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“To succeed in the profession of the law, you 
must seek to cultivate command of 
language. Words are the lawyer's tools 
of trade.  
 
… When I was young, I did not think much in 
words. At Oxford, I studied Mathematics. 
No need for words there. The tools I used 
then were numbers, letters and symbols. 
Lifeless things without meaning or sound – 
the necessary tools of the scientist but 
not of the lawyer.”  
 
Lord Denning, “The Discipline of Law”, 1979  

Prelude: Of words and numbers 
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Law   vs   Science    
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Law as Data 

Traditional: Structured Data  
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Law as Data 

New: Unstructured Data   
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A Data Science Approach to Law  
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Agenda 

1.  A new toolkit for lawyers 
2.  Enabling technologies  
3.  Legal data analysis 
4.  Case study: Semantic Analysis of Regulations  

Ø  Dataset 
Ø  Method 
Ø  Results  
Ø  Limitations 
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Rethinking Legal Analysis 

Traditional Legal Techniques 
Detailed Reading 

Interpretation 

Small Scale 

Legal Data Science 
Distant Reading 

Computation 

Large Scale 

<complementary>  

Legal Data Science -> scalable legal analysis 
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Agenda 

1.  A new toolkit for lawyers 
2.  Enabling technologies  
3.  Challenges I: Management 
4.  Challenges II: Technology 
5.  Case study: Semantic analysis of regulations  
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Technological Drivers 

1)   Faster: Increase of computational power 
2)   More: Big data 
3)   Better: Artificial Intelligence 
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1. Faster: Moore’s Law 
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2. More: Big Data 
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3. Better: Artificial Intelligence 



 
Faculté de droit – Section de common law 
Faculty of Law – Common Law Section 
 

Artificial Intelligence 

No Terminators yet... 
 
Today’s AI 

•  is specific rather than 
general 

•  mimics human output, 
not human reasoning  
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Artificial Intelligence 

Intelligence 
derived from 
rules 

Intelligence 
derived from 
data 
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Agenda 

1.  A new toolkit for lawyers 
2.  Enabling technologies  
3.  Legal data analysis 
4.  Applications 
5.  Case study: Semantic Analysis of Regulations  

Ø  Dataset 
Ø  Method 
Ø  Results  
Ø  Limitations 
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Data Analysis of Legal Texts 
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Data Analysis of Legal Texts 
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Data Analysis of Legal Texts 
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Data Analysis of Legal Texts 
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Natural Language Processing 

•  Trace words and terms  
•  Measure text characteristics 
•  Identify content of corpus 
•  Cluster texts 
•  Detect similarity patterns 
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Data Analysis of Legal Texts 
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Natural Language Processing 
•  Trace words and terms  
•  Measure text characteristics 
à e.g. tracking words related to 
“outdated” technology in regulations  
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Data Analysis of Legal Texts 
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Natural Language Processing 
•  Cluster texts 
•  Detect similarity patterns 
à e.g. group similar regulations 
together based on their shared words 
 

LATEX TikZposter

Clustering Canadian Regulations with Natural Language Processing and Machine Learning

Xuankai Chen, supervised by Prof. Wolfgang Alschner, with support from Prof. Diana Inkpen
University of Ottawa

Clustering Canadian Regulations with Natural Language Processing and Machine Learning

Xuankai Chen, supervised by Prof. Wolfgang Alschner, with support from Prof. Diana Inkpen
University of Ottawa

Introduction

Canada has over 2,700 Federal Regulations covering di↵erent fields and industries. Yet we do not know what regulations are about or whether there are
subject matters of more extensive regulation or of less regulation. Clustering these regulations by applying Natural Language Processing and Machine
Learning is an e↵ective way to discover the inter- and intra-connections between the regulations and identify“families”of similar regulations, which can
then be used as input data for regulatory compliance or review processes.
This UROP project forms a vital part of a larger research project on the“Semantic Analysis of Canadian Regulations”, which initiates the investigation
of legal characteristics of the regulations [1]. Figure 1: Word cloud representation of full text

Methodology

We first collected regulations from the Department of Justice’s Website in XML,
a structured file format, which contains fields we are interested in, including titles,
enabling authorities, and full text. Then we follow the process in Figure 2 to cluster
the full text.

