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Abstract

This report details the development process of ALOC, a data-driven visual IDE for writing con-

tracts in CoLA, or any other similarly defined language. We first begin by laying out the objectives

of this project and the requirements needed to reach said objectives. We then review some rel-

evant terminology and other editing tools (visual and otherwise). Following this we discuss the

overview the design and implementation of ALOC and evaluate the developed product against the

requirements initially laid out. To conclude we touch on some ideas for future development of

ALOC.
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Chapter 1

Introduction

Editors are tools used by people in a wide range of contexts. All editors have some form of barrier

to entry, with the most popular ones such as the Microsoft Office suite of applications designed with

a specific task in mind: Word for drafting text documents, Powerpoint for producing presentations

and Excel for managing spreadsheets. As technology has advanced the barrier to entry for certain

tasks is beginning to rise beyond the capabilities of the expected userbase, this is particularly vis-

ible in the world of smart contracts, where contract lawyers are expected to produce source code

to draft them.

This report introduces a new tool for creating smart contracts using a highly extendable Integrated

Development Environment (IDE), A Legal Outline Creator (ALOC), (A Legal Outline Creator).

ALOC aims to allow users to create contracts using an intuitive User Interface (UI) without prior

knowledge of the underlying Controlled Natural Language (CNL). Through being extensible,

ALOC is expected to act as the groundwork for advancements in smart contract editing. While

initially, ALOC was intended to be an IDE specifically for CoLa [1], (a CNL we discuss further

in chapter 2) we will demonstrate how ALOC can easily be extended to support not only future

iterations of CoLa, but any similar CNL.

1.1 Project Objectives

The objectives of this project are to:

• (I) Develop and test an IDE for drafting smart legal contracts in CoLa.

• (II) The IDE should be easy to use for someone who lacks knowledge related to coding or

the syntax of CoLa.

• (III) Make the IDE data-driven allowing it to adapt to future changes made to CoLa.
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Chapter 2

Background Material

This chapter provides context for the development of this IDE, including insights into smart con-

tracts, CNLs, and will also include an exploration of existing IDE solutions and common tools

found in editors.

2.1 Introduction to Smart Contracts

While this project is not related to the intricacies of smart contracts, we will briefly touch on what

smart contracts are.

In law, a contract is a mutual agreement between two or more parties of obligations held by some

of the parties. An example of an obligation may include the transfer of funds from one party to

another before a certain date. These obligations are often observed and confirmed by a member

of a (potentially outside) party to ensure the requirements of the contract are met. When certain

obligations are made or conditions are met, parties may have obligations that they too must carry

out. The fundamental concept of a smart contract [2] lies in its digital representation, allowing for

the digitized expression of obligations between parties. Such expressions allow certain actions to

be carried out automatically without the need for human intervention.

Today smart contracts are hosted on top of blockchain technologies such as Ethereum [3]. Run-

ning smart contracts on top of blockchain technologies has a few benefits. The contract cannot be

tampered with once placed on the network, all parties can view which parts of the contract have

been executed and parties do not need to rely on a third party to verify that a transaction has been

executed. Smart contracts are specified using code, which is dependent on the blockchain technol-

ogy the contract is run on, for instance, Solidity on Ethereum. Whenever predefined conditions

are met, the contract runs appropriate sections of code in accordance with the contract.

2.2 Controlled Natural Languages

CNLs are languages that have restricted grammar and vocabulary. CNLs are derived from natural

languages, such as English, and are typically designed for discussing and reasoning about specific

domains. [4] highlights a variety of different types and use cases for CNLs, ranging from aca-

demic/industry use to regular vocal use.
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A compelling (and relevant) use case of CNLs is the ability for less technically inclined users to

perform and understand seemingly complex tasks through a more understandable language than

the original language used in the domain. For instance Attempto Controlled English (ACE) [5]

was designed for requirements specification for software product development. Requirements are

often defined and shared through natural language as they are understood by all parties (provided

they understand the language) however the expressive power of natural language allows ambigu-

ity. ACE allows the creation of requirement specifications using a language similar to English but

restricted in structure and with reduced ambiguity.

Once a CNL is constructed, it is significantly easier to parse it than it would be to parse the

natural language it is based on. Parsing natural language accurately is a large research problem

that is one of the driving forces for the field of Natural Language Processing [6]. In restricting

the grammar of the natural language through a CNL, parsing any given text that conforms to

the CNL becomes a much more manageable task. While this always comes with the downside of

losing expressive power, it is often preferable, as once a piece of text can be parsed, it can be easily

translated into other languages. For instance, Discourse Representation Structure (DRS) [7] can

be generated from ACE text. DRS is a formal language used to describe a sentence using formal

logic. An example DRS for the sentence “All students above 160cm passed the exam.” is:

[ ∀x ( ( Student ( x ) ∧ Above160cm ( x ) ) =⇒ PassedExam ( x ) ) ]

In the context of requirements specification creation, the advantage of DRS over natural English

is the reduced amount of ambiguity and the ability for DRS to be linked with certain tools, such

as Prolog [8]. That being said, it is unrealistic to expect all parties involved in the requirements

specification process to be able to construct requirements using formal logic. In this case, ACE acts

as a bridge between the ambiguous natural English and the complex DRS. Further, with restricted

grammar, constructing text conforming to a CNL can be tailored to the specific use case - for

example, through menu-driven editors [9].

2.3 The Controlled Components Contract Language (CoLa)

CoLa [1] is a Domain Specific Language for drafting legal contracts. CoLa was designed to be

usable by those with limited exposure to programming and is therefore made up of a controlled

natural language CNL. A contract drafted in CoLa is formed out of a list of uniquely identified

components, where a component is either a definition, a statement, a conditional definition or a

conditional statement.

2.3.1 CoLa Grammar

Below are the topmost levels of the CoLa grammar defined in [1]. The full grammar can be found

in Appendix A.

2.4 Code Editor Tools

This section discusses some of the widely implemented features in code editors designed to help

users develop as efficiently as possible. These tools are used to help develop a variety of different
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⟨contract⟩ ::= ⟨component⟩
| ⟨component⟩ C AND ⟨contract⟩

⟨component⟩ ::= ⟨definition⟩
| ⟨conditional definition⟩
| ⟨statement⟩
| ⟨conditional statement⟩

⟨definition⟩ ::= ⟨simple definition⟩
| ⟨simple definition⟩ AND ⟨definition⟩

⟨simple definition⟩ ::= ⟨id⟩ ⟨subject⟩ IS ⟨subject⟩
| ⟨id⟩ ⟨subject⟩ EQUALS ⟨numerical expression⟩

⟨conditional definition⟩ ::= ⟨definition⟩ IF ⟨condition⟩
| IF ⟨condition⟩ THEN ⟨definition⟩

⟨statement⟩ ::= ⟨simple statement⟩
| ⟨simple statement⟩ OR ⟨statement⟩
| ⟨simple statement⟩ AND ⟨statement⟩

⟨conditional statement⟩ ::= ⟨statement⟩ IF ⟨condition⟩
| IF ⟨condition⟩ THEN ⟨statement⟩

⟨simple statement⟩ ::= ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩ ⟨date⟩
| ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨date⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩
| ⟨id⟩ ⟨holds⟩ ⟨date⟩ ⟨subject⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩

⟨condition⟩ ::= ⟨simple condition⟩
| ⟨simple condition⟩ OR ⟨condition⟩
| ⟨simple condition⟩ AND ⟨condition⟩

⟨simple condition⟩ ::= ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨verb status⟩ ⟨object⟩ ⟨date⟩
| ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨date⟩ ⟨verb status⟩ ⟨object⟩
| ⟨id⟩ ⟨holds⟩ ⟨date⟩ ⟨subject⟩ ⟨verb status⟩ ⟨object⟩
| ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩ ⟨date⟩
| ⟨id⟩ ⟨holds⟩ ⟨boolean expression⟩

⟨boolean expression⟩ ::= ⟨subject⟩ ⟨verb status⟩ ⟨comparison⟩ ⟨subject⟩

Figure 2.1: Summarised grammar of CoLa
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file types, including code, plain English and CNLs such as CoLa.

2.4.1 File Management Options

File management is essential for all editing tools, no matter the context in which it is used. It

allows the user to manage files related to the application - primarily through saving and opening

files. This typically involves converting the content (be it text, or other) of the user into a format

that can be persisted after the editor’s termination and retrieved and converted back into the same

content the user had created.

2.4.2 Undo-Redo Support

Undo-redo support is also a commonly implemented feature in editing tools. Undo support allows

users to navigate to a previous state, typically when an erroneous edit is made, while redo allows

users to return to states they had previously undone. There are a variety of different kinds of ways

to implement undo support [10], but the most common one makes use of a list of application states

S0 . . . Sn where state Sn is the most recent state. Performing one “undo” on some state Sk will

move the current state of the program to state Sk−1 and performing one “redo” on some state Sk

will move the current state of the program to state Sk+1, if such a state exists.

2.4.3 Content Metrics

Content metrics give information on the content that the user has written. This is highly specific

to the specific context the editing application is typically used. The most prevalent example is

likely the word count functionality on text editors like Microsoft Word.

2.4.4 File Navigation

When working with particularly large (in terms of visual content, not file size) files, users need

to be able to efficiently traverse the file to reach the area they want to edit/view. The simplest

traversal method is typically through scroll bars, which users can click, scroll or drag to control.

The “find” tool is also a method that can be used to jump directly to certain words. Certain

editors, for example, neovim [11], even make use of keybindings (see Subsection 2.4.9) to jump to

specific lines.

2.4.5 Version Control Integration

Version Control Systems (VCSs) are tools that allow users to view the history of changes made to

files in a project, with the most prevalent one at the moment being git [12]. They are primarily

aimed at projects involving code but can theoretically used on any file type. Traditionally, users

interact with their VCS through the terminal, where users would have to issue textual commands

to use their VCS. However, certain editors allow the user to interact with their VCS through

built-in menus, buttons and text windows. Examples of this include Microsoft’s Visual Studio

Code [13] and the (now defunct) Atom Editor [14].

2.4.6 Syntax Highlighting

Syntax highlighting is primarily found in code editors but is used to an extent in other cases (see

Subsection 2.4.7). Syntax highlighting works by highlighting different parts of the text depending
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on their syntactic meaning, which can improve the readability of the text. Syntax highlighting

works by lexing the textual content the user has written and colouring each word based on its

token type. Tree-Sitter [15] is a popular parsing tool which can be used for highlighting languages

through, not only the token stream generated from the input text but the Abstract Syntax Tree

(AST) of the text as well. It makes use of incremental parsing which is a technique that allows

partial updation of the token stream and AST based on only part of the text changing, which is a

common scenario when editing text. The primary benefit to incremental parsing is that the entire

text does not need to be re-parsed on every change to it, which would significantly slow down the

process of syntax highlighting. Because of this Tree-Sitter is used by a variety of editors such as

Atom, and even lightweight ones such as neovim [11] and GNU Emacs [16].

2.4.7 Error Feedback

Error feedback is present in most text editing tools and is used to notify users whenever they

have entered text which causes some sort of syntactic violation. There are different ways in which

feedback is presented, the most common being through highlighting the offending text. For instance

in word processors, like Microsoft Word, words that are not in the dictionary will be highlighted.

This has the obvious benefit of allowing users to correct any mistakes a lot easier. Similarly, code

editors will highlight any violations in syntax, allowing developers to catch bugs before they cause

any issues. Some tools also highlight semantic errors, though this is typically reserved for word

processors like Microsoft Word.

2.4.8 Plugin Support

Plugin support is more of a meta-tool allowing people to create tools to enhance development.

Most editors have plugin support which results in a better and more flexible application in the

long run. Plugin support requires the original developers of the application to design it in such a

way that it can load, manage and interact with external code dynamically.

2.4.9 Keyboard Shortcuts

Keyboard shortcuts (sometimes referred to as keybindings) are certain key combinations that

perform some application, for instance, most editors have the “Ctrl + S” keyboard shortcut for

saving the current file on top of the traditional point-and-click method. Keyboard shortcuts can

typically be modified and in certain editors, such as GNU Emacs [16], users can define their own

shortcuts. Despite having the benefit of being efficient, most keyboard shortcuts tend to be avoided

by most users - even “experienced” ones [17]. That being said a significant productivity boost can

be found, for those willing to try to learn/customise keyboard shortcuts.

2.5 Existing Editing Solutions

In this section, we discuss various kinds of editors. Editors can be categorised into two groups:

textual and visual. Development in textual editors is primarily done through editing text whereas

visual editors make use of buttons, menus and other interfaces for editing. It is worth noting that

most of these editors are IDEs which are a subset of editors but contain additional features that

go beyond just editing the target file.
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2.5.1 Vim

Vim [18] is a textual editor developed primarily for editing code that runs directly on the com-

puter’s terminal. Vim takes a different approach to modifying code, using various modes that the

developer can switch between, by pressing certain keys, to perform different tasks. The default

mode is known as NORMAL mode, which is primarily used for navigation, switching modes and en-

tering other commands such as global search and replace, pressing escape will return the user to

NORMAL mode. INSERT mode is entered by pressing the “i” key and allows the user to edit the file

in the traditional sense. The last mode we’ll mention here is VISUAL mode (entered by pressing

the “v” key whilst in NORMAL mode), which allows users to select regions of text. A key strength of

Vim is its key-bind system which (when learned) can allow developers to write code extremely fast.

