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Preface

Juris-informatics is a new research area which studies legal issues from the per-
spective of informatics. The purpose of this workshop is to discuss both the
fundamental and practical issues among people from the various backgrounds
such as law, social science, information and intelligent technology, logic and phi-
losophy, including the conventional “AI and law” area. JURISIN 2015 is the 9th
International Workshop on Juris-informatics, which is held in association with
the International Symposia on AI by Japanese Society of Artificial Intelligence
(JSAI-isAI).

This year, we have twenty one submissions and each paper was reviewed by
at least three program committee members and as a result, nineteen papers will
be presented at the workshop.

Papers cover logical inference, ontology, natural language processing, infor-
mation retrieval, and so on. As invited speakers, we have Giovanni Sartor from
University of Bologna, Italy, Shiro Kawashima from Doshisha University, Japan,
Do Kwan Jo from National Assembly Law Library, Korea and Miyoung Jin
Kim, from Justice Law Firm, Korea. Moreover, we have a joint invited speaker,
Phan Minh Dung from AIT, Thailand with the 2nd International Workshop on
Argument for Agreement and Assurance (AAA 2015).

Following the previous year, JURISIN have a session on the 2nd Competition
on Legal Information Extraction/Entailment (COLIEE 2015) which consists of
result report of the competition and five papers for each participants.
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Annotating Legal Documents with Ontology Concepts  
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Abstract. This paper describes a novel task of semantic labeling. The idea 
exploits ontology in providing a fine-grained conceptual document 
segmentation and annotation. The proposed system divides documents into 
semantically-coherent blocks and also performs conceptual tagging for efficient 
information filtering. The paper presents a promising solution. The proposed 
task has several applications such as granular information filtering of legal 
texts, text summarization and information extraction among others and has been 
evaluated on two tasks i.e. the conceptual tagging of semantic segments in text 
as well as a fine grained conceptual document IR task with promising result.. 
 
Keywords: Conceptual Tagging, Semantic Annotation, Information Retrieval, 
Text Segmentation 

1   Introduction 

The increasing use of computer, coupled with the growth of internet and emerging 
powerful database technologies implies that data accumulates in an unprecedented 
manner. Fortunately, these data are in their electronic form otherwise called 
Electronically Stored Information (ESI). With the rising influence of Electronic 
Discovery (eDiscovery), the field of law (especially in terms of litigation) has 
tremendously benefitted from the availability and growth of ESI by allowing huge 
documents to be tendered in law courts for cross examination without the documents 
being in their physical form[1]. Just like the saying goes, “big data means big 
headache”. The ‘big headache’ in eDiscovery is technically a scaled-up Information 
Retrieval (IR) task in which manual classification of documents into either being 
relevant or producible or not for a civil, criminal or regulatory matter under litigation, 
is automated [2]. 

In this paper, we pursue a form of fine-grained information retrieval on legal text. 
The goal of this research is not to develop an eDiscovery system but rather a system 
whose output can further improve accuracy of eDiscovery systems as well as other 
tasks by introducing our ideas which seeks to give more structure to legal texts as well 
as performing Semantic Annotation (SA) on legal texts for improved search facilities. 
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We describe our idea in dividing legal documents into semantically coherent 
blocks as well as tagging such blocks with specific concept(s) (from a pool of 
concepts from Eurovoc1) that describes the meaning of the content of the block. We 
opine that dividing documents into semantically coherent units and labeling each unit 
with its inferred concept can aid fine-grained information retrieval. To buttress this, 
we introduce the idea of semantic scopes to documents. This could be local or global 
scopes, describing how significant a concept is in representing the meaning of a 
document.  The most significant concept being the global scope concept and the 
others are the local scope concepts for each document. Information search can 
thereafter be simplified by varying the query on this global and local scope for 
documents. 

The remaining part of the paper describes the proposed task and a theorized 
solution. First, we give summary of some related works. Subsequently, we describe 
our proposal, the methodology as well as evaluation.  

2   Background and Related Work 

Semantic Annotation formalizes and structures document with well-defined semantics 
specifically linked to a defined ontology [3]. Generally, annotation can aid structured 
organization of documents for optimized search. For instance, users may search 
information by well-defined general concepts that describe the domain of information 
need rather than use keywords. 

Ontology is a formal conceptualization of the world, capturing consensual 
knowledge [4]. It lists the concepts along with their properties and the relationships 
that exist between them.  An example of a common knowledge resource used in NLP 
is Wordnet2, a domain independent knowledge base of over 100,000 concepts in 
English in which a synset correspond to concept. Relationship between concepts are 
also well defined e.g. synonymy, antonymy, hyponymy etc. This study uses the 
Eurovoc concept list. A concept can be annotated using lexicon based annotation or 
named entity identification. In the former, a dictionary of terms linked to each 
ontology class is maintained, reducing the annotation task to term matching. The 
latter uses recognition of named entities, with the entities mapped to the concept that 
gives their meaning. 

Semantic annotation can also be viewed as a classification task in which features 
are defined for each class and a Machine Learning (ML) classifier is trained to learn 
and group input document into its category [5][6][7]. Several SA systems have been 
implemented, for instance GoNTogle [8] uses weighted k Nearest Neighbor (kNN) 
classifier for document annotation and retrieval. A system widely used in semantic 
web domain is KIM [3] which assigns semantic descriptions to named entities (NE) in 
a text. The system is able to annotate and create hyperlinks to NEs inside a text and 
can then index and retrieve documents using these entities. Regular Expression (RE) 
has also been used to identify semantic elements in a text [9][10]. It works by 

                                                           
1  Eurovoc is available at http://eurovoc.europa.eu/.  
 
2  Wordnet is Available at  https://wordnet.princeton.edu/ 
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mapping part of a text related to semantic context and matching the subsequent 
sequence of characters to create an instance of the concept. Application of these 
systems includes document retrieval especially in the semantic web domain [11][12]. 
Eneldo and Johannes [6] performed semantic annotation on legal documents for 
document categorization. Using Eurovoc concept descriptors on EurLex- a large 
database of legal documents, a ML classifier was trained for multi-label classification. 
While their work looks similar to our proposal, there are significant differences. First, 
their goal was a document categorization task considering and grouping a document 
as a whole while ours is two-fold, automatic segmentation of legal text into 
semantically coherent block and conceptual annotation of different segments with its 
rightful concept(s). Thus our goal leans toward IR task than document categorization. 
In fact, while they deal with documents, contrarily we deal with document parts. 

3   Research Motivation 

We hypothesize that conceptual zoning of document into semantically coherent 
blocks can enhance fine-grained IR and specifically enrich document retrieval 
systems as in eDiscovery procedures. Inspired by the recent successes in the area of 
Computational Linguistics (CL), we propose an automatic segmentation and semantic 
labeling of segmented portions of text. We introduce the idea of semantic scopes 
showing how important a concept is to a document, with the assumption that such 
semantic scopes can greatly enrich conceptual querying of big document corpus for 
IR, once the documents in the corpus are well annotated. The idea can also help in 
scanning a voluminous legal text for specific part that is of utmost interest to the 
reader. For instance, in an IR task, the facts needed by a user in a document lie in a 
small portion of the whole document. Even if such facts are contained within a 
paragraph, a reader looking for specific information would have to read through the 
whole text in search of the fact, thus pilfering through ‘un-needed’ information. With 
our idea, the portion of a document can be labeled according to its related concept; 
then the user (or further computational tools) have to only look for the text blocks that 
is tagged with a specific concept, this greatly speed up information gathering and 
simplify further, the task of information extraction from such processed text. 

To summarize the whole proposal without exploring the technical details, the 
system aims at achieving these stated goals. First, segmentation of text into 
semantically coherent blocks3 is done. We take idea from TextTiling [13][14] which 
divides text into contiguous, non-overlapping discourse units that correspond to the 
pattern of subtopics in a text; we advance this approach by incorporating some 
distributional analysis-informed heuristics (concept zoning4) to achieve the task.  

Secondly, we extract from a document the text portion(s) which best fit a specific 
information request based on concept filtering.  To achieve this, we motivate the idea 

                                                           
3 Throughout the paper, we interchangeably use the words segment and block to mean the same 

thing. Also, concept and class are used interchangeably. 
4 We take idea of zoning from the work of S. Teufel in ‘Argumentative Zoning : Information 

Extraction from Scientific Text’ (1999) which divides scientific papers into different sections 
called zones. 
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of conceptual scope of a specific document. For instance, a document can be 
described in terms of its global or local semantic scope; also, a concept could be local 
to a document or global to that document. We assume that a global scope concept has 
a higher argumentative weight in terms of its representation in the document while a 
local scope concept is lightly referred in terms of its representation in the document. 
The local or global scope representation further allow some degree of variableness in 
terms of how the system might be queried for information filtering and retrieval, 
providing a form of advanced search by enabling users to try different queries in 
respect of different context or condition and get responsive result sets.  For instance, 
we may be able to vary the search query in terms of a global scope and one or more 
local scope(s) and get different result based on the local scope concept. As an 
example, a simple search query like “find all documents that talk about x in the 
context of y and not in the context of z” becomes possible, where x is a global scope 
category and y and z are local scope categories. As an example, let us assume that a 
document refer to three concepts ‘public-health’, ‘Animal-feed’ and ‘European-
standard’. We can also assume that public health has global scope while Animal feed 
and European standard both have local scope. Using this information, a user might 
attempt different queries as stated below and get different result:  

─ Retrieve the document(s) (and their specific parts) where the theme is generally 
about public health, while also talking about European standard   

─ Retrieve the documents and their parts where the general topic is about public 
health in relation to animal feed  

─ Retrieve the specific part(s) of a document that talks about European standards on 
animal feed in relation to public health.  

 

Fig. 1. Concept overlap and Semantic Scoping of Document 

 
The fig. 1 above gives a description of the semantic scoping of document into 

global and local scopes in terms of each concept’s representation of the document. 
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Relying on a simple statistical procedure as visualized above, we can conclude that 
public-health is the most significant concept since it appears in every blocks. Also, its 
strength of representation in each of the blocks it appears in is not negligible and thus, 
it can be labeled as the global concept. Whereas Animal-feed and European standards 
also appear in three of the four blocks, their representation in the document as a whole 
is incomparable to the former. We can also statistically determine the most significant 
concept that is local to each block as this can enable ‘structured in-text scanning’. 
Thus, we may for example conclude that Animal-feed is global to the fourth block, 
even though it is itself local to the entire document as shown in the figure. 
 
This makes information filtering very advanced,  for instance if a document talks 
about Animal feed but not in the context of European standards then it becomes 
irrelevant for the third query above and it is not retrieved. Also, if for example we 
have two documents A and B, with A having concepts Public-Health (X), Animal-
Feed (Y) and European-Standard (Z) while B contains only concepts Public-Health 
(X) and Animal-Feed (Y) without European-Standard. Then, queries of the form “ 
SELECT FROM corpus WHERE concept = X , Y AND NOT concept = Z” can make 
a distinction between these concept overlaps and retrieve only document A while 
leaving out document B, even though it contains two of the mentioned concepts. 

 
We take a block as an information unit in a document, defined by different levels 

of granularity (i.e., sentence, paragraph or section holding many paragraphs). Our 
goal is to assign a label to each specific block with the assigned label corresponding 
to a specific concept in the ontology. The following processes are carried out:  

1. Create concept profiles by looking at frequent and discriminant words calculated 
over texts-to-concepts occurrences (using TF-IDF).  

2. Parse the text segment, sentence by sentence, calculating the similarity of each 
sentence with the concept profiles.  Taking ideas from existing research on text 
segmentation such as TextTiling [13] which was improved in [14] and topic 
modeling [15] as well as TextRank [20], we identify the following flags in the text: 
(a) when the text in a block starts talking about a concept, (b) when it stops talking 
about the concept, and (c) when it starts talking about a new concept. Reference 
[16] contains a detail review of text segmentation approaches for the reader’s 
interest. 

3. Perform concept association, which maps a contiguous text block to a semantic 
concept that literarily gives a summary of its content. 

4. Identify the global and local scopes of the concepts in a document by analyzing 
how the related concept block overlaps. 
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Fig. 2. Schematic representation of the proposed task 

 
 
 

3   Methodology 

 
Let us consider a text ti in a collection T of n = |T| documents where 0 < i <= n. Each 
document is associated to a set of concepts taken from a thesaurus σ (i.e., a multi-
labeled text collection). 

Thus we have some concepts {C1,C2, C3…..Cn} ∈  σ.  We can formalize the task as 
that of approximating a target function  

                         Φ: Bn-1, d   ×   C� ⟶ {1, 0}  
that describes the conceptual mapping of a text segment. Where Bn-1, d is a block or 
segment of text in a document d and n is a unique incremental number assigned as the 
identifier for each block. C� is a set of concepts according to a specified ontology. 
The goal is to find 
                                Φ (Bn-1, d   ×   C�) = 1                                            (1) 
 Such that C�i ≡ Bi,d, that is, we want to have a mapping of a block to a concept 
successfully such that each block is associated to its concept5. The equivalence 
relation above ensures that a concept is attached to one or more blocks of a document 
d. It is possible for text blocks to share same concept as well as a single block being 
labeled by more than one concept.  
The first step is the creation of concept profiles, i.e., numeric vectors representing the 
contextual meaning of the concepts calculated through a TF-IDF weighting scheme 
over the concept-term matrix (which is built on the basis of the input multi-labeled 
document collection).  This way, each concept Cp is associated to a vector �� where 0 

                                                           
5  i signifies an iterative number, incrementing over the sets of concepts and blocks in a 

document d. 
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< p <= |σ|. Then, considering each text �� as a sequence, Seqi = < s1,s2,...,sk > of 
sentences s, the idea is to label each sentence with zero or one element belonging to 
the set of concepts σ. 
This automatic segmentation/annotation of a text �� is done as follows: 

─ Parse the sequence of sentences Seqi, then 
─ For each Sj  in Seqi, calculate the cosine similarity between the frequency vector of 

Sj  and each concept vector as below: 

        	
��
�� ��� , 	� �  =  
������

‖���‖�����
                                                        (2)  

Where 

        ������  =   ‖���‖����� cos �                                                               (3) 

              cos �  =  
������ 

‖���‖�����
                                                                         (4)  

Such that �� represents the vector of concept ��  with ��� representing the vectors of  	�  
in the text block.  
Then the similarity is obtained by the formula: 

           	
� ��� , 	  �  =  !

"#$%&'( �)* ,"+ �
                                                (5) 

─ If the similarity between a concept ,� and a sentence �   is z times higher6 than the 
rest of concept-to-sentence similarities, then �  is associated to ,�, otherwise the 
sentence is not  associated to any concept. The parameter z is a predetermined 
threshold value strictly for decision making. While this value can be varied, it is set 
to 2 by default, making it possible for a sentence to be mapped to its most similar 
concept. 

─ Finally, semantically-contiguous sentences (i.e., sentences which are contiguous 
and associated to a single concept) will represent semantically-coherent segments, 
which are the final result of the in-text concept annotation task.  

─ In case the method returns an empty set of segments or an incomplete coverage of 
the concepts associated to the text ��, it restarts by step 1 with z = - 2⁄ . 

A schematic view of the task is shown in fig. 2 above. 

3.1 Concept Analysis 

Concept descriptors could range from unigram, bigrams to n-grams. Similar to query 
expansion, if a concept descriptor7 has more than one word, we break the n-gram 
terms into the constituent words in a process called lexical expansion. The goal of 
lexical expansion is to retrieve semantically similar words such as synonyms, relying 
on a knowledge base such as Wordnet. This implies that the document need not 
contain in explicit terms the constituent words that make up the concept as part of the 
document’s key terms. We used a concept profile, which contains keywords from the 

                                                           
6 Unique parameter of the method 
7  Take for instance public-health which can be dissolved into public and health. 
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deflated n-grams, as well as the synonyms of each of the words for each concept. 
Weights are assigned to each synonym based on their path distance to each of the 
lexically expanded terms of concept, leading to the selection of the best ranked 
synsets. We then perform a form of synonym merging on the ranked terms for each 
concept, which combines these terms by collapsing them into a single block of 
information unit.  With the lexical expansion, vectorization [17][18] is done  to build 
a vector of terms that describe the information content of each concept using.  
For simplicity, if σ is a set such that σ = {c1, c2, …, ck} which is a list of all the 
concepts for that document. A concept ci may also have multiple terms e.g. Public-
health, each of this, along with its synonyms is a term in the vector space whose 
frequency of occurrence in each text block is quantified. TF-IDF is used to create 
vector representations of each concept as well as each text block. Each component of 
a vector corresponds to the TF-IDF value of a particular term in the text block 
dictionary. Dictionary terms that do not occur in a block are weighted zero, taking the 
representation as query vectors that can be compared to vectors of documents (here 
each text block). The semantic distance between a concept and the text block is 
calculated using equation 2 and the similarity between a concept and the text bloc is 
calculated according to equation 5. Iteration is made over each concept in σ, 
calculating how similar it is to the text block and if similar based on a fixed parameter 
z, such concept is tagged with that block. The process is repeated for all the blocks in 
the document which leads to the idea of concept(s)-block tagging. Fig. 3 below shows 
the general system architecture. 

 

 

Fig. 3. Proposed System Architecture 

3.2  Concept Zoning for Text Segmentation 

Given a text ��  and its sequence of sentences 	
0�=< s1,s2,...,sk >. We perform 
concept zoning, which aggregates all the sentences or paragraphs of the text that 
semantically align into a group. This semantically aligned group is taken as a block, 
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each of which can be directly mapped to the concept descriptor from an ontology. To 
segment text into coherent semantic units, we employed word clustering [19]. We 
used the popular K-means clustering which is based on Lloyd’s algorithm [21]. Here, 
clusters are formed of document parts that appear to be highly similar. First, text is 
converted into a bag-of-words with each sentence extracted as a micro-document. K-
means algorithm is then applied to cluster related words together. Since the input is 
sentences, K-Means clusters similar sentences. A requirement of K-Means algorithm 
is the number of clusters to be specified in advance [22]. We here assumed a fixed 
cluster size of 3. Nested within larger clusters are some clusters containing less 
similar document segments. Thus, there is a hierarchical relationship between 
different segments of the document. The hierarchy is useful especially for semantic 
scoping of concepts such that clusters of document segment(s) that are judged to be 
strongly similar to each other have nested within it some other clusters containing 
segment(s) that are less similar. In theory, the single cluster containing the entire 
collection is represented by the document itself and serves as the root of the tree while 
the coalesced segments are leaves in the bigger tree. Each cluster is a text segment 
representing a semantically coherent unit of the document. 

3.3 Concept-Document Mapping 

Matching a given concept to a block in a text is reduced to a simple semantic 
relatedness task between the term-document vector of the expanded lexicon of each 
concept and the bag-of-word vector of each segment.  TF-IDF weighing scheme was 
used while cosine similarity was used to measure the semantic distance between the 
vectors as explained earlier using the formula 

           	
�	���	, 	 	� 	= 	 !

"#$%&'(	�)*	,"+	�
                                                (5) 

For each of the segment, the system iterates over all the term-document vectors of the 
expanded lexicon of each concept, measuring the distance. Similar vectors imply 
some level of relatedness between the concept and the segment and such segment is 
tagged with the concept. 

5   Evaluation 

We randomly sampled 5 documents from Eur-Lex database of legal documents. Eur-
Lex8 is an open and regularly updated database of over 3 million EU legal documents, 
covering EU treaties, regulations, legislative proposals, case-law, international 
agreements, EFTA documents and some other public documents of interest to EU 
operations. For each of the documents in the EurLex database, a list of concept(s) 
describing the document is already listed. We used Eurovoc concept descriptors as 
ontology. Eurovoc is a multilingual and multidisciplinary thesaurus. Most language 
versions contain over 6883 prefered concept descriptors and up to 10,592 non-
prefered concept terms, organized hierarchically into 21 domains that is of interest to 

                                                           
8 Available at http://eur-lex.europa.eu/content/welcome/about.html  
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EU’s parliaments. Currently, it is available in 26 European languages. We evaluated 
the system on two tasks i.e. conceptual tagging and fine grained information retrieval. 

─ Conceptual Tagging: This task measures the performance of the system in 
correctly labeling a text segment with a concept. We measured the performance of 
the system against annotations from human judgment. To achieve this, all the 
documents were manually segmented by a volunteer into 3 segments each and then 
annotated manually with three chosen concepts by two different volunteers. The 
volunteers’ agreement was measured on a low-to-high agreement scale of 0 to 2. 0 
point means totally disagreed, 1 point means fairly agreed and 2 point means total 
agreement. The agreements were rated based on individual’s judgment in labeling 
a text segment with a concept. We use the 3 (arising from cluster size) semantically 
coherent segments from the proposed system since the manual annotation uses 3 
segments for each document. Using the manual annotation as Gold standard, we 
compared the performance of the system with that of manual annotation using L1 

error metric and got an accuracy of 62%.  
 

─ Fine grained IR task: The goal here is to measure the efficiency of the system in 
terms of its precision and recall in an IR task. We chose the 5 manually annotated 
documents by volunteers and perform a simple query search on the document list. 
For instance, given some concepts as query (as explained under section 3) in terms 
of the concept scopes, we measure responsiveness of the system in retrieving the 
most wanted document based on the concept used as query. We obtained a 
precision score of 0.210 and a recall value of 0.384. 

4   Conclusion 

We have described in this paper, a work-in-progress on a task that involves automatic 
segmentation of text into semantically-coherent blocks and semantic in-text labeling 
of text blocks annotated with ontology concepts.  

The task employs the use of Eurovoc ontology, a multilingual thesaurus 
continuously updated by the EU publication’s office. The task considers a new 
approach aimed at enhancing information filtering within text by advancing the 
classification tasks with semantic annotation. We proposed a formalization of the task 
and a baseline approach to solve it.  

The task has a lot of potential applications in IR, text segmentation, topic modeling 
and text summarization as well as argumentation mining. For instance, a user who is 
more interested in a particular information in a document can easily specify such 
information need through an concept that describes such need and the system is able 
to extract the specific portion containing the requested information need. This is made 
possible with semantic tag associated with text portion(s), showing their semantic 
alignment to each ontology terms. Thus, users need not pilfer through unwanted 
information. We have proposed an evaluation of the system on two tasks i.e. 
conceptual tagging and fine grained IR task, benchmarking the system with manual 
annotations from human and using such manual annotations as Gold standard. The 
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result obtained shows that the approach is promising but requires a bigger and 
thorough evaluations to be able to compare with results from existing systems. 
Subsequent works will provide a detailed experimental analysis and evaluation results 
of our approach in different context and domain. 
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A Belief Revision Technique to Model

Civil Code Updates

Ryuta Arisaka

National Institute of Informatics
ryutaarisaka@gmail.com

Abstract. It can happen that a scenario that was not thought of at the
time of enforcing a civil code article is discovered later. In case application
of the civil code article in the discovered scenario is not in keeping with the
intention of the article, it is necessary that the article be updated appro-
priately. We show that this kind of civil code update that is induced upon
reaction to augmentation of knowledge through exception discoveries can be
modelled in a belief revision theory. We develop our formal framework, and
show one instantiation of the framework with case application of a civil code
article.

1 Introduction

It can happen that a scenario that was not thought of at the time of
enforcing a civil code article is discovered later. In the event that ap-
plication of the civil code article in the discovered scenario is not in
keeping with the intention of the article, it is necessary that the article
be updated appropriately.

One past Japanese civil case over lease contract termination is an ex-
emplar. According to the Japanese Civil Code Article 612 which states:

– A lessee may not assign the lessee’s rights or sublease a leased thing
without obtaining the approval of the lessor [Paragraph 1]; and

– If the lessee allows any third party to make use of or take profits
from a leased thing in violation of the provisions of the preceding
paragraph, the lessor may cancel the contract [Paragraph 2],

when there is a contract between A as a lessor and B as a lessee, A is
granted the right to terminate the contract with B if B has allowed a
third party to make use of the leased property or has subleased it with-
out obtaining approval of A for doing so. The Supreme Court ruled
(Supreme Court Case:1966.1.27,20-1 Minsyu 136), however, that the
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article should really be interpreted as: a lessor A may terminate a con-
tract with a lessee B if B has either transferred B’s rights as a lessee
or has subleased the leased property to a third party without A’s ap-
proval, and if such action as taken by B has undermined A’s trust in B
so irreparably that it would be no longer possible for A to continue the
contract. In other words, where there is no evidence of the abuse of A’s
confidence in B, even if B transfers the rights as a lessee or subleases
the leased property to a third party, the Article 612 is not applicable,
and A will not be granted the legal right to terminate the contract.

An interesting aspect about this civil case is that, while it very much
appears to highlight the need for default reasoning, it is not correct to
say that the Article 612 normally applies unless there is evidence of no
abuse of confidence. That would not justify the point that the Article
612 ceases to apply after the Supreme Court Case wherever there is
shown no evidence of abuse of confidence. Rather, we should view it as
a particular kind of update on reaction to knowledge augmentation. To
expound, let us suppose that enforcement of a civil code article is done
at time t1, and that we stand at some future time t2. At both t1 and
t2, some knowledge concerning the civil code article is available, say K1

and, respectively, K2. It is reasonable to assume that the intention of
the article is adequately expressed in what the article states at time t1.
The adequacy, however, is clearly relative to K1. Suppose some knowl-
edge, say K3, then. If for instance K2 is the summation of K1 and K3,
it could be that K3 consists of some scenarios relevant to the article
which were not considered at t1. In that case there is clearly no guar-
antee that what the article states, which sufficiently characterises its
intention under K1, also characterises it under K2. And if there should
occur any mismatches between the intention of the article and what
the article states, updating the article by taking K3 into account is a
right course to resolving them. It is this need that better portrays the
above-mentioned civil case example.

In this work, we show that we can model this kind of update on
reaction to the discovery of unconsidered scenarios by adapting the
principle of the belief revision theory with latent beliefs [2]. Roughly,
a belief revision theory [1, 4, 11] is a theory that minimally updates a
consistent database upon addition of new data or removal of existing
data into another consistent database. Each datum is a formal expres-
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sion, and the minimality is measured (ensured) by a set of conditions.
As in [2] we will have two types of data. One of them will comprise
civil code articles and presented facts, both represented as sentences
in first-order logic, whereas the other will comprise code article update
instructions which are triggered only if some trigger condition (which is
a fact) logically follows from the combination of the civil code articles
and the presented facts. We will: formalise our belief revision technique
(in Section 2); show an instantiation of our framework with the example
of the Article 612 we touched upon informally in this section (in Section
3); and compare our approach with relevant works in the literature (in
Section 4), before drawing conclusions.

2 A Belief Revision Theory on Code Articles,
Facts and Exceptions

We make use of first-order logic with equality but without function
symbols of arity greater than or equal to 1, specifically the following
languages K with or without a subscript (K,K1,K2, . . .) consisting of:
(1) a fixed set of logical symbols, which we denote by Log; and (2)
a finite number of non-logical symbols, which we denote by NonLog
with or without a subscript.
The fixed Log contains the following items.

– ∀,∃,∧,∨,⊃,¬,>. These are the usual first-order logic symbols. ⊃
is material implication.

– An equality symbol =.
– Parentheses, brackets, and punctuation symbols.
– An infinite number of variables, each of which is referred to by x

with or without a subscript.

A NonLog contains the following sets:

– Const: consists of a finite number of finite sequences of English
letters in Italic font beginning with a small letter; e.g. lessor, lessee.
Each such sequence of letters is called a constant.

– Pred: consists of a finite number of finite sequences of English let-
ters in sans-serif font beginning with a small letter; e.g. allowUse,
sublease with some number of arguments. Each such sequence of
letters with n arguments is called a n-ary predicate symbol.
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The formulas are defined in the usual way, and the binding precedence,
the free/bound variables, the semantics, and the satisfiability follow the
standard convention. A formula without a free variable is a sentence.
We denote a sentence by F with or without a subscript. We say that
F in some language K is a logical consequence of a set of sentences
F1, F2, . . . in the same language iff any model of the set of sentences
conjunctively understood is also a model of F . Hereafter, we presume
a consequence operator Cn that satisfies the following two conditions.

1. Cn({F1, F2, . . .}) contains all the sentences each of which is a logical
consequence of {F1, F2, . . .}, but contains no other formulas (Logical
closure).

2. If F is in Cn({F1, F2, . . .}), then there exists a finite subset of
Cn({F1, F2, . . .}) such that F is its logical consequence. (Compact-
ness).

2.1 Belief sets and new information

The belief revision theories [1, 2, 4, 11] define postulates about belief
changes, stating how a particular set of beliefs should rationally change
as new information is added to it or existing information is removed
from it. Let us define a belief set in our context. Let B with or without
a subscript denote a pair: (Cn(Articles∪Facts),Exceptions) where

– Articles is a finite set of code articles formalised as sentences.
– Facts is a finite set of (ultimate) facts [9,12,13] again as sentences.
– Both Articles and Facts are sentences in some language K. How-

ever, the sentences that belong to Articles are kept disjoint from
the sentences that belong to Facts.

– Exceptions is a finite set of triples F1[Fa, F2] for some sentence F1

in Articles, and some sentences Fa and F2 in some language(s).

Example 1. For an example of B, consider: (1) The Japanese Civil
Code Article 612 for Articles; (2) the fact that a lessee has sub-
leased a leased house to his friend for Facts; and (3) no exceptions
for Exceptions. Then we can for instance formalise them in the pair:
(Cn({F1} ∪ {Fa}), ∅), where

– F1 is [∃x1 ∃x2.x1 6= x2 ∧ (allowUseTo(lessee, x1, x2) ∨ subleaseTo(lessee, x1, x2))

∧ ¬gainPermissionFrom(lessee, lessor)] ⊃ cancelContract(lessor, lessee).
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– Fa is subleaseTo(lessee, lesseeFriend, leasedHouse).

Now, let mapBtoK be a function such that mapBtoK(B) = (Log,NonLog)

and that NonLog is the set of all predicates and constants that occur
in Articles or Facts of B. We say that K is the language of B iff
K = mapBtoK(B). When we say ‘the first component of’ or ‘the sec-
ond component of’ B, we mean Cn(Articles ∪Facts), or respectively
Exceptions of B. The exact manner in which Exceptions interacts
with Cn(Articles∪Facts) will be formally defined later. Nonetheless,
the informal meaning of a triple F1[Fa, F2] for some F1, Fa and F2 is:

1. It is an instruction to update F1 in Articles to F2 in case Fa is
discovered in Cn(Articles ∪ Facts). An informal example: let F1

be a formalisation of the Japanese Civil Code Article 612; let Fb

be the formalisation of the fact that confidence is abused; let Fa be
¬Fb; and let F2 be Fb ⊃ F1. Then F1[Fa, F2] says that, if F1 is in
Articles, i.e. the civil code includes the Article 612, then if Fa is
in Cn(Articles ∪ Facts), i.e. abuse of confidence is discovered, F1

updates to F2 on reaction to the discovery, the applicability of the
civil code article getting narrowed down.

2. Fa and F2 do not have to be sentences in the language of B. The
rationale behind it is that, while Cn(Articles∪Facts) is supposed
to be the currently available knowledge, which is hence in the lan-
guage of B, Fa may be some exceptional fact that could be revealed
only at some point in future, if revealed at all. Naturally, the future
potential knowledge is not already visible in the current knowledge,
and does not have to be expressible in the language of B. Like-
wise, the emergence of F2 depends on the visibility of Fa. In case
Fa is currently not in Cn(Articles∪Facts), it does not have to be
expressible within the language of B.

Let us list four desirable conditions.

1. If F1[Fa, F2] is in Exceptions of B, then F1 is in Articles of B
(Safety).

2. If F1[Fa, F2] is in Exceptions of B, then Fa is not in Cn(Articles∪
Facts) of B (No-unused-triggers).

3. Cn(Articles∪Facts) is consistent, i.e. if F ∈ Cn(Articles∪Facts),
then ¬F 6∈ Cn(Articles ∪ Facts), and if
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¬F ∈ Cn(Articles∪Facts), then F 6∈ Cn(Articles∪Facts) (Con-
sistency).

4. If F1[Fa, F2] is in Exceptions of B, then for all F1[Fb, F3] also in
Exceptions of B, if Cn({Fa}) = Cn({Fb}) then F2 = F3 (Unique-
ness).

Definition 1 (Belief sets). We say that a given B is a belief set iff
B satisfies (Safety), (No-unused-triggers), (Consistency), and (Unique-
ness).

Let us describe the intuition behind the conditions above. The (Safety)
says that in order that we be able to update F1 to F2 when a fact Fa

is presented/discovered, we must have the code article F1 that is sup-
posed to be updated already in Articles. The intent of the (No-unused-
triggers) is to do any update whenever possible. By (Uniqueness) it is
guaranteed that every code article can have at most one update trigger
per fact at any given moment.1

Information to be added to or removed from a belief set B can be a
code article, a fact, or an exception. It satisfies the following conditions.

1. If it is either a code article or a fact, say F , then
(a) F is consistent (Consistency of a code article and a fact).
(b) F is not a tautology (Non-triviality of a code article and a fact).

2. If it is an exception, say F1[Fa, F2], then
(a) F2 is consistent (Consistency of the updated article).
(b) F2 is not a tautology (Non-triviality of the updated article).

2.2 Belief change postulates

In this subsection we define belief change operations for our belief
sets: ContractBy for contracting it by some information Info; and
ReviseBy for revising it.2 Contraction is informally an operation that
removes some information off a belief set to derive a new belief set;
and revision is an operation that adds new information to a belief

1 It having at most one update trigger per fact does not mean it having at most one
update trigger.

2 Usually a paper defines either belief revision only, or belief contraction, revision and
expansion. The last, expansion, is not touched upon in this work, since there is hardly
any point in distinguishing revision from it in our setting.
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set, ensuring that the result be a belief set which is as consistent as
possible. As some preparation, let + be an operator between some
B = (Cn(Articles ∪ Facts),Exceptions) not necessarily a belief set
and some Info such that

– B + Info = (Cn(Articles1 ∪ Facts1),Exceptions1) where

• If Info is a code article, then Articles1 = Articles ∪ {Info},
Facts1 = Facts and Exceptions1 = Exceptions.
• Else if Info is a fact, then Articles1 = Articles,

Facts1 = Facts ∪ {Info} and Exceptions1 = Exceptions.
• Else if Info is some F1[Fa, F2], then,

∗ If F1 is in Cn(Articles ∪ Facts), then Articles1 = Articles,

Facts1 = Facts and Exceptions1 = Exceptions ∪ {Info}.
∗ Else if F1 is not in Cn(Articles∪Facts), Articles1 = Articles,

Facts1 = Facts and Exceptions1 = Exceptions (Adequacy).

The (Adequacy) is compatible with the (Safety).
Also, let ⊆, the subset relation, and \, the set difference oper-

ator, extend to a pair of sets, so that, for any B1 = (Cn(Articles1 ∪
Facts1),Exceptions1) and B2 = (Cn(Articles2 ∪ Facts2),Exceptions2) not nec-
essarily belief sets:

– B1 ⊆ B2 iff Cn(Articles1∪Facts1) ⊆ Cn(Articles2∪Facts2) and
Exceptions1 ⊆ Exceptions2 both hold true; and

– B1\B2 =
(Cn(Articles1 ∪ Facts1)\Cn(Articles2 ∪ Facts2),Exceptions1\Exceptions2).

Belief contraction is the simpler belief change operation.
ContractBy(B, Info) satisfies all the following axioms.

1. B is a belief set (Cn(Articles ∪ Facts),Exceptions) for some
Articles,Facts and Exceptions (Pre-condition).

2. ContractBy(B, Info) is a belief set (Closure).
3. ContractBy(B, Info) ⊆ B (Inclusion).
4. If Info is not in B,3 then ContractBy(B, Info) = B (Vacuity).
5. If Info is a triple F1[Fa, F2], then

3 In the sense that if Info is a sentence, it is not in Cn(Articles ∪ Facts), and if it is a
triple, it is not in Exceptions.
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(a) No F1[Fb, F2] such that Cn({Fa}) = Cn({Fb}) is in
ContractBy(B, Info) (Success 1).

(b) B ⊆ ContractBy(B, Info) + Info1 where Info1 is F1[Fb, F2]
for some Fb such that Cn({Fa}) = Cn({Fb}) (Reinstatement).

6. If Info is a sentence, then
(a) Info is not in ContractBy(B, Info) (Success 2).4

(b) The first component of B is a subset of the first component of
ContractBy(B, Info) + Info (Partial recovery).

(c) If Fx[Fy, Fz] for some Fx, Fy and Fz is in the second component
of B and if Fx is in the first component of ContractBy(B, Info),
Fx[Fy, Fz] is in the second component of ContractBy(B, Info)

(Preservation).
(d) ContractBy(B, Info) = ContractBy(B, Info1) for any Info1 such

that Cn({Info}) = Cn({Info1}) (Extensionality).

Let us provide informal explanations to ContractBy. The (Vacuity)
says that nothing that is not in B is removed. The (Success 1) and
the (Success 2) say that the contraction operation ensures that what is
equivalent to F1[Fa, F2] up to the logical consequence is not in the result.
The (Reinstatement) says that the removal of Info is done minimally,
so that there exists a single F1[Fb, F2] for Cn({Fa}) = Cn({Fb}) which,
if added to the result, will completely reinstate all the elements in B.
The (Preservation) says that, for any sentence in the result, it has the
same set of triples as had in B.

The result can be represented also set-theoretically. Let ∆ be a
mapping from belief sets and new information into belief sets. For any
belief set B and Info, we say that a belief set B1 satisfying B1 ⊆ B is
a maximal subset of B iff

1. Info is not in B1.
2. If Info is a triple, then for any belief set B2, if B1 ⊂ B2 ⊆ B, then
B2 = B.

3. Else if Info is a sentence, then
(a) For any F1[Fa, F2], if it is in the second component of B and if F1

is in the first component of B1, then F1[Fa, F2] is in the second
component of B1.

4 A belief revision theory usually puts an additional condition that Info is not a tautology
in order for this condition to apply, which, in our setting, is ensured by (Non-triviality
of a code article and a fact).
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(b) For any belief set B2, if B1 ⊂ B2 ⊆ B, then Info is in B2.

We define ∆(B, Info) to be the set of all the maximal subsets, provided
that B is a belief set. We also define a function γ, so that, if ∆(B, Info)
is not empty, then ∅ ⊂ γ(∆(B, Info)) ⊆ ∆(B, Info) holds true; or if
∆(B, Info) is empty, γ(∆(B, Info)) is simply B.

Theorem 1 (Representation theorem). Let B be a belief set. Then
it follows that ContractBy(B, Info) =

⋂
(γ(∆(B, Info))).

Proof. Adaptation of the representation theorem proofs in [1,2] if Info
is a sentence. Trivial if Info is a triple.

Belief revision is an iterating process, similar to the one in [3], which
is best described as a procedure or a state transition system.
Description of ReviseBy(B, Info)
Inputs: a belief set B and some information Info (each satisfying the
conditions stated earlier).
Output: Bout.

L0 Assign B to Bout.
L1 If Info is a sentence, then assign ContractBy(Bout,¬Info)+Info

to Bout.
L2 If Info is a triple F1[Fa, F2], and if there exists some F1[Fb, F3] in

the second component of B such that Cn({Fa}) = Cn({Fb}), then
assign ContractBy(B,F1[Fb, F3]) + Info to Bout.

L30 While there exists some F1[Fa, F2] in Bout such that Fa is in the
first component of Bout, do:
L310

If {F2} ∪ X for X being the first component of
ContractBy(Bout, F1) is consistent, then;
L311

Assign ContractBy(Bout, F1) to Bout.
L312

Assign (ContractBy(Bout,¬F2)) + F2 to Bout.
L32 Else assign ContractBy(Bout, F1[Fa, F2]) to Bout.

L4 End of While loop

Let us suppose some belief set B, and the new information Info to
revise B by. The first point of focus (up to Line 2) is to see whether
insertion of Info into B would: (1) contradict the first component of
B, i.e. the first component of B includes ¬Info, in which case we must
minimally change B to Bx in order that Bx + Info be consistent in
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its first component, which is done by ContractBy(B,¬Info); (2) or
contradicts (Uniqueness) condition, i.e. Info is some triple F1[Fa, F2]
and the second component of B contains some F1[Fb, F3] such that
Cn({Fa}) = Cn({Fb}), in which case we must remove the existing
F1[Fb, F3] off B into Bx in order that Bx + Info still satisfy (Unique-
ness). Now, for the part from Line 3 to Line 4, it describes the follow-
ing iterative process. We have By. If it is a belief set, our revision is
already done, and we simply end this iteration process; otherwise, the
set By we have does not satisfy (No-unused-triggers), since it satisfies
(Safety), (Consistency) and (Uniqueness).5 This means that there is
some F1[Fa, F2] in the second component of By such that Fa is in the
first component of By, which means that F1 in Articles may update
to F2. ‘May update’ because the updating can make the first com-
ponent of the resulting set inconsistent, which we do not permit and
discard F1[Fa, F2] off By by ContractBy(By, F1[Fa, F2]) in that case,6

but otherwise the update takes place by ContractBy(By, F1), to de-
rive Bz in the first component of which F1 does not appear, followed
by ContractBy(Bz,¬F2) + F2. We regard the resulting set as By and
repeat the iteration.

Theorem 2. Let B be a belief set, and Info new information. Then
ReviseBy(B, Info) is a belief set.

Proof. We show that Bout = (Cn(Articlesx ∪ Factsy),Exceptionsz)
satisfies (Safety), (No-unused-triggers), (Consistency) and (Uniqueness).

(Safety) ReviseBy is characterised by + and ContractBy, both of
which guarantee the condition.

(No-unused-triggers) From the condition of the While loop.
(Consistency) Since ContractBy ensures consistency and since B

is assumed consistent, Bout on Line 0 is consistent. Bout on Line 1
and Line 2 are consistent, since ContractBy ensures consistency.
Bout on Line 311 is consistent for the same reason. Bout on Line 312

is consistent by the condition of the If on Line 310 . Finally, Bout

on Line 32 is consistent. Hence the output of ReviseBy(B, Info)
satisfies Consistency.

5 See the proof of the theorem right below for details.
6 We apply this principle on the supposition that when judges see an update necessary,

they should have already checked that the update would not contradict the present civil
code.
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(Uniqueness) Be Info a sentence or a triple, on Line 30 Bout satisfies
Uniqueness, due to Line 1 or Line 2. Then the output straightfor-
wardly satisfies Uniqueness, since F2 on Line 312 is a sentence, and,
in that case, the second component of Bout +F2 is the same as that
of Bout by the definition of +. ut

3 The Example Revisited

We instantiate our framework with the example in Section 1. To model
the civil code before the civil litigation, we set our language K to be
(Log, (Const,Pred)) where

– Const: comprises lessee, lessor, thirdParty, and leasedLand.
– Pred: comprises ternary predicates allowUseTo and subleaseTo; bi-

nary predicates gainApprovalOf and cancelContract; and unary pred-
icates isLessee, isLessor, isThirdParty and isLeasedThing.

We then set the initial B (which is (Cn(Articles ∪ Facts),Exceptions)), as
follows. DISTINCT(x1, x2, x3, x4) is the abbreviation of∧

for all i,j∈{1,2,3,4} such that i6=j xi 6= xj.

– Articles: comprises, for brevity, only the Article 612:
∃x1 ∃x2 ∃x3 ∃x4.isLessee(x1) ∧ isLessor(x2) ∧ isThirdparty(x3) ∧ isLeasedThing(x4)

∧ DISTINCT(x1, x2, x3, x4) ∧ (allowUseTo(x1, x3, x4) ∨ subleaseTo(x1, x3, x4))

∧ ¬gainApprovalOf(x1, x2) ⊃ cancelContract(x2, x1).
Let this sentence be F .

– Facts: is empty.
– Exceptions: has F [p8, Fx] where
• p8 is noConfidenceAbuseBy(lessor, lessee).
• Fx models the updated Article 612:
∃x1 ∃x2 ∃x3∃x4.¬noConfidenceAbuseBy(x2, x1) ∧ isLessee(x1) ∧ isLessor(x2) ∧
isThirdparty(x3) ∧ isLeasedThing(x4) ∧ DISTINCT(x1, x2, x3, x4) ∧
(allowUseTo(x1, x3, x4) ∨ subleaseTo(x1, x3, x4)) ∧ ¬gainApprovalOf(x1, x2) ⊃
cancelContract(x2, x1).

.

B hence represents the civil code that has just one article which may
update on reaction to the discovery of p8.
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At this point a civil litigation over cancellation of a lease contract begins
between two parties. The contract states that ‘lessee’ is the lessee and
that ‘lessor’ is the lessor who has let a land ‘leasedLand’ to ‘lessee’.
There is an evidence that ‘lessee’ has let a third party, ‘thirdParty’,
use the land.

Let us reflect these. We add isLeasedThing(leasedLand) (denote it by p1),
isLessee(lessee) (by p2), isLessor(lessor) (by p3), isThirdParty(thirdParty) (by p4),
and allowUseTo(lessee, thirdParty, leasedLand) (by p5) as well as
DISTINCT(lessee, lessor, thirdParty, leasedLand) (by p6) into Facts of B, de-
riving a new belief set B1: ReviseBy×6((((((B, p1), p2), p3), p4), p5), p6), which
in this example is the same as (((((B + p1) + p2) + p3) + p4) + p5) + p6.

The lessor now proves that the lessee let the third party use the land
without his approval.

We have B2 = ReviseBy(B1,¬gainApprovalOf(lessee, lessor)). At this point, it is
true that cancelContract(lessor, lessee) is in the first component of B2.

However, judges at the Supreme Court notice an exceptional circum-
stance in this litigation, which is that there is no evidence that confi-
dence of the lessor in the lessee has been abused by the lessee. They
conclude that the civil code article is applicable only if abuse of confi-
dence is evidenced.

Here B2 is revised by new information noConfidenceAbuseBy(lessor, lessee),
which incidentally is p8. We have: ReviseBy(B2, , p8). Notice that the
language of B2, which is still K, does not involve p8. Once the be-
lief revision takes place, however, we see to it that it becomes K1 :

(Log, (Const,Pred∪{noConfidenceAbuseBy})), noConfidenceAbuseBy the p8 be-
ing the newly discovered fact that triggers the update of F to Fx.
And because of this, the cancelContract can no longer be in the first
part of the resulting belief set: let Ba be the belief set that is re-
vised by the triple; by the Line 311 of ReviseBy, contraction of Ba

by F takes place, at which point cancelContract(lessor, lessee) must
be removed by (Closure) and (Success 2) of ContractBy, and the
addition of the updated code article Fx on Line 312 does not recover

24



cancelContract(lessor, lessee) because it is not a logical consequence of
Fx in K2.

4 Related Works and Discussion

Traditional belief revision approaches revise a belief set (in the AGM
sense [1]) with new information by possibly removing existing informa-
tion in contention first, and by then adding the new information. Some
argue that revision/contraction by modification rather than by dele-
tion of existing information reflect norm changes more faithfully [5,10].
In [10] Maranhão proposes a weak belief acceptance model. When new
information F1 is in conflict with existing information, his model accepts
F2 ⊃ F1 instead of F1, that way precluding inconsistency in the result-
ing belief set. He also considers the cases where existing information is
instead weakened by a conditional proposition. These refinement opera-
tions can be used to accommodate new information as much as possible
without contradicting an existing belief set. In [5], Giusto and Gover-
natori consider what they call the minimax revision for belief bases not
necessarily closed under the logical consequence relation. They, too,
show how propositions can be weakened to avoid inconsistencies. Com-
pared to their works, our approach is in a way more traditional. To
update F1 into F2 in a belief set in our framework, the belief set is con-
tracted (deleted) by F1, which is then revised by F2. However, because
we make use of an extended belief set which has not only propositions
but also proposition triples as latent update instructions, the two belief
change operations: contraction first and then revision, are coupled very
tightly as if they were one single belief change operation. In this sense
our approach can also be used to model norm changes. Flexibility is en-
sured by not predestining in what way an existing belief as a civil code
article must be changed. Also, that the update instructions do not ac-
tively interfere with the propositions in the same belief set means that
the AGM postulates are left untouched, which is - at the very least
from a compositional perspective - a nice property. We believe that our
approach can be adjusted to capture different ways of changing norms
such as annulments and abrogations [6,7], but leave the extension to a
future work.
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5 Conclusion

We developed a formal framework to handle civil code updates on re-
action to the discovery of exceptional circumstances, which we went
through with one civil case example. Based firmly on a belief revision
theory, our framework guarantees that a civil code update be modelled
in a logically reasonable manner.
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Abstract. Data protection, currently under the limelight at the Eu-
ropean level, is undergoing a long and complex reform that is finally
approaching its completion. Consequently, there is an urgent need to
customize semantic standards towards the prospective legal framework.
The aim of this paper is to provide a bottom-up ontology describing the
constituents of data protection domain and its relationships. Our con-
tribution envisions a methodology to highlight the (new) duties of data
controllers and foster the transition of IT-based systems, services/tools
and businesses to comply with the new General Data Protection Regula-
tion. This structure may serve as the foundation in the design of present
and future information systems abiding to data protection legal require-
ments.

Keywords: Legal ontology; data protection; General Data Protection
Regulation; compliance; business process; BPMN.

1 Introduction

The goal of the privacy and data protection domains of law is to protect the
personal information of individuals in a given jurisdiction. With the advent of
social media and the uptake of digital technology, the availability of digital ser-
vices and the soon-to-be Internet of Things have dramatically increased the
amount of information collected and processed by governments and companies.
Accordingly, businesses are continually developing techniques (such as machine
learning, big data analytics, natural language processing) and applications to
exploit data assets, to the detriment of new concerns of profiling, identification
and re-identification risks.

The European Union (EU) is in the process of upgrading the current data
protection law, which is based on the so-called Data Protection Directive (DPD),
to a more modern and uniform legislation [33], in accordance with the recent
technological progresses. The objective is to enhance individuals’ rights, give
them more control over their own data, simplify the regulatory environment for
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businesses, and set the foundation for the Digital Single Market [15]. The main
legislative document of the reform is the General Data Protection Regulation
(GDPR), which constitutes the basis for the general protection of personal data.
Although the new legislation is in its final stages, it will not be in force before
2018. The text of the GDPR is not finalized yet, and the latest official version
released by the Commission dates back to early 2012 (although versions amended
by the Parliament and the Council have either been published or leaked to the
general public).

The new legislation is set to introduce fines as high as 5% of the annual global
turnover (depending on the version of the GDPR) and new inquisitory powers
of Data Protection Authorities (DPAs) [25]. Enterprises will then be pressed to
avoid infringements, but most of the duties of the data controller are expressed
in evaluative terms - one above all, the “appropriate technical and organizational
measures” for security (Article 30 of the draft Regulation) - making it difficult
for the data controller to know the exact extent of its obligations.

Achieving compliance is no easy task. The transition of organizational and
technical measures adopted by businesses would be eased by the existence of
standards to adopt, and auditing companies to verify the adherence to those
standards. However, no significant standards currently exist for data protection,
much less in the light of the upcoming reform. However, in computer science, data
protection (often called privacy) is considered as a sub-domain of security [29,24].
Indeed, some overlapping exists between the two. For example, some provisions in
data protection legislation require that the data processing be performed under
appropriate security measures. An early-stage research [6] aims at evaluating the
overlapping between the GDPR and security standards, such as the ISO 27000
family, and in particular ISO 27001:2013 [21], to measure the degree of coverage
of the data protection rules a security standard would cover. This would help a
data controller who adopts a widespread security standard (which relies upon
many years of expertise and consolidated auditing firms and methodologies)
better understand what is required on their part to achieve GDPR compliance.

Our previous research [7] has introduced a basic ontology of the data protec-
tion domain in the context of the GDPR, with a focus on the scope and extent
of the duties and obligations of the data controller. The purpose of this paper is
to develop on that ontology, laying out the basis of a methodology to extend a
workflow model (such as a business process) with annotations that express data
protection requirements by means of the proposed ontology. In other words, the
ontology will constitute the knowledge base from which the concepts to annotate
the workflow model are extracted. Such an approach can provide benefits for a
number of stakeholders:

– data controllers would have a clearer view of their duties with respect to
data protection in the context of their business;

– the auditors would have a first-look model to assess the GDPR compliance;
– DPAs would have a structured approach to detect potential violations.

The paper is organized as follows. In section 2, we describe the related work
concerning domain legal ontologies within data protection and privacy, and busi-
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ness processes. section 3 presents the ontology definition, explaining how to de-
scribe data protection concepts by means of ontologies and describing the on-
tology requirements and construction. section 4 portrays a sample extension of
business processes using the envisioned legal ontology. Finally, in section 5, we
give a set of conclusions and future work.

2 Related Work

“Domain ontologies” in the legal field focus on a particular area of law, but
their relevance is constrained by their subject-matter modeling [11] and only
some have been applied beyond the prototype stage. Some of the pertinent do-
main ontologies are briefly mentioned in terms of their purpose, subject-matter,
reusability, and availability. Despite efforts in representing data protection do-
main, according to our best knowledge, there is no ontological representation
that specifically addresses the data protection legislation in the light of the re-
form, as well as the duties of data controllers and the corresponding rights of
data subjects.

The LegLOPD ontology [26] was applied for the preservation of privacy in
location-based services. It modelled concepts from the Spanish data protection
law, reused concepts from the LRI Core, and its ontological development process
followed the TERMINAE method. The essential structure to be protected in
LegLOPD is the concept of private data, derived from an LRI Core abstract
concept.

The OntoPrivacy [10] ontology modelled a glossary of keywords from the
Italian Personal Data Protection Code. A bottom-up approach was used as the
lexicon was the basis to build the ontology. It consisted of a domain ontology
reusing top level ontologies. OntoPrivacy has been created to support a tool that
allows to query the functional profile of legislative data.