Extract text

Preprocessing

Vectorization

 

Clustering

Visualization

Titles: ["Regulations Respecting
Zoning at Sudbury Airport",

"Regulations Respecting Transport
Control", ...]

Full_Text: ["For the purposes of
these regulations, the airport

reference point is deemed ...", ...]

Stopwords:
a, the, in, ...

0.10008936 0.30589742 0 ...  
0 0 0.11174742 ...  

0.4131641 0.54718292 0 ...  
... ... ...   

t-SNE
Dimensionality

Reduction

Full_Text: ["purposes regulations,
airport reference point deemed ...",

...]

TF-IDF
Full_Text: ["purposes regulations,

airport reference point deemed ...",
...]

Figure 2: Process of clustering

During the stage of vectorization and clustering, there are multiple options for
models and algorithms. For vectorization models, there are TF-IDF, Word2Vec,
and Doc2Vec, while K-means and A�nity Propagation (AP) are our choices for
clustering algorithms.
We attempt a number of combinations between them. For each combination, we
try di↵erent parameters and compare their outcomes. Table 1 demonstrates some
attempts we make.

Model Parameters Clustering algorithm Parameters
Doc2Vec vector_size=400, window = 5, min_count = 5, epochs = 40 K-Means n clusters=10
TF-IDF min_df=0.10, max_df=0.75 K-Means n clusters=10
TF-IDF min_df=0.10, max_df=0.65 K-Means n_clusters=20
TF-IDF min_df=0.16, max_df=0.65 AP preference=-10

Table 1: Example of attempts on models and algorithms

TF-IDF is suitable for vectorizing the regulations since much text is a“copy-paste”
from one regulation to the other. The actual clustering is performed with AP
algorithm because we expect uneven sizes of clusters [2].
The criteria of a reasonable result we select are that it has less than 100 clusters,
and numerous clearly identifiable clusters are visible on the scatter plot.
We discard unreasonable results. For instance, in the AP algorithm, which we do
not decide the number of clusters, there are cases that it assigns every regulation
to a distinct cluster, while the result does not converge for some other selections
of the preference parameter.
All results are stored in a MongoDB database, which allows developers and law
experts to track and validate the results. We also build a RESTful API and a web
interface to provide easier navigation and better visualization.

Results

We observe that clustering with a TF-IDF vectorization model and the AP algorithm produces a reasonable result with various
clearly identifiable clusters, which is shown in Figure 3.

Figure 3: Result of clustering with TF-IDF vectorization model and A�nity Propagation algorithm

The corresponding parameters are

TF-IDF: min_df=0.17, max_df=0.65;
AP: preference=-10.

There are 20 clusters in Figure 3 (each color represents a cluster), some of which are clearly identifiable. We cross-validate the
result with the title of regulations, and it turns out that these regulations are alike the others in the same cluster.
However, there are also some clusters spreading over the scatter plot, since they are similar to regulations in several clusters and
it is di�cult to simply conclude which cluster they belong to.

Conclusion

This project gives a demonstration of the application of Natural Language Processing and Machine Learning to cluster Canadian
regulations. This technique can also be used in other law text. Some regulations cover topics in several fields, and we place
them into families which they are more likely in. With the visualization on a website, the developer can continuously experiment
to improve the result, while law experts and the public can access to all results at anytime.

Next Steps

We keep experimenting on our model and improving the result. Currently, all results are evaluated with Silhouette score. Later,
we plan to invite law experts to manually validate the results and help to correctly label outliers. Future project extension could
use supervised machine learning to further refine the classification of regulations by subject matter.

References

[1] W. Alschner, J. M. Keyes, A. Geddes, E. Korchagina, M. Pontello, R. Yeung, and P. C. Zachar,“Semantic analysis of canadian regulations,”University of Ottawa, [Online]. Available:
https://github.com/WAlschner/Semantic-Analysis-Regulations/blob/master/Report_Legal%20Semantic%20Analysis%20of%20Regulations_October2018.

pdf.