Vim does, however, have a major downside: the learning curve is relatively steep compared to

other IDEs. Base Vim contains no menus or buttons, which is how a lot of people tend to access

the tools and shortcuts their editor provides [17]. Additionally, file navigation must primarily be

done through keystrokes and commands which can pose a large obstacle for people who are used

to using their mouse for file traversal. Lastly, a notorious roadblock for users of Vim is the fact

that exiting Vim has to be done through a command (:q) rather than pressing the “X” button.

2.5.2 Remix IDE

Remix IDE is an IDE designed for drafting smart contracts using Solidity. It has a web and desk-

top version and a Visual Studio Code extension. Remix being web-based means that users have

easy access to it, only requiring an internet connection. Remix has a built-in Ethereum virtual

machine (EVM), which allows users to submit transactions to the contract to see how its code is

executed. It also contains features that you would find in a traditional IDE designed for code such

as unit testing support, debugging tools, a compiler, plugins, etc. Remix IDE is a textual editor

that follows the traditional layout of a traditional IDE, such as including a directory explorer pain,

a text pane for writing code and even a command prompt.

While Remix IDE has many features that aid users in drafting smart contracts, it is filled with

features that are familiar to those with a background in software development but foreign to people

who may want to draft smart contracts, such as contract lawyers. While these features are required

for eventually deploying smart contracts for use, the process of drafting said contracts is likely to

be hindered due to the lack of intuitiveness behind the contract drafting process. To effectively

use Remix IDE, they must already be familiar with not only the standard layout of an IDE but

also with Solidity, the language that Remix IDE uses for drafting contracts.

2.5.3 VINERy

VINERy (Visual INtegrated Development Environment for Information extRaction) [19] is a vi-

sual development environment for extracting structured information from un/semi-structured text.

Traditionally this would be done by using languages such as AQL (Ad-hoc Query Language) to

generate patterns that could be used to extract information; a user, typically a data analyst, who

wants to perform information extraction would therefore need to learn such a language. VINERy

allows users to create information extractors visually, without having to write any AQL code.

Extractors are created by the user through the use of visual elements that can be dragged and
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dropped. VINERy provides a set of pre-built extractors that have been designed for a variety of

domains, however, users can create their own, more complex extractors by combining pre-built ones.

On top of being able to create extractors, the VAQL that the user creates can be converted to

AQL which can then be used in other programs. This means that users who do not know how to

code in AQL can still produce AQL and benefit from tools that take in AQL as input.

2.5.4 Arduviz

Arduviz [20] is a visual IDE designed for developing Arduino programs. It is inspired by two other

Visual Programming Languages designed for programming Arduino, Ardublock[21] and miniBloq

[22]. All three IDEs allow users to write Arduino code through the use of visual blocks. These

blocks can be dragged and dropped into place. Blocks that can be connected form syntactically

correct statements, preventing most syntax errors. Additionally, blocks contain sub-components

which can only have certain values entered into them, through multiple choice dropdown menus.

One downside to Arduviz (and other block-based languages) is that traversing the IDE can become

cumbersome for more complex programs, as using visual blocks to represent statements requires

more screen real estate than just using text.

2.5.5 Blockly

Blockly [23] is a visual programming editor that relies on blocks to create programs. Unlike

Arduviz, Blockly allows for more general-purpose visual programming and can be tailored for

specific use cases, making it somewhat of a meta-language. Developers can customise Blockly by

adding to the language’s vocabulary - that is to say, adding to the set of inputs a block can take in

and even specifying how code can be generated from each block. As an example, Blockly is used as

a foundation for other editors, such as Scratch [24], an educational visual programming editor that

can be used for creating visual applications, most notably games, and Ardublockly [25] (different

from Ardublock [21] mentioned earlier), which is yet another visual-block-based Arduino IDE that

shows the Arduino code in real-time while interacting with the blocks.

2.5.6 Blawx

Blawx [26] is a visual editor used to create “Rules as Code”. Rules as code is a set of rules that are

expressed in natural language but can also be represented in an executable language. Once a user

has drafted some rules using Blawk, they are then able to test the rules by creating programs that

ask queries based on the rules they have written. The Blawx interface is developed using Blockly

[23] meaning that users don’t need to know the syntax of the Blawx to create rules and can just

drag and drop blocks together to create rules and tests for them. Further, the testing is carried

out by, in short, converting the Blawx code to s(CASP) [27] - an extension of ASP [28] (Answer

Set Programming) and querying SWI-Prolog [8] to get a result to send back to the user.
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Chapter 3

Requirements

This section highlights the requirements that this project aims to meet. We will then discuss the

challenges and reasonings behind these requirements.

This developed IDE must:

• RQ1 Allow users to create, save, edit and open CoLA contracts.

This is the most important requirement as, with any IDE, the user needs to be able to edit

and save files. This will require a method of capturing the state of the contract that the user

edits.

• RQ2 Make it impossible for users to create invalid CoLa contracts.

The main idea of creating a visual editor is to make it easy for users to use the IDE without

having any prior experience in programming or even the CoLA syntax. Therefore to keep

the IDE as easy to use as possible, it must be impossible to create a contract which does not

adhere to the CoLA syntax.

• RQ3 Allow users to export created contracts to CoLa text.

Various other CoLa-based tools may be helpful to users that may not be immediately available

within the IDE. So to allow users to make use of these tools, the user must be able to generate

the raw CoLA text from the user’s contract.

• RQ4 Be data-driven, updating the IDE syntax according to an input grammar.

The language this IDE is being developed for is expected to change over time. Once it does

change, the IDE will also need to be updated to support any syntactic changes that need to

be made. The IDE could be developed in such a way to easily support changes to the CoLa

grammar, without a developer having to change the source code, by allowing users to input

some form of grammar specification.

• RQ5 Be extendable.

CoLA is an experimental language that will likely be updated in the future. As a result,

the source code should be written to allow future contributors to effectively add changes

reflecting changes in the CoLA syntax.

• RQ6 Be extensively documented.

Related to RQ5, to ensure that future contributors have all the information they need to

make suitable changes ALOC should have sufficient documentation.
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• RQ7 Allow users to view contracts in alternative forms.

While the user will be able to view the contract that they are drafting through the editor

directly, allowing users to view their contract in more standard ways such as through text in

a PDF will provide a better viewing experience.

It is worth noting that as ALOC is designed to be a research tool, rather than a product, efforts will

be focused on making ALOC as functional as possible. This is opposed to splitting time between

functionality and user experience/pleasing aesthetics. In doing so this will allow more time to focus

on developing more features for ALOC.

3.1 Challenging Requirements

A couple of these requirements pose some form of challenge that needs to be overcome, which we

will discuss here.

ALOC being data-driven is the most challenging requirement for this project and also adds some

additional complexity to requirement RQ2. Like with plugins, discussed in Section 2.4.8, for an

application to be data-driven, it needs to be developed in such a way that allows the core applica-

tion to read in and adapt to some form of external data that can be managed dynamically. Thus

in supporting this, we require an intermediary language that can capture all the necessary infor-

mation that is required for ALOC not only to function as a visual IDE, but one which prevents the

user from drafting invalid CoLa. The approach which is used in this project (discussed in Section

4.2.2) makes use of a JSON file (ALOC specification) to provide an alternative representation and

strict subset of CoLa’s grammar.

All non-trivial, data-driven applications have some restrictions in the data that can be manipu-

lated to change the application’s functionality due to the total number of things the user may want

to change, ALOC is no exception to this rule. The extent to which ALOC is data-driven should

allow at least the modification of three types of contract components, “simple components”, “chain

components” and “conditional components”, which we discuss further in Section 4.2.2.3. This lim-

itation is in place primarily because these components differ in how they are rendered, meaning

that to support representing additional components in the ALOC specification, one would need to

supply rendering information, which would make the ALOC specification significantly more com-

plex. This limitation is partially offset by requirement RQ5 as adding new components through

code will be significantly easier if the project is designed with extendability in mind.

Any data-driven application is, to some extent, also extendable, meaning that both requirements

RQ4 and RQ5 go hand in hand. This is because a data-driven program can easily be modified

to meet a new, more specific use case. Similarly to how Blockly [23] has been extended to create

various other applications (see Section 2.5.5), if done well enough, ALOC should not only be able

to draft contracts written in CoLa but also in any other similarly designed language.
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Chapter 4

Design and Development

This section covers the design and implementation of ALOC. We’ll first cover the system design

aspects of the IDE, discussing the relevant architectural styles used and then cover the algorithms

used to implement the required structures.

4.1 System Design

The main architectural style used for the development of the IDE was the Model-View-Controller

(MVC) architecture. Applications following this pattern consist of three parts:

• Model: The collection of data structures that the user wishes to interact with.

• View: The visual interface through which the data is presented to the user.

• Controller: Manages user input and updates both the model and view accordingly.

The MVC paradigm has the advantage of separating the core functionalities of an application into

three clear components. This design enables changes in one component without significant alter-

ations to the others. To further promote this, the model and view components cannot interact

with each other directly, and must instead exchange updates through the controller.

4.1.1 Model

In the context of this project, the model represents the contract that the user is drafting, which

takes the form of an AST. An example of this can be seen in Figure 4.1.

4.1.1.1 Contract Components

A contract is made of a series of contract components (see Section 2.3.1). Components can have

attributes which represent the different values that make up that component. For example, CoLa’s

simple definition component is defined as follows:

simple-definition ::= ID <subject> IS <subject>

| ID <subject> EQUALS <numerical-expression>
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Figure 4.1: Contract Tree Structure

Any simple definition component can either be made up of two subject attributes, or one sub-

ject attribute and one numerical expression attribute. For instance, under CoLa’s grammar, the

following definitions are both “simple definitions”:

[0] Party1 IS BABA

[1] Party1 cost equals GBP 10

We describe these components as having different “forms”, they are the same kind of component

but have different wording. A component “form” can be seen as the different right-hand sides of

a component’s grammar rule. The current form of the component needs to be held within the

component so the View knows what text should be rendered with the component. The simple

definition with id [0] would have the form subject-pair whilst the simple definition with id [1]

would have the form subjext-numerical pair. Certain components have multiple forms that

semantically mean the same thing, this is most prevalent in the “statement component”. For

example, the following statements mean the same thing but have different forms:

[0] Party1 must deliver OTHEROBJECT "bicycle" on the 30th December 2020

[1] on the 30th December 2020 Party1 must delvier OTHEROBJECT "bicycle"

Many CoLa contract components are made up of other components. For example in Figure 4.1 we

can see that a conditional-statement component consists of both a condition and a statement. We

can also see that a definition component can consist of multiple definitions, forming a linked list

structure; the same follows for statement and condition components (see Subsection 2.3.1). This

chaining behaviour can be seen in the following line of CoLa:

[0] Party1’s role IS the president of X corp

AND

[1] Party1’s net worth EQUALS GBP 20

In the interest of keeping things as general as possible, we split the types of conditions into three

different types:

1. Simple Components: Contains user-editable attributes.

2. Chain Components: Simple components that can be chained together by some literal with

additional chain components, i.e <chain component> AND <chain component> AND ...
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3. Conditional Components: Components that contain two chain components, a “condition”

component and a “result” component, i.e. IF <condition component> THEN <result -

component>.

Referring to the grammar in Section 2.3.1 we can see examples of these grammars, for example,

the definition of a statement follows the description of a chain component:

⟨statement⟩ ::= ⟨simple statement⟩
| ⟨simple statement⟩ OR ⟨statement⟩
| ⟨simple statement⟩ AND ⟨statement⟩

The definition of a conditional statement (and definition) follows the description of a conditional

component:

⟨conditional statement⟩ ::= ⟨statement⟩ IF ⟨condition⟩
| IF ⟨condition⟩ THEN ⟨statement⟩

Lastly, a simple component is equivalent to a chain component with no ancestors or predecessors.

Simple components are not present in CoLa, every component is either a chain component or a

conditional component. The choice to add simple components to ALOC was to support the addi-

tion of less complex components, such as definitions that cannot be chained.

4.1.1.2 Component Specifications and Form Specifications

The total number of attributes, the types of the attributes, the possible forms a component can

take, and other details of the component will vary between components - even if they fall under

the same component type. Take for instance the “simple-definition” and “simple-statement” com-

ponents, both can be considered as chain components but the simple-definition component only

has 3 attributes while the simple-statement has 6. To specify the details of a specific component,

we make use of a “Component-Specification”.

Each component type has its type of component specification, since some fields of a component

specification for one type may not be applicable for a different type. For example, both simple and

chain components make use of attributes but the conditional component does not. The required

fields for each component specification are highlighted in Table 4.1.

Component Specification Fields

Simple Component Specification
component name, form specifications

display name, attributes

Chain Component Specification
component name, form specifications

display name, attributes, linking attribute

Conditional Component Specification
component name, form specifications

display name, condition component

result component

Table 4.1: Component Specifications and their required fields

Both the result component and the condition component must refer to the component name

field previously defined chain components specifications.
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Similarly, form specifications also depend on the type of component they belong to. The fields

belonging to each form specification are shown in Table 4.2.

Form Specification Fields

Simple Component Form Specification
colour, form name, attributes

format string, display name

Chain Component Form Specification
colour, form name, attributes

format string, display name

Conditional Component Form Specification colour, form name, display name

Table 4.2: Component Form Specifications and their required fields

The colour field is considered optional, if left out, the colour of the component form defaults to

grey. All attributes must be present in the attributes field for the component specification.

