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Abstract

On average, 70% of any codebase is identifiers [1]. Hence, one of the most used

techniques of code refactoring is renaming [2, 3]. Renaming is the process of globally and

systematically changing the name of an identifier within the code to better represent its

purpose. For its popularity, symbol renaming is widely supported in most code editors

and IDEs. However, most, if not all, of the current renaming flows of a symbol are basic

and linear, or with a low level of negotiation (only offering basic one-way suggestions

based on its type and/or some naming conventions). Negotiate is the act of trying to

achieving a compromise between the transformation engine (the "computing unit") and

its user (the side requesting the transformation), giving the user more flexibility and the

engine more adaptability.

In this project, we introduce proper negotiation into this renaming flow. The main

goals of this research are to first examine and find out what can be useful strategies

for negotiating with the refactoring engine. Then leveraging that knowledge to create a

domain-specific language (DSL) expressing how the user can actually negotiate. Finally,

we explore to what extend negotiation can be integrated into a code editor or an IDE.
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Introduction 1
1.1 Project Introduction . . . . . . . . . . 1

1.2 Contributions . . . . . . . . . . . . . . 1

1.3 Overview and Reading Guide . . . . 2

In this chapter, some introduction on this project is given. In addition,
the chosen topic of applying negotiated grammar into the refactoring
�ow is brie�y explained to give some basic context of the project. Reading
guide and overview of this report are also laid down in this chapter to
give the reader a better view, navigating the report.

Project Introduction 1.1

In this project, we chose to do research on negotiated grammar trans-
formations and their application in code refactoring, speci�cally for
renaming of identi�er symbols, expressed by a custom DSL (Domain
Speci�c Language). Ultimately, we have developed a negotiable renaming
system as a plugin for an IDE or code editor to evaluate its feasibility.

Code refactoring is an inevitable task for software development that
involve code writing [4]. Code refactoring is the process of restructuring a
piece of existing code, deliberately and systematically altering its internal
structure while maintaining its external behavior. This can be achieved
through a series of transformations that respect the grammar of the
language of the code. The refactoring goal is to improve the quality
of a body of code, increase readability, maintainability, extensibility,
performance and/or reduce its complexity.

On average,70%of any codebase is identi�ers [1]. Hence, one of the
most used code refactoring techniques is renaming [2, 3]. Renaming
is the process of globally and systematically changing the name of a
non-terminal symbol within the code to better represent its purpose.
For its popularity, symbol renaming is widely supported in most code
editors and IDEs. However, most, if not all, of the current renaming
�ows of a symbol are basic and linear, or with a low level of negotiation
(only o�ering basic one-way suggestions based on its type and/or some
naming conventions). In this project, we introduce proper negotiation
into this renaming �ow.

Contributions 1.2

Figure 1.1:Contribution overview

The main contributions of this work are:

� A negotiation scheme for renaming and naming. This negotiation
scheme is a combination of di�erent negotiation strategies and
naming strategies, weaved together into a unify �ow. (Chapter 4)

� Negomancy� A domain-speci�c language (DSL) for negotiating
with rename refactoring operations and naming, which employed
the proposed negotiation scheme. (Chapter 5)

1



1 Introduction 2

� Negomancer� A proof-of-concept plugin for IntelliJ partially im-
plements the language and features of Negomancy, investigating
the extensibility of the platform. (Chapter 6)

� A ontology design for the domain of negotiation on the rename
refactoring operation, which can be reused for ontological analysis
to evaluate other conceptual models in the same domain. (Section
7.1.2)

Overview and Reading Guide 1.3

This section provides a general overview and reading guide for the report.
Chapter 1 introduction on the project and some brief motivation are given,
along with this overview of the report.

Some background knowledge and related works from other authors
are presented in Chapter 2. This section mainly covers the topic of trans-
formation and negotiation, and refactoring and renaming. In addition,
currently available renaming systems are also discussed here.

Chapter 3 describes details about this project. The primary content of
this section includes the problem statement with motivational examples,
the project goal and scope, the derived research questions. Additionally,
some initial perceived concerns and challenges are given.

From Chapter 4, the main content of this project begins. This section
dissects the rename refactoring command to �nd which negotiation
strategy can be used where, when, and in combination with what. In
addition, identi�er naming strategies are also discussed in this section.
The result of this section is a negotiation strategy scheme that will be
used as reference for later sections.

Utilizing the negotiation strategy scheme established from the above
section, Chapter 5 presents our proposed domain-speci�c language (DSL)
named Negomancyto negotiate in the domain of refactoring, currently
focus on the rename operation. This section provides detailed information
about the DSL features along with the reasons behind design choices
and an overview of its concrete grammar.

Chapter 6 provides a proof-of-concept for Negomancyin the form
of a plugin for the IntelliJ Platform, called Negomancer. Details on the
development of such a plugin are gradually laid down from de�ning
a custom language support, to internal system design, and the user
interface.

To evaluate the proposed NegomancyDSL, ontology analysis is used as
will be discussed in Chapter 7. This section provides an ontology design
of the domain of interest to this project, followed by the ontological
analysis and evaluation. The threats to validity of this project are also
presented in this section.

Some �nal thoughts will be given in Chapter 8, which include a revisit
to the research questions to answer them, and some discussion on the
remaining issues and possible improvements for future works.

Chapter 9 concludes the project with a �nal conclusion.
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[10]: Zaytsev (2017),Software Language
Processing Suite (SLPS)
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Background 2
2.1 Transformations and Negotiations . 3

Grammar Transformation . . . . . . . 3
Transformations Adaptability . . . . 5
Negotiated Transformations . . . . . 7

2.2 Refactoring and Integration . . . . . 9
Code Refactoring . . . . . . . . . . . . 9
Refactoring Opportunities . . . . . . 9
Renaming . . . . . . . . . . . . . . . . . 10

2.3 Currently Available Renaming
Systems . . . . . . . . . . . . . . . . . . 12
Visual Studio Code . . . . . . . . . . . 12
IntelliJ . . . . . . . . . . . . . . . . . . . 13
Plugins and Extensions . . . . . . . . 14

2.4 Conclusion . . . . . . . . . . . . . . . . 15

This chapter introduces some brief foundational background knowl-
edge related to the chosen topic of this project. Related developments
are also mentioned. This chapter covers and discusses the concepts of
language, grammar, and grammar transformation, then move on to
the main focus of negotiating, refactoring and renaming. Additionally,
currently available renaming systems from two popular IDEs/code
editors that support development of various programming languages,
IntelliJ, and Visual Studio Code, are also introduced, together with their
plugin/extension platform.

To better illustrate the concepts and ideas that are introduced in this
chapter, diagrammatic megamodels are used. In short, a megamodel is a
model of a system of models, and can be partial [5] where at least some
elements represent or refer to models or metamodels [6]. Megamodels
provide a simpli�ed way to view and reason about complex systems,
without the need to dive into technical details [7].

Transformations and Negotiations 2.1

Grammar Transformation 2.1.1

A living (natural and software) language will (almost) surely evolve from
its initial form. Such evolutions of a language re�ect the needs of its users
when new constructs are desired or deprecated ones should be removed.
If a language evolves, its grammar(s) also needs to evolve. The evolution
of a grammar can be viewed as a model transformation, which can be
further expressed by a sequence of transformation operations.

To have a more concrete understanding of this, let us explore XBGF [8,
9], a transformation suite for BGF (BNF-like Grammar Format), from the
SLPS project [10]. XBGF contains a collection of more than 50 di�erent
transformation operators. The behaviors of these operators are rather
complex, but brief descriptions for some operators of interest to this
project are given below based on the work of Zaytsev [11]:

= renameN(a, b)� Traverse the grammar and globally replace any
occurrence of the name of a non-terminal symbol 0 by 1.

= introduce(n ::= rhs)� Introduces/de�nes and add to the grammar
a previously unused non-terminal symbol = with its de�nition A�B
on the right hand side.

� de�ne(n ::= rhs)� De�nes and add to the grammar a previously
used, but unde�ned non-terminal symbol = with its de�nition A�B
on the right hand side.

3
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= eliminate(n)� Eliminates/removes from the grammar an existing
but unused non-terminal symbol =.

= fold(n) � Traverse the grammar and replace any occurrence of the
(right hand side) de�nition of a non-terminal = by a reference to
itself.

= unfold(n) � The opposite of fold(n). Traverse the grammar and
replace any occurrence of a non-terminal = by its the (right hand
side) de�nition.

= extract(n ::= rhs)� introduce(n ::= rhs)then fold(n).

� etc.

Lämmel et al. [12] categorized these transformation operators in the
following groups, based on the e�ects to the languages de�ned by the
grammar in which such an operator is used to express the changes:

= language preserving:the changes expressed by such an operator has
no in�uence on the software languages de�ned by that grammar,
regardless of the operands.

¸ language increasing:the changes expressed by such an operator in-
crease the software languages de�ned by that grammar, regardless
of the operands.

� language decreasing:the changes expressed by such an operator
decrease on the software languages de�ned by that grammar,
regardless of the operands.

� language revising:the changes expressed by such an operator can
increase, decrease, or rede�ne the software languages de�ned by
that grammar, depending on the operands.

XBGF uses a combination of the above operators to describe a grammar
transformation, where each transformation operator call is referred as a
transformation command.

Example 2.1.1 Let the grammar � 1 be:

4 ::= ¹4 " ¸ " 4º j ¹4 " � " 4º;

Let the grammar � 2 be:

4 ::= 0 j B;

0 ::= ¹4 " ¸ " 4º;

B::= ¹4 " � " 4º;

The grammar � 1 and � 2 have di�erent de�nitions but express
the same language that allows recursive addition and subtraction
expressions. The grammar � 1 can converge to � 2 by extracting out
the choices in � 1. In XBGF terms, the transformation chain will be:

4GCA02C¹0 ::= ¹4 " ¸ " 4ºº;

4GCA02C¹B::= ¹4 " � " 4ºº;
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1: The application of such a transforma-
tion leads to zero changes.

In most cases, the transformation process is linear in a sense that it
provides zero degrees of negotiation. This kind of transformations is illus-
trated in Figure 2.1. In details, Zaytsev [11] described the transformational
model as follow:

1. The transformation commands are one-by-one provided to the
transformation engine, who has access to the input grammar.

2. The engine then checks the applicability of the given input com-
mand with respect to the input grammar.

3. If the transformation command is assessed to be applicable and
non-vacuous, the engine will apply that transformation and the
transformation process loop back to (1.) to process the next com-
mand.

4. If the transformation command is assessed to be vacuous1, the
engine will report this as an error and halt.

5. If the transformation command is assessed to be inapplicable, the
engine will report this as an error and halt.

Figure 2.1: Linear (non-negotiable) trans-
formational model

Transformations Adaptability 2.1.2

From what can be seen until now, the transformation chain is rather
prone to changes in grammar.

Example 2.1.2 Consider a valid transformation chain for a grammar
fragment � , that contains a valid operator renameN(a, b), that globally
changes the name of the non-terminal symbol 0 to 1.

However, if for any evolutionary reason the symbol 0 was re-
moved from � , the rename command then become inapplicable,
resulting in the halt of the transformation sequence.

Suppose another scenario where the symbol 0 is de�ned in � ,
but so does 1. This will also put the transformation chain on halt,
since 0 cannot be renamed to an already de�ned symbol 1.
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As Zaytsev [11] pointed out, the word �fragment� used in Example
2.1.2 emphasizes that a transformation does not need to be tied to
a speci�c grammar, but rather is applicable to every grammar that
contains the same fragment. When the grammar evolves, its shape also
changes, decoupling itself from the transformation sequence it once
was applicable. To overcome this, Zaytsev [11] went on and suggested
two kinds of desirable transformation adaptability: (1) adaptation through
toleranceand (2) adaptation through adjustment.

Figure 2.2: Adapting transformation on
an evolved grammar (inspired by the
work of Zaytsev [11]), where
� 1 � original source grammar
� 2 � intended target grammar ( � 2 = 5¹� 1º)
� 3 � evolved source grammar ( � 3 = 4¹� 1º)
� 4 � evolved target grammar ( � 4 = 50¹� 3º)
5 � transformation being adapted
50 � adapted transformation

More formally, consider a source grammar � 1 that can be transformed
into intended target grammar � 2 = 5¹� 1º by applying the transformation
5. However, � 1 can also evolve into � 3. Such evolution can be considered
to be a kind of transformation, therefore the evolution of � 1 can be
written as � 3 = 4¹� 1º, where 4 is the evolution transformation. Suppose
that we still want to apply the transformation 5 to the evolved grammar
� 3 to obtain � 4, 5 needs to be adapted to 50 so that � 4 = 50¹� 3º. (See
Figure 2.2)

Here, we can clearly see that there are two changes compete to
transform � 1. Logically, there are two choices that 50 can take to adapt 5:
(1) (try to) negate the e�ect of 4, and keep only the one of 5, or (2) adjust
to include both of the e�ects of 4 and 5. These choices lead to the two
kinds of transformation adaptions mentioned above.

Adaptation Through Tolerance

Adaptation through tolerance is used when the e�ect of the transforma-
tion needs to be preserved where the transformation result should not be
a�ected by the evolution of the grammar in any way. In plain English, this
kind of adaption can be described as undoing and discarding the e�ect
of the evolution, hence the name �tolerance�, and apply the intended
transformation. That said, the inversion of a grammar transformation
necessary to undo the evolution is a non-trivial task.

Figure 2.3: Adaptation through tolerance
(diagram recreated from the work of Za-
ytsev [11]), where
� 1 � original source grammar
� 2 � intended target grammar ( � 2 = 5¹� 1º)
� 3 � evolved source grammar ( � 3 = 4¹� 1º)
� 4 � evolved target grammar ( � 4 = 5C¹� 3º)
5 � transformation being adapted
4 � evolution transformation of the source
grammar
5C� adapted transformation ( 5C= 5 � 4� 1)

Figure 2.3 illustrates the tolerating transformation adaption. In more
formal terms, consider the scenario above as shown in Figure 2.2. Then
the transformation 5 can be adapted by tolerance to 50 = 5C= 5 � 4� 1. 5C
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e�ectively negates the changes introduced by the evolution 4, reverting
� 3 back to � 1, and then applying 5. By applying 5Cto � 3, we can obtain
5C¹� 3º = � 4 = � 2 = 5¹� 1º.

Adaptation Through Adjustment

The second kind of transformation adaptation is adaptation through
adjustment. As the name suggests, this kind of adaptation requires extra
adjustments in order to includes both the changes from the evolution
and intended transformation.

Figure 2.4: Adaptation through adjust-
ment (diagram recreated from the work
of Zaytsev [11]), where
� 1 � original source grammar
� 2 � intended target grammar ( � 2 = 5¹� 1º)
� 3 � evolved source grammar ( � 3 = 4¹� 1º)
� 4 � evolved target grammar ( � 4 = 50¹� 3º)
5 � transformation being adapted
4 � evolution transformation of the source
grammar
¡4 � coevolution transformation with
correspondence � 0¹4º = ¡4
50 � adapted transformation ( 50 � 4 = ¡4 � 5)

Once again, consider the scenario above as shown in Figure 2.2. Figure
2.4 presents the adapted-by-adjustment version of Figure 2.2. In this kind
of transformation, the adapted transformation 50 = 50 must be designed
so that applying 50¹� 3º = � 4, where � 4 is the result of coevolution
transformation ¡4corresponding to 4, denoted by � 0¹4º = ¡4. Since this kind
of adaption preserves both e�ects of 4and 5, it is clear that the transformed
target grammars are di�erent 50¹� 3º = � 4 = ¡4¹� 2º < � 2 = 5¹� 1º.

Negotiated Transformations 2.1.3

Figure 2.5: Negotiated transformational
model
(the dotted arrows denote alternative
choices that can be taken)
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2: The application of such a transforma-
tion leads to zero changes.

3: e.g. lists of allowed values, matchable
patterns, etc.

To address the adaptability problem in grammar transformation, Za-
ytsev [11, 13] proposed to introduce negotiation into the transformational
model described in Figure 2.1. Compared to the previous linear model,
the steps of the new �negotiated transformation�model are illustrated in
Figure 2.5, and can be described are as follow:

1. [Unchanged]The transformation commands are one-by-one pro-
vided to the transformation engine, that has access to the input
grammar.

2. [Unchanged]The engine then checks the applicability of the given
input command with respect to the input grammar.

3. [Unchanged]If the transformation command is assessed to be appli-
cable and non-vacuous, the engine will apply that transformation
and the transformation process loop back to (1.) to process the next
command.

4. [Changed] If the transformation command is assessed to be vac-
uous2, but the result if were to apply such a transformation is
acceptable, the engine will report this as an warning and proceed
to (1.) as if it was applicable.

5. [Changed] If the transformation command is assessed to be inap-
plicable, or produces unacceptable result while being vacuous,
the engine will return a reportof possible alternative applicable
operands. Such areportcan mean, but not limited to:

A. variability limits3 are used to compare and a narrow down
the possible alternative operands. Thesevariability limits are
explicitly speci�ed as part of the transformation.

