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Abstract

Developing an SBVR grammar with content assist
support for validation of business rules

Conny Andersson

This report describes the process of developing a dynamic grammar for validation of
business rules that follow the SBVR (Semantics of Business Vocabulary and Rules)
standard. The SBVR rules provide a high-level approach to structure the logic of a
business or organisation. The product of this thesis is a grammar module that handles
the validation and content assist of SBVR rules, as part of a business rule management
system. The method used for developing the grammar was to study the structure of a
set of example SBVR rules supplied at project start. The grammar module was written
in Java, while the grammar itself was defined in EBNF (Extended Backus-Naur Form)
using the parser generator tool ANTLR. The main objectives of the grammar module
are to validate SBVR business rules, provide content assist for users writing SBVR
rules, supply the functionality to update parts of the defined grammar at runtime, and
locate and extract verb concepts from the SBVR rules in order for them to be
validated by other modules in the rule management system. Performance and
accuracy measurements were made which shows that the resulting grammar module
can in a timely manner correctly validate more than 90 %, and locate and extract the
correct verb concepts of more than 85 % of the tested SBVR rules.
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Popular Scientific Summary in Swedish

Användandet av verksamhetsregler är ett sätt för företag och organisationer att översik-
tligt beskriva deras verksamhet. Syftet med användandet av verksamhetsregler är att
uppn̊a en högkvalitativ företagsstyrning. Verksamhetsregler är vanligtvis definierade i ett
naturligt spr̊ak, allts̊a som en vanlig mening, för att s̊a många som möjligt skall kunna
först̊a innebörden av dem. Dessa verksamhetsregler måste sedan översättas för att kunna
läggas in i IT-system, d̊a datorer har sv̊art att först̊a naturligt spr̊ak. Detta, tillsammans
med det faktum att de blir översatta av IT-experter istället för de affärsexperter som
först definierade verkamhetsreglerna, leder till problem. Speciellt med tanke p̊a att dessa
tv̊a yrkesgrupper kan ha sv̊art att kommunicera med varandra p̊a grund av deras olika
bakgrunder och erfarenheter, vilket leder till att verksamhetsreglerna inte blir korrekt
översatta.

Lösningen p̊a detta problem är att använda sig av en representation av verksamhet-
sregler som lätt kan först̊as b̊ade av människor och datorer. SBVR (Semantics of Business
Vocabulary and Rules) är en standard för verksamhetsregler som kan användas för att
uppfylla detta krav. Det är ett kontrollerat naturligt spr̊ak som inte till̊ater lika mycket
variation som ett vanligt naturligt spr̊ak, vilket gör det lättare för datorer att först̊a,
samtidigt som det fortfarande är lätt att först̊a för människor.

Detta examensarbete g̊ar ut p̊a att ta fram en grammatik för verksamhetsregler som
uppfyller SBVR-standarden. Rapporten beskriver förfaringssättet för att utveckla en dy-
namisk grammatik som har till huvudsyfte att bestämma om verksamhetsregler som följer
SBVR-standarden är grammatiskt korrekta eller ej.

Grammatiken är en del i en program-modul, här refererad till som grammatikmodulen,
som skrivits i programmeringsspr̊aket Java, där själva grammatiken definierats med hjälp
av verktyget ANTLR, som är ett verktyg som används för att utveckla grammatiker.
Grammatikmodulen är en del av ett program för regelhantering av verksamhetsregler, som
har till syfte att validera om verksamhetsregler är skrivna p̊a ett grammatiskt rätt sätt
eller inte. Grammatikmodulen skall även kunna rekommendera möjliga nästkommande ord
under tiden en användare skriver SBVR-regler. Kraven p̊a grammatikmodulen innefattar
även att den skall ge användaren möjlighet att uppdatera delar av grammatiken under
tiden programmet körs, samt lokalisera och plocka ut verb koncept fr̊an SBVR-regler med
syfte att skicka dem till en annan del av programmet för att valideras separat. Den separata
valideringen av verb koncept innefattar en kontroll att de verb koncept som förekommer
i den skrivna SBVR-regeln definierats av användaren innan de används.

De substantiv och verb som skall användas i SBVR-reglerna måste ocks̊a definieras
innan användning, vilket är anledningen till kravet att användaren skall kunna uppdatera
den del av grammatiken som inneh̊aller dessa substantiv och verb medan programmet
körs. Att detta kan göras medan programmet körs förhindrar störningar i användarens
arbetsflöde som kan uppfattas som frustrerande, samt ger en behagligare användningsup-
plevelse av programmet.

Verb koncept är den del av SBVR-regeln som beskriver hur substantiv och verb relat-
erar till varandra. I exempel-regeln “Det är nödvändigt att varje bil är utrustad med en
ratt.” är verbet utrustad med och substantiven är bil och ratt, vilka tillsammans utgör ett
verb koncept, som i detta fall är “bil utrustad med ratt”.

Mätningar för att se hur väl grammatikmodulen uppfyllde kraven gjordes under slutet
av projektet. Dessa mätningar visade att grammatikmodulen p̊a ett tidseffektivt sätt
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kunde korrekt validera mer än 90 % av SBVR-reglerna, samtidigt som den p̊a ett exakt
sätt kunde lokalisera och plocka ut verb koncept fr̊an mer än 85 % av de SBVR-regler som
användes i testen.
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Chapter 1

Introduction

The use of business rules is a way for companies or businesses to define and organise
how they should operate. Business rules are located on a high level with the purpose
of obtaining a qualitative management process. Business rules are typically defined in
natural language to make them comprehensible for the majority of the employees that
will take part of them. However, problems can occur when these rules are to be stored
in IT-systems, since they are implemented separately from where they are defined in
their original natural language form, as well as them being defined by IT-experts who
try to translate these rules into a form that can be computer processed. Problems arise
when there is lack of communication between the business experts and the IT-experts
who try to implement the business rules in IT-systems, due to it not existing any proper
communication link to the authors of the business rules to make sure they are correctly
translated. The lack of communication leads to misunderstood business rules due to the
different knowledge and backgrounds of the two groups of employees.