The Neurona Ontologies [12] are application-oriented, and modelled the knowl-
edge for the development of data protection compliance to offer reports regard-
ing the correct application of security measures to data files containing personal
data. Their design is based on a Data Protection Knowledge Ontology, which
contains the core concepts of the system, and a Data Protection Reasoning
Ontology, to assess data protection compliance. These ontologies provide legal
professionals and citizens with better access to legal information, but could also
support data protection and privacy compliance in organizations and adminis-
trations. However, there are several problems that make them unsuitable for the
purposes of the current research: they are proprietary and focused on the re-
quirements of the Spanish national data protection law; and their point of view
is not focused on the duties of the data controller.

The Privacy by Design (PbD) approach requires that data protection mea-
sures are implemented already at the determination of the means of the process-
ing (Article 23 of the GDPR), addressing the design and the implementation of
a system. An ontology framework based on the PbD approach [23] consists of
nine base ontologies, eight domain ontologies and four application specific on-
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tologies. Another interesting approach is presented in [30]. However, that work
is not focused on the obligations of the data controller, but rather on expressing
the legal norms using an ontology to enforce access control policies.

The idea of extending notations by means of ontologies is not novel [31,28].
It has been acknowledged [18] that ontologies can be integrated in the Software
Development Life Cycle (SDLC) in any situation when a domain (the data pro-
tection requirements in our case) is frequently used. However, the proposal of this
paper addresses the use of the ontology in software design not for the purposes of
detailing the application domain of the software, but to specify legal constraints
with which the software, or more generally the business process, must comply
with. This approach will allow a more consistent interaction between the data
controller, the auditors, and the DPAs to ease the transition to the GDPR.

3 An ontology for data protection rules

3.1 Ontology Requirements

The ontology requirement specification is a methodology that facilitates the
development of the ontology [35]; in particular, it i) enhances the search for
available and existing knowledge resources to be reused in the ontology develop-
ment; and ii) permits content verification of the ontology’s requirements. In this
section, we follow that approach.

A collaboration between experts in the domains of legal ontologies and data
protection reform (in order to interpret their precepts) is an inherent part of the
present ontology development; the involvement of legal experts strengthens the
correctness and the application of this domain ontology.

Our ontological commitment [14] provides a foundational structure in relation
to the new data protection reform. In particular it identifies the scope and extent
of the obligations of the data controller, especially in relation to the rights of the
data subject.

The ontology development methodology is based on a bottom-up approach,
manually extracting terms from official legal documents and using knowledge
sources for definitions. We supported our knowledge acquisition step in the selec-
tion of the relevant knowledge sources. As established by most ontology method-
ologies nowadays, the development consists of 1) a preparatory phase (the speci-
fication of ontology requirements); 2) the development phase (knowledge acquisi-
tion, experts, reuse conceptualization, definition of classes, relations, properties,
instances, expert validation and formalization); and 3) the forthcoming evalua-
tion phase (internal consistency, requirements, competency questions, and expert
evaluation), which will be part of a future work. The domain-specific knowledge
was harvested from a documental corpus from official normative sources, partic-
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ularly the DPD, the GDPR (permeable to changes in the final text4), and the
Handbook on European data protection law [16].

Pursuing the context of use (users and use), this work anticipates the impact
that the GDPR is likely to have on firms once it enters into force. While busi-
nesses have a legitimate interest in collecting personal data as information assets
to achieve their business goals, they should also comply with regulatory require-
ments. The chosen context of use improves the understanding of this domain,
and enhances integration/interoperation within a business process.

Competency Questions (CQs) for ontology requirement description, develop-
ment and further evaluation can help expound scope and domain in ontology
design methodologies [17,36]. For our data protection ontology, the following are
CQs: 1. What are the obligations of a data controller? 2. What are the functions
of a data processor? 3. What are the rights of the data subject? 4. How do the
rights of the data subject relate to the obligations of the data controller and the
functions of the processor? 5. How can a data subject interact and/or enforce
their rights against a data controller? 6. What are the possible fines and sanc-
tions issued in response to violations by data controllers? 7. Who supervises a
data controller?

Concerning non-functional requirements, this ontology is expressed in Web
Ontology Language (OWL) [5] and uses Protégé [27] as the ontology development
environment. A graphical depiction of the ontology is shown in Figure 1. The
framework presented in this paper relies on previous efforts of the community
in the field of legal knowledge representation, therefore we reuse concepts from
LKIF Core and SKOS.

The structure [9] of the presented ontology is the result of the combination
of two different approaches: the ontology design is derived from [16], with only
a few slight modifications to address the changes introduced in the GDPR. The
conceptualization focuses on constructing formal specifications highlighting the
obligations of the data controller and (when possible) matching them with the
corresponding rights of the data subject. In this sense, the ontology is structured
in a way similar to the Hohfeldian model [20] (as described in subsection 3.2).

3.2 Describing data protection concepts

The perspectives on the sources of legal knowledge in terms of users of legal
knowledge (the end-users we described above), provide a specification of what
terms and definitions are used [8] (rather than a broad legal context of data
protection). Legal knowledge analysis and acquisition is based on [16], which
constitutes our conceptual framework (together with the GDPR) and provides
a high-level partitioning of the European data protection. The ontology’s archi-
tecture follows the same structure, and therefore it is made up of the following
blocks:
4 We used the official Commission text, COM(2012) 11 final. To better sharpen the
scope, the ontology does not refer to decisions of courts or DPAs. The purpose is not
to define a model of the legal text, but to model the requirements that the controller
must meet to be compliant with the legislation.
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1. the basic data protection principles;
2. the rules of data processing (constituting most of the duties of the data

controller);
3. the data subject’s rights.

An ontology entails a given level of consensus in a particular community.
Within the data protection domain this includes basic data protection principles,
as they have been established over the years by the Council of Europe (CoE),
the EU, and the national DPAs. These serve as the foundation for our ontology.
It is from these concepts that we derive and define the obligations of the data
controller while contrasting them to the rights of the data subject. The result
of the principles analysis is a set of ontology classes, their attributes and the
relations between them.

The following is an enumeration of some of the principles, as classified un-
der the European Data Protection Handbook [16]: lawfulness principle; purpose
limitation principle (personal data must be processed for specified and lawful
purposes); data quality principles (data must be adequate, relevant and not in
excess in relation to the purpose of the processing, accurate, up to date); prin-
ciple of data minimization, among others. A more detailed description of the
principles underlying the ontology is given in [7].

The data protection principles constitute the unifying harmony underlying
controller’s obligations (called Rules in the ontology, to ensure consistency with
the knowledge sources) and data subject’s rights. Since they are reifications of
the general principles, in the ontology every data processing rule or data sub-
ject’s right is a subclass of some principles. For example, the LawfulnessPrinciple
entails a LawfulnessRule, which is a processing rule, and can consist of the data
subject’s Consent, a LegalObligation of the controller, a VitalInterest, a Con-
tract, and so on.

To relate the data subject’s rights with the corresponding rules of the con-
troller, we define the deontic concepts in terms of correlative relations between
right and rule (obligation), assuming symmetric roles. As an example of such an
approach, the data subject’s right to access corresponds to the obligation of the
controller to provide means to request access to the data. To exercise the right,
the data subject must perform a single access, which is defined as a subclass
of the right to access, and is bound by a relationship with the data for which
access is requested; similarly, the data subject can exercise the right to object to
the processing of personal data. The objection (a subclass of the right to object)
is related to a specific processing by a functional property called isObjected,
defined in the domain of Processing. This property is also used to define the
lawfulness of the processing, because personal data cannot be lawfully processed
if the data subject has exercised the right to object.

Table 1 shows the hierarchy of the main concepts of the ontology.
Relations bind two resources (normally classes), and for each relation a do-

main and a range can be defined. A domain is the set of possible classes where
the relation can be applied, and a range is the set of possible values of a relation.
Table 2 shows the main relations in the ontology.
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Root Classes Subclasses
Data Processing Processing activity, Processing Mode, Lawful processing
Data Subject Right Right to rectification, Right to object, Right to no profiling,

right to portability, right to erasure
Processing Rule Compliance, Impact Assessment, Transparent information,

Security, Lawfulness Rule
Table 1. Top-level hierarchy.

Relation Domain Range
hasObligation Controller Legal Obligation
notifyBreach Controller Data Breach
consentGrantedBy Consent Data Subject
AccessData Right of Access Personal Data

Table 2. Main relations.

To formalize the ontology, a useful subset of classes were reused from LKIF
Core in order to offer a solid support for the acquisition, sharing and reuse
of legal knowledge. LKIF Core [19] is an established legal ontology. Our most
generic concepts were linked with LKIF-Core concepts (such as the right, rule,
legal person and natural person) using the SKOS data model5. Our alignment
is compliant to it, but axiomatizes domain concepts of data protection, which is
our priority and ontological commitment. There was therefore no need to extend
the core ontology.

4 Extending business process notation

The ontology described in section 3 can be used to aid a data controller in
being compliant with the GDPR. When developing a software system, the PbD
approach mentioned in section 2 means that the SDLC should address data
protection. The SDLC is a workflow which can be expressed by means of formal
notations such as Unified Modeling Language (UML) [22]. However, UML is
domain-neutral. To express data protection, the data protection ontology would
be useful: by exploiting UML’s extensibility features [3], such as profiles, the
expressiveness of (for example) activity or sequence diagrams can be enhanced, to
specify data protection activities or requirements that a certain software routine,
component, class should address.

But this is not sufficient for GDPR compliance. Many of the obligations of
the GDPR involve organizational requirements (such as a risk assessment), and
also manual processing. Some of these activities have nothing to share with the
SDLC, but are still subject to the GDPR.

In this perspective, business processes [13] are more suited to embrace all
the activities that can be subject to the GDPR, regardless of whether they
5 http://www.w3.org/2009/08/skos-reference/skos.html.
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are performed manually or software-based, or have a technical or organizational
nature. Business processes are used to provide a description of the relationships
between the various activities performed within a business, at various degrees of
detail [34].

Various notations exist for specifying business processes, the most popular of
which are Web Services Business Process Execution Language (WS-BPEL) [4]
and Business Process Model and Notation (BPMN) [2], which have some similar-
ities but still differ in scopes and domains [32]. They are based on an eXtensible
Markup Language (XML) grammar and have extensibility features, including the
possibility of using tags from different XML languages (such as the OWL/XML
serialization of the ontology). We chose to implement an extension of BPMN to
demonstrate the possibilities offered by the present work, but the methodology
is a general one that can be applied to any extensible notation.

Introducing data protection requirements by means of an ontology is a method-
ology that can be used in conjunction with different technologies, and it also
provides a means to make heterogeneous models interoperable. In other words,
the description of a workflow process might use different models at different lev-
els (e.g., UML and BPMN): if both are extended using the same ontology, the
data protection requirements would be consistent, thus easing the integration
and auditing of the overall workflow.

4.1 BPMN implementation

The proposed approach has been integrated, although at a very basic level, in
a BPMN 2.0 modeling tool. BPMN does not have a uniform implementation.
Although it is defined as a standard, it is designed so that its implementation
is platform-specific. For the purposes of the present paper, we have selected
the Eclipse BPMN2 Modeler6. It is an Eclipse plugin which implements BPMN
features using Model-Driven Engineering (MDE) techniques and the Ecore meta-
model. The Eclipse version used is 4.5 (Mars).

The BPMN standard defines several different diagrams (Process, Collab-
oration, Choreography and Conversation) which serve different purposes.
For this example, we only focused on the Process diagram, although the same
methodology can be extended to all diagram types. We created an Eclipse exten-
sion plugin for BPMN, defining a new type of Task called Data Protection
Task. The new task type has a distinctive graphic appearance (marked with
a red icon) and supports annotations extracted from the ontology. The prop-
erties of the new Data Protection Task include a new tab which allows to
introduce the annotations for data protection.

The implementation of the form to add the annotations parses through the
data protection ontology using the OWL Application Programming Interface
(API)7. Since our purpose is to offer a way to specify the activities that a data
controller must perform for GDPR compliance, the reasoner selects the OWL
6 https://www.eclipse.org/bpmn2-modeler/
7 http://owlapi.sourceforge.net/
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classes that are descendants of the Rule class. This is a rough implementation,
but it can be refined at the desired level, using the ontology structure or its
instances, adding extra parameters and so on.

Figure 2 shows the interface of the extension plugin in operation and a sam-
ple application of the extended notation8. The example, which is built upon
the official BPMN example from [1, p. 170], is not a real business process, but
only aims at showing the possibilities of our approach. Some Tasks have been
replaced with Data Protection Tasks. So, for example, the Handle Order
activity has been annotated with the following three ontology classes:

Consent because the data subject must consent to the processing;
Security to ensure the protection of security measures;
AppropriateSafeguards because the customer’s data might have to be trans-

mitted to a vendor which might be located in a non-EU country.

5 Conclusions

In this work, the authors have presented a methodology to address the GDPR
requirements within a business process by means of an ontology for personal data
protection, to assist data controllers in achieving compliance with the upcoming
data protection reform. The modeling was carried out manually by a legal expert.
The provisions that contain duties for the data controller and rights for the data
subject, have been selectively identified and built into the ontology.

The granularity of the ontology is still quite coarse. High detail would be
required in a judicial perspective, but not in the scope of the current research.
However, some of the concepts expressed in the ontology are vague because they
are expressed as such in the law, and not fit for direct usage. These concepts
must be coordinated with knowledge from other domains. Computer security
standards can partly fill these gaps, so understanding the relationship between
them and the GDPR would be key to a fast transition to the new legislation.

This ontology is by definition a work in progress. It will have to be adapted
to the changes in the legal text when a final version of the GDPR is released.
However, in the final text, the core concepts expressed in the ontology won’t
drift significantly from the current ones. This structure is the basis for further
refinements. It will act as a starting point which was necessary to pursue the
long-term goal of verifying compliance with the GDPR.

The approach presented in this work may ease the transition from the DPD
to the GDPR and provide a basis for the PbD model. It can provide benefits
to all end-users. Data controllers and processors will be able to determine what
their duties are, on the basis of the rights of the data subject. Auditors will
have a structured knowledge that can dissipate the mists of terminological un-
certainties. DPAs can speed up their procedures thanks to a clearer notation.
8 The sources are available at https://bitbucket.org/guerret/lu.uni.eclipse.
bpmn2. The “resources” folder contains the OWL file with the ontology.
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The formalization of the meaning of legal terms in an ontology could help com-
pare the impact of the new legislation on the existing national regimes, as well as
overcome linguistic differences in data protection across the EU. Also, expressing
the controller’s requirements through an ontology will allow to more easily adapt
the design to changes in the law and its interpretation, in a dynamic perspective.

The ontology may encompass automated classification to facilitate finding
documents. Querying performance is foreseen as a future development in our
ontology, using SPARQL-DL to ascertain the corresponding rights and duties.
For example, a database structured according to the ontology could be queried
by data subjects to retrieve the rights and remedies in case of breaches and vio-
lations; by data controllers, to understand their obligations; by data processors,
to clarify their functions.

The long-term aims of the current research focus on assessing compliance to
the GDPR by means of security standards. This purpose will require develop-
ment a similarly-structured ontology for security standards and a methodology
to compare the degree of overlapping between the two normative bodies.

From a technical perspective, there are many improvements that can be in-
vestigated as well. The sample plugin introduced in section 4 could benefit from
a more formal implementation using MDE, for example by defining the meta-
model of the extension, integrating it with the meta-models of BPMN and OWL,
and using it to generate the supporting classes.

Regardless of the underlying technologies used, the integration of the SDLC
or business process notation with the data protection annotations from the on-
tology could also be enhanced with metrics to analyze the degree of coverage
of the GDPR. Finally, the proposed extension still lacks an adequate validation
methodology.
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Fig. 1. Schema of the data protection ontology.
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(a) The BPMN extension plugin.

(b) Procurement process example.

Fig. 2. The data protection ontology extension plugin.
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Abstract. Abductive Logic Programming (ALP) has been exploited to
formalize societies of agents, commitments and norms, taking advan-
tage from ALP operational support as a (static or dynamic) verification
tool. In [7], the most common deontic operators (obligation, prohibi-
tion, permission) are mapped into the abductive expectations of an ALP
framework for agent societies. Building upon such correspondence, in [5],
authors introduced Deon+, a language where obligation and prohibition
deontic operators are enriched with quantification over time, by means
of ALP and Constraint Logic Programming (CLP).
In recent work [28, 29], we have shown that the same ALP framework
can be suitable to represent Datalog± ontologies. Ontologies are a fun-
damental component of both the Semantic Web and knowledge-based
systems, even in the legal setting, since they provide a formal and ma-
chine manipulable model of a domain.
In this work, we show that ALP is a suitable framework for representing
both norms and ontologies. Normative reasoning and ontological query
answering are obtained by applying the same abductive proof procedure,
smoothly achieving their integration. In particular, we consider the ALP
framework named SCIFF and derived from the IFF abductive frame-
work, able to deal with existentially (and universally) quantified variables
in rule heads and CLP constraints.
The main advantage is that this integration is achieved within a single
language, grounded on abduction in computational logic.

1 Introduction

Norms represent desirable behaviors of members of a human or artificial society.
A normative system is a set of norms, together with mechanisms to reason

about, apply, and modify them. Norms can be encoded by exploiting the notions
of obligation, permission and prohibition, often modelled as modal operators, in
the tradition of Deontic Logic [43].

As for the structure of the formulas representing norms, a widely adopted
approach is to encode norms as logical rules in the form of implications, since:
(i) implications correspond intuitively to conditional norms, which state that
some deontic consequence (such as the obligation for an agent to perform an
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action) follows from a state of affairs; (ii) rule-based systems also provide an
operational support for reasoning, and draw conclusions (regarding, e.g., ex-
pected behavior, or norm violations and related sanctions). In the legal domain,
the British Nationality Act was formalized using Logic Programming [41]; later,
argument-based extended logic programming with defeasible priorities [37] and
the use of defeasible logic was proposed [31]. Satoh et al.’s PROLEG is a Prolog
implementation of the Presupposed Ultimate Fact Theory of the Japanese Civil
Code [40]. The contract cancellation under the Japanese law was also formalized
in computational logics [20].

Normative systems have been also advocated as a tool to model and reason
upon a single agent, as in [13] where a normative system can be seen as a norma-
tive agent, equipped with mental attitudes, about which other agents can reason,
choosing either to fulfill their obligations, or to face the possible sanctions.

More often, normative systems regulate interaction in multi-agent systems
[12]. Among the organizational models, [21, 23, 22] exploit Deontic Logic to spec-
ify the society norms and rules. The whole research project ALFEBIITE [10] was
focused on the formalization of an open society of agents using Deontic Logic.

The EU IST Project SOCS proposed a Computational Logic approach to
multi-agent systems. The SOCS social model represents and verifies both social
interaction protocols among members regulated via abductive expectations [2],
and member specifications themselves [14] in Abductive Logic Programming
(ALP). Both approaches have been later applied to model and reason about
norms with deontic flavours [7, 38].

In the EU project IMPACT [11, 25], agent programs may be used to specify
what an agent is obliged to do, what an agent may do, and what an agent cannot
do on the basis of deontic operators of Permission, Obligation and Prohibition
(whose semantics does not rely on a Deontic Logic semantics).

In the meantime, legal ontologies have proved crucial for representing, pro-
cessing and retrieving legal information. A collective reflection on the theoretical
foundations of legal ontology engineering is [39]. The ESTRELLA project [26]
aimed at developing a standard based platform allowing public administrations
to deploy comprehensive legal knowledge management solutions. To this pur-
pose, the project developed a Legal Knowledge Interchange Format (LKIF),
building upon OWL, and modeled European tax related legislation and national
tax legislation of two European countries as case studies. Integration of rules
and ontologies has been faced in [9], which proposes a normative language that
combines expressivity of Logic Programming and Description Logic (DL) for hy-
brid knowledge bases modeling human laws, with examples from the Portuguese
Penal Code. Another approach is the mapping of DL into computational logic;
for example the ALCN Description Logics was also mapped into Open Logic
Programming [42], an extension of ALP. Notable work has been done also in
applying abductive reasoning to DL [34, 24].

In Computational Logic, ALP has been proved a powerful tool for knowledge
representation and reasoning [33], taking advantage from ALP operational sup-
port as (static or dynamic) verification tool. ALP languages are usually equipped
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with a declarative (model-theoretic) semantics, and an operational semantics
given in terms of a proof-procedure. Several abductive proof procedures have
been defined, with many applications (diagnosis, monitoring, verification, etc.).
The IFF abductive proof-procedure [27] was proposed to deal with forward rules,
and with non-ground abducibles. It has been later extended [4], and the resulting
proof procedure, named SCIFF, can deal with both existentially and universally
quantified variables in rule heads and Constraint Logic Programming (CLP)
constraints [32]. The resulting system was used for modeling and implementing
several knowledge representation frameworks, such as deontic logic [7], where the
deontic notions of obligation and permission are mapped into special SCIFF ab-
ducible predicates, normative systems [5], interaction protocols for multi-agent
systems [8], Web services choreographies [1], etc.

In this work, we move a step forward, by showing that ALP, and SCIFF in
particular, is a suitable framework for representing and integrating both norms
and Datalog± ontologies. Normative reasoning and ontological query answering
are obtained by applying the SCIFF abductive proof procedure. The main ad-
vantage is that this integration is achieved within a single language, grounded
on abduction in Computational Logic.

The paper is organized as follows. We first introduce ALP and the SCIFF
framework in Section 2, also mentioning its underlying proof procedure. Then,
in Section 3, we introduce (a subset of) the deontic language Deon+ and show
its mapping into SCIFF. Section 4 introduces Datalog± to formalize ontologies,
and shows its correspondence to SCIFF integrity constraints. This paves the
way to the integration of norms and ontologies, discussed in Section 5, where
we show a simple example, with norms and an ontology, and discuss the kind
of inference supported by the SCIFF proof procedure. More relevant related
work is mentioned throughout the various sections. In Section 6 we conclude the
paper, and outline future work.

2 ALP and the SCIFF language

Abductive Logic Programming (ALP) is a family of programming languages
that integrate abductive reasoning into logic programming. An ALP program
consists of a logic program, also called knowledge base KB, that is a set of clauses
head ← body; beside the defined literals, the body can also contain literals of
some distinguished predicates, belonging to a set A and called abducibles. The
aim is finding a set of abducibles ∆A, built from symbols in A, that, together
with the KB, is an explanation for a given known effect (called goal G) and
satisfies a set of logic formulae, called Integrity Constraints (ICs):

KB ∪∆A |= G
KB ∪∆A |= IC.

SCIFF [4] is a language in the ALP class, extension of the IFF proof-
procedure [27]. As in the IFF, integrity constraints are in the form body → head
where body is a conjunction of literals and head is a disjunction of conjunctions
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of literals. While in the IFF the literals can be built only on defined or abducible
predicates, in SCIFF they can also be CLP constraints, occurring events (only in
the body), or positive and negative expectations, as explained in the following.

Definition 1. A SCIFF Program is a pair 〈KB, IC〉 where KB is a set of
clauses and IC is a set of logic implications called Integrity Constraints.

SCIFF considers a (possibly dynamically growing) set of facts (called his-
tory) HAP, that contains ground atoms H(Event[, T ime]). This set can grow
dynamically, during the computation, thus implementing a dynamic acquisi-
tion of events. Some distinguished abducibles are called expectations. A posi-
tive expectation, written E(Event[, T ime]) means that a corresponding event
H(Event[, T ime]) is expected to happen, while EN(Event[, T ime]) is a negative
expectation, and requires events H(Event[, T ime]) not to happen. To simplify
the notation, we will omit the Time argument from events and expectations
when not needed.

Variables occurring only in positive expectations are existentially quantified
(expressing the idea that a single event is enough to support them), while those
in negative expectations are universally quantified, so that any event matching
with a negative expectation leads to inconsistency with the current hypothesis.
CLP [32] constraints can be imposed on variables. The computed answer includes
in general three elements: a substitution for the variables in the goal (as usual
in Prolog), the constraint store (as in CLP), and the set ∆A of abduced literals.

The declarative semantics of SCIFF includes the classic conditions of ALP:

KB ∪HAP ∪∆A |= G (1)

KB ∪HAP ∪∆A |= IC (2)

plus specific conditions to support the confirmation of expectations.
As the history can be dynamically growing, it makes sense to adopt either

an open or closed world assumption on the history, depending on the envisaged
application. SCIFF can support both types of reasoning. In a skeptical reasoning
attitude, all hypotheses that are not explicitly confirmed are rejected, assuming
that no more events can happen (closed world assumption on the history): all the
positive expectations that are not matched with an actual event are disconfirmed
(symmetrically, the pending negative expectations are confirmed). In a credulous
reasoning attitude, a set of hypotheses is acceptable even if some hypotheses
are not explicitly confirmed, as long as the set is consistent. Declaratively, in
skeptical reasoning positive expectations are confirmed if

KB ∪HAP ∪∆A |= E(X)→ H(X), (3)

which is not required in a credulous attitude. In this paper we adopt a credulous
reasoning attitude. In both cases, negative expectations should not be discon-
firmed by actual events:

KB ∪HAP ∪∆A |= EN(X) ∧H(X)→ false. (4)
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and the same event cannot be expected both to happen and not to happen:

KB ∪HAP ∪∆A |= E(X) ∧EN(X)→ false. (5)

Definition 2 (SCIFF answer). Given a SCIFF program 〈KB, IC〉 and a his-
tory HAP, a goal G is a SCIFF answer if there is a set ∆A such that (1), (2),
(4) and (5) are satisfied. In this case, we write

〈KB, IC〉 |=HAP G.

The SCIFF proof-procedure is a rewriting system that defines a proof tree,
that represents all abductive solutions and whose nodes represent states of the
computation. A set of transitions rewrite a node into one or more children nodes.
SCIFF inherits the transitions of the IFF proof-procedure [27], and extends it
in various directions. We recall the basics of SCIFF; a complete description
is in [4], with proofs of soundness, completeness, and termination. An efficient
implementation of SCIFF is described in [6].

Each node of the proof is a tuple T ≡ 〈R,CS, PSIC,∆A〉, where R is the
resolvent, CS is the CLP constraint store, PSIC is a set of implications (called
Partially Solved Integrity Constraints) derived from propagation of integrity con-
straints, and ∆A is the current set of abduced literals. The main transitions,
inherited from the IFF are:

Unfolding replaces a (non abducible) atom with its definitions;

Propagation if an abduced atom a(X) occurs in the condition of an IC (e.g.,
a(Y )→ p), the atom is removed from the condition (generatingX = Y → p);

Case Analysis given an implication containing an equality in the condition
(e.g., X = Y → p), generates two children in logical or (in the example,
either X = Y and p, or X 6= Y );

Equality rewriting rewrites equalities as in the Clark’s equality theory;

Logical simplifications other simplifications like (true→ A)⇔ A, etc.

SCIFF includes also the transitions of CLP [32] for constraint solving.

In this paper we consider the generative version of SCIFF, called g-SCIFF
[3, 35], in which also the H events in IC’s heads are considered as abducibles.
A history HAP is provided as input, and further H atoms can be assumed like
the other abducible predicates; they are then collected in a set HAP′ ⊇ HAP.

Definition 3 (g-SCIFF answer). Given a SCIFF program 〈KB, IC〉 and a
history HAP, we say that a goal G is a g-SCIFF answer if there exist a set ∆A

and a set HAP′ ⊇ HAP such that (1), (2), (4) and (5) are satisfied.3 In this
case, we write

〈KB, IC〉 |=g
HAP HAP′ G or simply 〈KB, IC〉 |=g

HAP G.

3 In (1), (2), (4) and (5), one should read HAP′ instead of HAP.
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3 Norms in SCIFF

In [5], SCIFF was exploited to support legal regulations expressed in a deon-
tic language, named Deon+. In Deon+, (positive) actions are represented by
terms and, as usual in logic programming, terms can contain variables, con-
stants, terms. Building upon this action language, obligations are represented as
SCIFF atoms E(A, T ), where A is any action description, and T is a CLP vari-
able, existentially quantified. For instance, the sentence “It is mandatory that
John answers me”, corresponds to:

∃T E(answer(john,me), T )

as any reply in any time complies to the obligation, and the obligation will no
longer hold after John sends his answer.

In a similar way, prohibitions are represented as atoms EN(A, T ), where
again A is any action description, and T is a CLP variable, universally quan-
tified (unless it occurs also in a H or E atom, in such a case it is existentially
quantified). For instance, the sentence “It is forbidden that John smokes”, cor-
responds to:

∀T EN(smoke(john), T )

because in any time John is not allowed to smoke, and the fact he did not smoke
one minute ago does not allow him to smoke now and later on.

A notable advantage of adopting ALP is that the action language is not
limited to the propositional case, as in the examples above, but it can contain
variables in its turn, quantified (existentially or universally) as the T variable.

The adoption of CLP variables for representing time adds expressiveness to
deontic operators and easily recovers deadlines by constraints over time vari-
ables. Constraints imposed on universally quantified variables are considered as
quantifier restrictions [16]; a sentence like “It is forbidden that John leaves the
meeting before 10” is therefore represented in Deon+ as:

∀T : T < 10 EN(leave(john,meeting), T ).

Integrity constraints can be also exploited to represent conditional obligatori-
ness and the deontic logic of deadlines, as shown in [7]. For instance, integrity
constraints of the kind H(B)→ E(A) are suitable to represent the obligatoriness
of A given B, and the dyadic deontic operator Obl(A|B) in particular.

Deontic logic with deadlines and the operator O(ρ ≤ δ) proposed by [15],
meaning that the action ρ ought to be brought about before (or at the same
time) another action δ happens, can be mapped into the integrity constraint:

H(δ, Tδ)→ E(ρ, Tρ), Tρ ≤ Tδ.

The integrity constraint above therefore represents the obligatoriness of action
ρ at time Tρ ≤ Tδ, if δ happens at time Tδ.
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4 Datalog± Ontologies in SCIFF

W3C has supported the development of a family of knowledge representation
formalisms of increasing complexity for defining ontologies, called Web Ontology
Language (OWL). DLs were chosen as the logic-based counterpart for the OWL
family of languages.

In the Computational Logic realm, more recently, [19, 18] proposed Datalog±,
an extension of Datalog with existential rules for representing lightweight ontolo-
gies, encompassing the DL-Lite family, and achieving decidability and tractabil-
ity [17] under appropriate syntactic conditions.

In short, Datalog± extends Datalog by allowing existential quantifiers, the
equality predicate and the constant false in rule heads. Any Datalog± theory
may, in fact, include three types of implication rules: Tuple-Generating Depen-
dencies (TGDs), Negative Constraints (NCs) and Equality Generating Depen-
dencies (EGDs), as shown in the following. In standard Datalog, we can represent
a rule stating that the father X of any person Y is also a person:

∀X ∀Y fatherOf(X,Y ) ∧ person(Y ) → person(X)

In Datalog±, we get higher expressiveness, and by a TGD rule we can state that
any person X has a father Y who is also a person:

∀X person(X) → ∃Y fatherOf(Y,X) ∧ person(Y )

or that for any person X, and any couple of his/her fathers Y and Z, then Y
and Z must be the same, by the following EGD:

∀X ∀Y ∀Z fatherOf(Y,X) ∧ fatherOf(Z,X) → Y = Z

Finally, we can also state, by the following NC, that for any X, his/her father
and mother cannot be the same Y :

∀X ∀Y fatherOf(Y,X) ∧ motherOf(Y,X) → false

Declaratively, given a finite set of relation names R, a Datalog± theory T on
R, and a (ground) database D for R, the set of models of D given T , denoted
mods(D,T ), is the set of all (possibly infinite) databases B such that D ⊆ B
and every F ∈ T is satisfied in B.

In Datalog± the set of answers to a Conjunctive Query (CQ) q on D given
T , denoted ans(q,D, T ), is the set of all tuples t such that t ∈ q(B) for all
B ∈ mods(D,T ). With abuse of notation, we will write q(t) to mean answer t
for q on D given T .

Operationally, Datalog± query answering for CQs and Boolean Conjunctive
Queries (BCQs) is achieved via the chase, a bottom-up algorithm for deriving
atoms entailed by a given database D and a Datalog± theory. Informally, the
chase works on the database D and extends it through the so-called TGD and
EGD chase rules. When the body of a TGD is true in the database D, the TGD
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chase rule adds to D new atomic formulas corresponding to TGD’s heads with
new (null) variables for the existential ones, that are not already in D. Without
loss of generality, we assume that every TGD has a single atom in its head (by
introducing new predicate symbols, we can always transform TGD-rules with
multiple atoms in the head in sets of rules with only one). The EGD chase rule,
when the body of an EGD is true in the database D, tries to unify the two
terms implied in the equality in the EGD’s head. A hard violation is raised if
the unification fails. A more formal description can be found in [18, 17].

In [28, 29] we have shown that, by suitably extending the SCIFF proof-
procedure, we are able to represent in SCIFF a Datalog± program, and to use
it for ontological reasoning. SCIFF abductive declarative semantics provides the
model-theoretic counterpart to Datalog± semantics. Operationally, query an-
swering is achieved bottom-up via the chase in Datalog±, while in the ALP
framework it is supported by the SCIFF proof procedure, which applies ICs in
a forward manner.

In Datalog±, tuples can be added to the database through the TGD chase
rule, and unifications can be done via the EGD chase rule. We mimic the chase
through the propagation of integrity constraints in SCIFF. The SCIFF syntax
for integrity constraints is extended to allow for H literals in the head of integrity
constraints. H atoms are now considered as abducible atoms, so that, through
the propagation of integrity constraints, they are assumed as true if they occur
in the head of a (transformed) TGD. Coherently with both the Datalog± and
SCIFF syntax, variables that occur only in the head of an IC and that occur in
a H literal are implicitly existentially quantified.

The finite set of relation names of a Datalog± relational schema R is mapped
into the set of terms occurring in the H predicates of the corresponding SCIFF
program. A Datalog± database D for R corresponds to the (possibly infinite)
SCIFF history HAP, since there is a one-to-one correspondence between each
tuple in D and each (ground) fact in HAP.

A Datalog± theory T is mapped into a SCIFF program with an empty KB,
and IC = τ(T ), where ICs have (conjunctions of) H atoms and CLP constraints
(equalities in particular), or false in their heads, and are obtained by the τ
mapping from the original TGDs, EGDs, and NCs.

Terms and atomic formulas have the usual Logic Programming meaning.
The τ mapping is recursively defined as follows, where A is an atom, and F1,

F2, . . . , are Datalog± formulae:

τ(Body → Head) = τ(Body)→ τ(Head)
τ(A) = H(A)

τ(F1 ∧ F2) = τ(F1) ∧ τ(F2)
τ(false) = false

τ(Yi = Yj) = Yi = Yj
τ(∃X A) = H(A)

where the last equation comes from the fact that the quantification for variables
that occur only in H literals in the head of an IC is always existential, and it is
implicit in the SCIFF syntax.
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A Datalog TGD F of the kind body → head is mapped into the SCIFF
integrity constraint IC = τ(F ), where the body is mapped into conjunctions
of SCIFF atoms, and head into conjunctions of SCIFF abducible H atoms.
Existential quantifications of variables occurring in the head of the TGD are
maintained in the head of the SCIFF IC, but they are left implicit in the SCIFF
syntax, while the rest of the variables are universally quantified with scope the
entire IC.

Finally, Datalog± NCs are mapped into SCIFF ICs with head false, and
EGDs into SCIFF ICs, each one with an equality CLP constraint in its head.

Other possible mappings could be considered; interesting research directions
could be to map the database D to the KB, and/or atoms to normal abducible
predicates, instead of H events.

Given a Datalog± theory T , let us denote the mapping of T into the corre-
sponding set IC of SCIFF integrity constraints, as IC = τ(T ).

Recall that, given a Datalog± theory T on R, and a database D for R,
the set of models of D given T , denoted mods(D,T ), is the set of all (possibly
infinite) databases B such that D ⊆ B and every F ∈ T is satisfied in B. For
any such database B, in [28, 29], we have proved that there exists an abductive
explanation HAP′ = τ(B) such that:

HAP′ |= IC

where HAP′ ⊇ HAP = τ(D), and IC = τ(T ).
Therefore, informally speaking, the set of models of D given T , mods(D,T ),

corresponds to the set of all the abductive explanations HAP′ satisfying the set
of SCIFF integrity constraints IC = τ(T ).

In [28, 29], we have stated and proved theorems for (model-theoretic) com-
pleteness of query answering. Informally, we recall here the completeness result
for CQ-answering: for each answer q(t) of a CQ q(X) = ∃YΦ(X,Y) on D given
T , in the corresponding SCIFF program 〈∅,A, τ(T )〉 there exists an answer sub-
stitution θ and an abductive explanation HAP′ for goal G = τ(Φ(X, )) such
that:

〈∅, IC〉 |=g
HAP Gθ

where HAP = τ(D), IC = τ(T ), and Gθ = τ(Φ(t, )).
The SCIFF proof procedure was proved sound and complete w.r.t. SCIFF

declarative semantics in [4], thus for each abductive explanation δ for a given goal
G in a SCIFF program, there exists a SCIFF-based computation producing a
set of abducibles (positive expectations to our purposes) δ′ ⊆ δ, and a computed
answer substitution for goal G possibly more general than θ.

Example 1 (A real estate information extraction system in ALP). In [30], the
authors present a simple ontology for a real estate information extraction sys-
tem4:

F1 = ann(X, label), ann(X, price), visible(X)→ priceElem(X)

4 The universal quantifiers are usually left implicit.
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If X is annotated as a label, as a price and is visible, then it is a price element.
F2 = ann(X, label), ann(X, priceRange), visible(X)→ priceElem(X)

If X is annotated as a label, as a price range, and is visible, then it is a price
element.

F3 = priceElem(E), group(E,X)→ forSale(X)
If E is a price element and is grouped with X, then X is for sale.

F4 = forSale(X)→ ∃P price(X,P )
If X is for sale, then there exists a price for X.

F5 = hasCode(X,C), codeLoc(C,L)→ loc(X,L)
If X has postal code C, and C’s location is L, then X’s location is L.

F6 = hasCode(X,C)→ ∃L codeLoc(C,L), loc(X,L)
If X has postal code C, then there exists L s.t. C has location L and so does X.

F7 = loc(X,L1), loc(X,L2)→ L1 = L2
If X has the locations L1 and L2, then L1 and L2 are the same.

F8 = loc(X,L)→ advertised(X)
If X has a location L then X is advertised.

The TGDs F1-F8 from the Datalog± ontology above are one-to-one mapped
into the following SCIFF ICs:5

IC1 : H(ann(X, label)),H(ann(X, price)),H(visible(X))→ H(priceElem(X))
IC2 : H(ann(X, label)),H(ann(X, priceRange)),H(visible(X))→ H(priceElem(X))
IC3 : H(priceElem(E)),H(group(E,X))→ H(forSale(X))
IC4 : H(forSale(X))→ (∃P ) H(price(X,P ))
IC5 : H(hasCode(X,C)),H(codeLoc(C,L))→ H(loc(X,L))
IC6 : H(hasCode(X,C))→ (∃L) H(codeLoc(C,L)),H(loc(X,L))
IC7 : H(loc(X,L1)),H(loc(X,L2))→ L1 = L2
IC8 : H(loc(X,L))→ H(advertised(X))

The database in [30] is mapped into the following history HAP:

{H(codeLoc(ox1, central)),H(codeLoc(ox1, south)),
H(codeLoc(ox2, summertown)),H(hasCode(prop1, ox2)),H(ann(e1, price)),
H(ann(e1, label)),H(visible(e1)),H(group(e1, prop1))}

The SCIFF proof procedure applies ICs in a forward manner, and it infers
the following set of abducibles from the program above:

HAP′ = {H(priceElem(e1)),H(forSale(prop1)),∃P H(price(prop1, P )),

H(loc(prop1, summertown)),H(advertised(prop1))}

Each of the (ground) atomic queries (BCQs) outlined in [30] is also entailed
in the SCIFF program above. In particular, there exist a set HAP′ such that:

HAP′ |= H(priceElem(e1)),H(forSale(prop1)),H(advertised(prop1))

Also, the CQ ∃L H(loc(prop1, L)) is entailed as well (with unification L =
summertown, as in [30]) since:

HAP′ |= H(loc(prop1, summertown))

5 We show for the sake of clarity the quantification of existentially quantified variables,
although in the SCIFF syntax the quantification is implicit.
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5 Integrating norms and ontologies in SCIFF

After mapping a Datalog± ontology into SCIFF, we are now ready to show how
normative reasoning is smoothly integrated with ontological reasoning within the
SCIFF abductive framework. We will show this via a simple example, starting
from the real estate ontology, and enriching it with normative rules for some
interacting agents in a real estate scenario.

As discussed in Section 3, the set of regulations holding in the given society
of agents can be expressed again through integrity constraints.

In the previous example, suppose that a real estate agent (rea) is in charge of
selling a property, and it uses the data from the real estate information extracted
from the ontological knowledge. If another agent has seen an announcement that
a property (e.g., a flat) is for sale, it can request to buy it. In such a case, for
some fixed time ∆T , the real estate agent is obliged to reserve the flat for that
client. For ∆T time units, the real estate agent cannot sell the flat to other
agents and, if the buyer issues a payment, the flat must be declared sold (within
some deadline D). The expected behavior of the real estate agent can be defined
by the following rules:

H(tell(X, rea, buy(E), T ),H(forSale(E)),H(price(E,P )),
→ EN(sell(rea, Y,E), Ts), Y 6= X,Ts < T +∆T

H(tell(X, rea, buy(E), T ),H(forSale(E)),H(price(E,P )),
H(pay(X, rea, P ), Tp), Tp < T +∆T → E(sell(rea,X,E), Ts), Ts < Tp +D.

If some agent e asks to buy property prop1 at price e1 at time 1, i.e.,
H(tell(e, rea, buy(prop1), 1), the proof procedure is able to infer the following
information about the expected behavior of the rea agent:

∀Ts s.t. Ts < 1 +∆T, ∀Y 6= e EN(sell(rea, Y, prop1), Ts)

i.e., agent rea is not allowed to sell property prop1 to any other agent until
∆T time units have passed. Let us suppose that ∆T = 5 and D = 3; if agent
e actually executes the payment, e.g. H(pay(e, rea, e1), 3), agent rea is now
expected to sell prop1, and the following expectation is raised:

∃Ts s.t. Ts < 6 E(sell(rea, e, prop1), Ts).

In this way, not only the SCIFF proof procedure is able to infer the knowledge
from the ontological database, but also to provide the expected behavior of the
agents (in our example, the rea agent) including obligations and prohibitions.

6 Conclusions and Future Work

We have shown that Abductive Logic Programming (ALP) is a powerful tool for
knowledge representation and reasoning about norms and ontologies. We have
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focused in detail about the SCIFF ALP framework, used in the past to model
and verify agent societies, interaction protocols for multi-agent systems [8], Web
services choreographies [1], but also powerful enough to represent deontic oper-
ators [7] and normative systems [5]. Its underlying SCIFF proof procedure [4],
derived from the IFF one, can deal with both existentially and universally quan-
tified variables in rule heads and CLP constraints. Recently, in [28, 29], SCIFF
has been also proved useful for representing ontologies expressed in Datalog±.

In this work, we have exploited the SCIFF framework for representing and
integrating both norms and Datalog± ontologies. Normative, rule-based rea-
soning and ontological query answering are obtained by applying the SCIFF
abductive proof procedure. Both norms and a Datalog± theory can be encoded
as SCIFF integrity constraints. The main advantage is that this integration is
achieved within a single language, grounded on ALP. Nonetheless, different ALP
approaches might be possible.

A number of issues are subject of future work. First of all, we have not fo-
cused here on complexity results. Identifying syntactic conditions that guarantee
tractable ontologies in SCIFF, in the style of what has been done for Datalog±,
is crucial for achieving nice computational performance.

A second issue for future work concerns experimentation with real cases, in
the normative and legal domain, and on real-size ontologies.

Finally, different mappings of Datalog± to ALP might exist, possibly enjoying
different properties: another research direction is oriented toward identifying the
mapping that suits best for legal reasoning.
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Abstract. In criminal cases, we need to decide whether the crime is caused in-
tentionally or not by the accused and this judgement is greatly influenced by
the predictability of results and the awareness of facts. We have modeled several
criminal cases in Dynamic Epistemic Logic (DEL) and Action Model. But sim-
ple DEL can not handle the predictability well, because the prediction in legal
cases depends on the degree of perception of agents and differs from knowledge
states. It often occurs that .the accused dare to take the action knowing the ille-
gality indefinitely. In this paper, we introduce the concept of awareness into DEL
or Action Model of multi-agent to reason about the predictability and model the
sensitive cases such as the willful negligence. Furthermore, we implement an ex-
tended DEMO (Dynamic Epistemic MOdeling), including the awareness in DEL
and Action Model, and observe the relation between the judgements of cases and
the epistemic states or awareness.

Keywords: Dynamic Epistemic Logic, Action Model, Model Checking, Penal
Code

1 Introduction

To determine a criminality specified in the Penal Code, the judge examines whether
the accused’s action comes under the external factors defined by the Penal Code (Ac-
tus reus)1. If these conditions are matched, the criminality is decided. (We take the
position that the external factor includes the intent and the lapse. [20] There are also
several opposite theories against this, such that both intent and lapse are regarded as the
responsibility and should not be included in the external factors [25].)

The evaluation of the accused’s action by intent (Mens rea)2 or by lapse3 is greatly
influenced by the predictability of results or causation. For example, the intent is deter-
mined based on the awareness about a fact and the prediction of a causation. For lapse,
the predictability and the duty to prevent the result are the issue.

1 Theguilty acts or typified criminal acts, sometimes called as the objective element of a crime
2 A guilty mind or an intention to commit a crime
3 A failure to take reasonable care when they act by taking account of the potential harm to other

people
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1.1 Awareness and Predictability in the Penal Code

Intent in the Penal Code Intent is “the intent to commit a crime”. (The Penal Code
Article 38 paragraph 1 [23]). At least, awareness of an objective external factor such
as an action, a result and prediction for causation are needed. Furthermore, in general,
the probability of occurrence or the admittance of the results by the accused [4] are
taken into account by the judge. There is an uncertain intent, for example the willful
negligence (dolus eventualis)4 is classified as this type.
Lapse in the Penal CodeThe lapse(negligentia) is defined in the Penal Code Article 38
paragraph 1 as “The action without intent to commit a crime, and it is not punishable.
However, if there is a special provision in the code, this shall not be applied to.” [23].
The lapse is applied in the case where the accused did not foresee the result which might
have been able to predict. Recently the duty of the accused to avoid criminal results is
more emphasized [10].
Causation A relationship between an action and a result is called causation. In order
to affirm the causation, there should be not only a conditional relationship (without that
there should not be this) between an action and a result, but also it is required to be
regarded reasonable from the experience of the social life of ordinary people (Legally
sufficient cause [25]).

1.2 Motivation and related works

Dynamic Logic [7][2][13] or DEL (Dynamic Epistemic Logic) [1] can represent the
change of states or epistemic states and have been applied to describe belief revision. In
the field of legal reasoning, extended DEL, such as with the dynamic operator of agent’s
commitment, or of the degree of reliability of information sources, are used to model the
cases [15][17]. On the other hand, there are related works dealing with agents’ intention
(such as [22][12]) in which the intention is defined as the one of multi modalities. We
select DEL to describe the intention, prediction and predictability because we need to
evaluate the degree of intention itself.

Previously we investigated the evaluation process of the external factors and tried
to model the criminal cases by DEL and Action Model [11] because Action Model
in DEL can represent the local epistemic states and can update the states by various
epistemic actions and found a problem with describing the prediction or predictability
and the awareness which are concerning to the information in the agent’s consciousness.
Furthermore in modeling the precedents the description becomes very complicated and
it is hard to deduce the judgement by manually, so the modeling tools which is adequate
for the legal cases are expected.

Related to the issue about awareness, the awareness logic [8] which originates from
the omniscience problem is developed and the dynamics of the awareness and the con-
cept of explicit knowledge are studied (for example, [3]). This logic is extended to belief
revision [24]. We think this concept of awareness can be used to describe the prediction
of the agent in legal cases.

4 Theaccused is uncertain about the realization of crime but knowing that crimes may be imple-
mented and he has accepted it.
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In this paper, first we summarize DEL and Action model in section2, and expand
these models by introducing the concept of awareness in section3. Then we expand
DEMO (Dynamic Epistemic MOdeling) [6] to handle this concept and use this software
to check the selected criminal cases in section 4 and discuss these result in section 5.
Finally we conclude and point out the future work to be investigated.

2 Preliminary

2.1 DEL and Action Model

Knowledge and belief are not static because of the communication between agents.
DEL is an extension of epistemic logic [14] with dynamic operators ‘[ ]’, and[π]ϕ is
read as “successfully executing programπ yields aϕ state” [5]. Namely, given a model
M and a possible worlds,

M,s |= [π]ϕ

iff M is properly changed by the execution ofπ and as a resultϕ holds. Public An-
nouncement Logic [21] is an example of DEL where the epistemic action is only re-
stricted to public announcement.

Action Models [1] are used to describe epistemic actions. LetL be any logical
language for given parameters agentsA and atomsP. An S5 action model M is a struc-
ture ⟨S,∼,pre⟩whereS is a domain of action points and for each agenta, ∼a is an
equality relation inS, stating that two states are indistinguishable fora. pre: S→L is
a preconditions function that assigns a formula inL to eachs∈ S.

An epistemic state can be changed by an epistemic action, so the new state after
updating is described as a pair of an old world with an action that has taken place in
that state. The expression (s, s) indicates that action s is executable in the states.M,s |=
pre(s)The two factual states are indistinguishable, if the following relation exists.

(s,s)∼a (t, t) iff s∼a t and s∼a t (in S5 action model)

The updated modelM′(= M⊗M) is a restricted modal product of an epistemic model
and an action model, which is defined as an structure⟨S′,∼′,V ′⟩ whereS′ = {(s,s) | s∈
S,s∈ S andM,s |= pre(s)}

Definition 1 (Syntax of Action Model Language).
The language of action model logic is the union of the formulas of static epistemic logic
and that of epistemic actions.

ϕ ::= p | ¬ϕ | (ϕ ∧ϕ) | Kaϕ | CBϕ | [α ]ϕ
α ::= (M, s) | (α ∪α)

Definition 2 (Semantics of Action Model).
The semantics of Action Model can be defined as follows. The first 5 definitions are the
same as the logic of Public Announcement with Common Knowledge.

M,s |= p iff s∈Vp

M,s |= ¬ϕ iff M,s⊭ ϕ
M,s |= ϕ ∧ψ iff M,s |= ϕ andM,s |= ψ
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M,s |= Kaϕ iff for all s′ ∈ S: s∼a s′ impliesM,s′ |= ϕ
M,s |=CBϕ iff for all s′ ∈ S: s∼B s′ impliesM,s′ |= ϕ
M,s |= [α ]ϕ iff for all M′,s′ : (M,s)[[α]](M′,s′) impliesM′,s′ |= ϕ
where(M,s)[[M, s]](M′,s′) iff M,s |= pre(s)and(M′,s′) = (M⊗M, (s,s))

Example of Updating: May ReadThere are two epistemic states (0/1) where the propo-
sition P is true (p) or false (¬p) respectively. At first Agenta andb don’t know whether
the value of P is true or false and there is a link between 0 and 1 fora andb. This means
that they cannot distinguish these states. Suppose that the event that Agenta may read
a letter occurred,a knowsp if he reads the letter that tellsp and knows¬p if he reads
the letter that contains¬p, and does not knowp or ¬p if he does not read. Butb can
not distinguish these three points. After the action (may read) is executed, the new epis-
temic state consists of four states. The states that nothing happens is described as two
states bottom of the right figure of Fig.1[5] where the link for agenta andb remains
and two states above describe the occurrence of the read action. The underlines for the
states in the figure indicate the actual worlds.

Fig. 1.state transition by an action May Read

2.2 Limited reasoning and awareness

Awareness logic [9] is an extension of the Epistemic Logic [14] to explain the prob-
lem of logical omniscience by making two kinds of information different which are
implicitly known information which the agent can eventually get, and explicitly known
information that the agent actually has in his conscious. The agent has to be aware of
the information to make it explicitly known besides having it as implicit information.
The syntax of awareness logic is as follows. The awareness logic has the added operator
Aϕ : “the agent is aware ofϕ“.

Definition 3 (Syntax of awareness logic).
ϕ ::= p | Aϕ | ¬ϕ | ϕ ∧ϕ | Kϕ

Awareness logic extends Kripke models with a function A that assigns a set of formulas
to the agent in each possible world. The semantics are as follows.

Definition 4 (Semantics of awareness logic).
the model is described as⟨W,R,A,V⟩ where
W: a set of worlds
R: an accessibility relation (R⊆ (W×W))
V: a valuation (P→ P(W))
A: an awareness by a function A :(W → P(L))
M,s |= Kϕ iff for all s′ ∈ S: s∼ s′ impliesM,s′ |= ϕ
(M,w) |= Aϕ iff ϕ ∈ A(w)
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For example, Fagin and Halpern [9] defined the explicit knowledge Exϕ := Kϕ ∧Aϕ,
and Benthem et al. [3] defined it as Exϕ := K(ϕ ∧Aϕ) using this definition of aware-
ness.

3 Formalization

3.1 Multi-agent Dynamic Epistemic Logic and Action Model with Awareness

To describe the intention, we introduce the concept of awareness into the DEL. While
referring to awareness logics, we describe the awareness as the subset of formulas of the
knowledge at a state and add the awareness modal operator. The index of agent to this
operator describes the difference between the states of awareness of agents. The syntax
of Multi-agent Dynamic Epistemic Logic with awareness is as follows.The dynamic
operator [ ] is as same as the one of DEL.