B. The user who initiated the transformation will make a choice
based on the report. In this scenario, the user can manually
decide to proceed with alternative operands of choice, or to
end the transformation that deemed as failed.

C. Alternative operands are displayed as suggestions to the user,
and the transformation is halted.

D. Some random applicable operands are selected to allow the
transformation to continue. In this case, the user will be
noti�ed that some violations in the transformation contract.

E. Actively storing possible alternatives while choose one to
proceed with the transformation. The stored alternatives are
used as fallbacks on failure in later transformation steps.

6. [New] The decision on how to proceed is made based on the report
from the transformation engine. This decision can either put the
transformation on halt with an error report, or rerun the current
command (same operator) with alternative operands.

As can be seen, the �rst three steps of negotiated transformation are
identical to traditional linear transformation. In step (4.), the negotiated
transformation allows acceptable vacuous transformations to proceed
without putting the transformation on halt. The negotiation aspect is
introduced in the last two steps through a series of reports and decision
making. The engine and the alternatives-selecting strategies go back and
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forth to explore possible applicable operands, and reach a compromise,
carrying out the transformation in a non-linear and adaptive fashion.

Refactoring and Integration 2.2

Code Refactoring 2.2.1

The transformations introduced in Section 2.1 can be generalized beyond
grammar to any structural description. A grammar can be considered to
be a model of any artifact of a language, i.e. that artifact must conform
to the grammar of its language. For software languages, a language
speci�cation is a model of any piece of code written in that language. In
a broader sense, an executable piece of code describes the structure of
the statements, therefore can be considered as a model for any runtime
instance of that code. In the �eld of code refactoring, grammar (in a broad
sense) transformations are applied directly on software code.

Figure 2.6: A modeling view of code
refactoring

Code refactoring is the process of purposefully restructuring a piece
of existing code, deliberately and systematically altering its internal
structure while maintaining its external behavior (Figure 2.6). The goal
of code refactoring is to improve the quality of a body of code, increase
its readability, maintainability, extensibility, performance and/or reduce
its complexity. Note that refactoring can extend beyond the code to
any artifact that needs to be kept synchronized with the code (e.g.
documentations, comments), but such refactorings are outside the scope
of this project.

Under the hood, with the same principles as grammar transformation,
code refactoring is done by performing a chain of transformation oper-
ations on the code elements. Table 2.1 shows some popular refactoring
operations* and compares them to the grammar transformation operators
from the work of Lämmel et al. [9].

Refactoring Opportunities 2.2.2

The opportunities of refactoring heavily depend on the identi�cation of
�smell� . �Smell� , or �bad smell�, in software context refers to the problems
found within the code (or �code smell�), or those in the software design

* https://www.jetbrains.com/help/idea/refactoring-source-code.html#
popular-refactorings
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Refactoring operation Transformation operator [9]

Rename an element renameN(a, b)

Delete an unused method

eliminate(n)Delete an unused �eld

Delete an unused variable

Extract a method

extract(n ::= rhs)

Extract a constant

Extract a �eld

Extract a parameter

Introduce a variable

Inline an element
(opposite to extract)

eliminate(n)� unfold(n)

Table 2.1: A compassion between some
popular refactoring operations and gram-
mar transformation operators [9]

[14]: Lacerda et al. (2020),�Code smells
and refactoring: A tertiary systematic review
of challenges and observations�
[15]: Murphy-Hill et al. (2012), �How We
Refactor, and How We Know It�
[16]: Dallal (2015), �Identifying refactor-
ing opportunities in object-oriented code: A
systematic literature review�

[3]: Liu et al. (2015), �Identifying Renam-
ing Opportunities by Expanding Conducted
Rename Refactorings�

(or �design smell�). While bugsare problems that cause malfunctions and
faults that potentially lead to negative (even critical) e�ects, �smells� do
not. �Smells� indicate violations to good design practices and patterns
that keep the code or design at high quality and away from possible
problems. The main tool to remove �smells� is refactoring.

However, identifying �smell� is subjective, varies according to the
platform, without neither any rigid de�nition nor agreement [14]. Many
works have been done to identify and categorize �smells� [14�16] to
discover refactoring opportunities, but the decision of carrying out a
refactoring always belongs to the developer. A refactoring opportunity
contains three main ingredients [3]: (1) the �What�: the software entity
(e.g. code, design) to be refactored, (2)the �Why�: the motivation behind
the refactoring that consider both costs and bene�ts, and (3) the �How�:
the plan on how to refactor. To answer these questions, refactoring is a
task that is done in close collaboration with the developer of the system,
usually with the help of some refactoring tools that can be standalone,
but more often come with (or installable in) an advanced code editor
(e.g.VS Code) or IDE (e.g. IntelliJ). Refactoring tools provide an easy and
simple way to perform refactoring, which in most cases involve globally
updating and synchronization of all references.

Renaming 2.2.3

In this project, we particularly interested in the refactoring operation of
renaming. Renaming in short is the process of globally and systematically
changing the name of a non-terminal symbol within the code to better
represent its purpose. Assuming that a rename from a source identi�er 0
to a new target name 1, then such rename refactoring operation can be
written more formally as:

rename : 0 �! 1 (2.1)



2 Background 11

[2]: Peruma et al. (2018),�An Empirical
Investigation of How and Why Developers
Rename Identi�ers�

4: The natural language grammar that
is used to construct identi�ers.

[2]: Peruma et al. (2018),�An Empirical
Investigation of How and Why Developers
Rename Identi�ers�

[3]: Liu et al. (2015), �Identifying Renam-
ing Opportunities by Expanding Conducted
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Peruma et al. [2] conducted an extensive investigation on how and
why identi�ers are renamed, categorizing renames based on:

� Entity kind: The kind of software entity identi�ed by the target
identi�er (e.g. variable, �eld, method, class names).

� Form of renaming: The lexical change(s) made the target identi�er.

�� Simple changesadd, remove, or modify a single term (e.g. a
word) in the identi�er.

�� Complex changesdo multiple simple changes to the identi�er.

�� Reordering changeschange the order of the terms in the identi-
�er without actual alterations (e.g. DataPath $ PathData ).

�� Formatting changesadd, remove, or change the formatting style,
i.e. the letter case style (See Section 4.2.2.2) of the identi�er
(e.g.DataPath $ data _path ).

� Semantic changes: The changes in the meaning of the target iden-
ti�er.

�� Meaning preserving changescan (1) be formatting changes, (2)
expand or (3) collapse abbreviations, (4) replace terms by syn-
onyms, or (5) double negating (e.g. isHidden $ notVisible ).

�� Meaning modifying changescan (1) generalize/broaden or (2)
narrow down the meaning, (3) change, (4) add, or (5) remove
meanings from the identi�er.

� Grammar 4 changes: The modi�cation to the part of speech and
grammar of the terms of the identi�er (e.g. sortList $ listSorted ).

With such a system of categorization,Peruma et al. [2] discovered that
nearly 60% of renames are in form of simple changes, with the top three
reasons being: narrowing down the meaning at approximately 45%, add
meanings to and reformatting the identi�ers, each with roughly 16%.

Figure 2.7: Expanding conducted re-
name refactorings approach (diagram
recreated from the work of Liu et al. [3])

In a renaming operation, the target identi�er on which the rename
operation is initiated must be renamed, along with all the references
to that identi�er, which must also be updated/renamed. A smarter
renaming system can discover more renaming opportunities. Liu et al. [3]
proposed a solution with a search engine and a recommender (See Figure
2.7) to �nd and suggest related software entities to the renaming target
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identi�er. Entities that can be considered closely related to an entity 4
are based on:

� Inclusion:Entities that directly include 4, or are directly included
by 4 (�elds and methods within a class).

� Sibling:Entities that are sibling of and on the same level as 4 (e.g.
�elds of the same class).

� Reference:Entities that refer to 4, or are referenced by 4.

� Inheritance:Entities that inherit 4, or are inherited by 4 (e.g. sub-
classes and superclasses of a class).

While this approach has some back and forth with the user, pre-
senting the renaming opportunities suggestions, the negotiation is only
introduced after the initial renaming operation is performed. This leaves
the actual rename operation initiated on the initial target identi�er with
little to no negotiation.

Currently Available Renaming Systems 2.3

This section brie�y introduces some currently available renaming systems
that ship with or can be installed as a plugin/extension to a code editor
or IDE. The code editors and IDEs chosen to be presented in this section
are widely used [17, 18] (and still are [19]), support development in
multiple platforms (cross-platform) and languages, and are extensible.
Additionally, we explore plugins and extensions that provide renaming
feature for these code editors or IDEs.

Visual Studio Code 2.3.1

Visual Studio Code, or VS Codefor short, is a free source-code editor made
by Microsoft that is available for most major operating systems (Windows,
macOS, and Linux). Although only released 5 years ago on 2015,VS Code
has become developer number one choice for code editing in multiple
rankings [17, 18].VS Codeis lightweight (compared to a full-�edged IDE),
but still provides useful features, such as debugging, code completion,
and code refactoring. Language supports can be added to VS Codevia
extensions, allowing development in multiple platforms.

Figure 2.8: Visual Studio Code renaming
model

VS Codebrie�y documented the renaming system in their documen-
tation [20]. Figure 2.8 illustrates this renaming �ow in VS Code. In words,
this process can be described as:
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1. The renaming can be initiated by right-clicking on the target symbol
and select Rename symbol , or using the keyboard shortcut F2 while
placing the cursor in the target symbol. A textbox will appear below
the target symbol, allowing the user to type in the desired new
name, and press Enter upon �nished.

2. The refactoring engine will apply the transformation to the code,
and update all the references, regardless of the applicability of the
operation.

� Warnings (e.g. identi�er shadowing) and/or errors (e.g. already
de�ned identi�er) will be shown if problems arise after the rename
process �nished, but this is part of the code inspection rather than
the refactoring system.

As can be seen,VS Codeis able to rename the target symbol and
update the references across all project �les, providing a useful but
basic renaming feature. It is also clear that VS Codehas zero degrees of
negotiation during the renaming process. Moreover, no applicability is
checked before the application of the renaming, delegating the problem
detection responsibility to the code inspection system.

IntelliJ 2.3.2

IntelliJ IDEA, or IntelliJ for short, is a feature-rich integrated development
environment (IDE) developed by JetBrainsthat is available for most
major operating systems (Windows, macOS, and Linux). Over 20 years
of development, IntelliJ has become quite popular, equipped with deep
intelligence for code completion, suggestion, and inspection, and new
features come with each update. In 2013, Google announced Android
Studio, the o�cial IDE for Android application, which is built on the
IntelliJ Platform.

Historically, JetBrainshad a separate product (IDE) for each program-
ming platform (e.g. CLion for C/C++, PyCharm for Python, etc.), where
the support for the platform built into the core of the product. These
language supports were then refactored out of the core and can be
installed separately as plugins. Therefore, IntelliJ now is not just a Java
IDE, but also can be used for development in multiple platforms. This
introduction to renaming system in IntelliJ should also be applicable to
other IDEs in the JetBrains's product family.

Figure 2.9: IntelliJ renaming model
(the dotted arrows denote alternative
choices that can be taken)

IntelliJ provides a more powerful renaming system than VS Code, as
described on their website [21]. Due to the extensiveness of theIntelliJ
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Figure 2.10: IntelliJ Renamedialog [21]

[22]: JetBrains (2021),IntelliJ Platform Plu-
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Platform, each supported language can de�ne a custom reaming �ow
that can vary from just only the logic of deciding what can be renamed,
what is considered a con�ict, to an entire �ow with di�erent dialogs and
options. Furthermore, each entity (e.g. package, class, �eld, variable) can
also have a di�erent remaining �ow if the language developer desires. Let
us focus here on the languageJavawhich IntelliJ was created for. Figure
2.9 illustrates a simpli�ed version of the renaming system available in
IntelliJ for the language Java, which can be described as follow:

1. The renaming can be initiated by placing the cursor within the
target symbol and using the keyboard shortcut Shift + F6 , or
from the Main Menu Refactor Rename. . . . This will initiate the inline
renaming textbox, allowing the user to type in the desired new
name, and press Enter upon �nished.

The advanced renaming dialog (Figure 2.10) can be initiated by
triggered the keyboard shortcut Shift + F6 again. In this dialog,
the user has the option to also �nd and update names of related
entities to the target symbol in comments, strings, tests, etc.

2. Suggestions are provided to the user based on naming conventions
in the respective platform and the type context of the target symbol.
It is optional to select one of these suggestions, i.e. the user can
always type in the desired new name.

3. The refactoring engine will apply the transformation to the code,
and update all the references (and related entities if selected in the
advanced renaming dialog), regardless of the applicability of the
operation.

� Warnings (e.g. identi�er shadowing) and/or errors (e.g. already
de�ned identi�er) will be shown if problems arise after the rename
process �nished, but this is part of the code inspection rather than
the refactoring system.

IntelliJ already provides a powerful renaming system that is able to
not only rename the target symbol and update the references across
all project �les, but also the related entities in comments, strings, and
tests. IntelliJ seems to have some low degree of negotiation, stopping
at one-way recommendations. However, if we inspect closer, the actual
renaming operation is non-negotiable. Similar to the case of VS Code, no
applicability is checked before the application of the renaming, delegating
the problem detection responsibility to the code inspection system. This
means that the transformation will be applied regardless, after which
the developer must explore the results to �x any warning or error if
needed.

Plugins and Extensions 2.3.3

We explore the o�cial plugins and extensions distribution channels
JetBrains Plugins Marketplace[22] for IntelliJ and Visual Studio Marketplace
[23] for VS Codeto �nd addons that have an alternative renaming system,
or provide extra features to enhance the current renaming system of the
respective code editors or IDEs. These search strings were used to �nd
possible addons:
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� rename, renaming

� refactor, refactoring

� negotiate, negotiating, negotiation, negotiated, negotiable

With regard to the extensions for VS Code, only a handful of extensions
seem to have potential at �rst sight, but further inspection reveal that
this was not the case. For example, the extensionAbracadabra„ provides
an extensive list of enhancements and automations to the refactoring
system in VS Code, but for renaming, it is merely an alias of the built-in
renaming feature. Another example is Intelli Refactor…, although it also
brings extra features to refactoring, renaming is not one of them.

In the case of plugins from JetBrains, as aforementioned in Section
2.3.2, sinceJetBrainsproduct family now share the same core, referred to as
IntelliJ Platformby JetBrains, most of the plugins can operate on all JetBrains
products, unless speci�cally speci�ed. Judging by the current renaming
system in IntelliJ (and its refactoring system in general although not
discussed), it is already quite powerful and no actual plugins providing
enhancements the renaming system can be found (also applied for VS
Codeextensions). The combination of negotiation and renaming seems to
be relatively unfamiliar to developers.

Conclusion 2.4

In this chapter, we explained some background knowledge along with
the related works about the domain of negotiated transformation and
rename refactoring. We �rst showed what grammar transformation does,
why negotiated transformation is desired, and how it can be negotiated
by introducing negotiation into the transformational model. Then we
also described the code refactoring in general and the renaming process
in more detail.

In addition, we discussed two currently available renaming systems
of two of the most popular IDEs and code editors [17, 18] (and still are
[19]). It is clear that both of these have no or a low degree of negotiation,
stopping at one-way recommendations. This leaves an open �eld of
introducing negotiation into the renaming �ow.

To give a more visual understanding, we illustrated each transforma-
tional model and renaming process as a �ow diagram with common
components for easy comparison. Upon inspection, we decided to choose
the IntelliJ Platformto implement a proof-of-concept plugin in Chapter
6 for the to be proposed language in Chapter 5, since it already has a
powerful renaming system which can be extended and utilized.

„ https://marketplace.visualstudio.com/items?itemName=nicoespeon.
abracadabra

…https://marketplace.visualstudio.com/items?itemName=ypresto.
vscode-intelli-refactor
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This chapter provides a detailed description of this project. First the
current problem will be introduced. Then some goals are set together
with the scope of the project. In order to address the stated problems
and to have a clear orientation for the project, a list of research questions
is composed and our approach to these questions. After which some
discussion on the concerns and challenges are given.

Problem Statement 3.1

As discussed in Section 2.3, currently available renaming systems already
provided a decently powerful tools for developers to perform renaming,
and refactoring in general. However, the concept of negotiating during
renaming operations seems to be rather unfamiliar to developers and little
attempts have been made to integrate negotiation into the developer's
work�ow, judging by the lack of any renaming system, �rst-party and
third-party, that support a decent degree of negotiation.

Such an ability to negotiate with the refactoring engine is useful in
many cases, automating tasks that otherwise needs more e�orts from
the developer. For example, it can help to resolve renaming with already
de�ned target names based on some naming strategies.

Example 3.1.1 Consider a similar example to Example 2.1.2, where
within a piece of code, the names a and b are de�ned. If an rename
operation is initiated to rename a to b, without negotiation this would
(1) be inapplicable, or (2) be blindly applied and produce warnings
and/or errors for the renaming systems introduced in Section 2.3.
Being negotiable, such problem can be avoided by allowing the user
to communicate with the engine during refactoring. One possible
negotiating strategy is to allow the user to specify a new name, e.g.
b1, when the name b is already de�ned.