The proposed approach to solve the problems that can occur when business rules are
translated is to have a representation of the business rules in a controlled natural language
that is easily understood by non-technical decision makers. This while still being restricted
enough to allow computer execution of it. A controlled natural language is a language
that looks a lot like the standard English language except it is more restricted and does
not allow as much flexibility, in order to facilitate computer processing of it. Computer
processing of a non-restricted natural language is complicated because of its variety in
structure and meaning, such as words having different meaning in different contexts.

The Swedish Defence Material Administration (FMV)[1] are working with model-based
capability development, a method that aims at using business models, rather than relying
on information in physical documents and in the minds of employees, in order to review
different combinations of actual or potential resources and their effects. It is about finding
out what to invest in, and when to invest in it, in order to get a desired outcome at a
certain point in the future. It is also about how to combine existing and future resources
in order to get the wanted effect. Systems based on this give a good visual overview of
the entire business, and they can also be used to implement semantic methods to see
non-apparent consequences of decisions, as well as for simulation with the purpose of
discovering outcomes that are even harder to predict. However, data in these kind of
systems tend to degenerate over time due to its complex model and because there are
many people involved in the maintenance and expansion of the system. Therefore, FMV
is interested in supplying their system with automatic consistency control, which would
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automatically report back if some piece of data is no longer valid or up-to-date. In order
to describe how the data is expected to be structured in order to be valid and up-to-date,
the system makes use of business rules.

In order to achieve this, they assigned FOI (Swedish Defense Research Agency)[2] with
the project of developing a business rule management system, which will be referred to
as Project A throughout the thesis. FOI is an assignment-based research institute under
the Swedish Ministry of Defence, working in the areas of defence and security. The core
activities of FOI are research, methodology/technology development, analyses and studies.
The work of this thesis was carried out at the FOI unit for Decision Support Systems,
which answers under the Department for Information and Aeronautical Systems.[3]

The goal of Project A is to compile business rules into database queries that extract
objects currently breaking the stated rules. The controlled natural language format chosen
for defining the business rules is SBVR (Semantics of Business Vocabulary and Rules)[4],
since it satisfies the requirement to be able to describe the business rules in a close-to
natural language, while still being strict enough to allow computer processing of them in
a manner that is not as complex and time consuming as computer processing of a natural
language.

On top of that, there is need for a rule management system with the purpose of
supplying its users with an easy way of creating, modifying and keeping track of the
SBVR rules. The system should also provide support in the form of search, filter, syntax
colouring, content assist, and version control. The search and filter functions simplify the
navigation of the list of rules, and the syntax colouring colour codes the SBVR rule in
order for the user to effortlessly see the structure of the rule. The content assist provides
the support of suggesting the next possible word for the user while they are writing the
rule, while version control provides an efficient way of keeping track of the changes that
users make to the SBVR rule document.

Project A contains the two sub projects Project B [5] and Project C, each a separate
master thesis. See Figure 1.1 for an overview of the projects and how they interact with
each other. The mutual requirements for Project B and Project C are to provide syntax
highlighting and content assist. The aim of the thesis of Project B is to develop an SBVR
editor in Microsoft Excel[6]. Project B is the front end of the complete system that is to
be the product of Project A. This thesis is about Project C, whose objective is to develop
an SBVR grammar, a grammar module that acts as the back end support for Project
B, and an API (Application Programming Interface) that facilitates the communication
between the front end and the grammar module. The purpose of the grammar module is
to validate the SBVR rules entered by the user and supply the back end functionality of
the content assist feature.
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Figure 1.1: Overview
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Chapter 2

Related work

There are some studies related to implementing a grammar for SBVR. One of these studies
has a more general approach where Feuto et al. defined a DSL (Domain Specific Language)
for expressing business rules in a language easy to use by business people, but still struc-
tured enough to be processed by machines [7]. However, the DSL developed within that
project merely address rules of the form “It is necessary/possible/obligatory/prohibited
that...” such as for example “It is necessary that a car have a steering wheel.”. The
grammar of this project on the other hand, is required to be able to handle business rules
of the form “A ... must ...” such as “A car must have four wheels.” and also “If ... ,
then ... must ...” as in the example “If a car has an engine, then the car must have an
exhaust pipe.”. Because of this, the grammar needs to be more general and cover more use
cases than the one developed in the publication from Feuto et al., although it is still not
required to be a complete grammar of SBVR, but rather a subset that includes grammar
for the rules that had to be able to be expressed.

Another publication, written by Aiello et al. [8], is focused on developing a mapping
technique to be used to automatically translate SBVR rules into production rules that can
be executed in a rule engine, rather than focusing on how to structure a grammar that
can grammatically validate SBVR rules. In their work, they structured the grammar in
Java beans instead of structuring it in a context-free grammar. This greatly increases the
effort required to read and understand the grammar, as well as to extend or otherwise
update it when needed.
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Chapter 3

Background

A few concepts relevant for the thesis are described below.

3.1 SBVR

Business rules capture ideas and expectations on how a business should be run. SBVR
is an OMG (Object Management Group)[9] standard used to express business rules on
a high level in a controlled natural language. This is to help employees in the business
segment of a company or organisation to formulate the logic of their business as part of a
high-quality management process.

There are a number of advantages with the SBVR model. Due to its controlled nat-
ural language, it provides a clear terminology in order for all concerned stakeholders to
comprehend words or phrases in the same way, so that misunderstandings can be avoided
when implied assumptions are exchanged for explicit specifications. The model provides
consistency, also due to its controlled language, to make contradictory rules, processes
and definitions of terms immediately apparent, so they can be fixed at an early stage.
The traceability in the SBVR model makes it possible to trace where rules and definitions
came from. Ambiguity issues are prevented by only having them defined in one place.
The SBVR model also provides impartiality to make it easier to be partial only to the
business and how it intends to fulfill its mission while being impartial to project managers,
individual committees or software architects [10].

Below is an example of a colour-coded SBVR rule, where the nouns “system” and
“production start deadline” are coloured green, the verbs “is activated” and “have” is
coloured blue, and the keywords are coloured red.