Definition 5 (Syntax of Dynamic Epistemic Logic with Awareness).
ϕ ::= p | Aiϕ | ¬ϕ | ϕ ∧ϕ | Kiϕ | [α]ϕ
α ::= (E,s) | (α ∪α)
((E, s) is an action model defined below.)

The semantics of the above language are as follows.. The model are defined by four
tuples which consists of three elements of DEL and an awareness element.

Definition 6 (Semantics of Dynamic Epistemic Logic with Awareness).
The model is defined asM = ⟨W,V,Ai ,Ri⟩
M,s |= p iff s∈Vp

M,s |= ¬ϕ iff M,s⊭ ϕ
M,s |= ϕ ∧ψ iff M,s |= ϕ andM,s |= ψ
M,s |= Kiϕ iff for all s′ ∈ S: s∼i s′ impliesM,s′ |= ϕ
(M,w) |= Aiϕ iff ϕ ∈ A(i,w)
(function A(i,w) : Agent i ×W → ϕ(L ) gives the formulas the agenti is aware of at
the statew.)
M,s |= [α]ϕ iff for all M′,s′ : (M,s)[[α ]](M′,s′) impliesM′,s′ |= ϕ

It is reasonable to think the awareness is preserved under epistemic accessibility. And
we will focus on the dynamics of awareness, so we take these assumptions described
below concerning the relation of the worlds to avoid the complexity and to get a good
prospect.

– introspection: IfM,s |= Aiϕ , then M, t |= Aiϕ for all t such that(s,t) ∈ Ri (The
awareness does not disappear.)
In this context, the definitions of “explicit knows” become equivalent. (K(ϕ ∧
Aiϕ)↔ Kϕ ∧Aiϕ) [3]

– equality relation asR

We define the Action Model with awareness conditions which decides the awareness
state after the action is executed. (L stands for the language of this model)
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Definition 7 (Action model with awareness condition for multi-agent).
P(Σ) indicates an arbitrary set of formulas inΣ .
the model is defined as E =⟨ S, Pre, Awc, R⟩ where
Pre : s→ L The precondition function is as same as Action Language and indicates the
conditions where each event can be executed.
Awc : (Agent i × S × P(L)) → P(L) The awareness condition function, which
assigning a new set of formulas inL to every tuple of an agent, event, and previous
(before the action) set of formulas inL.
R : (Agenti × S× S) the relation is as same as Action Model of DEL.

3.2 Updating of epistemic states by action

To describe the dynamic change of epistemic states in agents, we define the product
update of epistemic model and action model for multi-agent with awareness.

Definition 8 (Product updating of epistemic states for multi-agent with aware-
ness).
Epistemic model with awareness:M = ⟨W,V,A,R⟩ and
Action model with awareness conditions: E= ⟨S, Pre,Awc, R⟩,
Product updating:M⊗E= ⟨W′,R′,A′,V ′⟩ where
W′ := {(w,s) | (M,w) |= Pre(s)}
V ′(p) := {(w,s) ∈W′ | w∈V(p)}
A′(i, (w,s)) := Awc(i, s,A i(w))
(M,w) |= [(E, s)]ϕ iff (M,w) |= Pre(s) implies(M⊗E,(w,s)) |= ϕ
R′

i(w,s)(w
′,s′) iff wRiw′ and sRis′

Example of updating: Aware of the relevant proposition (single agent case)There are
four epistemic states (0/1/2/3) where the proposition P/Q is true (p/q) or false (¬p/¬q)
respectively. At first Agenta doesn’t know whether the value of P/Q is true or false and
there is a link between 0, 1, 2 and 3 fora . Also he is aware of nothing at states 0,1,2
but is aware ofp at state 3.. The action model consists of 2 points. The one is an action
of doing something and the actor becomes aware ofq i f p. The other is an event that
nothing happens. Then the initial epistemic states are updated by this action (may do)
and the result states are 5 states which include a state wherep is true and a state where
p andq are true. (Fig.2) The agent is aware of onlyp at the initial state, but after the
updating he is aware of bothp andq by the awareness condition of this action (may
do).

Fig. 2.Update by an action (may do)
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4 Implementation and application

4.1 Implementation

DEMO [6] is a modeling tool for Dynamic Epistemic Logic and programmed in Haskell
[16]. It allows modeling epistemic updates, display of action models, formula evaluation
in epistemic models, so DEMO can be used to check semantic intuitions about what
goes on in epistemic update situations. We extended DEMO to check the defined model
with awareness. The awareness tuples are added to Epistemic model and Action model
as following Haskell codes and related functions in these models are replaced to match
these models.

-- The definition of Epistemic Model with awareness

data Model state formula awfrm = Mo

[state] -- a set of states/worlds

[(state,formula)] -- a set of valuations

[(Agent,state,awfrm)] --a set of awareness states

[(Agent,state,state)] --a set of relations

deriving (Eq,Ord,Show)

-- The definition of Action Model with awareness

data ACM state = Acm

[state] -- a set of action/event

[(state,Form)] --a set of preconditions

[(Agent,state,Subst)] --a set of awareness conditions

[(Agent,state,state)] --a set of relations

deriving (Eq, Show, Ord)

Further the updating functions are replaced to change the awareness states according to
the conditions.

4.2 Criminal cases for application

Concerning the predictability in criminal cases, we consider that an agent canpredict
the consequence, if he/she is aware of the causal relation. In the judge’s evaluation
process, there are two problems where predictability is the issue The first is the intention
of the accused and the issue of willful negligence contained in this problem. The second
is the lapse which depends on the predictability and the possibility of avoiding results.
To model these problems, some typical examples are selected and listed below [19]
(Table 1).
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Table 1.Sensitive criminal cases

Cases Precedents Outline
Case1 Willful negli-
gence

Dealing with stolen
goods case (No. RE238,
1947)

The accused bought stolen clothes
without deterministic awareness that
they were stolen. The judge applied
the crime of paid acquisition of stolen
goods which were stolen by another

Case2 (lapse) Pre-
dictability (delinquency
of duty of care)

Hokkaido University
electric scalpel case
(No. U219, 1974)

The doctor and the nurse made a mis-
take of connecting the cable of the
scalpel incorrectly, and the patient’s
right foot was damaged. The judge
ruled professional lapse resulting in
bodily injury to the nurse.

4.3 Common Action Models

To simulate the above cases, some action models are commonly used through cases
and defined as follows and Table 2. We use notations of “agenta” for the accused and
“agentb” for the judge.

– public: The actor publicly announcesp to everyone. This action causes no influence
on the awareness states of each agent at the world. (in our program, depicted as
“ (public p)” and this can be read as “p is announced publicly”)

– see it: The actor sees the fact vaguely. It is not known that he is aware of the fact.
(in our program, “ (seeit a p)” and this can be read as “Agenta vaguely sees
p.”)

– perceive: The actor implicitly knows and perceives the fact about the action. In this
paper, we assume the introspection, so this means he knows the fact explicitly. (in
our program, “ (perceive b p)” and this can be read as “The agentb explicitly
knowsp.”)

Table 2.Common Action Models

Action Definitions in the program
public Action 0

Precondition 0: p
Aware condition a 0:[] b 0:[]
Relation a [0] b [0]

seeit Action 0, 1, 2
Precondition 0: q, 1:q, 2:⊤
Aware condition a 0:⊤→ q, 1:[] 2:[] b 0:[] , 1:[], 2:[]
Relation a [0,1],[2] b [0,1,2]

perceive Action 0, 1
Precondition 0:p, 1:⊤
Aware condition a 0:[], 1:[] b 0:⊤→ p , 1:[]
Relation a [0,1] b [0].[1]

a,b: agents [](blank) in the Aware condition indicates no condition
The numbers in [] of the Relation indicates the equal events which can not be distinguished
by the agent
The action points (events) are notated by the number and the actual events are underlined.
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4.4 Case1：The Willful Negligence

The accused bought stolen clothes without deterministic recognition of their being
stolen. He is accused of paid acquisition of stolen goods.
The propositions are as follows.

– p: The clothes are stolen.
– q: The seller is suspicious and in a hurry.
– r: The accused buys the stolen goods.

The initial state of the epistemic model is described in Fig. 3. None of the accused
and the judge knows the information and is aware of the fact. The double lined circles
indicate the actual worlds.

Fig. 3.The initial epistemic state

The awareness of Fig. 3
St Aw
0 -/-
1 -/-
2 -/-
3 -/-
4 -/-
5 -/-
6 -/-
7 -/-
St:States, Aw: awareness
for agenta/b
“-” indicates the agent is
aware of nothing.

The specific action models used in this case are in Table 3.
The accused’s actions which update the epistemic states through the crime are defined
as follows by using the action models.

– “The accused think the seller is suspicious.”(seeit a q)

– “The accused buy the clothes from the man.”(a_buy_cloth)

The judge’s actions which update the epistemic states through the trial are as follows.

– “The judge convinces that the clothes are stolen.”(perceive b p)

– “The judge verifies that the accused buy stolen goods.”(b_investigate)

And the resulting states after these updating are in Fig. 4 and Table 4.
In Case1, the accused is not aware of the cause of crime (propositionp) in all actual
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Table 3.The action models for case 1

Action Definitions in the program
a buy Action 0, 1, 2
clothes Precondition 0:¬p∧¬r, 1: p∧ r, 2: p∧q∧ r

Aware condition a 0:[], 1: p→ r, q→ r b 0:[], 1:[]
Relation a [0],[1] b [0,1]

b investi- Action 0, 1, 2
gate Precondition 0:¬p∧¬r, 1:⊤, 2:p∧ r

Aware condition a 0,[], 1:[] 2:[] b 0:¬p→¬r, 1:[], 2:p→ r
Relation a [0,1,2] b [0],[1],[2]

a,b: agents [](blank) in Aware condition indicates there is no condition
The numbers in [] of Relation indicates the events which can not be distinguished by the agent
The action points (events) are notated by the number and the actual events are underlined.

Fig. 4.The final state of case 1 (a part around the actual worlds)

Relations for agent
a:{0,1,6,7},{2,3,4,5},{8,9,10,
11,21,23,26,27},{12,13,14,15,
16,17,18,19,20,22,24,25}
Relations for agent
b:{0,2,4,6},{1,3,5,7,10,14,18,
24,26},{8,12,16,20,21},{9,13,
17,22,23},{11,15,19,25,27}
The states in the same
bracket can not be
distinguished by the agent.

states (No. 13, 17, 22). This means that the accused is not convinced that this will result
in a crime and corresponds to the willful negligence. On the other hand, he is aware
of the criminal fact or external element that he buys stolen goods (propositionr) in
some actual states and is not aware of in some actual worlds. This means that he can
predict the crime by the awareness of supplemental elements (propositionq in this case
“The accused thinks the seller is suspicious.”) and indeed he predicts the crime in some
scenarios. The judge knows and is aware of the crime (propositionr) in all actual state.
This means he makes this judgement with convinced awareness. To this conclusion, he
proves the cause of a crime (propositionp in this case “The clothes are stolen.”) and he
finds out the accused’s partial (in some actual worlds) or indeterministic intention (He
dares to take a criminal action. ).

4.5 Case2：The delinquency of duty of care

The doctor and the nurse made a mistake of connecting the cable of the scalpel incor-
rectly, and the patient’s right foot below knee was damaged and resulted in an amputa-
tion. The nurse is accused of professional lapse resulting in injury.
The propositions are as follows.

– p: The broken electric circuit without a safety breaker causes a dangerous electric
current.
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Table 4.States of case 1

St Pr Aw St Pr Aw St Pr Aw St Pr Aw
0 - -/- 7 q -/- 14 p,q,r q/- 21 p,q,r -/p
1 - -/- 8 p,r -/p 15 p,q,r q/- 22 p,q,r -/p,r
2 q q/q 9 p,r -/p,r 16 p,q,r q,r/p 23 p,q,r -/p,r
3 q q/q 10 p,r -/- 17 p,q,r q,r/p,r 24 p,q,r -/-
4 q -/- 11 p,r -/- 18 p,q,r q,r /- 25 p,q,r -/-
5 q -/- 12 p,q,r q/p 19 p,q,r q,r/- 26 p,q,r -/-
6 q -/- 13 p,q,r q/p,r 20 p,q,r -/p 27 p,q,r -/-
St:States (The actual states are underlined.), Pr: Propositions which are valid at the state,
Aw: The formulas in the awareness of agenta/b
“-” indicates there is no valid proposition or the agent is aware of nothing.

– q: The wrongly connected cables causes an dangerous electric circuit.
– r: The patient is injured by the operation.

The initial state of the epistemic model is as same as that of Case1.
The specific action models used in this case are as follows (Table 5).

Table 5.The action models for case 2

Action Definitions in the program
helpope Action 0, 1

Precondition 0: ⊤, 1: p∧ r
Aware condition a 0:[], 1: p→ r b 0:[], 1:[]
Relation a [0],[1] b [0,1]

think Action 0, 1
Precondition 0: ⊤, 1: p∧q
Aware condition a 0,[], 1:[] b 0:[], 1:q→ p
Relation a [0,1] b [0],[1]

a,b: agents [](blank) in Aware condition indicates no condition
The numbers in [] of Relation indicates the events which can not be distinguished by the agent
The action points (events) are notated by the number and the actual events are underlined.

The accused’s actions which update the epistemic states through the crime are as fol-
lows.

– “It is generally accepted that wrong connected cables cause abnormal electric cur-
rent.” (public q)

– “The accused sets the electric scalpel and helps the operation.”(a_help_ope)

The judge’s actions which update the epistemic states through the trial are as follows.

– “The judge convinces that the cables are connected wrongly and the abnormal elec-
tric current happens.”(perceive b q)

– “The judge presumes that the wrongly connected cables cause the abnormal electric
current and accused buy stolen goods.”(b_think)

– “The judge verifies that the accused injures the patient by mistake.”( b_investigate)

And the result of updating is in Fig. 5 and Table 6.
In Case2, the accused is not aware of the criminal fact or external element (proposition
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Fig. 5.The final state of case 2 (a part around the actual world)

Relations for agenta:
{0,1,6,7},{2,3,4,5},{8,9,10,11,
21,23,26,27},{12,13,14,15,16,
17,18,19,20,22,24,25}
Relations for agent
b:{0,2,4,6},{1,3,5,7,10,14,18,
24,26},{8,12,16,20,21},{9,13,
17,22,23},{11,15,19,25,27}

Table 6.States of case2

St Pr Aw St Pr Aw St Pr Aw St Pr Aw
0 q -/q 6 p,q -/- 12 p,q,r -/q 18 p,q,r -/-
1 q -/q 7 p,q -/- 13 p,q,r -/q 19 p,q,r -/-
2 q -/- 8 q,r -/q 14 p,q,r -/p,q 20 p,q,r -/-
3 q -/- 9 q,r -/- 15 p,q,r -/p,q 21 p,q,r -/-
4 p,q -/q 10 p,q,r -/q 16 p,q,r -/p,q,r 22 p,q,r -/-
5 p,q -/p,q 11 p,q,r -/q 17 p,q,r -/p,q,r 23 p,q,r -/-
St:States (The actual states are underlined.), Pr: Propositions which are valid at the state,
Aw: the formulas in the awareness of agenta/b
“-” indicates there is no valid proposition or the agent is aware of nothing.

r) in all actual worlds (No. 17). This means he has not predicted the result at all. On
the other hand, the judge is aware of both the cause of crime (propositionp) and the
criminal fact (propositionr). From this view, he can conclude that generally the result
can be predicted, but the prediction is neglected by the accused.

4.6 Discussion

According to these observations, followings can be suggested. In both cases, the judge
is aware of the cause (propositionp) and the external factor (propositionr) in all actual
cases, so he/she can make a judgement with confidence. On the other hand, the accused
is not aware of the cause and is or is not aware of the external factor in actual cases.
This distinguishes the lapse and willful negligence.

– For the non-deterministic criminal intention cases, such as willful negligence, the
existence of a world where the accused is aware of the criminal fact can be seen.
This can be modeled by the expression as follows.
⟨α⟩Aiϕ (α : criminal action,ϕ : criminal fact)

– For the lapse cases, there is no world where the accused is aware of the criminal
fact, but the judge can be aware of the fact. This is described by the expression as
follows.
¬⟨α⟩Aiϕ ∧ [α]A jϕ (α: criminal action,ϕ: criminal fact)
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5 Conclusion and Further Directions

5.1 Conclusion

We have searched the criminal cases on the border line of intention and lapse and se-
lected some typical cases. Through this observation, it can be seen that the predictability
plays an important role in judgement.

We used the awareness in DEL and Action models to describe the predictability of
agents, which are realized by adding an aware state function of agents, worlds to DEL
and by adding an aware condition function of agents, worlds, and awareness states to
Action Model. We extended DEMO to handle the above model with awareness. And
using this extended program, we reproduce the knowledge states and the awareness
sates of the accused and the judge respectively, according to the process of the crimes
and the judgements of selected typical cases.

Through the observation of these results, we find that the existence of a world where
the agent is aware of the criminal fact is important and suggest that the model patterns
for willful negligence and lapse. We showed the usefulness of DEL and action model
with the awareness to describe the sensitive cases where the predictability is a issue.

5.2 Further Directions

To describe lapse or intension, the awareness is useful, but concerning to the application
of this concept to the real cases, there are some problems to be solved.

In implementing these precedents, the number of the states expands and the compu-
tational complexity increased more rapidly than those of only knowledge states without
awareness. We can easily guess that if we deal with actual cases in detail (for example,
the action should be divided into some actions according to the progress of time and
the propositions should be divided into some detailed propositions, too.), as the number
of factors is much larger, the epistemic states and link between epistemic states would
be too complicated. If we could reduce the complexity of actual cases to the tractable
size, our analysis can be applied to more actual cases and can be verified. Summarizing
and picking up patterns, or omitting the calculation of the states which don’t have the
relation to the actual worlds can be thought.

Furthermore to describe the more real and complicated cases, the conditions of be-
coming aware should be studied further. We defined the awareness conditions in Action
Model in advance, but in the judgement, the verification of the awareness condition
would be the main issue. For example, the restrictions from the preconditions and the
epistemic states should be considered form the legal view points.
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Abstract. Active research on text analytics is accompanied by a growth in 

available electronic documents. Since text documents are stored as unstructured 

data, the growing diversity of documents is an issue in text analytics. Text doc-

uments have an internal document structure, like chapters, sections, subsections, 

and paragraphs. Since document structure is used to define the range of topics 

in a document, extracting document structure from diverse unstructured docu-

ments is an important task. However, unstructured documents do not have a 

common document structure, text documents are unique common information 

among unstructured documents. This paper proposes a rule-based approach to 

estimate document structure from text documents and demonstrates its applica-

tion to legal documents. 

Keywords. Document Structure, Article Extraction, Article Comparison, Text 

Analytics, Law Articles 

1 Introdution 

Electronic documents, e.g. office documents, web contents, articles, technical pa-

pers, and so on, are widely read and available online. Active research on text analyt-

ics, like natural language processing (NLP) and text mining, is accompanied by a 

growth in available text documents. However, text documents are often stored as 

unstructured data. The growing diversity of documents stored in unstructured data is 

an issue in text analytics. 

Text documents have internal document structure, like chapters, sections, subsec-

tions, and paragraphs. Since hierarchical document structure is used to define the 

range of topics in a document, extracting document structure is an important task in 

text analytics. For example, structural information can be very useful in indexing and 

retrieving the information contained in the document [1]. In another example, esti-

mated document structure can be used for eliminating needless words or characters in 

text analytics, e.g. section numbers, subsection numbers, and enumerations. There-

fore, document structure has to be estimated in preprocessing of text analysis. How-

ever, unstructured documents do not have a common document structure. Moreover, 

the definition of document structure can differ even if text documents are stored in the 
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same file format, because ways to define document structure vary in accordance with 

the document’s objective, its writers, and so on. For example, two ways to define list 

items, i.e. 1., 2., …, in Hyper Text Markup Language (HTML) format are shown in 

Figs. 1 and 2. 

 

Fig. 1. One way to define list items in HTML 

 

Fig. 2. Another way to define list items in HTML 

In Fig. 1, HTML element <li> is used for specifying list items. On the other hand, 

plain text is used for writing list items in Fig. 2. Both outputs are the same on a dis-

play. Text documents are unique common information among unstructured docu-

ments. Thus, the document structure has to be estimated from text documents even if 

documents are stored in the same file format. 

The contribution of this paper is to propose a method to estimate document struc-

ture from text documents. The proposed method is designed to support preprocessing 

of NLP and helps to add structure information to unstructured documents. Another 

contribution is to demonstrate an application of the proposed method to legal docu-

ments. Specifically, the proposed method is applied to article comparison in which it 

is used to extract articles from ordinances operating in some wards of Tokyo. 

Through calculating similarity scores among articles, similar articles are listed in a 

comparison table among wards. 

Section 2 introduces related works on estimating document structure. Section 3 de-

scribes the processing flow of the proposed method. In Section 4, the proposed meth-

od is applied to analyze ordinances in some wards. Section 5 concludes this paper. 

2 Related Works 

In this section, previous works are listed and the scope of this paper is described. 

There are two types of approaches to estimate document structure. The first uses text 

description for estimating document structure. The second uses additional information 

attached to text description, e.g. tag information describing structural information. 

The latter approach is used for markup languages such as HTML. 
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2.1 Text-based approach 

Fukui et al. [2] propose a text description based approach to extract document 

structure. In their research, pattern match is used for each line to extract document 

structure. Each line is assumed to conform to their knowledge based model called 

“Intra-line Structure Model”, which consists of “heading”, “delimiter”, and “content” 

parts. They prepare about 300 patterns for the heading part, which consists of a “nu-

meric part”, “punctuation”, and “reserved heading word”.  If a line has a heading part 

and the part is matched to a predefined pattern, then the line is extracted as a start 

point of document structure. The average accuracy of their structure extraction is 

89.0%. However, their intra-line structure model assumes only the heading part can 

be the start point of a document structure and reserved heading words are required for 

detecting structure. 

Déjean [3] proposes a robust method to detect long range numbered sequences ap-

plied to different types of documents. This paper specifically focuses on scanned, 

optical character recognition (OCR) and PDF documents. Only text description is 

used for estimating document structure. In Déjean’s research, incremental types (e.g. 

digits, upper-case and lower-case letter, Roman letters, Chinese characters, or “Bis” 

sequences) are detected and extracted by predefined regular expressions. The docu-

ment is scanned line by line, and numbered objects are extracted by pattern match. 

For every match, a pattern is associated with the line. A numbered object is recog-

nized as a header part of the line, and the remaining part is recognized as the body 

part of the line. Document structure is estimated from extracted objects. The originali-

ty of this research is the notation of missing items (often due to OCR errors), and the 

notation of multi-increment items. This research activity also addresses intra-line 

structure, like Fukui et al.’s research. 

Igari et al. [4] propose another method based on syntactic rule. When documents 

are described in a common format, it is possible to express the document structure by 

syntax rule for the document text. Because they focus on analyzing and parsing legal 

judgments which has a common format, their method has generality, extensibility and 

high accuracy. This approach is very useful and high accurate for documents which 

have common format. In our research, we do not assume that there is no common 

format in diverse documents. Thus syntactic approach is not applicable in our target 

documents. 

2.2 Markup-based approach 

If a document has meaningful tag information describing structural information, 

document structure can be extracted from it. Some open source libraries are available 

for extracting document structure from markup. For example, Apache Tika1 is an 

open source library from which metadata and text can be extracted from over a thou-

sand different file types. 

                                                           
1 https://tika.apache.org/ 
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However, these approaches assume that all structure information is defined in tags. 

When a file cannot use markup, e.g. plain-text and portable document file (PDF), 

markup-based approach cannot extract document structure. 

2.3 The scope of this paper 

Markup based approaches have a limit for applicable files. On the other hand, 

text description based approaches do not. In this paper, a text-based approach is used 

for processing diverse text documents. There are two ways for extracting document 

structure. One is a rule-based approach, and the other is a machine learning approach. 

In the machine learning approach, a large amount of training data is required to train 

the model for estimating document structure. However, preparing training data is a 

bottleneck for practical use. On the other hand, the rule-based approach does not need 

training data to be prepared. Therefore, the rule-based approach is applied for extract-

ing document structure. Since this paper focuses on the method to estimate document 

structure, we assume that text is extracted from diverse documents preliminarily. 

3 Proposed Method 

This section describes a method to estimate document structure from a text docu-

ment. Subsection 3.1 details two ways for defining document structure and explains 

the target structure in this paper. Subsection 3.2 describes the processing flow of pro-

posed method. 

3.1 Definition of document structure 

There are two ways to define document structure in a document. One is to add ad-

ditional text describing structural information. The other is to change the style of text. 

In the first way, serial numbers are used for defining document structure. For ex-

ample, numbered objects like 1., 2., 3., …, or Section 1, Section 2, … are added be-

fore each chapter, section, or subsection. For example, the document structure of this 

paper is also defined by additional text. Sections are defined by numeric numbers (1, 

2, 3, …) and subsections are defined by multi-level numeric numbers (2.1, 2.2, 2.3, 

…). Defining by additional text is also used for enumerations in text. An example of 

this structural definition is shown in Fig. 3.In Fig. 3, additional texts are used for the 

structural definition, i.e. Section 1, Section 2, (A), (B), (1), (2), (a), and (b). Here, (a) 

and (b) are used for an enumeration in a sentence. The others are used for defining 

structure among sentences. Therefore, additional text also appears not only at the 

header part of a sentence but also in a sentence. In this study, not only the header part 

of each line but also enumerations in sentences is also considered in the structural 

estimation algorithm. 
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Fig. 3. Example of structural definition by additional texts 

On the other hand, changing style is another way for defining structure. For exam-

ple, font size, font style (e.g. bold, underline, and italics), alignment, indent, and so on 

can be changed. Since this paper focuses on a text-based approach, style information 

is not considered. However, even if text documents are stored in plain text format, 

indent or space characters can be used to define structure. 

In this paper, we assumed that document structure is defined by additional texts. 

Estimating document structure from style information is out of this paper’s scope. A 

method to estimate document structure is proposed in subsection 3.2. 

3.2 Processing flow of document structure estimation 

As mentioned in subsection 3.1, the proposed method assumes that document 

structure is defined by additional texts, e.g. Section 1, Section 2, or 1., 1.1, and so on. 

Note that document structure is a hierarchical structure. There are super-subrelations 

among the structure like relationships among sections-subsections. For example, there 

are two types of numbered objects, i.e. numeral numbers and alphabetic numbers in 

Fig. 4. Since text from “2.” to “3.” covers the text from “a.” to “b.”, we can estimate 

the following relationship: numeric numbers mean higher level structure than alpha-

betic numbers in this text document. This hierarchical structure has to be estimated 

from text documents. 

 

Fig. 4. Example of hierarchical document structure 

The proposed method consists of four steps:  

1. Extract candidate elements of document structure by using rules 

2. Build candidate trees from extracted elements 
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3. Prune trees and identify unbranched trees 

4. Identify super-subrelations among unbranched trees 

The detailed process is described in the following sub-subsections. 

Extract candidate elements of document structure by using rules.  

In this step, candidate elements of document structure, e.g. chapter numbers, sec-

tion numbers, numbered objects, are extracted by regular expressions. Fig. 5 shows 

parts of regular expressions used in this study. In this study, about 70 regular expres-

sions are defined. 

 

Fig. 5. Examples of regular expression for extracting candidate elements of document structure 

For example, text shown in Fig. 6 is input to the proposed method. The candidate 

elements extracted by regular expressions are shown in Fig. 7. 

 

Fig. 6. Example of input text 
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Fig. 7. Extracted elements (rectangle and circle parts are extracted by regular expressions) 

After candidate elements are extracted by regular expressions, all extracted items 

are checked and filtered. For example, when a numbered object “3.” is extracted by a 

rule and numbered objects “1.” and “2.” are not extracted before “3.”, “3.” is removed 

from candidate elements. 

Build candidate trees from extracted elements.  

To build a candidate tree of document structure, candidate elements extracted in 

the previous step are classified by the left-hand side character of each element. For 

example, extracted elements are classified into three groups by left-hand side charac-

ter: linefeed code, punctuation, or alphabet. Note that if the left-hand word of candi-

dates is a conjunction (i.e. “and”, “or”, or “and/or”), the conjunction is ignored and 

instead the next left-hand side character is used for classifying elements. For example, 

in Fig. 7, “Section 1”, “Section 2”, and alphabetic objects are classified into a 

“linefeed code” group and numeral objects are classified to a “punctuation” group. 

Next, the candidate trees are built by predefined rules based on regular expressions 

and classifications. For example, a tree is built from elements extracted by a regular 

expression “\s\([a-z]+\)\s”, and the left-hand side character is “linefeed code”. In an-

other example, a tree is built from elements extracted by a regular expression “\s\([0-

9]+\)\s”, and the left-hand side character is “punctuation”. Here, the position of each 

element is also considered for building a candidate tree, i.e. in Fig. 7, the combination 

of the first “(a)” and the second “(b)” is a candidate. On the other hand, the combina-

tion of the first “(b)” and the second “(a)” is not a candidate because the first “(b)” 

appears before the second “(a)”. Then, the candidate tree for the text in Fig. 7 is 

shown in Fig. 8. In Fig. 8, the words of sections, the alphabets such as “a” and “b”, 

and the numerals such as “1” and “2” are separated and three groups of candidate 

trees are generated. The merits of grouping candidates and separating into small trees 

are; 1) reducing memory footprint to store candidate trees, 2) enabling us to estimate 

enumeration in one sentence in next step, and 3) isolating two problems, i.e. identifi-

cation of a sequence of numbered objects such as “a-b-c” and identification of super-

subrelationship among unbranched trees. In our method, a sequence of numbered 
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objects are identified first. Next, super-subrelationship among unbranched trees are 

identified. 

 

Fig. 8. Built candidate tree of document structure 

Prune trees and identify unbranched trees.  

As mentioned in subsection 3.1, the text document has two types of structure. One 

is a structure of enumerations in one sentence. The other is a structure among sen-

tences. Then, pruning the tree is divided into two steps. The first focuses on estimat-

ing a structure of enumerations in one sentence. The second focuses on estimating a 

structure among sentences. 

Step (1): estimate enumeration in one sentence.  

Enumerations in one sentence are estimated in this step. Since target enumerations 

are in one sentence, a structure is estimated by checking a proposition (“Text from a 

root element to a leaf element is in one sentence”) for each leaf by using an existing 

sentence splitter, and candidate trees are pruned on the basis of truth-value of the 

following proposition: 

 “True”: prune the other branches 

 “False”: check next leaf 

For example, in Fig. 8, the combination of the first “(1)”, “(2)”, and “(3)” is in one 

sentence. On the other hand, the combination of the first “(1)” and the second “(2)” is 

not. As a result, the branch of the second “(2)” is pruned. 

Through this step, enumerations in one sentence are estimated and the trees of 

enumerations become unbranched trees. The results of this pruning of the trees in Fig. 

8 are shown in Fig. 9. 
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Fig. 9. Results of pruning in Step (1) 

Step (2): estimate a structure among sentences.  

To prune the remaining tree, unbranched trees are used for pruning the other trees. 

First, unbranched trees are identified. Second, if the elements in unbranched trees are 

used in the other branched trees, elements in branched trees are removed from them. 

For example, in Fig. 9, circled “(a)”, “(b)”, and “(c)” are in the unbranched tree. Then 

circled “(b)” and “(c)” in the other trees are removed. Third, if a branch crosses an 

unbranched tree, the crossed branch is pruned. Pruning in Step (2) is processed itera-

tively. If all candidates become an unbranched tree, the iteration is finished. The re-

sult of this pruning for the trees in Fig. 9 is shown in Fig. 10. 

 

Fig. 10. Results of pruning in Step (2) 

Here, if an iteration of the pruning in Step (2) cannot remove any elements and 

branches are still in candidates, predefined rules are used for pruning candidates. For 

example, the longest branch can be used as a correct branch. 
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Identify super-subrelations among unbranched trees.  

Through pruning steps in the previous sub-subsection, all candidates become un-

branched trees. Super-subrelations among unbranched trees are identified. The posi-

tion of each element of unbranched trees is referred for identifying super-subrelations, 

because the pruning step ensures that there is no cross branch in candidates. For ex-

ample, since text from “Section 1.” to “Section 2.” covers the text from rectangle-

lined “(a)” to “(c)”, we can estimate the following relationship: numeric numbers with 

a prefix “Section” mean higher level structure than rectangle-lined “(a)”, “(b)”, and 

“(c)” in this text document. The results of estimation for Fig. 10 are shown in Fig. 11. 

 

Fig. 11. Results of estimated document structure 

4 Application in legal domain 

In this section, the proposed method is applied to analyze legal documents. In this 

paper, we focus on analyzing some ordinances operating in wards of Tokyo. Articles 

are extracted by the proposed method (subsection 4.2), and a comparison table of 

articles is generated by calculating similarity among articles (subsection 4.3). Since 

ordinances are defined in every ward, ordinances need to be analyzed to establish or 

update ordinances, classify them, and identify issues of ordinances in operation. For 

example, Kakuta et al [5] describes a method and a real system which shows similar 

articles between every ordinances in all prefectures in Japan. 

Since, an ordinance has an internal document structure (e.g. section, subsection, 

and articles), we demonstrate that the proposed method is applicable to extract articles 

from ordinances. Next, similarities among extracted articles are calculated and similar 
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articles among wards are aligned for creating a comparison table. Through this appli-

cation, the effectiveness of the proposed method is discussed. 

4.1 Sample Ordinances 

In this paper, three wards in Tokyo (Minato, Shibuya, and Sumida) are targeted. 

The following three ordinances for each ward are picked out: 

 Committee meeting 

 Electoral management committee 

 Establishment of secretariat of audit commission 

Each ordinance has multiple articles, and some ordinances also have sections. Fig. 

12 shows an example of an ordinance, which is a part of an electoral management 

committee regulation in Sumida Ward. This ordinance has a hierarchical document 

structure with sections and articles. Section or Article has a header part with num-

bered objects.  

 

Fig. 12. Part of ordinance about establishment of secretariat of audit commission in Sumida 

Ward 

4.2 Article Extraction 

First, document structure is identified by the proposed method, and the text follow-

ing after numbered objects is extracted as a corresponding body text of an article. The 

statistics of the result are shown in Table 1. As shown in Fig. 12, each article has its 

title with round brackets. Thus, titles are also extracted by pattern match with round 

brackets and linked to the corresponding article. An example of an extracted articles 

is shown in Fig. 13. In Table 1, the number of extracted articles are same to the num-

ber of the truth. In Fig. 13, starting and end points are correctly identified. Thus, the 

accuracy of the proposed method is confirmed.  
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Table 1. Results of article extraction  

 

 

Fig. 13. Results of article extraction 

4.3 Comparison table of articles 

Extracted articles are compared among wards and summarized in a comparison ta-

ble. Each article is represented by a Vector Space Model with TF-IDF term weighting 

[6, 7]. To find corresponding articles and generate a comparison table, we calculate 

the cosine similarities [8] between vectorised articles in different wards. Then, a com-

parison table is generated from this cosine similarity. The range of similarity score is 

0.0 - 1.0, and higher scores are better. Each article is used as a query to search for 

similar articles in the other wards. The most similar articles are aligned and listed in a 

comparison table. Here, a threshold for deciding whether an article is similar or not is 

set to 0.5. This means if all similarities for an article are less than 0.5, no articles are 

aligned in the comparison table. A part of the result is shown in Table 2, in which two 

articles are analyzed among three wards. For the first article, an article operating in 

Shibuya Ward is used as a query, and similar articles operating in Minato and Sumida 

Wards are searched for. The highest scores are 0.79 and 0.77, respectively. The arti-

cles that have the highest scores are aligned next to the query article. On the other 

hand, for the second article, an article operating in Sumida Ward is used as a query, 

and similar articles operating in Shibuya and Minato Wards are searched for. Howev-

er, the highest scores are 0.22 in Shibuya Ward and 0.14 in Minato Ward. These 

scores are less than the pre-defined threshold (i.e. 0.5). Thus, Shibuya and Minato 

Wards do not have corresponding articles in its ordinances, and no articles are aligned 

to the query article. The second query is defined in the ordinance about “establish-

ment of secretariat of audit commission”. As shown in Table 1, Sumida Ward has 24 

articles in the ordinance, and the number of articles operating in Sumida Ward is larg-

er than those in Minato and Shibuya Wards. This means Sumida Ward defines the 

ordinance in detail. Thus, this detailed article is not found in the other two wards. 
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Table 2. Comparison table among wards 

 

5 Conclusion 

Actual context in processing unstructured and diverse documents raises challenges 

of estimating document structure from text documents. Our perspective in this paper 

is structural estimation from numbered objects. The proposed method is a rule-based 

approach and uses only text descriptions for estimating document structure from di-

verse documents. Thus, it can be used for supporting preprocessing of NLP and help-

ing to add structure information to unstructured documents. For example, estimating 

document structure has the following merits as preprocessing of NLP: (1) the estimat-

ed range of chapters, sections, and subsections can be used for subsequent tasks like 

NLP; and (2) needless words for NLP, e.g. section numbers and subsection numbers, 

can be removed. For achieving these objectives, the proposed method consists of the 

following four steps: (1) extract candidate elements of document structure by using 

rules; (2) build candidate trees from extracted elements; (3) prune trees and identify 
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unbranched trees; and (4) identify super-subrelations among unbranched trees. The 

proposed method has the following characteristics: (1) a rule-based approach does not 

need training data required in a machine learning approach; (2) building structural 

tree by extraction rules of numbered objects and grouping rules by left-hand side 

characters reduce candidate trees; and (3) pruning by sentence splitter can identify 

enumerations in one sentence.  

In addition, an application to article extraction was demonstrated to discuss the ef-

fectiveness of the proposed method in legal documents. Since the proposed method 

achieved 100% accuracy for nine sample ordinances with 181 articles, it is accurate 

enough to be applied for practical use. Through generating a comparison table from 

extracted articles, it is confirmed that the proposed method is applicable for analyzing 

legal documents. 

Reference 

1. Song Mao, Azriel Rosenfeld, and Tapas Kanungo: Document Structure Analysis Algo-

rithms: A Literature Survey. Proc. SPIE 5010, Document Recognition and Retrieval X, 11 

pages (2003) 

2. Isamu Iwai, Miwako Doi, Koji Yamaguchi, Mika Fukui, and Yoichi Takebayashi: A Doc-

ument Layout System Using Automatic Document Architecture Extraction. CHI’89 Pro-

ceedings, pages 369-374, (1989) 

3. Hervé Déjean: Numbered Sequence Detection in Documents. Proc. SPIE 7534, Document 

Recognition and Retrieval XVII, 753405 (18 January 2010), 12 pages (2010) 

4. Hirokazu Igari, Akira Shimazu, and Koichiro Ochimizu: Document Structure Analysis 

with Syntactic Model and Parsers: Application to Legal Judgments, Jurisin 2011 (2011) 

5. Tokuyasu Kakuta, Aki Shima, Daichi Saito, and Tadashi Ohtani: Development of eLen 

Database for Regulations of the Local Governments and a Quantitative Survey of the Reg-

ulations [in Japanese], Information network law review, volume 13, Number 1, Pages 13-

33 (2014) 

6. Yiming Yang and Xin Liu: A reexamination of text categorization methods, SIGIR-99, 8 

pages (1999) 

7. Salton, G., Wong, A., and Yang, C. S.: A Vector Space Model for Automatic Indexing. 

Commun. ACM, Vol. 18, Num. 11, pp. 613-620 (1975) 

8. Sandeep Tata and Jignesh M. Patel: Estimating the selectivity of tf-idf based cosine simi-

larity predicates, ACM SIGMOD Record, Volume 36, Issue 2, June 2007, Pages 7-12 

(2007) 

 

82



A Legal Citation Retrieval System Using Topic Modeling 
and Semantic Similarity  

Talia Shwartz1, Michael Berger2, Juan Hernandez3 

1 LL.B., LL.M., LL.M. Candidate, University of California, Berkeley, School of Law 
taliashwartz@berkeley.edu 

2 B.Sc., J.D., M.I.M.S., University of California, Berkeley, School of Information 
mjb@ischool.berkeley.edu 

3 B.A., M.Sc. Candidate, Northwestern University, McCormick School of Engineering 
juanhernandez2016@u.northwestern.edu 

 
 

Abstract. Topic models are statistical models that detect themes in text corpora. They 
can be used in information retrieval to find documents that are "similar" to a query, 
based on the similarity of the themes in the query to the documents in the retrieval 
database. Applying such models to the domain of legal research might help in improv-
ing the efficacy and accuracy of legal research and writing processes that currently rely, 
to a large extent, on specialized domain knowledge to conduct human-supervised in-
formation organization, query formulation, and document retrieval. In this paper we 
suggest a novel approach that incorporates automatic content analysis methods into the 
legal sphere and applies Latent Dirichlet Allocation (LDA) to assist in case retrieval 
when drafting legal documents. We develop a prototype, built for a popular word pro-
cessor, that runs on a fixed corpus of sixty-four thousand United States Supreme Court 
cases. The tool is called while the user is developing a document, using the document 
itself to formulate a query. The tool detects the user's writing context to automatically 
formulate a query, and uses topic modeling methods to recommend relevant legal cases 
for citation and quotation within that context. The paper offers an initial evaluation of 
the method by testing performance using  paragraphs from existing legal cases and their 
associated citations, showing that our algorithm provides an overall effective recom-
mender system compared with the traditional manual-human legal querying method. 

 

Keywords: Text analysis; Topic modeling; Latent Dirichlet Allocation (LDA); 
Legal citation; Legal Corpus; United States Supreme Court; Legal research; In-
formation Retrieval; Document Similarity;  
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1 INTRODUCTION 

This paper reports on a novel implementation of a recommendation algorithm that 
utilizes LDA in the legal context to provide legal citation recommendations. Using 
natural language processing while benefiting from the multi-topic nature of LDA, the 
proposed tool is well-suited to legal research and is capable of augmenting the abili-
ties of domain-knowledgeable users.    
In common law, precedent-based legal systems, case law is a primary source of law. 
Legal practitioners, academics, and students all routinely conduct legal research and 
turn to case law in the pursuit of the most relevant set of facts and applicable legal 
rules in a court decision or other legal document. Once a relevant document is found, 
it can be cited in support of an argument, or distinguished as inapplicable. The legal 
retrieval system reported herein, was thus motivated by the desire to use text analysis 
to complement traditional legal research with an effective (accurate and relevant) and 
efficient (low time and effort) search tool. The extensive amount of digitized legal 
text available for search presents the problem of an ineffective legal search, a problem 
with which scholars have been trying to address for several decades8. Another issue 
that the presented tool is intended to address is the human “tendency toward the fa-
miliar”, as was also reported in the legal context25. Indeed, the incorporation of text 
analysis methods into Law and Artificial Intelligence has been recognized as a press-
ing need2. A study conducted in 2007 on the American case law network found a 
highly skewed distribution of authorities in the Web of Law; 2% of U.S. Supreme 
Court citation network comprise 56% of all citations27. The ultimate meaning of this 
“rich get richer phenomenon”, results in legal practitioners analyzing the legal sphere 
via a highly limited lens9. 

Previous attempts at using automated means for legal research have sometimes 
been met with difficulty due to technological limitations in both hardware and soft-
ware. But with recent advances in both hardware capabilities and new algorithmic 
techniques, the technology is ripe for further exploration of legal search tools. Such 
tools have the additional potential of normalizing the distribution of case law usage 
and authority in the Web of Law. The need for an efficient legal citation tool is com-
plemented and reinforced by the existence of advanced data mining and text analysis 
techniques as well as a more open, digitized environment from which a legal corpus 
of data can be drawn. The LDA algorithm is of particular interest as it can produce 
higher-dimension topics/clusters than other topic modeling and clustering algorithms 
that have been applied to this problem in the past.    

To meet this end, a system was developed which recommends a case that is rele-
vant to a text query that has been written in natural language. The described system 
runs on a data set of the United States Supreme Court decisions, which consists of 
63,547 documents. 

The rest of the paper unfolds as follows. The second section provides an overview 
of previous work utilizing text analysis techniques in various fields with regard to 
legal information extraction and retrieval systems and methods. Next, the methods 
used in our proposed model are described, namely, the application of topic modeling / 
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Latent Dirichlet Allocation to a legal corpus. The fourth part provides our results, 
including results from an in vivo automated testing method devised by the authors to 
test the practical performance of the tool built. In the last part, conclusions and further 
research are discussed.  

2 PREVIOUS WORK  

The use of probabilistic topic models to identify systematic patterns and commonali-
ties in data has applications in diverse fields, from medicine1 to political science 12,17; 
and is implemented for such purposes as text mining19, social network analysis6, cus-
tomer purchasing behavior14, language modeling3, and others. The application of col-
laborative topic modeling to a retrieval system for scientific articles31 is a utilization 
of LDA that shares some features with the approach taken in this paper. The applica-
tion of text analysis methods in the legal sphere is limited, albeit not novel. Automat-
ed content analysis and semantic interpretation of legal text has been implemented for 
the purposes of case summary20,21 legal outcome prediction2; identification of justices’ 
ideology16 or quantifying the "complexity" of a written opinion22; determining con-
sensus among justices23; attributing authorship in unsigned court opinions18; and as a 
litigation support system in the field of Online Dispute Resolution (ODR)10.  
 

The presented retrieval tool involves several lines of research within Law and AI, 
namely, knowledge representation, legal retrieval systems, and information extraction 
using various text analysis methods. The SALOMON system detects relevant legal 
text by word-frequency techniques and performs retrieval based on similarity 
measures, while acknowledging the potential of learning topics by the grouping of 
text 20,21. Other models extract semantic information and classify legal text by pre-
defined concepts5, or suggest retrieval based on the k-Nearest Neighbors approach2,24. 
Natural Language Processing techniques have been also implemented in automatic 
classification of legal case factors2,32 and in extracting ontologies from legal text15. A 
recent work by El Jelali et al. introduces an information retrieval system that uses 
machine learning and natural language processing techniques to match disputant case 
descriptions with court decisions10. Text mining and analysis have been implemented 
outside the academic realm as well, in aiding legal work from a practitioner’s per-
spective. There are several designated Information Retrieval systems in the field of 
Online Dispute Resolution (ODR)1.  
 

As has been done in more recent work10, the tool reported here uses natural lan-
guage inputs rather than pre-defined, constructed, template-based methods, which 
were more common in older systems. Critically, the model presented here differs 
from previous work in the application’s methods and goals. To the best of our 
knowledge, there is no previous published work that utilizes LDA in the context of 
the legal domain in order to build a legal document retrieval system. The advantage of 
                                                             
1 For an overview see Carneiro D, Novais P, Andrade F, Zeleznikow J, Neves J.,Online dispute 

resolution: an artificial intelligence perspective. Artif Intell Rev 41(2):211–240 (2014). 
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LDA over many other methods that have been attempted before lies in its modeling of 
documents as distributed over multiple topics, rather than a single topic, as is assumed 
in hard clustering approaches such as K-means and K-medoids. In modeling legal 
decisions as topic distributions, and topics as distributions over words, LDA accounts 
for the multi-topic nature of a court case (a single case, or even a single part of a case, 
may naturally address several legal topics.) Another advantage of LDA is that it 
learns the relevant item representation in an automated unsupervised fashion, elimi-
nating the need for manually curated topics or human-enabled feature extraction. 
Moreover, a significant portion of former work on legal information processing and 
retrieval focused on semantic inferences that could be gleaned from the legal text. 
While the suggested topic model algorithm does embody semantic similarity 
measures26 rather than a word-based approach10, in its simplicity, it overlooks the 
complexity of judicial language. In other words, the proposed tool uses text-analysis 
techniques that take into account similarity measures while being “agnostic” to words' 
linguistic meanings, differently from other work8,10,15,19,32. Another feature that distin-
guishes the work reported here is a practical testing technique, which automatically 
analyzes 1000 queries extracted from a United States Supreme Court Case database. 
 

3 METHODS   

Our aim was to design a tool for one type of use-case that is common among legal 
researchers—i.e. the task of finding a case to cite that is relevant to a portion of text 
that has already been written in a legal document, a common and modifiable use-case 
for this legal research tool. 

The methods we employed are directed toward this use-case, and can be summa-
rized as follows: first, we build a retrieval system using LDA that suggests legal cita-
tions that are most relevant to a natural language query from a user; and second, we 
test the retrieval system by simulating the expected use-case. In this model, “rele-
vance” is defined by topic similarity: the most relevant document is the document that 
is most similar in topics to the text query. In the first phase, we build several different 
models by varying certain parameters used in LDA, described below. 

In this section we outline the data used, the steps used for processing data, the 
method for approximating LDA, and our testing framework.  

3.1 Latent Dirichlet Allocation 

LDA is a hierarchical Bayesian generative model, in which documents are represent-
ed as a mixture of a limited set of topics, where each topic is characterized by a distri-
bution over words3. The model, which allows the representation of documents in a 
reduced feature space consisting of K dimensions (rather than a larger space that con-
tains as many dimensions as the number of unique words in a given corpus), is thus 
used as a method of unsupervised machine learning to discover latent topics that are 
hidden in a text.   
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LDA can be represented by plate notation to describe the generative process 

wherein each document in the corpus is generated by picking a multinomial topic 
distribution θ ~ Dirichlet(α) for the document d. Each word of the document is as-
signed a topic from the topic distribution. Given the topic, a word is drawn from the 
multinomial word distribution βk ∼ Dirichlet(η) from the dictionary for that topic. 

The method used in our model for approximating the LDA is the Online Learning 
algorithm, available in the Python library Gensim, described by Hoffman et al., a 
variation on the Expectation Maximization approach13. The Online Learning algo-
rithm is streamed and runs in constant memory with regard to the number of docu-
ments and can make use of a distributed system, which allows it to be implemented 
on a much larger corpus. 

3.2 Data 

Data Source. Our data set is the entire corpus of United States Supreme Court deci-
sions available on courtlistener.com,2 which consists of 63,547 court decisions. The 
data span a period of over two centuries of deliberations by the United States Su-
preme Court, from 1754 to 2014. We created our models using a fifty percent random 
sample of the mentioned corpus, meaning, about 32,000 documents, to form a “mod-
eling corpus.” This modeling corpus was used due to the somewhat limited computa-
tional resources available to us – in this case, insufficient RAM. However, a 50% 
random sample is more than sufficient to form a model generalizable to the entire 
corpus, and in any event, the amount of RAM required to use the entire corpus would 
be well within the means of a commercial user, or could be parallelized across a clus-
ter of inexpensive machines. Within the 32,000 document modeling corpus, we 
trained the model on 80% and evaluated perplexity on 20% (see section 3.3). Once a 
model was learned from the modeling corpus, topics were inferred on the entire cor-

                                                             
2 CourtListener, a legal research website sponsored by the non-profit Free Law Project, was 

established in 2010 by Brian W. Carver and Michael Lissner (University of California, 
Berkeley School of Information). Michael Lissner, CourtListener.com: A platform for re-
searching and staying abreast of the latest in the law, Masters Thesis, University of Califor-
nia, Berkeley, School of Information, (May 7, 2010). For the Supreme Court database see 
https://www.courtlistener.com/?q=&court_scotus=on&order_by=score+desc (last visited 
April 16, 2015). 

Fig. 1. Blei et al. 2003, page 997 
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pus using the trained model, and these topic distributions were used to make the rec-
ommendations that we then tested, as described further below. 

Data Preprocessing. As part of preprocessing, data cleaning for LDA consisted of 
removing punctuation and stop words, in which each document in the corpus was 
transformed into a “bag of words” representation. Moreover, we created two different 
corpora to test whether or not stemming helped to reduce noise and produce LDA 
models that represented topic distribution more accurately. 

3.3 Creating and Evaluating Models  

The modeling corpus, which consists of roughly 32,000 documents, is divided into a 
training set - consisting of 80% of the corpus selected randomly (approximately 
26,000 documents) - and an evaluation set consisting of the remaining 20% of the 
corpus. To create each model, a set of K topics are first learned from the training set 
by applying Latent Dirichlet Allocation3 to learn topics. Each model was then evalu-
ated for perplexity based on the remaining evaluation set, selecting the model that 
minimizes perplexity as the best model, as described in section 4.2. The LDA algo-
rithm uses two user-determined parameters, α and K, which alter the sparsity of the 
topic distribution and the number of topics, respectively. The best model for which we 
had the computational time and resources to implement on our single-processor ma-
chine was then chosen using the perplexity measurement described in the Analysis 
section below. The best model built on the modeling corpus is then applied among the 
entire corpus of documents to infer the topic distribution of each document therein, 
representing each document as a vector of length K. This model underlies the retrieval 
system - the topic vector of each document, as computed by the model, is stored in a 
database. 

3.4 Retrieving Relevant Citations  

In order to perform the information retrieval task, the engine receives a query consist-
ing of a text input automatically extracted from the user’s draft document. It then 
searches for relevant documents as follows: (1) the user’s text is transformed into a K-
dimensional vector representing that query’s topic distribution using the same LDA 
model learned from the training corpus; (2) the similarity of the query topic vector to 
the topic vectors of each of the documents in the database is computed, and (3) the 
documents are retrieved as citation recommendations in descending order of their 
semantic similarity, as measured by a distance measure between the topic distribu-
tions.  

We compare four different distance measures: Kullback-Leibler (KL) Divergence, 

                                                                                                    𝐾𝐿(𝑝, 𝑞) = 𝑝!   log
!!
!!

!
!!!  (1) 

Information Radius (IR), 
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Hellinger Distance (HD) 
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and Manhattan Distance (MD). 
 
                                                                                              𝑀𝐷(𝑝, 𝑞) = 2×(1 − min(𝑝! , 𝑞!))!