Or recommend possible closely related source names, when the given
source name is unde�ned.

Example 3.1.2 In the similar code piece as Example 3.1.1, with the
namesa and b are de�ned, however, the rename operation now tries
to rename a1 to b. A smart negotiated renaming system can instead
of just prompt the user that the name a1 does not exist, but also
suggest the user might have meant a due to closeness toa1.

Or even execute concurrent renames (swaps) that otherwise requires
extra intermediate actions from the developer.

16
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Example 3.1.3 We reference the code from Example 3.1.1 once again,
with the names a and b are de�ned. Suppose the developer wants to
properly swap the name a and b with each other. Traditionally, they
have to use an intermediate name, e.g.temp , then perform a series
of renames renameN(a, temp ), renameN(b, a), and renameN(temp , b).
With a negotiated renaming system, the user can negotiate with the
engine to just swap a b .

The above examples just illustrate part of the possibilities and bene�ts
that a negotiated renaming system can provide. Expanding the view,
some bene�ts can also be applied to any refactoring operations that
involve naming entities.

Example 3.1.4 Consider the refactoring operation extract(n ::= rhs),
which involves an introduce(n ::= rhs)underneath. To extractsome-
thing into n, n must �rst be introduced, which impenetrably requires
a name. Then the naming con�ict resolving strategies can also be
applied.

For these reasons, we set out to develop a domain-speci�c language
(DSL) dedicated for expressing negotiation strategies to communicate
with the engine. To evaluate and demonstrate that our proposing solution
works, the solution has been also be implemented in form of a plugin.

Project Goals and Scope 3.2

For the problem we introduced in Section 3.1, the main goals of this
research are to �rst examine and �nd out what can be useful strategies for
negotiating with the refactoring engine. Then leveraging that knowledge
to create a domain-speci�c language (DSL) expressing how the user can
actually negotiate. Finally, we explore to what extent negotiation can be
integrated into a code editor or an IDE.

With those goals de�ned, we limit the scope of this project to the
following points:

3 Leverage an existing framework for parsing or refactoring to build
or extend upon.

3 Design a negotiation scheme to negotiate with rename refactoring
operations.

3 Design a language to express negotiation strategies.

3 Show that the design is feasible by implementing a proof-of-concept
prototype of this language as either a plugin or as a command-line
tool.

3 This design and implementation will serve as a reference for other
frameworks.

3 Evaluate the expressive power and usefulness of the design.
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[17]: Stack Over�ow (2010),Stack Over�ow
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[18]: Carbonnelle (2021),Top IDE index �
PYPL

[11]: Zaytsev (2014),�Negotiated Grammar
Evolution�

However, the following points below are explicitly not part of this
project scope:

7 Create a new custom renaming/refactoring engine, instead of
utilizing an available one.

After some experimentation with di�erent extensible code editors and
IDE platforms, we chose to work with the IntelliJ Platformto implement
the solution in the form of a plugin that, in theory, could operate on
all JetBrains products. The IntelliJ Platformfacilitates some of the most
popular IDEs [17, 18] and provides power tools to implement a new
language support and also to extend their refactoring framework.

Research Questions 3.3

The main question this research attempts to answer for the problems
discussed in Section 3.1 is

How to integrate negotiation strategies into an existing refactoring framework,
in order to enable negotiated rename refactoring?

From the main question and the Project Goals and Scope, the following
research sub-questions are derived to help guide and give more structure
to the project:

Q1 What useful negotiation strategies are feasible and can be used in
combination with each other?

Q2 How should the solution negotiate with the user?

Q2.1 How should the interaction and negotiation �ow be?

Q2.2 How expressive can the solution be?

Q3 What can be utilized and extended from the current refactoring
framework?

The main research question and the derived sub-questions will be
answered through investigation on useful negotiation strategies to create
a domain-speci�c language (DSL), then implement and integrate it into
the refactoring work�ow of an existing refactoring system of a code editor
or IDE.

Approach 3.4

Negotiation in transformations, especially in refactoring, is a relatively
unexplored topic in the literature. Our work is mainly based on the
work of Zaytsev [11], while taking some freedom to design a system for
negotiated refactoring.

We �rst reinvestigate the proposed negotiation strategies for nego-
tiated transformations in related works to better understand the char-
acteristics of each strategy and how they can be useful for refactoring.
Negotiation is not only about how to negotiate, but also about what to
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[24]: JetBrains (2021),Rename Refactoring
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telliJ Platform Plugin SDK

negotiate with. Therefore, we also looked into other works on smarter
renaming strategies, and di�erent naming strategies for a single code
entity and also related entities. With these insights, we tried to come
up with a combination of strategies that works in a �ow of negotiation
for refactoring. This has contributed to answering the research question
Q1.

For research questionQ2, to decide how the solution will concretely
interact with the user, we designed Negomancy, a DSL for negotiated
refactoring. Within the scope of this project, this language focuses pri-
marily on the rename refactoring operation, and how to negotiate upon
inapplicability. We then evaluated the DSL by using ontological analysis
to check how expressive it can be, and how faithful it is to the real-world
system. To do this, we �rst designed an ontology for the domain of
interest and mapped it to the proposed DSL for analysis.

To bring the above DSL into practice, we also created Negomancer,
a plugin for the IntelliJ Platform, that utilizes the existing refactoring
system and adds an extra negotiation layer on top of it. This plugin serves
as a proof-of-concept prototype, a base reference for other frameworks,
and also an answer for research questionQ3. During the realisation of
the Negomancerplugin, we kept in mind to try to design a system that
has minimal dependencies on the (IntelliJ) platform.

Concerns and Challenges 3.5

In this project, the main concerns and challenges we found after some
initial investigation were:

� Subjectivity of the investigation on useful negotiation strategies:Al-
though being developers ourselves, the �usefulness�of the formu-
lating negotiation strategies can be subjective. We need to �nd a
way to gather opinions on this matter in a larger and more objective
sample size.

� Extensibility of the current refactoring framework:The ability of in-
tegrating negotiation into an existing refactoring framework is
heavily dependent on how extensible that framework is, allowing
alteration in parts of the refactoring process. Our �rst investigation
of the refactoring framework of the IntelliJ Platformshows promis-
ing extension points, allowing customization in di�erent levels
[24].

� Complexity of the plugin development platform:This is a crucial factor
to the realization of the solution as a plugin. Unfortunately, our
�rst impression on the IntelliJ Platformis that it is quite complex
and little support material is available. Moreover, their o�cial
documentation[25] is a work in progress with many incomplete
sections, which requires plugin developers to dig through the actual
source code of other open-source plugins to learn the platform.

� Generalizability of the solution:As we decided to work with the
IntelliJ Platformto implement the solution as a plugin, we notice
that the IntelliJ Platformhas a lot of proprietary internal structures
and elements. This includes its own way of de�ning a parser to
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support a new language and an internal abstract syntax tree (AST)
structure [26]. This closed system may prevent the reuse of these
components, and the solution generalizability in general. However,
this is not a main focus point of this project.
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This chapter discusses the di�erent strategies that can be used to
negotiate within the context of refactoring, and focuses on the rename
operation. Scenarios when trying to apply a rename refactoring are
gradually dissected to identify what issues could arise and �nd suitable
negotiation strategies in each case. A complete picture of the negotiation
scheme combining all the discussed strategies into a �ow is provided.
Additionally, since naming is an instrumental part of not only a rename
command, but also other refactoring operations, naming strategies will
be discussed separately.

Negotiation Strategies 4.1

Since code refactoring is a transformation on a code instance, the nego-
tiated transformation process and strategies as shown in Section 2.1.3
would also be valid for refactoring negotiation, which will be used as
a base. After being fed to the refactoring engine, a syntactically valid
command will fall in one of three scenarios: (1) applicable, (2) vacuous,
or (3) inapplicable.

An applicable command is trivially acceptable, while a vacuous com-
mand can also be consideredacceptableas will be discussed in Section
4.1.2. In most cases, an inapplicable command isunacceptable, thus needs
negotiation, but Section 4.1.3 will show that there are cases where some
can still be acceptable. The point here is to distinguish between applicable
and acceptable.

Negotiation on Applicable 4.1.1

In the best case scenario, the input command is deemed to be applicable
by the refactoring engine. For renaming, the operation of interest of this
project, this means that the source identi�er is de�ned 1; and the target
new name is valid (conforms to the language grammar), is fresh (not
de�ned within the current scope), and di�ers from the source identi�er
name2. More formally:

rename : 0 �! 1 where

8>>>>><

>>>>>
:

de�ned ¹0º

valid ¹1º

: de�ned ¹1º

1 < 0

(4.1)

Normally, in such cases, the logical following action to take is to
apply the refactoring. However, suggestions from the engine could
still be made in case the target name is misspelled, not following the
recommended style of the language, or for o�ering renaming of related

21
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3: The ability that allows automated ex-
ecution of tasks that would otherwise be
performed individually.

entities. Negotiation does not always need to be a method of recovering
from something that went wrong, but can also o�er better alternatives,
like these suggestions. More details on the suggestion strategy will be
discussed throughout this section.

Negotiation on Vacuous 4.1.2

The second scenario is when the command is assessed to be vacuous, i.e
the application of such refactoring will lead to zero changes. Only vacuous
commands that if applied, will result in an acceptable outcome according
to the language are considered to be in this scenario. Unacceptable
vacuous commands are treated as inapplicable. In the context of renaming,
this likely means that the new target name is the same as the source
identi�er name:

rename : 0 �! 1 where

(
de�ned ¹0º

1 = 0
(4.2)

Previously [27], a transformational model when facing a vacuous
command will result in an error and put the rest of the transformation
sequence on halt. The new "negotiated transformation" model proposed
by Zaytsev [11] only produces a warning in this case, then moves on to the
next command in the transformation sequence since a vacuous command
if were to be applied will lead to no changes anyway. For refactoring,
normally, refactoring commands are done separately, on demand of the
user. In this case, whether the engine halts with an error or continues
with a warning makes no di�erence since the transformation sequence
only contains one command. However, if scriptabily 3 is concerned, the
new "negotiated transformation" model is clearly a better choice for
adaptability.

Negotiation on Inapplicable 4.1.3

The last and the most interesting scenario is when the input command is
evaluated to be inapplicable by the engine. Before exploring the possible
strategies to recover from inapplicability, let us see what may cause
it. Any problem with any argument of the input command will put
the command in this category. Narrowing the scope down to rename
refactoring operation with only two input arguments: the source identi�er
and the new target name, the problem can come from either or both.
Looking back at Equation 4.1 and Equation 4.2 the conditions for a
rename to be inapplicable are:

rename : 0 �! 1 where

2
6
6
6
6
6
6
6
6
6
6
4

: valid ¹0º

: de�ned ¹0º

: valid ¹1º

de�ned ¹1º

(4.3)
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5: A collection of distinct elements.

Inapplicable Source Identi�er 4.1.3.1

Regarding the source identi�er, the command will be inapplicable if
the source identi�er is not valid according to the grammar rule for
identi�ers of that language, or is unde�ned (i.e. the engine cannot �nd
that identi�er). In the �rst case, invalid identi�er would produce an
immediate syntax error since it goes against the language grammar.
However, from the point of view of a negotiated engine, this syntax error
can be ignored (as long as the engine can still interpret it as an identi�er
in a known language) and it can be treated similarly to a misspelled or
an unde�ned identi�er, which brings us to the latter case.

The reasons for such unde�ned identi�er cases may vary but can be
broadly categorized as unintentional and intentional. In the unintentional
case, the user most likely to have misspelled the identi�er, resulting in
an unde�ned identi�er. To negotiate with this case, fuzzy search 4 can be
used instead of exact search for the identi�er. Matched results closely
related to the input identi�er can be present to the user as suggestions.
One may attempt to use dictionaries to identify misspelled names, but
we would not recommend it, since identi�ers in a software language are
not bound to any speci�c natural language, often highly speci�c to the
domain, �lled with jargon and abbreviations. In the intentional case, the
user may have thought they knew, or they have an uncertainty of what the
identi�er actually is, and intentionally declare that subjective identi�er.
Upon uncertainty, the user may also have di�erent ideas of what the
identi�er is. Allowing the user to embed these alternatives directly inside
the rename command will certainly increase the success rate of the
command. The engine will process these alternatives sequentially in
order and stop at the �rst de�ned identi�er, and continue to execute
the refactoring. After adding these alternatives to the source identi�er
parameter, the rename can be written as:

rename : »01– 02– 03– • • • – 0< ¼ �! 1 (4.4)

As it can be seen in Equation 4.4, the embedded alternatives is a �nite
ordered collection of possible choices of source identi�er. Ideally, this
collection of alternatives should be a set5. However, if this is enforced,
more work will be required from the user to ensure that the input
elements are unique. Instead, such a task can be done internally by the
engine, giving the user one less constraint to worry about.

Additionally, when all embedded alternatives are exhausted but
the command is still inapplicable, input from the user can be taken to
manually negotiate and resolve the issue. Getting input from the user
should be among the last resorts since this will put the transformation
sequence on a pause waiting for the user to reply. This also applies to
providing suggestions for it is in nature a response-restricted version of
user inquiry.

Another way to deal with exhausted embedded alternatives is auto-
matically select an applicable option. In the case of source identi�ers, the
engine could automatically select the closest identi�er compared to the
given identi�ers. This implies that auto selection of source identi�ers
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cannot be used alone and requires at least one previous alternative to
give context. Moreover, renaming the wrong identi�er can be dangerous,
since it can be applied elsewhere without the user's awareness, and may
not cause problems immediately. Therefore, we advise against selecting
source identi�ers automatically.

Inapplicable Target Name 4.1.3.2

With regard to the new target name, if it is not valid, the same strategy to
the invalid source identi�er case can be used. The more interesting case
here is whether the new name is de�ned for not. For the new name, we
only care if it exactly matches any de�ned identi�er, so fuzzy search is
not needed. If the target name is unde�ned, then the command is either
applicable or vacuous based on whether the new name is di�erent or the
same as the source identi�er, respectively. When the input target name
is de�ned, two possibilities can happen based on the semantics of the
current language:

� Con�ict: the target name is de�ned, and if forcefully applied this
command, will result in an error.

� Collision:the target name is de�ned, and if forcefully applied this
command, will result in a warning. An example of this is where
the target name will shadow another identi�er of the same name.

Each language has a di�erent way of deciding if a new name is
a con�ict or just a collision. The negotiation engine should not make
this decision. Instead, it should try to handle negotiating if a con�ict
or collision occurred. In case of a collision, if the language allows, the
command can be executed as normal, with an extra warning from the
engine to the user. Additionally, the engine could provide suggestions for
better non-colliding names. This strategy is also applicable for negotiating
con�icts. The topic of naming an identi�er is discussed in Section 4.2.
Alternatives embedding strategy can also be added to increase the
adaptability of the target name:

rename : 0 �! » 11– 12– 13– • • • – 1=¼ (4.5)

With alternatives, the engine will similarly process these names
sequentially in order, and stop at the �rst target name that will not result
in an inapplicable command. In case of exhaustion, the user can request
auto selection of an applicable name as an option in the embedded
alternatives similar to discussed inapplicable source identi�ers. However,
this strategy may cause confusion to the user if they are not properly
informed. A good way to avoid this is to allow the user to explicitly
request auto selection as an option in the embedded alternatives. The
placement order of the auto selection option inside the alternative list
should not matter. If there are other alternatives available in the same list,
those should be evaluated �rst since they were intentionally chosen by the
user. The commands shown in Equation 4.6 should behave equivalently
with the auto selection option evaluated last.
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Figure 4.1: Embedded alternatives prior-
ity: The source identi�er alternatives has
the higher priority. The engine will �rst
try to check if any source identi�er alter-
natives is applicable, and stop at the �rst
acceptable. Only then, the target name
alternatives will be checked.

rename : 0 �! » 11– 12– 13– • • • – 1=–auto select¼

rename : 0 �! » 11– 12– 13– • • • –auto select– • • • – 1=¼

rename : 0 �! » auto select– 11– 12– 13– • • • – 1=¼

(4.6)

For target names, the engine can also utilize the naming strategies to
select an applicable name. Ideally, the auto selected name should match
the current naming scheme of the rest of the code. However, it can be
quite challenging to actually extract this. In addition, manual negotiation
is always an option to recover the command when all other strategies
fail.

Combining the strategies for dealing with inapplicable caused by
the source identi�er and the new target name from Equation 4.4 and
Equation 4.5, the more adaptable rename command can be written as:

rename : »01– 02– 03– • • • – 0< ¼ �! » 11– 12– 13– • • • – 1=–auto select¼ (4.7)

Embedded Priority and Expansion 4.1.3.3

There are now two sets of alternatives present in the rename command
(Equation 4.7). Some priority should be established to determine the
order in which the command will be evaluated. From Equation 4.1, it
can be observed that there is only one condition on the source identi�er
alone so that if violated the command would immediately be deemed as
inapplicable, while there are two for the new target name. Checking if the
source identi�er name 0 and the target name 1 is the same involve both
(plus it can be derived from the other conditions), so it would not matter
to the priority of these two. Making the source identi�er alternatives
higher in priority can quicker short-circuit to deem the command as
inapplicable without the need to check for the target name alternatives.