A system that is activated must have exactly one production start deadline.

3.2 Verb concept

A verb concept is typically the part of an SBVR rule that describes the relation between
two nouns in a binary verb concept. However, there are also unary verb concepts, which
instead describes the property of a noun. As an example, the verb concepts present in the
previous SBVR rule example are “system have production start deadline” and “system is
activated”. To make it visually clear, see these verb concepts colour coded below, where
the nouns of the verb concepts are coloured green and the verbs are coloured blue.
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Binary verb concept: system has production start deadline

Unary verb concept: system is activated

The importance of verb concepts is due to the fact that they are to be validated in
the front end of the system, where a list of verb concepts is defined by the user. After an
SBVR rule has been deemed correct by the grammar module, the front end will validate
the SBVR rule by matching the verb concepts received by the grammar module against
the list of verb concepts already defined, to make sure that only nouns and verbs that can
be coupled and still make sense are used. In short, the rule is considered to be valid if the
received verb concepts are found in the list of verb concepts defined by the user.

3.3 Lexer and parser

A lexer is a program that performs lexical analysis. Its main responsibility is to divide an
input text into tokens that represent each word. The lexer analyses the input text letter
by letter and bundle them into tokens. A token is a symbol, the name of a grammar rule
in the case of this project, representing a certain word. One token can represent many
different words, but a word can only be represented by one token, as a means to prevent
the grammar from being ambiguous. After the lexer has finished, the input will now be a
sequence of tokens, which is then passed on to the parser. The parser is a program that
performs syntactical analysis on a sequence of tokens to determine if the tokens occur in
the correct order according to a context-free grammar.

3.4 XBVR

XBVR is an acronym of Excel + SBVR, which is the adopted name of the complete system
that FOI is contracted to develop, Project A. It is supposed to act as a rule management
system with functionalities such as version control, metadata search and filtering, syntax
coloring, and content assist.
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Chapter 4

Requirements

At the beginning and during the project, a number of requirements were specified together
with FOI. The requirements have acted as guidelines throughout the project to both steer
the work in the desired direction as well as delimiting the work to avoid delaying the
end date of the thesis. The requirements seen below are divided into two parts. One
part describes the requirements on the thesis project, and the other one describes the
requirements for the product.

4.1 Thesis project requirements

R1 Explore tools that are suitable for expressing grammar and making grammar con-
structs available for other software components.

R2 Select the most suitable tool and use it to develop a grammar for SBVR rules.

R3 Develop a grammar module that accepts or rejects SBVR rules depending on if they
adhere to the grammar in R2 or not.

R4 The grammar should accept rules of the following three general structures:

(a) Structure: “It is necessary/possible/obligatory/prohibited that ...”

Example: “It is necessary that a car have a steering wheel.”

(b) Structure: “A ... must ...”

Example: “A car must have four wheels.”

(c) Structure: “If ... , then ... must ...”

Example: “If a car has an engine, then the car must have an exhaust pipe.”

R5 Develop an API to facilitate communication between the front end and the grammar
module.

4.2 Product requirements

R6 Given an SBVR rule, it should be possible to run it through the grammar module
and evaluate if it is accepted by the language or not.
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R7 The verb concepts in the SBVR rules should be located and sent to the front end
for validation towards the list of verb concepts defined therein.

R8 The grammar module should provide content assist functionality. Given an incom-
plete SBVR rule, the grammar module should provide the front end with a list of
words that could follow the last word present in the incomplete SBVR rule. This
needs to be fast, since the front end will validate the SBVR rule after every word
of the rule that the user writes. If it is too slow, then the user will have to wait in
order to receive the content assist functionality.

R9 If an SBVR rule is not accepted, the grammar module should supply the front end
with an error message describing the reason for the error.

R10 It should be possible for the front end to send a list of nouns or verbs to be used in
the grammar, effectively updating the contents of the grammar file.

R11 It should be possible to update the whole grammar module, when for example a new
list of nouns or verbs has been supplied by the front end.

R12 The process of updating the grammar with a new list of nouns or verbs should be
fast enough to not be a big disturbance for a user who wants to continue writing
SBVR rules shortly after having pressed the update grammar button.
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Chapter 5

Method

The proposed method for successfully completing this project was to begin by developing
a grammar that can correctly parse and accept a set of example SBVR rules supplied by
FOI at the beginning of the project. The grammar was developed by studying the SBVR
rules one by one to understand their components and general structure. When a basic
grammar had been developed it was tested on each of the example rules to verify if it
correctly parsed the rule, while still adhering to the SBVR language constructs. If the
grammar did not correctly parse one of the example rules, it was modified until it did.
This was an iterative process that shaped the grammar into one that correctly parsed and
accepted the SBVR rules it was given.

In order to simplify the communication between the front end and the grammar mod-
ule, an API was developed. The idea is for the grammar module to receive an input string
from the front end and send it through the grammar to evaluate if it should be accepted
as a valid SBVR rule or not. The result of this validation depends on how the grammar
rules are defined inside the grammar file.

The grammar development tool that is used to support the grammar module is written
in Java, which required the grammar module to be implemented in Java as well. However,
the front end is an add in for Microsoft Excel, and was therefore written in C#. Since
the two modules was implemented in different programming languages, the API had to
facilitate the communication between two programming languages as well as between two
modules, which increased the complexity of the task of writing the API.

An issue that had to be solved was that the parser generator tool handled its error
messages internally in its generated class files, which are impossible to modify, since any
changes to the class files would be lost as soon as the tool generated them again. The
error messages are displayed as output in the Java console, where only the developer of
the grammar is able to see them. This is a problem because the aim is to show the
informative parts of the error message to the XBVR user in order for them to be able to
properly modify their erroneous SBVR rules into correct ones with the help of the error
message.

As a solution to this issue, the internal error message of the parser generator tool had
to be intercepted and re-thrown in order for it to be caught from the part of the grammar
module that was not automatically generated by the tool. After first having been slightly
modified to add information to it, the error message is parsed to extract the cause of the
error and what tokens would have to come next for the rule to be accepted by the grammar.
The information on what tokens should come next in the case of an error is used for the
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content assist feature, in which case the contents of the grammar rule represented by the
token would be extracted from the grammar file in order to produce a list of expected
next words.