!!!                      (4) 
In all the above formulae, p and q are the topic vectors to be compared, and pi and qi 
are each of the co-ordinate elements of the respective topic vectors. Each distance 
measure computes how different or similar two vectorised topic distributions are. The 
higher the distance, the more dissimilar the distributions. We tested more than one 
distance measure because KL, a very popular measure, is not symmetric, meaning that 
the similarity of document p to document q is not the same as the similarity of docu-
ment q to document p. The three other approaches are symmetric. 

 
These distance measures were used to create a document-to-document similarity 

coefficient following the example of Dagan et al. (1997) and Rus et. al (2013).  
                                         𝑆𝐼𝑀(𝑝, 𝑞) = 10!!"#(!,!)                                                 (5) 

Another version of the retrieval algorithm weighs the similarity coefficient alongside 
a measure of the retrieved documents' popularity (i.e. the number of times each doc-
ument has been cited before). The weighting is accomplished by multiplying the simi-
larity by a coefficient of between 0.8 and 1.2, scaled to the total distribution of docu-
ment citations. The coefficient boundaries were selected empirically to be conserva-
tive in order to prevent overweighting—i.e., to prevent the popularity measure of a 
document from having an excessive effect on the ranking and overpowering the simi-
larity measure. 

3.5 Testing the Retrieval System  

Besides the standard evaluation methods for topic models, we set up the following 
practical testing scenario as another method to determine the optimal parameters, as 
well as test the relevant performance of our two3 corpora: We randomly selected 1000 
paragraphs from cases in the US Supreme Court database, each of which contains 
some text and a citation to another Supreme Court decision. The citations were then 
separated from the paragraphs, and each of the paragraphs were used as query text to 
be input into the retrieval system. Using the above-described algorithm, we retrieve a 
sorted list of recommended citations for each test paragraph. Of course, we removed 
any citations that were not dated earlier than the document from which the test para-
graph was taken. Our metric for performance was the position of the actual cited doc-
ument in the recommendation ranking. Ideal performance would be when the number 
one recommendation in the ranking matches the actual citation that had been original-
ly cited in the paragraph. We compared how well each of our models, similarity 
                                                             
3 (1) Corpus with stemming, and (2) Corpus without stemming. 
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measures, and weighting with popularity ranks the citation found in the paragraph. 
The optimal combination of parameters will be used in the tool implementation. 

4 RESULTS AND ANALYSIS   

4.1 Model Parameter Choices  

We developed two sets of LDA models with 15, 30, 50, 100, 200, 300, 400, 500, 600, 
700, 800, and 900 topics, one set using stemming and another set without stemming 
words. In addition to comparing the number of topics, we tested the difference in 
results from selecting α as 50/k (a rule of thumb following Griffiths and Steyvers, 
2004) and dynamically learning α from the data. 

4.2 Model Evaluation 

As described in the Methods section above, each model was evaluated in an initial 
evaluation stage. This was done by calculating the per-word likelihood and perplexity, 
using the 20% holdout of the modeling corpus as an evaluation set. Intuitively, per-
plexity is an indicator of the ability of a given model to predict the next word in a 
given document, and the lower the perplexity, the better the model is at doing so30. 
More formally, perplexity is derived from log-likelihood of unseen documents and is 
calculated as follows, where w is the set of unseen documents (and wd refers to each 
document in the set), Φ is the topic matrix, and α is Dirichlet prior of the topic distri-
bution:  
                                        ℒ(𝑤)   =   log  𝑝(𝑤|𝚽,𝛼)   =    log  𝑝(𝑤!|𝚽,𝛼)    !                                                                           (6) 

                                              perplexity(test  set  𝑤)   =   𝑒𝑥𝑝 ℒ(𝑤)
count  of  tokens    (7) 

The figure below shows the results of our evaluation of the perplexity of the mod-
els described above. Since automatic α parameter setting was computationally more 
expensive and yielded no relative benefit, we discontinued it. Figure 2 shows the per-
plexity of the different model on a log-scale, hence the negative values. 
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Fig. 2. Log-Perplexity by Number of Topics and Stemming 

Although the apparently superior models contained over 500 topics, computing re-
source restrictions permitted us only to do the next phase of the testing with a 200-
topic model by the publication deadline. The result is a less granular representation of 
the topic distribution of each document. With more topics, we would expect more 
accurate similarity metrics due to the higher resolution representation. Additional 
testing with the models of greater than 200 topics is currently being performed, with 
more results expected in the coming weeks.  

4.3 Retrieval System Testing Results 

Using the 200-topic model in the engine, we tested the recommendation performance 
of the engine using the procedure described in the Methods section above. This addi-
tional procedure measured the ability of the retrieval system to retrieve the citation 
that we knew was in some way relevant to a given text query paragraph (because it 
had been cited by the Supreme Court in relation to that paragraph). In the graph be-
low, we show how the length of the query paragraph ("Document Length") affected 
the ranking of the "correct" citation returned by the retrieval system ("Minimum 
Ranking").  
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Fig. 3. Minimum Rank by Document Length 

The graph above shows that performance stabilizes as the query length exceeds 
250 words. These results have implications for recommendation tool design: using a 
200-topic model, a recommendation tool built on this engine should extract 250 words 
of context from the user's document in order to retrieve better results.  

We investigated the outlier points in the boxplot and found that they represented 
documents from the data set where the parser failed to parse a query paragraph cor-
rectly. Including query cases of every length, as well as outliers, our initial overall 
quantile results were as follows, where the top row shows the percentile and the bot-
tom row shows the minimum ranking of the cited document: 

 
Percentile 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Minimum 
Rank 

2 8 24 53.6 135.5 286.8 632.9 1223.8 2924.9 37854 

Table 1. Initial Quantile Results 

Focusing on query cases that were of length greater than 250 words, we report the 
quintile results below: 
Percentile 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Minimum 
Rank 

0.6 2 3 6.4 13 27.2 59 174.6 703.2 9970 

Table 2. Quantile Results for queries of length > 250 words 

Thus, for queries of length greater than 250 words, the retrieval system built on the 
200-topic model weighted with popularity returned the original citation associated 
with that query in its top 3 results 30% of the time, and in the top 59 results at least 
70% of the time. These results are very encouraging for an initial test, and we are now 
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iterating on this design by engaging additional computing resources and paralleliza-
tion techniques to test the models we created that had a larger number of topics, K. 

4.4 Illustrative Query Results 

To illustrate more intuitively how the retrieval system was able to find the matching 
document to many of the query paragraphs, we provide an example of both a match-
ing and non-matching document to a single query. 

The graph below shows the probability distribution of the top 20 topics in an ex-
ample query (blue), and compares them with the distribution over the same 20 topics 
in the highest ranked document returned by the engine (pink). As can be seen, the 
topic distributions are fairly well matched: 

 
Fig. 4. Topic Distribution Comparison 

Compare this with the next graph, which shows the same query compared with a 
low-ranked document returned from the engine. As can be seen, the top 20 topics in 
the distribution for the comparison document (pink) are barely found in the probabil-
ity distribution for topics in the query (blue): 
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Fig. 5. Topic Distribution Comparison 

5 CONCLUSIONS 

To the best of our knowledge, this was the first attempt of its kind to create a reliable 
legal retrieval system based on LDA topic modeling, and the first attempt at testing 
such a system by automated means. As described above, initial results have been en-
couraging, and further research and testing is currently being undertaken. 

The tool’s admittedly circumscribed ability to detect the cited document among its 
top recommended results is nevertheless worthy of further exploration, given the lim-
ited amount of topics in the model we were able to test with our set of computing 
resources. Additional models with higher number of topics and lower perplexity are 
currently being tested to see if they improve performance on the automated test set. 
While results points to the need for more topics in the models, an optimal number of 
topics should be learned from additional tests. 

Additional modifications to the data set in the pre-processing stage, as well as fur-
ther changes to the ranking method, are also candidates to be considered for improv-
ing the system’s overall performance.  Moreover, for the purpose of this research, the 
data set was intentionally left unfiltered. Further research might consider filtering out 
some of the documents based on noise (documents with low to non-alphabetic con-
tent) and legal relevance (for example, the corpus consisted of a large number of deci-
sions dismissing writs of certiorari with very little content.) Another route for further 
research and development could consider using existing documents and their citations 
to learn (using supervised machine learning) the optimal weights for popularity and 
other metadata available in our corpus to improve recommendations. 

This work also raises additional interesting avenues of research exploration in the 
domain of testing. Whereas the automated testing techniques described rely on judi-
cial language, additional testing could be performed to evaluate the tool’s perfor-
mance given text queries generated by laypeople, students, or legal practitioners with 
different linguistic styles. A user experience study could be conducted among legal 
practitioners to determine the tool’s efficiency (low time and effort), by comparing 
the legal research user experience with the aid of the suggested tool versus traditional 
legal research and writing methods. Furthermore, testing is required among testers 
with domain specific knowledge to evaluate the effectiveness of the system, in terms 
of the recommendation accuracy and relevance. By collecting user data, this infor-
mation could also be used to optimize the recommendation, using supervised learning, 
in a similar way to the calibration framework suggested above. 

Yet another direction of future research could be the substitution of alternative and 
newer methods of topic modeling, such as Heirarchical Dirichlet Process (HDP) and 
Nested Chinese Restaurant Proces (nCRP)4,28 in an attempt to contribute to the sophis-
tication of the model and its accuracy, by implementing/learning topic hierarchies, 
rather than flat lists, within the legal texts. 

Finally, from a normative and policy perspective, additional research should con-
sider the implications of the discussed technology on the legal industry and profes-
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sion, such as its potential narrowing effect on legal research and writing skills, or its 
potential in widening the distribution of case law networks. 
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Abstract. Since belief change plays a significant role in agent commu-
nication, we need to consider two questions. The first question is how an
agent decides to change his/her belief. If we consider the reliability of an
information source, an agent may change his/her belief based on reliabil-
ity change. For reliability change, an agent may change his/her reliability
for the other agents based on his/her belief change. Both belief change
and reliability change can be formalized by several dynamic operators in
terms of dynamic epistemic logic. Since there are many operators, the
second question is how an agent decides which operators to be applied
for realizing his/her belief change and reliability change. In order to deal
with these questions, we develop a practical implementation for analyz-
ing belief change and reliability change of an agent. Moreover, we also
demonstrate our implementation by a legal case.

Keywords: belief revision, reliability change, legal case, dynamic epis-
temic logic

1 Introduction

In agent communication, belief revision is a key problem, i.e., when an agent
receives a piece of information, he/she has to decide if he/she will believe the
received information or not. That is, whenever the agent considers that the re-
ceived information entails inconsistencies in his/her belief, he/she has to revise
his/her belief. On the other hand, the agent will accept and may believe the
received information if he/she considers that it is consistent with his/her belief.
Moreover, the reliability of the information source, which is one of the most im-
portant criteria in agent communication, can be used to decide which information
the agent should believe. That is, an agent will believe the received information
if a source of received information is considered to be reliable. Recently, belief
revision have been extensively studied by some researchers [1, 2]. In addition,
dynamic epistemic logic (DEL) [3] is a branch of modal logic for studying about
knowledge change or belief revision.

In legal proceedings, a judge also needs a concept of belief revision. That is,
when the judge receives new information, he/she has to reconsider his/her belief
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in order to reach his/her own decision. A legal case is a good example to show
how a judge changes his/her belief by the reasoning process. Nowadays, several
studies [4, 5] have applied logical approaches in the legal systems because logic
can be used to clarify the meaning and soundness of reasoning.

Thus far, the previous work [6] introduced two dynamic operators including
commitment and permission in order to formalize belief re-revision of a judge in
a legal case. An agent can remove some belief states by applying the commitment
operator, while the permission operator is used for restoring the former belief.
Then, [7] presented an influence of the reliability of information source on belief
change, i.e., an agent may change his/her belief based on a consideration of the
reliability. In order to formalize such reliability change, two dynamic operators
consisting of upgrade and downgrade operators are introduced. Next, [8] pro-
posed a logical formalization based on a combination of dynamic operators from
[6] and [7] for analyzing belief re-revision based on reliability change of a judge in
legal case. In addition, their work introduced a new kind of downgrading called
joint downgrade operator in order to downgrade such agents in the specific group
to be equally reliable and less reliable than the other agents. Nevertheless, when
we have many dynamic operators, the question is how we decide which operators
to be applied for analyzing his/her belief change and reliability change.

This study aims to develop an implementation of our logical formalization in
a computer system in order to analyze belief re-revision and reliability change of
an agent in a practical way. Furthermore, our implementation is demonstrated
in an example of legal case from British Columbia.

This paper is organized as follows. Section 2 describes the target legal case.
Then, Section 3 presents the static logic of agents’ beliefs equipped with the no-
tion of sign information. In order to capture belief change and reliability change
of an agent, Section 4 provides dynamic operators in terms of dynamic epistemic
logic. In Section 5, we propose an implementation of our logical formalization.
Finally, Section 6 concludes this paper and states some future works.

2 Target Legal Case

Let us summarize a story of our target legal case that occurred on August 31,
1996 in Surrey, British Columbia1 as follows:

During some Indo-Canadian games at Royal Kwantlen Park in Surrey, a
victim v with a collection of new friends including f1, f2 and the others
gathered for social purposes, possibly including alcoholic beverages. At
around 5:30 p.m., a van consisting of two respondents r1, r2 and the
others slowly approached the group of v. As the van drew closer, a burst
of gun fire swept the group of v, shooting on a low trajectory into the
ground. As a result, v died and three others including f2 were wounded.
Then, the van sped away.

1 This legal case can be referred from http://www.canlii.org/en/.
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In the inquiry stage, several witnesses who involved in the incident were
interviewed by the police. However, there are only two witnesses, i.e., f1 and f2
gave the reasonable evidences as follows:

(I1) f1 stated that r1 was a driver of the van and r2 was the shooter. More details
can be shown as follows:

f1 said that he saw a brown van coming from the north toward us.
Then, he saw that r2 lifted the barrel of the gun and then started
shooting.

(I2) f2 only stated that r1 was a driver of the van, but did not identify r2 as the
shooter. More details can be shown as follows:

f2 was asked: “Who was in the driver’s seat? Can you describe him?”
His answer was: “r1 was driving. I’m one hundred percent sure. There
was no passenger.” “Who was in the back of the van?” His answer
was: “I don’t know.”

After the interviews, both r1 and r2 were charged with the first degree murder
of v, the attempted murder of three other persons, and the aggravated assault
on the same three persons.

In the Crown Court, f2 changed his statement that identified who is the
shooter. Thus, there are two testimonies as follows:

(T1) f1 stated that r1 was a driver of the van and r2 was the shooter. More details
can be shown as follows:

f1 testified that he saw r1 driving the vehicle and saw r2 sitting by
the sliding door. He said he saw r2 struggling with the gun. He also
testified that he has known r1 for 10 to 15 years and r2 for 15 years.

(T2) f2 also stated that r1 was a driver of the van and r2 was the shooter. More
details can be shown as follows:

f2 testified that he saw r2 with the gun, firing. He was hit in the
legs. He testified he could identify r1. He had known him for the
past 10 to 12 years. He recalled the incident of one week earlier at
the Rotary Stadium that he has an altercation with r2. He said he
knew the van was r1’s van because he had seen him driving it before
and he described r2 as being in the middle seat. He also identified
that he has known r2 for the past 10 or 12 years.

From the above testimonies, the judge accepted that the statements of both
f1 and f2 as sufficient identification evidence because of the following reasons.

– With respect to the statements of f1 (I1 and T1), the judge considered that
they was consistent and could be accepted as both credible and reliable. The
judge was satisfied beyond a reasonable doubt that f1 has properly identified
both r2 and r1 as being the shooter and the driver involved in this crime.

– With respect to the statements of f2, the judge may have some doubt about
the identification by f2 of r2. Thus, the judge considered that only f2’s
identification of r1 as the driver to be truthful.
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– Both f1 and f2 had an absolutely clear view on a clear day and, even in a
brief span of time with a van moving very slowly past them, they were both
very familiar with both of these defendants. Therefore, the judge considered
that their identification is the truth.

In this verdict, the judge acquitted both r1 and r2 of first degree murder, but
convicted them of manslaughter. The judge also convicted them of aggravated
assault instead of attempted murder of the other three victims. This is because
of the following reasons.

– Since the shooting was the random nature of the attack, there was no intent
to cause death.

– Due to the fact that the shooting was directed downwards, rather than at the
group generally, which would inevitably have caused much greater damage.
This shows that r2 did not intent to kill v.

For this reason, the Crown Court judged both r1 and r2 to be each sentenced
to nine years in prison on the manslaughter count, and to terms of four years on
each of the other three convictions, all to be served concurrently with the nine
year sentence for manslaughter by Article 236 of Criminal Code.2

Article 236 (Manslaughter)
Every person who commits manslaughter is guilty of an indictable of-
fence and liable
(1) where a firearm is used in the commission of the offence, to imprison-
ment for life and to a minimum punishment of imprisonment for a term
of four years; and
(2) in any other case, to imprisonment for life.

3 Static Logic of Agents’ Beliefs for Signed Information

To formalize belief re-revision and reliability change of an agent from a logical
point of view, we introduce a modal language, based on previous works [6, 7],
which enables us to formalize each agent’s belief, the reliability of information
sources, and signed information.

Let G be a fixed finite set of agents. Our syntax L consists of the following
vocabulary: (i) a countably infinite set Prop = { p, q, r, ... } of propositional let-
ters, (ii) Boolean connectives: ¬, ∧, (iii) the belief operators Bel(a, ·) (a ∈ G),
(iv) the signature operators Sign(a, ·) (a ∈ G), and (v) the constants for reliabil-
ity ordering b 6a c (a, b, c ∈ G). A set of formulas of L is inductively defined as
follows:

ϕ ::= p | ¬ϕ |ϕ ∧ ϕ |Bel(a, ϕ) |Sign(a, ϕ) | b 6a c,

where p ∈ Prop and a, b, c ∈ G. Note that b <a c stands for b is strictly more
reliable than c, i.e., (b 6a c)∧¬(c 6a b), and b ≈a c which stands for b and c are

2 An English translation of the article can be referred from http://www.canlii.org/

en/ca/laws/.
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equally reliable, defined as (b 6a c) ∧ (c 6a b). We define ∨, →, ↔ as ordinary
abbreviations. Next, let us provide Kripke semantics for our syntax. A model M
is a tuple M = (W, (Ra)a∈G, (Sa)a∈G, (4a)a∈G, V ), where W is a non-empty set
of states, called the domain, Ra ⊆W×W is an accessibility relation representing
beliefs, Sa ⊆ W ×W is an accessibility relation representing signatures, 4a is
a function which maps from W to P(G × G) representing agent a’s reliability
ordering between agents, and V : Prop→ P(W ) is a valuation. In what follows,
we simply write b 4w

a c for (b, c) ∈4a (w). Following [9] and [7], 4w
a is always

required to be a total pre-ordering between agents, i.e., 4w
a is reflexive (b 4w

a b
for all b), transitive, and comparable (for any b and c, b 4w

a c or c 4w
a b). For

any binary relation X on W and any state w ∈ W , we write X(w) to mean
{ v ∈W | (w, v) ∈ X }.

Given any model M, any state w ∈ W , and any formula ϕ, we define the
satisfaction relation M, w |= ϕ inductively as follows:

M, w |= p iff w ∈ V (p)
M, w |= ¬ϕ iff M, w 6|= ϕ
M, w |= ϕ ∧ ψ iff M, w |= ϕ and M, w |= ψ
M, w |= b 6a c iff b 4w

a c
M, w |= Sign(a, ϕ) iff M, v |= ϕ for all v such that wSav
M, w |= Bel(a, ϕ) iff M, v |= ϕ for all v such that wRav

A formula ϕ is valid in a model M if M, w |= ϕ for all states w of M.
By using the total pre-ordering 4w

a , the agents can be ranked by giving a
partition (Ca

i )i≤M to G, where M is a natural number representing the maximum
rank (such M always exists because G is finite). c ∈ Ca

i can be read as ‘from a’s
viewpoint, the rank of c is i’. As a result, the agents who are equally reliable are
categorized in the same group.

4 Dynamic Operators for Belief Re-revision and
Reliability Change of An Agent

This section describes the dynamic operators for formalizing belief re-revision
and reliability change. First, we describe a joint downgrade based on [8] for
formalizing reliability change. Then, we employ a variant of the permission based
on [6], and the private announcement from [7] for formalizing belief re-revision.

4.1 Joint Downgrade

Based on the previous work [8], a joint downgrade [H �a] is introduced in order
to allow an agent to downgrade the agents in the specific group to be equally
reliable and less reliable than the other agents. For [H �a], H ⊆ G is a set of
agents. The reading of [H �a]ψ is ‘after such agents in H are downgraded
jointly by the agent a, ψ holds’. Semantically speaking, [H �a] makes such
agents in H to be equally reliable and less reliable than all the other agents.
Note that the joint downgrade operator [H �a] is different from the downgrade
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operator [H ⇓aϕ] in [7] as follows. After downgrading, [H �a] makes the reliability
ordering between agents in H to be equal, while [H ⇓aϕ] keeps the same reliability
ordering between agents in H.

Next, let us fix a Kripke model M = (W, (Ra)a∈G, (Sa)a∈G, (4d)d∈G, V ), a
semantic clause for [H �a] on M and w ∈W is defined by:

M, w |= [H �a]ψ iff MH�a

, w |= ψ,

where MH�a

= (W, (Ra)a∈G, (Sa)a∈G, (4′d)d∈G, V ) and 4′d is defined as: for all
u ∈W :

– if d 6= a, we put 4′ud = 4u
d .

– otherwise (if d = a), we define b 4′ua c iff(
b, c ∈ H

)
or
(
b, c ∈ (G \H) and b 4u

a c
)

or
(
b ∈ (G \H) and c ∈ H

)
.

Note that this joint downgrade can preserve the property of total pre-ordering
of (4d)d∈G. The following are valid on all models.

[H �a]p ↔ p
[H �a] (b 6d c) ↔ b 6d c (d 6= a)
[H �a] (b 6a c) ↔ b 6a c (b, c ∈ G \H)
[H �a] (b 6a c) ↔ > (b, c ∈ H)
[H �a] (b 6a c) ↔ ⊥ (b ∈ H, c ∈ G \H)
[H �a] (b 6a c) ↔ > (c ∈ H, b ∈ G \H)
[H �a]¬ψ ↔ ¬[H �a]ψ
[H �a] (ψ1 ∧ ψ2) ↔ [H �a]ψ1 ∧ [H �a]ψ2

[H �a]Sign(b, ψ) ↔ Sign(b, [H �a]ψ)
[H �a]Bel(b, ψ) ↔ Bel(b, [H �a]ψ)

Moreover, if ψ is valid on all models, then [H �a]ψ is also valid on all models.

4.2 Permission

The permission [perj(ϕ)] is proposed in [6] in order to capture belief re-revision
of an agent. This permission operator [perj(ϕ)] allows an agent to restore the
former possibilities to his/her belief. Semantically speaking, [perj(ϕ)] is used
for enlarging j’s attention to cover all the ϕ’s states. While the previous study
[6] used the permission to revise agent’s belief locally in one specified world,
this work assumes that an effect of an agent’s permission is applied globally for
all w ∈ W . Given a Kripke model M = (W, (Ra)a∈G, (Sa)a∈G, (4a)a∈G, V ), a
semantic clause for [perj(ϕ)]ψ on M and w ∈W is defined as follows:

M, w |= [perj(ϕ)]ψ iff Mperj(ϕ), w |= ψ,

where Mperj(ϕ) = (W, (R′a)a∈G, (Sa)a∈G, (4a)a∈G, V ) and (R′a)a∈G is defined as:

– if a = j, R′a is defined as follows: for all x ∈W ,

R′a(x) := Ra(x) ∪ JϕKM, where JϕKM := {v ∈W |M, v |= ϕ}.
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– otherwise (if a 6= j), R′a := Ra.

Note that this permission operator can preserve the properties of seriality, tran-
sitivity, and Euclideanness of Sa.3 For Ra, the permission operator can preserve
the property of seriality, but it cannot preserve the properties of transitivity and
Euclideanness in general.

4.3 Private Announcement

From [7], the private announcement [ϕ  a] is captured in terms of the action
model in dynamic epistemic logic. Our intended reading of [ϕ  a] is “after a
private announcement of ϕ to agent a”. The main idea is that belief change of a
will not be noticed by the other agents than a,4 and only a recipient is defined as
agent a. Therefore, this operator can be used for self-decision. Firstly, [ϕ a] is
defined by an action model, i.e., a tuple (E, (Dc)c∈G, (Ua)a∈G,pre) such that E
consists of two actions: ϕ-announcing action !ϕ to agent a and non-announcing
action >, Da = { (!ϕ, !ϕ), (>,>) } and Dc = { (!ϕ,>), (>,>) } if c 6= a, Uc =
{ (!ϕ,>), (>,>) } for all c ∈ G, and pre assigns a precondition to each action
by pre(!ϕ) = ϕ and pre(>) = >. Next, when a Kripke model M is fixed as a
tuple (W, (Rc)c∈G, (Sc)c∈G, (4c)c∈G, V ), a semantic clause for [ϕ  a]ψ on M
and w ∈W is defined as follows:

M, w |= [ϕ a]ψ iff Mϕ a, (w, !ϕ) |= ψ,

where (w, !ϕ) is the updated state of Mϕ a (defined just below) by the above
action model and Mϕ a = (W ′, (R′c)c∈G, (S

′
c)c∈G, (4

′
c)c∈G, V

′) is the updated
model by the above action model, i.e.,

– W ′ := W × E = W × { !ϕ,>}.
– (w, e)R′c(v, f) iff wRcv and (e, f) ∈ Dc and M, v |= pre(f) (for all c ∈ G).
– (w, e)S′c(v, f) iff wScv and (e, f) ∈ Uc (for all c ∈ G).

– d 4′(w,e)
c d′ iff d 4w

c d′.
– (w, e) ∈ V ′(p) iff w ∈ V (p).

Note that, based on [7], this private announcement can preserve the proper-
ties of seriality, transitivity, and Euclideanness of Sc. For Rc, the properties of
transitivity and Euclideanness are preserved by this private announcement.

In addition, [7] proposed to capture the careful policy from [9] based on this
private announcement as follows: Based on [9], a careful policy which is one of
aggregation policies is used to decide which pieces of information an agent should
believe. A concept is to accept, as beliefs, the statements which are universally
signed by a group of agents who are equally reliable. Firstly, the careful policy is

3 For a binary relation S, S is serial if for any state w, there is some state v such that
wSv. S is transitive if wSv and vSu jointly imply wSu for all states w, v, u, and S
is Euclidean if wSv and wSu jointly imply vSu for all states w, v, u.

4 Based on [7], the axiom [ϕ a]Bel(c, ψ)↔ Bel(c, ψ) captures that the action of a’s
privately receiving message ϕ will not affect of the other agents’ beliefs than a. Thus,
this work considers only the case that the other agents than a do not know about
such event.
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defined in terms of dynamic operators by [Careful(a, ϕ)], whose reading is “agent
a aggregates information about ϕ”. Then, Sign(Ca

i , ϕ) which stands for ‘all agents
who are in the set Ca

i sign statement ϕ’ is defined as follows:

Sign(Ca
i , ϕ) :=

∧
c∈Ca

i

(
Sign(c, ϕ)

)
.

Next, the UniSign, whose reading is ‘a believes that ϕ is universally signed by
a group of agents who are equally reliable’, is introduced as follows:

UniSign(ϕ, a) :=
∨

i≤M

(
Bel
(
a, Sign(Ca

i , ϕ)
)
∧

Bel
(
a,
∧

1≤j≤i−1¬Sign(Ca
j ,¬ϕ)

)) ,
where M is the maximum natural number of {i ≤ #G | Ca

i 6= ∅}. Finally, the
careful policy is captured by the help of the private announcement as follows:

[Careful(a, ϕ)]ψ := UniSign(ϕ, a)→ [ϕ a]ψ,

where [Careful(a, ϕ)]ψ can be read as ‘after agent a aggregates information about
ϕ by the careful policy, ψ holds.’

5 Implementation

This section introduces an implementation of our logical formalization. We have
implemented a Windows-Based Application with Visual C# TM as shown in
Fig. 1. This program outputs the truth value of propositions, together with
world accessibility relations in dot format. Thus, we can visualize the dot file
by GraphvizTM .

The main features of our implementation are summarized as follows:

(1) We can edit the definition of an initial model including G which is a set of
agents, W which is a non-empty set of states, (Ra)a∈G which is an accessi-
bility relation representing beliefs, (Sa)a∈G which is an accessibility relation
representing signatures, and V which is a valuation. For the reliability order-
ing, the system will automatically define that all witness are equally reliable,
i.e., their rank is 1 at the initial stage. Note that this work fixes the rank of
reliability to be 0, 1, 2. That is, we may regard that 0 represents unreliable,
1 represents neutral, and 2 represents reliable. 5

(2) We can input any dynamic operators, i.e., the private announcement [p a]
which is represented by [p=>a], the permission operator [perj(p)] which is
represented by [per(j,p)], and the joint downgrade [H �a] which is rep-
resented by [downgrade(a,H)]. Then, the system automatically calculates
such operator and outputs the result on the screen such as in Fig. 4.

5 In the real world, a judge cannot categorize the reliability of witnesses to be several
group as [9]. Thus, this work proposes to simplify the rank of reliability in a real
situation by fixing to be 0, 1, and 2.
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Fig. 1. Interface of our implementation

(3) The system can check if there is inconsistency between the existing belief and
new information or not. If there is inconsistency, the system applies the joint
downgrade and the permission operators. Then, the system calculates the
operations of such operators. Finally, the system can automatically visualize
the resultant states such as in Fig. 3.

(4) We can apply the careful policy by clicking the button “Aggregate Info.”.
Then, the system will calculate the careful policy according to Section 4.3.

Let us demonstrate our implementation by the target legal case in Section
2. In order to analyze the target legal case from the judge’s perspective, we will
only focus on the Crown Court. We will not consider the inquiry stage because
there is no change of reliability.

In the Crown Court, the set G of agents is {j, f1, f2}, where we recall that
f1, f2 are agents of two witnesses, and j is a judge of the Crown Court. For the
statement involving the legal case, we consider only one propositional letter p
whose reading is “r2 is the shooter”. We assume at first that all witnesses are
equally reliable for j as follows:

M, w0 |= Bel(j, f1 ≈j f2),

where we regard the state w0 as j’s viewpoint at the initial stage of the Crown
Court. In the trial, we assume that f1 first told statements to j that can be
captured by [Sign(f1, p) j] and j will believe the following information.

M, w0 |= [Sign(f1, p) j]Bel(j, Sign(f1, p))

105



Fig. 2. Program after inputting a model M1

We define M1 by the updated model of M after the above action. A model M1

can be defined as follows:

G = { j, f1, f2 }
W = {w0, w1, w2, w3, w4, w5, w6, w7, w8, w9, w10, w11, w12 }
Rj = { (w0, w1), (w0, w2) }
Sf1 = { (w1, w5), (w2, w7), (w3, w9), (w4, w11) }
Sf2 = { (w1, w6), (w2, w8), (w3, w10), (w4, w12) }
V (p) = {w5, w6, w7, w10 }

Now, let us analyze belief change and reliability change of the judge in the
Crown Court by our implementation. First, we input the above model M1 and
then the system initializes the values of Rj , Sf1 , Sf2 , V (p), and the reliability of
all agents in each state as in Fig. 2. After that, the system outputs the graphic
result after inputting the model M1 as in the left-hand side of Fig. 3.

Second, we input [Sign(f2,p)=>j] which represents that f2 told the state-
ment Sign(f2, p) to j. Then, the system calculates such operator and shows the
result as follows:

M1, w0 |= Bel(j, Sign(f1, p)) ∧ [Sign(f2, p) j]Bel(j, Sign(f2, p)).

The graphic result of the above action can be shown in the right-hand side of
Fig. 3.

Next, when j turns back to the inquiry stage, he/she finds that f2 provides
the statement Sign(f2,¬p). In this sense, j commits his/herself to the statement
Sign(f2,¬p) by [Sign(f2,¬p)  j]. This can be done by inputting an action
[Sign(f2,~p)=>j] into the system. Then, the result of calculation by such op-
erator can be shown in Fig. 4 and the graphic result can be shown in the left-hand

106



Fig. 3. The left-hand side is Kripke model of Bel(j, Sign(f1, p)) and the right-hand side
is Kripke model after [Sign(f2, p) j].

Fig. 4. Program after inputting [Sign(f2,¬p) j]
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Fig. 5. The left-hand side is Kripke model after [Sign(f2,¬p) j] and the right-hand
side is Kripke model after [perj(Sign(f2, p))].

side of Fig. 5. After that, the system will check if the received information is
inconsistent with j’s belief or not. If there is inconsistency, the system automat-
ically performs three actions as the following sequences.

1) Based on j’s decision in Section 2, we can regard that j considers that the
statements of f2 are inconsistent. In other words, f2, who gives the incon-
sistent statements, can be regarded to be unreliable. So, we regard that j
needs to downgrade the agent f2 by [{f2} �j ]. In our system, an action
[downgrade(j,{f2})] which represents [{f2} �j ] is performed. Then, the
system outputs the result after this downgrading as “Bel(j,f1<f2)” rep-
resenting Bel(j, f1 <j f2), i.e., the agent f2 becomes less reliable than the
agent f1 from j’s perspective.

2) By the update of [Sign(f2,¬p) j], the system deleted all the links from w0

into the states where Sign(f2,¬p) is false, and as a result, there is no links
from w0 (see the left-hand side of Fig. 5). So, we regard that j needs to per-
mit the possibility of both Sign(f2, p) and Sign(f2,¬p) by [perj(Sign(f2, p))]
and [perj(Sign(f2,¬p))], respectively. This can be done by performing an
action [per(j,Sign(f2,p))] which represents [perj(Sign(f2, p))] and an ac-
tion [per(j,Sign(f2,~p))] which represents [perj(Sign(f2,¬p))] in our sys-
tem. [perj(Sign(f2, p))] and [perj(Sign(f2,¬p))] aim to restore the former
links to the states where Sign(f2, p) and Sign(f2,¬p) are true, respectively.
After that, the system outputs the graphic results of [perj(Sign(f2, p))] and
[perj(Sign(f2,¬p))] as shown in the right-hand side of Fig. 5 and in the left-
hand side of Fig. 6, respectively.

After the above actions, j believes the following information.
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Fig. 6. The left-hand side is Kripke model after [perj(Sign(f2,¬p))] and the right-hand
side is Kripke model after [Sign(f1, p) j].

M1, w0 |=Bel(j, Sign(f1, p)) ∧ [Sign(f2, p) j]Bel(j, Sign(f2, p))∧

[Sign(f2,¬p)
)
 j][{f2} �j ]Bel(j, f1 <j f2)∧

[perj(Sign(f2, p))][perj(Sign(f2,¬p))](
¬Bel(j, Sign(f1, p)) ∧ ¬Bel(j, Sign(f1,¬p))∧
¬Bel(j, Sign(f2, p)) ∧ ¬Bel(j, Sign(f2,¬p))

)
We can denote M2 by the updated model of M1 after the above actions. From
the decision in the Crown Court, we may regard that j admits the statements
of f1, i.e., Sign(f1, p) by [Sign(f1, p)  j], and the graphic result can be shown
in the right-hand side of Fig. 6. Therefore,

M2, w0 |= [Sign(f1, p) j]Bel(j, Sign(f1, p)).

Let us denote M3 by the updated model of M2 after [Sign(f1, p)  j]. Finally,
j aggregates information by the careful policy and will believe that r2 is the
shooter (p) as follows:

M3, w0 |= Bel(j, p).

6 Conclusion

This study proposed an implementation of our logical formalization for analyzing
an agent’s belief re-revision and reliability change. Several dynamic operators,
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i.e., private announcement, permission and joint downgrade operators were pre-
sented in terms of dynamic epistemic logic. With a combination of these dynamic
operators, we demonstrated our implementation in an example of legal case from
British Columbia. In the inquiry stage, the witnesses gave the statements to the
police, but after then one of them changed their statements in the Crown Court.
In order to analyze this process, our dynamic operators were employed in our
implementation. The main contribution in this study is to implement our logical
formalization in a computer system to show its adequacy.

For the future works, we aim to consider more sophisticated ways to construct
a process of the accessibility restoration by the permission operator. In our logical
formalization, we consider information about only one topic. In this sense, the
permission operator can work well. Nevertheless, if there is more than one topics,
it may cause a problem called bad side-effect. For example, an agent j first
believes p and q (Bel(j, p) ∧ Bel(j, q)). Then, if j needs to permit the possibility
of ¬p, [perj(¬p)] is employed. By the update of [perj(¬p)], j will not believe p
(¬Bel(j, p)) and may not believe q (¬Bel(j, q)). In other words, [perj(¬p)] affects
not only Bel(j, p) but also Bel(j, q). In fact, [perj(¬p)] should not affect the other
propositions than p. Therefore, our next goal is to avoid this problem.
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Abstract.  Recently, ICT has been adopted for use by the judiciaries in many 

countries such as Singapore and a specialized paperless Cybercrime court in In-

dia, in response to the global changes in the economy and politics. It is urgently 

necessary for Japanese judiciary to adopt ICT to catch up with the global trend. 

This paper initially points out problems in the administration of the current ju-

diciary system in Japan, especially problems of accessing and managing legal 

information. We next propose a system to solve such problems, recommending 

WEB based system as one that might be appropriate for solving the problems. 

Finally, we propose an ontology to be appropriate to such a system to determine 

what information and document metadata is produced in the course of a Japa-

nese civil trial.  

Keywords: Cyber court, High Tech court, Legal document, XML, Ontology, 

Semantic Web,  

1 Introduction 

    Recently, the adoption of ICT by judiciaries is progressing in many countries to 

reflect global economic and political changes.  In particular, a judicial system incor-

porating ICT is called a “Cyber Court” or a “High Tech Court”. For example, the 

Supreme Court of Singapore introduced ICT in 1998 [1]. They have introduced a 

Centralized Display Management System, a Digital Transcription System, E-

Signatures, Electronic Hearings, a JusticeOnLine System, etc.  All documents are 

displayed on PC screens in the court [2].  Also, High Court of Delhi and District 

Court of Delhi introduced paperless E-Court [16]. From the standpoint of technologi-

cal research, there are many studies about models combining law and knowledge 

structures of law [3], however it is very rare to find a model to create an experimental 

system for ICT based judiciaries. 

We have decided that it is very important to develop a prototype of a Cyber Court to 

evaluate the effectiveness of such an idea.  We developed the first prototype of a 

Cyber Court in 2004 at Toin University of Yokohama [4,15] and demonstrated its 
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effectiveness, especially for the recently adopted Saiban-in system (Japanese jury 

system) [5]. Our previous Cyber Court Prototype mainly focused on using the Inter-

net, such as through Internet based teleconferences, recording all hearings on video 

stored in a cloud and digitizing all documents.  However it did not include a function 

enabling participate the judiciary, such as being able to submit a complaint to a court 

by not only a lawyer, but also an ordinary citizen using the Internet and a accessing 

judicial records on line. Our next step in developing the Cyber Court is intended to 

improve access to the judiciary by the people. Online complaints and online reading 

of the docket and documents record of legal requires a system and environment that 

would allow anyone to submit and access the judicial record easily. 

As described in the first paragraph of this section, the Singapore Supreme Court 

provides functions to convert legal documents into electric data for people who can’t 

come to the Supreme Court, however, it has not led to increased ICT literacy and it is 

not easy to access and retrieve digitized documents through the Internet. Even in Ja-

pan, although ICT use has spread widely by now, not many people have personal 

scanners in the homes. To make a legal system useful and accessible, it is necessary to 

avoid use of special hardware, such as a scanner, and special software, such as com-

mercial word processor applications. 

In this paper, we propose a legal document access system that supports not only le-

gal professionals but also ordinary citizens to allow them to access the judiciary sys-

tem. Also we analyze the types of information in judicial documents in detail, espe-

cially those used in civil trials, to further develop a legal documents access system. 

  In section 2, we discuss the current status of access to judicial documents, and in 

section 3, we introduce the related works. In section 4, we discuss the problems en-

countered in realizing an advanced legal access system.  Based on the discussing, we 

propose the design of an online legal data access system in section 5.  In section 6, we 

describe the ontology that should be used in the proposed system in detail.  Finally, 

we summarize our new Cyber Court System and propose further research is the con-

clusion. 

2 Status of online access to judicial documents in Japan  

2.1 Access Precedent 

Some Japanese case records are now open access. We can access them online and 

search them [6, 17]. The search screen is shown in Figure 1, Figure 2. We think that 

the legibility and flexibility of the search function are not so well developed since the 

search system requires knowledge of the legal system and the court system, such as 

the court name, case number, trial date and time. In addition, at the bottom of the page 

in Figure 1, there are character string searches, however it allows the combination of 

up to three words connected by “OR” and the combination of three of those connected 

by “AND”. In addition, it is not possible to use “NOT” to set the query, thus, it is 

difficult for an ordinary person to use it effectively. 

One of the reasons for having such a simple search system is that the current judi-

cial records are managed on paper or in PDF format. It usually entails substantial cost 
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to add keywords to the judicial record. If we want to build a database that allows a 

flexible search, we will need to add complex metadata instead of simple keywords. 

 

 
Figure 1 

 

 

 
Figure 2 

2.2 Online demand procedure 

Another online system used to access judicial data in Japan is the “online demand 

process” [7].  This system requires installation of a dedicated program to use it. The 
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platform is also limited to Windows, so that it is now possible to access from a Mac or 

Smartphone. Though this system solves the problems of distance and time for the 

demand procedure, it creates another problem that requiring a computer environment 

and knowledge of ICT. The problem of using a computer means that, according to that 

form, specific platform, a JRE (Java Runtime Environment) [8], is required.  Of 

course, this problem may be resolved as ICT progresses. 

The problem of having knowledge of ICT is more serious. This is because JRE is 

necessary to install and use this program. It may be no problem for people who have 

enough knowledge of ICT to install it. But, it may be a problem for ordinary people 

who don’t have enough knowledge of ICT. There seem to be quite a few people who 

can use this system even if we prepare them no matter how many polite commentary 

pages and videos we offer. 

The technique introduced to enhance online access to the judiciary should not be-

come a wall. It should be designed and implemented to enhance access to the judici-

ary, and besides, even serving that anyone can easily use it is important. 

3 Related Work 

3.1 Cyber Court 

The pioneer study of a Cyber Court System is Courtroom 21 [9]. It started in 1993 

at William & Mary University as a joint project of that university and the National 

Center for State Courts in the U.S.A. They implemented a cyber court using a telecon-

ference system and performed many trials to determine the effectiveness of ICT in 

court. They also use such technology to support education at their Law School. At this 

time, they are mainly focusing on judicial and lawyer education and training, court-

room design and needs assessments. 

3.2 Legal XML 

OASIS (Organization for the Advancement of Structured Information Standards) 

has a project “LegalXML Electronic Court Filing TC” to define a standard to create 

and transmit legal documents among attorneys, courts, litigants, and others by using 

XML. OASIS defined Electronic Court Filing Version 4.01 as the OASIS Standard on 

May 23, 2013 [11]. This standard specified XML for court filing, however they do not 

define an ontology of legal documents. 

3.3 Ontology for Legal Documents 

There was a study to generate an ontology for a legal domain by using a special 

tool to describe ontology [12,14]. The paper describes the result of generating an on-

tology for a legal domain, however, the study was intended for generation of ontolo-

gy. The result is not focusing on a specific procedure or real civil trial case. 
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4 Problems in Accessing Judicial Records 

4.1 Outline of the problem 

Here we will discuss the problems of technology used to access judicial documents 

that we described in section 2. The first one is the lack of flexibility in the search for 

judicial precedent information. The second one is complicated procedure required to 

prepare the environment to access judicial precedent information. For example, there 

was an online demand procedure system in the Sapporo District Court
1
 was difficult 

to use and only one access attempt was succeeded during the trial period. In the fol-

lowing subsection, we would like to discuss these two problems in detail. 

4.2 Problems in searching for precedent 

With respect to the flexibility of the search, we think that the most important issue 

is about adding enough metadata to judicial record as mentioned in section 2.  

Judicial records are handled and stocked as papers now. It is required to add 

metadata offline.  Usually, judicial documents are described by using word processor, 

so that the original document is digital data. Because of the restriction about handling 

judicial documents, the electric data is printed on paper, and digitized (scanned) again 

and metadata added manually. This is an inefficient procedure and requires great ex-

pense. It is necessary to simplify this procedure. 

In our opinion, the best method is to use the original digital data for searching doc-

uments, and instead of adding metadata manually, it is better to add metadata auto-

matically and ask the authors of the documents to correct the automatically added 

metadata. 

4.3 Problem in implementation of the system 

The solution to the second problem, the complicated procedure, i.e., to prepare the 

environment for people without knowledge of ICT, is easy. If the system is imple-

mented as a web-based application, users do not need to install a specific application.  

In addition, the judicial records inputted via the web are unique data and no record 

exists locally except for scree print.  By using a web-based input service, it is easy to 

verify authenticity of the data. 

5 Proposed system 

5.1 Architecture for the proposed system 

To solve the problems in the current system involving judicial document descrip-

tion and retrieval, we would like to propose the system for civil trials described in 

                                                           
1 This system has stopped on March 2009. 
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Figure 3. Figure 3 illustrates the architecture of our proposed system. Users input data 

to the server through a web browser and also access judicial records by using flexible 

query language such as Sparql [10] referring to the ontology of judicial record.  

This system makes it possible to describe all documents related to the lawsuit, and 

to manage all legal starting from a complaint to judgment or settlement. Since it is the 

web based application, users can access it from the browser of their own PCs. We 

think that anyone can use it easily. For user management, an ID and passwords should 

be used in this system. One-time passwords may be useful because of the widespread 

adoption of smartphones. This technique, however, may become a barrier to people 

without knowledge of ICT, so we have to be cautious about that. In addition, as well 

to a current online demand system, an e-signature should be required.  It is necessary 

to solve the problems relating to e-signatures, since there is not much awareness of e-

signatures and the procedure of issuing e-signatures is complicated [13]. 

 
Figure 3 

 

5.2 Metadata of the trial record 

We would like to explain the left side of Figure 3.  This part is the key function of 

this system. The purpose of this system is "to let users add metadata to trial records 

and support them by describing and managing case records without special effort by 

the users". The users can write documents visually by using an input form with a web 

application.  

If we use a web based input form, the characteristics of the information are clearly 

defined (e.g., including the name of the plaintiff, an address, the postal code). There-

fore, the system can add appropriate metadata for each form inputted on the server 

side. Even if the input data is complicated sentence, we can add metadata appropriate-

ly after the input data is parsed on the server. 
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The system should add appropriate metadata for an appropriate data such as words, 

sentences. The quality and quantity of the metadata in the electronic version of rec-

ords of the lawsuit cannot exceed that of the paper edition.  In other words, if the sys-

tem simply recognizes the contents of the case records, the results may be similar to 

those in the paper version. Of course, this looks better than the metadata founded in  

the current precedent database, but there is a problem.  

As described in Figure 4, currently case records are printed on paper as the sum-

mary of a case.  If digital data is developed from this summary, the quality of the 

metadata is not better than that of previous one. 

To solve this problem and to add more useful metadata, we suggest a “case records 

ontology”, as shown in Figure 5. The case record is generated from original data of 

the case by using an ontology. Then a summary is generated from the original data.  

To carry out this system, we have to define the civil case record ontology to pro-

vide enough information for both the user and the system. 

 In the following section, we will explain the ontology for a case record in a civil 

trial. 

 

 

 
 

Figure 4 

 

 

 
 

Figure 5 
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6 Ontology for civil trial 

6.1 Basic design 

In this section, we will describe the basic design of the ontology for a civil case. 

This ontology begins from the petition to the judgment or settlement. The ontology 

consists of two parts, as follows: 

1. Information about the plaintiff and defendant 

2. Various presentation procedures 

In the following sub-sections, they are explained them in detail. 

6.2 Ontology describing plaintiff and defendant 

Figure 6 displays the relationship between the plaintiff and defendant. In Figure 6, 

the details of the defendant are not specified since the defendant has the same struc-

ture as the plaintiff. 

 

 

 
Figure 6 

 

The above Figure starts with explanation added of the details of the plaintiff. A 

plaintiff person (individual), a plaintiff (corporation) and a plaintiff (representative) 

are members of the above plaintiff group. Each member has 0 or more elements. 

Then, we explain the ontology about a plaintiff person (individual) in detail. A 

plaintiff person is a subclass of individuals as shown in Figure 7. Similarly, a defend-

ant person is a subclass of individuals. Individual is subclass of person.   

A plaintiff person has a name and a contact. A contact has a postal code, mailing 

address, phone number and e-mail address. FAX numbers are required in the current 

paper documents, but it is not entered because this system does not need it. These four 

items seem to be enough to provide contact information, however we should update 

this part of the ontology to include sufficient information. 

The details of a plaintiff (corporation) are shown in Figure 8. The corporation has a 

corporation name, contact information and a representative of corporation. A repre-

sentative of corporation is a subclass of person and gives the name of representative 
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and the job title of representative. The contact in Figure 8 is the same as the contact 

for the plaintiff person (individual) described in Figure 7, so the details are described 

in Figure 8. 

The details of plaintiff (representative) are shown in Figure 9. A lawyer is a sub-

class of the person. A plaintiff (representative) has the contact and information of 

representative of the plaintiff group (including the name of law firm). Since the name 

of the plaintiff representative is an option, it is permitted a plaintiff group representa-

tive without name. In addition, a plaintiff representative can have multiple lawyers. 

That is the complete explanation about the information related to plaintiffs and de-

fendants. We indicated that the subclass of person, such as a plaintiff, a defendant, a 

corporate representative and a lawyer in the ontology. Strictly speaking, they are 

merely roles.  However, the scope of this ontology is very limited as described in 6.1, 

so that we can consider these sub-classes as a person who has such roles in nature. 

In the case of a counterclaim, there seems to be a problem since the human has two 

roles: plaintiff and defendant [14], however, there is no contradiction since each stage 

of civil trial is managed independently. In addition, a person may be defined twice if a 

plaintiff person and the representative of a corporation are the same. In this respect, 

what a person as individual can do differs very much from what a person as a repre-

sentative of a corporation can do. Based on this consideration, we should treat each 

person as a totally different person. 

 

 
Figure 7 
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Figure 8 

 

 
Figure 9 

 

6.3 Ontology for various presentation procedures 

In this sub-section, we explain the ontology of “Various presentation procedures” 

shown in6.1. As described in Figure 10, this ontology focuses on the plaintiff group 

and the defendant group in Figure 6. There are many documents in a trial, however, 

only a petition is given as an example in Figure 10.  We use part of the petition shown 

in Figure 11 and Figure 12 for reference [13]. 

Each document is a subclass of all of the documents. The petition has a body, date, 

attached document and data. The e-signature is included in the attached data. 
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Figure 10 
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Figure 11 
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Figure 12 

7 Conclusion 

In this paper, we have described a system that makes it possible to access all doc-

uments in a lawsuit, and to manage all judicial records from a the trial to the judge-

ment or settlement. We also define ontology for civil trial.  

We will update this ontology what should be the reflection of the requirements to 

describe legal documents relating to civil case.  We have not yet defined the detailed 

metadata in the body of each document. We must study how to add metadata automat-

ically to the body of the documents by parsing them.  

Our next step will be to implement a prototype of a legal document access system 

based on the ontology that we have defined. We would like to discuss with legal pro-

fessionals to further refine the ontology and prototype. 
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In addition, it is necessary to confirm its compatibility with a search for the judicial 

precedent information. Specifically, it is necessary to control the part that is not open 

to the public because of privacy to define a search form that can utilize the flexibility 

of SPARQL effectively and assess the search speed. 
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Abstract. In legal debates, it is a matter of importance whether one’s own ar-
gument is accepted or not.For this, we propose evaluation method for calcu-
lating the acceptability of arguments, and a tool developed based on the mea-
sures. This method is called reliability-based argumentation framework(RAFs),
extended from argumentation framework, seeking for multivalued dialectical va-
lidities of arguments reliable to some extent. The modular reliability-based ar-
gumentation framework(MRAF) based on RAFs is able to integrate the RAF se-
mantics in every module. This leads to an over-all valuation of the acceptability
of argumentations including several local arguments. The argumentation-support
tool can represent the utterance logs of those who join an debate, the argumen-
tation diagram its users made, and the argumentation framework converted from
this, contributing to the intuitionistic comprehension of the logical structures of
arguments and their acceptability.This tool also enables represented argumenta-
tion framework to be converted into modular structures of local AFs, leading to
an overall valuation of the acceptability of arguments.

Key words: Argumentation theory, semantics, argumentation framework, relia-
bility, modular structure

1 Introduction

A legal debate is a discussion between lawyers, legal academics and others. Arguments
are series of statements typically used in such a debate to persuade someone to do
something or to present reasons to let him or her accept a conclusion. It is an impor-
tant problem for participants to know which ones of the all the arguments come to be
finally accepted. To solve this problem, argument diagrams, visual representation of
the structure of arguments made in the discussion, can be seen being often used. There
have been several researches done about such argument diagrams, such as the Araucaria
system [1] which provides an interface which supports the Toulmin’s diagramming [2]
process and then saves the result, and the theory of Argumentation Framework (AF)
[3] which is one of the fundamental theories of the field of argumentation theory, and
has been extended in various ways to accommodate different kinds of abstraction about
argumentation [4–6] and etc.