However, there are cases where a target name is not applicable but
still acceptable. These cases include vacuous commands and colliding
names. Listing 4.1 shows a simple algorithmic view of this priority.

Listing 4.1 : An algorithmic view of
source identi�er and target name alter-
natives priority for Equation 4.7.

1 for a in [a1, a2, a3, ...am]:

2 if a is acceptable:

3 for b in [b1, b2, b3, ...bn]:

4 if b is acceptable:

5 # do rename

6 return # success

7 return # fail

To better understand this priority, the command can be expanded.
The process of expanding breaks a complex command with alternatives
into simple commands in a distributive manner based on the evaluation
priority. The result of the expanded commands is identical to that of
the original complex commands with embedded alternatives. Take the
Equation 4.7 for example, the expanded commands of this in order (top
to bottom, left to right) would be:
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rename : 01 �! 11

rename : 01 �! 12

rename : 01 �! 13

• • •

rename : 01 �! 1=

rename : 02 �! 11

rename : 02 �! 12

rename : 02 �! 13

• • •

rename : 02 �! 1=

rename : 03 �! 11

rename : 03 �! 12

rename : 03 �! 13

• • •

rename : 03 �! 1=

rename : 0< �! 11

rename : 0< �! 12

rename : 0< �! 13

• • •

rename : 0< �! 1=

(4.8)

This expansion of a complex command with embedded alternatives
is also useful for the implementation of the command executor.

Negotiation Scheme 4.1.4

Figure 4.2: Full Proposed Negotiation Strategies Flow
The boxes with thick outline are negotiation strategies. The boxes with multiple solid arrows perform all the pointed actions. The dotted
arrows denote alternative implementation that can be taken.

Putting all the negotiation strategies together, this section provides a
complete picture of the whole negotiation scheme. Figure 4.2 illustrates
the full proposed negotiation strategies �ow. Overall, the negotiation
scheme use these strategies:
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6: The application of such a transforma-
tion leads to zero changes.

7: The application of such a transforma-
tion can still be done, but results in an
additional warning by the language due
to having a colliding same names.

8: The application of such a transforma-
tion must be forcefully done, and results
in an error due to having a con�icting
same names.

� Embedded alternatives:Allows embedding di�erent alternatives of
source identi�ers (higher priority) and new target names. The
engine will go through each alternative in the order in which they
are de�ned and stop at a non-inapplicable command.

� Auto select applicable name:The user explicitly requests the engine
to select any applicable target name for the command.

� Automatic selection of source identi�ers is also possible, but
is advised against.

� Vacuous6 acceptance:Produces a vacuous warning and moves on to
the next command, instead of putting the transformation sequence
on halt.

� Collision7 acceptance:Produces a collision warning and still applies
this transformation if it is acceptable by the language.

� User inquiry:Requests input from the user. This input can be simple
like a few characters for selecting a suggestion, or more complex
like a list of alternatives that the user wants to try.

�� Suggestions:Present to the user a list of applicable suggestions.
The user can select a suggestion by quickly input a few char-
acters that labels the corresponding suggestion. Since this
is already requesting user input, manual negotiation should
always be an option for the user to choose.

�: Better name suggestions:Suggest better names according to
di�erent naming strategies. This can be used after success-
ful transformations, vacuous commands, or con�icting 8

names.

�: Similar name suggestions:Find and suggest similar names
when the input name is unde�ned or invalid.

�: Related entities suggestions:After successfully applying the
transformation, suggest applying similar transformations
(e.g naming style, part of the related entities names that
is the same with the old name) to the related entities.

�� Manual negotiation:As a last resort, ask the user for manual
input to recover the command.

� Note that if user inquirystrategy is not used, the transformation
may result in an error and be put on halt, in case all other
strategies failed to recover an unacceptable command. There
are di�erent levels of when to ask for user input, which we
called inquiry levels:

Level 0 Do not ask the user whatsoever.This may result in an er-
ror. Should not be used in command sequence of only
one command since asking for user input here will not
interrupt the process.

This level is a natural extension to a non-negotiated trans-
formation setup. Without active negotiationwith the user,
it is just a passive negotiationsystem, i.e. a programmable
con�ict resolution system.
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Level 1 Ask for user input only on unacceptable scenarios.This can be
the default strategy for asking the user, since it is a middle
ground compromise between recovery and interruption.

Level 2 Ask for user input only on unacceptable scenarios and sug-
gestions.This provides extra suggestions for better alter-
natives which the user can select for an acceptable com-
mands. This level can be quite interrupting and should
be requested explicitly by the user.

Level 3 Ask for user input anywhen.This includes asking the user
on unacceptable scenarios, selecting better suggested
alternatives, and related actions. Such a level of asking can
be very interrupting and should be requested explicitly
by the user. However, if the command sequence only has
one command, this level can be applied regardless, since
there are no other commands to interrupt.

This negotiation strategies scheme can also be useful for other refactor-
ing operations aside from rename. For example, the refactoring operation
introduce, de�ne, and extract obviously all need a fresh name. In fact,
since the purpose of identi�ers are for identifying entities, any operation
that contains any name can apply similar name negotiating strategies to
recover from some cases of inapplicability. This also opens the possibility
for this to be used for eliminate, replace, fold, unfold, and other operations.

Identi�er Naming 4.2

The choice of a name is a crucial part of formulating a rename command.
Choosing an appropriate name is not so trivial. A name must be valid
to conform to the language, should comply with the recommended
guidelines of that language, meaningfully represent what it was created
for, and be consistent with the current style. Inappropriate naming of
identi�ers can be caused by the following reasons:

1. The developer arbitrarily selects a name without any assistance
from a code analysis tool (e.g. linter, code inspector).

2. The developer has limited knowledge of the current naming style
of the system.

3. The system evolved, but the identi�ers are not properly adapted.

4. The developer has limited knowledge and experience of the lan-
guage.

Deissenboeck et al. [1] made a fundamental contribution by analyzing
how to construct concise and consistent names. In their work, the authors
pointed out the reason (1), (2), and (3) from the list above. Additionally,
we added the reason (4) to the list. Nowadays, programming is more ap-
proachable than ever, hence more people are beginning to code. Naming
problems can easily be caused by beginners to programming due to lack
of knowledge and experience of a language. Having a negotiating engine
that can also suggest better useful names can be a great helping hand to
most.
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Language-related Restrictions 4.2.1

Di�erent languages have di�erent rules that dictate and restrict what can
be considered as a valid identi�er. A universal engine that can negotiate
on multiple di�erent languages must take this into consideration to
process user input and provide valid suggestions. These rules not only
restrict possible characters that are allowed within an identi�er, but also
where each kind of character can be placed, is it case sensitive, and how
long an identi�er can be at most (given su�cient memory). This can also
di�er in di�erent standards or platforms of the same language.

Example 4.2.1 For example, in the language C++, the maximum
number of characters allowed in an identi�er is 2048 according to
Microsofta. Meanwhile, in the gccdocumentation b and the ISO/IEC
14882:2020 standardc, an identi�er can be arbitrarily long.

a https://docs.microsoft.com/en-us/cpp/cpp/identifiers-cpp
b https://gcc.gnu.org/onlinedocs/gcc/Identifiers-implementation.html
c https://www.iso.org/standard/79358.html

Moreover, each language has its own set of preserved keywords that
are excluded from the set of possible identi�er names. Covering all the
cases for every language is extremely tricky and complicated. Therefore,
we recommend relying on a platform and utilize how that platform
de�nes and processes these languages to determine if a given name is
valid or not.

Given a valid name, the next thing to worry about is the coding style
and naming conventions of a language. Coding style, or programming
style, is a set of rules and guidelines for writing code which is claimed to
help increase the readability and understandability of the code, prevent
introducing unwanted errors, and make maintenance easier. Naming
conventions on the other hand is a subset of coding conventions, specify-
ing recommended coding style and practices for that language. These
two guidelines also restrict how an identi�er is recommended to be
constructed.

Example 4.2.2 Let us take the language Python as an example.
O�cially, Pythonidenti�ers are unlimited in length a. However, in
PEPs (Python Enhancement Proposals), this would likely violate the
PEP-8 ruleb that says �Limit all lines to a maximum of 79 characters.�,
and the PEP-20 rulec that says �Readability counts.�.

a https://docs.python.org/3/reference/lexical _analysis.html#
identifiers

b https://www.python.org/dev/peps/pep-0008/#maximum-line-length
c https://www.python.org/dev/peps/pep-0020/#the-zen-of-python

These conventions are optional, meaning that the user can subjectively
choose to follow or not. Breaking these rules will not produce any error
(given that the identi�er is still valid). Instead these violations are counted
as stylistic errors. To automate the checking for these stylistic errors (and
other �ags), programmers often use static code analysis tools called
liniters, or more advanced code inspectors. While coding in basic text editor
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(e.g. Notepad) these stylistic errors will not be caught, most code editors
or IDEs have some kind of code assist with some degree of linting. Based
on how severe a violation is (according to the linter standard) it may lead
to a mild warning or even an error.

Naming Strategies 4.2.2

Language restrictions aside, this section lay down some considerations
and strategies when naming an identi�er, which can be boiled down into
three main factors: length, case style, and meaning. These factors can be
used in combination with each other to generate a new name, or extend
an existing name. These are considerations and strategies that can be
selectively followed, and not strictly dictate what must or must not be
done.

Identi�er Length 4.2.2.1

One of the most basic but also most important properties of a name is
its length. The length of an identi�er is still a debate both academically
and in practice. Many guidelines have been established to standardize
the length of an identi�er. Some de�ned a hard numerical limit to how
long an identi�er can be, while others used vague words like �short� or
�descriptive�. It is unrealistic for us to draw a conclusion to this debate,
but there are valid reasons for all sides, which are worth considering:

� Concise names are preferred since they take less e�ort to write
and read. Shorter names also make the code less crowded and
cluttered.

� Concise is not the same as short. A concise name has a minimal
number of characters that still maintain the meaning and intention
that the identi�er wants to represent and convey.

� Extremely short names (e.g.a, n, x) should be avoided. These kinds
of names contain little to no meaning which can become more and
more confusing as more time is spent on the code, especially with
time gaps.

� Abbreviations (e.g. acc instead of account ) can be used conserva-
tively, since it is easy to overuse them. Abbreviations used should
be widely known and accepted, and should signi�cantly reduce
the identi�er length (e.g. for long multi-words names).

� (More) Descriptive name may be preferred to su�ciently encode
the meaning and intention of the identi�er. It is generally better to
have a longer name that communicates well than a short yet cryptic
name.

� Descriptiveness and conciseness can co-exist. Always try to achieve
a balance between descriptive and concise.

� Extremely long names should always be avoided since they brings
no bene�t. Extremely long names take signi�cantly longer to write
and are prone to typos. Moreover, these kinds of names are harder
to read and understand which defeat the purpose of having a long
descriptive name.
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� Identi�er should be constructed similarly to how the language does
it. Names should use a similar set of characters of the alphabet
of and have meaning in the natural language (e.g. English) the
programming language is based on. Avoid using local natural
language for naming, even if it is allowed by the grammar, since
it will limit the readability of others that do not speak the same
language.

Example 4.2.3 Listing 4.2 shows an example of di�erent naming
strategies with various degrees of identi�er length written based
on the language C++. In case 1, extremely short identi�ers are used.
It is clear that these identi�ers poorly communicate the meaning
and intention of the code. On the other hand, case 3 excessively
describes each identi�er with extremely long names, making the
code cluttered and really hard to read. Case 2 achieves a balance
between descriptiveness and conciseness, giving just enough length
to each identi�er to convey their purposes.

Listing 4.2 : An example of identi�er
names lengths written based on the lan-
guageC++. These are code fragments of a
function that calculates the total amount
of the balances in all the cards a given
account holds.

1 // Case 1: Extremely short cryptic identifer names

2 int f(A a) {

3 int t = 0;

4 for ( int i = 0; i < a.c.l(); i++) {

5 t += a.c[i].b;

6 }

7 return t;

8 }

9

10 // Case 2: Concise yet descriptive identifer names

11 int calculateTotalBalance(Account account) {

12 int totalBalance = 0;

13 for ( int i = 0; i < account.cards.length(); i++) {

14 totalBalance += account.cards[i].getBalacne();

15 }

16 return totalBalance;

17 }

18

19 // Case 3: Extremely long descriptive identifer names

20 int calculateTheTotalBalanceOfAGivenAccount(

UserAccountConcreteImplementation

userAccountConcreteImplementation) {

1!

1!

21 int totalBalanceOfTheAccountResult = 0;

22 for ( int currentUserCardIndex = 0; currentUserCardIndex <

userAccountConcreteImplementation.userAllCardArray.

getArrayLength(); currentUserCardIndex++) {

1!

1!

23 totalBalanceOfTheAccountResult +=

userAccountConcreteImplementation.userAllCardArray[

currentUserCardIndex].getCardBalanceAmount();

1!

1!

24 }

25 return totalBalanceOfTheAccountResult;

26 }

All and all, it is best to follow the current naming scheme of the
project being worked on, or the organization, if there is already some
standard in use. Consistency is the key. Concise names are preferred,
but this should not sacri�ce readability and the meaning of identi�ers.
For less experienced developers, �nding an established recommended
coding style of a language and sticking to it is a good starting point.
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Case Style 4.2.2.2

Case style changes fall under theformatting changescategory as mentioned
in Section 2.2.3. Case styles here refer to the use of upper case (capital)
characters, lower case characters, and separating delimiters of multi-
word identi�ers. The same name can be formatted in di�erent case styles
according to the language restrictions, naming conventions, and/or
user preferences. Table 4.1 shows most common case styles with sample
formatted names.

Case style name Sample formatted name

Flat case
onemorething

Lower case

Upper case ONEMORETHING

Sentence case Onemorething

Pascal case OneMoreThing

Camel case oneMoreThing

Snake case
one_more_thing

Pothole case

Camel-Snake case one_More_Thing

Pascal-Snake case One_More_Thing

Kebab case
one-more-thing

Dash case

Train case ONE-MORE-THING

Macro case
ONE_MORE_THING

Constant case

Table 4.1: Identi�er naming case styles

As discussed in Section 4.2.2.1, an identi�er should not only be concise
but also descriptive. In many cases, a single word cannot deliver enough
meaning, hence multi-word identi�ers are needed. Early programming
languages (e.g. FORTRAN) did allow the use of (white)space to separate
words in identi�ers. Today, languages stop using spaces as word delim-
iters since this can make it hard to tokenize. There are two main ways to
separate words in identi�ers: using a non-alphanumeric delimiter char-
acter(s), and/or using letter (lower and upper) cases. In most languages,
underscores (_) and/or hyphens ( - ) are used as delimiters, since they
can easily be typed on most keyboard layouts. Typically, each language
has a preferred recommended case style for entities inside the code of
that language.

For multi-word identi�ers, converting from one case style to another
can be quite challenging, especially from uniform cases. In order to do
so, words inside an identi�er must be separated. This now turns into a
natural language processing problem of how to actually de�ne a word.
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Identi�er Meaning 4.2.2.3

As mentioned in Section 2.2.3, renaming can make semantic changesthat
a�ect the meaning of a given name. While it seems to have less attention,
identi�er meaning is the most important aspect of naming. An identi�er
should always meaningfully represent the purpose and intention it was
de�ned for. However, the de�nition of �meaningful� is subjective and
surely debatable. This section contains some considerations a developer
may have to give meaning to an identi�er.

Generally the meaning of an identi�er can be obtained from the
context where it was created. Additionally, the data type of the identi�er
can help determine its name. Using the data type as part of the identi�er
name on the other hand is highly debatable. While including the data
type inside the identi�er name clearly communicates its type later on in
the code, this seems to be redundant and repeating, making the identi�er
much longer. This is a trade o� that the developer has to make on a case
by case basis to achieve conciseness but still maintain the descriptiveness
and the intention of the identi�er.

Example 4.2.4 For example, consider naming a list of cards of type
List<Card> as a �eld within the class Account . One option is to use
the type of this member to get the name cardList . In the second
case, as a human, the developer can understand that a list of cards
is created to hold multiple cards, so a simple pluralization can be
applied to get cards . The choice of which option to use boils down
to the user's preference.

Listing 4.3 : An example of identi�er
names using data type or pluralization
written based on the language Java. These
are code fragments of a class represent-
ing a bank account with a list of cards.

1 class Account {

2 // Case 1: Using data type

3 List<Card> cardList;

4

5 // Case 2: Pluralization

6 List<Card> cards;

7 }

Adding certain characters to a name can also add meaning to that
identi�er. One of the most popular cases of this is the underscore ( _).
Pre�xing or su�xing a name with underscore(s) in some languages is
just a naming convention, while in others it can also enforce rules for
some linters, or even is an actual feature de�ned by the language.

Example 4.2.5 In the language Python, adding underscore(s) before
a name has some special meaninga. Inside a class, pre�xing a single
underscore (e.g._member) will mark a member for internal use and
will be checked by some linters. Pre�xing a double underscores, or
�dunder� , (e.g.__member) will e�ectively turn it (pseudo) �private� by
invoking name mangling.