[2] 2.3. Clustering. [Online]. Available: https://scikit-learn.org/stable/modules/clustering.html.
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Data Analysis of Legal Texts 
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Natural Language Processing 
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①  Text to data 

 

 
② Statistical Data Analysis 
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Data Analysis of Legal Texts 

Network Analysis 

•  Understand links between texts 
•  Reveal network structures 
•  Measure importance of nodes 
•  Track diffusion patterns 
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Data Analysis of Legal Texts 

Network Analysis 

•  Understand links between texts 
à e.g. cross-references between 
regulations  
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Data Analysis of Legal Texts 

Network Analysis 

①   Link Extraction 
 
 

②  Network Creation 

③  Network Measures 
•  Centrality 
•  Distribution 
•  …  
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Data Analysis of Legal Texts 

Machine Learning 
•  Classification of text 
•  Revealing of latent traits 
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Data Analysis of Legal Texts 

Machine Learning 

•  Classification of text 
à e.g. grouping norms into categories 

Carriages and Strollers Regulations 
 (6) Child restraint system — stroller 
Every seating unit of a stroller must be equipped with a 
child restraint system that meets the following 
requirements: 
 
    (a) it must be permanently attached to the frame or 
upholstery of the stroller [rule-based regulation]; 
 
    (b) its anchorages must not break or become 
detached from their attachment point when tested in 
accordance with Schedule 4 [outcome-based regulation]; 
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Agenda 

1.  A new toolkit for lawyers 
2.  Enabling technologies  
3.  Legal data analysis 
4.  Case study: Semantic Analysis of Regulations  

Ø  Dataset 
Ø  Method 
Ø  Results  
Ø  Limitations 
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Project Overview 

Empirically investigating four aspects of Federal Canadian 
regulations by leveraging legal data science:  
  

 Prescriptivity: How binding are regulations? 
 Flexibility: How responsive are regulations to change?  
 Complexity: How easily understandable are regulations? 
 Age: What is the average age of regulations?   
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Regulations Dataset 

Regulation count: 3196 
-  CRCs: 571 
-  SORs: 2625 
-  Repealed: 427 
Corpus: 
-  Words: 7’049’156 
-  Average length: 2206 words 
 
 
Source: 
ftp://205.193.86.89/Consolidation_Regs_1.2.0/EN 
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Data Example in XML Format 

Meta Data 
describes text 

Text Data 
structured full text 
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Methodology 

Recap: 2 ways to make algorithms “intelligent” 
1.  Intelligence derived from rules 
2.  Intelligence derived from data 

How to measure prescriptivity in regulations? 
Rules-based intelligence:  
à Reverse engineering legal drafting process 

•  Legal drafting is partially rules-based 
•  These rules leave traces in legal documents 
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Reverse engineering legal drafting 
process 

Interpretation Act (R.S.C., 1985, c. I-21) 

Section 11 
Imperative and Permissive Construction 
 
The expression “shall” is to be construed as 
imperative and the expression “may” as 
permissive. 
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Reverse engineering legal drafting 
process 

2009 - Change of drafting guidelines 
“shall” is replaced by “must” 
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Reverse engineering legal drafting 
process 

Conceptualization:  

(may)(?! not| only) 
not required 
not be required 
not prohibited 
entitled to 
has the right to 

obligations 
permissions 

must 
shall 
required 
prohibited 
is to be 
cannot be 
may not 
may only 
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Website 

•  Data, code and results are freely available at: 
 https://github.com/WAlschner/Semantic-Analysis-
 Regulations 

•  Website to explore results interactively:  
 https://regulations.herokuapp.com/ 
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Prescriptivity Findings 

•  High prescriptivity regulations:  
–  high-risk products or processes  
–  vulnerable consumer groups (e.g. children) 
–  transportation 

•  Low prescriptivity regulations:  
–  casual goods  
–  administrative processes  
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Limitations 

Metric does not account for: 
•  Different addressees of obligations and permissions 

(regulator vs regulated)  
•  Different types of prescriptions (conduct vs outcome) 
•  Difference between prescriptive drafting and actual 

administrative burden imposed 
 
Not generalizable: 
•  Drafting conventions are jurisdiction-specific 
•  Different approach in French drafting 
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Future Work 

•  Possible Applications: 
–  Track regulatory trends 
–  Identifying outlier 

regulations in comparable 
groups that may indicate 
overly high or low 
prescriptivity 

–  Compare prescriptivity 
scores of same regulation 
across different times 

–  Interactive drafting aid 2006 2008 2010 2012 2014 2016 2018
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      Merci!! 

Get in touch: wolfgang.alschner@uottawa.ca  
 