4.1.1.3 Component Attributes and Terminal Types

Component specifications that are tied to components that have editable attributes (at present

being simple and chain components) will also need to store these. Attributes can be thought of

as the LHS of terminal productions of the language grammar, for example, some attributes in

the CoLa grammar include “subject”, “verb” and “modal verb”. Attributes are defined with a

name, a terminal type and a value which must satisfy the terminal type. A terminal type defines

the possible set of possible values that the user can enter for a given attribute. There are three

types of terminals: text, multi-choice and hybrid. The text type terminal represents any string

that satisfies a given pattern defined by the input grammar of the language, multi-choice terminals

have fixed values that the user can select from and hybrid terminals are a mix of the two, allowing

the user to either select from a list of values or enter their own.

4.1.1.4 Contract Component

The core of the model is the Contract object which acts as the root of the AST of the contract.

It holds all contract components as well as any additional information such as where it is stored

on the user’s file system.

4.1.2 View

The view consists of all the code that is related to rendering the visual interface. The idea behind

the IDE is to make it visual, rather than text-based like other traditional IDEs, so the interface

primarily consists of buttons that the user can click to perform actions. A mockup depicting the

envisioned IDE can be seen in Figure 4.2. Each button on the screen can be clicked on to bring

up a menu to perform actions on the contract.

4.1.2.1 Editing the Contract

All the components specified in Section 4.1.1 will need to have a way of being rendered. Each com-

ponent is depicted as a button in the IDE which, when pressed, will bring up a menu which allows

the user to alter the component, and by extension the component. The set of actions that can be

performed on the component, depends on the component type. Each contract component button
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Figure 4.2: Mockup of Visual Interface of ALOC

has access to its corresponding contract component. For example, the button for component [0]

in Figure 4.2 will have access to a SimpleDefinition component but will not directly modify it

(as the View should not directly modify the Model). This gives access to details of the components

which are needed for rendering. Contract component buttons are complex enough for each type

to have its own class. Similar to the model, a lot of the functionality between these buttons is

the same, for instance updating a component is the same for each component type. Some things,

however, do differ, particularly how components are rendered, specifically conditional definitions.

The details of these classes are depicted and discussed in Sections 4.2.7 and 4.2.8.

Main Contract Component

The contract component is an uneditable, undeletable button that is used to add additional con-

tract components to the contract. The main contract component is shown in Figure 4.2 as the red

button labelled “Contract”.

Non-conditional Contract Components

Non-conditional contract components are deletable and editable through an input form that allows

the user to change the values of the editable attributes (see Section 4.1.1.3) of the component. The

form of non-conditional components can also be changed, which will change the wording of the

text below the component button. Internally, all attributes are tracked in the component, even if

some attributes do not appear in the display text for the component of its current form, allowing

attributes to be retained between form changes. Both simple and chain components fall under

this category and only differ in the fact that chain components can be extended through their

respective button. Components with IDs [0], [1], [2] and [3] all show how non-conditional

components are to be rendered. It is also worth noting that despite components [2] and [3] being

part of a conditional statement, they are rendered in the same way. These components, however,
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cannot be deleted as this would cause the conditional to be invalid (a conditional component must

have a condition and a result).

Conditional Contract Components

Conditional components are also deletable and can change their form, but since they have no ed-

itable fields (conditional components themselves have no attributes but instead render components

that do), they are not editable.

4.1.2.2 Managing drafted Contracts

To perform operations on the contract as a whole ALOC will have a toolbar, similar to what is

used in other editing applications. Each toolbar button can be implemented by tying each button

to a function call that will perform the corresponding action when pressed.

New, Save & Open Toolbar Buttons

These buttons can be used to create a new contract, save a contract and open an existing contract

respectively. When saving the file, the Contract object representing the drafted contract will

be encoded using Python’s pickle library and decoded using the same library when opening an

existing contract.

Export Toolbar Button

Exporting will produce an output file that holds the alternate format of the contract. It will bring

up a typical menu that one would see when saving, where the user will first be able to select how

they want to export the contract (txt, pdf, etc) and then specify where to export the file to.

4.1.3 Controller

The controller acts as an intermediary between the model and the view. When the user makes

a change using the UI, this change is sent to the model through the controller. The controller is

therefore implemented with a single class consisting of various control messages.

4.1.4 Other Architectural Components

There are a few other classes that will be required for the IDE that do not necessarily fall into the

three previously mentioned classes.

4.1.4.1 Parser

Although the user’s input is somewhat constrained, we need to ensure that their input is still valid.

In Section 4.1.1.3, the “text” and “hybrid” terminal types were defined. These terminal types allow

a user to enter textual input, so we need to ensure that the text that is entered conforms to CoLa’s

grammar. To do this we make use of a parser to check that the input is correct. The part of

the grammar to be checked when validating a given value is part of the terminal. For instance,

the “subject” terminal will also have a specific parser that checks that its value conforms to the

grammar for a “subject” in CoLa.
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4.1.4.2 ALOC Specification

The ALOC specification is not a class but is still a part of the IDE’s architecture. It will be used

to define everything about the IDE. Including:

• Component Collections: These are named and ordered groups where components are to be

stored. The ordering of component collections dictates the order in which they are rendered

in the IDE.

• Grammar Location: The path to the file containing the entire grammar of the language.

This grammar is used for validating user input (see Section 4.1.4.1 above).

• Components: Definitions of each component including its type (chain, conditional, etc), its

attributes (if required), its component collection, various type definitions and, optionally,

rendering options such as button colour.

• Terminal Types: Definitions of all possible terminal types to be used.

By capturing all this information in one place, changes that are made to the CoLa grammar can

be expressed here, updating the entire IDE without having to change any code. The specifics of

how these are represented in the ALOC Specification are discussed in Section 4.2.2.

4.2 Implementation

With the design of the IDE laid out, we can now discuss its implementation. ALOC was developed

entirely using Python [29], a dynamically typed, interpreted programming language. The choice

of developing in Python for development primarily stems from its extensive library support and

(despite not being enforced) object-oriented nature.

4.2.1 Development Behaviour and Paradigms

The key benefits of Object Oriented Programming (OOP) [30] that this project leverages are code

reuse and separation of responsibilities. As explained in Section 4.1 a lot of the contract compo-

nents have a lot of similar functionality, only differing in a few areas. Utilising code reuse through

inheritance reduces the chance of introducing bugs while replicating code. On the other hand,

separation of concerns splits up the source code of the project into components that each have one

task. This has the benefit of reducing coupling between different classes, meaning implementing

changes can be done by only modifying fewer lines of code.

Another paradigm that was heavily used within this project was defensive programming. With

Python being a dynamically typed language, it is not difficult to introduce bugs that can remain

hidden, even during runtime. Throughout the codebase, we make use of defensive techniques which

force the program to fail fast[31]. Listing 1 shows an example of how defensive programming was

used.

A few measures were taken to ensure the code quality was up to standard. The black formatter

[32] was used for automatic formatting, while pyright[33] was used for static type checking. Type

hints were used where appropriate using Python’s typing library and docstrings conforming to

Google’s style guide [34] were used to document each method.
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def _get_component_collection(

self, component_collection_name: str

) -> ComponentCollection:

"""Get the component collection for the given component specification."""

for component_collection in self.__component_collections:

if component_collection.get_name() == component_collection_name:

return component_collection

raise ValueError(f"This collection doesn't exist! {component_collection_name}")

Listing 1: Defensive Programming in get method

4.2.2 ALOC Specification

One of the requirements of the IDE was to make it data-driven and to allow users to easily modify

the underlying language of the editor without changing any code. The method used for this was

a JSON file which follows a specific structure. On start-up, the IDE takes in the specification and

generates all the objects required. This section goes over all the main parts of the specification.

A full version describing CoLa’s grammar can be found in the Appendix. The overall structure of

the ALOC specification can be seen in Listing 2, and the complete ALOC specification required

for CoLa can be found on the project’s Github[35].

{

"contract": {},

"simple_components": [],

"chain_components": [],

"conditional_components": [],

"terminal_types": {}

}

Listing 2: ALOC specification structure

4.2.2.1 Component Collections and Grammar File

The first things defined in the ALOC specification are the component collections and the language

grammar, illustrated in Listing 3. The grammar is expected to be a lark [36] grammar string [37].

The entirety of the grammar needed for CoLa can be found in Listing 25 of the appendix.

"contract" : {

"collections":[

"collection_a",

"collection_b",

"collection_c",

],

"grammar_path": "path/to/grammar.txt"

}

Listing 3: Contract collections and grammar path in ALOC specification
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4.2.2.2 Terminal Types

Next, all possible terminal types are specified. Terminals are defined as values that the user can

select to change the meaning of a component. Listing 4 shows an example of how one would define

a multi-choice terminal.

"terminals"{

"multi-choice": [

{

"name": "modal_verb",

"default": "shall",

"choices": ["shall", "must", "may", "is forbidden to"]

}

]

}

Listing 4: Terminal Types in ALOC specification

Similar JSON objects are required for textual and hybrid terminal types. The fields for each

terminal type are shown in Table 4.3.

Terminal Type Object Fields

Multi-choice name, default, choices, allow empty

Text name, default, parser root, explanation

Hybrid
name, default text, default option

choices, parser root, explanation

Table 4.3: Terminal types and required fields in ALOC specification.

The allow empty field for multi-choice terminals is optional.

4.2.2.3 Components

Components are defined following our description in Section 4.1.1.2 - they need to capture the

component’s types, attributes and subcomponents (if required).

There are no restrictions on what an attribute can be named, however, the type of an attribute

must match the name of a terminal defined in the terminal section of the specification (see Listing

4 above).

4.2.2.4 Form Specifications

Form specifications define the different forms a component can take (see Section 4.1.1.1).

Form specifications can vary depending on the component type (see Table 4.2), for instance, con-

ditional component type specifications do not refer to attributes but instead refer to other compo-

nents. The format string for the attributes are strings that contain curly braces which represent

where each attribute should be placed in the string. Attributes are placed in the order specified

in the "attributes" field. Form specifications also contain information that is important to the

GUI rendering information, such as the type name that is presented to the user and (optionally)
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"chain_components": [

{

"component_name": "definition",

"linking_attribute": "logical_operator",

"type_specs": [

{

"..."

},

],

"attributes": [

{

"name": "Name",

"type": "subject"

},

{

"name": "Definition",

"type": "subject"

},

"...",

],

"collection_location": "collection_a"

},

]

Listing 5: Components in ALOC specification

{

"component_name": "definition",

"form_specs": [

{

"form_name": "subject pair",

"format_string": "{} IS {}",

"attributes": [

"Name",

"Definition"

],

"display_name": "Subject-Pair Definition",

"colour": "skyblue"

},

{

"form_name": "subject numerical pair",

"format_string": "{} EQUALS {}",

"attributes": [

"Name",

"numerical_expression"

],

"display_name": "Numerical Definition"

}

],

}

Listing 6: Form specifications in ALOC specification
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the colour the component’s button will take. An example snippet of form specs defined using the

ALOC specification is shown in Listing 5.

4.2.3 The Controller Class

The controller is the sole method in which the view can alter the model (the contract contract). It

is a single class consisting of methods the user can call through the view (ALOC’s GUI). Listing

7 shows a small code snippet of the Controller class.

class Controller:

"""

Controller serves as the controller in the MVC architecture of ALOC,

sending control messages between the view and the model.

"""

def save_contract(self, path) -> None:

"""

Saves the current contract to the specified path.

"""

def load_contract(self, path) -> None:

"""

Loads a contract from the specified path.

"""

# ...

Listing 7: Control Functions to be called by the View

4.2.4 The Model and Contract Classes

The Contract class acts as the main data structure that the user interacts with (through the GUI)

to draft their contract. Contract objects have direct access to every single component that the

user has added and are directly responsible for adding, editing and deleting components at the

user’s request. The Model class acts as a wrapper around the Contract class that the controller

interacts with.

4.2.5 Component, Component Specification and Form Specification Classes

Component objects represent the parts of the contract that users add, delete and update. They are

primarily responsible for handling operations a user may want to perform on a given component.

A Component object is described entirely by a ComponentSpec (Component Specification) object.

The design decision to describe a component using another class rather than using input arguments

stems from the goal of making ALOC’s code more readable. In separating a component’s class into

multiple classes (which are each individually documented) the parts that make up a component

can be better understood as they are individually documented and can be expressed easily via

the ALOC specification. ComponentSpec classes hold more specific information on a component,

such as the form it can take, which part (referred to as location) it is within the contract, etc.
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Additionally, the type of a Component is described by a FormSpec (Form Specification) class,

which handles all type-specific operations such as how a phrase is presented. Figures 4.3 and 4.4

depict the relationships between all of the Component and ComponentSpec classes.

4.2.6 Parser Class

The parse class is implemented using Python’s lark [36] library, for general-purpose parsing. The

grammar of the language is read in from the ALOC specification when the program is first read.

Each terminal type that contains text (hybrid and text terminals) that the user can directly edit

also must contain an instance of this parser class, which will attempt to parse the terminal based

on a specific LHS given to the terminal. If the parser fails to parse the value, the user will be given

an appropriate error message.

4.2.7 The View and Renderer Classes

The GUI is implemented using Python’s Tkinter library. It only has access to the controller

but can access the contract (through the controller) solely for rendering purposes. Rendering the

contract is done by the Renderer class, which first renders the Contract Frame and then iterates

through all of the contract components and displays certain frames depending on the component

encountered. Whenever a change is triggered, the View triggers a re-render by calling the re -

render() method of the Renderer.