Another example is in the language Dart. Dart o�cially controls
visibility of identi�ers using underscores. Identi�ers that start with
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an underscore (e.g._privateMember ) are privateb.

a https://www.python.org/dev/peps/pep-0008/#descriptive-naming-style
b https://dart.dev/guides/language/language-tour#

libraries-and-visibility

Some languages allow the use of non-alphanumeric symbols for
identi�ers names. This is especially useful for de�ning new functions to
serve as operators. With careful use, symbolic names can help make the
code more concise and readable.

Example 4.2.6 In the language Scala, operator characters can be
used to name a method. In fact, Scalaoperators are methodsa. For
example, to concatenate two strings, a method concat() is provided,
along with an operator +. These have exactly equivalent behavior,
but using + is arguably cleaner, and more intuitive.

Listing 4.4 : An example of identi�er
names using operator symbol written
based on the languageScala. These are
code fragments for concatenating two
strings.

a https://docs.scala-lang.org/tour/
operators.html

1 // Case 1: Using concatenation method

2 val stringConcat = "Hello".concat("World")

3

4 // Case 2: Using + operator

5 val stringPlus = "Hello" + "World"

Programming languages can adopt immutability. Immutable lan-
guages operate on immutable objects, which once created their states
cannot be modi�ed. Immutability has become the default for many lan-
guages (e.g.Scala, Kotlin) and is a core concept of functional programming
(e.g.Haskell). When a function processes a given object, the function will
return another object instead of modifying the given object (which is also
a copy of the original object). This also raises a naming problem on how
to correctly represent such a relationship.

Example 4.2.7 Imagine naming a function that sorts a list of objects
in an immutable language. In mutable languages, a function should
be named with a verb, hence objectList.sort() . However, naming
it with an active verb can be misleading since this function does not
really sort and modify the caller object list. Instead a passive verb
can be used to indicate that this function will return a sorted list.
sorted() is also how Scalaand Kotlin named the sorting method on
a collection.

Listing 4.5 : An example of identi�er
names using active and passive verbs
written in an immutable language. These
are code fragments of calling an sorting
method on an list of objects.

1 // Case 1: Using active verb

2 objectList.sort()

3

4 // Case 2: Using passive verb

5 objectList.sorted()

There are countless more possible ways to give meaning to an identi�er
name, but we believe the above points are the most important and are
already plenty to consider when naming an identi�er.
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Extending an Identi�er Name 4.2.2.4

The above sections discussed strategies and considerations when con-
structing a new identi�er name, but sometimes it is necessary to de�ne
a new name based on a given name. Extending an identi�er name is
useful for suggesting alternative names when the original name collided
or con�icted with an already de�ned name.

Adding extra characters to a con�icting target name to make that
name fresh is a simple yet e�ective way to generate suggestions. This
technique imitates the practices of the user like enumerating the names.
One of the most basic strategies is to add numbers to a name (e.g.name1,
name2, name3, . . . ). Similarly, numbering also includes adding characters
that are ordered (e.g. abc . . . , ABC. . . ).

Numbering is a quick and easy method, but there are a few things
to consider. The �rst one is what should the starting number be, 0 or 1?
Added to that, since there are more than one identi�er with the same root
name, should the original be also renamed with the starting number?
Another problem is about the continuity of the numbering.

Example 4.2.8 For example, assume that identi�ers de�ned account1

and account3 have been de�ned, and a fresh name based on the
root account1 is needed. Should the system (1) detect that there is a
numbering and continue with account4 , (2) continue the numbering
using the smallest possible number with account2 , or (3) ignore the
numbering and go with account11 ?

Ideally, each identi�er should have their own distinct name without
numbering. Numbering is only good for humanly countable identi�ers of
the same type, behavior, and/or purpose. Excessive numbering can cause
confusion in the long term, especially if the identi�ers do not share any
common aspect and the numbering is just for short-term convenience,
which can end up being an inconvenience in the future.

Theoretically, identi�ers are nameable based on their context. The
more suited the name is, the more context probably was needed. However,
extensive context is not always available or is limited, and processing
a large amount of data for a concise yet descriptive name can be really
complex. This problem deserves its own studies, and is outside our
scope, so for now we accept numbering as a possible way to extend an
identi�er.

Conclusion 4.3

In this chapter, we have presented the results of the domain analysis
and formulated a negotiation strategy scheme which is one of the main
contributions of the project. By dissecting the construction of a rename
command, we have discovered the cases where negotiation can be
introduced and are desired.

Overall, we categorized negotiation strategies into two kinds: active
and passive. Passive negotiation enables the user to embed their intentions
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directly into a statement (e.g. embedded alternatives, auto selection). On the
other hand, active negotiation requires actual interactions to gather input
from the user to proceed with the negotiation (e.g. suggestions, manual
input). In addition, there is a third kind of internal implicit negotiation
strategy to increase the adaptability (e.g. vacuous acceptance, collision
acceptance), but this requires no user intention.

We have also described the domain of identi�er naming, naming
conventions, and their links to the language design and developer
practices. Together with the negotiation scheme, this chapter serves as a
basis for the design of a (domain-speci�c) language for expressing the
negotiation strategies in the next Chapter 5, and the evaluation of this
language in Chapter 7.
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In this chapter, we present our proposed domain-speci�c language
(DSL) called Negomancycreated for negotiating refactoring, starting with
the renaming operations. Contrasting to a general purpose language,
a DSL is much simpler to learn and use due to its more limited scope,
focusing only on a speci�c domain, hence the name. Having Negomancy
de�ned as DSL not only helps to reduce the learning curve, but also
allow the language to be expressed in the terms at the abstraction level
of the problem domain.

This chapter �rst lays out some general design features and syntax
to give an overview of the language. Then some basic commands of
Negomancywill be introduced to give a basis for the main focus of the
language.

The main key point of Negomancyis the negotiation features and syntax.
Based on the negotiation scheme established in Chapter 4, negotiation
features will be dissected and gradually presented along with the reasons
for those design choices and some usage examples. In the same manner,
naming features and syntax are also discussed in detail. The �nal part of
this chapter will include the concrete grammar of Negomancyalong with
detailed descriptions.

Figure 5.1: Negomancy Logo

General Design Features and Syntax 5.1

From the established negotiation strategies from Chapter 4, Negomancyis
created to accommodate these strategies while providing a simple way
to negotiate with names in a concise and intuitive syntax. To maximize
the typing of statements, Negomancysyntax avoids using characters that
are not present in the normal QWERTY keyboard layout or characters
that require extra modi�er key(s) (e.g. Ctrl , Shift , and/or Alt ) to type.
Since QWERTY is the most widely used keyboard layout, this will favor
most users.

Elements in Negomancyare separated by at least one whitespace.
Whitespaces only act as delimiters and will be ignored during parsing.
Inside a statement contains two kinds of elements: keywords and argu-
ments. In order to give the user more �exibility writing the language,
keywords in Negomancyare case insensitive, similar to SQL. This means
that for example the keyword this written as THIS , or even tHiS are all
acceptable.

Listing 5.1 : Negomancykeyword case in-
sensitivity

1 [

2 this to �newName�, -- lower case keywords

3 THIS TO �newName�, -- upper case keywords

4 tHiS tO �newName�, -- mixed case keywords

5 ]

37
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1: A programming technique that has
programs to process and manipulate
other programs as input.

2: The comma comes after the last ele-
ment of a list.

Arguments are typically strings as we are dealing with names. To
further simplify, arguments with only one word can be written directly
without surrounding quotation marks. Do note that to use language
reserved keywords as arguments, they can and must be put in a proper
string with quotation marks. Both single ( � ) and double ( " ) quotation
marks are allowed in Negomancyto delimit strings.

Listing 5.2 : Negomancystring arguments
1 [

2 this to newName, -- without quotation

3 this to �newName�, -- single quoted string

4 this to "newName", -- double quoted string

5

6 -- name with whitespace

7 this to �new name�,

8 this to "new name",

9

10 -- keyword name

11 this to �this�,

12 this to "this",

13 ]

We also want Negomancyto be scriptable, that is, allow its users to write
a series of statements that can be executed automatically. Most of the time,
refactoring and especially renaming is done in an ad hoc and on-demand
manner whenever the programmer needs. This is understandable since
these changes to the code most of the time are triggered by the intention
of the developer. However, there are cases when the same changes need to
be repeated many times on other �les. This is where a script is extremely
useful. Currently, this can be achieved with metaprogramming 1, which
allows the user to input the code as data, then analyze and transform it
to achieve an equivalent refactoring result. Still, this is a more general
solution to a speci�c problem, which requires the user to process their
code inside of a di�erent environment instead of as part of the refactoring
�ow. Negomancyallows the user to write a single statement or consecutive
statements in a list form.

List is a key concept in Negomancy, which is used in many places. List
contains at least one item (i.e. non-empty), with the items separated by
commas (, ) enclosed by a pair of square brackets ([] ). Some examples
of this can be seen in Listing 5.1, Listing 5.2, and Listing 5.3. Trailing
comma2 is also supported, which can be extremely useful when adding
extra items, or reordering the items without the need to modify the
previous last line. Optionally, if only a single item is desired, the user
can conveniently write that item directly without putting it in a list. For
convenience, let us from here onward call this structure of �non-empty list
or a single item�as list1.

Another aspect of scripting is the ability to execute the statement
in parallel. This enables the statements to be executed on a common
state of the source code, without waiting for the e�ects from the other
statements. However, these e�ects may be con�icted which requires
their own strategies to resolve. Therefore, Negomancycurrently does not
support parallel execution of statements.

Since complex commands can be created with scripting, the ability to
comment is crucial to increase the understandability of the code. Similar
to other languages, comments in Negomancycan be done in two ways: (1)
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(end of) line comment or (2) block comment. Line comment can be put at
the end of any line of code, and started with a double hyphen (e.g. --

line comment ). A block comment enclosed by a pair of double backticks
(e.g. `` block comment `` ), which can be placed anywhere within the
code.

Listing 5.3 : Example of Negomancycom-
ments

1 -- comment can be here

2 [ -- here

3 this to �name�, -- here

4 this to `` here `` name,

5 `` or here as

6 a multiline comment

7 `` ]

In short, Negomancyis designed with these points in mind:

� Concise and intuitive syntax

� Avoid using non-standard characters and characters that requires
extra modi�ers (e.g. Ctrl , Shift , and/or Alt )

� Ignore whitespaces

� Case insensitive keywords

� Utilizing list1 (list or a single item) structure with trailing comma
support

� Directly write a single statement or script multiple ones using list

� Support line and block comment

� Designed to enable negotiation on refactoring operations, focusing
on renaming

Commands Syntax 5.2

Negomancyis designed to support negotiation in the domain of refactoring,
especially for the rename operation. To do so, before being able to
negotiate, refactoring operations must be able to be represented in
this DSL. Currently, Negomancyprovides a command for renaming, as
well as some other commands related to execution control, existence
and applicability checking. As mentioned in Section 4.1.4, although
designed for rename operation, the established negotiation strategies
and negotiation syntax of Negomancycan also be bene�cial to scale to
other refactoring operations.

Rename 5.2.1

The �rst command provided in Negomancyis the refactoring operation
of interest to this project, namely rename. Negotiation aside, the most
basic rename command is de�ned as shown in Equation 2.1, where a
source identi�er and a new target name is required. To concisely, yet
intuitively, capture this, a rename command in Negomancyis de�ned
with the keyword to in�xing two arguments for the source identi�er
and the new target name. Rules to construct these names are discussed
in Section 5.4.1.
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Listing 5.4 : Example of Negomancybasic
rename command with to keyword

1 source _identifier to new_target _name

Listing 5.4 shows a basic rename command written in Negomancy. At
its most basic form, the rename command requires little e�ort to write,
while easily readable, resembling natural language. However, negotiation
features (See Section 5.3) and naming features (See Section 5.4) can be
added to this basic command to construct more complex and useful
commands.

Find and Existence Checking 5.2.2

For a rename to be applicable, from Equation 4.1, we know that at least the
source identi�er must be de�ned and a valid new name must not already
exist. Conveniently, Negomancyo�ers existence checking for any name by
prepending it with the keyword find . Rules on how to construct a name
are discussed in Section 5.4.1. Additionally, the find command is also
useful to �nd a desired name or names. If found, names can be selected
from the result of the find command to be used in other commands.

Listing 5.5 : Example of Negomancyex-
istence checking command with find
keyword

1 [ -- check existence of a single name

2 find a,

3 find concat [ concat [a, b] case upper, c],

4

5 -- check existence of a list names

6 find [a case upper, B case lower, c],

7 ]

Note that the keywords auto and ask act as names inNegomancyand
will not be restricted by the grammar to check for existence. However, if
these keywords are checked, an error will be produced.

Applicability Checking 5.2.3

Negotiation at its core intention is to recover from an unacceptable
command. When dealing with potential failure of an application, it
would be nice to know the applicability of a command before actually
executing it. An applicability checking command is created for this
purpose. Prepending the keyword can to a negotiated command will
signal the engine to only do the applicability check and not proceed to
apply the command even if it is acceptable.

Listing 5.6 : Example of Negomancyap-
plicability checking command with can
keyword

1 [ -- check applicability of a single command

2 can a to b,

3 can [a1, a2, a3] to [b1, b2, b3] case upper,

4 can a case upper to concat [ concat [b1, b2] case upper, b3],

5

6 -- check applicability of a list of commands

7 can [a1 to b1, a2 to b2, a3 to c3],

8 ]

In order to be checked, a command must be negotiated, that is negotia-
tion is desired for that command. In other words, these commands should
have an unacceptable state that negotiation for recovery is wanted.
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End Negotiation 5.2.4

For any reason, if the user just simply wants to end the current negotiation,
the end negotiation command can be used, whose syntax only contains
the keyword end . The end is a special command, which is not contextual.
In other words, this command does not depend on the negotiation context
and behaves the same in any context, ending that negotiation. This also
implies that end is not negotiated.

Listing 5.7 : Example of Negomancyend
negotiation command with end keyword

1 end

This command has a similar e�ect as the new negotiation context
command (See Section 5.3.5) by the keywordnew to the next command.
However, this command will also cancel all renaming commands in the
sequence.

Negotiation Features and Syntax 5.3

In order to truly negotiate with the user, this DSL needs to have at least
two categories of statements: command statements and reply statements.
Command statements allow the user to give orders telling the engine
what they want. The engine then processes this command and in some
cases may give some response asking for user input. A second category
of statement is needed here to reply to the engine. Command statements
are used to tell the engine what to do, while reply statements are for
responding to the engine when required.

Let us focus on the negotiation features for the operation of interest of
this project � rename refactoring. The structure of a negotiated rename
command can be observed in Equation 4.7. To keep the syntax concise,
the rename command in Negomancyis represented by the keyword to

in�xing two arguments for the source identi�er and the new target name,
as shown in Section 5.2.1.

Embedded Alternatives 5.3.1

Out of all the negotiation strategies laid out in Section 4.1.4, embedded
alternativesis the most obvious to recognize in a rename command struc-
ture. A negotiated rename command is de�ned to have two embedded
alternative lists for source identi�ers and new target names as shown
in Equation 4.7. The mapping from these alternative lists to Negomancy
syntax is rather straightforward. Two list1 are utilized here to hold these
embedded alternative lists. As discussed in Section 4.1.3.3, the source
identi�er alternatives here will have higher priority during evaluation
than the target name alternatives.
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Listing 5.8 : Example of basic Negomancy
rename commands with embedded al-
ternatives

1 [

2 a to b, -- no embedded alternatives

3 [a1, a2, a3] to b, -- source identifier alternatives

4 a to [b1, b2, b3], -- new target name alternatives

5 [a1, a2, a3] to [b1, b2, b3], -- both alternatives

6 ]

Auto Selection 5.3.2

Aside from explicit names in these alternative lists, the engine can also
automatically select any applicable target name if requested by the user.
This is enabled through the keyword auto , which can be used as if it
were an alternative. Listing 5.9 shows example usage of the keyword
auto in target name alternative lists.

Listing 5.9 : Example of Negomancyauto
selection with auto keyword

1 [

2 a to auto ,

3

4 a to [b1, b2, b3, auto ],

5 a to [b1, b2, auto , b3],

6 a to [ auto , b1, b2, b3],

7

8 `` keyword ` auto ` is not allowed for source identifier

9 [a1, a2, auto] to b,

10 auto to b,

11 ``
12 ]

As discussed in Section 4.1.3.1 and Section 4.1.3.2, thisauto keyword
is only available for target name alternatives, since auto selecting source
identi�er introduces complications. Although being treated similarly to
a name in the alternative list, the order placement of auto will not a�ect
the outcome of the command and will be evaluated last after all other
alternatives (e.g. line 4, 5, 6 of Listing 5.9).