5.1 Tools

Throughout the project a number of tools have been used to ensure that the work could
be efficient and focused on the relevant parts.

5.1.1 Tool comparison

According to requirement R1, a comparison of different tools for defining and testing the
grammar had to be performed.

The tools that were compared to each other were NLTK (Natural Language Toolkit)[11],
Irony[12], LEX/YACC[13], BNFC[14], Xtext[15], and ANTLR[16]. These tools are written
in different programming language such as Python, C#, and Java. Before the compari-
son, the tool that had the most potential was Irony, since it is implemented in C#, which
would make the communication with the XBVR front end easier. However, when Irony
was tested, it was discovered that method names had been changed in between releases,
which gave the impression that the tool was inconsistent and unreliable. The NLTK tool
was not considered to be appropriate either, since it was not possible to finish a tutorial
of it due to inconsistencies with the character encoding.

Instead, the most suitable parser generator tool was concluded to be the open source
tool ANTLR (version 4.4), which together with the Java[17] programming language and
the Eclipse[18] IDE (Interactive Development Environment) best fit the requirements of
the project. The reason being that it was easy to find information and support online for
ANTLR, as well as ANTLR being well documented, which is something that is important
when learning how to use a new tool. Another reason for choosing ANTLR was that the
tool was still being developed and maintained, which suggests that possible major bugs
etc. would be handled and solved fast. It also instills security that people working on the
software on a daily basis could be asked if the need for it arose. ANTLR was also easy to
get started with while still being powerful and flexible.

ANTLR generates a lexer- and parser class, optionally also a listener- and/or visitor
class, from a grammar defined in a separate file in the Java project in Eclipse. In another
Java file a lexer- and parser object is instantiated and used together with an input string to
build a parse tree, which is then walked to see if the input string passes the grammar or not.
The parse tree can also be visually inspected to see how the input string was interpreted
by the grammar, which can be used to help developers find out more specifically what
part of the input string was responsible for triggering the error. ANTLR uses EBNF
(Extended Backus-Naur Form) as a formal notation technique to describe the context-
free grammar used in the tool. EBNF has support for optional and repeated elements as
well as subrules, which are parenthesised groups of grammar elements [19]. The ANTLR
plugin[20] for Eclipse was used throughout the project, since the syntax highlighting it
provided made the grammar development easier.
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5.1.2 IKVM.NET

Since the grammar was defined in Java but the front end part of the XBVR system is
written in C#, a good way of connecting the code written in these two programming
languages was needed. To this end, the tool IKVM.NET was used. This tool allowed,
among many other use cases, for a JAR file, which is a java library, to be converted to
a DLL file, which is a .NET library. By using this tool it became possible to export the
contents of the Java project to a JAR file and then convert it to a DLL that in turn can
be added as a reference in the C# project, where it could be used as a library.
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Chapter 6

Design

The design of the SBVR grammar is the core of this thesis project. If it is not of high
quality, then the whole grammar module suffers, which would in turn negatively affect
the quality of the whole XBVR system. Because of this, the majority of time was spent
making the design of the grammar as good as possible. The development of the SBVR
grammar was directed towards three goals. The first goal was to be able to correctly
validate if an SBVR rule is correct or not, and the second goal was that it should have the
capacity to be used with the purpose of locating verb concepts inside SBVR rules. The
third goal was that the grammar should be designed in a way that it could suggest what
word could come next if it is supplied with an incomplete SBVR rule. This is a support
called content assist, which is a feature supplied by the system as per requirement R8 of
the thesis. A rule is considered to be complete if it has a period at the end of it.

In general, there are a two different cases which will each produce different results.

• If the SBVR rule is complete and approved grammatically, then the grammar module
will send an array containing the verb concepts of the rule to the front end.

• If the SBVR rule is incomplete, or complete but grammatically incorrect, then the
grammar module will send an error message and an array containing verb concepts
found in the rule up until the location of the error. A list of possible next words will
also be added, but only if the rule is incomplete.

The grammar is structured in a way that makes it possible to find verb concepts from
the rule in order for them to be sent to the front end for validation.

The grammar is designed to be generic enough to accept rules that are of a general
SBVR structure. The general structures of SBVR rules that are supported by the grammar
module are seen in the following three examples. Note that because verbs and nouns are
defined in their base form in the XBVR system, they have to be stemmed back to their
base form when they are inflected in the SBVR rule.

Structure: A ... must ...

Example: A car must have a steering wheel.

Verb concept: car has steering wheel

Nouns: car, steering wheel

Verb: have
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Structure: If ... , then ... must ...

Example: If a car is in motion, then the driver must use a seat belt.

Verb concept: car is in motion, driver uses seat belt

Nouns: car, driver, seat belt

Verb: is in motion, use

Structure: It is necessary that ...

Example: It is necessary that every car be equipped with seat belts.

Verb concept: car is equipped with seat belts

Nouns: car, seat belt

Verb: is equipped with

The grammar can be given SBVR rules that have the same meaning but different
structure, in which case it should process them as if they were equal. An example of two
such rules can be seen below.

A car must be equipped with a steering wheel.

It is necessary that a car be equipped with a steering wheel.

The data structure VerbConcept is designed to be able to communicate information
between the Java grammar module and the C# front end of XBVR. The information that
needs to be passed can be divided into two general use cases. The first being if the entered
SBVR rule is considered to be valid, in which case an array containing verb concepts will
be sent to the front end. The second use case is if the rule is invalid, in which case an error
message describing what is wrong with the entered SBVR rule, together with an array of
possible next words will be sent. The array of next words are used to give suggestions of
words that the rule could be extended with in order to make it correct, as well as providing
the user with content assist while they are writing their SBVR rule. The designed data
structure need to be flexible enough to handle both these use cases, which is why it was
designed to have five parameters that are initialised in the constructor. Of the following
list of parameters, the first three belong the first use case described above, while the last
two parameters belong to the second use case.