4.2.8 Component Frame Classes

A Frame represents how a component is displayed on the GUI. A frame is constructed using

the concrete component that the frame represents and a “re-render function” which is used to

refresh the display whenever a user makes an action. Each frame consists of a button that, when

pressed, will display all the options for its respective component. Frames can change the form

of the underlying component and delete the component (and by extension the frame). Simple

and chain component frames can update their attributes through an update menu and only chain

components can “extend” themselves by adding a new identical component onto it. The Contract

frame is unique in the sense that it cannot be deleted or edited, it acts as the way for users to

add new components to the contract. Each Frame class (excluding the ContractFrame class, as

it shares no functionality with the other Frame classes) is expected to inherit the BaseFrame class

and make use of its various helper methods to construct itself. This is shown in the UML diagram

in Figure 4.5.
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Figure 4.5: UML diagram of the View of ALOC
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Chapter 5

Testing and Validation

5.1 Testing

This section covers the strategy used for testing the IDE. To test the View, manual smoke testing

[38] was utilised. The specific smoke tests consisted of creating every type of component, editing

every component and deleting every component. Testing the controller was done primarily through

end-to-end tests and testing the model was done through both end-to-end and unit tests. Both unit

and end-to-end tests were written using pytest [39] as it allows the use of test fixtures - reusable

components that can be used in different places throughout the test suite.

5.1.1 Unit Testing

The development of the IDE largely depends on newly written code and is therefore likely to

contain bugs. To ensure that the code written was functioning correctly, we make use of unit tests

to test individual class components. This was done by performing operations on the component

and asserting that its textual output was correct. All unit tests were performed only on contract

component classes as these are the only classes where meaningful tests could be written, other

classes are primarily used to store information in a clear format. Examples of these tests can be

seen in Listings 8 and 9.

def test_update_component(self, chain_component: ChainComponent):

assert chain_component.to_cola() == "[0] TEXT ADATE choice 1"

chain_component.update(

subject="DIFFERENT TEXT",

date=("custom date", "27 January 2002"),

multi_choice="choice 2",

)

assert (

chain_component.to_cola()

== "[0] DIFFERENT TEXT on the 27 January 2002 choice 2"

)

Listing 8: Unit test checking that a Chain Component can be updated correctly
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def test_change_conditional_type(self, conditional_component_spec):

conditional = ConditionalComponent(conditional_component_spec)

conditional.set_type("if then")

conditional.reset_id(0, 0)

assert (

conditional.to_cola()

== "IF\n[0] TEXT ADATE choice 1\nTHEN\n[1] TEXT ADATE choice 1"

)

Listing 9: Unit test checking that a Condition Component’s type is changed correctly.

5.1.2 End to End Testing

End-to-end testing was used to simulate the behaviour of a user editing a contract through the

IDE. This was done by sending commands through the controller (similar to how the user would

interact with the model through the view) and checking that the state of the contract is as expected.

End-to-end tests are the only way to meaningfully test the controller, as the controller only works

with respect to the rest of the system. Listing 10 shows an example end-to-end test.

def test_multi_update_and_delete(self):

controller, contract = self.create_controller(

"./test/end_to_end/relative_time_aloc_spec.json"

)

for _ in range(4):

controller.add_new_component("definition")

controller.update_component(0, {"Name": "ROSE", "Definition": "RED"})

controller.update_component(1, {"Name": "VIOLET", "Definition": "BLUE"})

controller.update_component(2, {"Name": "FLAG", "Definition": "WIN"})

controller.update_component(3, {"Name": "BABA", "Definition": "YOU"})

assert (

contract.to_cola()

== """[0] ROSE IS RED

\nC-AND

\n[1] VIOLET IS BLUE

\nC-AND

\n[2] FLAG IS WIN\n

C-AND

\n[3] BABA IS YOU"""

)

for _ in range(4):

controller.delete_component(0)

assert contract.to_cola() == ""

Listing 10: End-to-end test testing insertion, updation and deletion

5.2 Validation

To see whether or not the project would meet the requirements of someone who wished to draft

smart contracts in CoLa, we will demonstrate how the IDE could be used to satisfy the require-
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ments set out in chapter 3.

5.2.1 Requirement 1

RQ1: Allow users to create, save, edit and open CoLA contracts. (✓)

Below is an example contract that has been drafted using CoLa:

Figure 5.1: Example drafted contract

The user can save the contract by pressing the “Save Contract” button at the top of the screen.

Doing so will prompt a standard “Save as” prompt if the contract has not been saved before. If

the file has been saved before it will automatically be saved to the same location.

The user can edit the contract by clicking the various buttons on the interface. Things the user

can change depending on the button pressed. For instance, clicking the “Contract” button will

allow the user to add new components to the contract. Pressing any of the component buttons

(“Subject-Pair Definition”, “Subject-Modal Statement” etc) will allow the user to change how the

component is expressed and pressing any of the components that have text below them will also

allow the user to change the text that is displayed by that component.

Once a contract is saved it can then be re-opened from within the IDE by pressing the “Open

Contract” button. This button brings up a prompt that will allow users to open any .aloc files

to load into the IDE. Once loaded in the user can edit the contract as normal.
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5.2.2 Requirement 2

RQ2: Make it impossible for users to create invalid CoLa contracts. (✓)

To ensure that users always follow the CoLa syntax, the IDE provides users with restricted tools

to draft contracts. As described for RQ1, users are only able to add components through the

“Contract Button” which, as shown in Figure 5.2, only allows the addition of components specified

in CoLa’s grammar (see chapter 2).

Figure 5.2: Menu for adding more components to the contract

However, constraining users to only add certain contract components is not all that is needed to

meet this requirement. Attributes of components that have been added can also be edited, so

we need to ensure that each attribute is valid. Generally, attribute values can either be textual

terminal values, multi-choice values or date values, which is a combination of the previous two.

For instance, the “verb” terminals can only take three values, “deliver”, “pay” and “charge” so it

is simple to restrict users to only entering valid verbs. The IDE does this by only allowing users to

update the “verb” component through a drop-down menu. This can be seen in Figure 5.3, where,

rather than having a text box where the user could potentially enter a verb that falls outside of

the CoLa grammar, the user is given the options to select from.

Figure 5.3: Drop-down menu for verb selection

Direct text input is the most threatening way of updating an attribute when concerned with break-
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ing CoLa’s syntax, however, it is unavoidable as some attributes can take an infinite amount of

different values, for instance, the “subject” attribute, which can be used to refer to objects, people,

businesses, etc. To ensure that the user enters valid textual input, we make use of a parser which

will check against the user’s input for the given attribute. The parser is constructed from CoLa’s

entire grammar but will only begin parsing from the relevant part of the grammar. The user will

only be able to submit the updated component if the textual input respects CoLa’s grammar.

5.2.3 Requirement 3

RQ3: Allow users to export created contracts to CoLa text. (✓)

Once a user has finished drafting their contract, they can export it to a .txt file by clicking the

“Export Contract” button. Take the following contract as an example:

Figure 5.4: Example Contract

Clicking the “Export Contract” button will bring up a file select button which will allow you to

choose where to export the contract to. for example, if we exported the contract to a text file

called poem.txt we could access it through the terminal as follows.

5.2.4 Requirement 4

RQ4: Be data-driven, updating the IDE syntax according to an input grammar.(✓)

A large effort has been put into future-proofing ALOC by allowing it to be data-driven, however,

whether or not a piece of software is data-driven is determined by the individual(s) using the

software. So to demonstrate the data-driven nature of ALOC, we will showcase all the possible

ways one can modify ALOC to support their needs.
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$ cat poem.txt

[0] ROSE IS RED

C-AND

[1] VIOLET IS BLUE

C-AND

[2] FLAG IS WIN

C-AND

[3] BABA IS YOU

Listing 11: Displaying exported contract through bash

5.2.4.1 Visual Changes

Visual changes are the most simple changes one can make to ALOC by editing the ALOC spec-

ification and only changing the appearance of components in the contract they draft. These are

available through the display name and colour attributes of component objects.

5.2.4.2 Terminal Changes

Currently, CoLa only supports three verbs, “deliver”, “pay” and “charge”. As the language is

developed, the list of valid verbs will likely grow. ALOC will be able to support such changes, for

example, let’s say a new version of CoLa is released that supports the following verbs:

⟨verb⟩ ::= deliver | pay | charge | trade | support | deny

This can easily be incorporated into CoLa by changing the verb status terminal in the ALOC

spec to what is shown in Listing 12.

{

"name": "verb",

"default": "pay",

"choices": [

"deliver",

"pay",

"charge",

"trade",

"support",

"deny"

]

},

Listing 12: Verb terminal with additional options.

Once this change is made it can be used within the IDE (see Figure 5.5).
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Figure 5.5: Extended Verb in ALOC

5.2.4.3 New Phrases

ALOC is already able to represent all expressions that consist of a single component (definitions,

etc). Adding new ones is slightly more involved but can be done relatively easily. For example, let’s

say we wanted to add a new component, “Event Definition”, which specifies something happening,

before or after a date.

⟨event definition⟩ ::= ⟨id⟩ ⟨subject⟩ IS ⟨relative time⟩ ⟨date⟩
⟨relative time⟩ ::= before | after | at the same time as

This requires two things, first a new terminal to express relative time, shown in Listing 13.

{

"name": "relative_time",

"default": "before",

"choices": [

"before",

"after",

"at the same time as"

]

}

Listing 13: Relative time terminal specification

Second, the component representing the event definition. Since this falls under a general definition,

we can encode it as a type of definition (see Listing 14).

With these things in place, we are now free to use the new Event Definition in ALOC, as shown

in Figure 5.6.

5.2.5 Requirement 5

RQ5: Be extendable. ✓
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{

"type_name": "event definition",

"format_string": "{} IS {} {}",

"attributes": [

"subject",

"relative_time",

"date"

],

"display_name": "Event Definition"

}

Listing 14: Event definition specification

(a) Updating an event definition (b) Contract with event definition

Figure 5.6: Using the event definition in CoLa

34



Similarly to RQ4, how extendable an application is is determined by those extending the applica-

tion. Throughout development, care has been taken to ensure that adding additional functionality

is as easy as possible. To demonstrate this, we will show how one could go about adding an

“If-Then-Else” component to ALOC. Currently, CoLa’s syntax does not support the use of “If-

then-Else statements, but in the future could. ALOC (initially) also didn’t support “If-Then-Else”

statements, and could not be represented in the ALOC specification because there is no suitable

component type for it1 so additional code needs to be written to support this feature.

5.2.5.1 Implementing the Else Conditional

Let’s first define the new grammar for conditional definitions:

⟨conditional definition⟩ ::= ⟨definition⟩ IF ⟨condition⟩ ELSE ⟨definition⟩
| IF ⟨condition⟩ THEN ⟨definition⟩ ELSE ⟨definition⟩

Similarly, for statements we have:

⟨conditional statement⟩ ::= ⟨statement⟩ IF ⟨condition⟩ ELSE ⟨statement⟩
| IF ⟨condition⟩ THEN ⟨statement⟩ ELSE ⟨statement⟩

To implement this new component we would need to do the following:

• Create an ElseConditionalComponent class.

• Create an ElseConditionalFrame class (for rendering).

• Design the aLOC specification for the ElseConditionalComponent.

5.2.5.2 Else Conditional Component Class

The ElseConditional can inherit the ConditionalComponent Class (see Listing 35 in the ap-

pendix). A ConditionalComponent object has access to a condition component and a result

component. An ElseConditionalComponent object would need access to both of these and a

second result component, which covers the “else” part of the condition.

5.2.5.3 Else Conditional Frame Class

Similarly to the ElseConditionalComponent class, the ElseConditionalFrame class can inherit

its standard-conditional-counterpart as most of the functionality is the same. The rendering of

the ElseConditionalFrame can inherit the render() method of the ConditionalFrame but will

additionally need to render the text “ELSE” and then the second result component that covers

the “else” part of the condition.

5.2.5.4 Else Conditional Component ALOC Specification

To keep the IDE data-driven, we also must define the aLOC specification for the else conditional.

This is again similar to the specification of the original condition. Listing 15 shows how one could

define an “else conditional definition” in an ALOC specification.

With all this, we now have a stronger conditional statement to draft contracts with (see Figure 5.7).

1While close to the “If-Then-Else” statement, ALOC’s conditional components, does not contain the suitable
rendering capabilities to display a condition component and two “result components.
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"else_conditional_components": [

{

"component_name": "conditional_definition",

"type_specs": [

{

"colour": "forestgreen",

"type_name": "if",

"display_name": "If-Else Conditional Definition"

},

{

"type_name": "if then",

"display_name": "If-Then-Else Conditional Definition"

}

],

"condition": "condition",

"result": "definition",

"collection_location": "other_components"

},

]

Listing 15: Else Conditional in ALOC specification

Figure 5.7: Else Conditional in use in ALOC
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5.2.6 Requirement 6

RQ5: Be extensively documented.(✓)

Documentation is important to ensure that future maintainers have all the information they need

to improve ALOC. All methods have Google style[34] docstrings to describe their behaviour. An

example of this is shown in Listing 16.

def _get_type_spec(self, component_type: str) -> TypeSpec:

"""

Get the type specification for the given component type.

Args:

- component_type (str): The type of the component.

Returns:

- TypeSpec: The type specification for the component type.

Raises:

- ValueError: If the component type is invalid.

"""

for type_spec in self.__types:

if type_spec.get_name() == component_type:

return type_spec

raise ValueError("Invalid type name.")

Listing 16: Documented Function

Additionally, documentation containing information on how to use, configure and update ALOC

has been made available as a GitHub pages website [40]. This documentation can also be built

locally.