To teach legal debate skills to students of the law school, several argumentation sup-
port tools have been developed. Some tools have functions to visualize the structure of
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argumentation in the form of diagram, and efficiency of using diagrams is studied by
Pinkwart, et. al [7]. We have also developed an online argumentation support tool based
on diagramming. This tool is installed on each tablet PC of each participant of the legal
debate. Each participant inputs his arguments through the Toulmin’s diagramming-like
interface of his tablet PC, and then the input arguments are transformed into AF and
its semantics are calculated. By this information, to win the argumentation the partic-
ipants know which argument he should attack next. However, the AF diagram tends
to become bigger as the discussion gets longer or more complicated. To cope with
this problem, we extended functions of the argumentation support tool. The extended
tool freely build AFs displayed on the screen into the module structures consisting of
multiple local AFs unless none of the information of each component is lost, and the
comprehensive acceptability of the each argument in the debate can be derived by com-
bining each local acceptability of the each argument in the local AF is necessary to
address these issues. To extend the argumentation support tool, we also have to extend
the AF theory by structuring it into distinct modules in hierarchical structure. There has
already been several theoretical studies of AFs whose structure is of a modular structure
which resembles our view about the support tool, such as Modular Assumption-Based
Argumentation(MABA)[8], Argumentation Context System(ACS)[9], and hierarchical
Extended Argumentation Framework(hEAF)[10].

However, the arguments, as are seen in legal, social and political debates, in which
some or other correctness is questioned should be compatible with the facts with which
they are concerned, the professional knowledge presupposed by them, and the conclu-
sion of their related arguments. Furthermore, the validity of each argument in such a
discussion as these depends on the status of its acceptability, if it is found in other
discussions as well. According to this view, based only on the dialectical acceptabil-
ity derived from AF semantics, it is impossible to ascertain the compatibility with the
background knowledge supporting each argument in such discussions. This is because
not all of the facts related to their themes are stated in the arguments. It is impossible
either to represent this compatibility as the relative ordering in PAF[11] or VAF[12].

Therefore, to analyze the validity of each argument in the discussion closely related
to the circumstantial facts, knowledge and opinions by keeping an eye on the compat-
ibility with their information and other discussions, including the meta-information of
the discussion, we believe that one needs to grasp the status of the compatibility or ac-
ceptability of each argument in the discussion. For example, assume a discussion on
a social issue and the case in which the argument made in that discussion is taken as
valid arguments in AF semantics, which valuates the dialectical acceptability. If, then,
the content of the argument is turned out to be in accord with that of a gratuitous rumor,
from the meta-information of the discussion, it should be excluded from the result of
the discussion considering the meta-information. Or else, if the context of this argument
turns out not contradictory to the context of the hypothesis made by an expert well-
acquainted with its related fields, from the meta-information of this argument, it should
be regarded as a credulous result of the discussion considering the meta-information,
which is roughly valid.

Furthermore, if the content of the argument turned out to be in accord with the re-
sults, the facts, or the expert knowledge of its related arguments, it should be regarded as
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theskeptical result of the discussion considering the meta-information, which is strictly
valid. To sum up, we believe that the acceptability of each argument in the discussion
relating to the background meta-information depends on both the consistency between
its context, called its reliability, and the background knowledge on one hand, and its
result of assessment in AF semantics on the other hand.

We, then, propose Reliability-based Argumentation Framework (RAF) whose se-
mantics consider the reliability of each argument. It is important to note that the reli-
ability of an argument is different from the“ trust”of trust-extended argumentation
graph[13], which comes from the relationship of trust between the participants of dis-
cussion, and the appearance frequency of the argument of PrAF[14]. In a sense, the
concept of the semantics of RAF is similar to the one of Authority Degree-Based Eval-
uation Strategy’s concept[15] to the effect that the argument made by the expert well-
acquainted with relative fields of its content has more significance than the one made by
the outsiders. But, in RAF semantics, the argument made by the outsiders which agrees
with the context of the expert of the relative domain of the context of it is regarded has
major significance than the gratuitous one, and the number of the attackers and defend-
ers of each argument in discussion is not taken into account because we follow the part
of the concept of the acceptability of AF semantics．

Our research objectives are focused on the following two points concerning the
analysis of real discussions: The first point is the theoretical approach extending AF
semantics so as to take the reliability of each argument into account in the way which is
different from the semantics of Assumption-based Argumentation framework (ABAF)
[16] and Probabilistic Argumentation Framework (PrAF)[14]. And, the second point is
the analytical approach developing a dynamic argumentation support tool for real time
analysis of real discussions whose function is visualization of argument diagram, to
derive the evaluation results of the acceptance of each argument, and to provide strategic
direction. The paper is structured as follows: In section 2, we review the background of
argumentation theory. In section 3 and 4, we define RAF, MRAF, and their semantics.
Furthermore, we outline the architecture, and the functions of the support tool in section
5, and conclude this paper in section 6.

2 Theoretical Background

An argumentation framework [3] is a tupleAF = (Ar,attacks), whereAr is a set of
arguments, and attacks⊆ Ar×Ar is a binary attack relation onAr. An attack from an
argumenta∈ Ar to an argumentb∈ Ar is expressed as(a,b)∈ attacks.

– The setS⊆ Ar is conflict-freeiff ∀x,y∈ S,(x,y) ̸∈ attacks.
– For anyx∈ Ar, x is acceptablewith respect to someS⊆ Ar iff ∀y∈ Ar s.t.(y,x) ∈

attacksimplies∃z∈ Ss.t.(z,y)∈ attacks.
– FAF : 2Ar → 2Ar, andFAF(S) = {a∈ Ar | a is acceptable w.r.t.S}.
– S⊆ Ar is complete extension iffS is conflict-freeandFAF(S) = S.

Caminada’s theory of reinstatement labelling [17] is more expressive than the exten-
sions defined in Dung’s theory. AF-labelling is a total functionL : Ar→{in,out,undec}.
The labelin indicates that the argument is explicitly accepted, the labelout indicates
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that the argument is explicitly rejected, and the labelundec indicates that the status of
the argument is undecided. This theory can convert every extension of Dung’s AF into
the set of in-labelled arguments by each reinstatement labelling.

3 Reliability-Based Argumentation Framework

In this section, we formally define Reliability-Based Argumentation Frameworks (RAFs)
and their semantics by extending the AFs defined by Dung. An RAF is a directed graph
consisting of nodes which have one degree of reliability and links between nodes. The
nodes represent argument and the links represent attack relation on arguments, like the
AFs defined by Dung. Furthermore, each argument has one degree of reliability.

Definition 1. A reliability-based argumentation framework (RAF) is a tuple
(Ar,attacks,ST), where Ar is a set of argument, attacks⊆Ar×Ar, and ST is a function
mapping from each argument in Ar to any one element in the set of reliabilities, Re,
defined as{sk,cr,def,unc}.

The setReconsists ofsk,cr, def, andunc, representing statuses of reliability. Note
that there is no decision rule determining which one element of Re should be mapped
in the theory of RAF. The elements of Re represent the statues of reliability of the
argument in Ar, and they are derived by seeing detail of the meta-information of the
content of the discussion which represent a RAF. For example, they are derived by the
following interpret:

The argument in Ar whose content agrees with any fact, established theory, or the
result of the result of the discussion which considered to be closed is assigned to the
status of reliability, sk (skeptical).

The argument in Ar whose content agrees with any issue which is possibly true
or opinion which isn’t one-sidedly rejected is assigned to the status of reliability,
cr(credulous).

The argument in Ar whose content agrees with any false rumor or rejected opinion
is assigned to the status of reliability, def(defeated).

The argument in Ar whose content is collided with any meta-information of the
content of the discussion represented by RAF is assigned to the status of reliability,
unc(uncertain).

Extensional semantics for RAF define the detailed acceptability of arguments in
real discussions and considers the reliability of each argument and the attack relations
between those arguments. We propose three kinds of semantics based on three kinds of
acceptability of arguments inAr. They came from different intuitive perspectives on the
persuasiveness of arguments in real discussions.

First, we adopt an intuitive perspective that unfounded arguments and the attack re-
lations concerning them should be judged to be invalid in persuasiveness of arguments.
Then, we define RAF-Non-Def semantics in which no argument whose reliability isdef
in Ar, (defeated argument) is included in any set in RAF-Non-Def complete extension,
and every attack relation concerning anydefeated argumentis invalid.

Secondly, we adopt the optimistic perspective that the argument which isn’t rejected
in the discussion and has the status of reliability iscr or unc should be included in
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the result of this discussion considering the content of the meta- information because
there is no evidence in the meta- information which shows it is false . Then, we define
RAF Optimistic semantics in which every argument in each set in Non-Def complete
extension, and every argument which is not adefeated argumentand is attacked only
by the arguments whose status of reliability iscr, unc, or def are included by RAF
Optimistic complete extension.

Finally, we adopt the pessimistic perspective that the argument which isn’t rejected
in the discussion and has the status of reliability iscr or unc, shouldn’t be included in
this result of the discussion considering the content of the meta- information because
there is no evidence in the meta- information which shows it is absolutely true. Then,
we define RAF Pessimistic semantics in which each set in every extension consists of
the arguments whose reliability issk.

Hence, the three semantics are formally defined based on the labelling extending
Caminada’s reinstatement labelling [17]:

We first define RAF-labelling and RAF-conflict-freelabelling, following AF-labelling
and AF-conflict-freelabelling:

Definition 2. A RAF-labelling in∆ is a total function L: Ar →{in,out,undec}. The set
of in-labelled arguments by L, that of out-labelled arguments by L, and that of undec-
labelled arguments by L are expressed as in(L), out(L), and undec(L).

Definition 3. A RAF-labelling L is a RAF-conflict-freelabelling iff no in-labelled ar-
gument by L attacks any other in-labelled argument by L and itself.

Secondly, we define each complete labelling in RAF-Non-Def semantics, RAF-
Optimistic semantics, and RAF-Pessimistic semantics.

Definition 4. Let ∆ be a RAF, and let L be a RAF-conflict-freelabelling in ∆ . Then, L
is a RAF-Non-Def complete labelling iff it satisfies the following:

∀a∈ Ar : (L(a) = in ≡ {ST(a) ̸= def} ∧ {∀b∈ Ar : [(b,a)∈ attacks⊃ L(b) =out]}) and
∀a∈ Ar : (L(a) =out≡ {ST(a) ̸= def} ∨ {∃b∈ Ar : [(b,a) ∈ attacks∧L(b) = in]}).

Definition 5. Let ∆ be a RAF, and let L be a RAF-conflict-freelabelling of∆ . Then, L
is a RAF-Optimistic complete labelling iff it satisfies the following:

∀a∈ Ar : (L(a) = in ≡ {ST(a) ̸= def}∧{∀b∈ Ar : [(b,a) ∈ attacks⊃ L(b) =out]}) and
∀a∈ Ar : (L(a) =out≡ {ST(a) = def}∨{∃b∈ Ar : [(b,a)∈ attacks∧L(b) = in]}

∨{(ST(a) =cr or unc)∧(∀b∈Ar : [(b,a)∈ attacks⊃ L(b) =out])}).

Any RAF-Non-Def complete labelling of∆ is a RAF-Optimistic complete labelling
of ∆ , too. Any RAF-Non-Def complete labelling of∆ is a always RAF-Optimistic com-
plete labelling of∆ , because every RAF-labelling in that meets the definition of RAF-
Non-Def complete labelling meets the definition of RAF-Optimistic complete labelling.

Definition 6. Let ∆ be a RAF, and let L be a RAF-conflict-freelabelling of∆ . Then, L
is a RAF-Pessimistic complete labelling iff it satisfies the following:

∀a∈ Ar : (L(a) = in ≡ {ST(a) = sk}∧{∀b∈ Ar : [(b,a)∈ attacks⊃ L(b) = out]}) and
∀a∈ Ar : (L(a) =out≡ {ST(a) = def}∨{∃b∈ Ar : [(b,a)∈ attacks∧L(b) = in]}).
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Definition 7. Let ∆ be a RAF, and let L be a RAF-σ -complete labelling of∆ , where
σ ∈ {Non-Def, Optimistic, Pessimistic}).

– L is a RAF-σ -stable labelling of∆ iff it is a RAF-Non-Def complete labelling of∆
and undec(L) = /0.

– L is a RAF-σ -preferred labelling of∆ iff in(L) is maximal (w.r.t. set inclusion)
among all RAF-σ - complete labelling of∆ .

– L is a RAF-σ -grounded labelling of∆ iff it is a RAF-Non-Def complete labelling of
∆ and in(L) is minimal (w.r.t. set inclusion) among all RAF-σ -complete labelling
of ∆ .

Finally, let∆ be a RAF,σ -ε-extension of∆ , whereε ∈ {complete, stable, preferred,
grounded}), is defined as the follow:{in(L) | L is aσ -ε-labelling of∆}

4 Modular Reliability-Based Argumentation Framework

Each module in a modular reliability-based argumentation framework (MRAF) is a
RAF representing the information of a local discussion. Two modules are in the hi-
erarchical relationship when the argument expressed in one module is referred to as
the argument in the other module. We call this the hierarchical relationship between
two modulesreference relation. One of the two modules in thereference relationis
a higher module that refers to the argument in the other lower module. Note that the
meta-information of the discussion which are represented in higher module is the con-
tent which are represented in the lower module by the form of RAF. Hence, MRAF
represent the discussions which are end targets of analysis as the highest modules and
the meta-information which is relative to them as lower modules.

Definition 8. A Modular Reliability-Based Argumentation Framework is a tuple (MO,
refers), where MO is a set of RAFs.Refersin the tuple is defined asrefers⊆ MO×MO,
which is a set ofreference relationsbetween modules in MO, and whose power set
contains any element constructing the circular relationship of the elements of MO. The
module M∈ MO is a higher module of the module M′ ∈ MO, where M′ is a lower
module of M when (M, M′) ∈ refersholds.

We introduce the way of defining the reliability of the referred argument in the
higher module derived by the functionST in the following, definition 9.

Note that the reliability of an argument in each RAF is defined uniquely in MRAF.
Then, We express as an RAF taken as the moduleM as∆M = (ArM, attacksM, STM).

Definition 9. In every module, each argument’s acceptability is calculated by only
RAF-σ -semantics. The ranked reliability of the argument, a in module M, STM(a) is
defined as the following 1,2,3, and 4:

1. STM(a) =sk holds iff the argument, a satisfies either of the (i) and (ii) in each lower
module of M.
(i) a is an element of RAF-σ -grounded extension.
(ii) a doesn’t exist.
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2. STM(a) = def holds iff the the argument, a satisfies the following (i) and (ii) in at
least one lower module of M.

(i) a is not an element of RAF-σ -complete extension.
(ii) a is labelledout in at least one RAF-σ -complete labelling.

3. STM(a) =unc holds iff the argument, a satisfies the following (i) and (ii) in at each
lower module of M.

(i) a is not an element of RAF-σ -complete extension.
(ii) a is labelledundecin every RAF-σ -complete labelling.

4. STM(a) = cr holds the argument a satisfies none of (1) or (2) or (3).

− The Interrelation between MRAF semantics and AF semantics

Let a MRAF beΓ = (MO, refers), whereMO = {Mi , M j} andrefers= {(Mi , M j )}. Let
Mi be ∆i = (Ari , attacksi , STi), and letM j be ∆ j = (Ar j , attacksj , STj )．We express
(Ari ∩Ar j ) as Ari j . Let an AF beA0 = (Ar0, attacks0), whereAr0 = (Ari ∪Ar j ) and
attacks0 = (attacksi ∪ attacksj ) holds. Then, we can detect one interrelation between
the MRAF semantics inMi and the AF semantics inA0 as described in the following
proporsion1 iff the followings holds:

attacksi ∩attacksj = /0, and∀(x,y) ∈ attacks0 : [x ̸∈ (Ari ∩Ar j) or y ̸∈ (Ari ∩Ar j)]

Proposition 1. If the set S which satisfying Ari j ⊆ S⊆ Ar0 is complete extension of A0,
then, the set (S∩Ari) is RAF-Non-Def complete extension of∆i .

The RAF-Non-Def complete extension of∆0 (∆0 = (Ar0,attacks0,ST0)), where ev-
ery argument is ranked assk(ST0(x) = skholds for∀x∈ Ar0) is the complete extension
of A0, too. Then, proposition 1 and the following (a) are equivalent. Furthermore, the
contraposition of proposition 1, (b) is valid, too.

(a) If the setS satisfyingAri j ⊆ S⊆ Ar0 is RAF-Non-Def complete extension of∆0,
then, the set (S∩Ari) is RAF-Non-Def complete extension of∆i .

(b) Let S′ ∈ Ari be a set which isn’t RAF-Non-Def complete extension of∆i , and let
S′′ ∈ Ari be a superset ofS′. Then,S′ andS′′ are not complete extension ofA0.

Note that the above interrelation (b) is useful, whenA0 is too huge to calculate
complete extension. We can convert it into a MRAF consisting of two modules. Hence,
the interrelation (b) can give us the perspective which argument inA0 is not complete
extension by calculating RAF-Non-Def complete extension of∆i which is partially al-
ternative to the semantics ofA0. In short, we can decrease the number of the possible
candidates of the elements of complete extension ofA0. Furthermore, in proposition 1,
(a), and (b), the words of “RAF-Non-Def complete extension” can be interpreted as the
words of “RAF-Optimistic complete extension” because every element of RAF-Non-
Def complete extensions is included in RAF-Optimistic complete extension.
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5 Argumentation Support Tool Based on RAF

5.1 Overview of The Argumentation Support Tool

Our argumentation support tool is installed to the user’s tablet PCs. These PCs are con-
nected to the argumentation server, and users exchange messages (utterances) through
it. When the user inputs an utterance, the server converts it into logical formulas and fur-
thermore to AF, and calculates the semantics of the AF. By visualizing AF on the screen
of PC, this tool helps users to understand logical structures of whole argumentation.

The functions of our tool are as follows.

– Value assignment to each argument
This tool can assign values to arguments of the participants in several ways. For
example, during discussion, participants may vote to one of conflicting arguments.
By regarding the number of voting as value, this tool calculates VAF semantics[12].

– Visualization of argument trees
This tool displays argument trees within nodes. Connecting the attack relations for
the utterances in the argument tree can enhance readability when you want to look
the entire argumentation. In addition, this can reduce the number of nodes produced
due to sub arguments.

– Visualization of focused parts of AF
This tool can focus on particular nodes(Fig. 3). AF becomes more complicated by
utterance increases. With this tool, tapping the node can only display the relation
from or to this node, so that the entire argumentation is made more understandable.

– Looking-ahead analysis for selecting next utterance
Prior to entering utterances, this tool can obtain the results in progress by calculat-
ing the argumentation frameworks on a trial basis after utterances are entered. This
makes it easier to formulate a strategy without making the argumentation disadvan-
tageous due to my utterances.

We showed these functions are useful for actual discussions[18]. However, in real
complex discussions which consisting of a lot of utterances, AF becomes complicated
and huge, and users cannot understand whole structure well. To solve this problem, we
extended our tool by attending the function to separate an AF into modules. To integrate
the semantics of each module, we employed the semantics of MRAF.

Fig. 1 shows the snapshot of the main screen. The argument diagram is at the upper
left, the argumentation framework is at the lower left, and the utterances log is at the
right side of the screen.

5.2 System Operational Procedures

Fig. 2 shows the system operating procedures. When a user inputs an utterance in the
form of argument diagram, it is immediately reflected on the argument diagram, and it
is sent to the server, where it is converted into logical expressions, and then they are
converted into AF. After the semantics of AF are calculated, AF and its semantics is
returned to the iPad.
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Fig. 1.Snapshot of the screen of the argumantation support tool

(A)Input Utterance in The Form of The Argument Diagram The argument diagram
shows the Toulmin-like logical relationships between utterance components. This dia-
gram saves time-series information of the argument, while accepting utterances input
of user. To input the user’s utterance in the form of the argument diagram, the user cre-
ates a node on the screen, makes a link from the node to the other node, and inputs his
utterance in the node.

Definition 10. The argument diagram is a tuple,(A,attacks,supports) , where, A indi-
cates a set of utterances, while attacks and supports indicates binary relations between
utterances in A. A corresponds to nodes on the screen, while attacks and supports in-
dicates two kinds of links between nodes.

Fig. 2.Operating diagram of this system
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Fig. 3.Conversion of Logical Expressions into Argumentation Frameworks

(B)Conversion of Argument Diagram into Logical Expressions The argument di-
agram is sent to the argumentation server, where it is converted into the formula. The
formula is classified toRs(A set of defeasible inference rules),Rd(A set of defeasible
inference rules),Kp(A set of the ordinary premises) andKn(A set of the axioms).

Let an argument diagram be(A,attacks,supports). For any member of attacks and
supports,Rd andKp are obtained as follows.

– ∀a,b∈ A, (b,a)∈ attacks
=⇒{¬a⇐ b} ∈ Rd, {b} ∈Kp

– ∀a,b∈ A, (b,a) ∈ supports
=⇒{a⇐ b} ∈Rd, {b} ∈ Kp

(C)Conversion of Logical Expressions into Argumentation FrameworkConversion
is carried out according to the conversion process of Aspic+[19]. Example (1) shows a
conversion example.
Example 1.

Kp = {s,u,x} Kn = {p} Rs = {s1,s2} Rd = {d1,d2,d3,d4,d5}
d1 : p⇒ q d2 : s⇒ t d3 : t ⇒¬d1 d4 : u⇒ v

d5 : v,x⇒¬ t s1 : p,q→ r s2 : v→¬s

Fig. 3 shows a conversion into an a argumentation framework. First of all, create argu-
ment trees in accordance with the rules. For example, check the top rule ofA1, s1. As
for p, p is p∈ Kn. There is no need to examine this furthermore. Next,q is Conc(d1) =
q, checkd1. As is the case with above,p is p∈ Kn, while there is no need to examine
this any further. As a result, argument A1 is structured as is shown by the argument
diagram on the left side of Fig. 3. Preparing A1 through A4 similarly, create the attack
relations while focusing on negation symbols of each argumentation tree. Finally, the
arguments and the attack relations consist of AF as is shown in the right part of Fig. 3.
This is the converted AF.　

5.3 Modularization of Argumentation Framework

When there are a lot of utterances and AF becomes huge, the user can separate some
part of AF from original AF and makes a new lower modules.
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Fig. 4.Modularization of Argumentation Framework

To separate the argumentation, at first, a user selects the separation mode on the
screen, then a lower module is created. After that, he selects target nodes which he
wants to separate. The first selected target node is called a pivot node. The target nodes
are moved to the lower module, and only the copy of the pivot node remains in the
higher module. In Fig. 4, the left side shows the initial AF which consists of 4 nodes
(arguments). The highlighted nodes{A1, A2, A3} are selected as target nodes, and A3

is a pivot node. The right side of Fig. 4 shows two AFs after separating process. Target
nodes{A1, A2, A3} are transferred to the lower module. The pivot node, A3, appears
in both module.

Argumentation of the lower module is continued and its semantics is sent to the
higher module.

5.4 Example

We show the advantage of modularization of AF by siting an AF about the restart of
nuclear power stations in Japan which has complex background. Such an AF tends to
be large and complicated as illustrated in Fig. 5. In this case, we can reconstruct the
graph structure of AF as the module structure of AF which is composed of the modules
representing the parts of the original AF as illustrated in Fig. 6. Modules illustrated in
Fig. 6 are AFs about the following subtopics of the restart of nuclear power stations in
Japan.

Module 0: Main module
Module 1: Power supply
Module 2: Security
Module 3: Economy
Module 4: Stable acquisition of uranium
Module 5: Cost of energy power
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6 Conclusion

We introduced an argumentation support tool based on MRAF proposing this paper.
This tool helps users by supplying environment of online argumentation, by visualizing

136



logical structure of arguments, and by calculating semantics of arguments based on AF
or MRAF. MRAF is an extended theory of AF defined by Dung, and has a semantics
which integrates more than one RAF semantics which depends on the reliability of
each argument and gives theoretical foundation of MRAF. Based on MRAF theory, our
argumentation support tool has a function to separate some part of AF from the original
AF. This function is useful for users to grasp a logical structure of a huge argumentation
and the acceptability of each argument.
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Abstract. This paper represents the first step of the Marie Sklodowska-
Curie ProLeMAS research project, which aims to (1) fill the gap between
the current logical formalizations of legal text, mostly propositional, and
the richness of natural language semantics, and (2) implement a concrete
NLP pipeline for automatically building formulae from existing legal
documents. In this paper, drawing from insights of Input/Output logic
and the Reification-based approach of Jerry R. Hobbs, we propose a
first-order logic formalization of real obligations.

1 Introduction

Ontologies of legal norms such as those used in Eunomos [4] [2] and Legal URN
[7] present norms in a structured, searchable and intuitive format for representing
who may or must do what and when, which can be used by legal professionals
for regulatory compliance and legal requirement engineering.

Automated or semi-automated methods for ontology building are necessary
if we are to over-come the so-called ‘resource consumption bottleneck’ [8] of cre-
ating ontologies manually, which has contributed to the current lack of practical
non-toy ontologies available (cf. [11]).

Legal text is an under-researched area in Information Extraction, and there
is a lack of suitable annotated data. The idiosyncratic nature of legislative text
poses particular challenges and advantages for the task of extracting such infor-
mation using NLP, in order to associate norms with suitable semantic represen-
tations on which to perform automatic reasoning.
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by the Joint International Doctoral (Ph.D.) Degree in Law, Science and Technology
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Our ongoing work on extraction of legal information to populate legal on-
tologies addresses the following research questions:

(1) a. How to design suitable knowledge representations for legal language?
b. How to build an NLP ontology population tool for transforming legal

language into such a representation?

The Marie Sklodowska-Curie ProLeMAS project1 specifically addresses research
questions (1.a-b). Drawing from the results of the ITxLaw project, ProLeMAS
(Processing Legal Language for Normative Multi-Agent Systems) proposes to fill
the gap between current logical frameworks designed to represent legal knowledge
and the richness of NL semantics by using Jerry R. Hobbs’s logic [10] for the
semantic representation of legal text (research question (1.a)) and to implement
a concrete NLP pipeline for automatically building formulae from existing legal
documents (research question (1.b)).

The present paper represents the first attempt in the context of the ProLe-
MAS project, and it specifically addresses research question (1.a).

In Section 2 we present the Eunomos system and the corpus of European
Directives where we are going to develop our research. Section 3 and Section 4
introduce the formal instruments at the base of our logical formalization: Hobbs’s
logic and Input/Output logic. The latter appears as one of the new achievements
in deontic logic in recent years. Section 5 contains the central part of the paper;
it defines a new logic that we call “The ProLeMAS logic”, which intermediates
between Hobbs’s logic and Input/Output logic, and shows how it can be used
to represent the meaning of obligations. Section 6 concludes the paper.

2 Background - The Eunomos system

The Eunomos legal Knowledge Management System [4], developed by the Uni-
versity of Turin as part of the ICT4LAW2 project, enables customers to find and
understand the law in their area of interest by searching a database of national
and regional legislation, and using a multi-level ontology to find the precise defi-
nition for terms within a particular context. The ontology has been extended to
include a particular structure for organising information around individual pre-
scriptions. The user-focused ontology contains explanations in natural language,
as well as key points from relevant cases, for which the input and interpretation
of a specialist legal expert remains crucial. But, as it is well-known since the
nineties, see, for instance, [21], there are other elements within the legal text
that could be extracted by automated means, such as Deontic clause (i.e., the
type of the prescription: obligation, prohibition, permission, exception, etc.),
Active role (i.e., the addressee of the norm, such as the citizen, the director,
etc.), Passive role (i.e., the beneficiary of the norm.), Sanction (i.e., the sanction
resulting from the violation), etc. (see also [3]).

1 http://www.liviorobaldo.com/ProLeMAS.htm
2 http://www.ict4law.org
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To capture the full richness of legal language in the way it expresses norms,
we started by studying a corpus of EU legislation in English on a variety of
topics. We identified which sections contained norms and definitions, and which
sections contained legislative procedural details which are not relevant to our
considerations. We identified norms and norm elements, refining concepts from
legal theory and linking them to the linguistic variety using the Eunomos ontol-
ogy framework as our starting point but with a view to extending the ontology
to reflect the realities of the corpus - norm types such as powers, and norm
elements such as the purpose of a norm, conditions, timeframe, etc.

Our preprocessing module uses pattern-matching and the Python NLTK Brill
part-of-speech tagger to perform the following tasks:

– Sentence segmentation (identification of abbreviations).
– Identify titles (uppercase or lacking verb).
– Identify and transform references into processable units.
– Transform certain words to enable Semantic Role Labeling handling.
– Identify lists and transform the lists into proper grammatical sentences, by

adding common beginnings and endings to each list item.

We use for our experiments a corpus of twenty European Directives from
1998 to 2011, covering a range of subjects: the profession of lawyer, passenger
ships, biotechnological inventions, feedingstuffs from third countries, electronic
signatures, seafarers’ hours of work, etc.

Our initial experiments of norm extraction and representation in ProLeMAS
logic is conducted on the English version of Directive 98/5/EC of the European
Parliament and of the Council of 16 February 1998 to facilitate practice of the
profession of lawyer on a permanent basis in a Member State other than that
in which the qualification was obtained. We have excluded the preamble and
annexes, and discarded 3 sentences with corrupted output from preprocessing
the text to enable easier NLP handling. There are 36 obligations, 13 powers, 10
legal effects, 8 definitions, 6 permissions, 6 applicability types, 6 rationales, 2
rights, 1 exception, and 1 hierarchy. In this paper, we use the following example
of obligation for explanatory purposes:

(2) A lawyer who wishes to practise in a Member State other than that in which
he obtained his professional qualification shall register with the competent
authority in that State.

We examined all obligations in the above-mentioned directive and we did not
find relevant differences from the perspective of the logical architecture of their
meaning. There are complex issues to solve from the point of view of the NLP
pipeline in order to properly automatically build the formulae from text, e.g.
anaphora resolution. But those issues are outside the scope of the present paper.

3 Hobbs’ logical framework

Jerry R. Hobbs defines a wide-coverage logic for Natural Language semantics
centered on the notion of Reification (see [10] and several other earlier publi-
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cations by the same author3). Reification is a concept originally introduced by
Donald Davidson in [5]. Modern logical frameworks based on Reification are
known in the literature as “neo-Davidsonian” approaches.

Reification allows a wide variety of complex natural language (NL) state-
ments to be expressed in First Order Logic (FOL). NL statements are formalized
such that events, states, etc., correspond to constants or quantifiable variables
of the logic. In other words, the states and events denoted by these constants as
well as the variables are things in the world. Hobbs uses the term ‘eventuality’
to denote the reification of both a state or an event.

Hobbs’ implements a fairly large set of linguistic and semantic concepts in-
cluding sets, composite entities, scales, change, causality, time, event structure,
etc., into an integrated first order logical formalism.

Hobbs distinguishes two parallel sets of predicates: primed and unprimed.
The unprimed predicates are standard first order predicates commonly used in
logical representations. For example, (give a b c) asserts that a gives b to c in the
real world. The primed predicate represents the reification of the corresponding
unprimed relation. The expression (give′ e a b c) says that e is a giving event by
a of b to c. Eventualities may be possible or actual. In Hobbs’, this distinction
is represented via a unary predicate Rexist that holds for eventualities really
existing in the world. To give an example cited in Hobbs, if I want to fly, my
wanting really exists, but my flying does not. This is represented as:

∃e[ (Rexist e) ∧ (want′ e I e1) ∧ (fly′ e1 I) ]

Eventualities can be treated as the objects of human thoughts. Reified even-
tualities are inserted as parameters of such predicates as believe, think, want,
etc. Reification can be applied recursively. The fact that John believes that Jack
wants to eat an ice cream is represented as an eventuality e such that it holds:

∃e∃e1∃e2∃e3 [ (Rexist e) ∧ (believe′ e John e1) ∧ (want′ e1 Jack e2) ∧
(eat′ e2 Jack Ic) ∧ (iceCream′ e3 Ic) ]

Every relation on eventualities, including logical operators, causal and tempo-
ral relations, and even tense and aspect, may be reified into another eventuality.
For instance, by asserting (imply′ e e1 e2), we reify the implication from e1 to
e2 into an eventuality e and e is, then, thought of as “the state holding between
e1 and e2 such that whenever e1 really exists, e2 really exists too”. Negation is
represented as (not′ e1 e2): e1 is the eventuality of e2’s not existing.

The predicates imply′ and not′ are defined to model the concept of ‘inconsis-
tency’. In the next subsection, we show how this concept can be used to construct
a uniform account of ‘Direct’ and ‘Indirect’ Contrast.

Two eventualities e1 and e2 are said to be inconsistent if and only if they
(respectively) imply two other eventualities e3 and e4 such that e3 is the negation
of e4. The definition is as follows:

3 See http://www.isi.edu/∼hobbs/csknowledge-references/csknowledge-
references.html and http://www.isi.edu/∼hobbs/csk.html.
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(3) (forall (e1 e2)
(iff (inconsistent e1 e2)

(and (eventuality e1) (eventuality e2)
(exists (e3 e4) (and (imply e1 e3)

(imply e2 e4)(not’ e3 e4))))))

(3) is an example of ‘axiom schema’. In this logic, an ‘axiom schema’ provides
one or more different axioms for each predicate p. The axiom schemas of the
predicates used in formulae are generally stored into a separate ontology.

Higher order operators, such as modal and temporal operators, are modelled
by introducing new predicates and by defining axiom schemas to restrict their
meaning. However, it is important to note that thanks to reification, the formulae
representing natural language utterances never feature any kind of embedding
of predicates within other operators. In other words, formalae are always con-
junction of atomic FOL predicates applied to FOL terms. See for instance [18],
which propose a formalization in Hobbs’ of concessive relations, one of the most
trickiest relations occurring in natural language semantics.

It should be clear that the main peculiarity of Reification-based logical frame-
works is their formal simplicity. This allow to easily deal with several natural lan-
guage phenomena. Hobbs’ past research is particular to address a proper treat-
ment of anaphora (cf. in particular [10]). For instance, (4.a) may be represented
via formula (4.b). For simplicity, in (4.b) the semantic relation between the two
clauses is simply represented as a material implication (predicate imply′).

(4) a. If John goes to Mary’s house, he tells her before.

b. (Rexist e) ∧ (imply′ e e1 e2) ∧ (goTo′ e1 J M) ∧
(tell′ e2 J e1 M) ∧ (happenBefore e2 e1)

e1 is the event of John’s going to Mary, while e2 is the event of John’s telling
to Mary the fact that he will come to her. The predicate (happenBefore e2 e1)
states that e2 must occur before e1. Note that e1 and e2 are only hypothetical
eventualies: (4.b) does not assert they exist in the real world. In (4.a), the (hid-
den) pronoun “it”, which is the object of the verb “tell”, is straightforwardly
represented: the eventuality e1 is directly inserted as the second parameter of the
tell′ predicate in (4.b). Without Reification, it would be necessary to introduce
in the logic some 2-order operators in order to get the intended meaning of (4.a).

3.1 ProLeMAS object logic

Hobbs’ formula are formulae in first order logic (FOL, henceforth) with a very
restricted syntax. They are basically conjunctions of atomic predicates instanti-
ated on FOL terms. From a formal point of view, eventualities are FOL terms
exactly as “Jack” in example (4.b), the only difference being that they refers
to facts and actions occurring in the world. Facts and actions are taken to be
individuals of the domain like persons, dogs, etc.
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The logic we are going to use as the object logic of I/O systems - which we
will call “ProLeMAS object logic” - is a further simplification of Hobbs’ logic.
The formulae will be more verbose, but, in our view, the simpler syntax will
enhance readability and it will facilitate the definition of a reference ontology
storing the available predicates and the axiom schemas modelling their meaning.

In fact, it is easy to see that the structure of the formulae strictly resemble
the technique of rewriting relations of arbitrary arity as binary relations, used
in AI as entity-attribute-value (EAV) triples in the last decades, which is at the
basis of the subject-predicate-object of the RDF/OWL data model4.

In ProLeMAS object logic, there is a single type of predicates, i.e. there is not
distinction between primed and unprimed predicates. Predicates will be always
unary or binary predicates. Thus, for instance, “(give a b c)” is not an acceptable
predicate in our logic. N-ary relations are modelled by making thematic roles
explicit. This is done by introducing other FOL predicates referring each to an
available thematic role. For example, “(give a b c)” is translated into:

(5) (give e1) ∧ (agent e1 a) ∧ (patient e1 b) ∧ (recipient e1 c)

The meaning of (5) is obvious: e1 is a giving event whose agent is a, whose
patient is b, and whose recipient is c. “Agent”, “patient”, and “recipient” are
thematic roles. The ontology specifies, for each kind of eventuality, the available
thematic roles and - via further axioms - the restrictions on these thematic roles.

For instance, if we want to impose that agents of giving eventualities can be
only human beings, we add the following axiom to the ontology:

(6) (forall (e a) (if (and (give e) (agent e a)) (humanBeing a)))

Of course, the computational ontology has to be designed and developed with
respect to the application and the domain where we want to concretely use
the formulae. In our future research, we aim at specifically designing and im-
plementing a legal ontology for modelling the meaning of norms expressed in
natural language [1].

We now formally defines5 the syntax of ProLeMAS object logic. For reasons
that will be clear below, ProLeMAS object logic includes existential quantifiers
but not universal ones. And, free variables are allowed. Those will be bound by
an (external) universal quantifier.

4 http://www.w3.org/TR/owl-ref
5 Definition 1 only includes the boolean connective “∧”. Other boolean connectives

are modelled by introducing special predicates as imply′ and not′ in (3).
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Definition 1 (Syntax of ProLeMAS object logic). ProLeMAS object logic
is a fragment of First Order Logic (FOL). Where:

- The vocabulary includes FOL terms (constants, variables, and functions),
FOL unary or binary predicates, the boolean connective “∧” and the exis-
tential quantifier “∃”.

- If “p” and “q” are, respectively, a unary and a binary predicate, while “a”
and “a” are terms, “p(a)” and “q(a,b)” are atomic formulae.

- If Φ1 . . . Φn are atomic formulas, “Φ1∧. . .∧Φn” and “∃x1
. . . ∃xm

[Φ1∧. . .∧Φn]”,
where x1 . . . xm occurring in Φ1 . . . Φn, are non-atomic formulas, possibly con-
taining free variables.

4 Input/Output logic

Input/Output logic (I/O logic) has been originally introduced by Makinson and
van der Torre in [14]. For a comprehensive survey and a techinqual introduction
of I/O logic, see [17] and [19] respectively. Strictly speaking, I/O logic is not
a single logic but a family of logics, just like modal logic is a family of logics
containing systems K, KD, S4, S5, etc. In the first volume of the handbook of
deontic logic and normative systems [6], I/O logic appears as one of the new
achievements in deontic logic in recent years.

I/O logic takes its origin in the study of conditional norms. Unlike modal
logic, which usually uses possible world semantics, I/O logic mainly adopts op-
erational semantics: an I/O system is conceived as a deductive machine, like a
black box which produces deontic statements as output, when we feed it fac-
tual statements as input. In the original paper of Makinson and van der Torre,
i.e. [14], four I/O logics are defined: out1, out2, out3, and out4. They vary on
the axioms used to constrain the deductive machine that produces the output
against a valid input.

Let P = {p0, p1, . . .} be a countable set of propositional letters and L be the
propositional language built upon P. Let G ⊆ L × L be a set of ordered pairs of
formulas of L. G represents the deduction machine of the I/O logic: whenever
one of the heads is given in input, the corresponding tails are given in output.
Each pair (a, b) in G is called a “generator” and it is read as “given a, it ought
to be x”. In this paper, “a” and “b” are respectively termed as the head and the
tail of the generator (a, b). Formally, G is a function from 2L to 2L such that for
a set A of formulas, G(A) = {x ∈ L : (a, x) ∈ G for some a ∈ A}. Makison and van
der Torre [14] define the semantics of I/O logics from out1 to out4 as follows:

(7) – out1(G,A)=Cn(G(Cn(A))).
– out2(G,A)=

⋂
{Cn(G(V)) : A ⊆ V, V is complete}.

– out3(G,A)=
⋂
{Cn(G(B)) : A ⊆ B = Cn(B) ⊇ G(B)}.

– out4(G,A)=
⋂
{Cn(G(V) : A ⊆ V ⊇ G(V)), V is complete}.

Here Cn is the classical consequence operator of propositional logic, and
a set of formulas is complete if it is either maximal consistent or equal to L.
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These four logics are called simple-minded output, basic output, simple-minded
reusable output and basic reusable output respectively. For each of these four
logics, a throughput version that allows inputs to reappear as outputs, defined as
out+i (G, A) = outi(Gid, A), where Gid = G∪{(a, a) | a ∈ L}. When A is a singleton,
we write outi(G, a) for outi(G, {a}).

I/O logics are given a proof theoretic characterization. We say that an ordered
pair of formulas is derivable from a set G iff (a, x) is in the least set that extends
G∪ {(>,>)} and is closed under a number of derivation rules. The following are
the rules we need to define out1 to out4

+:

(8) – SI (strengthening the input): from (a, x) to (b, x) whenever6 b ` a.
– OR (disjunction of input): from (a, x) and (b, x) to (a ∨ b, x).
– WO (weakening the output): from (a, x) to (a, y) whenever x ` y.
– AND (conjunction of output): from (a, x) and (a, y) to (a, x ∧ y).
– CT (cumulative transitivity): from (a, x) and (a ∧ x, y) to (a, y).
– ID (identity): from nothing to (a, a).

The derivation system based on the rules SI, WO and AND is called deriv1. Adding
OR to deriv1 gives deriv2. Adding CT to deriv1 gives deriv3. The five rules
together give deriv4. Adding ID to derivi gives deriv+i for i ∈ {1, 2, 3, 4}.
(a, x) ∈ derivi(G) is used to denote the norms (a, x) derivable from G using

rules of derivation system derivi. In [14], it is proven that each deriv
(+)
i is

sound and complete with respect to out
(+)
i .

4.1 I/O logics as a general framework for normative reasoning

I/O logic is a general framework for normative reasoning, used to formalize and
reason about the detachment of obligations, permissions and institutional facts
from conditional norms. I/O logic is not defined in terms of a truth-conditional
semantics. Rather, as pointed out above, I/O logic adopts operational semantics.
As explained in [12] and [13], “directives do not carry truth-values. Only declar-
ative statements may bear truth-values, but norms are items of another kind.
They may be respected (or not), and may also be assessed from the standpoint
of other norms, for example when a legal norm is judged from a moral point of
view (or viceversa). But it makes no sense to describe norms as true or as false.”

Thus, I/O logic allows to determine which obligations are operative in a
situation that already violates some of them. To achieve this, we must look at
the family of all maximal subsets G’ such that G’⊆G and outi(G’, A) is consistent
with A. The family of such outi(G’, A) is called the outfamily of (G, A).

To understand this concept, consider the following example. Suppose we have
the following two norms: “The cottage should not have a fence or a dog” and “if
it has a dog it must have both a fence and a warning sign.” that we may formalize
as the I/O logic generators “(>, ¬(f ∨ d))” and “(d, f ∧ w)” respectively.

6 Here ` is the classical entailment relation of propositional logic.
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Suppose further that we are in the situation that the cottage has a dog. In
this context, the first norm is violated. And, the outfamily of (G, A) determines7

that, still, we are obliged to build a fence with a warning sign around the cottage:

G ≡ {(>, ¬(f ∨ d)), (d, f ∧ w)}, A ≡ {d}, outfamily(G, A)≡{Cn(f ∧ w)}

It is not possible to achieve such a characterization of norms in terms of a truth-
conditional semantics: a violation would correspond to an inconsistency, which
will make inconsistent the whole knowledge base.

Although I/O logic is an adequate framework for representing and reasoning
on norms, so far the objects logic used for asserting the generators and the input
have been only propositional. The reason are issues related to the complexity
of the framework. The complexity of input/output logic is at least as difficucut
as the objective logic. By the complexity of input/output logic, we mean the
complexity of the following fulfillment problem:

Given finite G,A and x, is x ∈ outi(G,A)?

[20] shows that the complexity of the fulfillment problem for out1,out2,out4 is
coNP complete, for out3 the lower bound is coNP while the upper bound is PNP.

No efforts have been done yet to represent norms coming from existing legal
texts as the one of the corpus described above in section 2. For representing
concrete existing norms, the expressivity of propositional logic is not sufficient.

First order (object) logics are needed in order to fill the gap between the
I/O logic and the richness of NL semantics. To this end, in the next section, we
propose to merge the ProLeMAS Object Logic as defined in section 3.1 with I/O
logic. There is no precedent in the literature of a first-order I/O logic. However,
it is worth noticing that this proposal is not the first deontic logic employing
first-order relational variables.

A very close approach is McCarty’s Language for Legal Discourse (LLD)
[15] and [16]. The main difference with respect to our approach is that LLD
allows for embedded sub-formulae (i.e., embedded Horn clauses, in McCarthy’s
formalization), while the key point of Hobbs’ proposal, on which the ProLeMAS
Object Logic is drawn, is the total avoidance of embeddings. As explained in
section 3, all formulae are conjoined atomic predications.

5 The ProLeMAS logic

The present section merges together I/O logic and the ProLeMAS object logic,
whose syntax has been defined above in definition 1. The resulting logic will be
termed as “the ProLeMAS logic”.

We are not interested here in proposing first order versions of all definitions
shown in the previous section, but we will restrict our attention to only those
needed for the aims of the ProLeMAS project. In particular, the axiom OR in
(8) does not appear to be suitable for legal reasoning. To see why consider the
following obligations: “If someone kills a dog, s/he has to spend two years in

7 In this example, outfamily(G, A)≡{Cn(f∧w)} for all I/O logic out
(+)
i , with i=1,2,3,4.
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prison” and “If someone robs a bank s/he has to spend two years in prison”.
And, suppose John did one of the two, but there is no way to understand which
one, i.e. if either he killed a dog or he robbed a bank. Logically, John must spend
two years in prison. But on the perspective of legal reasoning, he must not: only
if concrete evidence of what he did is found, obligations apply. Thus, in the rest
of the paper we will no longer consider the OR axiom and, consequently, the
I/O logic out2 and out4. On the other hand, we will focus in particular on the
CT (cumulative transitivity) axiom, used to define the simple-minded reusable
output logic out3. It will be easy to apply the considerations below also to the
remaining axioms SI, WO, AND, and ID, so that we will skip formal definitions
about them.

From a formal point of view, recalling that the syntax of the ProLeMAS
object logic admits free variables, the last ingredient needed to merge together
ProLeMAS object logic and out3 are quantifiers bounding each a free variable.
We impose these free variables to occur both in the head and the tail of a gen-
erator, and we bound them via universal quantifiers. This establishes a “brigde”
between the head and the tail, needed to “carry” individuals from the input to
the output. Consider these simple (toy) examples:

(9) a. Each lawyer must run.
b. A lawyer who runs must wear a pair of shoes.
c. If John goes to Mary’s house, he’ll have to tell her before.

We propose to represent (9.a-c) via the following generators:

(10) a. ∀x( lawyer(x), ∃er [(Rexist er) ∧ run(er) ∧ agent(er, x)] )

b. ∀x∀er ( lawyer(x) ∧ (Rexist er) ∧ run(er) ∧ agent(er, x),

∃ew∃y[(Rexist ew) ∧ wear(ew) ∧ agent(ew, x) ∧
patient(ew, y) ∧ shoes(y)] )

c. ∀eg ( (Rexist eg) ∧ go(eg) ∧ agent(eg, J) ∧ to(eg, M),

∃et [(Rexist et) ∧ tell(et) ∧ agent(et, J) ∧ receiver(et, M) ∧
theme(et, eg) ∧ (happenBefore et eg)] )

Note that, in (10.b), x occurs in both the head and the tail of the generator,
while er only occurs in the head. On the other hand, y and ew are existentially
quantified variables that occur only in the tail: every time a lawyer runs, there
is a different “wearing” eventuality and (possibly) a different pair of shoes.

On the other hand, in (10.c), the eventuality eg occurs in both the head and
the tail. That’s because the sentence means: “If John goes to Mary’s house, he’ll
have to tell Mary before that he goes to Mary”.

In our solution, free variables occurring in the heads (and possibly also in
the tails) are outscoped by universal quantifiers. Free variables occurring only
in the tails are outscoped by the existential quantifiers of the ProLeMAS object
logic syntax (cf. definition 1). Formally:
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Definition 2 (ProLeMAS logic Generators).
A generator in ProLeMAS logic is a construct in the form:

∀x1,...,xn,y1,...,ym
( Φ(x1, . . . , xn, y1, . . . , ym), Ψ(y1, . . . , ym) ) ∈ G

where x1, . . . , xn are free variables occurring only in Φ while y1, . . . , yn occur both
in Φ and in Ψ . Φ and Ψ do not contain any other free variable. Furthermore, Φ
does not contain existential quantifiers.

Representing sentence 2 in ProLeMAS logic is straightforward: we simply in-
crease the size of the formula, but not its complexity. The formula is:

∀x∀y∀ew∀ep( cond(x, y, ew, ep), action(x, y) )

where:

cond(x, y, ew, ep) ⇔ lawyer(x) ∧ memberState(y) ∧ different(y, fw(x)) ∧
Rexist(ew) ∧ want(ew) ∧ practise(ep) ∧ agent(ew, x) ∧
patient(ew, ep) ∧ agent(ep, x) ∧ at(ep, y)

action(x, y) ⇔ ∃er [ Rexist(er) ∧ register(er) ∧ agent(er, x) ∧
patient(er, x) ∧ with(er, fc(y)) ]

where x, y, ew, ep, and er are variables denoting a lawyer, a Member State, and
the eventualities of “wanting”, “practising” and “registering”. agent, patient, at,
and with are thematic roles of the two eventualities. fw(x) is a function referring
to the Member State where x obtained his professional qualification while fc(y)
is a function that given a member state y returns the competent authority of y.
The meaning of the formula is obvious: for every tuple of lawyer, Member State,
and “wanting”, and “practising” actions that satisfy together the predicates in
cond, the predicates in action are instantiated on x and y.

5.1 Working with ProLeMAS formulae

The main peculiarity of Reification-based logical framework is their formal sim-
plicity. By instantiating FOL predicates on non-variable FOL terms, we obtain
again propositional formulae. Thus, it is easy to see that ProLeMAS’s genera-
tors do not increase the complexity of the I/O logic originally defined in [14],
provided that two requirements are met: (1) the domain is finite; and (2) the
input formulae are only atomic formulae in ProLeMAS object logic, i.e, FOL
predicates instantiated on non-variable FOL terms, i.e., propositional formulae.

The aim of the ProLeMAS project is to build concrete NLP-based applica-
tions to be used in practical applications, where both requirements (1) and (2)
are met. The domains of individuals will be always finite (e.g., the set of all
lawyers in the EU). And, we are interested in performing normative reasoning
on specific8 individuals only, e.g., deriving all obligations a specific lawyer must
obey, according to a specific normative code.

8 It could be the case that such applications will have to reason on sets, e.g., a sets
of ten laywers. To properly deal with sets, Hobbs introduces in his framework the
notion of typical element (cf. [9] and [10]).
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Universal quantifiers are just a compact way to refer to all individuals in the
domain. We obtain equivalent formulae by simply substituing the universally
quantified variables with all constants referring each to an individual of the
domain. For instance, assume G contains generator (10.a) only:

G = {∀x( lawyer(x), ∃er [(Rexist er) ∧ run(er) ∧ agent(er, x)] )}

And, suppose the domain is made up of the individuals John and Jack, the for-
mer being a lawyer, the latter being not. G is equivalent to the following G’:

G’={ ( lawyer(John), ∃er [(Rexist er) ∧ run(er) ∧ agent(er, John)] )

( lawyer(Jack), ∃er [(Rexist er) ∧ run(er) ∧ agent(er, Jack)] ) }

Since John is a laywer while Jack is not, the propositional symbol “lawyer(John)”
belongs to our initial facts while “lawyer(Jack)” does not, i.e. lawyer(John)∈A.
In out1, we infer that John is obliged to run, i.e.

out1(G’, A)={ run(f1(John)) ∧ agent(f1(John), John) }

Where we substituted9 the existential quantifier on er with a Skolem function f1,
so that out1(G’, A) again contains propositional symbols only. Thus, it satisfies
requirement (2) and, in out3, it could be reused to trigger other obligations, e.g.,
being applied to an obligation such as “every runner must wear a pair of shoes”.

We stress again that, thanks to Reification, we are not increasing the com-
plexity of the original I/O logic. On finite domains, the formulae we are going to
use easily come out to be propositional. Original I/O logic definitions and proofs
of soundness and completeness still hold, modulo generalizations via universal
and existential quantifiers. For instance, CT is modified as follows:

CT (cumulative transitivity):

from

∀x1..xn( Φ(x1, . . . , xn), ∃z1.. zk [Ψ(y1, . . . , ym, z1, . . . , zk)] ),

with {y1, . . . , ym} ⊆ {x1, . . . , xn}

and

∀x1..xnw1..wr ( Φ(x1, . . . , xn) ∧ Ψ(w1, . . . , wr), ∃k1.. ki [Υ (t1, . . . , tl, k1, . . . , ki)] ),

with {t1, . . . , tl} ⊆ {x1, . . . , xn, w1, . . . , wr}

to

∀x1..xn
( Φ(x1, . . . , xn), ∃k1.. kim1..ms

[Υ (p1, . . . , pc, k1, . . . , ki,m1, . . . ,ms)] ),

with {m1, . . . ,ms} ⊆ {w1, . . . , wr} and {m1, . . . ,ms}∪{p1, . . . , pc}≡{t1, . . . , tl}
9 Skolemization is merely a formality to meet requirement (2). Alternatively, we could

allow existential quantifiers on inputs and define a different pattern-matching rule
between the input and the heads of the generators.
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6 Future Work and Conclusions

This paper represents the first step of the ProLeMAS research project, which
aims to (1) fill the gap between the current logical formalizations of legal text,
mostly propositional, and the richness of natural language semantics, and (2)
implement a concrete NLP pipeline for automatically building formulae from
existing legal documents. To this end, the first step is to move beyond the
propositional level towards first-order logical frameworks, in order to enhance
the expressivity fit to formalize the meaning of the phrases constituting the
sentences. ProLeMAS proposes to achieve such a result by using the Reification-
based constructs from Hobbs.