• String firstNoun

• String verb

• String secondNoun

• String error

• String[ ] nextWords

The VerbConcept data structure will then practically be used in the following two
ways:

• If the SBVR rule is correct, then an array of VerbConcept instances, each containing
one verb concept, are sent to the front end.

• If the rule is not correct, then the first VerbConcept instance in the array will only
contain an error message and an array of possible next words, while the rest of the
VerbConcept instances in the array will contain the verb concepts found thus far.
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Chapter 7

Implementation

The developed SBVR grammar is represented in EBNF form in a text file with the .g4
extension. The .g4 file format is a format developed by ANTLR to represent its grammar
files. Below is an example of how the content of the grammar file developed in this project
is structured.

NOUNS : ’combat unit’

| ’concept phase’

| ’concept start deadline’

;

VERB : ’uses’

| ’starts at’

| ’extends’

;

MODALITY : ’It is necessary that’

| ’It is prohibited that’

| ’It is obligatory that’

| ’It is possible that’

;

IF : ’If’

;

The approach for developing the SBVR grammar was to use 21 SBVR rules, supplied
by FOI at project start, as test cases. These rules can be seen in Appendix A. They were
used to assess if the grammar could correctly decide if an SBVR rule belonged to the
SBVR language or not. They were also useful while developing the grammar, since they
were used to develop the correct grammar through trial and error when the structure of
the rules was getting too complex.

There are two different calls that will come in from the front end of XBVR, one request
is to validate an SBVR rule when a user has written or is currently writing a rule, and
the other is to update the lists of nouns and verbs in the grammar file and then update
the whole grammar module. The last one is performed after a user has updated the lists
of nouns and verbs in the Excel part of XBVR.
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The validation of SBVR rules can result in one of three different outcomes. One of the
outcomes is that the SBVR rule was validated to be correct and hence an array containing
the verb concepts of the SBVR rule is returned to the front end. Another outcome would
be that the SBVR rule is incomplete, and hence also incorrect, in which case an error
message and an array of possible next words will be returned together with an array
containing the verb concepts that could be extracted up until the point of the error. The
last outcome is that the SBVR rule is complete but considered to be invalid. When that
is the case, an error message and an array containing the verb concepts found before the
error will be returned to the front end.

When the user has updated the lists of nouns and verbs in XBVR, a request is sent to
update them in the file where the grammar is defined as well. When that task is finished
the whole grammar module needs to be updated. The process of updating the grammar
module starts with a new set of Java files being generated by ANTLR. These files are then
compiled together with other Java files of the project. The resulting .class files are then
compiled into a JAR file, which in turn is transformed into a DLL that will overwrite the
previous DLL, effectively updating the whole grammar module.

The Eclipse plugin for the ANTLR tool becomes operable when a text file with the
.g4 file extension is added to the package of the project. When that file is saved while
containing grammar that compiles without errors, it triggers the ANTLR tool to generate
a number of Java files into that package. The generated files are a lexer class, a parser
class, a listener- and base listener class, and two text files containing the different tokens
used in the grammar specified in the grammar file. These automatically generated Java
files are used to tokenise and parse an input string and build a parse tree from it. Since
these files are automatically generated each time the grammar file is saved, it is no use to
edit them since the changes would only be overwritten. Instead, a Java file that accesses
the classes defined in the generated files needs to be written.

A new Java class, Entry, was therefore created. The Entry class is responsible for
creating and manipulating the grammar objects of the classes that are automatically
generated by ANTLR. The simplified algorithm that Entry uses for this is described
below.

• Entry sends the input string to the Lexer constructor and receives a Lexer object.

• Entry sends the Lexer object to the CommonTokenStream constructor and receives
a CommonTokenStream object that contains a list of matched tokens.

• Entry sends the CommonTokenStream object to the Parser constructor and receives
a Parser object.

The Parser class contains a method for each of the parse rules of the grammar. When
one of those methods are called they return the rule context of that particular parse rule.
In this thesis the only interesting rule context is the one obtained from the top-level rule
entry because it contains the complete parse tree where entry is the root node and all
its sub rules are child nodes of it. The parse tree is a data structure that describes the
syntactic structure of the input string according to the SBVR grammar. An example parse
tree can be seen in Figure 7.1, which contains the parse tree of the SBVR rule “If a car
is in motion, then the driver must use a seat belt.”.

To obtain the context and parse tree of the input string that is tested towards the
grammar, the method named after the topmost parser rule in the hierarchy need to be
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Figure 7.1: Parse tree

called. In the case of this project, the topmost parser rule is named entry. Therefore, the
Parser method entry is called, and it returns an EntryContext object if the input string
is accepted by the grammar.

The method for extracting the components of the SBVR rule is to attach listeners
to the nodes of the parse tree where each node represents a parse rule of the grammar.
To achieve this, a customised listener class named CustomSBVRListener was developed,
which extends the ANTLR generated class SBVRListener. CustomSBVRListener over-
rides the methods of SBVRListener that are called each time a parse rule is entered when
the parse tree is walked, and it is in those methods the functionality for extracting verb
concepts from SBVR rules is implemented. The verb concepts are each put into a Verb-
Concept data structure and then stored in an ArrayList in CustomSBVRListener. This
ArrayList of VerbConcepts can then be retrieved from CustomSBVRListener by calling
its getResult method.

The customised data structure, defined in VerbConcept.java, has three different con-
structors for the different use cases of the data structure.

VerbConcept(String firstNoun, String verb)

VerbConcept(String firstNoun, String verb, String secondNoun)

VerbConcept(String error, String[] nextWords)

The first constructor is used when a verb concept only contains one noun and a verb, as in
the case car is in motion where car is the noun and is in motion is the verb. The second
constructor is used in the case of a standard verb concept, which contains two nouns and
a verb as in the case car have steering wheel where car and steering wheel are the nouns
and have is the verb. The third constructor is used when the SBVR rule is not accepted
by the grammar. It will then populate the VerbConcept object with an error message
and an array of possible next words, if any were able to be deduced. This object is then
put first in the array of VerbConcepts. This approach ensures that the grammar module
always returns the same data structure, an array of VerbConcepts, no matter the result of
the SBVR rule validation. Only the first VerbConcept of the array needs to be inspected
in order to see if the SBVR rule is correct or not.