5.2.7 Requirement 7

RQ5: Allow users to view contracts in alternate forms.(✓)

On top of being able to see their contract in the IDE, users have the option of exporting their

contract to either a text file (see RQ2) or to view it as a PDF. We’ll use the contract shown

previously in Figure 5.1. We can export it to a PDF file by pressing the “Export as” button and

selecting PDF. We are then prompted to enter the title of the contract and where it should be

stored. This generates the image shown in Figure 5.8.
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X (formely known as Twitter) hires from Meta


[0] Party A IS X Corporation of Market Street San Francisco 

C-AND

[1] Party B IS Meta Platforms UK Limited of Breck Street

C-AND

[2] it is the case that Party A shall pay GBP 1000000 on the 1 March 2024

C-AND

[3] Party B shall deliver NAMEDOBJECT "Employee" on THEDATE

IF

[4] Party A delivered GBP 1000000 on THEDATE

Figure 5.8: Example Contract exported as PDF
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Chapter 6

Conclusions

We conclude this project with an evaluation of ALOC, alongside ideas for possible future enhance-

ments that can be made.

6.1 Evaluation and Summary of Achievements

The development of ALOC met all the project objectives that were highlighted in Section 1.1.

• (I) Develop and test an Integrated Development Environment (IDE) for drafting smart legal

contracts in CoLa:

This objective was met as ALOC allows users to create CoLa code through visual tools such

as buttons and menus. The expressive power of ALOC allows users to create any valid CoLa

contract.

• (II) The IDE should be easy to use for someone who lacks knowledge related to coding or the

syntax of CoLa:

The method in which ALOC allows users to draft contracts is restrictive. Only defined

components can be added to the contract, certain attributes of components can only be given

values that are specified in the grammar, and attributes that can take an infinite amount of

values are validated using a parser. If a user enters an invalid value for an attribute, they are

notified of the error and notified of the expected format of the attribute. The combination

of this restrictive editing environment and the feedback provided on erroneous input makes

it easier for users unfamiliar with CoLa to still draft CoLa contracts.

• (III) Make the IDE data-driven allowing it to adapt to future changes made to CoLa: This

objective was met with the development of the ALOC specification defined in Section 4.2.2.

With the ALOC specification the entire IDE can be modified to update the CoLa (or even

support an entirely new language). There is, however, a limit to what can be added to the

ALOC by just editing the ALOC specification. Only the three component types (simple,

chain and conditional) can be added through the ALOC specification, components that do

not fall into one of the three types need to first be implemented through editing the source

code before they can be defined through the ALOC specification.

Additionally, ALOC was able to meet all the requirements we defined in Chapter 3.

• RQ1: ALOC must allow users to create, save, edit and open CoLA contracts:

The toolbar buttons in ALOC’s interface allow users to create new contracts, save their
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current contract and open previously created contracts. This was largely due to the use of

Python’s pickle library, which allows persisting python objects to storage. This process,

and therefore ALOC’s saveload mechanism, has some flaws. The major one is that if any

changes are made to ALOC’s source code, previously pickled contract objects may no longer

be supported.

• RQ2: It must be impossible for users to create invalid CoLa contracts using ALOC.:

Due to users only being able to edit attributes of components, with a parser ensuring that

the user’s input is valid users cannot enter invalid attributes. This means that components,

and therefore the contract as a whole, cannot be syntactically incorrect. However, since

ALOC is data-driven, this requirement is largely dependant on whether or not the grammar

described by the ALOC specification (see Section 4.2.2) correctly describes CoLa; if the

ALOC specification does not accurately describe CoLa’s syntax, then it is possible for a user

to create an invalid contract.

• RQ3: ALOC must allow users to export created contracts to CoLa text.:

This requirement is met through every contract component having a to cola() method (see

Figure 4.3). When the user presses the “Export Contract” button in ALOC’s toolbar and

selects a file to store their contract to, every component is traversed in order and the to -

cola() method is used to generate the textual representation of the contract. This textual

representation is then stored in the file specified by the user.

• RQ4: ALOC must be data-driven:

(See objective (III) above.)

• RQ5: ALOC must be extendable:

ALOC was developed with extendability in mind. Inheritance was used in the development

of the source code in both the model and view so that adding extra functionality could

be carried out as efficiently as possible. Additionally, documentation on how one can both

extend and use ALOC is provided on the project’s website [40].

• RQ6: ALOC must be extensively documented :

All the core functionality of ALOC is documented using docstrings (see Listing 16 for an

example). A usage manual is also provided on the project website [40] which explains how

you can use ALOC to draft a contract. Said website also provides information on the fun-

damentals of ALOC such as what the different components are and how to read and add

to the ALOC specification. Further, the website includes information such as how to install

ALOC, the code style used for those wanting to extend it, and code reference documentation

generated from the docstrings.

• RQ7: ALOC must allow users to view contracts in alternative forms:

Contracts drafted using ALOC can be viewed in the interface, as a text file and as a PDF

file. While this does provide different methods of viewing the contract, these visualisation

methods do not offer additional information. As discussed in 6.2, it would be a good extension

to ALOC if it were to support more complex contract views such as a Petri Net.

In meeting all project objectives and requirements, ALOC is shown to be a suitable and adaptable

tool for users to utilise to create smart contracts in CoLa, without prior knowledge of the language’s

syntax.
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6.2 Future Work

This section covers all of the next steps that could be taken to help improve ALOC.

6.2.1 Inter-Contract Referencing

Contracts are often written in the context of other contracts and may want to represent parts

of these other contracts. Because of this, ALOC should also be able to reference other contracts

drafted in ALOC. There are a number of challenges that would need to be overcome to support this.

First, since ALOC is data-driven, contracts may be drafted with different “versions” to one an-

other. For instance, suppose we have contracts A and B, with the ALOC specification for contract

A having valid definitions be the set {a1, a2} and the ALOC specification for contract B having

valid definitikons be the set {a1, a2, b1}. It would always be okay for contract B to import a def-

inition from contract A, but not vice versa, as definition b1 is not valid according to A’s ALOC

specification. There are two ways in which this issue could be resolved, the first being we only

allow a contract to import another contract if (and only if) the ALOC specification of the two

contracts describes identical languages. Or, we only allow a contract to import another contract

whose ALOC specification describes a language that is a strict subset of the first contract’s lan-

guage.

Secondly, importing definitions from various contracts causes namespacing issues. Each contract

component has an identifier that is unique within the contract. Importing other definitions would

require figuring out a way to produce identifiers that are unique to all imported documents. This

could be achieved by encoding the contract’s path into all identifiers, as two contracts cannot have

the same path. The second namespacing issue is within the actual content of the contract.

Lastly, if a statement that itself refers to another contract can also be referenced, we’d need to be

able to handle nested referencing.

6.2.2 Contract Metrics

In Section 2.4.3 we discuss how editors often have some kind of tool that allows you to view the

metrics of the content of a file. Such a tool could be integrated into ALOC. There are various

ways in which a contract can be measured, such as vagueness, inconsistencies and correctness. For

example [41] discusses how the vagueness of a contract can be analysed. The CNL developed in

[41] that is analysed for vagueness uses a structure which is largely similar to CoLa, in the sense

that a contract is considered as a list of components, but cannot entirely be represented in ALOC

since [41]’s language supports nested conditionals, which ALOC does not currently support. The

addition of contract metrics would allow users to gain additional insights into their contract and

make changes accordingly.

6.2.3 Advanced Contract Views

ALOC supports visualising contracts through plaintext and a PDF file. However, there are other

ways in which a contract could be visualised that could provide insights. One interesting way of

visualising contracts would be through a Petri net. Petri nets are graphs that model events and
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the transitions between events. In the context of contracts, a Petri net would describe the set

of states that the contract can enter depending on the actions of the relevant parties. Work has

already been done [42] in generating a Petri net from CoLa, so integrating such a feature would

be a productive extension to ALOC.

6.2.4 Reworked User Interface and Experience

Currently, the user interface of ALOC has plenty of room for improvement. When drafting a large

contract the user will likely have a difficult time navigating through the IDE. This is because the

scrolling functionality does not work well with touchpads and mice, requiring the user to click a

button to move the display up and down. Additionally, being able to collapse certain components

so the user can focus only on components they are worried about would be a helpful feature.

On the UI side, the design of the UI is relatively bland and tkinter does not offer much in the

way of customisation. Thankfully, due to ALOC following the MVC architecture, if one were to

switch ALOC to using another UI framework only changes in the “view” would be required.

6.2.5 Automatic ALOC Specification Generation

The current ALOC specification is isolated from the grammar of the target language. This means

that whenever changes are made to the language grammar, the ALOC specification also needs to be

updated. A better way of handling this would be to have a tool which takes in a language’s grammar

(in some format similar to Backus-Naur Form [43], a meta-language for defining grammars) and

produces an ALOC specification file out of it.
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Appendix A

CoLa’s Grammar

⟨contract⟩ ::= ⟨component⟩
| ⟨component⟩ C AND ⟨contract⟩

⟨component⟩ ::= ⟨definition⟩
| ⟨conditional definition⟩
| ⟨statement⟩
| ⟨conditional statement⟩

⟨definition⟩ ::= ⟨simple definition⟩
| ⟨simple definition⟩ AND ⟨definition⟩

⟨simple definition⟩ ::= ⟨id⟩ ⟨subject⟩ IS ⟨subject⟩
| ⟨id⟩ ⟨subject⟩ EQUALS ⟨numerical expression⟩

⟨numerical expression⟩ ::= ⟨num⟩
| ⟨numerical object⟩
| ⟨numerical expression⟩ ⟨operator⟩ ⟨numerical expression⟩

⟨operator⟩ ::= PLUS

| MINUS

| TIMES

| DIVIDE

⟨conditional definition⟩ ::= ⟨definition⟩ IF ⟨condition⟩
| IF ⟨condition⟩ THEN ⟨definition⟩

⟨statement⟩ ::= ⟨simple statement⟩
| ⟨simple statement⟩ OR ⟨statement⟩
| ⟨simple statement⟩ AND ⟨statement⟩
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⟨conditional statement⟩ ::= ⟨statement⟩ IF ⟨condition⟩
| IF ⟨condition⟩ THEN ⟨statement⟩

⟨simple statement⟩ ::= ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩ ⟨date⟩
| ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨date⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩
| ⟨id⟩ ⟨holds⟩ ⟨date⟩ ⟨subject⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩

⟨condition⟩ ::= ⟨simple condition⟩
| ⟨simple condition⟩ OR ⟨condition⟩
| ⟨simple condition⟩ AND ⟨condition⟩

⟨simple condition⟩ ::= ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨verb status⟩ ⟨object⟩ ⟨date⟩
| ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨date⟩ ⟨verb status⟩ ⟨object⟩
| ⟨id⟩ ⟨holds⟩ ⟨date⟩ ⟨subject⟩ ⟨verb status⟩ ⟨object⟩
| ⟨id⟩ ⟨holds⟩ ⟨subject⟩ ⟨modal verb⟩ ⟨verb⟩ ⟨object⟩ ⟨date⟩
| ⟨id⟩ ⟨holds⟩ ⟨boolean expression⟩

⟨boolean expression⟩ ::= ⟨subject⟩ ⟨verb status⟩ ⟨comparison⟩ ⟨subject⟩

⟨id⟩ ::= [ ⟨num⟩ ]
| [ ⟨num⟩ ( ⟨num⟩ )]

⟨holds⟩ ::= it is the case that

| it is not the case that

⟨subject⟩ ::= ⟨string⟩

⟨verb⟩ ::= deliver

| pay

| charge

⟨verb status⟩ ::= delivered

| paid

| charged

⟨comparison⟩ ::= ⟨lessthan⟩
| ⟨EQUALTO⟩
| ⟨MORETHAN ⟩

⟨modal verb⟩ ::= obligation

| permission

| prohibition
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⟨date⟩ ::= on the ⟨num⟩ ⟨month⟩ ⟨num⟩
| on ANYDATE

| on ADATE

| on THEDATE

⟨month⟩ ::= January

| ...

| December

⟨object⟩ ::= ⟨numerical object⟩
| ⟨nonnumerical object⟩

⟨numerical object⟩ ::= POUNDS ⟨num⟩
| DOLLARS ⟨num⟩
| EUROS ⟨num⟩
| AMOUNT ⟨subject⟩

⟨nonnumerical object⟩ ::= SOMECURRENCY ⟨string⟩
| REPORT ⟨quoted string⟩
| NAMEDOBJECT ⟨quoted string⟩
| OTHEROBJECT ⟨quoted string⟩

⟨string⟩ ::= ⟨char⟩
| ⟨char⟩ ⟨string⟩

⟨quoted string⟩ ::= ‘‘<string>’’

⟨char⟩ ::= a..z

| A..Z

| (This is a whitespace character)

⟨num⟩ ::= ⟨digit⟩
| ⟨digit⟩ ⟨num⟩

⟨digit⟩ ::= 0..9
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Appendix B

Source Code

from src.controller.controller import Controller

from src.model.aloc_spec import ALOCSpec

from src.model.model import Model

from src.view.view import View

class App:

def __init__(self) -> None:

spec_reader = ALOCSpec("./src/aloc_spec.json")

self.model = Model(

spec_reader.get_contract_collections(), spec_reader.get_component_types()

)

self.controller = Controller(self.model, spec_reader.get_component_specs())

self.view = View(self.controller)

def main_loop(self) -> None:

self.view.mainloop()

if __name__ == "__main__":

app = App()

app.main_loop()