This paper shows how it is possible to merge Hobbs’s account with I/O logic
by adding universal and existential quantifiers to the latter. It also discusses how
the complexity of the resulting framework, provided the domain is finite, does
not increase with respect to that of propositional I/O logic. We consider this a
great result, due to the complexity issues related to I/O logic.

Our next steps will involve the following future work:

(11) a. Studying how the ProLeMAS logic could deal with other kinds of norms,
such as permissions, powers, etc. And, eventually, extending the account
to provide a proper representation of their meaning.

b. Designing suitable legal ontologies to represent and restrict the meaning
of relevant predicates, in order to trigger automatic reasoning on the
individuals in the Abox. We are particularly interested in developing
legal ontologies in the data protection domain. Under the pressure from
technological developments during the last few years, the EU legislation
on data protection has shown its weaknesses, and is currently undergo-
ing a long and complex reform that is finally approaching completion.

c. Building a concrete pipeline to populate the Abox of the ontology. In
ProLeMAS, the pipeline will firstly process the documents via depen-
dency parsing, then it will define a syntax-semantic interface from the
dependency trees to the final formulae.
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Abstract. Statutory sentences are generally difficult to read because of
their complicated expressions and length. Such difficulty is one reason for
the low quality of statistical machine translation (SMT). Multi-word ex-
pressions (MWEs) also complicate statutory sentences and extend their
length. Therefore, we proposed a method that utilizes MWEs to improve
the SMT system of statutory sentences. In our method, we extracted the
monolingual MWEs from a parallel corpus, automatically acquired these
translations based on the Dice coefficient, and integrated the extracted
bilingual MWEs into an SMT system by the single-tokenization strat-
egy. The experiment results with our SMT system using the proposed
method significantly improved the translation quality. Although auto-
matic translation equivalent acquisition using the Dice coefficient is not
perfect, the best system’s score was close to a system that used bilingual
MWEs whose equivalents are translated by hand.

Keywords: multi-word expressions, statistical machine translation, legal infor-
mation sharing

1 Introduction

As human globalization continues, the translation of Japanese statues into for-
eign languages is required to meet such demands as promoting investment and
facilitating international transactions. In 2009, the Japanese Ministry of Jus-
tice released the Japanese Law Translation Database System (JLT) [7], which
translates Japanese statues into English. However, JLT’s translation speed and
volume are inadequate because of the difficulty of legal translations.

Many reasons have been offered for this difficulty: excessive technical terms,
complicated dependencies in the sentence structure, long sentences, etc. These
reasons are not independent. A sentence that includes complicated expressions
with many modifiers becomes too long. This difficulty degrades the quality of
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statistical machine translation (SMT). SMT systems learn how likely it is that
the words in the target language are the translations of words in the source
language in a parallel corpus, which is a collection of bilingual aligned sentences,
by automatic word alignment. The quality of the word alignment affects the
translation. For long sentences, word alignment tends to fail due to excessive
alignment candidates, which makes the translation quality degraded.

Hung et al. [6] split long statutory sentences into sub-sentences based on their
logical structure and improved the translation of a tree-based SMT system. In
contrast, we focus on multi-word expressions (MWEs), which are defined as “id-
iosyncratic interpretations that cross word boundaries (or spaces)” [17]. Statu-
tory sentences include many MWEs, such as technical terms and boilerplate
phrases. In this paper, we use MWEs in the broader sense, where they include
not only compound nouns and idiomatic phrases but also functional expressions
and other meaningless segments. Since some of them tend to be translated into
a foreign language in a non-compositional way, their automatic word alignments
suffer from noise. Tsvetkov et al. [19] focused on the fact that MWEs cause in-
correct word alignment in a parallel corpus and proposed a general methodology
to extract bilingual MWEs with such misalignments. They used GIZA++ [11],
which is a popular bilingual word aligner, and acquired the translations of ex-
tracted MWEs from its phrase table. However, since their candidates are based
on misalignment, the translation quality is unreliable. Thus, we introduce an-
other method based on the Dice similarity coefficient to acquire the translations
of MWEs and introduce a single-tokenization technique to integrate bilingual
MWEs with SMT.

The purpose of this paper is to improve the translation quality of statutory
SMT with MWEs. We propose a utilization method that extracts MWEs by
Tsvetkov’s method and acquire their translations by word alignment based on
the Dice coefficient, and integrate the extract bilingual MWEs into an SMT
system by Pal’s single-tokenization strategy [12]. We evaluate the contribution
of our method on SMT with translation experiments.

This paper is organized as follows: in the next section, we describe the related
works of MWEs. We propose our MWE extraction method in Section 3. In
Section 4, we describe and evaluate three experiments. The first experiment is an
acquisition bilingual MWE dictionary using our proposed method. The second
and third are translations using an SMT with the acquired bilingual MWEs.
Finally, we summarize and conclude our paper in Section 5.

2 Related Works

2.1 Multi-Word Expressions for Natural Language Processing

MWEs are the expressions of compound words. Examples include conjunctions
(“as well as”), idioms (“keep one’s fingers crossed” that means to hope for a pos-
itive result), phrasal verbs (“find out”), compound nouns (“bus stop”), phrasal
prepositions (“according to”), etc [17]. MWEs appear in all text genres and pose
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significant problems for every kind of natural language processing (NLP) [17].
Since some have a meaning that cannot be derived from the component words,
identifying and understanding MWEs is essential to language understanding and
is important for any NLP applications that address robust language meaning
and use. For example, MWEs play a role in tasks of word sense disambigua-
tion since they are less polysemous than mono-words on average. Finlayson and
Kulkarni [4] argued that the word world has nine different senses and record
has fourteen, but the MWE world record has only one. In addition, many NLP
tasks and applications like optical character recognition, morphological and syn-
tactic analysis, information retrieval, computer-aided lexicography, and foreign
language learning can be supported by MWEs [15].

2.2 Statistical Machine Translation with MWEs

Bilingual MWEs can contribute to SMT improvement. Improving the perfor-
mance of an SMT system needs a good quality word and phrase alignment that
acquires translation knowledge from a parallel corpus. MWEs can solve the ma-
jor lexical ambiguity problems for any language and improve the quality of word
alignment.

Ren et al. [16] proposed three methods to improve the translation model of
SMT system using the bilingual MWEs extracted by an automatic process. Their
first method is model retraining in which they take the automatically extracted
bilingual MWEs as parallel sentence pairs, add them to the training corpus,
and retrain the model using GIZA++. In the second method, the additional
feature, they append one feature to a bilingual phrase table to indicate whether
a bilingual phrase contains bilingual MWEs. The third method is the additional
phrase table of bilingual MWEs in which they construct an additional phrase
table that contains automatically extracted bilingual MWEs and combine the
original phrase table and the newly constructed bilingual MWE table. These
methods improved the SMT system and achieved the highest improvement with
the additional features. SMT systems must train MWEs as special expressions
that are different from common phrases.

Following the above study, Pal et al. [12] proposed a method of handling
MWEs by tokenizing them into a single word: single-tokenization. The single-
tokenization of MWEs is a process where the spaces in MWEs are replaced by a
special symbol, “ ”, and an MWE is regarded as a single word. They successfully
improved the SMT quality using this method to integrate bilingual MWEs that
were automatically extracted.

2.3 MWE Extraction Methods

Since MWEs resemble collocations, early approaches to identifying them focused
on their collocational behavior. However, in fact, collocation measures are inad-
equate for identifying MWEs. Hybrid methods, which combine word statistics
with such linguistic information as morphological, static, and semantic idiosyn-
crasies, need to extract idiomatic MWEs [14].
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Some works have focused on the semantic properties of MWEs. One work
proposed a method that used Latent Semantic Analysis [8] and measured se-
mantic properties to replace semantically related terms [2].

In recent years, other works have exploited the translational correspondences
of MWEs from a parallel corpus. Caseli et al. [1] identified MWEs by an alignment-
based approach. They extracted source sequences whose lengths exceeded two
words and aligned them with one or more words in the target text. Then they fil-
tered this set to determine whether it complies with the pre-defined POS patterns
or whether they are sufficiently frequent in the parallel corpus. They marked pre-
cision below 40% and recall around 5%. Zarrieß and Kuhen [20] also used aligned
parallel corpora and focused on one-to-many word alignments.

The previous works focused on specific syntactic patterns and assumed that
MWEs are distinguished as phrases in the processing of alignment systems.
While these methods rely on the quality of automatic word alignment, there are
cases when their quality is insufficient due to the shortage of language resources.
Tsvetkov et al. [19] proposed a method for identifying MWEs in bilingual corpora
for their Hebrew-English domain that suffers from a dearth of parallel corpora,
semantic dictionaries, and syntactic parsers. They extracted MWEs with auto-
matic word alignment and focused on where the word alignment system failed.
We adopt part of this scheme in our proposed method and explain it in detail
in the next section.

3 Proposed Method of Bilingual MWE Utilization

In this section, we propose a method of bilingual MWE utilization to improve
the SMT system of statutory sentences. Our methodology consists of three
steps. First, we extract monolingual MWEs from a parallel corpus by Tsvetkov’s
method [19], which is language independent. Although Tsvetkov’s method can
extract bilingual MWEs, the translation quality is inadequate for our scheme.
Thus, secondly, we acquire their translations by word alignment based on the
Dice coefficient. Finally, we integrate the bilingual MWEs into an SMT system
by Pal’s single-tokenization strategy [12].

3.1 Monolingual MWE Extraction from Misalignments

Tsvetkov et al. [19] concluded that MWEs have a non-compositional meaning
and may be translated into a single word in a foreign language. They assumed
that there may be three sources to misalignments (anything without a one-to-one
word alignment) in parallel texts: MWEs that trigger one-to-many or many-to-
many alignments, language-specific differences (e.g., the source language lexically
captures notions that are realized morphologically, syntactically or in some other
way in the target), or noise (e.g., poor translations, low-quality sentence align-
ment, and the inherent limitations of word alignment algorithms). They focused
on misalignments as a resource to extract MWEs. They trusted the quality of
the one-to-one alignments, which they verified with a dictionary and searched for
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MWEs exactly in the areas where proper word alignment failed without relying
on the alignment in these cases.

We summarize Tsvetkov et al.’s method below.

Process I: Resources and preprocessing the corpora Their methodology
needs the following resources: a small parallel, sentence-aligned bilingual corpus;
two large monolingual corpora; morphological processors (analyzers and disam-
biguation modules) for the two languages; and a bilingual dictionary. The parallel
corpus is the source of the MWE candidate extraction. Monolingual corpora are
the sources to compute the word frequencies for measuring the statistics of the
candidates. We only use one-to-one word alignment entries in their bilingual
dictionary.

First, we preprocess the corpora and the dictionary to reduce the language
specific differences and the noise of the word alignment because automatic word
alignment algorithms are noisy, and given a small parallel corpus data sparsity
is a serious problem. The processing includes tokenizing, lemmatizing, etc. We
then compute the frequencies of all the word bigrams and unigrams that occur
in each of the monolingual corpora.

Process II: Word alignment and identifying MWE candidates Next,
we compute the word alignment on the parallel corpus. We use GIZA++ [11] to
word-align the text and capture the alignments merged in both directions. We
look up all the one-to-one alignments in the merged alignments in the dictionary.
If a pair exists in their bilingual dictionary, we remove it from the sentence and
replace it with a special symbol: “*”. By the replacement, we can remove a
word that can be translated into a word in the other language from the MWE
candidates.

Figure. 1(a) shows a Japanese sentence and its English translation in the
parallel corpus. Here, 不服申立て (appeal) and との (between) are an MWE
that cannot be literally translated. Fig. 1(b) shows after the preprocessing and
Fig. 1(c) shows after the word alignment. Since there are three pairs (と and
and,訴訟 and lawsuit,関係 and relation) in the dictionary, we replace them with
“*” (Fig. 1(d) shows).

Process III: Filtering MWE candidates Now the object sentences are word
sequences separated by “*”s, and we can address each sequence that contains
MWE candidates. But these candidates also include noise caused by the mis-
alignment. In this stage, we do not rely on the alignments; we concentrate on
distinguishing whether the bigram of each word is a compound expression.

We use association measure PMIk to prune these candidates. PMIk is a PMI-
based score that measures the co-occurrence among two things. Its formula is
defined as follows:

PMIk(x, y) =
P (x, y)k

P (x)P (y)
, (1)
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(a)
不服申立てと訴訟との関係
Relations Between Appeal and Lawsuit

(b)
不服 申 立て と 訴訟 と の 関係
relations between appeal and lawsuit

(c)

不服 申 立て と 訴訟 と の 関係
| | |

appeal and lawsuit between relation

(d)
不服 申 立て * * と の *

appeal * * between *

Fig. 1. Example of word alignment and replacement

Fig. 2. Examples of PMIk-score of the candidate

where P (x) is the number of occurrences of unigram “x” in the monolingual
corpus and P (x, y) is that of bigram “x y”. We set weight k based on heuristics.
A word sequence of any length is considered an MWE if all of its adjacent
bigrams contain a score above the threshold. We computed PMIk-scores based
on the statistics of a large monolingual corpus. Finally, we restored the original
forms of the words in the candidates and extracted them as MWEs.

In Fig. 1(d), which shows the replacement by “*”, we consider each substring
(不服 申 立て and と の) an MWE candidate and verify it by the PMIk-score
in the monolingual corpus. Fig. 2 shows the result of the PMIk-score of these
candidates. If the PMIk threshold is set to 1.0, term 不服 申 立て is an MWE,
and term と の is not, so we extract only 不服申し立て as an MWE.

3.2 Translation of Extracted MWEs Based on the Dice Coefficient

Even though the above method of Tsvetkov et al. is reasonable, it has a problem
extracting MWE translations. They extract the translations of candidate MWEs
from these alignments. For each MWE in the source-language sentence, they
consider the translations of all the words in the target-language sentence that are
aligned to the word constituents of the MWE as long as they form a contiguous
string. Since their candidates are based on misalignment, the translation quality
is unreliable. They removed translations that are longer than four words because
they are often wrong. Moreover, although MWEs can be translated into different
expressions in different target sentences, they didn’t show a strategy for ranking
translation candidates. Since our statutory corpus has many long terms, some
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of which may be translated into different expressions depending on the context,
we want to adequately acquire their translations.

Thus, based on the Dice coefficient, we introduce another word alignment
method to acquire the translations of MWEs. To measure the similarity between
two terms, the Dice coefficient is described as follows:

Dice(x, y) =
2 · freq(x, y)

freq(x) + freq(y)
(0 ≤ Dice(x , y) ≤ 1), (2)

where freq(x) and freq(y) denote the numbers of occurrences of term x in the
source sentences and term y in the target ones, and freq(x , y) denotes the number
of co-occurrences of x and y in the aligned sentences.

In our proposed method, we give x as a candidate of source-language MWE
and calculate its Dice coefficient to determine the highest y that consists of one
or more words in the target-language sentences as a translation equivalent of x.
Next we gather the remaining sentences that do not contain the equivalent and
repeat the calculation of the Dice coefficient if its value exceeds a threshold to
get multiple translation equivalents for one MWE.

3.3 Integration Strategy by Single-Tokenization Using Bilingual
MWEs

We use the single-tokenization technique proposed by Pal et al. [12] to integrate
our bilingual MWEs with the SMT system. The single-tokenization method em-
braces active processing to replace the spaces in MWEs as “ ”. It helps the SMT
system treat MWEs as single words for training and decoding. We single-tokenize
the bilingual MWEs if they appear in both the source and target sentences as
preprocessing in the training corpus.

4 Experiments and Discussions

In these experiments, we extracted bilingual MWEs from a statutory corpus
and evaluated them based on their contributions to improving the SMT system.
First, we extracted bilingual MWEs using our proposed method. Second, we
investigated an adequate threshold of the Dice coefficient. Finally, we evaluated
the single-tokenization of MWEs to improve the translation model.

4.1 Extraction Experiment

In the first experiment, we extracted bilingual MWEs using our proposed method.

Resources We prepared three resources: a Japanese-English statutory parallel
corpus, a Japanese statutory monolingual corpus, and a general bilingual dic-
tionary. The parallel corpus, which contains 151,951 parallel sentences, is part
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Fig. 3. Equivalents of each threshold of Dice coefficient

of the corpus of the Japanese Law Translation Database System4, where we
kept the rest of the corpus (randomly identified 15,026 sentences) for the next
experiment’s test. We used the Japanese subset of the parallel corpus as the
monolingual corpus. The bilingual dictionary is Eijiro [3] to which we added
1,004 of our own translations from Chinese numerals to Roman numerals. The
5,618 entries of the bilingual dictionary occur in our parallel corpus with one-
to-one word alignment.

Preprocess We lowercased and tokenized both corpora by morphological an-
alyzers: MeCab [10] for Japanese and tokenizer.perl [9] for English. We also
lemmatized them by scripts: MeCab for Japanese and Ruby Lemmatizer5 for
English. Since GIZA++ cannot handle long sentences, we cleaned up sentences
longer than 80 words in Japanese or in English from the parallel corpus.

Bilingual MWE Extraction We extracted statutory bilingual MWEs using
the method proposed in Section 3. We set weight k to 2.7 and the threshold to
1 for PMIk. Since the extracted monolingual MWEs remained noisy, we cleaned
up some of them, including their punctuation, and acquired English translations
of the Japanese MWEs based on the Dice coefficient.

Results After removing the punctuation, the number of Japanese MWE can-
didates was 2,829. Fig. 3 shows the numbers of acquired MWE equivalents of
each threshold in line charts. Since we allowed one Japanese MWE to have one
or more English equivalents, the number of equivalents exceeds the number of
Japanese MWEs. 544 candidates could not acquire any English equivalent even
when the threshold value was 0.1.

4 http://www.japaneselawtranslation.go.jp/
5 https://github.com/yohasebe/lemmatizer/
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4.2 Translation Experiment of Dice Coefficient

To evaluate our bilingual MWEs that we extracted above, we compared the
translation models trained on the corpus with MWEs. In this experiment, bilin-
gual MWEs include some improper translation equivalents since automatic trans-
lation equivalent acquisition using Dice coefficient is not perfect. We evaluated
the influence of such mistranslations by comparing the translations using the
bilingual MWEs by the Dice coefficient with those that used the bilingual MWEs
whose equivalents were translated by hand.

Training Data As training data, we used the same parallel corpus that consist
of 151,951 parallel sentences from previous section and prepared three transla-
tion model types: baseline, Dice, and manual. We lowercased and tokenized the
corpus, where the baseline model was trained on the normally tokenized corpus,
and the others were trained on the corpus whose MWEs were single-tokenized.
For the Dice models, we acquired translations of the MWEs by the Dice coef-
ficient and prepared five models by changing the threshold from 0.1 to 0.9. For
the manual models, we modified the MWE translations by hand after acquiring
them by the Dice coefficient, and prepared five models.

Since GIZA++ cannot handle long sentences, we cleaned up sentences longer
than 80 words from the corpus, as in the previous section. Since the single-
tokenization technique reduces the sentence length, the Dice and manual models
used a slightly larger corpus than the baseline model.

Test Data We prepared 15,026 Japanese statutory sentences as test data, none
of which overlapped with the training data. We lowercased and tokenized them,
like the training data; we single-tokenized the MWEs in the case of translating
with the Dice and manual models.

Translation We used the following freely available translation tools: GIZA++,
SRILM [18], and Moses [9]. GIZA++ trains a translation model from the parallel
corpus described above. In this experiment, we used ‘-grow-diag-final-and -msd-
bidirectional-fe’ as the command options. SRILM trains a language model in
English from the parallel corpus. We used ‘-ukndiscount -interpolate’ as the
smoothing command option. The other parameters were set to default.

Evaluation To evaluate the outputs of the translation systems, we used auto-
matic evaluation metric BLEU [13], which scores the system’s outputs by refer-
ring to human translations. We removed the ‘ ’s of the single-tokenized MWEs
in the translated sentences in the evaluations.

Results and Discussion Table 1 shows the evaluation results. The scores that
are significantly higher (p < 0.05) than the baseline model are written in bold.
Fig. 4 shows the line charts of the scores.
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Table 1. Scores of models using bilingual MWEs by the single-tokenization

Model BLEU Score

Baseline model 30.32

Dice model

0.1 31.19

0.3 30.75

0.5 30.98

0.7 31.26

0.9 30.51

Manual model

0.1 30.89

0.3 30.97

0.5 31.30

0.7 31.35

0.9 30.70

Both the Dice and manual models significantly improved the BLEU scores,
where the peaks of the Dice threshold were 0.7 in both models. The Dice coef-
ficient’s threshold is related to the number of bilingual MWEs (Fig. 3). Table 1
and Fig. 3 imply that the scores are reduced by too many MWEs, which are
extracted by the low threshold. Because of the incorrect translations acquired
by the Dice coefficient, these noisy equivalents may disturb the training and de-
coding in the Dice model. In the manual model, on the other hand, the scores
are also not improved by adding many more bilingual MWEs, even though their
translation equivalents are correct. One reason is because of the variation of the
translations. The Dice coefficient scores tend to be low when the MWEs have
plural translations, which include variants representing tense, voice, singular,
plural, etc. These variations negatively affect the single-tokenization transla-
tions. Thus, setting the thresholds to 0.7 is suitable for utilizing the bilingual
MWEs in our method.

Although some of the translation equivalents acquired by the Dice coefficient
are incorrect, as mentioned above, the scores of the Dice and manual models are
close at the 0.7 threshold. We examined the MWEs acquired at the 0.7 threshold,
and found some of their equivalents are partially correct. Table 2 shows their
examples. They are not correct translations, but they co-occur in the parallel
text with a high probability. Single-tokenization integrates MWEs into a single
word and reduces the search space and the misalignments. As a result, even if
we acquire the partial fragments of the correct equivalents, they can help the
SMT system.

While most of the MWE pairs extracted at the 0.7 threshold are noun
phrases, some are verb phrases, and the others are stereotyped expressions. We
acquired translations over four words that cannot be extracted by the method
of Tsvetkov et al. [19] For example, the long noun MWE, ‘地域 密着 型 介護 予
防 サービス 費’, got a proper translation that consisted of six words: ‘allowance
for community-based long-term preventative care’.
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Fig. 4. Scores of models of using bilingual MWEs by the single-tokenization

4.3 Translation Experiment of Single-Tokenization

In our third experiment, we evaluated MWE single-tokenization by comparing
other methods that utilize MWEs. We used the bilingual MWEs extracted by
the Dice threshold of 0.7.

Integration Methods We tested two other naive methods to utilize MWEs,
which are train and table methods, because Ren et al. [16] used them for evalua-
tion. For the train method, we added bilingual MWEs to the training corpus and
obtained, as results, new alignments and a phrase table. For the table method,
bilingual units are incorporated as a new phrase table in addition to the baseline
model’s phrase table, where the Moses system uses multiple phrase tables. We
gave the probability weighting by the Dice coefficient scores to the new phrase
table of the MWEs.

Results and Discussion Table 3 shows the evaluation results by the BLEU
metric. The scores, which are significantly higher (p < 0.05) than the baseline,
are written in bold.

Compared to the baseline, the train and table methods improved the BLEU
scores, but not significantly. Our methodology using single-tokenization is more
effective than these naive methods.

5 Conclusion and Future Work

We described a methodology for utilizing multi-word expressions to improve the
statistical machine translation of statutory sentences. We extracted the mono-
lingual MWEs from a parallel corpus, automatically acquired their translations
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Table 2. Acquired partial translation of MWEs at 0.7 threshold

Japanese MWE Acquired translation Correct translation

銀行 持株 会社 bank holding
bank holding company

bank holding companies

産前 産後 after childbirth
before or after childbirth

before and after childbirth

行為 に対する 罰則 penal provisions to

penal provisions to actions

penal provisions to acts

penal provisions to an act

penal provisions to any acts

政令 で 定める cabinet order

prescribed by cabinet order

designated by cabinet order

set forth in cabinet order

stipulated by cabinet order

...

Table 3. Scores of models using bilingual MWEs by each integration methods

Model BLEU

Baseline 30.32

Train 30.58

Table 30.48

Single-tokenization 31.26
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based on the Dice coefficient, and integrated the extracted bilingual MWEs into
the SMT system by a single-tokenization strategy. A SMT system with our pro-
posed method significantly improved the translation quality more than both the
baseline system and one using the other naive methods by MWEs. The system
worked best when we set its Dice coefficient threshold to 0.7. Although automatic
translation equivalent acquisition using the Dice coefficient is not perfect, the
system’s best score was close to one that used bilingual MWEs whose equivalents
were translated by hand.

Our future works have four directions. The first is the further analyze of our
method’s performance. We wonder why the score of the Dice model at the 0.1
threshold is close to that of the model at the 0.7 and whether the performance
depends on kinds of statute. We should evaluate the result in more detail to
answer these questions. The second is to apply our method to other languages.
Since our method is the language independent approach and MWEs appear in
all text genres, we expect it to perform as well as it does in this paper. The
third is further improvement of the SMT system’s translation quality. Since our
method is useful to reduce the search space where the word alignment system
works, we believe that it is compatible with word reordering approach[5]. The
last is the construction of multilingual MWE dictionaries for human translators
working on Japanese statues. The acquired MWE dictionary includes both noun
and verb phrases, which benefit human translators. We also plan to introduce a
screening technique and select proper entries from it.
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Abstract. This paper presents a novel approach to legal document similarity
searches. Models for document similarity searches (DSS) usually exploit linguis-
tic similarities based on linguistic features. However, such linguistic similarities
are not enough for handling legal documents. We define a legal similarity tailored
for legal document processing. Our system captures legal similarity by using a
graph structure composed of law articles and legal documents.
We experimented on our system by using hand-crafted data. The results demon-
strated that our approach outperforms a conventional approach without legal sim-
ilarities. Moreover, we performed a qualitative analysis to see whether our system
effectively outputs legally similar documents.

Keywords: legal text processing, document similarity search, legal similarity,
graph random walk

1 Introduction
Legal document (text) processing is one of the most important areas in artificial

intelligence (AI) and law. Some significant successes in natural language processing
(NLP) have given it a boost. In particular, a DeepQA system, IBM Watson [9–11], won
a quiz show called Jeopardy!, and this victory hints at the potential of applying AI
systems to technical domains such as medical, financial, and legal.

In this paper, we propose a novel approach to legal document similarity searches.
Keyword-based legal document search systems are commonly used by lawyers, jurists,
and students in law schools. But selecting the right keywords is often a difficult task.
Here, the document similarity search (DSS) is an important component of modern in-
formation retrieval that enables us to avoid keyword selection. Rather than several query
keywords, a DSS uses a document as a query and finds similar documents to the query
document. However, there are differences between general and legal document similar-
ity searches. In the general domain, similarities are determined from linguistic features.
On the other hand, in the legal domain, legal features are more valuable information for
capturing legal similarities.

Table 1 shows several cases involving Japanese Supreme Court decisions that il-
lustrate the differences between general and legal similarities. Supposing Q is a query
document, which cases (C1-C4) are the most legally similar? Q is a “高知落石事件”
in which the plaintiff demanded compensation for damages suffered in a car accident
caused by a fallen rock on a national road. The legal standpoint of the suit is exactly the
issue of administrative defect. General DSS systems do not take into account such legal
matters. As a result, they may identify C1 as the most similar case. C1 is linguistically
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Table 1: Differences between General and Legal Similarities
ID Date Description Name
Q [S45.8.20] Claim for damages of the car accident hap-

pened by an obstacle (fallen rock) on a na-
tional road

高知落石事件 (Kōchi Fallen
Rock Accident)

C1 [H12.1.27] Claim for clearing obstacles against cars on a
road designated by the Building Standards Act
42-II

車止め撤去請求事件 (Demand to
clear car obstacles on a road)

C2 [S50.7.25] Claim for damages of the car accident hap-
pened by a leaving truck on a national road

87時間大型故障車放置事件 (87
hours Track Leaving Accident)

C3 [S61.3.25] Claim for damages of the a fall accident at
a station because of missing studded paving
blocks

点字ブロック事件 (Studded
Paving Block Accident)

C4 [S50.6.26] Claim for damages of flood disaster due to the
insufficent maintenance of national river

多摩川水害訴訟 (Tama River
Flood Disaster Suit)

very similar to Q because it shares many keywords such as car, road, and obstacle.
However, C1 is far from Q in its legal points because C1 is not about compensation
from the government but is rather a petition for the statement of interference. Though
C2 is the most correct answer, C3, and C4 can also be considered correct. C3 and C4
are linguistically much different from Q but they are legally very similar to each other.
In C3 and C4, the issues are administrative defects pertaining to a train station and river,
respectively.

Thus, simple linguistic similarity is not enough for legal DSS. We have to consider
legal points at issue represented in laws. Here, we define legal similarity as the number
of the shared law articles. In the cases of Table 1, we can simply evaluate their legal
similarity by whether or not they refer to State Redress Act 2-I. Actually, Q, C2, C3,
and C4 refer to the law article, but C1 does not. This is a clear reason why Q is similar
to C2-C4 and different from C1.

We devised a way to reveal legal similarities by using the edges of a graph structure.
The search for similar documents is driven by a graph random walk algorithm. We
experimented on Japanese decision papers and found that our method could effectively
perform legal DSSs. We also analyzed the outputs and evaluated the improvements had
by introducing legal similarity. Our contributions are as follows.

– We propose a new method for legal document similarity searches.
– We investigate the differences between the models with and without legal similari-

ties.

The remainder of this paper is organized as follows: Section 2 describes the re-
lated work on legal document processing and document similarity searches. Section 3
explains our method in detail. Section 4 presents the setup of our experiments, and Sec-
tion 5 discusses the results. Section 6 concludes the paper and presents ideas for future
work.

2 Related Work
In this section, we describe previous studies on legal document processing (Section

2.1) and document similarity search (Section 2.2).
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2.1 Legal Document Processing
Dealing with laws automatically is one of the goals of artificial intelligence (AI).

There have been various studies of legal document processing (LDP). Studies on legal
reasoning build theoretical models based on laws and try to handle legal documents [2,
3, 7, 30, 35]. Finding and analyzing arguments plays an important role in legal reason-
ing [27, 21, 25, 4].

Legal engineering is another branch of LDP, and its studies focus on how to de-
velop and maintain laws by analogy to software engineering. It applies natural language
processing (NLP) techniques to legal documents. In recent years, not only rule-based
analyzers [16, 14, 23] but also machine learning based systems [6, 5, 34] have been de-
veloped.

There have been a number of workshops on using LDP in conjunction with NLP
and information retrieval (IR). Semantic Processing of Legal Texts (SPLeT) [12, 22]
has been held since 2008 as part of the LREC, a NLP conference.1 Moreover, the Text
Retrieval Conference (TREC) in the IR community has a Legal Track 2 that requires
participants to retrieve information for e-Discovery. Our work also uses NLP technol-
ogy for analyzing legal documents, and our search method is an unsupervised approach
executed on graph structures. Hence, our study is at the intersection of LDP, NLP, and
IR.

2.2 Document Similarity Search
The document similarity search (DSS) is a modern IR task to find documents that are

similar to a query document. According to user experience, DSS is more advantageous
than keyword-based search [8, 36, 15]. Traditional keyword-based search engines re-
quire us to select several appropriate query words. However, in technical domains such
as law and medicine, selecting the right keywords can be very difficult even for experts.

Measuring document similarity is a popular task in the NLP field. Moreover, it
can be applied to other tasks such as document classification, question answering, and
document summarization. There are a large number of document representations: bag-
of-words (BoW) vector [29], generalized latent semantic analysis [20], and concept
graph [1]. Though our graph-based approach can work in conjunction with the other
complex vector representations, we simply encode a document into a vector by using
the well-known TF-IDF term weighting scheme [28, 19].

3 Method
We framed the legal DSS task as a graph mining problem. Section 3.1 describes

how to construct a graph of legal documents and law articles. Section 3.2 presents a
search process on the graph.

3.1 Construction of Graph with Documents and Laws
We first define the basic graph structure for legal DSS. Figure 1 illustrates a schematic

view of the graph that we will define.

1 http://www.lrec-conf.org/
2 http://trec-legal.umiacs.umd.edu/
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Fig. 1: Example of a Legal Graph

Graph Definition
Figure 1 has four document nodes and four article nodes. The document nodes (e.g.

A-D) represent the targets documents that we have to analyze. The article nodes repre-
sent law articles (e.g. Civil Law 94-II, Civil Law 110, Real Property Registration Act
2-II, Civil Execution Act 79), and they provide us with important clues for measuring
similarity. In Figure 1, we define two types of edges those between two document nodes
(shown as grey lines) and those between a document node and an article node (shown as
black lines). As we mentioned in Section 1, we define legal similarity as the number of
shared law articles. In the proposed graph, the documents sharing law articles represent
the document nodes with incoming edges from the same article node. For brevity, we
call the two types of edges D-D (document-document) edges and D-L (document-law
article) edges. A model with only D-D edges does not consider features of law articles
and captures only linguistic similarity of documents. In order to address legal similarity,
we have to involve D-L edges. The differences between models with and without D-L
edges are shown in Sections 4 and 5. The proposed graph enables us to capture both
legal and linguistic similarities in a unified framework.
Edge Weight Estimation

Before searching, we have to estimate the weights of the graph edges. The edges
in Fig. 1 have several weights. Their weights should be based on the relevance scores
between the documents or between the document and article they connect.

First, we represent all documents by vector space model using TF-IDF term weight-
ing [28]. Both term frequency (TF) and inverse document frequency (IDF) are calcu-
lated for the legal documents and law articles. For a document d, we define the weight
vector vd as a combination of term weights wt,d such that,

vd = [w1,d, w2,d, . . . , wN,d]
T

wt,d = tft,d · idft,D (1)

where t is a context word, N is the total number of words in the vocabulary, and D is
the number of the whole documents. The details of the TF-IDF model are described in
[28].
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Table 2: Definition of Symbols
Symbol Definition

W =
[
wi,j

]
the weighted graph, 1 ≤ i, j ≤ n

W̃ the normalized weighted adjacent matrix associated with W

Q the system matrix associated with W : Q = I− cW̃
ri =

[
ri,j

]
n× 1 ranking vector, ri,j is the relevance score of node j wrt node i

ei n× 1 starting vector, the i-th element 1 and 0 for others
c the restart probability

After representing a document as a vector, we can estimate similarity scores be-
tween documents. We define D-D similarity as the cosine similarity between document
vectors,

sim(d1, d2) =
vd1 · vd2

∥vd1∥∥vd2∥
, (2)

in which the distance between the document vectors is based on linguistic features.
Though D-D edges can be constructed by taking the Cartesian product of all document
nodes, we omit the D-D edges which have the similarity scores less than 0.1. Note that
there are some node pairs which have no edges.

D-L edges are much more difficult to give weights automatically. An article is often
much smaller than a document and does not have enough features for estimating simi-
larities. In addition, law articles are too numerous to be able to estimate similarities with
pinpoint accuracy. Here, we collected 8142 Japanese laws containing 197509 articles
for our experiment. We chose the referenced law annotations that were annotated by
hand for each legal document (decision paper). We fixed the weights of D-L edges as
1.0. Some of the documents had no referenced law annotations, thereby causing a prob-
lem with the recall of these manual annotations. However, our method overcomes this
recall problem of missing referenced laws by using a graph random walk. We explain
how it does so in the next section.

3.2 Graph Search for Legal Document Similarity Search
Our legal DSS system estimates legal similarity as a graph proximity search. There

have been various studies to address node-to-node proximities (similarities) [17, 32, 18,
13]. Random walk with restart (RWR) [26] is one of the most popular methods. RWR
calculates a proximity based on not only the graph distance of the nodes, but also the
features of the targeted graph structure [33, 31].

Table 2 lists the symbols used for our explanation. RWR is defined as follows,

ri = cW̃ri + (1− c)ei (3)

which represents the iterative process starting from the query node i. ri is a column
vector where ri,j denotes the probability that the random walk is at node j. ei is a
column vector where the only i-th element is 1 and the others are 0.

The RWR process can be described in terms of a random walk particle. The first
term of equation (3) represents the random step. A particle moves to its neighborhood
with the transition probability that is proportional to their edge weights of W̃. The
second term of equation (3) drives the restart step which returns a particle to the starting
node i with some probability 1−c. The relevance score of node j to node i is defined as
a steady-state probability ri,j . ri,j is the final existence probability after a large number
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Fig. 2: Initial State Fig. 3: First Step Fig. 4: Steady State

of iterations of the particle being at a certain node. c is an interpolation coefficient that
we set to 0.8. Though we tested RWR process changing c from 0.5 - 0.9, the changes
do not effect the DSS performance after a sufficient number of iterations.

The steady-state probability of RWR can also be obtained analytically because
equation (3) defines a linear system problem. ri is determined by equation (4):

ri = (1− c)(I− cW̃)
−1

ei = (1− c)Q−1ei. (4)

The system matrix Q defines all the steady-state probabilities. When pre-computing
Q−1, we can get ri in a real-time manner. However, pre-computing and storing Q−1

is often infeasible when the dataset is large. RWR with an iterative process is called
OnTheFly and RWR with a pre-computed Q−1 is called PreCompute [33]. We chose
to take the OnTheFly approach because of its feasibility.

Let us illustrate how well suited OnTheFly RWR is to a legal DSS system. Figures 2-
4 show an example of how RWR works in a legal DSS system. The figure is a simplified
version of Figure 1. Each node has a name and an existence probability such as A and
1.0. Let us consider a graph proximity search where we look for documents that are
similar to a given query document. In Figure 2, node A represents a query document. In
the initial state, the existence probability of the particle being only node A (Figure 2).
In the next step, the particle could move to one of three nodes, B, Law-1, and Law-4,
that are directly connected to node A (Figure 3). In the steady state, the particle could
be at any of the nodes (Figure 4), and document D is estimated to be the most similar to
document A. Note that graph random walk does not distinguish document nodes from
law article nodes. For each query document, RWR process finds the similar documents
and law articles, simultaneously.

Exploiting RWR for legal DSS has at least two strong advantages. First, we can
consider similarities based on the global structure of the graph rather than the local
structure between two nodes. The steady-state of RWR is globally optimized wherein
the estimated similarities are calculated by taking into account the relationships of all
documents and law articles. Global optimization often yields more reliable results than
local optimization, which only considers the relationships between two nodes.

Second, RWR allows us to capture multi-faceted relationships between two nodes.
RWR considers multiple paths between nodes which connote transitivity relations such
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as (α → β) and (β → γ) lead to (α → γ). For example, in Figure 4, node B is
directly connected to node A, but D is not. However, node D is finally identified as
the most similar to node A because it has many indirect paths to A such as (D→Law-
1→A), (D→Law-4→A) and (D→B→A). The multi-faceted feature relaxes the recall
problem of D-L edges we mentioned in Section 3.1. Moreover, the transitivity of RWR
potentially provides a solution to the problem of legal reform. There are many similar
documents which do not share common law articles due to legal reforms.3 For example,
Japanese River Act drastically changed in 1964, and the legal cases before and after the
change do not share the same law articles. RWR may be able to close gaps between
before and after changes to laws.

In addition to the various advantages of precision and recall, RWR also has the ad-
vantages of speed. Similarly to other graph-based approaches, RWR consists of matrix
calculations. We could use sophisticated matrix calculation to get results faster [33, 13].
In particular, legal DSS requires a large amount of documents and articles, and the di-
verse acceleration techniques available for matrix calculations would be a big help for
legal DSS.

4 Experimental Setup
The goal of our experiments was to answer two questions: (1) How well can our

graph-based model address legal document similarity search tasks? (2) What differ-
ences are there between the models with and without D-L edges? In this section, we
present the experimental setup used to answer these questions.

4.1 Used Data
We collected legal documents and law articles. As the legal documents, we col-

lected decision papers from the Supreme Court of Japan.4 We targeted only the cases
of the Supreme Court (not cases in high courts or local courts) and collected 28778
documents. The law articles were collected from those of the Government of Japan (e-
Gov).5 We divided each law into articles systematically by using a finite state transducer
(regular expression). Finally, we obtained 197509 articles of 8142 laws.

4.2 Pre-processing
For our graph-based approach, we performed basic natural language pre-processing

on the collected decision papers and law articles. Because decision papers were pro-
vided in PDF format, we converted them into raw text format by using Poppler.6 First,
we split the documents and articles into sentences with a rule based sentence splitter,
which simply breaks the sentences at terminal characters “.”, “。”, “?”, etc. After that,
we performed tokenization and POS tagging with a Japanese morphological analyzer
MeCab.7 We only utilized nouns and verbs in the documents and articles to compute
the TF-IDF scores, and obtained a document vector for each document. For all pairs of
documents, we calculated cosine similarities and filtered out less similar document pairs
by using a threshold lower than 0.1. Within the similar document pairs, we extracted

3 Such pairs of documents could share law articles if we did not have legal reform.
4 http://www.courts.go.jp/
5 http://www.e-gov.go.jp/
6 http://freedesktop.org/wiki/Software/poppler/
7 http://taku910.github.io/mecab/
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Table 3: Specifications of the Constructed
Graph

Document Article D-D D-L
Graph 28778 8599 48853 34795

Table 4: Evaluation Dataset
Class Category Case

Constitution 14 95
Civil Law 14 49

Administrative Law 6 57
Total 34 201

the ten most similar documents for each document and made D-D edges for them. Note
that due to the filtering, there were some documents that had no similar documents.

For the D-L edges, we exploited the meta data of the decision papers. The meta data
consisted various information on the lawsuits, such as the number of the case, type,
the concluded date, and referenced law articles. Here, we constructed D-L edges by
using the Referenced law articles. We limited the article nodes which had at least one
incoming D-L edge. The resulting graph is shown in Table 3. We ran our graph-based
legal DSS on this graph.

Graph construction and graph mining require high performance matrix calculations.
Here, we used la4j8, an open source Java library that supports both dense and sparse
matrix calculations.

4.3 Evaluation Dataset and Measures

We prepared evaluation data to examine the performance of legal DSS systemati-
cally. We collected legal cases for the exam of Japanese administrative scrivener9 from
the Case Database10 and the Complete Collection of Important Cases [24].

The collected legal cases are divided into three classes of jurisprudence; Constitu-
tion, Civil Law, and Administrative Law. From the legal cases, we compiled the eval-
uation data by hand. The legal cases of the exam have categories which represent the
points at issue such as standing to sue, national compensation, false manifestation of
intention, etc. In total, we obtained 201 legal cases with 34 categories. Table 4 lists the
numbers of categories and legal cases for the three classes. We defined the cases with
the same categories to be the correct answers of similar documents.

For each case, we performed legal DSSs and our system output a rank list of ten
most similar documents. We used two evaluation measure of information retrieval i.e.,
mean reciprocal rank (MRR) and mean average precision (MAP). Let us consider Table
1 again. There are five cases, and Q is a query. Supposing C1-C4 to be the estimated
answers, C1 is incorrect and C2, C3, C4 are correct. In this four most similar example,
how are MRR and MAP scored? Reciprocal rank (RR) simply evaluates the highest rank
of the correct answers and the other lower ranks do not matter. Here, it only considers
the second rank (C2) and is calculated as 0.5(= 1

2 ). MRR is the RR averaged over the
all samples. On the other hand, average precision (AP) takes into consideration all four
ranks. Precisions are calculated by rank such as 0.00 = 0

1 , 0.5 = 1
2 , 0.67 = 2

3 , 0.75 =
3
4 . We averaged the four precisions and obtained an AP of 0.48 = (0.00+0.5+0.67+

8 http://la4j.org/
9 行政書士試験 (in Japanese)

10 http://www.gyosei-i.jp/page007.html (in Japanese)
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Table 5: Results of Legal DSS
Class Measure D-D D-L D-D+D-L
Constitution MAP 0.038 0.056 0.052

MRR 0.118 0.173 0.153
Civil Law MAP 0.038 0.027 0.045

MRR 0.103 0.068 0.128
Administrative Law MAP 0.057 0.027 0.080

MRR 0.152 0.072 0.187

0.75)/4. AP was calculated as:

AP =
1

n

n∑
i=1

Pi (5)

where n is the size of the ranked list, and Pi is the precision at the ith rank. MAP is the
AP scores averaged over all the samples. All our experiments were evaluated using the
MRR and MAP of the ten most similar ranks.

5 Results
5.1 Results of Experiments

Table 5 shows the results of the legal document similarity search. It lists results for
three systems based on the edges we used. Models D-D and D-L used only D-D and D-
L edges, respectively. Model D-D+D-L used both D-D and D-L edges. The MAP and
MRR were calculated for each system. Results are shown for; the Constitution, Civil
Law, and Administrative Law classes.

First, let us look at the results of Models D-D and D-L for each class. In Constitu-
tion, Model D-L outperformed Model D-D in terms of both MAP and MRR (at 0.018
and 0.055 margins). On the other hand, in the other two classes, Model D-D achieved
the better results. Especially in Administrative Law, Model D-L was much weaker than
Model D-D. Administrative law is not composed of a law code. It is a set of laws re-
lated to administration such as “Administrative Procedures Act”, “Administrative Case
Litigation Act”, and “Administrative Execution by Proxy Act”. Hence, some cases do
not share the same law articles even though they are legally similar. In such cases, the
model with only D-L edges suffers from too wide a variety of law articles. However,
the D-L edges we used are far from the perfect. There were many cases that had no
referenced law articles. In spite of the missing edges, Model D-L was able to handle
many cases.

The combination of D-D and D-L (Model D-D+D-L) led to other results. D-D edges
and D-L edges encode the different features of linguistic and legal points. In Civil Law
and Administrative Law, Model D-D+D-L outperformed Models D-D and D-L by sig-
nificant margins. However, in Constitution, Model D-L was slightly superior to Model
D-D+D-L. We found that the cases in Constitution strongly prefer the legal features (D-
L) to linguistic features (D-D). Though the cases in Constitution have large linguistic
diversity, the Constitution of Japan consists of only 103 articles. Therefore, capturing
legal similarity via law articles is often easier than capturing linguistic similarity via
documents. Thus, we confirmed the advantages of using D-L edges in legal DSS.
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Table 6: Output of Model D-D for National Compensation
Rank ID Case Number Case Name
Query (6Q) 昭和 42(オ)921 Claim for damages (高知落石事件)

1 (6a) 平成 8(オ)1248 Claim for clearing obstacles against cars
2 (6b) 昭和 34(オ)117 Claim for damages
3 (6c) 平成 8(オ)1361 Claim for removal of forestall
4 (6d) 昭和 62(オ)741 Claim for removal of workpiece
5 (6e) 平成 4(オ)1504 Regulation for noise and exhaust of Route-43, Hanshin express-

way 1
6 (6f) 平成 4(オ)1503 Regulation for noise and exhaust of Route-43, Hanshin express-

way 2
7 (6g) 平成 15(受)1886 Claim for removal of workpiece
8 (6h) 昭和 37(オ)108 Claim for damages
9 (6i) 昭和 39(オ)1382 Claim for damages and the counter-suit
10 (6j) 昭和 31(オ)407 Claim for vocating a building

Table 7: Output of Model D-D+D-L for National Compensation
Rank ID Case Number Case Name
Query (7Q) 昭和 42(オ)921 Claim for damages (高知落石事件)

1 (7a) 平成 4(オ)1504 Regulation for noise and exhaust of Route-43 Hanshin express-
way 1

2 (7b) 平成 3(オ)1534 National compensation
3 (7c) 昭和 63(オ)791 Claim for damages (多摩川水害訴訟)
4 (7d) 昭和 53(オ)492 Claim for damages (大東水害訴訟)
5 (7e) 平成 1(オ)1628 Appeal of claim for damages
6 (7f) 昭和 61(オ)256 Claim for damages and restoration of provisional execution
7 (7g) 昭和 61(オ)255 Claim for damages and restoration of provisional execution
8 (7h) 昭和 47(オ)704 Claim for damages (87時間大型故障車放置事件)
9 (7i) 昭和 58(オ)1440 Claim for damages
10 (7j) 平成 4(オ)1503 Regulation for noise and exhaust of Route-43 Hanshin express-

way 2
13 (7k) 昭和 46(オ)887 Claim for damages (奈良赤色灯事件)
17 (7l) 昭和 58(オ)1132 Claim for damages (点字ブロック事件)

5.2 Discussion
In this section, we discuss our results from a qualitative viewpoint. How does our

model capture legal similarities for the purposes of legal DSS? For an answer, let’s look
at some of outputs and compare the results of Model D-D and Model D-D+D-L.

The first example is on the cases of Government Compensation which are classified
in Administrative Law. We performed legal DSS by inputting “高知落石事件 (Kōchi
Fallen Rock Accident)” as the query document, as described in Section 1. Tables 6 and 7
show the results of Model D-D and Model D-D+D-L, respectively. We mainly explain
each case with ID such as (6a) or (7c) shown in the second column in each table. In
order to maintain the reproducibility, we left the Japanese Case Number, such as “昭和
42(オ)921” or “平成 8(オ)1248”, in the original form.

As shown in Table 6, Model D-D did not output any correct answers at least in
our evaluation dataset.11 On the other hand, Model D-D+D-L output several correct

11 There could be some correct answers which are not in the evaluation dataset.
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Table 8: Output of Model D-D for The Right to Pursue Happiness
Rank ID Case Number Case Name
Query (8Q) 平成 1(オ)1649 Claim for solatium (ノンフィクション「逆転」事件)

1 (8a) 平成 15(受)281 Claim for damages (肖像権訴訟)
2 (8b) 昭和 58(オ)516 Claim for damages
3 (8c) 平成 16(受)930 Claim for damages
4 (8d) 平成 12(受)222 Claim for injunction based on infringement of copyright
5 (8e) 昭和 34(オ)780 Claim for use prohibition of the record
6 (8f) 昭和 51(オ)923 Claim for damages
7 (8g) 平成 4(オ)1443 Claim for injunction based on infringement of copyright
8 (8h) 平成 20(受)889 Claim for injunction based on infringement of copyright
9 (8i) 平成 19(受)1105 Claim for injunction based on infringement of copyright
10 (8j) 昭和 59(オ)1204 Claim for injunction based on copyright infringement of the music

Table 9: Output of Model D-D+D-L for The Right of Pursue Happiness
Rank ID Case Number Case Name

Q (9Q) 平成 1(オ)1649 Claim for solatium (ノンフィクション「逆転」事件)
1 (9a) 平成 15(受)281 Claim for damages (肖像権訴訟)
2 (9b) 昭和 58(オ)516 Claim for damages
3 (9c) 昭和 41(オ)970 Claim for solatium
4 (9d) 昭和 34(オ)900 Claim for damages
5 (9e) 昭和 30(オ)264 Claim for delivery of the building
6 (9f) 昭和 37(オ)815 Claim for damages and solatium of defamation (衆議院議員選

挙立候補者経歴詐称記事事件)
7 (9g) 昭和 58(オ)1311 Claim for published apology (氏名を正確に呼称される権利)
8 (9h) 平成 6(オ)1084 Claim for damages
9 (9i) 平成 6(オ)715 Claim for damages
10 (9j) 昭和 53(オ)940 Claim for damages

answers such as (7c)多摩川水害訴訟, (7d)大東水害訴訟, and (7h) 87時間大型故障
車放置事件. These answers are not linguistically similar but rather legally similar cases.
When we made both models output the 20-best answers, Model D-D+D-L output the
two more correct results but Model D-D did not output any more.

The second example is the cases of The Right to Pursue Happiness, defined in the
Constitution of Japan, Article 13. Model D-D output only one correct answers, while
Model D-D+D-L output three correct answers (Table 8 vs. Table 9). The Right to Pursue
Happiness has various senses such as Privacy Rights, Nonsmokers’ Rights, Right to
light, etc. Hence, it is very hard to capture similarities from only linguistic features. The
query document was a lawsuit about Privacy Rights infringed by a book. The outputs
of Model D-D were dominated by “infringements of copyright” and strayed from the
main subject, i.e., The Right to Pursue Happiness. The legal features provided by the
D-L edges improved the bias and captured the diverse senses of the right to pursue
happiness, such as moral right and Namensrecht (in BGB).

Thus, the most advantageous aspect of D-L edges is their defining clear legal points.
Though linguistic similarities have wide varieties, D-L edges helped to narrow down the
referenced law articles to the main discussion points in terms of jurisprudence.
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6 Conclusion
In this paper, we proposed a new graph-based approach to legal document similarity

searches (DSS). Our model captures legal similarities through referenced law articles
for each legal document. Document similarity and legal similarity are implemented
using two types of edges: document-document (D-D) and document-law articles (D-
L). Through our experiments, we evaluated models with and without D-L edges. D-D
edges and D-L edges capture different features from each other. Combining D-D and
D-L edges improved performance of legal DSS. A qualitative analysis showed that, the
model with D-L edges extracted the legally similar documents based on the law articles
as evidence.

In the future, we will combine other document representations with our graph-based
model. We hope to be able to control the level of legal similarity by changing the repre-
sentation of the documents and the structure of the graph. We will also try legal DSS in
several languages and see if our model works well in various environments beyond the
Japanese statute law system.
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Abstract. We present the details on evaluation of legal question answering of 
the Competition on Legal Information Extraction/Entailment (COLIEE)-2015. 
The COLIEE-2015 task consists of three sub-tasks: legal information retrieval 
(sub-task 1), recognizing entailment between articles and queries (sub-task 2), 
and combination of the previous two sub-tasks (sub-task 3). Participation was 
open to any group based on any approach, and the task attracted 6 teams. We 
received 6 submissions to the sub-task 1 (for a total of 12 runs), 4 submissions 
to the subtask 2 (for a total of 11 runs), and 4 submissions to the subtask 3 (for 
a total of 11 runs). 

