
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Trained on



Experiments - Metrics
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Translation

Summarization

Multi-Labeling

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
𝑡𝑟𝑢𝑒_𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒𝑠

𝑎𝑙𝑙_𝑙𝑎𝑏𝑒𝑙𝑠
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =

𝑇𝑃

𝑇𝑃 + 𝐹𝑃
𝑅𝑒𝑐𝑎𝑙𝑙 =

𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝐹𝑠𝑐𝑜𝑟𝑒 = 2⦁
𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ⦁ 𝑟𝑒𝑐𝑎𝑙𝑙

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑟𝑒𝑐𝑎𝑙𝑙
𝐴𝑡 𝑙𝑒𝑎𝑠𝑡 1 =

𝑙𝑎𝑏𝑒𝑙_𝑐𝑜𝑟𝑟𝑒𝑐𝑡≥1
𝑎𝑙𝑙_𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠

β = 3

𝑛 = 6
,



Experiments - Single-Task Translation
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Experiments - Single-Task Translation
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Experiments - Single-Task Translation
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Experiments - Single-Task Summarization
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Experiments - Single-Task Multi-Labeling
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Experiments - Single-Task Training
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 Baseline

 Base versions of the models outperform light version

 Transformer model performs poorly in summarization and multi-labeling

 Multimodel already reaches state-of-the-art results in single-task training



Experiments - Multi-Task Translation
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Legal Translation Tasks

 CS-DE, CS-EN, CS-ES, CS-FR, CS-IT, CS-SV

 DE-EN, DE-ES, DE-FR, DE-IT, DE-SV

 EN-ES, EN-FR, EN-IT, EN-SV

 ES-FR, ES-IT, ES-SV

 FR-IT, FR-SV

 IT-SV

Legal Summarization Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Multi-Labeling Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Joint Translation 5 German Tasks - jt-pool-5



Experiments - Multi-Task Translation
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Experiments - Multi-Task Translation
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Legal Translation Tasks

 CS-DE, CS-EN, CS-ES, CS-FR, CS-IT, CS-SV

 DE-EN, DE-ES, DE-FR, DE-IT, DE-SV

 EN-ES, EN-FR, EN-IT, EN-SV

 ES-FR, ES-IT, ES-SV

 FR-IT, FR-SV

 IT-SV

Legal Summarization Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Multi-Labeling Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Joint Translation 7 Chained Tasks - jt-chain-7



Experiments - Multi-Task Translation
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Experiments - Multi-Task Translation
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Insufficient Capacity?

The more tasks are joined together, the worse performs the model

 Transfer Learning does not take place
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 Light version (MM-L) has insufficient capacity



Experiments - Multi-Task Translation
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 Pure translation combinations

not that promising



Experiments - Multi-Task Summarization
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Legal Translation Tasks

 CS-DE, CS-EN, CS-ES, CS-FR, CS-IT, CS-SV

 DE-EN, DE-ES, DE-FR, DE-IT, DE-SV

 EN-ES, EN-FR, EN-IT, EN-SV

 ES-FR, ES-IT, ES-SV

 FR-IT, FR-SV

 IT-SV

Legal Summarization Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Multi-Labeling Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Joint Summarization 7 Tasks - js-7



Experiments - Multi-Task Summarization
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Experiments - Multi-Task Multi-Labeling
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Legal Translation Tasks

 CS-DE, CS-EN, CS-ES, CS-FR, CS-IT, CS-SV

 DE-EN, DE-ES, DE-FR, DE-IT, DE-SV

 EN-ES, EN-FR, EN-IT, EN-SV

 ES-FR, ES-IT, ES-SV

 FR-IT, FR-SV

 IT-SV

Legal Summarization Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Multi-Labeling Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Joint Multi-Labeling 7 Tasks - jl-7



Experiments - Multi-Task Multi-Labeling
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[3]



Experiments - Multi-Task Multi-Labeling
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Experiments - Multi-Task Across Task Families
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Legal Translation Tasks

 CS-DE, CS-EN, CS-ES, CS-FR, CS-IT, CS-SV

 DE-EN, DE-ES, DE-FR, DE-IT, DE-SV

 EN-ES, EN-FR, EN-IT, EN-SV

 ES-FR, ES-IT, ES-SV

 FR-IT, FR-SV

 IT-SV

Legal Summarization Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Legal Multi-Labeling Tasks

 CS

 DE

 EN

 ES

 FR

 IT

 SV

Joint Across Task Families 3 Tasks - ja-7
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Experiments - Multi-Task Across Task Families
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Experiments - Multi-Task Across Task Families
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[3]
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 …across task families yields better results than joining inside a task family

 …has shorter training times compared to single-task training

 …can be beneficial for tasks depending on the task

 …is especially useful where data is sparse

 …dataset size must be considered

 …demands high capacity

 …reaches state-of-the-art results in the legal domain

 …models (at least the MultiModel) are all-rounders
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Building Blocks

Architecture
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Architecture
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Single-Task vs. Multi-Task
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Single-Task Multi-Task



Training on multiple GPUs
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https://blog.rescale.com/wp-

content/uploads/2016/07/dataparallel.png
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