Listing 17: main.py
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import pickle

from typing import Dict, List, Type

from src.model.component_collection import ComponentCollection

from src.model.components.chain_component import ChainComponent

from src.model.components.component import Component

from src.model.components.contract import Contract

from src.model.components.simple_component import SimpleComponent

class Model:

def __init__(

self,

component_collections: List[ComponentCollection],

component_spec_pairs: Dict[str, Type[Component]],

) -> None:

self.__component_collections: List[ComponentCollection] = component_collections

self.__component_spec_pairs: Dict[str, Type[Component]] = component_spec_pairs

self.create_new_contract()

def change_component_form(self, component_id, component_form):

component = self.__contract.get_component(component_id)

component.set_form(component_form)

self.reset_ids()

def update_component(self, component_id, update_dict):

component = self.__contract.get_component(component_id)

assert isinstance(component, SimpleComponent)

component.update(**update_dict)

self.reset_ids()

def delete_component(self, component_id):

self.__contract.delete_component(component_id)

self.__contract.reset_ids()

def add_component(self, component_spec):

self.__contract.add_component(component_spec)

self.__contract.reset_ids()

def extend_chain_component(self, component_id):

component = self.__contract.get_component(component_id)

assert isinstance(component, ChainComponent)

component.add_next()

self.__contract.reset_ids()

def get_contract(self) -> Contract:

return self.__contract

def save_contract_file(self, path: str) -> None:

contract_data = pickle.dumps(self.__contract, protocol=pickle.HIGHEST_PROTOCOL)

with open(path, "wb") as file:

file.write(contract_data)

self.__contract.set_path(path)

Listing 18: src/model/model.py
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def open_contract_file(self, path: str) -> None:

try:

with open(path, "rb") as file:

contract_data = file.read()

self.__contract = pickle.loads(contract_data)

except Exception as e:

print(f"Error loading contract: {e}")

def create_new_contract(self) -> Contract:

for component_collection in self.__component_collections:

component_collection.clear()

self.__contract: Contract = Contract(

self.__component_collections, self.__component_spec_pairs

)

return Contract(self.__component_collections, self.__component_spec_pairs)

def export_to_cola(self, path: str):

try:

cola = self.__contract.to_cola()

with open(path, "w") as file:

file.write(cola)

except Exception as e:

print(f"Error exporting to contract: {e}")

def reset_ids(self):

self.__contract.reset_ids()

Listing 19: src/model/model.py continued
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import tkinter as tk

from tkinter import filedialog

from src.model.components.contract import Contract

from src.view.constants import Constants

from src.view.renderer import Renderer

from src.view.scroll_canvas import ScrollCanvas

class View(tk.Tk):

def __init__(self, controller) -> None:

super().__init__()

self.__controller = controller

self.geometry("1000x1000")

self.title("ALOC: a Legal Outline Creator")

toolbar = tk.Frame(self)

toolbar.pack(side="top", fill="x")

new_button = tk.Button(

toolbar, text="Create New Contract", command=self._new_contract

)

new_button.pack(side="left")

save_button = tk.Button(

toolbar, text="Save Contract", command=self._save_contract

)

save_button.pack(side="left")

load_button = tk.Button(

toolbar, text="Open Contract", command=self._load_contract

)

load_button.pack(side="left")

export_button = tk.Button(

toolbar, text="Export Contract", command=self._export_to_cola

)

export_button.pack(side="left")

self.__tree_frame = ScrollCanvas(self)

self.__tree_frame.pack(fill=tk.BOTH, expand=True)

self.__renderer = Renderer(self.__tree_frame, controller, self.update_display)

self.update_display()

def update_display(self) -> None:

contract = self.__controller.get_contract()

self.render_contract(contract)

Listing 20: src/view/view.py
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def render_contract(self, contract: Contract, x=10, y=10):

self.__renderer.render(x, y, contract)

def _save_contract(self) -> None:

file_path = self.__controller.get_contract_path()

if file_path == "":

file_path = filedialog.asksaveasfilename(

defaultextension=f".{Constants.FILE_EXT}",

filetypes=[

(f".{Constants.FILE_TYPE_NAME} files", f"*.{Constants.FILE_EXT}")

],

)

if file_path:

self.__controller.save_contract(file_path)

print(f"Contract saved to: {file_path}")

def _load_contract(self) -> None:

file_path = filedialog.askopenfilename(

defaultextension=f".{Constants.FILE_EXT}",

filetypes=[

(f"{Constants.FILE_TYPE_NAME} files", f"*.{Constants.FILE_EXT}")

],

)

if file_path:

self.__controller.load_contract(file_path)

self.update_display()

print(f"Contract loaded from: {file_path}")

def _new_contract(self) -> None:

self.__controller.create_new_contract()

self.update_display()

def _export_to_cola(self) -> None:

file_path = filedialog.asksaveasfilename(

defaultextension=f".{Constants.TEXT_EXT}",

filetypes=[(f"{Constants.TEXT_EXT} files", f"*.{Constants.TEXT_EXT}")],

)

if file_path:

self.__controller.export_to_cola(file_path)

print(f"Contract exported to: {file_path}")

Listing 21: src/view/view.py continued
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from typing import Dict, List

from src.model.component_specifications.component_spec import ComponentSpec

from src.model.components.contract import Contract

from src.model.model import Model

class Controller:

def __init__(self, model: Model, component_specs: Dict[str, ComponentSpec]):

self.__model = model

self.__component_specs = component_specs

def get_contract_path(self) -> str:

return self.__model.get_contract().get_path()

def save_contract(self, path) -> None:

self.__model.save_contract_file(path)

def load_contract(self, path) -> None:

self.__model.open_contract_file(path)

def export_to_cola(self, path) -> None:

self.__model.export_to_cola(path)

def create_new_contract(self) -> None:

self.__model.create_new_contract()

def get_contract(self) -> Contract:

return self.__model.get_contract()

def add_new_component(self, component_name) -> None:

component_spec = self.__component_specs[component_name]

self.__model.add_component(component_spec)

def delete_component(self, component_id: int) -> None:

self.__model.delete_component(component_id)

def get_contract_component_names(self) -> List[str]:

components = list(self.__component_specs.keys())

return [

component

for component in components

if self.__component_specs[component].get_location() != "none"

]

def change_component_form(self, component_id: int, component_form) -> None:

self.__model.change_component_form(component_id, component_form)

def update_component(self, component_id: int, update_dict) -> None:

self.__model.update_component(component_id, update_dict)

def extend_chain_component(self, component_id: int) -> None:

self.__model.extend_chain_component(component_id)

def reset_ids(self):

self.__model.reset_ids()

Listing 22: src/controller/controller.py
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from tkinter import Canvas

from typing import Callable

from src.controller.controller import Controller

from src.model.components.chain_component import ChainComponent

from src.model.components.component import Component

from src.model.components.conditional_component import ConditionalComponent

from src.model.components.contract import Contract

from src.model.components.else_conditional_component import \

ElseConditionalComponent

from src.model.components.simple_component import SimpleComponent

from src.view.constants import Constants

from src.view.frames.chain_frame import ChainFrame

from src.view.frames.conditional_frame import ConditionalFrame

from src.view.frames.contract_frame import ContractFrame

from src.view.frames.else_conditional_frame import ElseConditionalFrame

from src.view.frames.simple_frame import SimpleFrame

from src.view.scroll_canvas import ScrollCanvas

COMPONENTS_TO_FRAMES = {

ChainComponent: ChainFrame,

SimpleComponent: SimpleFrame,

ConditionalComponent: ConditionalFrame,

ElseConditionalComponent: ElseConditionalFrame,

}

class Renderer:

def __init__(

self,

frame: ScrollCanvas,

controller: Controller,

re_render_func: Callable,

) -> None:

self.__frame: Canvas = frame.get_canvas()

self.__controller: Controller = controller

self.__re_render_func: Callable = re_render_func

def render(self, x: int, y: int, contract: Contract) -> None:

self.__frame.delete("all")

y = ContractFrame(

self.__frame,

self.__controller,

self.__re_render_func,

self.__controller.get_contract_component_names(),

).render(x, y)

x += Constants.INDENT_SIZE_PX

for component_collection in contract.get_component_collections():

components = component_collection.get_components()

for component in components:

print(component)

y = self.render_component(x, y, component)

Listing 23: src/view/renderer.py
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def render_component(self, x: int, y: int, component: Component) -> int:

component_type = type(component)

assert (

component_type in COMPONENTS_TO_FRAMES

), f"{component_type} either doesn't exists or doesnt have an associated frame."

frame_type = COMPONENTS_TO_FRAMES[component_type]

return frame_type(

self.__frame, self.__controller, self.__re_render_func, component

).render(x, y)

Listing 24: src/view/renderer.py continued
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start: contract

contract: component

| component "C_AND" contract

component: definition

| conditional_definition

| statement

| conditional_statement

definition: simple_definition

| simple_definition "AND" definition

simple_definition: id subject "IS" subject

| id subject "EQUALS" numerical_expression

numerical_expression: num

| numerical_object

| numerical_expression " " operator " " numerical_expression

operator: plus

| minus

| times

| divide

conditional_definition: definition "IF" condition

| "IF" condition "THEN" definition

statement: simple_statement

| simple_statement "OR" statement

| simple_statement "AND" statement

conditional_statement: statement "IF" condition

| "IF" condition "THEN" statement

simple_statement: id holds? subject modal_verb verb object date

| id holds? subject date modal_verb verb object

| id holds? date subject modal_verb verb object

condition: simple_condition

| simple_condition "OR" condition

| simple_condition "AND" condition

simple_condition: id holds? subject verb_status object date

| id holds? subject date verb_status object

| id holds? date subject verb_status object

| id holds? subject modal_verb verb object date

| id holds? boolean_expression

boolean_expression: subject verb_status comparison subject

id: "[" num "]"

| "[" num "(" num ")]"

holds: "it is the case that"

| "it is not the case that"

subject: string

verb: deliver

| pay

| charge

verb_status: delivered

| paid

| charged

comparison: lessthan

| equalto

| morethan

modal_verb: obligation

| permission

| prohibition

Listing 25: src/grammar.txt
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date: "on the " num " " month " " num

| "on ANYDATE"

| "on ADATE"

| "on THEDATE"

month: "January"

| "February"

| "March"

| "April"

| "May"

| "June"

| "July"

| "August"

| "September"

| "October"

| "November"

| "December"

object: numerical_object

| nonnumerical_object

numerical_object: pounds " " num

| dollars " " num

| euros " " num

nonnumerical_object: "SOMECURRENCY " quoted_string

| "REPORT " quoted_string

| "NAMEDOBJECT " quoted_string

| "OTHEROBJECT " quoted_string

| "AMOUNT " quoted_string

quoted_string : /"[a-zA-Z ]*"/

string: char

| char string

char: "a".."z"

| "A".."Z"

| " "

num: digit

| digit num

digit: "0".."9"

deliver: "deliver"

pay: "pay"

charge: "charge"

Listing 26: src/grammar.txt continued
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delivered: "delivered"

paid: "paid"

charged: "charged"

lessthan: "less than"

equalto: "equals"

| "equal to"

morethan: "more than"

| "greater than"

obligation: "shall"

| "must"

permission: "may"

prohibition: "is forbidden to"

pounds: "GBP"

| "pounds"

| "quid"

dollars: "USD"

| "dollars"

| "bucks"

euros: "EUR"

| "euros"

plus: "+"

| "PLUS"

minus: "-"

| "MINUS"

times: "*"

| "TIMES"

divide: "/"

| "DIVIDE"

Listing 27: src/grammar.txt continued
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from abc import ABC, abstractmethod

from typing import List, Tuple

from src.model.component_specifications.component_spec import ComponentSpec

from src.model.form_spec import FormSpec

class Component(ABC):

def __init__(self, component_spec: ComponentSpec) -> None:

self._id = 0

self._internal_id = 0

self._forms = component_spec.get_forms()

self._form = self._forms[0]

self._component_type = component_spec.get_component_type()

self._component_location = component_spec.get_location()

@abstractmethod

def get_display_text(self) -> str:

pass

@abstractmethod

def reset_id(self, id: int, internal_id: int) -> Tuple[int, int]:

pass

@abstractmethod

def to_cola(self) -> str:

pass

def get_textual_id(self) -> str:

return f"[{self._id}]"

def set_form(self, component_form: str) -> None:

self._form = self._get_form_spec(component_form)

def get_form(self) -> FormSpec:

return self._form

def get_component_type(self) -> str:

return self._component_type

def get_forms(self) -> List[FormSpec]:

return self._forms

def get_internal_id(self) -> int:

return self._internal_id

Listing 28: src/model/components/component.py
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def set_internal_id(self, id: int) -> None:

self._internal_id = id

def set_id(self, id: int) -> None:

self._id = id

def _get_form_spec(self, component_form: str) -> FormSpec:

for type_spec in self._forms:

if type_spec.get_name() == component_form:

return type_spec

raise ValueError("Invalid type name.")

def get_location(self):

return self._component_location

Listing 29: src/model/components/component.py continued
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from typing import List, Tuple

from src.model.component_attribute import ComponentAttribute

from src.model.component_specifications.simple_component_spec import \

SimpleComponentSpec

from src.model.components.component import Component

from src.model.simple_form_spec import SimpleFormSpec

from src.model.terminal_types.hybrid_terminal import HybridTerminal

from src.model.terminal_types.multi_choice_terminal import MultiChoiceTerminal

from src.model.terminal_types.terminal import TerminalTypeNames

class SimpleComponent(Component):

def __init__(self, component_spec: SimpleComponentSpec) -> None:

super().__init__(component_spec)

self.__attributes = [

attribute.create_blank() for attribute in component_spec.get_attributes()