User Inquiry and Reply Statements 5.3.3

Reply statements are needed when interactive negotiation occurs, where
the engine asks the user for their input. Since the command statements
and reply statements are intended for very di�erent purposes. There
are two approaches here to realize the reply statements: as a separate
language, or de�ne them as part of the same language as the command
statements. While the former approach provides more control over the
reply, having two languages is complex to maintain and it may very well
be an overkill for this speci�c task. Therefore, we chose to go with a
uni�ed language, though it may limit the syntax for reply statements.

To know what to reply, we �rst need to know what was asked by
the engine. During execution, depending on the user inquiry level, the
engine may produce a numbered list of options and request user input
to proceed. This option list can be used to represent suggestionsfrom
the engine for better alternatives, similar names, or actions on related
entities.
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Example 5.3.1 Let us take an example of an inapplicable command
a to b , where the name b con�icts with an already de�ned name.
Since there are no embedded alternatives for the new target name,
the engine will try to come up with some suggestions of similar
names. Each suggestion has a corresponding option number which
will be used by the user to select. The user can always negotiate
manually, which is presented as the last option in the list.

Listing 5.10 : An example of the engine
responded option list

(1) a to b1

(2) a to b2

(3) a to b3

( * ) Type in a new option or command

Additionally, as can be observed from Example 5.3.1, manual negotiation
is also integrated into the option list. Since the interruption is already
made requesting for user input selecting the options, adding manual
negotiationhere is a logical way to allow the user to have more control
over the negotiation.

It is clear that the simplest way to address and select a speci�c option
in the list is by using the corresponding number. Using option numbers
also means that the selection is independent from the action of that
option, opening more possibilities for this option structure to be (re)used.
On the other hand, manual negotiation means the user can manually
input a new name to try. A number and a name, these two can both be
classi�ed similarly to a string argument in a command. Knowing this,
Negomancyaccepts two kinds of input: (1) a list1 of commands which
will be executed, or (2) a reply if the input is just an argument. Realizing
that replies are arguments, another layer of negotiation can be added to
the reply, speci�cally the embedded alternativesand auto selection. Listing
5.11 shows some examples of possible (independent) replies to Example
5.3.1.

Listing 5.11: Example of Negomancy
replies to Example 5.3.1.
(These statements are treated as indepen-
dent replies and not as a sequence)

1 1 -- single option number

2 [3, 1] -- alt. list of option numbers

3 [3, 1, auto ] -- alt. list of option numbers with auto

4 b100 -- manual single new name

5 [b100, "b200"] -- manual alt. list of new names

6 auto -- auto select applicable name

7 [3, 1, �auto�, auto ] -- mixed alt. list

The List1structure used to represent user replies is quite powerful, as
can be seen in Listing 5.11. Similar to arguments in a command, a reply
can simply be a single number, string name, or any other keyword like
auto . When used as a list, a reply not only can contain instances of the
same type, but also a mixture of option number, string name, and other
special keywords. Note that in replies, bare numbers are reserved for
option numbers which have higher priority when being parsed than as a
bare name. Of course, if desired, number names can still be used within
quotation marks. Other established rules for list1 are also still valid here
for reply (e.g. alternatives evaluation order, auto placement, etc.).

Let us examine the reply on line 7 of Listing 5.11 for Example 5.3.1,
resuming the response of Listing 5.10. Resolving this reply means to try
to execute the rename from the source identi�er a to the following target
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name in order: b3 from option 3, b1 from option 1, to the name auto ,
and stop at any name that is deemed to be acceptable by the engine. If
none of the names results in a success, the engine will automatically
select one that does since the keywordauto is explicitly mentioned in
the alternatives list of the response.

After the user input their selection, the command will be executed
again with the new operand(s). This also means that the other negotiation
strategies, like suggestionsand manual negotiation, can be recursively
applied if again facing applicability issues.

Alternatively, in the case that a full command is provided instead
of just a reply argument when being asked for user input, the engine
will execute the newly given command and ignore the old unaccepted
command. In other words, the new command will replace the old one.

Inquiry Level 5.3.3.1

With regard to the level of when to ask for user input, Negomancyprovides
two out of the four inquiry levelsmentioned in Section 4.1.4: level 1 (Ask
for user input only on unacceptable scenarios.) and level 3 (Ask for user input
anywhen.). The reason behind this is that since level 0 will not ask the
user in whatever cases, if any unacceptable command occurs it will result
in an error, hence an interruption to the sequence. So if interception
is bound to happen, it is objectively better to try to recover from it by
asking the user as done in level 1, and avoid having level 0. If the user
really wants to end the sequence, they can still use the end command
when being prompted for manual input. Inquiry level 1 is also the default
strategy used by Negomancy, which requires no extra syntax to use.

On the other hand, inquiry level 2 and 3 provide extra optional
suggestions for better name alternatives and related actions for acceptable
commands. Given by the engine in similar scenarios, the only di�erence
between inquiry level 2 and 3 is that level 3 provides more suggestions.
Therefore, we chose to only keep inquiry level 3 in Negomancyto make it
simpler to use. As discussed, providing non-critical suggestions which
require user input can be very interrupting. So to use inquiry level 3, the
user must explicitly ask for it by using the keyword ask as an element
inside any alternative list. Similar to auto , the placement order of ask in
an alternative list does not matter. If ask is present in an alternative list,
any suggestion list from the engine that aims to resolve that particular
alternative list will also include level 3 suggestions.

Listing 5.12 : Example of specifying Ne-
gomancy inquiry levelwith ask keyword

1 [ -- inquiry level 0 as default

2 [a1, a2, a3] to [b1, b2, auto ],

3

4 -- inquiry level 3 with keyword ` ask `
5 [a1, a2, a3, ask ] to [b1, b2, auto ],

6 [a1, a2, a3] to [b1, b2, auto , ask ],

7 [a1, a2, a3, ask ] to [b1, b2, auto , ask ],

8 ]
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Forced Application 5.3.4

On the other side of negotiation, there are cases where the user explic-
itly wants to apply the command regardless whether it is applicable
or not. Negomancysupports this with the keyword force prepending a
command. In order to be forcefully applied, a command must be nego-
tiated, that is negotiation is desired for that command. In other words,
these commands should have an unacceptable state that negotiation for
recovery is wanted.

Listing 5.13 : Example of Negomancy
forced application with force keyword.
These commands behaviorally equiva-
lent to a1 to b1 since force e�ectively
cancels other negotiation features.

1 [

2 force a1 to b1,

3 force [a1, a2, a3] to [b1, b2, b3],

4 force [a1, a2, a3, ask ] to [b1, b2, auto , ask ],

5 ]

For a vacuous command, the vacuousness of that command is not
always apparent, and only be certain after evaluation. Let us take the
simple command this to a as an example of this. If this command
was triggered by a then the command is vacuous, otherwise it is not.
Therefore, even if it will be evaluated to be vacuous, an unevaluated
(vacuous) command can only be viewed as just a command nonetheless
and can be forced.

Forced application has more power than other discussed negotiation
features. Therefore, when a negotiated command is forced, it will apply
the �rst found expanded command, regardless of its applicability. This
e�ectively omits all other remaining embedded alternatives and negotia-
tions. However, a command that is forcefully applied may result in an
error due to its inapplicability.

New Negotiation Context 5.3.5

When a negotiation is initiated, a new negotiation context is created to
give a basis for that negotiation scenario. A negotiation is initiated when
an action event is triggered from the code through the code editor/IDE,
or the �rst command is given to the Negomancer. After being created, a
negotiation context will persist to facilitate the possible following replies
and commands, until a new negotiation scenario begins.

To explicitly signal the engine to start a new negotiation scenario,
the keyword new can be prepended to a command, indicating that this
command will be evaluated in a new negotiation context. In order to use
new, the command must be contextual. In other words, that command
must be dependent on the negotiation context.

Listing 5.14 : Example of Negomancynew
negotiation context with new keyword

1 [ -- new negotiation context for the first command

2 `` new `` this to [b1, b2, auto , ask ],

3

4 this to [b3, b4], -- ` this ` is still available

5 new this to [b5, b6], -- ` this ` is unavailable

6 ]
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3: Any character that is either a lower
case letter (a-z ), an upper case letter
(A-Z ), a digit ( 0-9 ), or an underscore (_)

Note that when a new negotiation is established, information from
the previous negotiation context will be removed. This implies that the
keyword this will surely become unavailable, along with presented
suggestions from the last negotiation scenario.

Other Negotiation Strategies 5.3.6

The other remaining negotiation strategies unmentioned within this
section up to this point are: vacuous acceptanceand collision acceptance. As
their names suggested, these strategies are related to the inner handling
of the command rather than something expected as a syntax. Upon facing
a vacuous command or a collision, the engine will produce a warning
but will not stop for user inquiryas they are still acceptable.

For a vacuous command, further negotiation is redundant and a
simple warning should be su�cient. However, for a collision, the user
can additionally put the keyword ask in the target name alternative list
to enable inquiry level 3to get more suggestions on better names for the
collided one.

Naming Features and Syntax 5.4

The ability to style names although not crucial to the negotiation process,
can be of great assistance.Negomancyincludes a small degree of identi�er
name styling and construction with case styles and name concatenation,
which provide some extra negotiation features.

Target Language Restrictions 5.4.1

The �rst thing to consider when it comes to identi�er naming is the target
language restrictions on identi�ers (See Section 4.2.1). In short, these
language restrictions stem from the grammar and de�nition of those
languages, dictating which characters can be used and how to place
those characters to construct a valid identi�er. Some languages also have
restrictions on the extrinsic properties of an identi�er, like its length.

Negomancyis a language intended for negotiating on renaming multi-
ple di�erent languages as long as it is supported by the code editor/IDE
platform. Thus, enforcing language restrictions at grammar level is not
desired since it will limit the use of Negomancyfor certain languages.
Identi�ers in Negomancyare strings in nature, so anything that can be
put in a string is acceptable as an identi�er. A string in Negomancyis a
sequence of any characters (except the delimiters), delimited by a pair of
single quotation marks ( �� ) or a pair of double quotation marks ( "" ).

The only restriction de�ned is for unquoted bare names which is
de�ned by the regular expression \w [\w -] * . This can be understood
as a name must contain at least oneword character3, and followed by zero
or more word charactersor hyphens. This infers that a bare unquoted
name contains no space (i.e. a single word) since space is a separator
in Negomancer. Needless to say, however, a name must not con�ict with
preserved keywords and other grammatical structures either.
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Case Styles 5.4.2

The most visible aspect of an identi�er name is its case styles. As discussed
in Section 4.2.2.2, case styles are the use and combination of characters
(typically lower and upper case letters) to construct a name, especially
for multi-word identi�ers. Negomancyprovides case styling for any name
argument (i.e. a name string or list of names) with the keyword case .
Any name argument can be styled by appending the keyword case

followed by a case style name. Listing 5.15 shows some case styling styles
in Negomancywith case syntax.

Listing 5.15 : Example of Negomancycase
styling styles with case keyword on the
target names. The comment at the end
each line shows the target name with
that case style applied.

1 [

2 a to oneMoreThing case lower, -- onemorething

3 a to oneMoreThing case flat, -- onemorething

4 a to oneMoreThing case upper, -- ONEMORETHING

5 a to oneMoreThing case sentence, -- Onemorething

6 a to oneMoreThing case pascal, -- OneMoreThing

7 a to OneMoreThing case camel, -- oneMoreThing

8 a to oneMoreThing case snake, -- one _more_thing

9 a to oneMoreThing case kebab, -- one-more-thing

10 a to oneMoreThing case train, -- ONE-MORE-THING

11 a to oneMoreThing case macro, -- ONE _MORE_THING

12 ]

The case style name, which is required to be used with case , is de�ned
as any other identi�er name seen in previous sections. In other words, if
a case style name contains spaces (i.e. multi-word) or special characters,
it can be placed in quotation marks, or else it can be written directly.
Allowing case style to be used as string names instead of enforcing them
as keywords enables for easier future expansion of new case style support
without modifying the grammar.

The keyword case associates to a namelist1, thus a rename command
with two alternative lists for source identi�er and target name can have
two di�erent case styling for each one. Not stopping there, elements
inside these name alternative lists are again names, socase can also
be used for each of them. However, note that the case styling will be
evaluated inside out, and case styling for a list of names will distributively
apply for names in that list. Therefore, if used together, the outer case of
a list will shadow all the case s of the containing names.

Listing 5.16 : Example of Negomancycase
styling usages with case keyword

1 [ -- case styling for names

2 a case upper to B,

3 a to B case lower,

4 a case upper to B case lower,

5

6 -- case styling for names in a list

7 [a1 case upper, A2 case lower] to B,

8 a to [b1 case upper, B2 case lower],

9 [a1 case upper, A2 case lower] to [b1 case upper, B2 case lower],

10

11 -- case styling for lists

12 [a1, a2] case upper to [B1, B2],

13 [a1, a2] to [B1, B2] case lower,

14 [a1, a2] case upper to [B1, B2] case lower,

15

16 -- list case style shadow all containing names case styles

17 a to [b1 case upper, b2 case upper] case lower,

18
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19 -- case style alternative list

20 a to OneMoreThing case [camel, snake, upper],

21 a to [FirstThing, SecondThing] case [camel, snake, upper],

22 a to [

23 FirstThing case [camel, snake],

24 SecondThing case [lower, upper]

25 ],

26 ]

As can be observed in the Listing 5.16, the keyword case also comes
with some negotiation features. The �rst one is embedded alternatives.
Similar to the embedded alternative name list described in Section 5.3.1,
case styles can be de�ned in an alternative list. This also utilizes the list1
structure to allow having a single case style name directly or a list of
them. The engine will try to sequentially use the case style alternatives
in the de�ned order to apply to the corresponding name(s) and stop at
the �rst one that results in an acceptable outcome.

To better understand the order of case style alternatives expansion,
let us use the command at line 21 of Listing 5.16 as an example. This
command is rather complex since it has a list of embedded case style
alternatives associated with a list of embedded target name alternatives.
In such a scenario, case style has the higher priority over their associating
name alternatives, since case style ideally should stay consistent across the
codebase. Although being able to embed and try di�erent case styles of
the same name to �nd an acceptable one is great to have, that also means
the case style may get inconsistent for that to happen. By allowing case
style alternatives to have a higher priority, each name in the alternative
list will be evaluated with the same case style �rst before moving to the
next case style, reducing the chance of having an acceptable inconsistent
case style name and also the degree of case style inconsistency. A simple
algorithmic view of this priority is shown in Listing 4.1.

Listing 5.17: An algorithmic view of
case style alternatives priority over target
name alternatives for the command at
line 21 of Listing 5.16

1 for case _style in [camel, snake, upper]:

2 for target _name in [FirstThing, SecondThing]:

3 styled _name = case _style.apply _to(target _name)

4 if styled _name is acceptable:

5 # do rename

6 return

The second negotiation strategy that case style can o�er is auto selection.
Case style auto selection uses the sameauto keyword and usage rules as
the name auto selection shown in Section 5.3.2. The keyword auto can
be placed as an element in a case style alternative list associating with
target names, to signal to the engine to automatically choose any case
style that makes the command acceptable given a target name. Note that
auto for case styles is only available for target names for the same reason
asauto for names. However, unlike auto for names, auto for case style
may fail since the collection of case styles is �nite and can be exhausted,
rendering that command inapplicable.

Listing 5.18 : Example of Negomancycase
styling with auto selection

1 [ -- auto select case style

2 a to OneMoreThing case [camel, snake, upper, auto ],

3 a to OneMoreThing case auto ,

4 a to [FirstThing case camel, SecondThing case auto ]
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5

6 `` keyword ` auto ` for case style is not allowed for source

1! identifier names

7 OneMoreThing case [camel, snake, upper, auto] to b,

8 OneMoreThing case auto to b,

9 [FirstThing case camel, SecondThing case auto] to b,

10 ``
11

12 -- auto select name with case style

13 a to [FirstThing, SecondThing, auto ] case camel,

14 a to [FirstThing, SecondThing, auto ] case [camel, snake, upper],

15 a to auto case camel,

16 a to auto case [camel, snake, upper],

17 ]

On the topic of auto selection, what has not been mentioned in Section
5.3.2 is how auto name selection behaves with case styles. Line 12 to 16 of
Listing 5.18 layout some cases of this. In these cases, instead of applying
directly to the name, case style acts as a condition for the automatic name
selection.

Concatenation 5.4.3

Concatenation is another thing the user can do with names in Negomancy.
This can be useful to construct more complex names from multiple parts
of di�erent styles. A concatenation is constructed with the keyword
concat followed by a non-empty list of names separated by comma and
enclosed in a pair of square brackets ([] ) similar to the syntax of the
alternatives lists.