The grammar module will, with the help of the customised listener, extract the verb
concepts from the SBVR rules that are to be validated. When a verb concept has been
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extracted, a VerbConcept object is created with the first noun, verb, and if applicable also
second noun of the verb concept of each verb concept as arguments to its constructor.

In order to find and extract the verb concepts from the input string, the parse tree
needs to be walked. The Entry class uses the following algorithm to successfully do so.

• Create a ParseTreeWalker object.

• Create a CustomSBVRListener object.

• Call the walk() method of the ParseTreeWalker object with the CustomSBVRLis-
tener object and the previously received EntryContext object as method arguments.

• Call the getResult() method of the CustomSBVRListener object in order to receive
the obtained list of VerbConcept instances.

7.1 Error handling

When the ANTLR tool runs into a syntax- or parsing error it will report the error to
the Java console. However, this poses an issue since the grammar is a module that is
part of a bigger system in total, which makes it necessary for the grammar to send the
error messages to the front end of the system. Otherwise it will be invisible to both the
front end of the system and hence also for the end user. In order to solve this problem,
a customised error listener, ThrowingErrorListener, was implemented. The ThrowingEr-
rorListener class extends the ANTRL generated class BaseErrorListener, and overrides
the syntaxError method where the ANTLR error message is intercepted and extended
before being thrown as a ParseCancellationException. The new exception can be caught
inside the Entry class and then added to the list of VerbConcepts as a VerbConcept con-
taining an error and a list of possible next words.

7.2 .NET API

The list of VerbConcepts had to be converted to an array before being sent to the front
end. This was due to Java and C# having lists defined differently. In order for the
communication to function properly, a data structure that both programming languages
could recognise had to be used. The reason for the VerbConcepts at first being stored in a
list instead of an array, is that the size of arrays need to be defined when they are created,
while the size of lists does not, due to them having dynamic sizes.

The generated Java class files and resources of the code were exported as JAR files
and converted to DLL files using the external open source software IKVM.NET[21]. These
DLL files, together with a DLL from the IKVM install (IKVM.OpenJDK.Core.dll), were
then added as references to the C# project JavaToDotnet, which in turn loaded more of
the needed references from the ikvm/bin folder into the project bin/Debug. This allowed
for creating a grammar object that could be passed the input string as argument to its
validate() method, which then returned an array of VerbConcepts. The VerbConcepts
objects have getter-methods for retrieving the first noun, verb, second noun, error, and
next words of each verb concept extracted from the input SBVR rule.

17



7.3 Producing the list of next words

Since the internal ANTLR error message only gives information on what token should
come next, a way of translating that token into a list of words is needed. The token
represents a grammar rule in the grammar file, and it is inside that grammar rule we can
find the words that are tokenised as that token. The algorithm for extracting the list
of words from a grammar rule in the grammar file is described below. The name of the
grammar rule whose contents should be extracted is referred to as RULE : , in order to
more easily describe it generally, since it is applicable for all rules in the grammar.

• Open the grammar file and search through it one line at a time until a line starting
with RULE : is found.

• Extract the word enclosed by single quotation marks located after RULE : and put
it into a list of strings.

• Extract the words enclosed by single quotation marks from the lines below RULE :
and put each of them into a list of strings until a line only containing a semicolon is
found, which represents the end of the grammar rule.

• Return the list of strings now containing the next words.

There are some exceptions when it is unnecessary to extract the whole content of the
grammar rules, such as in the case of the grammar rules NOUNS : and VERB : . In
these cases the list of nouns and verbs are already defined in the front end, and instead only
the words NOUN and VERB are added to the list of next words. The task of supplying
the user with content assist on what nouns or verbs are possible to write is then performed
in the front end of the system instead in order to not send unnecessary information, which
would slow down the system.

7.4 Renewing list of nouns or verbs, and updating grammar
module

Requirement R10 stated that the list of nouns or verbs located in the grammar file should
be updated when the user changed them in the Excel sheet. The algorithm for renewing
the list of nouns in the grammar file is described below. The algorithm for changing the
list of verbs is identical, with the exception that the name of the rule is VERB : instead
of NOUNS : .

• Create an empty temp-file.

• Copy every line from the original file into the temp-file one line by one until a line
starting with NOUNS : is found.

• Add a new line to the temp-file. The line should start with the text NOUNS : and
be followed by the first noun from the list of new nouns.

• Fill the temp-file with the rest of the new list of nouns. One noun per line.

• Continue to copy the remaining lines from the original file to the temp file until the
end of the original file.
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• Delete original file and rename temp-file to the name of the original file.

After creating a temporary empty grammar file, the algorithm copies every row of the
original file to the temp-file up until it finds the string NOUNS :, which represents the
grammar rule containing the list of nouns. It then replaces the content within that rule by
adding the new list of nouns to the temp-file while skipping every row in the original file
that doesn’t start with VERB :, which is the name of the next rule in the grammar file.
Finally when that rule is found the algorithm continues to copy the rest of the contents
from the original grammar file to the temporary file one by one. When that is finished
the original file is deleted and the temp file is renamed to the original file’s name.

After the list of nouns has been updated, the whole grammar module also needs to
be updated. A batch script was written to automatically perform this task. Below is the
algorithm that describes how the script works.

• Run ANTLR4 to generate lexer- and parser java classes from the grammar file.

• Compile all the generated .java files to obtain .class files.

• Generate a JAR file using jar.exe.