Keywords: legal question answering, recognizing textual entailment, 
information retrieval 

1. Introduction 

The Juris-Informatics workshop series has been created to promote community 
discussion on both fundamental and practical issues from various backgrounds such 
as law, social science, information and intelligent technology, logic and philosophy, 
including the conventional “AI and law” area. 

The information extraction/reasoning from legal data is one of the important 
targets of JURISIN, including legal information representation, relation extraction, 
textual entailment, summarization, and their applications. Participants in the JURISIN 
workshops have examined a wide variety of information extraction techniques and 
environments with a variety of purposes, including retrieval of relevant articles, 
entity/relation extraction from legal cases, reference extraction from legal cases, 
finding relevant precedents, summarization of legal cases, and legal question 
answering. 

In 2014, we held the first competition on legal information extraction/entailment 
(COLIEE-2014) on a legal data collection, and it helped establish a major 
experimental effort in the legal information extraction/retrieval field.  We held the 
second competition (COLIEE-2015) this year, with the motivation of continuing to 
help create a research community of practice for the capture and use of legal 
information. The COLIEE competition is about the legal question answering task, and 
our decomposition into three subtasks of retrieval, information extraction, and 
entailment. 
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2. The Legal Question Answering Task 
 
This competition focuses on two aspects of legal information processing related to 
answering yes/no questions from Japanese legal bar exams (the relevant data sets 
have been translated from Japanese to English). 
 
1) Phase 1 of the legal question answering task involves reading a legal bar exam 
question Q, and extracting a subset of Japanese Civil Code Articles S1, S2,..., Sn from 
the entire Civil Code, which are appropriate for answering the question such that 
 
Entails(S1, S2, ..., Sn , Q) or Entails(S1, S2, ..., Sn , not Q). 
 
Given a question Q and the entire Civil Code Articles, we have to retrieve the set of 
“S1, S2, ..., Sn” as the outcome of phase 1.  
 
2) Phase 2 of the legal question answering task involves the identification of an 
entailment relationship such that 
 
Entails(S1, S2, ..., Sn , Q) or Entails(S1, S2, ..., Sn , not Q).  
 
Given a question Q and relevant articles S1, S2, ..., Sn, we have to determine if the 
relevant articles entail “Q” or “not Q". The answer of this track is binary: “YES"("Q") 
or “NO"("not Q").  This phase typically require some information extraction (e.g., 
named entity identification, relation extraction), followed by methods for textual 
inference to confirm entailments. Details are given in the next section.  
 
2.1 Phase 1 Details 
 
Our goal is to explore and evaluate legal document retrieval technologies that are both 
effective and reliable. The task investigates the performance of systems that search a 
static set of civil law articles using previously unseen queries, and return relevant 
articles. We say an article is “Relevant” to a query if and only if the query sentence 
can be entailed from the meaning of the article.  If combining the meanings of more 
than one article (e.g., “A", “B", and “C") can answer a query sentence, then all the 
articles ("A", “B", and “C") are considered “Relevant.” If a query can be answered by 
an article “D", and it can be also answered by another article “E” independently, we 
also consider both “D” and “E” are “Relevant". This task requires the retrieval of all 
the articles that are relevant to answering a query. 
 
Japanese civil law articles (and English translation) have been provided, and training 
data consists of pairs of a query and relevant articles. The process of executing the 
queries over the articles and generating the experimental runs should be entirely 
automatic. Test data includes only queries but no relevant articles.  
 
2.2 Phase 2 Details 
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The goal of Phase 2 is to construct Yes/No question answering systems for legal 
queries, by entailment from the relevant articles. The task investigates the 
performance of systems that answer “Y” or “N” to previously unseen queries by 
comparing the intersection of meanings between queries and relevant articles. 
Training data consists of triples: a query, relevant articles and a correct answer “Y” or 
“N.”  The process of executing the queries over the relevant articles and generating 
the experimental runs should be entirely automatic. Test data includes only queries 
and relevant articles, but no “Y/N” label.  
 
2.3 Phase 3 Details 
 
Phase 3 combines Phase 1 and Phase 2. If a “Yes/No” legal bar exam question is 
given, a legal information retrieval system retrieves relevant Civil Law articles. Then, 
the task investigates the performance of systems that answer “Y” or “No” to 
previously unseen queries by comparing the meanings of the queries and retrieved 
Civil Law articles. Test data includes only queries, but no “Y/N” label, and no 
relevant articles. 
 
 
3. The Legal Question Answering Data Corpus 
 
The corpus of legal questions is drawn from Japanese Legal Bar exams, and the 
relevant Japanese Civil Law articles have been also provided. 
 
1) Phase 1 problem is to use an identified set of legal yes/no questions to retrieve 
relevant Civil Law articles. In this case, the correct answers have been determined by 
a collection of law students, and those answers are used to calibrate the performance 
of a program to solve Phase 1. 
 
2) Phase 2 task requires some method of information extraction from both the 
question and the relevant articles, and then to confirm a simple entail relationship as 
described in the Section 2: either the articles confirms “yes” or “no” as an answer to 
the yes/no questions. 
 
3) Phase 3 task is combination of Phase 1 and Phase 2. It requires both of the legal 
information retrieval system and textual entailment system. If legal yes/no questions 
are given, each participant’s legal information retrieval system retrieves relevant Civil 
Law articles. After that, each participant confirms a “Yes/No” entailment relationship 
between input yes/no question and the retrieved articles.  
 
Participants can choose which Phase they will attempt, amongst the three sub-tasks as 
follows: 
 
1. Sub-task 1: legal information retrieval Task. Input is a bar exam “Yes/No” question 
and output should be relevant civil law articles. (Phase 1)  
 

183



2. Sub-task 2: Recognizing Entailment between law articles and queries. Input is a 
pair of a question and relevant article(s), and output should be “Yes” or “No. (Phase 2)  
 
3. Sub-task 3: Combination of sub-task 1 and sub-task 2. Input is a bar exam 
“Yes/No”question and output should be “Yes” or “No.” (Phase 3) 
 
Table 1 shows an example of query and relevant articles.  
 
In the entailment subtask, given two sentences A and B, a system must determine 
whether the meaning of B was entailed by A. In particular, a system is required to 
assign to each pair either the “Yes” label (when A entails B, viz., B cannot be false 

Question A person who made a manifestation of intention which was induced by 
duress emanated from a third party may rescind such manifestation of 
intention on the basis of duress, only if the other party knew or was 
negligent of such fact. 

Related 
Article 

(Fraud or Duress) Article 96 (1)Manifestation of intention which is 
induced by any fraud or duress may be rescinded.(2)In cases any third 
party commits any fraud inducing any person to make a manifestation 
of intention to the other party, such manifestation of intention may be 
rescinded only if the other party knew such fact.(3)The rescission of the 
manifestation of intention induced by the fraud pursuant to the 
provision of the preceding two paragraphs may not be asserted against 
a third party without knowledge. 

 

Table 1. Example of a query and a relevant article 

Question A special provision that releases warranty can be made, but in that 
situation, when there are rights that the seller establishes on his/her own 
for a third party, the seller is not released of warranty. 

Related 
Article 

(Special Agreement Disclaiming Warranty)Article 572 
Even if the seller makes a special agreement to the effect that the seller 
will not provide the warranties set forth from Article 560 through to the 
preceding Article, the seller may not be released from that responsibility 
with respect to any fact that the seller knew but did not disclose, and 
with respect to any right that the seller himself/herself created for or 
assigned to a third party. 

Label Yes 

Question A manager must engage in management exercising care identical to that 
he/she exercises for his/her own property. 

Related 
Article 

(Urgent Management of Business)Article 698 
If a Manager engages in the Management of Business in order to allow 
a principal to escape imminent danger to the principal's person, 
reputation or property, the Manager shall not be liable to compensate 
for damages resulting from the same unless he/she has acted in bad faith 
or with gross negligence. 

Label No 

 

Table 2. Examples of sentence pairs holding different entailment relations 
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when A is true), or the “No” label (when A does not entail B). Table 2 shows 
examples of sentence pairs holding different entailment relations.  
 
The subtask 3 is combination of subtask 1 and subtask 2. 
 
The structure of the test corpora is derived from a general XML representation 
developed for use in RITEVAL, one of the tasks of the NII Testbeds and Community 
for Information access Research (NTCIR) project, as described at the following URL: 
 
http://sites.google.com/site/ntcir11riteval/ 
 
The RITEVAL format was developed for the general sharing of information retrieval 
on a variety of domains. The format of the JURISIN competition corpora derived 
from an NTCIR representation of confirmed relationships between questions and the 
articles and cases relevant to answering the questions, as in the following example: 
 
<pair label="Y” id="H18-1-2">  
<t1> 
(Seller's Warranty in cases of Superficies or Other Rights)Article 566 (1)In cases 
where the subject matter of the sale is encumbered with for the purpose of a 
superficies, an emphyteusis, an easement, a right of retention or a pledge, if the buyer 
does not know the same and cannot achieve the purpose of the contract on account 
thereof, the buyer may cancel the contract. In such cases, if the contract cannot be 
cancelled, the buyer may only demand compensation for damages. (2)The provisions 
of the preceding paragraph shall apply mutatis mutandis in cases where an easement 
that was referred to as being in existence for the benefit of immovable property that is 
the subject matter of a sale, does not exist, and in cases where a leasehold is registered 
with respect to the immovable property.(3)In the cases set forth in the preceding two 
paragraphs, the cancellation of the contract or claim for damages must be made within 
one year from the time when the buyer comes to know the facts. 
(Seller's Warranty in cases of Mortgage or Other Rights)Article 567(1)If the buyer 
loses his/her ownership of immovable property that is the object of a sale because of 
the exercise of an existing statutory lien or mortgage, the buyer may cancel the 
contract.(2)If the buyer preserves his/her ownership by incurring expenditure for costs, 
he/she may claim reimbursement of those costs from the seller.(3)In the cases set 
forth in the preceding two paragraphs, the buyer may claim compensation if he/she 
suffered loss. 
</t1> 
<t2> 
There is a limitation period on pursuance of warranty if there is restriction due to 
superficies on the subject matter, but there is no restriction on pursuance of warranty 
if the seller's rights were revoked due to execution of the mortgage. 
</t2> 
</pair> 
 
The above is an example where query id “H18-1-2” is confirmed to be answerable 
from article numbers 566 and 567 (relevant to Phase 1). The pair label “Y” in this 
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example means the answer of query is “Yes", which is entailed from the relevant 
articles (relevant to Phase 2 and 3). 
 
COLIEE training data was built from the bar exam (short answer test) civil code part 
published in 2006-2011, and consist of 6 XML files. Each file corresponds to one 
year’s publication. The total number of queries in the training data is 267, and each 
query has average 1.25 relevant articles. The test data size is 79 queries for Phase 1, 
extracted from the bar exam of 2012, and 66 queries for Phase 2 from the bar exam of 
2013. For Phase 3, we use the same test data of Phase 1. 
 
 
4. Evaluation Metrics and Baselines 
 
The measures for ranking competition participants are intended only to calibrate the 
set of competition submissions, rather than provide any deep performance measure. 
The data sets for Phases 1 and 2 are annotated, so simple information retrieval 
measures (precision, recall, F-measure [7], accuracy) can be used to rank each 
submission. As noted above, the intention is to start to build a community of practice 
regarding legal textual entailment, so that the adoption and adaptation of general 
methods from a variety of fields is considered, and that participants share their 
approaches, problems, and results.  
 
For Phase 1, evaluation measure will be precision, recall and F-measure: 
 

Precision =(the number of correctly retrieved articles for all queries)/(the 
number of retrieved articles for all queries),  

Recall = (the number of correctly retrieved articles for all queries)/(the 
number of relevant articles for all queries),  

F-measure = (2 x Precision x Recall)/(Precision + Recall). 
 
For Phase 2, the evaluation measure will be accuracy, with respect to whether the 
yes/no question was correctly confirmed: 
 

Accuracy = (the number of queries which were correctly confirmed as true or 
false)/(the number of all queries). 

 
For Phase 3, the evaluation measure is the same with that of Phase 2. 
 
For Phase 1, we consider the traditional TF-IDF [6] as the baseline model. For Phase 
2, there is a balanced positive-negative sample distribution in the dataset (51.52% yes, 
and 48.48% no) for the formal run, so we consider the baseline for true/false 
evaluation is the accuracy when returning always “yes,” which is 51.52%. 
Tables 3 and 4 presents the performances of the baseline models.  
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5. Submitted Runs and Results 
 
Overall, 6 teams participated in the task. Some participants submitted multiple runs 
for a task. We received 6 submissions to the subtask 1 (for a total of 12 runs), 4 
submissions to the subtask 2 (for a total of 11 runs), and 4 submissions to the subtask 
3 (for a total of 11 runs). 
 
Tables 5 and 6 show the submitted systems’ techniques. Because we have not 
received one participant's paper, the tables include 5 teams' runs and their techniques.  
We present the results achieved by runs against the Information Retrieval and 
Entailment subtasks in Tables 7, 8, and 9, respectively. Some systems performed well 
above the best baselines from Tables 3 and 4. 
 
D. S. Carvalho et al. [2] extracted n-gram features from the query and articles using 
lexical and morphological characteristics, and then used their own relevance score for 
Phase 1. For Phase 2, the query and relevant article are represented in vector space 
model, and then they used AdaBoost (basic classifier: DecisionStump) to classify the 
queries between ‘Yes’ label and ‘No’ label. 
 
Sushimita et al. [3] participated in only Phase 1, and used voting of three information 
retrieval techniques: Hiemstra, BM25 and PL2F.  
 
Y. Kano [4] introduced their own keyword weighting method and snippet scoring 
after diving data into snippets . V.D.Tran et al. [5] participated in only Phase 1 and 
used Hidden Markov model (HMM) as a generative query model for legal 
information retrieval.  
 

Phase One Baseline F-measure 

TFxIDF with lemmarization  
(choosing the most relevant article) 

0.4862 

 

Table 3. Baseline of Phase one 

Phase Two Baseline Accuracy 

When ‘No’ labels are all chosen 0.5152 

 

Table 4. Baseline of Phase two 
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The UA2 method in Table 7 uses TFxIDF with lemmatization which is the baseline 

ID Run Approaches 

UA 
[1] 

UA Convolutional Neural Network 

 

 

Kano- 
Lab 
[4] 
 

Kanolab1 Assigning Threshold to the snippet score (ptag=0.3) 

Kanolab2 Assigning Threshold to the snippet score (ptag=0.4) 

Kanolab3 Assigning Threshold to the snippet score (ptag=0.5) 

Kanolab4 Assigning Threshold to the snippet score (Section=0.1) 

Kanolab5 Assigning Threshold to the snippet score (Section=0.2) 

Kanolab6 Assigning Threshold to the snippet score (Section=0.4) 

Kanolab7 Assigning Threshold to the snippet score (Topic=0.1) 

Kanolab8 Assigning Threshold to the snippet score (Topic=0.3) 

JAIST 
[2] 

JAIST01 Adaboost (classifier: DecisionStump) using distance 
features and statistical features 

 

ID Run Approaches 

UA 
[1] 

UA1 Ranking SVM  

UA2 TFxIDF with lemmarization 

 
Kano-
lab[4] 

Kanolab1 their own keyword weighting method snippet  
scoring (ptag=0.3) 

Kanolab2 their own keyword weighting method snippet  
scoring (ptag=0.4) 

Kanolab3 their own keyword weighting method snippet  
scoring (ptag=0.5) 

Kanolab4 their own keyword weighting method snippet  
scoring (topic=0.1) 

Kanolab5 their own keyword weighting method snippet  
scoring (topic=0.3) 

JAIST 
[2] 

JAIST01 Ranking by n-gram model 

ALV 
[5] 

ALV2015 Hidden Markov Model 

ALV2015-2 Hidden Markov Model with different  
parameter setting 

Ismir 
[3] 

ismir Voting of three models: Hiemstra, BM25 and PL2F 

 

Table 5. Approaches of submitted systems for IR (Phase 1) 

Table 6. Approaches of submitted systems for the Entailment (Phase 2) 
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model. We can see that there are two systems which show better performance than the 
baseline model: UA1 and JAIST01. UA1 shows the best performance using ranking 
SVM, and it achieved significant increase of the F-measure compared to the baseline 
model. JAIST01 used their own ranking score from n-gram model. UA1, UA2 and 
Kanolab produced only one most relevant article for each query (in total 79 articles). 
JAIST01 produced 82 articles, and ALV2015 and ALV2015-2 produced 157 articles 
and 160 articles respectively. The reason that ALV2015 shows best recall is that they 
produced 157 results (average 1.99 articles per query), but their precision was not 
good. Ismir also produced 108 results, which is average 1.37 articles for each query. 
 
Table 8 reports the results of Phase 2, where UA showed best accuracy, which is 
significantly better than the baseline performance. They used a convolutional neural 
network. Kanolab1, Kanolab2 and Kanolab3 also showed significantly increased 

 Table 7. IR results(Phase 1) on the formal run data  
Run Prec. Recall F-m. Run Prec. Recall F-m. 

UA1 [1] 0.6329 0.4902 0.5525 Kanolab5[4] 0.3038 0.2353 0.2652 

UA2 [1] 0.5570 0.4314 0.4862 JAIST01[2] 0.5663 0.4608 0.5081 

Kanolab1[4] 0.3291 0.2549 0.2873 ALV2015[5] 0.3418 0.5294 0.4154 

Kanolab2[4] 0.3291 0.2549 0.2873 ALV2015-2[5] 0.2250 0.3529 0.2748 

Kanolab3[4] 0.3291 0.2549 0.2873 Ismir[3] 0.2778 0.2941 0.2857 

Kanolab4[4] 0.3038 0.2353 0.2652     

 

Run Accu. Run Accu. 

UA [1] 0.6582 Kanolab5 [4] 0.4937 

Kanolab1 [4] 0.5696 Kanolab6 [4] 0.5317 

Kanolab2 [4] 0.5949 Kanolab7 [4] 0.4557 

Kanolab3 [4] 0.6203 Kanolab8 [4] 0.5696 

Kanolab4 [4] 0.4684 JAIST01 [2] 0.5823 

 

    Table 9. Combined results (Phase 3) on the formal run data 

Run Accu. Run Accu. 

UA [1] 0.6667 Kanolab5 [4] 0.5152 

Kanolab1 [4] 0.6061 Kanolab6 [4] 0.5152 

Kanolab2 [4] 0.6212 Kanolab7 [4] 0.5152 

Kanolab3 [4] 0.6212 Kanolab8 [4] 0.5152 

Kanolab4 [4] 0.5152 JAIST01 [2] 0.3788 

 

Table 8. Entailment results (Phase 2) on the formal run data 
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performance than the baseline, and they used their own threshold value from the 
snippet scoring to determine if the label is “yes” or “no.” 
 
In the Table 9, results of Phase 3, Kanolab6, Kanolab8, and JAIST01 showed better 
performance than their performances in Phase 2. That means their answering of “yes” 
“no” questions is better when they used their own relevant articles than those marked 
as correct in the training set. This indicates the need for further detailed investigation. 
 
6. Conclusion 
 
We presented the results of the COLIEE-2015 competition. Three subtasks were 
offered: (1) Phase 1: finding relevant articles (information retrieval) (2) Phase 2: 
answering yes/no questions by comparing the meanings between a query and relevant 
articles (textual entailment), (3) combination of Phase 1 and Phase 2. There were 6 
submissions to Phase 1 (for a total of 12 runs), 4 submissions to Phase 2 (for a total of 
11 runs), and 4 submissions to Phase 3 (for a total of 11 runs), for a total of 6 
participating teams. Various methods for Phase 1 are provided: ranking SVM, 
TFxIDF, n-gram features from the query and articles using lexical and morphological 
characteristics and their own relevance score. Some information retrieval techniques: 
Hiemstra, BM25 and PL2F, keyword weighting method and snippet scoring, and 
Hidden Markov Model have also been proposed. For Phase 2, the participants used 
AdaBoost using their own features, a convolutional Neural Network, and their own 
threshold from the snippet score. Most of the systems do not depend on the deeply 
linguistic features which require domain knowledge, but instead propose feature 
weighting and scoring methods.  Some systems significantly outperformed baseline 
systems, and we need to deeply investigate how the performances of each Phase 1 and 
Phase 2 affect the overall performance of Phase 3. 
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Abstract. In the context of the Competition on Legal Information Ex-
traction/Entailment (COLIEE), we propose a method comprising the
necessary steps for finding relevant documents to a legal question and
deciding on textual entailment evidence to provide a correct answer.
The proposed method is based on the combination of several lexical and
morphological characteristics, to build a language model and a set of
features for Machine Learning algorithms. We provide a detailed study
on the proposed method performance and failure cases, indicating that
it is competitive with state-of-the-art approaches on Legal Information
Retrieval and Question Answering, while not needing extensive training
data nor expert produced knowledge.

1 Introduction

Answering legal questions has been a long-standing challenge in the Information
Systems research landscape. A topic that is drawing progressively more atten-
tion, as we experience an explosive growth in legal document availability on the
World Wide Web and specialized systems. This growth is not accompanied by a
matching increase in information analysis capabilities, which points to a severe
under-utilization of the available resources and a potential for information qual-
ity issues [1]. As a consequence, professionals of law, in particular, have been put
into increasingly pressure, since having the relevant and correct information is
a vital step in legal case solving and thus is closely tied to the matter of profes-
sional ethics and liability. This problem is often referred as “information crisis”
of law.

The ability to retrieve relevant and correct information given a legal query
has improved over time, with the combination of expert Knowledge Engineering
and NLP methods. On the other hand, the ability to answer questions in the
legal domain is of special difficulty, due to the need of reasoning over different
types of information, such as past decisions, laws and facts. Furthermore, the
way legal concepts are applied in the language often differs from common usage,

? Supported by CNPq – Brazil scholarship grant
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and differences in laws and procedures from each country prevent the creation of
comprehensive and coherent international law corpora. Common legal ontologies
are among the efforts to facilitate automatic legal reasoning, but have not seen
strong development in the past years [2]. In this context, Textual Entailment
Recognition plays a very important role, as a set hypothesis presented in a ques-
tion will most certainly have answers in the previously cited types of information
(decisions, laws, facts). The Recognition of Textual Entailment (RTE) challenge
series 3, although not specific to the legal domain, is a recognized benchmark for
methods that can be adapted to legal texts.

To effectively answer legal questions, one fundamental set of information that
must be available is the law, presented as the collection of codes, sections, arti-
cles and paragraphs that should be unequivocally referenced when a hypothesis
is raised as part of a legal inquiry. Therefore, adequate representation of law
corpora is the basis of a functional system for legal question answering. The
representation problem is often associated with ontologies and other annotated
knowledge bases, but these methods are costly and more difficult to automate
when compared to fully text-based approaches, such as bag-of-words, n-gram
and topic models.

In this work, we propose a fully text-based method for legal text analysis,
in the context of the Competition on Legal Information Extraction/Entailment
(COLIEE), covering both the tasks of Information Extraction and Question
Answering. The goal is the retrieval of relevant law articles to a given yes/no legal
question and the use of the retrieved articles to correctly answer the question
in a completely automated way. The proposed method is based on a broad
lexical and morphological analysis of the English translated Japanese Civil Code,
comprising tokenization, POS-tagging, lemmatization, word clustering and a set
of lexical statistics. Such analysis allows the construction of a mixed size n-gram
model and a set of features appropriate for Machine Learning algorithms. The
n-gram model is used for Relevance Analysis on the legal corpus, with respect
to the queries provided, and the Machine Learning features are used for Textual
Entailment classification. A study on success and fail cases is provided, with
common baseline practices and related works used as means of performance
comparison.

The remaining of this work is structured as follows: Section 2 presents the re-
lated works and relevant results; Section 3 details the Legal Question Answering
problem and the COLIEE competition shared task; Section 4 explains our ap-
proach to the competition problem; Section 5 presents the experimental setting,
results and discussion; Finally, Section 6 offers some concluding remarks.

2 Related Works

Liu, Chen and Ho [3] presented the three-phase prediction (TPP) method for
retrieval of relevant statutes in Taiwan’s criminal law, given general language
queries. The method is a hierarchical ranking approach to law corpora, featuring

3 www.aclweb.org/aclwiki/index.php?title=Recognizing Textual Entailment
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a combination of several Information Retrieval techniques, as well as Machine
Learning and Feature selection ones. Results were evaluated in terms of recall,
achieving from 0.52 to 0.91, from the top 3 to 10 retrieved results, respectively.

Inkpen et al. showed one of the first successful models for RTE by SVMs
[4]. Later, Castillo proposed a system for solving RTE by using SVMs, in which
training data includes RTE-3, annotated data set of RTE-4, and development
set of RTE-5 [5]. 32 features were used and the training model achieved the
best F-measure of 0.69 in two-way and 0.67 in three-way task. Most of features
from [5] were used in this study along with Word2Vec[16] similarity instead of
WordNet.

Nguyen et al. [6] conducted a study of RTE on a Vietnamese version of RTE-
3 [7] translated from [8]. The author used SVMs based on 15 features including
two groups: distance and statistical features. A voting combined three classifiers
built on three feature groups (distance, statistical, and combined features) was
used to judge entailment relation. The method obtained 0.684 of F-measure in
two-way task. In this study, we use all features in [6] and add additional features:
Word2Vec, term frequency - inverse document frequency (TF-IDF), or rules.

Research dedicated to Question Answering (QA) in legal text has seen less
attention when compared to general QA. Tran et al. solved legal text QA by using
inference [9]. The author used requisite-effectuation structures of legal sentences
and similarity measures to find out correct answers without training data and
achieved 60.8% of accuracy with 51 articles on Japanese National Pension Law.

Kim et al. proposed a hybrid method containing simple rules and unsuper-
vised learning using deep linguistic features to solve RTE in civil laws [10]. The
author also constructed a knowledge base for negation and antonym words which
would be used for classifying simple questions. To deal with difficult questions,
the author used morphological, syntactic and lexical analysis to identify premises
and conclusions. The accuracy was 68.36% with easy questions and 60.02 with
difficult ones.

3 Legal Question Answering

Legal Question Answering (LQA) is to find out and provide “correct answers”
given by a legal question for users. An overview of LQA is shown in Fig. 1.

Legal Text

Entailment

Legal Text

Retrieval
Legal Text

Corpus

Legal

Questinon

Answering

Question Answers

User

Fig. 1. The model of legal text question answering system
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LQA can be described in three tasks: 1) retrieving relevant articles, i.e., the
ones containing the answer; 2) finding correct evidence in the relevant articles
that allows answering the question; and 3) answering the question. While the
first task is essentially IR, the second can be considered as a form of RTE, in
which given a question, a LQA system has to decide whether and how a relevant
article can answer the question. The final one is the combination of the two
previous tasks.

Legal texts are very different in comparison to general ones e.g., new articles
due to their characteristics. Firstly, they have specific logical sentence structures
e.g., requisite and effectuation [11]. Secondly, words and writing style are used
in a strict form because law documents require high correctness and should
avoid ambiguity. An alternative aspect is that law documents are written in
a highly abstract level [12]; therefore, they usually require reference of readers
to understand law articles and to answer a law question. The use of references
leads to a situation in which there is not much, or in some cases, even no word
overlapping between a law question and its relevant articles.

In this work, LQA tasks are considered into the context of COLIEE, a com-
petition on legal information extraction/entailment which was first held in 2014,
in association with Workshop on Juris-informatics (JURISIN). COLIEE 2015 4

is the second competition consisting of three phases:

– Phase One: retrieving relevant articles from all Japanese Civil Code Articles
given a set of YES/NO questions.

– Phase Two: confirming the entailment relationship between the question and
retrieved articles.

– Phase Three: combination of Phase One and Phase Two, the system will
retrieve list of relevant articles given a query, and then decide the entailment
relationship between retrieved articles and provided question.

The Japanese Civil Code is composed by a collection of numbered articles,
each one containing a set of declarations pertaining to a specific topic of the law,
e.g., labor contracts, mortgages.

Information Retrieval Task: Relevance Analysis

The first phase consists on an explicit IR task, for which the goal is to retrieve
the relevant articles that can be used to correctly answer a given yes/no question.
The challenge in this task is to determine the relative relevance, i.e., Relevance
Analysis (RA), of an article to the query presented in the question. Different
articles dealing with the same topic often have similar wording and is common for
questions not to refer to topic keywords or refer to alternative versions of them.
Furthermore, the restricted size of Japanese Civil Code means that obtaining
reliable linguistic information from the articles is difficult and most questions
will present new language structures that can range from useful to necessary for
answering.

4 webdocs.cs.ualberta.ca/m̃iyoung2/COLIEE2015/
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Simple Question Answering Task: Textual Entailment

The goal of Textual Entailment (TE) is to decide whether a legal query/question
can be answered by a set of relevant articles retrieved by RA. This task can be ac-
complished by recognizing textual entailment (RTE), in which the query/question
is treated as an hypothesis and relevant articles are textual information. Given
a question Q and a set of relevant articles A, (A = {a1, ..., an}), if Q is answered
by ai (1 6 i 6 n), then ai entails Q [8,13] and a pair (Q, ai) is assigned label
YES; otherwise is NO. Assuming only relevant articles are provided, the chal-
lenge in this task is to identify the textual features that characterize conforming
and conflicting information. To this end, the linguistic challenges of phase one
also apply.

4 Proposed Approach

In order to be able to perform both Relevance Analysis and textual entailment
independently in phases one and two, and jointly in phase three, IR and classifier
methods were developed separately. First, both the legal corpus and training
data are analyzed and combined into representation models. The models are then
used to rank articles or classify answers according to the task. The representation
model used for Relevance Analysis is a mixed size n-gram model and the one used
for textual entailment is a multi-feature vector for Machine Learning. Figure 2
shows the overall view of the proposed method.

Fig. 2. Model overview

4.1 Relevance Analysis

A detailed analysis of the Civil Code and training data revealed that lexical and
syntactic overlapping may vary to a high degree between questions and arti-
cles, and also between articles concerning the same topic. However, certain mor-
phological features, such as lemmas, retain a higher level of consistency among
topics. For this reason, the adopted representation model was a mixed size n-
gram model, with n : [1, k], i.e., terms made by sequences up to k words, in
which the terms are lemmatized. For simplicity, the Relevance Analysis method
hereon described was named R2NC (Ranking Related N-gram Collections). A
summarized view of the process is shown on Figure 3.

The steps to build the model are detailed as follows:
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Fig. 3. The process of legal text retrieval

1. Collect the entire content for each article, including section title;
2. Check references between articles and annotate accordingly;
3. Tokenize and POS-tag;
4. Remove stopwords;
5. Lemmatize words;
6. Generate n-grams;
7. Expand the n-gram set, by including references n-grams;
8. Associate article number and references;
9. Store the model.

Except for step 4, each step is responsible for adding new information to
the model. The information is obtained either from the text, e.g., section title,
references, or from morphological analysis, e.g., POS-tags, lemmas. If an article
have references, its n-gram set is expanded with the references’ n-grams. This
is done so that all the necessary information for interpretation of any single
article is self-contained. Besides the n-grams, links between the articles are also
stored. To include the training data information, the same process is repeated
for the questions, and n-gram sets of the trained questions are used to expand
the associated articles n-gram model.

To determine the relative relevance of an article with regard to the content
of a question, a ranking approach was adopted. First, the n-gram set of the
question is obtained by applying steps 1-6, using the question content instead of
article. Then, for each article in the Civil Code, a relevance score is calculated
using the following formula:

score =

∑
∀t idf(t)

Iq × |q ng set|+ Iart × |art ng set|
, t ∈ (q ng set ∩ art ng set) (1)

where q ng set is the set of n-grams for the question, art ng set is the set
of n-grams for the article in the stored model, Iq is the relative significance of
the question n-gram set size and Iart is the relative significance of the article
n-gram set size. idf(t) is the Inverse Document Frequency for the term t over
the articles collection
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idf(t) = log
N

dft
(2)

where N is the total number of articles and dft is the number of articles in
which t appears.

The formula (1) is a variation of the traditional TF-IDF scoring method,
disregarding term frequency and giving different weights for the two types of
document being evaluated: articles and questions, according to their size. Iq and
Iart are parameters to be adjusted according to the corpus characteristics. This
formula was developed after initial experiments with a TF-IDF based classifier
showed poor results for this task and further observation showed that TF did
not contribute for article relevance in many cases. With TF removed, document
size becomes a more relevant feature and must be considered in the scoring.

From this point, the articles are sorted by descending score and the 10 best are
selected for filtering. The filtering step consists in fetching the best scoring article
and verifying if it exceeds a parameter threshold confidence thresh. If it does,
all the articles in the list that are referred by the first and exceed a parameter
threshold reference thresh are also fetched. The fetched articles compose the
final list of relevant articles to the input question. All R2NC parameters Iq,
Iart, confidence thresh, reference thresh and also k, the maximum n-gram
size, were adjusted empirically on the training data.

4.2 Textual Entailment

Cosine

Lcs

........

word2vec

Training

Vector

Features Classifier

YES

NO

Features Extraction
Feature Representation

Training

Data

Retrieved

Data

Pre-

Processing

Testing

Vector

Features

Fig. 4. The process of legal textual entailment recognition

Textual Entailment (TE) in law domain can be represented in form of binary
classification [14,5,4]. Given a civil law question and a relevant article, TE rela-
tion is assigned by YES label if the article contains information for answering the
question; otherwise is NO. More precisely, we aim to solve TE by using machine
learning in form of ensemble methods suggested in [6].

TE process is represented in Fig. 4, in which training data is pre-processed
by sentence and word segmentation, and removing stop words; next, features
are extracted from both training and retrieved data (from the RA step); subse-
quently, the training and retrieved data are represented in vector space model,
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in which training vectors will be used to train a classification model; finally, the
model judges entailment relation on retrieved data.

To train the model, a straightforward method is to extract features which
represent relevant characteristics of the data. A data observation was conducted
to capture the characteristics. The observation is illustrated in Tab. 1.

Table 1. Data statistic in phase two

# pairs # sentences # tokens % uni-gram word overlapping

Training Set 267 273 36.562 58.80

The observation suggested that word overlapping and word similarity be-
tween a question and an article can be useful to capture TE relation. Based on
the observation, we proposed the use of 15 lexical features in the form of two
groups: distance and statistical features due to its common characteristics. The
features are shown in Tab. 2. Note that features in Section 4.1 can be also used
for this task; however, due to time constraint, these features will be investigated
in the future.

Table 2. The feature groups; Avg is average; Q is a question, S is a sentence

Feature Description

Distance

Manhattan Manhattan distance from two text fragments
Euclidean Euclidean distance from two text fragments
Cosine similarity Cosine similarity distance
Matching coefficient Matching coefficient of two text fragments
Dice coefficient Dice coefficient of two text fragments
Jaccard Jaccard distance of two text fragments
Jaro Jaro distance of two text fragments
Damerau-Levenshtein Damerau Levenshtein distance of two text fragments
Levenshtein Levenshtein distance of two text fragments

Statistical

Lcs The longest common sub string of two text fragments
Average of TF-IDF Term frequency-inverse document frequency
Avg-TF of Q and S Avg-TF of words in a Q appearing in a S
Avg-TF of S and Q Avg-TF of words in a S appearing in a S
Word overlapping # word overlapping in a Q appearing in a article
Average of Word2Vec Average of word2vec similarity

After extracting features, pairs in the training dataset were represented by
feature vectors with two pre-defined classes: entailment (YES) or no-entailment
(NO). These vectors were used to find hypothesis for the classification model.
The model would be used to judge the entailment relation on testing dataset.

5 Experiments and Results

5.1 Experimental Setup

The dataset was obtained from the published data for the COLIEE shared task 5,
consisting in a text file with the Japanese Civil Code and a set of XML files with

5 webdocs.cs.ualberta.ca/m̃iyoung2/COLIEE2015/
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training and testing data for phases one to three. The training set for the three
tasks contains 267 pairs (question, relevant articles). Experiments where divided
in phases one and two only, dealing with Information Retrieval and Textual
Entailment methods respectively. Each experiment comprised: i) data analysis,
ii) model and parameter adjustments and iii) test runs.

For the IR task, data analysis suggested that the problem of restricted lin-
guistic information could be overcome by including external corpora into the
n-gram generation process. Thus, attempts were made to expand the R2NC
n-gram model with three different corpora, as follows:

– News: One billion word collection of news articles (in English). Text tok-
enized and cleaned from markups [15].

– CA—LA Law : Collection of Civil Codes from U.S. states of California 6 and
Louisiana 7. Contains 3420 cleaned and tokenized articles, with about 1.7
million words in total.

– JPN Law : Collection of all Civil law articles of Japan’s constitution 8. Con-
tains 642 cleaned and tokenized articles, with about 13.5 million words.

Terms in corpora were clustered by means of n-gram cosine similarity using
Word2Vec [16]. For a given article content, the n-gram cluster with the highest
cosine similarity to the text was included into its n-gram set. Tokenization and
lemmatization were done using NLTK 9 (v. 3.0.2) and POS-tagging was done
using Stanford Tagger10 (v. 3.5.2). Experiment results are shown in Table 3.

Parameters were adjusted for each test run and the best results are reported.
The final parameter values used in the competition are k = 3, Iq = 0.965,
Iart = 0.035, confidence thresh = 0.32 and reference thresh = 0.2.

For the TE task, AdaBoost [17] was used to train the model, where: classifier
was the standard DecisionStump, with 10 iterations, seed = 1, no re-sampling
and weightthreshold = 100.

5.2 Baselines

As for the second edition of COLIEE, there is still no definite baseline for the
competition dataset. However, common baseline practices and related works
could be used for evaluating performance on each task. For phase one, a re-
lationship can be drawn between R2NC and TPP [3], the latter achieving a
recall of 0.52 for the top 3 retrieved statutes and 0.91 for the top 10.

Support Vector Machine (SVM) [18] in the LibSVM 11 implementation, inte-
grated in Weka12 was used as the baseline for phase 2. The parameters of SVM
are C = 1, γ = 0, kernel Type = radial basis function. Another baseline was using
SVMs as weak learners for AdaBoost, instead of the standard DecisionStump.

6 leginfo.legislature.ca.gov
7 legis.la.gov
8 www.japaneselawtranslation.go.jp
9 www.nltk.org

10 nlp.stanford.edu/software/tagger.shtml
11 www.csie.ntu.edu.tw/c̃jlin/libsvm/
12 weka.wikispaces.com
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5.3 Evaluation Method

Given the limited training data available, leave-one-out validation was used to
evaluate the performance of the model in both tasks on the training dataset with
three measures: precision (P), recall (R) and F-measure (F) as in Eq. (3), (4)
and (5). In phase two, accuracy (A) measurement is also used as in Eq. (6).

P =
Cr

Rt
(3) R =

Cr

Rl
(4) F =

2(P ∗R)

P +R
(5) A =

Cq

Q
(6)

where Cr counts the correctly retrieved articles for all queries, Rt counts the
retrieved articles for all queries, Rl counts the relevant articles for all queries,
Cq counts the queries correctly confirmed as true or false and Q counts all the
queries.

5.4 Results

Relevance analysis results were as follows:

Table 3. Experiment results for phase one (Information Retrieval) with R2NC. Model
and parameter adjustments were made for each test run. The best results are presented.

Ext. corpus Precision Recall F-measure

None 0.568 0.516 0.54

News 0.461 0.485 0.472

CA—LA Law 0.476 0.498 0.486

JPN Law 0.541 0.52 0.53

Additionally, recall was 0.643 and 0.77 for the top 3 and top 10 retrieved ar-
ticles respectively. This indicates that R2NC is expected to be competitive with
state-of-the-art approaches to relevance analysis in legal documents. However,
the proposed method is much simpler when compared to TPP [3] and operates
with considerably less training data: 266 documents for R2NC against 1518
documents for TPP. R2NC design also makes it difficult for the model to be
overtrained beyond the parameter adjustment, since no training data is counted
more than one time and the method is single-shot, as opposed to convergence-
based. The test with no external corpus was repeated with traditional TF-IDF
scoring, yielding 0.51 F-score. An important observation is that the results got
worse when expanding the n-gram model with external data. This could indicate
that the external corpora contains a fair amount of noise, or that the questions
are highly corpus oriented, and the relevant information is at a abstraction level
not reachable by morphological analysis. The drop in F-measure as the external
data becomes semantically farther from the Civil Code corpus and the fact that
using Japan Law corpus improved the recall support the latter point of view.

Results of TE in Tab. 4 indicate that our method significantly outperforms
the baselines 0.084 (8.4%) and 0.113 (11.3%) of F-measure, respectively. More
importantly, the precision and accuracy of our method also achieves high im-
provements in comparison the baselines. This concludes that our method is ex-
pected to be efficient for solving TE in legal domain.
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Table 4. The performance our method vs. SVMs, where our method uses DecisionS-
tump and SVMs uses Radial basis function kernel; with the strongest features

Precision Recall F-measure Accuracy (%)

Our method 0.621 0.614 0.597 61.42

SVMs 0.537 0.543 0.513 54.30

Our method 0.621 0.614 0.597 61.42

AdaBoost with SVMs 0.485 0.491 0.484 49.06

An alternative interesting point is that Word2Vec similarity contributes to
improve the performance of our model. In reality, as stated in Section 3, legal
documents usually require an inference to understand and answer a question;
therefore, semantic similarity from Word2Vec can help to improve the perfor-
mance. The results also show the efficiency of lexical features.

The performance of TE model, however, is not comparable with the same task
in common data i.e., news articles [5,6] due to the characteristics of law dataset
in LQA stated in Section 3. The performance is also not improved so much
even when many features in both phase one and two were combined. Moreover,
the observations from Relevance Analysis issues also apply here. This suggests
that sophisticated features e.g., semantic inference or semantic rules should be
considered.

5.5 Feature Evaluation

Further evaluation of feature impact on TE model was also conducted. In the
evaluation, each feature was removed and the remain ones were kept to find out
the most effective features. The most effective features are shown in Tab. 5.

Table 5. Top 4 influential features, italic is statistical features

Features Influential value Features Influential value

Euclidean 0.005 Lcs 0.0001

Damerau-Levenshtein 0.154 Average of Word2Vec 0.024

Results in Tab. 5 show that all effective features contribute to the method.
Note that both Damerau-Levenshtein and Euclidean are distance features whereas
the longest common substring is statistical feature. The results support that in
legal texts, there is not much word overlapping between a question and relevant
articles. An interesting aspect is that Word2Vec similarity has a big positive im-
pact to the model. This supports the conclusion on similarity stated in Section
5.4.

5.6 Error Analysis and Discussion

Investigation of the ranked list obtained with R2NC in phase one (see Sec-
tion 4.1) revealed that in most cases, relevant articles ranked lower than second
had keywords not present in the corpus nor in the trained models. This rein-
forces the view that the questions are highly directed, albeit in a conceptual
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level. Relevant articles that ranked lower than 15th (approx. 20%) were found
to require a relatively high level of abstraction to obtain an interpretation that
could link to the corresponding question. Table 6 shows an example of complex
relevance relationship.

Table 6. Example of low ranking, high relevance article and corresponding question

ID Article Question Ranked in

H18-2-1

Article 697(1)A person who commences the
management of a business for another person
without being obligated to do so (hereinafter
in this Chapter referred to as ”Manager”)
must manage that business (hereinafter re-
ferred to as ”Management of Business”) in
accordance with the nature of the business,
using the method that best conforms to the
interests of that another person (the princi-
pal).(2)The Manager must engage in Man-
agement of Business in accordance with the
intentions of the principal if the Manager
knows, or is able to conjecture that intention.

In cases where a person plans to
prevent crime in their own house
by fixing the fence of a neighbor-
ing house, that person is found as
having intent towards the other
person.

424th

Table 7. Examples of entailment judgment; P is predicted and A is annotated

ID Article Question P A

H18-2-4

(Managers’ Claims for Reimbursement of
Costs)Article 702(1)If a Manager has in-
curred useful expenses for a principal, the
Manager may claim reimbursement of those
costs from the principal.(2)The provisions of
Paragraph 2 of Article 650 shall apply mu-
tatis mutandis to cases where a Manager has
incurred useful obligations on behalf of the
principal.(3)If a Manager has engaged in the
Management of Business against the inten-
tion of the principal, the provisions of the
preceding two paragraphs shall apply mutatis
mutandis, solely to the extent the principal is
actually enriched.

In cases where a person repairs
the fence of a neighboring house
after it collapsed due to a ty-
phoon, but the neighbor had in-
tended to replace the fence with
a concrete-block wall in the near
future, if a separate typhoon
causes the repaired sections to
collapse the following week, re-
imbursement of repair fees can
no longer be demanded.

YES YES

H18-26-1

(Renunciation of Shares and Death of Co-
owners)Article 255 If one of co-owners re-
nounces his/her share or dies without an heir,
his/her share shall vest in other co-owners.

In cases where person A and per-
son B co-own building X at a
ratio of 1:1, if person A dies
and had no heirs or persons with
special connection, ownership of
building X belongs to person B.

NO YES

Table 7 shows that our method gives correct decisions e.g., ID H18-2-4. In this
example, there several common words leading our model can correctly judge the
TE relation e.g., reimbursement. In addition, several words can be inferred from
the questions by using Word2Vec similarity e.g., person ∼ manager, fees ∼ costs
or expenses. This supports our observation that TE can be solved by using lexical
features and word similarity. An alternative interesting point is that even H18-2-
4 contains a few common words and needs a reference to understand and answer
the question; however, our method can still predict the TE relation correctly.
This indicates the efficiency of our model as well as the features, especially word
similarity feature.

On the other hand, the pair H18-26-1 exemplifies a case in which our model
predicted NO while TE relation was annotated YES even when the question and
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answer share some common words. This shows the limitation of our feature set in
cases where the question and answer are short. In this case, after removing stop
words, a few remaining words may not be enough to capture the TE relation.
Moreover, lack of important words e.g., building, connection or belong reveals
a big challenge for our method to decide the TE relation. This suggests that a
keyword enriching mechanism such as term expansion used in phase one could
improve the results.

6 Conclusion
This paper explores the challenging issue of building a QA system in the legal
domain. We propose a model including three stages: legal text retrieval, legal
textual entailment and legal text answering. In the first stage, a mixed size
n-gram model built from morphological analysis is used to find out relevant
articles corresponding to a legal question; next, pairs of questions and retrieved
articles are judged by a machine learning algorithm trained on lexical features,
to decide whether the questions can be answered positively or negatively by
the retrieved articles; and finally, correct answers would be provided for users
in the final stage. The contributions of this work in IR and TE task are: 1) a
simple, yet effective language model for law corpora coupled with a Relevance
Analysis method (R2NC) capable of exploiting such model; 2) a set of RTE
features, including Word2Vec similarity for Machine Learning algorithms. With
a F-measure of 0.54 for the first retrieved articles and recall of 0.64 for the top 3,
R2NC appears as competitive when compared to state-of-the-art similar work,
in spite of being much more simple and applicable with less training data. By
combining RTE features and Word2Vec similarity, our method for LQA also
significantly outperforms the baselines 0.084 (8.4%) and 0.113 (11.3%) of F-
measure.

For future directions, information on a higher abstraction level, e.g., syntac-
tic mappings, could be used to improve the language model for the IR task.
In the TE task, since a sentence in a legal article is usually long, a sophisti-
cated method of sentence partition e.g., requisite and effectuation should be
considered. In feature extraction, features in IR should be combined with lexical
features in TE and investigated to improve the quality of the judgment. More-
over, capturing contradictions in the TE relation by current statistical features
is a big challenge. To solve this issue, semantic rules should be defined and in-
corporated into the feature extraction. Finally, we would like to investigate and
apply sentence similarity calculation by Sent2Vec to improve the performance
of the TE.
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Abstract. A central issue of Yes/No question answering is usage of knowledge 
source given a question. The most basic, but fundamental information is keyword 
extraction, keyword distribution, and document structure in the knowledge 
source. We employed our question answering system that was originally devel-
oped for multiple-choice style question answering of another domain. Our system 
uses keyword distribution and document snippet structure, in order to score rele-
vant snippets and penalize irrelevant snippets with regard to the given question. 
As our first challenge to the COLIEE task, our system performance is comparable 
to other previous systems for the legal bar exam without tuning to the legal do-
main. The result shows the importance of the points described above, while we 
found many difficult issues specific to this legal domain. 

Keywords: COLIEE, Question Answering, Legal Bar Exam, Legal Information 
Extraction. 

1 Introduction 

Question-answering techniques could include logic, reasoning, syntactic and semantic 
analysis. However, almost all of techniques rely on keyword extraction. Given a yes/no 
answering proposition, we determine yes or no using knowledge sources. The first step 
of such a determination process is always keyword extraction. Other deeper analyses 
are based on the keyword extraction results. This implies that quality of keyword ex-
traction from knowledge sources play a critical role.  

We have been trying to answer Yes/No questions of the Center Test (Japanese Na-
tional Center Test questions for University Admissions). Center Test is a common ex-
amination for Japanese university applicants who are asked to answer multiple-choice 
problems. Our system [1][2] achieved the best result [3] in the History subjects of Mock 
Exam Challenge held by the Todai Robot project [4]. As our first challenge for this 
COLIEE Bar Exam legal entailment challenge, we employed the same method of our 
previous Center Exam solver system rather than to try another method, in order to ob-
serve difference between these two exams.  
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 In this paper, we assume that keyword distribution is sufficient to perform the legal 
bar exam question answering tasks to a certain extent of performance in addition to the 
precise keyword extraction.   

2 Previous Works 

The Todai-Robot project aims to solve university entrance examinations automatically 
as a challenging task of artificial intelligence. The target examinations include the Cen-
ter Test. The Center Test problems are also used in the NTCIR RITE2, RITEVal [5], 
and QALab [6] subtasks. Textbooks of corresponding subjects are provided as 
knowledge sources. These textbooks have document structures of paragraph, subsec-
tion, and section annotated. 

Most frequent types of questions in the History subjects are “select the correct 
choice” type, “select the wrong choice” type, and “combination” type. In the History 
subjects, domain, location and age could be different in the choices of the same ques-
tion. Thus, it is not clear for which domain the system should search for the knowledge 
source. In addition, the expressions used in the questions and those used in the 
knowledge source are usually different and may be described in several sentences. Fur-
thermore, in the case of wrong choices, there should be no corresponding part in 
knowledge source. These observations demonstrate that this task is difficult for ma-
chines to solve. 

The multiple-choice style problems can be developed to a set of Yes/No questions. 
Therefore, our Center Test solver could be directly applied to this COLIEE task. 

3 System 

3.1 Scoring 

We assume that the answer of a question is described in only one place (snippet) in the 
knowledge source with affirmative expressions. We designed our system in a domain 
independent way, which uses an unsupervised method for QA.  

Our QA system originally outputs a confidence score w.r.t. the input in the case of 
“select correct/wrong choice” type of questions. In other words, let x be the given 
choice, our system output S(x) as the confidence of x. Roughly speaking, our system 
performs (1) keyword extraction from the input, (2) keyword weighting of the input, 
(3) textbook search and scoring. 

 
(1) Keyword Extraction  

Because Japanese texts are concatenation of characters not having spaces between 
words, we apply a morphological analyzer Kuromoji [7], which is based on Mecab [8], 
to the input.  We augmented the dictionary of Kuromoji with the headings of the entries 
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of Japanese Wikipedia. We extract all strings that match with the Wikipedia entries by 
longest match in the input as the keywords.  
 
(2) Keyword Weighting 

Let 𝑐𝑐𝑖𝑖 be the frequency of i-th distinct keyword in the input, then the weight of i-th keyword is  

w𝑖𝑖 = 1/(c𝑖𝑖𝑧𝑧) 
In this equation,  z = ∑ 1/𝑐𝑐𝑖𝑖𝑖𝑖  is a normalizing constant, where i is defined over the 
distinct keywords in the input. The frequency 𝑐𝑐𝑖𝑖 was counted over the textbook data. 
 
(3) Knowledge Source Searching and Scoring 

We divided the knowledge source data into snippets. We tried three types of snippets 
as described later. We search for the snippet that has the highest score w.r.t the input 
keyword set K, which consists of the keywords in the input. 

Let R be the word set extracted from a snippet, then the score of R is 
 

s𝑹𝑹 = � 𝑤𝑤𝑙𝑙
𝑙𝑙∈𝑹𝑹∩𝑲𝑲

− � 𝑤𝑤𝑚𝑚
𝑚𝑚∈𝑲𝑲−𝑹𝑹

 

 
This expression means that the score of the snippet is the sum of the weights of the 
input keywords included in the snippet minus that not included in the snippet. If a given 
choice is correct, keywords in the choice should be densely included in a specific snip-
pet of the textbook; if a given choice is wrong, its keywords should be scattered across 
snippets. The above equation penalizes such a scattered keyword distribution. 

Finally, we regard the maximum s𝑹𝑹 among all of snippets as the confidence score 
of the corresponding input.  

In Phase one, we extract “X条” in a snippet of the largest score. Then we returned 
the number X as our answer.  

In Phase two, we answered Yes or No determined by a threshold value given the 
confidence score above. 

We do not consider negations because our system originally assumes textbooks as 
knowledge source which normally describe events in an affirmative way. 

Our proposed method above does not depend on any domain specific information, 
even on any specific language. 

4 Experiments 

Experiments were conducted on the COLIEE 2015 Japanese subtask dataset. All of our 
evaluation results used the RITEVal official evaluation tool. Since our system is unsu-
pervised, we did not use the development set. 