]

def get_form(self) -> SimpleFormSpec:

form_spec = super().get_form()

assert isinstance(form_spec, SimpleFormSpec)

return form_spec

def update(self, **kwargs) -> None:

for key, value in kwargs.items():

attribute = self.get_attribute(key)

attribute.set_value(value)

def get_current_attributes(self) -> List[ComponentAttribute]:

type_spec = self._get_form_spec(self.get_form().get_name())

assert isinstance(type_spec, SimpleFormSpec)

return [

attribute

for attribute in self.__attributes

if attribute.get_name() in type_spec.get_expected_attributes()

]

def get_attributes(self) -> List[ComponentAttribute]:

return self.__attributes

def get_attribute(self, attribute_name) -> ComponentAttribute:

for attribute in self.get_attributes():

if attribute.get_name() == attribute_name:

return attribute

raise ValueError(

f"""Unsupported attribute name supplied. Requested {attribute_name}

when there are only

{[attribute.get_name() for attribute in self.get_attributes()]}"""

)

Listing 30: src/model/components/simple component.py
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def get_display_text(self) -> str:

component_type = self.get_form()

format_string = component_type.get_format_string()

format_params = [

self._get_component_value(attribute)

for attribute in component_type.get_expected_attributes()

]

return f"{self.get_textual_id()} {format_string.format(*format_params)}"

def reset_id(self, id: int, internal_id: int) -> Tuple[int, int]:

self.set_id(id)

self.set_internal_id(internal_id)

return id + 1, internal_id + 1

def _get_component_value(self, component_key: str) -> str | Tuple:

attribute = self.get_attribute(component_key)

if attribute.get_terminal().get_type() == TerminalTypeNames.HYBRID:

return self._get_component_hybrid(attribute)

if attribute.get_terminal().get_type() == TerminalTypeNames.MULTI_CHOICE:

return self._get_component_multi_choice(attribute)

return attribute.get_value()

@staticmethod

def _get_component_hybrid(attribute: ComponentAttribute) -> str:

value = attribute.get_value()

return value[0] if value[0] != HybridTerminal.CUSTOM_OPTION else value[1]

@staticmethod

def _get_component_multi_choice(attribute):

value = attribute.get_value()

if value == MultiChoiceTerminal.EMPTY_CHOICE:

return ""

return value

def to_cola(self) -> str:

return f"{self.get_display_text()}"

Listing 31: src/model/components/component.py continued
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from typing import Tuple

from src.model.chain_parent import ChainParent

from src.model.component_specifications.chain_component_spec import \

ChainComponentSpec

from src.model.components.simple_component import SimpleComponent

class ChainComponent(SimpleComponent):

def __init__(self, component_spec: ChainComponentSpec, parent: ChainParent) -> None:

super().__init__(component_spec)

self.__component_spec: ChainComponentSpec = component_spec

self.__next = None

self.__parent: ChainParent = parent

self.__linking_attribute = component_spec.get_linking_attribute()

def add_next(self) -> None:

old_next = self.__next

new_next = ChainComponent(self.__component_spec.create_blank(), self.__parent)

self.set_next(new_next)

new_next.set_next(old_next)

def set_next(self, next_component: "ChainComponent | None") -> None:

self.__next = next_component

def get_next(self) -> "ChainComponent | None":

return self.__next

def delete(self) -> None:

self.__parent.delete_chain_component(self.get_internal_id())

def get_chain_component(

self, internal_id: int, prev_component: "ChainComponent | None" = None

) -> Tuple:

if internal_id == self.get_internal_id():

return prev_component, self

next_component = self.get_next()

if next_component:

return next_component.get_chain_component(internal_id, self)

return self, None

def get_display_text(self) -> str:

text: str = super().get_display_text()

if not self.__next:

return text

attribute_value = self.get_attribute(self.__linking_attribute).get_value()

assert type(attribute_value) is str

text += f" {attribute_value}"

return text

def get_current_attributes(self):

attributes = super().get_current_attributes()

attributes.append(self.get_attribute(self.__linking_attribute))

return attributes

Listing 32: src/model/components/chain component.py
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def get_chain_component(

self, internal_id: int, prev_component: "ChainComponent | None" = None

) -> Tuple:

if internal_id == self.get_internal_id():

return prev_component, self

next_component = self.get_next()

if next_component:

return next_component.get_chain_component(internal_id, self)

return self, None

def get_display_text(self) -> str:

text: str = super().get_display_text()

if not self.__next:

return text

attribute_value = self.get_attribute(self.__linking_attribute).get_value()

assert type(attribute_value) is str

text += f" {attribute_value}"

return text

def get_current_attributes(self):

attributes = super().get_current_attributes()

attributes.append(self.get_attribute(self.__linking_attribute))

return attributes

Listing 33: src/model/components/chain component.py continued

def reset_id(self, id: int, internal_id: int) -> Tuple[int, int]:

self.set_id(id)

self.set_internal_id(internal_id)

id += 1

internal_id += 1

if self.__next:

return self.__next.reset_id(id, internal_id)

return id, internal_id

def to_cola(self):

text = f"{self.get_display_text()}"

current_component = self.get_next()

while current_component:

text += "\n"

text += f"{current_component.get_display_text()}"

current_component = current_component.get_next()

return text

Listing 34: src/model/components/chain component.py continued
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from typing import Tuple

from src.model.chain_parent import ChainParent

from src.model.component_specifications.conditional_component_spec import \

ConditionalComponentSpec

from src.model.components.chain_component import ChainComponent

from src.model.components.component import Component

class ConditionalComponent(Component, ChainParent):

def __init__(self, conditional_component_spec: ConditionalComponentSpec) -> None:

Component.__init__(self, conditional_component_spec)

ChainParent.__init__(self, False)

self.__condition_component: ChainComponent = ChainComponent(

conditional_component_spec.get_condition_spec(), self

)

self.__result_component: ChainComponent = ChainComponent(

conditional_component_spec.get_result_spec(), self

)

self.add_child(self.__condition_component)

self.add_child(self.__result_component)

def get_result(self) -> ChainComponent:

return self.__result_component

def get_condition(self) -> ChainComponent:

return self.__condition_component

Listing 35: src/model/components/conditional component.py
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def get_display_text(self) -> str:

return ""

def reset_id(self, id: int, internal_id: int) -> Tuple[int, int]:

self.set_internal_id(internal_id)

internal_id += 1

current_type = self.get_form().get_name()

if current_type == "if":

id, internal_id = self.__result_component.reset_id(id, internal_id)

return self.__condition_component.reset_id(id, internal_id)

elif current_type == "if then":

id, internal_id = self.__condition_component.reset_id(id, internal_id)

return self.__result_component.reset_id(id, internal_id)

raise ValueError(f"Conditional component has invalid type: {current_type}")

def delete_chain_component(self, id):

super().delete_chain_component(id)

def to_cola(self) -> str:

current_type = self.get_form().get_name()

result_text = self.__result_component.to_cola()

condition_text = self.__condition_component.to_cola()

if current_type == "if":

return f"{result_text}\nIF\n{condition_text}"

elif current_type == "if then":

return f"IF\n{condition_text}\nTHEN\n{result_text}"

raise ValueError(f"Conditional component has invalid type: {current_type}")

Listing 36: src/model/components/conditional component.py continued
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import tkinter as tk

from abc import abstractmethod

from typing import Callable

from src.controller.controller import Controller

from src.model.components.component import Component

class BaseFrame(tk.Frame):

def __init__(

self,

parent: tk.Canvas,

controller: Controller,

re_render_func: Callable,

component: Component,

**kwargs,

):

super().__init__(parent, **kwargs)

self.__parent = parent

self.__controller = controller

self.__re_render_func = re_render_func

self.__menu = tk.Menu(self, tearoff=0)

self.__component = component

self.create_widget()

@abstractmethod

def create_widget(self):

"""

Creates the widget for this frame.

"""

@abstractmethod

def get_display_text(self) -> str:

return self.__component.get_display_text()

@abstractmethod

def render(self, x, y) -> int:

display_text = self.get_display_text()

self.__parent.create_window(x, y, anchor=tk.NW, window=self)

self.__parent.update()

if not display_text:

return self.winfo_reqheight()

label = tk.Message(self, font=("Arial", 10), text=display_text, width=500)

label.grid(row=1, column=0, sticky=tk.W)

self.__parent.update()

return self.winfo_reqheight()

@abstractmethod

def destruct(self):

self.__controller.delete_component(self.__component.get_internal_id())

self.trigger_re_render()

def get_controller(self) -> Controller:

return self.__controller

Listing 37: src/view/frames/base frame.py
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def get_component(self) -> Component:

return self.__component

def get_re_render_func(self) -> Callable:

return self.__re_render_func

def get_parent(self) -> tk.Canvas:

return self.__parent

def get_menu(self) -> tk.Menu:

return self.__menu

def trigger_re_render(self):

self.__re_render_func()

def show_menu(self, event):

self.__menu.tk_popup(event.x_root, event.y_root)

def change_component_type(self, component_type: str):

self.__controller.change_component_form(

self.__component.get_internal_id(), component_type

)

self.trigger_re_render()

def add_delete_button(self):

self.__menu.add_command(label="Delete", command=self.destruct)

def add_type_submenu(self):

menu = tk.Menu(self.__menu, tearoff=0)

type_names = [

type_spec.get_name() for type_spec in self.__component.get_forms()

]

for type_name in type_names:

menu.add_command(

label=type_name,

command=lambda c_type=type_name: self.change_component_type(c_type),

)

self.__menu.add_cascade(label="Change component type", menu=menu)

Listing 38: src/view/frames/base frame.py continued
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import tkinter as tk

from typing import Callable

from src.controller.controller import Controller

from src.model.components.simple_component import SimpleComponent

from src.view.frames.base_frame import BaseFrame

from src.view.update_menu_handler import UpdateFormHandler

class SimpleFrame(BaseFrame):

def __init__(

self,

parent: tk.Canvas,

controller: Controller,

re_render_func: Callable,

component: SimpleComponent,

):

super().__init__(parent, controller, re_render_func, component)

self.__widget_handler = UpdateFormHandler()

def create_widget(self):

button = tk.Button(

self,

text=self.get_component().get_form().get_display_text(),

bg=self.get_component().get_form().get_colour(),

)

button.grid(row=0, column=0, sticky=tk.W)

self.add_update_button()

self.add_type_submenu()

self.add_delete_button()

button.bind("<Button-1>", self.show_menu)

def add_update_button(self):

component = self.get_component()

assert isinstance(component, SimpleComponent)

menu = self.get_menu()

menu.add_command(

label="Update",

command=lambda: self.__widget_handler.create_update_form(

component,

self.get_re_render_func(),

self.get_controller(),

),

)

def render(self, x, y) -> int:

display_text = self.get_display_text()

parent = self.get_parent()

parent.create_window(x, y, anchor=tk.NW, window=self)

parent.update()

if not display_text:

return self.winfo_reqheight()

label = tk.Message(self, font=("Arial", 10), text=display_text, width=500)

label.grid(row=1, column=0, sticky=tk.W)

parent.update()

return y + self.winfo_reqheight()

Listing 39: src/view/frames/simple frame.py
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import tkinter as tk

from typing import Callable

from src.controller.controller import Controller

from src.model.components.chain_component import ChainComponent

from src.view.frames.simple_frame import SimpleFrame

class ChainFrame(SimpleFrame):

def __init__(

self,

parent: tk.Canvas,

controller: Controller,

re_render_func: Callable,

component: ChainComponent,

):

super().__init__(

parent,

controller,

re_render_func,

component,

)

def create_widget(self):

button = tk.Button(

self,

text=self.get_component().get_form().get_display_text(),

bg=self.get_component().get_form().get_colour(),

)

button.grid(row=0, column=0, sticky=tk.W)

self.add_update_button()

self.add_type_submenu()

self.add_chain_options()

self.add_delete_button()

button.bind("<Button-1>", self.show_menu)

Listing 40: src/view/frames/chain frame.py
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def render(self, x: int, y: int) -> int:

current_component = self.get_component()

assert isinstance(current_component, ChainComponent)

y = super().render(x, y)

next_component = current_component.get_next()

if next_component:

return ChainFrame(

self.get_parent(),

self.get_controller(),

self.get_re_render_func(),

next_component,

).render(x, y)

return y

def add_chain_options(self):

root_menu = self.get_menu()

root_menu.add_command(

label="Extend component", command=lambda: self.extend_component()

)

def extend_component(self):

self.get_controller().extend_chain_component(

self.get_component().get_internal_id()

)

self.trigger_re_render()

def destruct(self):

component = self.get_component()

assert isinstance(component, ChainComponent)

component.delete()

self.get_controller().reset_ids()

self.trigger_re_render()

Listing 41: src/view.frames/chain frame.py continued
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import tkinter as tk

from src.model.components.conditional_component import ConditionalComponent

from src.view.constants import Constants

from src.view.frames.base_frame import BaseFrame

from src.view.frames.chain_frame import ChainFrame

class ConditionalFrame(BaseFrame):

def __init__(

self,

parent: tk.Canvas,

controller,

re_render_func,

component,

):

super().__init__(

parent,

controller,

re_render_func,

component,

)

assert isinstance(component, ConditionalComponent)

self.__result = ChainFrame(

parent, controller, re_render_func, component.get_result()

)

self.__condition = ChainFrame(

parent, controller, re_render_func, component.get_condition()

)

def create_widget(self):

button = tk.Button(

self,

text=self.get_component().get_form().get_display_text(),

bg=self.get_component().get_form().get_colour(),

)

button.grid(row=0, column=0, sticky=tk.W)

self.add_type_submenu()

self.add_delete_button()

button.bind("<Button-1>", self.show_menu)