• Use IKVM.NET to transform both JAR files (SBVRGrammar.jar and antlr-4.4-
complete.jar) into DLL files.
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Chapter 8

Result

In order to determine the success of the thesis, as well as the quality of the grammar
and the efficiency of the grammar module, a number of tests have been performed. The
test whose result can be seen in Figure 8.1, measures the time it takes to replace the
list of nouns and verbs in the grammar file. Another test measures the amount of time
needed to update the grammar, the result can be seen in Figure 8.2. In Figure 8.3 the
time of validating a certain SBVR rule with varying sizes of the lists of nouns and verbs
were measured, while in Figure 8.4 the relation between rule length and validation time
of SBVR rules was tested. Finally, in Table 8.1 a set of 15 new example SBVR rules were
tested against the grammar module to see how many could be correctly validated by the
grammar and also to see if the correct verb concepts could be extracted from each of the
rules.

The ANTLR library crashed when lists larger than ca 4300 words were used, which
is why the maximum size of the lists in the tests are 4000 words. The lists of nouns and
verbs tested contained random generated sequences of characters in lengths between three
and ten characters, that were used to simulate real words.

The test machine was a Dell laptop supplied by FOI. The laptop have the following
specifications: Intel R� CoreTM i7-3540M CPU @ 3.00 GHz Dual Core, 16 GB RAM, and
running 64-bit Windows OS.
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Figure 8.1: Time needed for replacing the lists of nouns and verbs. Number of words
specifies the amount of words in each list, and time is the mean of 1000 runs.

Figure 8.2: Time needed for updating the grammar. Number of words specifies the amount
of words in each list, and time is the mean of 10 runs.
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Figure 8.3: SBVR rule validation time depending on nouns- and verbs list sizes. Number
of words specifies the amount of words in each list, and time is the mean of 1000 runs.
The structure of the tested SBVR rule was It is necessary that a NOUN that VERB a
NOUN also VERB a NOUN.

Figure 8.4: SBVR rule validation time depending on rule length. Rule length specifies the
amount of characters in each SBVR rule, and time is the mean of 1000 runs. The rules
tested were the set of 21 example rules supplied by FOI at the beginning of the project.
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Table 8.1: SBVR rule validation. The SBVR rules in the test are all considered to be valid
according to SBVR. For each rules it is evaluated if the grammar correctly validates the
rules, the result is displayed in the Valid column. It is also evaluated if the verb concepts
of the rules can be located in a correct manner, the result of which is displayed in the Verb
concept extraction column.

No. Rule Valid Verb concept extraction
1. Each result must be used by at least one task. Yes Yes
2. Each result must be created by at least one

task.
Yes Yes

3. Each task must use at least one result. Yes Yes
4. Each task must create at least one result. Yes Yes
5. Each task must have exactly one task name. Yes Yes
6. Each task must have exactly one task descrip-

tion.
Yes Yes

7. A technical system should be part of at least
one combat unit.

Yes Yes

8. Each personnel should be part of at least one
combat unit.

Yes Yes

9. Each combat unit must realise exactly one
combat unit type.

Yes Yes

10. Each combat unit type must be realised by
exactly one combat unit.

Yes Yes

11. A task that uses a result should not create
the result.

Yes Yes

12. It is prohibited that a task contains a subtask
that contains the task.

Yes No

13. Each subtask should be part of at most one
supertask.

Yes Yes

14. Each task1 should use at least one result that
is not used by a task2 or should create at least
one result that is not created by the task2.

No No

15. Each supertask that creates a result should
contain a subtask that creates the result.

Yes Yes
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Chapter 9

Evaluation

The test results displayed in the previous chapter indicate that both the product, i.e. the
grammar module, and the project in its entirety have been successful.

Figure 8.1 shows that the time needed for replacing the lists of nouns and verbs are low
with around 20 ms for 4000 words in each list, which is a number of words far exceeding
what is to be expected when XBVR is used in practice. When tested with 400 words
or less, which is expected to be an amount more frequently used than higher values, the
execution time is steady at around 5-10 ms, which shows that the algorithm scales well.

The task that takes up the most amount of time is updating the grammar, the test
result of which can be seen in Figure 8.2. The time needed for updating the grammar is
steady at around 7-8 seconds, and does not increase much when executed with longer lists
of nouns and verbs. Considering this, the algorithm scales well. Even though 7-8 seconds
of execution time can be considered to be a long time, it will probably not influence the
users significantly as long as they are given feedback on the progress of the process. Most
of the time needed for updating the grammar is spent on tasks that are executed by
external software. Examples of such tasks are: ANTLR generating Java files, compilation
by the Java compiler javac, generating JAR files using jar.exe, and transforming of JAR
files into DLL files performed by IKVM.NET. A solution that would reduce the time for
updating the grammar would be to find a grammar development tool that is written in
C#, which would immediately cut the execution time by a few seconds when there is no
longer a need for transforming JAR files into DLL files.

The time needed for validating an SBVR rule is not influenced by the size of the lists of
nouns and verbs, as can be seen in Figure 8.3. Since its execution time is 1-2 milliseconds
for nouns and verbs lists ranging from 40 to 4000 words, it can be concluded that it is fast
enough to be able to supply content assist support to the front end of XBVR after each
word that is written by the user.

According to Figure 8.4, the length of the SBVR rule has the biggest impact on vali-
dation time. A steady increase in validation time can be seen as the length of the SBVR
rules grow longer. In some cases rules of the same length vary in validation time, which is
most likely due to one being more complex than the other. The complexity of the SBVR
rules is something that would be interesting to test as well, but no good way of ranking
the rules depending on their complexity was found.

The main purpose of the grammar module was to be able to validate SBVR rules and
locate and extract the verb concept of SBVR rules correctly. The results in Table 8.1
show that the verb concepts of rule 12 could not be correctly extracted, and rule 14 could
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not be correctly validated by the SBVR grammar and hence no verb concepts could be
extracted from it either. The reason for these rules not passing the test is that they have
a structure that varies from the example rules the grammar was based on.

However, the results in Table 8.1 also show the grammar module’s success with vali-
dating and extracting verb concepts from SBVR rules. With 14/15 SBVR rules correctly
validated (93.3 %), and verb concepts correctly located and extracted in 13/15 SBVR
rules (86.7 %), it can be confirmed that the grammar module is sufficiently effective for
the purpose of this project.
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Chapter 10

Discussion

In hindsight, more time should have been spent testing each of the different tools that
were evaluated. The extra time could then have been spent trying to get each of the tools
to communicate with C#, which would have provided one more important parameter
to base the decision on. As it turned out now, a lot of time was spent trying to get
Java code to communicate with C# code, something that I assumed was trivial based on
the assumption that I could not have been the first person to be faced with this issue.
Even though the assumption was correct, and software that could assist with this already
existed, I was not content with the execution time of the complete task of updating the
grammar module.