Table 1 shows results of our proposed method in the training set (evaluation result 
of the formal run is not provided before the submission deadline). As described in the 
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previous section, we used three types of snippets, section, subsection and paragraph, 
larger to smaller in this order. Section corresponds to “条”, while paragraph corre-
sponds to “項”. Subsection corresponds to a concatenation of “項”. “項” sometimes 
refer to another “項” using expressions like “前項” or “第X項”. We concatenated such 
a referred “項” and regarded as a single snippet of the subsection level. 

 

Table 1. Results of the training dataset. 

Dataset H18  H19 H20 H21 H22 H23 
Accuracy 61.11  59.52  62.22 62.50 61.70 56.10 
F-Score  61.11  42.19 61.54 51.14 61.26 55.43 

 

5 Discussion 

Our system was originally designed to solve the multiple-choice problems in the Center 
Test. Although the COLIEE data set is similar in the style of questions, there are a 
couple of differences from the Center Test problems. 

Firstly, technical terms in the legal bar exam are quite different from the History 
examination. We dare not to tune the dictionary in order to compare these two datasets 
as our first challenge. However, as far as we observed, keyword extraction was fine 
enough for the COLIEE dataset. 

Secondly, the technical terms in the COLIEE dataset tend to include logical relations 
implicitly, while the technical terms in the History exam are mostly names or concepts. 
This sort of logical relation extraction would be still very difficult to perform in suffi-
ciently high accuracy considering the current NLP technologies.   

Thirdly, the document structure of the given knowledge source, the Japanese Civil 
Law articles, is special. The Civil Law articles have references; logic and conditions 
are described in a single sentence, or scattered across snippets. We tried to solve the 
reference issue as described in the previous section, which increased our system per-
formance significantly 

Fourthly, our system is originally developed for multiple-choice style questions but 
not for binary style questions.   

Finally, the Civil Law articles include specific negation and acronym expressions 
which are critical in solving the problems. Our system does not perform any solution 
to these issues. 

Future work would include solutions to the above issues.  

209



6 Conclusion 

We employed our Yes/No question answering system which was originally developed 
for the Japanese Center Test problems. As our first challenge to the legal bar exam 
problems, we used our system as it is to observe the system behavior in the legal bar 
exam, while tuned the knowledge source structure to fit with our system. Our system 
performance was comparable to the previous COLIEE systems. There are still a couple 
of issues specific to the legal domain such as logical keywords. Future work would 
include solutions to these issues. 
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Abstract. Our legal question answering system combines legal information 
retrieval and textual entailment, and we propose a legal question answering 
system that exploits a deep convolutional neural network.  We have evaluated 
our system using the training data from the competition on legal information 
extraction/entailment (COLIEE).  The competition focuses on the legal 
information processing related to answering yes/no questions from Japanese 
legal bar exams, and it consists of two phases: legal ad-hoc information 
retrieval, and textual entailment. Phase 1 requires the identification of Japan 
civil law articles relevant to a legal bar exam query. For that phase, we have 
implemented TF-IDF and Ranking SVM. Phase 2 is to answer “Yes” or “No” to 
previously unseen queries, by comparing the meanings of queries with relevant 
articles. Our choice of features used for Phase 2 focuses on word embeddings, 
syntactic similarities and identification of negation/antonym relations. Phase 2 
is a textual entailment problem, and we use a convolutional neural network with 
dropout regularization and Rectified Linear Units. To our knowledge, our study 
is the first approach adopting deep learning in the textual entailment field.  
Experimental evaluation demonstrates the effectiveness of the convolutional 
neural network and dropout regularization. The results show that our deep 
learning-based method outperforms the SVM-based supervised model.  

Keywords: legal question answering, recognizing textual entailment, 
information retrieval, convolutional neural network 

1. Task Description 

The deep neural network (DNN) is an emerging technology that has recently 
demonstrated dramatic success in several areas, including speech feature extraction 
and recognition. Incorporation of convolution and subsequent pooling into a neural 
network gives rise to a technique called a Convolutional Neural Network (CNN) [22]. 
CNN showed good performance in image and speech recognition [18], and many 
studies have been proposed applying CNN in natural language processing [11,12]. 
Here we adapt a CNN for legal question answering. Legal question answering 
requires a number of intermediate steps. For instance, to answer a question such as “Is 
it true that a special provision that releases warranty can be made, but in that situation, 
when there are rights that the seller establishes on his/her own for a third party, the 
seller is not released of warranty.” a system must first identify and retrieve relevant 
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documents, typically legal statutes, and subsequently, identify a most relevant 
sentence. Finally it must compare the semantic connections between question and the 
relevant sentences, and determine whether an entailment relation holds.  

The Competition on Legal Information Extraction/Entailment (COLIEE) 2015 
focuses on two aspects of legal information processing related to answering yes/no 
questions from legal bar exams: Legal document retrieval (Phase 1), and Yes/No 
Question answering for legal queries (Phase 2).   

Phase 1 is an ad-hoc information retrieval (IR) task. The goal is to retrieve relevant 
Japan civil law articles that are related to a question in legal bar exams.  

We approach this problem with two models based on statistical information. One is 
the TF-IDF model [1], i.e. term frequency-inverse document frequency. The 
relevance between a query and a document depends on their intersection word set. 
The importance of words is measured with a function of term frequency and 
document frequency as parameters. Our terms are lemmatized words, which mean 
verbs “attending,” “attends,” and “attended” are lemmatized as the same form “attend.” 

Another popular model for text retrieval is a Ranking SVM model [2]. That model 
is used to re-rank documents that are retrieved by the TF-IDF model. The model's 
features are lexical words, dependency path bigrams and TF-IDF scores. The intuition 
is that the supervised model can learn weights or priority of words based on training 
data in addition to or as an alternative to TF-IDF.   

The goal of Phase 2 is to construct Yes/No question answering systems for legal 
queries, by entailment from the relevant articles. The answer to a question is typically 
determined by measuring some kind of heuristically computed semantic similarity 
between question and answer. While there are many possible approaches, we consider 
that Neural network-based distributional sentence models have achieved successes in 
many natural language processing tasks such as sentiment analysis [12], paraphrase 
detection [13], document classification [14], and question answering [11]. As a 
consequence of this success, it appears natural to approach textual entailment using 
similar techniques. In this paper, we show that a neural network-based sentence 
model can be applied to the task of textual entailment. After constructing a set of pre-
trained semantic word embeddings using the word2vec [20], we train a supervised 
model to learn a heuristic semantic matching between question and corresponding 
articles.  

In addition to the semantic word embeddings, our system uses features that depend 
on the syntactic structure, and the presence of negation. We employ a convolutional 
neural network algorithm with dropout regularization and Rectified Linear Units, and 
compare its performance with Support vector machines.  

 
 

2. Phase 1: Legal Information Retrieval 
 

2.1 IR Models 
 
2.1.1 TF-IDF model 

Here, we introduce our TF-IDF and Ranking SVM models. Queries and articles are 
all tokenized and parsed by the Stanford NLP tool. For the IR task, the similarity of a 
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query and an article is based on the terms within them. Our terms for TF-IDF are 
lemmatized words.  

For TF-IDF, we use the simplified version of Lucene’s similarity score of an article 
to a query as suggested in [15]: 

𝑡𝑓-­‐𝑖𝑑𝑓 𝑄,𝐴 =    [ 𝑡𝑓 𝑡,𝐴 ×{1 + log 𝑖𝑑𝑓 𝑡 }!]
!

 

 
The score tf-idf(Q,A) is a measure which computes the relevance between a query Q 
and an article A. First, for every term t in the query A, we compute tf(t,A), and idf(t). 
The score tf(t,A) is the term frequency of t in the article A, and idf(t) is the inverse 
document frequency of the term t, which is the number of articles that contain t. After 
some normalization process in the Lucene package, we multiply tf(t,A) and idf(t), and 
then we compute the sum of these multiplication scores for all terms t in the query A. 
This summation result is tf-idf(Q,A). The bigger tf-idf(Q,A) is, the more relevant 
between the query Q and the article A. The real version has some normalized 
parameters in terms of an article's length to alleviate the functions biased towards 
long documents.   

 
 
2.1.2 Ranking SVM 

The Ranking SVM model was proposed by Joachims [2]. That model ranks the 
documents based on user's data.  Given the feature vector of a training instance, i.e., 
a retrieved article set given a query, denoted by Φ(Q, Ai), the model tries to find a 
ranking that satisfies constraints: 

∅ 𝑄,𝐴! > ∅ 𝑄,𝐴!  
 
where Ai is a relevant article for the query Q, while Aj is less relevant. 
 
We adopt the same model and features suggested in [15]. The three types of 

features are as follows: 
− Lexical words: the lemmatized normal form of surface structure of words in 

both the retrieved article and the query. In the conversion to the SVM's 
instance representation, this feature is converted into binary features whose 
values are one or zero, i.e., depending on if a word exists in the intersection 
word set or not. 

− Dependency pairs: word pairs that are linked by a dependency link. The 
intuition is that, compared with the bag of words information, syntactic 
information should improve the capture of salient semantic content. 
Dependency parse features have been used in many NLP tasks, and improved 
IR performance [3]. This feature type is also converted into binary values. 

− TF-IDF score (Section 2.1.1). 
 

2.2 Experiments 
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The legal IR task has several sets of queries with the Japan civil law articles as 
documents (724 articles in total). Here follows one example of the query and a 
corresponding relevant article.  

 
Question: A person who made a manifestation of intention which was induced by 
duress emanated from a third party may rescind such manifestation of intention on the 
basis of duress, only if the other party knew or was negligent of such fact. 
 

Related Article:  (Fraud or Duress) Article 96(1)Manifestation of intention which is 
induced by any fraud or duress may be rescinded.(2)In cases any third party commits 
any fraud inducing any person to make a manifestation of intention to the other party, 
such manifestation of intention may be rescinded only if the other party knew such 
fact.(3)The rescission of the manifestation of intention induced by the fraud pursuant to 
the provision of the preceding two paragraphs may not be asserted against a third 
party without knowledge. 
 
Before the final test set was released, we received 6 sets of queries for a dry run in 

COLIEE 2015. The 6 sets of data include 267 queries, and 326 relevant articles 
(average 1.22 articles per query). We used the corresponding 6-fold leave-one-out 
cross validation evaluation. The metrics for measuring our IR model performance is 
Mean Average Precision (MAP): 

                            

𝑀𝐴𝑃 𝑄 =
  1
𝑄

1
𝑚

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 𝑅!
!∈ !,!!∈!

 

 
where Q is the set of queries, and m is the number of retrieved articles. Rk is the set 

of ranked retrieval results from the top until the k-th article. In the following 
experiments, we set m as 5 for all queries, corresponding to the column MAP@5 in 
Table 1. 

Table 1 shows the results of experiments with our two IR models on the legal IR 
task. The ensemble SVM-Ranking model is slightly better than the TF-IDF model.  
Table 2 shows the results of our SVM-ranking model on the final test set. 

 
 
 

Id Models MAP@5 

1 TF-IDF with lemma 0.294 

2 SVM-ranking  0.302 

 
 
 
 
 
 
 
 

 Table 1. IR results on dry run data with different models. 
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Table 2. IR results on test data using the SVM-ranking model 
 

Participant ID Performance on Phase 1 

UA (University  
of Alberta) 

 

* The number of submitted articles:  
* The number of correctly submitted articles:  

Precision 0.6329 
Recall 0.4902 
F-measure 0.5525 

 
 
 

3. Phase 2: Answering ‘Yes’/’No’ Questions Using a Convolutional 
Neural Network 

 
Our system uses syntactic information in addition to word embedding to predict 

textual entailment. We exploit syntactic similarity features, negation and antonym in 
Kim et al.[15]. We describe our system in the next subsections in detail.  

 
 
3.1 Our System 

3.1.1 Model description 

The problem of answering a legal yes/no question can be viewed as a binary 
classification problem. Assume a set of questions Q, where each question qi ∈ Q is 
associated with a list of corresponding article sentences {ai1, ai2, …, aim}, where yi = 1 
if the answer is ‘yes’ and yi= 0 otherwise. We choose the most relevant sentence aij 
using the algorithm of Kim et al. [15], and we simply treat each data point as a triple 
(qi, aij, yi). Therefore, our task is to learn a classifier over these triples so that it can 
predict the answers of any additional question-article pairs.  
 Our solution to this problem assumes that correct answers have high semantic 
similarity to questions. We model questions and answers as vectors using word 
embedding and linguistic information, and evaluate the relatedness of each question-
article pair in a shared vector space. Following Yu et al. [11], given the vector 
representations of a question q and a most relevant article sentence a, the probability 
of the answer being correct is  
 

p(y=1| q, a) = rectifier(qTMa + b), 
 
Where the bias term b and the transformation matrix M in Rd×d are model parameters. 
This formation can be understood that we generate a question through the 
transformation q’=Ma, and then measure the similarity of the generated question q’ 
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and the given question q by their dot product. The rectifier function is used as an 
activation function. 
Convolutional Neural Network(CNN) is a biologically-inspired variant of Multi-
Layer Perceptron. CNN has two techniques: (1) restricting the network architecture 
through the use of local connections known as receptive fields. (2) Constraining the 
choice of synaptic weights through the use of weight-sharing. Most of CNNs include 
max-pooling layer which reduces and integrates the neighboring neurons’ outputs. 
CNNs exploit spatially-local correlation by enforcing a local connectivity pattern 
between neurons of adjacent layers.  
CNN-based models have been proved to be effective in applications such as twitter 
sentiment prediction [12] and semantic parsing [16]. Figure 1 illustrates the 
architecture of the CNN-based sentence model in one dimension. We use word 
embedding and linguistic features with one convolutional layer and one pooling layer. 
A word embedding is a parameterized function mapping words in some language to 
high-dimensional vectors. We use the Bag-of-words model of [11] for word 
embedding. 
The bag-of-words model is like that: Given word embeddings, the bag-words model 

generates the vector representation of a sentence by summing over the embeddings of  
all words in the sentence after removing stopwords. The vector is then normalized by 
the length of the sentence.  

 

𝑠 =
1
𝑛

𝑠!

!

!!!

 

 
   In the formula, s and si are d-dimensional vectors. si corresponds to the vector of 
the i-th word in the sentence, and n is the number of words in the sentence. We used 
word2vec [20] word embedding technique (d=50, which is typically used), and used 
training data of COLIEE 2014 for training word2vec. Word2vec [20] used a neural 
network consisting of input layer, projection layer, and output layer and they removed 
a hidden layer to improve learning speed.  

 

Figure 1. Our CNN architecture 

216



In addition to word embeddings, the types of features we use are as follows: 
 
a) Word Lemma 
b) Tree structure features Considering only roots. 
 
Feature 1 : wroot(conditionquery_n) 
Feature 2: wroot(conditionarticle_n) 
Feature 3: wroot(conclusionquery_n) 
Feature 4: wroot(conclusionquery_n) 
Feature 5: neg_level(conditionquery_n) 
Feature 6: neg_level(conditionarticle_n) 
Feature 7: neg_level(conclusionquery_n) 
Feature 8: neg_level(conclusionquery_n) 
 
In Figure 1, the input layer consists of the following word embedding vectors and 

binary values: 
 

1) v1, v3,..., v99 (odd index of nodes between v1 and v99): word embedding vector of 
the query sentence 

2) v2, v4, ..., v100 (even index of nodes between v2 and v100): word embedding vector 
of the relevant article sentence 

3) v101, v103, ..., v199 (odd index of nodes between v101 and v199): word embedding 
vector of the Feature 1 

4) v102, v104, ..., v200 (even index of nodes between v102 and v200): word 
embedding vector of the Feature 2 

5) v201, v203, ..., v299 (odd index of nodes between v201 and v299): word embedding 
vector of the Feature 3 

6) v202, v204, ..., v300 (even index of nodes between v202 and v300):  word 
embedding vector of the Feature 4 

7) v301-v304 : binary values of the Features 5-8 
 

In the features above, articlen is the most relevant article of the query queryn. First 
we detect condition part and conclusion part in the question and corresponding article, 
and also compute negation value (neg_level()) of each part according to Kim et al. 
[15]. wroot(s) means the root word in the syntactic tree of the sentence s. Features 1-4 
consider both lexical and syntactic information, and Features 5-8 incorporate negation 
and antonym information. We use some morphological and syntactic analysis to 
extract lemma and dependency information. Details of the morphological and 
syntactic analyzer are given in Section 3.2. 
 As shown in Figure 1, in the input layer, the nodes of even indices between v1 and 
v100 (such as v2, v4, v6.... and v100) indicate the word embedding vector for a 
relevant article sentence, and the nodes of odd indices between v1 and v100 (such as 
v1, v3, ... and v99) show the word embedding vector for a query sentence. The nodes 
between v101 and v304 are linguistic features. Because the adjacent two nodes 
indicate the same feature type (e.g., v1 and v2 indicate the first index value of each 
word embedding vector), we make a convolutional layer constructed from the 
adjusting two input nodes.   
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  The convolutional vector t in R2 (the 2-dimensional real number space) projects 
adjacent two nodes into a feature value ci, computed as follows:  
 

𝐶! = 𝑟𝑒𝑐𝑡𝑖𝑓𝑖𝑒𝑟 𝒕 ∗ 𝑣!:!!! + 𝑏 ,  
 
where rectifier(x) = max(0,x). We explain the rectifier function in the subsection 3.1.2. 
In the pooling layer, we just do summation of the 99 ci values. Because 99 ci values 
are the result of comparison between two embedding vectors between a query and a 
relevant article sentence. The pi values in the pooling layer as follows. 

𝑝! = 𝑐!

!"!!

!!!

 

 
The training is done with multithreaded mini-batch gradient descent.  
 
3.1.2 Dropout regularization and Rectified Linear Units 
 
When a neural network is trained on a small training set, it typically performs poorly 
on test data. This "overfitting" is greatly reduced by randomly omitting some of the 
feature detectors on each training case. It is called 'dropout'. The dropout prevents 
complex co-adaptations in which a feature detector is only helpful in the context of 
several other specific feature detectors. Random dropout gives big improvements on 
many benchmark tasks and sets new records for speech and object recognition [21]. 
We found that the dropout rate needs to be between 0.6 and 0.7 for a hidden layer and 
0.1 for an input layer in order to make it effective in achieving low errors.   
We also employ the Rectified Linear Unit for CNN. Neural networks with rectified 
linear unit (ReLU) non-linearities have been highly successful for computer vision 
tasks and have been shown to be faster to train than standard sigmoid units [17].  
ReLU is a neuron which uses a rectifier instead of a hyperboolic tangent or logistic 
function as an activation function. Rectifier f(x)=max(0,x) allows a network to easily 
obtain sparse representations.  

 
 

3.1.3 Supervised learning with SVM 
 
We have compared our method with SVM, as a kind of supervised learning model. 

Using the SVM tool included in the Weka [4] software, we performed cross-
validation for the 179 questions using word embedding vector and linguistic features 
in Section 3.1.1. We used a linear kernel SVM because it is popular for real-time 
applications as they enjoy both faster training and classification speeds, with 
significantly reduced memory requirements than non-linear kernels, because of the 
compact representation of the decision function. 

 
 
3.2 Experimental setup for Phase 2 
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       Table 3. Experimental results on dry run data for Phase 2 

 

In the general formulation of the textual entailment problem, given an input text 
sentence and a hypothesis sentence, the task is to make predictions about whether or 
not the hypothesis is entailed by the input sentence. We report the accuracy of our 
method in answering yes/no questions of legal bar exams by predicting whether the 
questions are entailed by the corresponding civil law articles.  

 There is a balanced positive-negative sample distribution in the dataset (55.87% 
yes, and 44.13% no) for a dry run of COLIEE 2014 dataset, so we consider the 
baseline for true/false evaluation is the accuracy when returning always “yes,” which 
is 55.87%. Our data for dry run has 179 questions. 

The original examinations are provided in Japanese and English, and our initial 
implementation used a Korean translation, provided by the Excite translation tool 
(http://excite.translation.jp/world/). The reason that we chose Korean is that we have a 
team member whose native language is Korean, and the characteristics of Korean and 
Japanese language are similar. In addition, the translation quality between two 
languages ensures relatively stable performance. Because our study team includes a 
Korean researcher, we can easily analyze the errors and intermediate rules in Korean. 
We used a Korean morphological analyzer and dependency parser [5].  
 

 
3.3 Experimental results 

 
 
To compare our performance with Kim et al. [15], we measured our system's 

performance on the dry run data of COLIEE 2014.  Table 3 shows the experimental 
results. An SVM-based model showed accuracy of 60.12%, and a convolutional 
neural network with pre-trained semantic word embeddings and dropout showed best 
performance of 63.87% with the setting of input layer dropout rate of 0.1, hidden 
layer dropout rate of 0.6, and 100 hidden layer nodes. When we did not use the 
dropout regularization, the accuracy was lower by 1.22%. Without dropout and word 
embedding, the accuracy was 56.30% which showed no big difference with the 
baseline accuracy. We also compare our performance with the Kim [15]'s 
performance using the same dataset. In [15], they used their linguistic features for 

Our method Accu(%) 

Baseline 55.87 

Cross-validation with Supervised learning (SVM) [15] 59.43 

Rule-based model + K-means clustering [15] 61.96 

Cross-validation with Supervised learning (SVM) using our features 60.12 

Convolutional Neural Network with Word Embedding + Linguistic features 
+ Dropout  

63.87 

Convolutional Neural Network with Word Embedding +Linguistic features 62.65 

Convolutional Neural Network with only linguistic features 56.30 
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SVM learning, and also proposed a model combining rule-based method and k-means 
clustering. Our CNN performance outperformed both of their SVM model and 
combined model. 

 
 

4   Related work 

Only very recently have researchers started to apply deep learning to question 
answering [11,16,19]. Relevant work includes Yih et al. [16] who constructed models 
for single-relation question answering with a knowledge base of triples. In the same 
direction, Bordes et al. [19] used a type of siamese network for learning to project 
question and answer pairs into a joint space. Finally, Yu et al. [11] selected answer 
sentence, which includes the answer of a question. They modelled semantic 
composition with a recursive neural network. However these tasks differ from the 
work presented here in that our purpose is not to make a choice of answer selection in 
a document, but to answer ‘yes’ or ‘no’.  

There was a textual entailment method from W. Bdour et al. [6] which provided the 
basis for a Yes/No Arabic Question Answering System. They used a kind of logical 
representation, which bridges the distinct representations of the functional structure 
obtained for questions and passages. This method is also not appropriate for our task. If 
a false question sentence is constructed by replacing named entities with terms of 
different meaning in the legal article, a logic representation can be helpful.  However, 
false questions are not simply constructed by substituting specific named entities, and 
any logical representation can make the problem more complex. Nielsen et al. [7] 
extracted features from dependency paths, and combined them with word-alignment 
features in a mixture of an expert-based classifier. Zanzotto et al. [8] proposed a 
syntactic cross-pair similarity measure for RTE. Harmeling [9] took a similar 
classification-based approach with transformation sequence features. Marsi et al. [10] 
described a system using dependency-based paraphrasing techniques. All these 
previous systems uniformly conclude that syntactic information is helpful in RTE: we 
also use syntactic information. As further research, we will try unsupervised pre-
training in a CNN to solve the problem of small training dataset. We are also 
considering adopting more convolutional layers and pooling layers in the CNN 
architecture and investigating the effect of more layers in the textual entailment 
problem. 

5   Conclusion 

We have described our implementation for the Competition on Legal Information 
Extraction/Entailment (COLIEE) Task.  

For Phase 1, legal information retrieval, we implemented a Ranking-SVM model 
for the legal information retrieval task. By incorporating features such as lexical 
words, dependency links, and TF-IDF score, our model shows better mean average 
precision than TF-IDF. 
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For Phase 2, we have proposed a method to answer yes/no questions from legal bar 
exams related to civil law. We used a convolutional neural network model using 
dropout regularization Rectified Linear Units with pre-trained semantic word 
embeddings. We also extract deep linguistic features with lexical, syntactic 
information based on morphological analysis and dependency trees. We show the 
improved performance over previous systems, using a convolutional neural network.  
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Abstract. This paper presents a study on exploiting the existing IR
tool Terrier to retrieve relevant Civil Law articles from an identified set
of legal Yes/No questions. The paper describes a system submitted to
Jurisin 2015 Task 1: Legal Information retrieval Task. To answer these
Yes/No questions, three models Hiemstra, BM25 and PL2F are used
under Terrier. The system is trained in such a way that it compares the
results of these three models and writes the outcome which has occurred
highest number of times. The civil law articles are then retrieved by
mapping the file containing the results of the models with the file having
articles and pair ids of the query. This system has achieved an accuracy
of over 71.16% of correct civil law articles on training data.

keywords: Legal information retrieval, Language model, Civil Law ar-
ticles

1 Introduction

A legal information retrieval demands to retrieve every information related to
a specific query. The paper describes participation to NTCIR COLIEE-2015
task which aims to automatically retrieve the Civil Law articles to legal Yes/No
questions by retrieving information from a collection of documents (Here, ‘doc-
uments’ refers to articles, paragraphs, items, or sub-items in the legal domain).
The task deals with the search of static set of civil law articles with the use of
previously unseen queries. An article is considered “Relevant” to a query, if it
can answer Yes/No to the query, entailed from meaning of the article. The task
requires reading a number of legal bar exam questions Q1,Q2,...,Qm , and the
extraction of Japanese Civil Code articles S1,S2,...,Sn.
For a given query Qi, a subset of the articles “S1,S2,...,Sn” are retrieved. This
task requires the retrieval of all the articles that are relevant to answering a
query. Despite its great importance and large applications, only a little work has
been done in this field. This Information Retrieval Task can help layman and
law-professionals for easier access of Civil Law articles.

∗ JURIX 2015 (The 28th International Conference on Legal Knowledge and Informa-
tion Systems)
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The remainder of this paper is structured as follows. Section 2 focuses some of
the works already done in this area. Section 3 describes in detail the approach
presented. Section 4 describes about the system. In Section 5 we explain the
experiments we carried out. Section 6 shows the results which we got with the
training data. Section 7 is a brief discussion of the results and the errors found
during experimenting with training data. Finally conclusions are described in
Section 8.

2 Related Work

A number of experiments are in progress and many of them have already been
done in this specific legal domain. The development of QAs (‘QAs’ stands for
Question Answering System) is important as it deals with the issues that requires
knowledge from a variety of fields such as Artificial Intelligence, Infomation
Extraction, NLP and Psychology. Particulary for legal domain in the framework
of the JURIX forum, the workshop Question Answering for interrogating legal
documents took place in 2003. Early work in this area has been done by Tran
et al. [5] who has used QAs to retrieve articles with other information related
to the query. Mi-Young et al. [1] describes a system which can answer Yes/No
questions relevant to a civil laws in legal bar exam.

The Graphical approach has also been used for shallow QA in legal docu-
ment. This system returns a set of articles extracted from several regulations
documents. Here the graph is represented by set of all articles [2].

Also the same experiment for shallow QA has been done using NLP in legal
domain. Here the experiment was carried out using natural language techniques
such as lemmatizing and using manual and automatic thesauri for improving
question based document retrieval [3].

3 Approach

For the Legal information retrieval task, we did a number of experiments with
the help of existing IR tools. We started with basic Lemur(Indri) 1 tool as the
training data was in XML format and then tried with Terrier 2. But when initial
results of these tools were compared, Terrier was giving comparatively better
result than Lemur. So the idea of working on Lemur was dropped and carried on
with Terrier. However in Terrier, we ended up with only three models Hiemstra,
BM25 and PL2F among the various models as their performance was better than
others. Then a voting based algorithm is applied to compare the outputs of the
three models and the best is taken into account. Here, best is considered as that
output which has occurred highest number of times in the three models and thus
accordingly article is retrieved.

1 http://www.lemurproject.org/
2 http://terrier.org/docs/v4.0/
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4 System Description

In this section we present our system in detail which is able to retrieve the
relevant articles related to the query.

4.1 Data

Both training Data and test data is provided by COLIEE-2015. The experiment
was carried out and tested with the training data which has 267 documents with
queries in it. The task data contains 78 queries.

4.2 Tools Used

4.2.1 Lemur
Lemur is a toolkit designed to support research on using statistical language

models for information retrieval task where IR includes technologies such as ad
hoc and distributed retrieval, with structured queries, cross-language IR, sum-
marization, filtering and categorization. The system’s underlying architecture
support all the above technologies. It supports basic text retrieval systems using
language modeling methods, as well as traditional methods such as space model
and probabilistic model. Lemur is free and open source software. It also includes
some baseline retrieval algorithms such as TFIDF and KL Divergence for use
and comparisons. It can be extended to build your own search system.
Lemur currently supports the following features:

Indexing

– English, Chinese and Arabic text

– word stemming (Porter and Krovetzstemmers)

– stopwords

– supports for TREC Text, TREC Web, plain text, HTML, XML, PDF, MBox,
Microsoft Word, and Microsoft PowerPoint

– incremental indexing

Retrieval

– Supports language modeling approaches such as Indri, KL-divergence,as well
as vector space, TFIDF, Okapi and Inquery

– passage and XML element retrieval

– cross-lingual retrieval

– smoothing

– relevance feedback

– structured query language
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4.2.2 Terrier
Terrier is open source and a very efficient and effective platform for research

and experimentation in text retrieval. Terrier is highly flexible and has multi-
lingual properties and thus can support corpora written in languages other than
English. It implements indexing and retrieval functionalities.

Indexing
Its main data structures are the direct index, the document index, the inverted
index and the lexicon [4]. Direct index stores the identifiers of terms that appear

Fig. 1. Steps involved in Indexing of Terrier

in each document and the corresponding frequencies.
Document index stores information about the document length and identifier,
and a pointer to the corresponding entry in the direct index.
Inverted index stores the posting lists.
Lexicon stores the collection vocabulary and the corresponding document and
term frequencies.
Finally, statistics is collected about the document collection and lexicon is up-
dated.

Retrieval
For a given query, Terrier is able to automatically select the optimal document
weighting model or the appropriate retrieval approaches such as query expansion,
anchor text, link analysis. The most informative terms from the top ranked
documents are added to the query.

But ultimately we switched to Terrier as it was giving higher accuracy with
the training data than Lemur. All the experiment was carried at term frequency
normalization parameter-value 0.4 (as at this parameter value it was giving good
result).
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Fig. 2. Steps involved in Retrieval of Terrier

Since the title portion of the document file contains more relevant informa-
tion than its text portion, so it made us to use the existing field-based model
such as BM25F, PL2F, ML2 and MDL2. These generally include weights for
each field, namely w.0, w.1, etc. Here, w.0 stands for the weight of the title
portion and is given five times more weight in comparison to w.1 which stands
for the weight of the text portion of the document file i.e

w.0 = 10 and w.1 = 2

Some per-field normalization models, such as BM25F and PL2F were also
tested during the experiment. So they require normalization parameters for each
field, namely c.0, c.1, and so on. Here the values used for normalization param-
eter is taken as

c.0 = 1.0 and c.1 = 2.3

for carrying out the experiment. Here c.0 is normalization parameter of title
portion and c.1 is normalization parameter of the text portion of the document
file.

5 Experiments

5.1 Preprocessing

The preprocessing is done with the training data and following steps were carried
out :
– The query and the document parts are separated out from the training data

and are divided into chunks of files.
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– The name of each document chunk was named with their corresponding pair
ids of the query.

– A text file containing pair ids and the articles is also separated.
– Terrier is then used for further experiment.

An abstract approach of the preprocessing is shown through a flow chart:

Fig. 3. Steps involved in articles Retrieval

5.2 Retrieval

Models such as Hiemstra, BM25 and PL2F under Terrier are applied on ex-
tracted documents using text query set and results are produced. The results of
the models are then combined using voting algorithm.

Voting Algorithm:
step 1 : Open three input files fi(i=1,2,3) and output file.
step 2 : Read the line from each input file fi.
step 3 : If line1=line2 && line1=line3
step 4 : Write line1 in the output file.
step 5 : else if line2=line3
step 6 : then write line2
step 7 : else write line1
step 8 : If more lines then goto step 2.

– Here in the algorithm fi(i=1,2,3) stands for the file containing the output of
Hiemstra, BM25 and PL2F.

– Each line of each files are read and their results are compared.
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– The extracts having highest number of voting are taken into consideration but
if all the three models have different results then the result of Hiemstra was
considered.

– After using this voting algorithm, a number of pair ids are extracted in a text
file.

– The content of this file is then mapped with the file containing Pair ids and
articles.

– Finally articles related to the queries are retrieved.

6 Experiment Results

The result we got with the training data are summarized as follows:

Table 1. result of training data

IR Models Accuracy (%)

Hiemstra 72.65
BM25 68.53
PL2F 64.41

Final Result 71.16

7 Discussion

Under Legal Information Retrieval Task, Terrier models Hiemstra gave the best
result followed by BM25 and PL2F. Finally all these three models are combined
with the hope of getting a better result than Hiemstra but a slight decrease in
percentage has occurred after this Voting Algorithm approach with the training
data. But on an average, this approach will definitely be helpful in retrieving
correct legal articles. We have trained our system with and without stopwords
removal. But we couldn’t see any changes i.e the results were same. So we used
stopwords in Terrier.

7.1 Error Analysis

During the experiment, a discrepancy was noticed when a number of subsequent
queries were retrieving the same document as the top ranked document. However
the result of all the these queries were not same. So for some query it was giving
correct result but subsequently leads to erroneous result for other queries.
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8 Conclusion

Our system was based on an approach that follows the existing IR tools guide-
lines to extract the articles. Regardless of the fact that our system showed a
slight decrease in percentage of accuracy of the result in comparison with the
existing model Hiemstra in Terrier, we consider that the approach is suitable to
deal with legal information retrieval task on an average.
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Abstract. Retrieving legal texts is an important step for building a
question answering system on law domain, which finds relevant articles
to answer a query. In this paper, we use hidden Markov model (HMM)
as a generative query model for legal information retrieval. Experimental
results show that using HMM is a promising approach for building an
effective legal information retrieval system.
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1 Introduction

Information retrieval (IR) is the first step and plays an important role in a legal
Question Answering (QA) system. For a legal bar exam question Q, the task is
to extract a subset of articles S1, S2, ..., Sn that are appropriate for answering
the question. A core part of the task is selection of an adequate retrieval model
that fits the specific characteristic of the supplied data. Applying an inadequate
retrieval function would return a subset of paragraphs where the answer could
not appear, and thus the subsequent techniques applied in order to detect the
answer within the subset of candidates paragraphs would fail. Therefore, perfor-
mance of an information retrieval subsystem serves as an upper bound for the
performance of a QA system [18].

A popular method in IR is Vector Space Model in which a set of docu-
ments is represented as vectors [8]. Another method has been also applied in
this task is Topic Modelling as proposed in Blei et al. [2]. Miller et al. [9] present
a method for IR using Hidden Markov Models (HMMs) and develop a general
framework for incorporating multiple word generation mechanisms within the
same model. A more semantically contentful feature set is generated from the
Stanford typed dependencies representation [5] (Semantic Dependency meth-
ods). Word Alignment, Title Matching are also methods that contribute to solve
this task. Applying Language Modelling in IR is described in[1], [13].

In this work, we use HMM as a generative query model. The main idea of
using HMM in IR is selecting relevant articles for each user question based on
conditional probability P (document D is Relevant|question Q). This value are
calculated by HMM. We estimated probabilities for not only individual articles
but also combinations of pairs of articles to enhance the accuracy. This frame-
work includes three steps. Firstly, each question is separated into words and
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removed stopwords. Secondly, probability estimation, P (Dk is Relevant|Q), is
calculated for all articles and the question Q. We also combine some candidate
articles to calculate probabilities and perform re-ranking the list of sorted arti-
cles. Finally, we determine relevant articles for each question by a given threshold
(obtained from training stage).

The rest of our paper is structured as follows. First, we survey some methods
used in IR and discuss applying these methods for retrieving legal texts (Section
2). Our system which uses HMM for legal IR is described in detailed in Section
3. In Section 4, we explain experiments conducted in our system. A discussion
about experimental results of combining some methods for legal IR is also in
Section 4. Section 5 describes related works. Finally, Section 6 is conclusions
and our future works.

2 IR Methods in Our Experiments

First of all, we survey some methods used for IR and try to apply these methods
for legal IR. Then, we choose using HMM in our system, which is described in
Section 3.

2.1 Vector Space Model

We implement Vector Space Model[16], popular for information retrieval, as the
baseline method. Articles and queries are represented as vectors size of n, the
number of distinct words in the civil code. The word weights in the article vectors
are calculated by adopting term frequency-inverse document frequency model.
Query vectors, instead, are in binary representation which the word weight is
either 1 if the word appears in the query or 0 otherwise. The relevance of article
d to query q is measured by the cosine similarity of their vectors, where the
higher the similarity the more relevant (Equation 8).

W = {w1,w2, ...,wn} (1)

v(d) = (w
(d)
1 , w

(d)
2 , ..., w(d)

n ) (2)

w
(d)
i = tf

(d)
i ∗ idfi (3)

tf
(d)
i = number of times word wi appearing in article d (4)

idfi = log
|{d}|

1 + |{d |wi ∈ d}|
(5)

v(q) = (w
(q)
1 , w

(q)
2 , ..., w(q)

n ) (6)
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w
(q)
i =

{1 :if wi ∈ q
0 :otherwise

(7)

relevance(d, q) = cosine(v(d), v(q)) (8)

• d: an article
• q: a query
• W: the set of distinct words in the civil code
• w(d)

i , w
(q)
i : word weights of word wi ∈W for article d and query q respectively

• v(d), v(q): vector representations of article d and query q respectively

2.2 Topic Modeling

Legal articles may refer to various topics, which yields differences in topic distri-
bution. We, then, model this property by training a Latent Dirichlet Allocation
(LDA) model [2], expecting that a query has similar topic distribution to its
related articles and different from the unrelated. In the training phase, the set
of articles is the input corpus with each stopwords removed article as one docu-
ment. In the inference phase, the articles and queries are inferred from the trained
LDA model to get topic distribution vectors. Cosine similarity of those vectors
measures the topic relevance between the queries and the articles (Equatiion 9).

topic-relevance(d, q) = cosine(topic-distribution(d),topic-distribution(q)) (9)

2.3 Word Alignment

We observe from training data that some queries share no word or few words
with their related articles. We try to model the link between the queries and the
related articles in such case by applying Word Alignment technique in Statistical
Machine Translation[3]. We treat each related article as a foreign document to
be translated to the query. After training, we obtain a word alignment table
which gives the score to link from each word in the articles to each word in the
query.

The alignment score from an article to a query is calculated in Equation
10. For each word wj in query q, we find the word wi in article d that is best

aligned to by computing maxi w
(d)
i ∗ w(q)

j ∗ align(wi,wj), where w
(d)
i , w

(q)
j are

word weights computed by Equation 3, 7 respectively and align(wi,wj) is the
alignment score from the alignment table. The sum of those weighted word
alignment forms the article-query alignment score.

align(d, q) =
∑
j

max
i
w

(d)
i ∗ w(q)

j ∗ align(wi,wj) (10)
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2.4 Semantic Dependency

A more semantically contentful feature set is generated from the Stanford typed
dependencies representation [5]. The feature set is built based on Vector Space

Model, Topic Modeling and Word Alignment with bi-gram dependencies wx
dep−−→

wy, extracted from the representation as ”words”. In other words, a query or
an article is transformed into sentences of bi-gram dependencies. The ”word”
weighting is, then, bi-gram dependency weighting computed by multiplying of
each component word weight.

Usufructuary rights are only established for real estate.

...
rights

amod−−→ Usufructuary

established
nsubjpass−−−−−→ rights

established
nmod:for−−−−−→ estate

...

Fig. 1. A Sample of bi-gram dependencies extracted from a sentence.

2.5 Title Matching

The title of an article contains significant words, though, may not appear in the
article’s content or in different words . This characteristic, then, is separated
into a feature describing when some queries mention the article’s title and may
not any words in the article’s content. The matching score is a combination
of uni-gram and bi-gram matching with more weighting on the longer matches
(Equation 11). The score is calculated by using the same word weighting as in
Equation 3 and 7.

title-matching(d,q) =
2∑

N=1

N
∑
i

N−1∑
n=0

w
(d)
i+n ∗ w

(q)
i+n (11)

2.6 Language Model

A document is a good match to a query if the document model is likely to
generate the query, which will in turn happen if the document contains the
query words often [8]. A language model is a function that puts a probability
measure over strings drawn from some vocabulary.

P (t1t2t3t4) = P (t1)P (t2|t1)P (t3|t1t2)P (t4|t1t2t3) (12)
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(Special Provisions for Monetary Debt)

Article 419

(1)The amount of the damages for failure to perform any obligation for the

delivery of any money shall be determined with reference to the statutory

interest rate;provided, however, that, in cases the agreed interest rate

exceeds the statutory interest rate, the agreed interest rate shall prevail.

(2)The obligee shall not be required to prove his/her damages with respect

to the damages set forth in the preceding paragraph.

(3)The obligor may not raise the defense of force majeure with respect to the

damages referred to in paragraph 1.

Fig. 2. An article with its title’s words not appearing in its content.

We use unigram language model in our system.

Puni(t1t2t3t4) = P (t1)P (t2)P (t3)P (t4) (13)

In our system, we construct from each document d in the collection a language
model Md. Our goal is to rank documents by P (d|q), where the probability of a
document is interpreted as the likelihood that it is relevant to the query q.

Using Bayes rule, we have:

P (d|q) = P (q|d)P (d)/P (q) (14)

The retrieval ranking for a query q under the basic LM for IR is given by:

P (di|q) =
∏
t∈q

((1− λ)P (t|Mc) + λP (t|Mdi)) (15)

Where:

• di: i
th document

• Mc: a language model built from the entire document collection
• Md: language model of document d
• 0 < λ < 1: a parameter to smooth probabilities in our document language

models: to discount non-zero probabilities and to give some probability mass
to unseen words

An example for applying language model in IR is showed in Figure 3.

2.7 Hidden Markov Model

We apply HMMs for retrieving relevant Civil Law articles for given questions.
Given a question Q, we ranked all the articles according to the probability that
D (the article) is relevant, conditioned on the fact Q, i.e. P (D is R|Q).

Applying the Bayes’ rule, we may obtain a more easily estimated formula:
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The document collection contains two documents:
d1: Xyzzy reports a profit but revenue is down

d2: Quorus narrows quarter loss but revenue decreases further

For a query:
q: revenue down

For unigram language model and λ = 1/2
Then:
P (d1|q) = [(1/8 + 2/16)/2] ∗ [(1/8 + 1/16)/2] = 1/8 ∗ 3/32 = 3/256
P (d2|q) = [(1/8 + 2/16)/2] ∗ [(0/8 + 1/16)/2] = 1/8 ∗ 1/32 = 1/256
So, the ranking is d1 > d2

Fig. 3. An example of applying language model in IR [8]

P (D is R | Q) =
P (Q | D is R) .P (D is R)

P (Q)
(16)

where:

+ P (Q|D is R ) is the probability of the question, under the hypothesis that
the article is relevant.

+ P (D is R ) is the prior probability that article D is relevant.

+ P (Q) is the prior probability of question Q.

We assume that P (D is R ) and P (Q) are constant across all articles.
Therefore, we only focus our attention on the remaining term P (Q|D is R ) when
sorting articles. We constructed a model to calculate the generation probability
of a question depended on an article as a discrete hidden Markov.

A discrete hidden Markov model is defined by a set of output symbols, a
set of states, a set of probabilities for transitions between the states, and a
probability distribution on output symbols for each state. An observed sampling
of the process (i.e. the sequence of output symbols) is produced by starting
from some initial state, transitioning from it to another state, sampling from
the output distribution at that state, and then repeating these latter two steps.
The transitioning and the sampling are non-deterministic, and are governed by
the probabilities that define the process. The term of ”hidden” refers to the fact
that an observer sees only the output symbols, but does not know the underlying
sequence of states that generated them (since the same symbol could come from
any of the states) [15].

In the present application, we collected all articles to construct the corpus.
After that, we take the union of all words in the corpus as the set of output
symbols and introduce a separate state for each of several mechanisms of question
word generation. There is a separate process for each individual article which
generates the words of the question by traversing a random sequence of states,
and at each state producing a word according to the output distribution of the
state. For each question, we can easily compute the probability of its being
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produced by each of the articles in the corpus. This is the P (Q|D is R ) term
that appears in Equation 16.

Fig. 4. A simple two-state HMM

In our application, we used a simple but powerful two-state HMM shown
in Figure 4. The first state, labelled ”Document”, represents choosing a word
directly from the article. The second state, labelled ”General English”, represents
choosing a word that is unrelated to the article, but that occurs commonly in
corpus. After observing the data, we found that the forms and words in user’s
questions might be different from real laws. Therefore, the statistical methods
using exact word will not have high accuracy. Thus, it is necessary to expand the
questions by applying word generation mechanisms involving synonyms, topic
lexicons, or proper names (Figure 5)[9].

Fig. 5. An expanded multi-state HMM

The two-state HMM model is simplified that there are only two transition
probabilities, a0 and a1 instead of the possible four. This corresponds to an
assumption that the choice of which kind of word to generate next is indepen-
dent of the previous such choice. This assumption allows us to introduce two
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null states (states producing no output) and simplify the drawing of the model.
In order to use the proposed HMM model, we have to estimate the transition
probabilities and the output distributions for every article in the corpus, since
we have a separate HMM for each article. We ranked all articles for each query
based on generation values calculated by HMM. Relevant articles are selected
by two criteria including a threshold and top k relevance.

Fig. 6. A proposed framework to retrieve relevant articles for Legal QA System Using
HMM

3 Applying Hidden Markov Model In Legal IR

HMM is used to calculate conditional probability of P (D is Relevant|given Q) for
selecting relevant articles for each user question. We estimated probabilities for
not only individual articles but also combination of pairs of articles to enhance
the accuracy. Firstly, each question is separated into words and removed stop
word. Probability estimation, P (Dk is R|Q) is then calculated for all articles
and the question Q. Some candidate articles are also combined to calculate
probabilities and perform re-ranking the list of sorted articles. Finally, relevant
articles for each question are chosen by a given threshold (obtained from training
stage).

3.1 Pre-processing

The main purpose of this part is preparing data for further computation. We
use Stanford Tokenizer tool1 for word segmentation. We indexed each articles

1 http://nlp.stanford.edu/software/corenlp.shtml
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separately to create inverted index files recording the number of times word
appears in each article. In addition, we created and indexed a set of union of all
words in a corpus. The high frequency words are extracted from the corpus to
create a list of ”stop” words. We ignore such words in both articles and questions
when estimating probabilities.

3.2 Probability Estimation

The output distribution for the ”Document” state, P (q|D), is set to be the
sample distribution on words appears in the article. For article Dk we set:

P (q | Dk) =
number of times q appears in Dk

length of Dk
(17)

The probability of the second state is estimated by the sample distribution of
the entire articles in the corpus:

P (q | GE) =

∑
k number of times q appears in Dk∑

k length of Dk
(18)

Where the sum is taken over all articles in the corpus.

With these parameters, we may compute the generation probability P (Q|Dk

is R) corresponding to proposed HMM model by the formula as follows:

P (q | Dk is R) =
∏
q∈Q

(a0P (q|GE) + a1P (q|Dk)) (19)

This expression is used in Equation 16 to compute P (Dk is R|Q) values, which
are used to rank articles for each query.

3.3 Collecting Relevant Articles

For each query, all articles in corpus are sorted based on generation values.
After that, we put top k ranked articles into the set of candidates. In practice,
an user’s question may be answered by several articles. With expectation of
getting information for users as much as possible, we tried to find combination
of pairs of articles which give higher generation probabilities and performed re-
ranking the articles. We only performed this work in the candidate set in order
to reduce computation time by ignoring low probability articles. To retrieve, we
use a threshold value to determine which articles are selected.

In the training stage, we set k = 10 and initialize the threshold value is the
maximum value of generation probability in the candidate set. Using labelled
training data, we evaluate the retrieval result for each value of the threshold and
adjust it in order to maximize the objective function (F −measure).
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4 Experiments

4.1 Evaluation measure

We use the F −measure to evaluate the performance of the retrieval system. It
considers both the precision P and the recall R of the test to compute the score.
In retrieval system with binary classification (relevant and not relevant), R is
defined as the number of relevant documents retrieved by a search divided by
the total number of existing relevant documents, while precision is defined as the
number of relevant documents retrieved by a search divided by the total number
of documents retrieved by that search. R, P and F −measure are calculated as
follows:

P =
| {relevant documents} ∩ {retrieved documents} |

|{retrieved documents}|
(20)

R =
|{relevant documents} ∩ {retrieved documents}

|{relevant documents}|
(21)

F −measure =
2 ∗ P ∗R
P + R

(22)

4.2 Results

The labelled training data (all pair of queries and their relevant documents)
is used for training HMM model to find the value a1 = 0.3, a0 = 1 - a1 and
an appropriate threshold . We ranked articles for each query using the HMM
measure of Equation 19. Top n articles and their values for each query are
collected into candidate and threshold set, respectively. In the candidate set, we
try to merge some pair of articles and performed re-ranking them. To find the
suitable threshold value, we traversed all possible values in the threshold set and
get one which has greatest value of objective function(Equation 22).

From the experimental results, the training set includes 267 questions and
the total of 325 their relevant articles. We used all of them and above settings
to conduct the experiment. The best value of F −measure is 52.0 %.

4.3 Combining Features in Legal IR

We try to find a better combination of methods by conducting experiments on
different feature sets. Each combination is a subset of fully combined feature
set generated by removing one feature (Table 3). In the experiments, we treat
the problem of relevant article retrieval as a classification problem with relevant
articles being the positive instances. Support Vector Machine [4] is selected as
the classification model. Before supplying the training set, each feature is stan-
dardized with 0 mean and 1 variance. In the training phase, in order to deal with
the imbalanced dataset (Table 1), we adjust the cost matrix by increasing the
cost of misclassifying positive instances (Table 2). We evaluate the combination
by applying the models back on the training data.

240



Table 1. Training set statistic

Label No. Instances

Positive 324

Negative 200,506

Table 2. Cost Matrix

Predict/Actual Negative Positive

Negative 0 7.0

Positive 1.0 0.0

When we conduct experiments of combining features on training dataset (not
cross-validation), experimental results are shown in Table 4. The combinations
show better performance than the baseline (> 60% vs. 42.8%). On top of that,
the fully combined feature set performs the best (73.0%). In other evaluating
aspect, the combination of word based features gives an improvement in which
the F −measure increases from 42.8% to 63.5%, and the addition of bi-gram
dependency based features further improves up to 73.0% which are 36.2% and
26.0% error reductions respectively. The error reduction shows the effectiveness
of using semantic relation as text representation.

Table 3. Feature Set

Feature Description

F1 word based Vector Space Model

F2 N-gram

F3 Title Matching

F4 word based Topic Modelling

F5 HMM

F6 word based Word Alignment

F7 bi-gram dependency based Vector Space Model

F8 bi-gram dependency based Topic Modelling

F9 bi-gram dependency based Word Alignment

All combination of features from F1 to F9

All-Fi combined feature set with removal of Fi

Table 4. Performance on
training set

Feature F-Score

Set (%)

F1 42.8

All-F1 62.7

All-F2 69.3

All-F3 64.5

All-F4 69.3

All-F5 70.9

All-F6 69.7

All-F7 71.4

All-F8 70.5

All-F9 70.5

All-F7-9 63.5

All 73.0

However, the strategy of combining methods show a worse result on 10-fold
cross-validation training dataset, in which F-score gets 23.2%. A better set of
features should be explored in our future works.
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5 Related Work

There are many QA studies in the legal field. The first one is ResPubliQA2009
[12]. There is another system for QA of legal documents reported by Monroy
et al. [11]. In [14], Paulo et al. present a QA system for Portuguese juridical
documents. M.-Y. Kim et al. [7] have proposed a method to answer yes/no
questions from legal bar exams related to civil law. O.T. Tran et al. [19] present
a study on exploiting reference information to build a question answering system
restricted to the legal domain.

Question answering can be viewed as a sophisticated information retrieval
(IR) task [18]. The three most used models in IR research are the vector space
model, the probabilistic models, and the inference network model [17]. In the
Vector Space Model, text is represented by a vector of terms (typically words and
phrases) [17]. The family of Probabilistic Models models is based on the general
principle that documents in a collection should be ranked by decreasing prob-
ability of their relevance to a query. In the model of Inference Network Model,
document retrieval is modeled as an inference process in an inference network
[17]. The practical pursuit of computerized information retrieval began in the
late 1940s [8]. Earlier studies have concluded that simple word overlap measures
(e.g., bag of words, n-grams) have a surprising degree of utility [6]. Stoyanchev
et al. [18] use phrases automatically identified from questions as exact match
constituents to search queries. Ponte and Croft [13] proposed to used Language
Modelling for this task, which involves a two-step scoring procedure: (1) Esti-
mate a document language model for each document; (2) Compute the query
likelihood using the estimated document language model (directly). Berger and
Lafferty [1] use methods from statistical machine translation to incorporate syn-
onomy into the document language model. Blei et al. [2] described using Latent
Dirichlet Allocation, a flexible generative probabilistic model for collections of
discrete data. The task of IR is also solved by using HMMs as described in [9],
[10].

6 Conclusion

This work gives a survey of some methods used for information retrieval and
analyses of applying these methods for legal texts. We have proposed a system
for legal information retrieval by applying HMM. We also investigate a combina-
tion of various features and show the contribution of each feature for this task.
Experimental results show that using HMM give us promising results in solving
the task of information retrieval for the specific domain - legal documents.

We plan to do more experiments and analyses on this set of features (dis-
cussed in Section 4.3) to improve our work. We also plan to explore other features
for the task.

Acknowledgments. This work is supported partly by the grant of NII Research
Cooperation and AIST’s Research grant.
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