Listing 42: src/view/frames/conditional frame.py continued

70



def render(self, x, y):

y += super().render(x, y)

x += Constants.PADDING_PX

conditional_type = self.get_component().get_form().get_name()

if conditional_type == "if":

y = self.__result.render(x, y)

y = self.create_text_and_get_height("IF", x, y)

y = self.__condition.render(x, y)

return y

elif conditional_type == "if then":

y = self.create_text_and_get_height("IF", x, y)

y = self.__condition.render(x, y)

y = self.create_text_and_get_height("THEN", x, y)

y = self.__result.render(x, y)

return y

raise ValueError("Invalid conditional type")

def create_text_and_get_height(self, text: str, x: int, y: int):

parent = self.get_parent()

label = tk.Message(parent, font=("Arial", 10), text=text, width=500)

parent.create_window(x, y, anchor=tk.NW, window=label)

parent.update()

return y + label.winfo_reqheight()

Listing 43: src/view/frames/conditional frame.py continued
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import tkinter as tk

from typing import Callable, List

from src.controller.controller import Controller

class ContractFrame(tk.Frame):

def __init__(

self,

parent: tk.Canvas,

controller: Controller,

re_render_func: Callable,

components: List[str],

**kwargs,

):

super().__init__(parent, **kwargs)

self.__parent = parent

self.__controller = controller

self.__re_render_func = re_render_func

self.__menu: tk.Menu = tk.Menu(self, tearoff=0)

self.__components: List[str] = list(components)

self.create_widgets()

def create_widgets(self) -> None:

button = tk.Button(self, text="Contract", bg="red")

button.pack()

self.__menu = tk.Menu(self, tearoff=0)

for component in self.__components:

self.add_menu_command(component)

button.bind("<Button-1>", self.show_menu)

def show_menu(self, event: tk.Event) -> None:

self.__menu.tk_popup(event.x_root, event.y_root)

def add_menu_command(self, component_name: str) -> None:

self.__menu.add_command(

label=f"Add {component_name.capitalize().replace('_', ' ')}",

command=lambda: self.add_new_component(component_name),

)

def add_new_component(self, component_name: str) -> None:

self.__controller.add_new_component(component_name)

self.__re_render_func()

def render(self, x: int, y: int) -> int:

self.__parent.create_window(x, y, anchor=tk.NW, window=self)

self.__parent.update()

return y + self.winfo_reqheight()

Listing 44: src/view/frames/contract frame.py
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Appendix C

Project Plan

C.1 Preamble

Currently, drafting smart contracts can only be done by those with a technical background related

to programming. This blocks a large population of people who will likely find the drafting of smart

contracts to be useful, namely contract lawyers. Developments of domain-specific languages (DSL)

such as Logical English, Lexon, and (more relevantly) CoLa have helped to lower the barrier to

entry, although there is no accessible way for users to effectively use these languages. This report

covers how I aim to begin addressing this problem - by developing a syntax-directed integrated

development environment (IDE) for drafting smart contracts in CoLa.

C.2 Aims and Objectives

The aim of this project is to develop a syntax-directed IDE for the DSL CoLa. Said IDE should

be convenient for anyone with a background in contract law to use. The developed IDE should

try not to mimic other interfaces that lawyers may be used to using already (such as Microsoft

Word) to avoid a sort of “uncanny valley” effect [44] from occurring which may make the IDE

more difficult to use. The objectives for this project are:

• To develop an IDE with basic file-handling functionality (creating, saving, and editing con-

tracts). The way in which editing the contract will involve editing a visual representation of

the abstract syntax tree of the contract. This has the benefit of constraining the user to stick

to CoLa’s syntax, making it a lot more difficult for syntax errors. Navigating the contract

tree should be done by scrolling, clicking and dragging, and collapsing/expanding different

nodes of the tree. Python’s standard library includes a package called “Tkinter” which al-

lows developers to create applications with a functioning UI. This will be the main UI library

used for this project. Other libraries that could have been considered include “Pyvis” and

“DashVis” which are libraries specifically tailored for designing graphs - however, there is

less flexibility with manipulating said graphs.

• To develop a parser which will primarily be used to verify that the input that has been entered

by the user conforms to CoLa’s syntax. As users will be directly modifying the abstract

syntax tree of the contract, the ways in which the drafted contract can be syntactically

incorrect are limited but still present - as users will be inputting CoLa text to the leaves
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of the contract tree. Parsing will be carried out using Python’s ANTLR library, allowing a

parser to be easily generated when given an input grammar. The input to the parser will be

the CoLa representation of the contract which can be extracted from the contract tree using

tree traversal.

• To support importing other CoLa files. Contracts are almost always written in the context of

other contracts, specifically schedules and master agreements so being able to link CoLa files

together would lay the groundwork for this functionality (as CoLa cannot currently express

master agreements or schedules with its current syntax). This requires solving a namespacing

issue with IDs. In CoLa each statement and condition is given a numerical ID. If there are

two (or more) CoLa files being referred to in a single document, when referring to ID X we

need to be able to distinguish between ID X from CoLa document A or CoLa document B.

• To provide feedback on the drafted contract, showing the user where their contract is syn-

tactically incorrect. This can be done in many ways, with the most common being syntax

highlighting. Other methods could be pointing out the leaves of the contract tree that cause

the syntax error.

• To provide the user to produce different ways of visualising the drafted contract. There are

multiple ways of drafting a contract, e.g. producing a PDF of the contract. However, an

interesting way of visualizing a contract comes in the form of a Petri net diagram displaying

all the states and transitions that are possible given the drafted contract. This method has

already been implemented [42] so this can be done by converting the contract tree drafted by

the user to CoLa and using [42]’s code to produce the Petri net, which can then be displayed

back to the user. Ideally, the application should be able to support at least a PDF and Petri

net views but should be extendable to support other views if possible. When visualising the

contract tree as a PDF, we will need first to convert the tree into valid CoLa and then convert

CoLa into plain English. Conversion of CoLa into plain English can be done in various ways

and the “correct” way depends on the drafter of the contract; allowing a way to select how

each CoLa statement is converted is likely to be the best approach. Various Python libraries

allow the formatting of plaintext to PDF. This project will make use of the “FPDF“ library

to format the user’s drafted contract.

• To provide a way to view analyses of the contract. There have been suggestions of different

ways we can measure the complexity, completeness, and vagueness [41] of a contract. While

this project will not focus on the methods of measuring these metrics, incorporating some

method that allows users to view this information will give them additional insights into their

contract.

• Extending CoLa’s syntax and semantics. Some small changes will need to be made to CoLa’s

syntax to address the namespace issue mentioned earlier. Solving the namespace issue could

be done by importing the entire tree of the other contract into the current contract. However,

this would cause even more problems - now a single CoLa file can contain multiple contracts,

which could result in a massive contract tree for the user to traverse. The method I plan to

use is to give each contract a unique ID. The ID of a statement will then always include the

unique ID of the contract it originates from.

To extend the CoLa grammar. Some other minor changes can also be made to the syntax

such as enforcing the placement of definition statements first (as this is common practice

when drafting contracts.)
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C.3 Deliverables

This project will result in the following deliverables:

• A Literature Review on the topic of syntax-directed IDEs.

• An executable application that allows users to draft contracts containing the features men-

tioned in the previous section. Users of the application should also be able to export the

drafted contract to other forms, CoLa, PDF, etc. The application, as well as instructions on

how to install and run it, will be made publically available for use on Git Hub.

C.4 Work Plan

After conducting background reading on IDE design and parsing techniques, project development

will consist of making incremental improvements to the IDE while also regularly updating my

supervisor on my progress and my design choices. To organise my workload I will make use of the

following Gantt Chart to organise tasks:

Figure C.1: Gantt Chart

Testing will be done throughout development and additionally, the dissertation will be roughly

written throughout the entirety of the project. After development, a first draft will be written over

the next few weeks so feedback can be received and acted upon before the submission deadline.

C.5 Ethics Review

As this project in no way deals with personal, personally identifiable, or sensitive data, it will not

require ethical approval.
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Appendix D

Interim Report

The purpose of this report is to showcase the progress that has been made so far with this final-year

project. It will cover the current features that have been developed for the IDE for CoLa [1] and

will also cover as well as how it currently stands against expectations detailed in the Project Plan.

It will also detail the work to be completed moving forward.

The primary aim of this project is to produce an executable program that will allow users unfamiliar

with programming (namely contract lawyers) to easily draft legal contracts. To ensure that this is

the case, the objectives of this project revolve around creating a low barrier to entry for creating

legal contracts using CoLa.

D.1 Current Progress

Since writing this report, progress has been made in developing the basic functionality required

of the IDE. Additionally, some progress has been made in the writing of some sections of the

accompanying dissertation, however this has mostly been draft work.

Contract Editing

The IDE has the functionality to allow users to create, edit, save and open contracts. The expres-

sive power of contracts written with the IDE is equal to the expressive power of CoLA, in that

you can write all possible CoLa terms with it. Additionally, since the user is constrained to using

visual components of the IDE to edit the contract (through buttons and menus) the user can’t

create invalid contracts. An example contract is shown in Figure D.2. Each button can be clicked

on to act on it, such as update it or delete it (shown in Figure D.3), with the only exception being

the ”Contract button” which can only be used to add contract components (shown in Figure D.1).

Contract Parsing and Input Validation

Within the IDE is a parser for CoLA. Using this parser the IDE can ensure that any input made by

the user conforms to CoLA syntax. This parser has been implemented fully and is used to ensure

that any text the user enters conforms to CoLa’s syntax. If a user enters something that does not

conform with the CoLa syntax, they are notified of this error and are given a short error message

explaining the correct form needed. This can be seen in Figure D.4 where the user cannot submit

the changed attributes of the statement due to the date attribute being in the wrong format. There

is also an accompanying error message explaining what is expected from the user.
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Figure D.1: Menu for adding new Contract
Components

Figure D.2: An example contract drafted with
the IDE.

Figure D.3: Menu allowing for users to
edit a contract component.

Figure D.4: Interface allowing users to change
attributes of a statement, with feedback.
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CoLa Conversion

Contracts created using the IDE can be converted to raw CoLa text, however, it does not yet have

a practical use within the IDE. The uses for this functionality that will be developed in the future

will be covered in section D.2.

D.2 Next Steps

This section covers the required additional progress expected to be made to ensure the project is

finished to a suitable standard.

Alternative Contract View

Users may want to view contracts in a different format than the one the base editing window

of the IDE provides. This can be done by producing an algorithm that converts raw CoLa text

(implementation discussed in section D.1) to the alternative format. PDF conversion will be imple-

mented first using Python’s FPDF library and Petri nets will be implemented using code provided

by another UCL student who has also worked with CoLa [42]. An additional aim will be to im-

plement this in a way that will allow it to be extended so that additional visualisations can easily

implemented. This should be done by providing various interfaces highlighting all the functionality

required to produce an alternate format for a drafted contract. The interfaces to be developed

will be well documented so that anyone wishing to add additional contract views knows exactly

what needs to be written to implement their desired visualisation method. More specifically, the

method to produce the alternative format will take in raw CoLa and will return either formatted

text output of the contract or a file path to the image that holds the alternate contract view.

Contract Analysis

Other projects have discussed ways of analysing contracts for features such as completeness, cor-

rectness, etc. This project does not discuss the methods in which contract analysis can be done,

however, it should be able to support these analyses as it may provide valuable insights that will

help users draft better contracts. Again, this should be implemented with well-defined interfaces

that allow the easy addition of new analysis methods. This will involve converting the contract into

raw CoLa, performing computations on the contract to calculate desired metrics and displaying

the results to the user. The supported formats for displaying will include both textual and visual

representations and, similarly to what was discussed in the “Alternative Contract View” section,

there will be interfaces provided so that future developers can easily add additional metrics. Said

interfaces will highlight to the developer that they should take as input raw CoLa and should

output the formatted text output of the metrics or a file path to the visualisation of the metrics.

The computations will use work from others who have previously engaged in contract analysis, for

example, vagueness in contracts [41].

Component Referencing

Currently, CoLa has IDs for every contract component, however there is no way of referencing

other components using these IDs. This is a common use case for IDs in contracts and will make

CoLa a stronger language and so, to support this the CoLa grammar will need to be extended.

Further, the ability to reference components from other contracts needs to be implemented, since

contracts are usually written in the context of other contracts. This will likely be a significant
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challenge as it brings about a namespace issue. Different contracts will have the same ID when

referring to a statement, despite referencing different statements. To fix this issue, I aim to add

some additional semantics to component IDs which will distinguish identical IDs from each other

by, again, making some extensions to CoLa’s grammar.

Testing

Some tests will need to be written to ensure that the IDE works as intended. These tests will

mostly be in the form of unit tests.

To ensure that my project satisfies its objectives, demonstrations will be carried out (and docu-

mented) on how various example contracts can be constructed using different functionalities of the

IDE. Key things that need to be validated include:

• The inability to create invalid CoLa programs.

• The ability to import and reference other contracts.

• The ability to visualise contracts in multiple formats.

Documentation Website

To help make future development easier, a reliable source of documentation is needed. Sphinx is a

tool used to create documentation in PDF or HTML forms based on the documentation found in

a Python project. This tool will be used to create the documentation for the IDE, as well as how

one can go about extending it.

D.3 Work Planning

I will continue working on the development of the IDE until late February/early March. After

this, the remaining time will be spent working on finalising the dissertation. Figure D.5 shows the

planned outline of my project. It is also worth noting that throughout development, draft work

will be done on the dissertation to make writing easier in the future.

Figure D.5: Gantt Chart
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