Listing 5.19 : Example of Negomancy
name concatenation with concat key-
word

1 [ -- concatenation as a single name

2 concat [a1, a2, a3] to b,

3 a to concat [b1, b2, b3],

4 concat [a1, a2, a3] to concat [b1, b2, b3],

5

6 -- concatenation inside an alternative list

7 [a1, concat [a2, a3], a4] to b,

8 a to [b1, concat [b2, b3], b4],

9 [a1, concat [a2, a3], a4] to [b1, concat [b2, b3], b4],

10

11 -- nested concatenations

12 a to concat [ concat [ concat [b1, b2], c1, c2], d1, d2],

13

14 -- concatenation with case styling

15 a to concat [b1, b2, b3] case upper,

16 a to concat [b1, b2, b3] case [snake, upper],

17 a to concat [b1 case upper, B2 case lower],

18 a to concat [b1 case [snake, upper], b2],

19 ]

In Negomancy, concatenation is classi�ed as a name since it will
eventually be evaluated to be one. Thus any place where a name can
be used, a concatenation can be placed instead. This means that a
concatenation can (1) be used directly as a name argument for a command,
(2) be inside of an alternative name list as a name, (3) nest or be nested
inside other concatenations since is both considered as a name, but also
contains names, and (4) be used in association with negotiated case
styling.
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The keyword auto can also be used within a concatenation (e.g.
concat [a, b, auto ] ) to automatically extend the concatenated name
(e.g.ab1 ), in case of inapplicable. In other words, this allows the user to
provide a base name for the engine to extend from

Triggered Identi�er Name 5.4.4

In some cases, negotiation can be triggered by the code editor or IDE
from an identi�er. In these situations, it is useful to have access to the
current name of the trigger identi�er. Negomancypreserved the keyword
this for this purpose. this is used exactly as if it is a regular string
name. This means that this can (1) be used directly as a name argument
for a command, (2) be inside of an alternative name list, (3) be used in
association with negotiated case styling, and (4) be concatenated with
other names.

Listing 5.20 : Example of Negomancytrig-
gered identi�er name with this key-
word

1 [ -- ` this ` as a single name

2 this to [b1, b2, b3],

3 [a1, a2, a3] to this ,

4 this to this , -- vacuous but acceptable

5

6 -- optional ` this ` as source identifier

7 `` this `` to [b1, b2, b3],

8

9 -- ` this ` inside an alternative list

10 [a1, this , a2] to b,

11 a to [b1, this , b2],

12 [a1, this , a2] to [b1, this , b2],

13

14 -- ` this ` with case styling

15 a to this case upper,

16 a to this case [snake, upper],

17

18 -- change case style of the triggered identifier

19 this to this case upper,

20 this to this case [snake, upper],

21

22 -- ` this ` concatenated with other names

23 concat [a1, this , a2] to b,

24 a to concat [b1, this , b2],

25 concat [a1, this , a2] to concat [b1, this , b2],

26 ]

Optionally, if this is used as the source identi�er for a rename
command, this this keyword can be omitted to further shorten the
command.

However, note that this is not always available since negotiation is not
exclusively triggered from an identi�er by the code editor or IDE. If being
used when there was no triggered identi�er, any command containing
this will produce an error. Else if there was a triggered identi�er, its
name will be accessible through this until the next negotiation context.

Name Suggestions 5.4.5

During negotiation, the engine may need to ask for the user input to
select from some suggestions when facing some unacceptable commands.
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4: Extended Backus�Naur form � a
context-free grammar notation extension
of BNF.

These suggestions can be new names that the engine has to generate
based on the context of the command. As discussed in Section 4.2.2.4, one
of the simplest yet e�ective ways to do so is to add additional characters
to the rejected name. ForNegomancy, a new name is generated by adding
some numbers to the old name.

Nowadays, code editors and IDEs are getting more advanced, many
of them have their own name suggestion system. Since Negomancy
already relies on the code editor/IDE platform to perform the actual
refactoring, utilizing the existing name suggestion system of the platform
(if possible) to obtain more results is a logical decision. Moreover, if
the user already uses the platform's name suggestion system, including
these as suggestions can increase the naming consistency across the
codebase.

Ideally, more information can be extracted from the command context
and from the codebase itself. However, such a process would require
a tremendous amount of understanding of not only the context, but
also natural languages and the naming preferences of the user. This lies
beyond the scope of this project and clearly deserves its own studies. Thus,
for now, to keep it simple, new names Negomancyare only constructed in
two ways: (1) by adding numbers to a given name and (2) forwarding
names suggested by the platform name suggestion system.

Concrete Grammar 5.5

This section lays out the concrete syntax of the grammar for Negomancy
DSL. In this section, fragments of the Negomancygrammar are written
in EBNF4. The EBNF syntax notation used in the grammar is shown in
Table A.1.

As a convention, grammar rules names are written in camel case,
while token names are in macro case. Listing 5.21 lists the tokens used in
Negomancygrammar.

Listing 5.21 : Negomancygrammar tokens1 ( * List characters * )

2 LIST _LEFT = �[� ;

3 LIST _RIGHT = �]� ;

4 LIST _SEP = �,� ;

5

6 ( * Keywords * )

7 ASK = ? case insensitive ? �ask� ;

8 AUTO = ? case insensitive ? �auto� ;

9 CAN = ? case insensitive ? �can� ;

10 CASE = ? case insensitive ? �case� ;

11 CONCAT= ? case insensitive ? �concat� ;

12 END = ? case insensitive ? �end� ;

13 FIND = ? case insensitive ? �find� ;

14 FORCE = ? case insensitive ? �force� ;

15 NEW = ? case insensitive ? �new� ;

16 THIS = ? case insensitive ? �this� ;

17 TO = ? case insensitive ? �to� ;

18
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19 ( * Other tokens * )

20 SPACE = "regexp:\s+" ;

21 COMMENT = "regexp:( `` +[\s\S] * ?`` +)|(--. * )" ;

22 ID = "regexp:\w[\w-] * " ;

23 STRING_LIT = "regexp:(�.+?�)"

24 | �regexp:(".+?")�

25 ;

The comprehensive grammar of Negomancyis shown in Listing A.1.
The rest of this section describes in detail the grammar rules in the
concrete syntax.

Negomancy File 5.5.1

negomancyFile represents aNegomancy�le. The entry point of Nego-
mancyis a Negomancy�le. Negomancycode can either be input
directly in Negomancer, or be stored as a �le with the extension

* .nmc . A Negomancy�le can contain a list1 of command, or a reply.

1 ( * Entry * )

2 negomancyFile = commandList1

3 | reply

4 ;

Command 5.5.2

commandList1 represents a single or a list of command.

1 commandList1 = commandList

2 | command

3 ;

commandList represents a non-empty list of command. Items of this
list are separated by LIST _SEP, enclosed betweenLIST _LEFT and
LIST _RIGHT, and with optional trailing LIST _SEP.

1 commandList = LIST _LEFT command { LIST _SEP command } [

LIST _SEP ] LIST _RIGHT ;1!

command represents a general command statement. A command can
either be in a new negotiation context or in the current one. The
only command that is not contextual is the end command which
explicitly ends the negotiation.

1 command = endCommand

2 | newCommand

3 | contextualCommand

4 ;

endCommand represents the end command which explicitly ends the
negotiation and cancels all renaming commands in the sequence.
This command is not dependent on the negotiation context.
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1 endCommand = END ;

newCommand represents a contextual command in a new negotiation
context. This signals the engine to create a new negotiation context
before evaluating the associating contextual command.

1 newCommand = NEW contextualCommand ;

contextualCommand represents a command which is dependent on the
negotiation context to operate. A contextual command can either
be non-negotiated or negotiated. In addition, this can also be a
forced application of negotiated commands.

1 contextualCommand = forcedCommand

2 | nonNegoCommand

3 | negoCommand

4 ;

forcedCommand represents a contextual command that forces some ne-
gotiated commands to be applied. This signals the engine to apply
those commands regardless of its applicability.

1 forcedCommand = FORCE negoCommandList1 ;

Non-negotiated Command 5.5.2.1

nonNegoCommand represents a non-negotiated command. A command is
deemed to be non-negotiated if negotiation is not desired for that
command. In other words, these commands should not have an
unacceptable state.

1 nonNegoCommand = existsCommand

2 | canCommand

3 ;

findCommand represents a non-negotiated command to �nd and check
if a source name exists or is de�ned. If provided a list of source
names, this command will �nd and check the existence of each of
the given names. If found, names from the result of this command
can be selected to use in other commands.

1 findCommand = FIND sourceName ;

canCommand represents a non-negotiated command to check if a negoti-
ated command can be acceptable. If provided a list of negotiated
commands, this command will check the acceptance of each of the
given negotiated commands.

1 canCommand = CAN negoCommandList1 ;
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Negotiated Command 5.5.2.2

negoCommandList1 represents a single or a list of negoCommand.

1 negoCommandList1 = negoCommandList

2 | negoCommand

3 ;

negoCommandList represents a non-empty list of negoCommand. Items of
this list are separated by LIST _SEP, enclosed betweenLIST _LEFT

and LIST _RIGHT, and with optional trailing LIST _SEP.

1 negoCommandList = LIST _LEFT negoCommand { LIST _SEP negoCommand

} [ LIST _SEP ] LIST _RIGHT ;1!

negoCommand represents a negotiated command. A command is deemed
to be non-negotiated if negotiation is desired for that command. In
other words, these commands should have an unacceptable state
that negotiation for recovery is wanted.

1 negoCommand = renameCommand ;

renameCommand represents a negotiated rename command. A rename
command requires an optional source name and a mandatory new
target name. The source name is optional since the keyword this

can be omitted. Both source and target name can be a single name
or a non-empty list of names.

1 renameCommand = [ sourceName ] TO targetName ;

Reply 5.5.3

reply represents a user reply to the engine when being asked. A reply
can be a single name or a non-empty list of source or target names.
Note that if a name is numeric (i.e. contains only digits from 0 to
9), it will be considered as a suggestion option selection, instead of
just a string name.

1 reply = sourceName

2 | targetName

3 ;

Shadow command reply is considered as an command directly
descended from negomancyFile since each reply is input as in a
new Negomancy�le.

Naming 5.5.4

sourceName and targetName represent a source name and a target name,
which are used in a command, respectively. A source name should
be constructed in a way so that it can be used to �nd and point to a
desired identi�er, while a target name can be just a name.
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1 sourceName = nameList1 ;

2 targetName = nameList1 ;

nameList1 represents a single or a list of idName with optional case style
option.

1 nameList1 = nameList [ caseOption ]

2 | idName

3 ;

nameList represents a non-empty list of idName with optional case style
option.

1 nameList = uncasedNameList [ caseOption ] ;

uncasedNameList represents a non-empty list of idName without any
case styling. Items of this list are separated by LIST _SEP, enclosed
between LIST _LEFT and LIST _RIGHT, and with optional trailing
LIST _SEP.

1 uncasedNameList = LIST _LEFT idName { LIST _SEP idName } [

LIST _SEP ] LIST _RIGHT ;1!

idName represents a general name. A name can either be desired to have
case styling or not. Additionally, this can be a caseOption that is
used as a shorthand for a this with case styling.

1 idName = nonCaseName

2 | caseName

3 | caseOption

4 ;

nonCaseName represents a name such that case styling is not applicable
or not desired.

1 nonCaseName = ASK ;

caseName represents a name such that case styling is applicable and
desired, with optional case style option. This can either be keyword
names (e.g.this , auto ), concatenation of names, or a string name.

1 caseName = ( THIS

2 | AUTO

3 | concatName

4 | stringName

5 ) [ caseOption ]

6 ;

concatName represents a concatenation of names. A concatenation re-
quires a non-empty list without case styling of names.

1 concatName = CONCAT uncasedNameList ;
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stringName represents a string name. A string name can either be
unquoted as an identi�er, or in a quoted string form.

1 stringName = STRING_LIT

2 | ID

3 ;

caseOption represents a case style option that requires a case style or a
non-empty list of case styles.

1 caseOption = CASE caseStyleList1 ;

caseStyleList1 represents a single or a list of caseStyle .

1 caseStyleList1 = caseStyleList

2 | caseStyle

3 ;

caseStyleList represents a non-empty list of caseStyle . Items of this
list are separated by LIST _SEP, enclosed betweenLIST _LEFT and
LIST _RIGHT, and with optional trailing LIST _SEP.

1 caseStyleList = LIST _LEFT caseStyle { LIST _SEP caseStyle } [

LIST _SEP ] LIST _RIGHT ;1!

caseStyle represents a case style by a string name.

1 caseStyle = stringName ;

Conclusion 5.6

In this chapter, we have described one of the main contributions of the
project: the (domain-speci�c) language called Negomancyfor expressing
the negotiation strategies in the domain of rename refactoring. This
DSL provides a way for the user to interact with and respond to the
negotiation system while performing a rename operation.

The language design of Negomancyre�ects the results of the domain
analysis and negotiation strategies from the previous Chapter 4. The
relation between the proposed language and discovered domain will be
evaluated in detail again in Chapter 7. This language design also has
direct consequences to the implementation of the language in the form
of a plugin described in the next Chapter 6.
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This chapter provides details on the IntelliJ plugin called Negomancer
that realizes the domain-speci�c language Negomancyproposed in Chap-
ter 5. This plugin only serves as a proof-of-concept built on top of the
IntelliJ Platformwritten in the language Kotlin, partially adapting the
language, features, and the negotiation abilities of Negomancy. Since each
code editor or IDE has its own platform with di�erent levels of exten-
sibility, the implementation of a Negomancycan be varyingly di�erent.
However, this prototype plugin can be viewed as a reference for future
development of any plugin for Negomancy.

Figure 6.1: NegomancerIntelliJ Plugin
Logo

To understand how the plugin was built, some information about the
IntelliJ Platformis �rst given. This includes how the IntelliJ Platformviews
and handles things, and plugin development in this platform.

TheNegomancerplugin development can be roughly divided into three
parts: (1) de�ning a language support for Negomancy, (2) interpreting
Negomancycode and executing the intention, and (3) designing the
interactions with Negomancer. The rest of this chapter will discuss in
detail the implementation and design choices of these three development
parts.

IntelliJ Platform 6.1

As brie�y mentioned in Section 2.3.2, JetBrains's IDEs (e.g.IntelliJ for Java,
CLionfor C/C++, PyCharmfor Python, etc.) contain a minimal core plus a
collection of plugins to enable common features across their product line
and support for multiple languages. This is the IntelliJ Platform. IntelliJ
Platformis an open-source platform to extent functionalities of current
JetBrains's IDEs via plugins. Taking extensibility to the extreme, a full
custom IDE can also be created based on theIntelliJ Platform.

EachJetBrains's IDE comes packed with a collection of out-of-the-box
plugins that focus speci�cally on development in a language. Theoreti-
cally, features and support for any languages from other IDEs can also
be installed to give the same development experience, enabled by the
IntelliJ Platform. This means that a plugin created for the IntelliJ Platform
once, can run on all JetBrainsIDEs.

Internal Structure 6.1.1

The �rst aspect to understand in the IntelliJ Platformis the hierarchy of
how the IntelliJ Platformstructures the components of an IDE. This section
provides a brief overview of the internal structure in the IntelliJ Platform.
In short, this structure hierarchy includes: [25]

� Application is the only instance in the machine memory for the
whole IDE.

57
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� Project is the organizational unit that represents each di�erent
project opened in the IDE. Typically, each project is open as a
separate window. This encapsulates all the source code, libraries,
and build instructions of that project.

� Module represents a module or sub-project within a Project. A
module is a functionally independent unit.

� Virtual File represents an abstracted in-memory �le. The �virtual�
here di�erentiates this abstraction of a �le from the actual �le in
memory. Typically, a virtual �le represents a �le in the local �le
system. However, virtual �les can also represent di�erent versions
of a �le in a version control system.

� Documentrepresents an abstracted sequence of editable Unicode
characters. Typically, a document corresponds to the content of a
Virtual File. However, if edits are made to the content of a �le but
yet to be saved to the memory, the cached text shown on screen is
also re�ected in the document.

� Editor is the space the user writes code in. Within a Project, there is
only one instance editor, which switches to show di�erent Document.

� PSI Elementis an internal abstraction representing di�erent entities
within the source code. PSI elements are obtained from the PSI
system after parsing, and are used to traverse, explore, and perform
di�erent operations on (e.g. code analysis, code inspection).

The power of IntelliJ Platformcomes from the Program Structure Interface
(PSI). PSI is a layer in the IntelliJ Platformthat parses �les to build rich
syntactic and semantic code models. Many functionalities and features
of the IntelliJ Platformare powered by PSI. Internally, the IntelliJ Platform
sees source code as a PSI tree. A PSI tree is similar to an abstract syntax
tree (AST), but with extra proprietary features to support development
within the IntelliJ Platform. Source code can be analyzed, inspected, and
manipulated indirectly through its PSI tree.

Plugin Development 6.1.2

This section provides a brief overview of the plugin development for the
IntelliJ Platformbased on the o�cial documentation [25]. Development
of a plugin can be carried out in several languages. Traditionally, since
the IntelliJ IDE is written in Java, IntelliJ Platformcan be written in the
same language. JetBrains also has its own programming language called
Kotlin, which has become quite popular over the years, and currently is
the o�cial preferred development language for Android. Kotlin is now
bundled with IntelliJ which supports plugin development out-of-the-box.
Additionally, although not mentioned in the o�cial documentation,
the language Scalacan be used to write plugins for the IntelliJ Platform,
available via JetBrains's o�cial GitHub repository * .

Kotlin is the language of choice for this project, since it provides
a similar development experience to Java, while being a more modern
language with extra null-safety features, and is easier to read and maintain.
Kotlin is also the chosen language for the o�cial plugin template [29].