However, grammar is typically static and is because of that also statically defined. In
this project, it was necessary that the list of nouns and verbs that are located within the
grammar could be updated at runtime, which means the grammar needed to be dynamic. If
the grammar had not needed to be dynamic, the execution time for updating the grammar
would not have been an issue.

Since I had not developed any grammar of this magnitude before the start of this
project, only small grammar examples in the assignments of a compiler design course at
Uppsala University, I decided to use trial and error to develop the grammar. The list
of example SBVR rules made trial and error an even more suitable method, since it was
then easy to often validate if the grammar parsed the rules correctly or if it needed to be
modified further.

When it comes to the content assist, I am convinced that the functionality of it is
supposed to be located elsewhere in the code of the system. The reason for this is that it
is inefficient to parse through the defined grammar rules of the grammar file in order to
extract the possible next words of the incomplete SBVR rule. A possible solution would
be to instead, from the grammar file, extract the rules and the words they represent and
store that information in a small database or hash map, in order to make the content
assist both faster and more effective.

The design choice of the data structure VerbConcept is structured to be both flexible
and efficient. Flexible because it communicates different types of information such as an
array of verb concepts, an error message, and an array of possible next words for the
content assist. Efficient because it is designed in a way that only the first VerbConcept
object in the array need to be inspected in order to see if the SBVR rule is valid or
not, and if there is any possible next words that could be suggested. Inspecting the first
element in an array is done in constant time and is not influenced by the size of the array
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of VerbConcepts.
The SBVR grammar module can correctly validate SBVR business rules, provide con-

tent assist support to users writing rules, provide the functionality to at runtime update
parts of the defined grammar, and locate and extract verb concepts from SBVR rules.
With this in mind, it can be concluded that the thesis project has been successful.

10.1 Future work

There was not enough time to solve some of the problems that came up during the thesis
project. These problems and their respective suggested solutions are listed below:

• Optional descriptions of nouns in the SBVR rules, such as . . . car that has four pas-
sengers . . . , will not be suggested by the content assist because the parser generator
tool ANTLR does not put optional tokens in its expected tokens variable when it
stops due to an error. It only puts the required tokens in that variable. A possible
solution to this would be to look at the parse tree to see which rule failed to be
matched against the input, and then find and analyse that particular grammar rule
in the grammar file and from it locate the optional rules that lie between the last
matched token and the next required token. The next step would then be to print the
contents of the optional rules, which is something fairly easy since the functionality
to print the contents of rules is already implemented.

• Unary and binary verbs are not differentiated between in the grammar, which leads
to issues when the content assist wants to suggest the possible next word. In the
case of the verb being a binary one, the content assist should suggest a noun to be
the next word, and in the case of a unary verb it should suggest the word that comes
after the complete verb concept instead. A possible way of solving this is to make
separate grammar rules for unary and binary verbs, and use those to figure out the
correct next word to suggest to the user.

• When there for example exists two nouns that are similar in the same way as decision
and decision plan, the grammar would be satisfied after having read decision and
because of that the content assist would not suggest the word plan to the user, but
instead suggest the word that is suppose to come after the noun. At the time of
writing this thesis, no good solution has been found to solve this problem.

• The code for the algorithm of searching for the contents of specific grammar rules
is currently not efficient. For example, the grammar file is opened and closed in
between each search of the grammar file even though in most cases the contents of
many different grammar rules need to be extracted in close succession. A way of
performing this task more efficiently would be to only open the file once and then
reset the BufferedReader to start over in the beginning of the grammar file. Another
optimisation would be to have the contents of each grammar rule stored in a static
HashMap after each time the grammar file is automatically updated. In that case
the amount of time spent on extracting the contents of a grammar rule would be
greatly reduced.
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Appendix A

Example rules

These are the 21 example rules that were used to develop the grammar and to test if the
developed grammar was correct.

• It is necessary that every system have exactly one concept start deadline.

• A life-cycle phase must start at exactly one date.

• A life-cycle phase must end at exactly one date.

• It is necessary that the end date of a life-cycle phase be later than its start date.

• It is necessary that every system have exactly one concept start deadline.

• It is necessary that every system have exactly one development start deadline.

• It is necessary that every system have exactly one production start deadline.

• It is necessary that every system have exactly one retirement deadline.

• It is necessary that a system that has a maintenance phase also have a use phase.

• It is necessary that a life-cycle phase1 that has been activated and that is not a
concept phase be subsequent to some life-cycle phase2.

• It is necessary that an active phase be constrained by some decision.

• It is necessary that a system that is in a use phase be used by some combat unit.

• It is necessary that a system that is used by a combat unit have a use phase.

• It is necessary that a system that is used by a combat unit and that has a use phase
be in the use phase.

• It is necessary that a system1 that interacts with a system2 that has a use phase2,
have a use phase1.

• It is necessary that a system1 that is part of a system2 that has a use phase2, have
a use phase1.
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• It is prohibited that a life-cycle data1 that is cognate with a life-cycle data2 be of
the same type as life-cycle data2, except when either life-cycle data1 is a use phase
or it is a maintenance phase.

• If a life-cycle phase1 that is about a version level system is antecedent to a life-
cycle phase2, then life-cycle phase1 must start before life-cycle phase2 and life-cycle
phase1 must end before life-cycle phase2.

• If a life-cycle phase1 that is about a version level system nominally precedes a life-
cycle phase2 and life-cycle phase1 is not antecedent to life-cycle phase2, then life-
cycle phase1 must strictly precede life-cycle phase2.

• A life-cycle milestone must be scheduled at exactly one date.

• A life-cycle phase that constrained by a decision that is scheduled at date1 must
start at a date2 that is later than date1.
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