* https://github.com/JetBrains/sbt-idea-plugin
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This plugin template o�ers a pure boilerplate template to accelerate the
creation of a new plugin project. Both new and experienced developers
can bene�t from this template to speed up the setup phase and focus on
the plugin functionalities.

Listing 6.1 : BasicIntelliJ Platformplugin
project structure

1 project _root /

2 src /

3 main /

4 gen /

5 kotlin <or> java /

6 <source code>

7 resources /

8 META-INF /

9 plugin.xml

10 build.gradle.kts (Kotlin) <or> build.gradle (Java)

11 gradle.properties

Listing 6.1 shows the basic structure of aIntelliJ Platformplugin project.
To manage and build the plugin, Gradleis the recommended build tool
to use for an IntelliJ Platformplugin project which works on both Javaand
Kotlin. Gradlecon�guration and properties are accessible at the root of
the project via the �les build.gradle for Javaor build.gradle.kts for
Kotlin, and gradle.properties , respectively.

The main code that provides functionalities to the plugin is or-
ganized in the root/src/main/kotlin or root/src/main/java direc-
tory, depending on the development language. During development,
part of the plugin code can be generated and will be available in the
root/src/main/gen directory.

One of the most important �les in this basic plugin project structure
is the root/src/main/resources/META-INF/plugin.xml �le. This �le
describes the fundamental information about the plugin (e.g. name,
description, etc.) under development, along with which dependencies it
replies on. This is also the place to de�ne which features of the IntelliJ
Platformthis plugin extends via extension points and specifying where the
implementation of the extended features are located. This �le essentially
tells the platform how to perceive the plugin.

The IntelliJ Platformenables the extension of its features via prede�ned
extensions points. There are more than 1200 extension points available in
the IntelliJ Platform[30] that developers can extend to customize or add to
di�erent aspects of the behavior and experience of the IDE. This project
focuses on the extensibility for adding custom language support and tool
integration to the IDE. In summary, Negomancercurrently extends and
implements the following extensions points:

� com.intellij. fileType

Support for a new �le type for Negomancy.

� com.intellij. lang.parserDefinition

Parser de�nition to parse Negomancycode.

� com.intellij. lang.syntaxHighlighterFactory

Syntax highlighting for Negomancycode.

� com.intellij. renameHandler

Customization of the renaming �ow to introduce negotiability.
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1: also called tokenizer or scanner

� com.intellij. toolWindow

UI component for Negomancerthat the user interacts with.

The standard development �ow with the IntelliJ Platformstarts with
�nding and selecting an extension point that suits the need. Then devel-
opers can explore open-source projects that extend that extension point
through the recently published IntelliJ Platform Explorerwebpage [31].
This provides some references on how such an extension point can be
used, which can be extremely helpful since the o�cial documentation
does not cover everything.

Additionally, developing IntelliJ Platformplugins in a JetBrains's IDE
(e.g. IntelliJ IDEA) brings extra tools and support. These IDEs come
with a suite of tools to aid the plugin development, accessible via the
Internal Actionsmenu [32]. This internal menu provides an abundant
amount of tools ranging from viewing the PSI tree structure of the code,
to inspecting the UI component in detail, or even analyzing the memory
used.

Developers can access more reference materials and guides from
the o�cial IntelliJ Platform SDK Documentation[25]. Although the docu-
mentation contains helpful information, especially on the early stage of
development, it is still a work in progress with many sections missing,
and is being updated frequently.

Language Support 6.2

In order to realize Negomancer, the �rst thing to do is to add Negomancy
language support. De�ning a custom language support in the IntelliJ
Platformallows the IDE to understand the syntactical structure of the
code in that language. With this understanding, more language features
can be added, like syntax highlighting or code completion. The process
of adding the support for a custom language can be roughly divided into
four tasks: (1) Registering a new �le type, (2) De�ning a grammar, (3)
De�ning a lexer and parser, and (4) Adding optional language features.

The �rst and easiest task is to register a new �le type associated with
Negomancy. This is as straightforward as creating a new class extending
com.intellij.lang.Language representing the language and a class
extending com.intellij.openapi.fileTypes.LanguageFileType for
the �le type. With these de�ned, the new �le type can be registered
in the plugin.xml via com.intellij.fileType extension point. The
Negomancyis de�ned as a �le type with the extension * .nmc .

The next task is to obtain a lexer and parser. A lexer1, or lexical
analyzer, consumes the raw code as a sequence of characters and breaks
it into tokens. Whereas a parser, or syntactic analyzer, takes that sequence
of tokens and outputs a tree-like structure that conforms to the language
grammar, representing the hierarchical structure of the code. Lexing and
parsing can be combined into a single step. In the IntelliJ Platform, these
are two separate steps, with the lexer performing preceding the parser.

Internally in the IntelliJ Platform, parsing is a two-step process. First an
abstract syntax tree (AST) is extracted from the sequence of tokens. This
syntax tree is �abstract� in the sense that it does not include the detail
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of the concrete grammar, but rather only the structural information of
the code. Then a PSI tree is built on top of the AST tree, adding extra
semantic information and language manipulation methods proprietary
to the IntelliJ Platform.

Theoretically, the lexer and parser can be manually written by extend-
ing the com.intellij.lexer.Lexer and com.intellij.lang.PsiParser

classes. However, the recommended and much simpler way to obtain
those is to generate from a grammar, using JetBrains's Grammar-Kit[33].
With Grammar-Kit, developers can de�ne a grammar and use it to generate
a JFlexlexer (* .flex ), a parser, and related PSI elements corresponding
to the grammar.

The grammar de�nition with Grammar-Kit is mainly based on the
BNF notation, which we uno�cially called JBNF2, with some additions.
Some noticeable ones that were used to de�ne Negomancygrammar in
JBNFincludes:

� Global attributes block enclosed in a pair of braces, placed at the
beginning of the grammar. This block provides a place to de�ne
some meta-information of the grammar, con�gure the generation,
and a list of tokens.

� private rules provide structure only, allowing their children to be
directly included in their parents. These will not result in a node
during parsing.

� meta rules are parameterized, which can take other rules as argu-
ments. Parameters in ametarule are identi�ed by name written in
a pair of angle brackets (e.g.<< par >> ). An usage of a metarule
starts with the rule name, followed by the arguments, enclosed in
a pair of double angle brackets (e.g. << metaRule arg >> ).

� Line comment with // pre�x.

The JBNFgrammar for Negomancyis shown in Listing A.2, closely
based on the concrete syntax discussed in Section 5.5. With an initial
version grammar de�ned, the general work�ow of the next steps is: (1)
prototyping the grammar with Live Preview3 provided by Grammar-Kit, (2)
generate theJFlexlexer and parser, (3) double check the generated lexer
and �x it if needed. Step (3) is often needed since the lexer can contain
more complex logic that is absent in or cannot be fully expressed in JBNF.
Another reason to edit the generated lexer is that while JBNFsupports
full Javaregular expression to de�ne tokens, JFlexhas its own regular
expression syntax. Although Grammar-Kitdid try some conversion during
lexer generation, this is often �awed. Note that the manual modi�cation
of the generated lexer decouples the lexer from the tokens de�ned in the
JBNFgrammar.

Figure 6.2: A screenshot of Negomancy
code in IntelliJ IDEA

With the lexer and parser generated, the next task is to generate a lexer
class from the JFlexlexer and de�ne some adapting class to register the
parser in the plugin.xml via the com.intellij.lang.parserDefinition

extension point. At this stage, the mandatory part of a custom lan-
guage support is done. Additionally, optional language features can be
implemented. Currently, Negomancersupports code highlighting (via
the com.intellij.lang.syntaxHighlighterFactory extension point),
which is arguably the most useful language feature. Code highlighting
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4: In the case of theIntelliJ Platform, this
is the PSI tree.

not only makes the code more readable, but also helps to visually and
quickly assess if the parser worked as intended.

System Design 6.3

With the custom language support ready, the IDE now can understand the
structure of the code. The next part of development is to give behaviors
to this structure. Negomancyis a special language that depends on and
leverages the extensibility of the implementing platform to actually
execute the refactoring operation. Thus, there are always some parts
that need to be implemented when switching platforms. In order to
minimize this platform-dependent part, the system is designed in a
pattern called Interpreter � Executor � Negotiator. This pattern separates
the responsibility of each part, where the Executor is the only part that
contains platform-dependent code, while the Interpreter and Negotiator
can be independent from the platform.

Figure 6.3: Interpreter-Executor-
Negotiator system model
(the dotted arrows denote alternative
implementation that can be taken)

Figure 6.3 illustrates the model of the Interpreter � Executor � Nego-
tiator system. In short, this system consists of three components as the
name suggests. The Interpreter is in charge of transforming the raw code
or the tree after parsing 4 into a new tree with an internal interface that
the other components can commonly process. The Executor handles the
platform-speci�c tasks, providing functions that can be executed within
the platform. When unacceptable commands occur, the Negotiator is
called to provide di�erent strategies to recover that command. Addition-
ally, this system also communicates with the frontend to interact with
the user, which will be discussed in Section 6.4.

Interpreter 6.3.1

The interpreter's responsibility is to produce a tree for internal processing.
This can be done by parsing the raw code and interpreting it into a desired
tree structure. There are two ways of doing this: (1) independent, or (2)
dependent on the platform. Each way has its own pros and cons.
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[34]: Shvets (2018),Visitor � Refactor-
ing.Guru

Theoretically, this can be done fully independent from the platform
as illustrated in Figure 6.3. The upside of this way is that we have full
control over the parsing and interpretation process. Moreover, since it is
de�ned outside of the platform (only depending on the implementing
language), the interpreter can be reused in other platforms.

However, when adding a custom language support to a platform, it
often requires a rede�nition of the parser 5. Having two parsers to parse
the same code of the same language always has room for errors that may
lead to disparity between them. Although reusing the existing parser
for custom language support is always possible, it often involves a lot of
adaptation, essentially workarounds to make it work.

The second way takes the output of the platform parser 6, and inter-
prets it into the desired tree structure for internal processing. Although
such a process needs a platform-dependent intermediate step, the fact
that the raw code does not need to be parsed twice by the platform and
by the interpreter (as of the �rst way) means that the chance of disparity
occurring between the two parsers is reduced to zero. We chose this way
to implement the interpreter component for Negomancersince it is more
suited for a prototype where less work is needed rather than de�ning
two parsers or adapting one to the other. If expansion to other platforms
is needed, having a common platform-independent interpreter can be
bene�cial to ensure behavioral consistency.

Figure 6.4: Negomancyabstract syntax based on UML notation for class diagram. This diagram is laid out in a way that structures related
to commands are grouped together on the left side, while those on the right represent structures for replies and names with case styles.

The interpreter is implemented as a visitor of the PSI tree, utilizing
the visitor pattern [34] to traverse and transform each node of the PSI
tree into an internal tree node. Figure 6.4 shows the model of the internal
tree structure used to process within Negomancer. This model can be
considered as the abstract syntax ofNegomancythat the system interprets
and negotiates with.
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[34]: Shvets (2018),Visitor � Refactor-
ing.Guru

Executor 6.3.2

The executor component is where all the platform-related actions are
de�ned and available to be called by others. As it can be seen in Figure
6.3, the executor mainly interacts with several platform components:
(1) the language processor and interpreter to parse and interpret the
code, (2) the refactoring system to execute refactoring related actions,
and (3) the user interface (UI) to interact with the user. This section
introduces each functionality the executor o�ers and only brie�y shows
how it was implemented. Due to the complexity of the platform SDK,
full explanation of the inner working code is not possible in this thesis
report form.

The �rst use of the executor is to process the input Negomancycode.
As mentioned in Section 6.3.1,Negomanceremploys a two-step process
to parse and interpret the raw code. First, the executor utilizes the
platform's language processor to parse the input code. In the IntelliJ
Platform, this is done by creating a new PSI �le with the input code as its
content using PsiFileFactory . When this PSI �le is created, the IntelliJ
Platformautomatically parses the input code to get a PSI tree of that as
shown in Listing 6.2. The root of this PSI tree is an PsiElement of type
NegomancyFile corresponding to the Negomancy�le shown in Section
5.5.1.

Listing 6.2 : An example of parsing and
interpretation of an input string to get an
internal tree, where
project refers to the current Project
the code operates on.
NegomancyLanguage refers to the Nego-
mancyLanguage de�ned in the �rst task
in Section 6.2.

1 val inputText: String = "this to somethingElse"

2 val psiTree: NegomancyFile = PsiFileFactory

3 .getInstance(project)

4 .createFileFromText(NegomancyLanguage, inputText)

5 as NegomancyFile

6 val input = psiTree.accept(NegomancyInterpreter())

This PSI tree can then be interpreted into an internal tree by accepting
the interpreter as a visitor as shown in line 6 of Listing 6.2. This is possible
since the parser generated from the JNBFgrammar is de�ned to add to
each node of the parsed PSI tree an extraaccept() method that follows
the visitor pattern [34]. After this, an instance of the internal tree structure
model illustrated in Figure 6.4 is obtained and ready to be processed by
other components.

The second platform component the executor interacts with is the
refactoring system. The platform's refactoring system can perform many
tasks, but the executor mainly uses it for (1) getting name suggestions
from the platform, (2) �nding name con�icts for applicability checking,
and (3) performing the code transformation that actually renames an
identi�er.

Getting suggestions from the platform for a particular PSI element
is rather straightforward. The suggestions are obtainable from the
NameSuggestionProvider as shown on Listing 6.3. NameSuggestionProvider

is an interface that each language developer (in the IntelliJ Platform) can
choose to implement to provide suggestions tailored to their languages.
By getting name suggestions from the NameSuggestionProvider , Nego-
mancercan gather names that match the intention and style of each and
every language supported in the IntelliJ Platform.
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7: There was no documentation nor
guide about how to �nd con�icts. We
found this method by reverse engineer-
ing and going through the source code
of the �Problem Detected�dialog of IntelliJ
when renaming to a con�icting name in
Kotlin. This dialog might not be available
in other languages since we tried Javaand
it just performs the rename regardless.

8: There was no documentation nor
guide about how to perform rename. We
found this method by reverse engineer-
ing and going through the source code
of the �Rename� dialog of IntelliJ

Listing 6.3 : An example of getting name
suggestions from the platform for a ref-
erence PSI element

1 val suggestions = LinkedHashSet<String>()

2 NameSuggestionProvider.suggestNames(referenceElement, null ,

suggestions)1!

On the other hand, renaming is a more complex topic. The remaining
experience in the IntelliJ Platformcan be customized in two levels. At
the logic level, the renaming behavior can be extended by providing
an implementation for the RenamePsiElementProcessor interface. At a
more detailed level, the whole renaming �ow can be replaced, includ-
ing the user interface, by implementing the RenameHandler interface.
Negomanceroperates on this �ner level, to introduce negotiation to the
renaming �ow (See Section 6.3.4) with a user interface more suited for
negotiation (See Section 6.4).

Each language supported by the IntelliJ Platform, if wanted to utilize
the default renaming experience of the platform, must at least implement
a rename processor to some degree. At this level, each language can
already de�ne how to search for references, �nd con�icting elements, and
rename elements. Not stopping there, each type of entity (e.g. package,
�le, class, method, �eld, variable, etc.) in a language can have its own
rename processor to further customize how the renaming �ow works for
each of them. This essentially means that there are an ample number of
rename processors, where a pair of names in equivalent pieces of code
can be con�icted in one language, but just collided in another. That said,
this is totally understandable since each language has its own governing
rules. The take-away point here is that the applicability checking problem
di�ers from language to language, from one type of entity in a language
to another; hard-coding all the cases is both tedious and error prone. A
universal solution to this is only possible if the power of the platform
could be leveraged, where those functionalities are already de�ned along
with the language. This could very well be true in other platforms, not
just the IntelliJ Platform.

With this knowledge, fortunately, IntelliJ Platformdoes provide ways
to �nd con�icts and perform rename. To �nd con�icts of a given name for
a PSI element, instead of calling a universal rename processor interface to
do so, the concrete rename processor for that particular PSI element must
be retrieved �rst 7, as shown in Listing 6.4. This concrete rename processor
provides speci�c de�nitions for what is considered to be a con�ict for
that type of entity in that language. The findExistingNameConflicts()

method returns a map of con�icted elements and some textual descrip-
tions for each element, which is handy to be shown to the user.

Listing 6.4 : An example of �nding con-
�icts of a name for a PSI element

1 val conflicts = MultiMap<PsiElement, String>()

2 RenamePsiElementProcessor.forElement(element).

findExistingNameConflicts(element, name, conflicts)1!

When a rename command is acceptable, the executor can be asked
to apply the actual rename as shown in Listing 6.5 8. There are more
options available in the IntelliJ Platformto consider when performing a
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rename. These options correspond to the options present in the �Rename�
dialog shown in Figure 2.10. Aside from the obvious new name, some
noteworthy options include de�ning the scope, and deciding to also
rename the old name occurrences in strings, comments, text, etc. The
scope here can be set to all �les, only the project �les, only test �les, open
�les, current �le, and more. With such an abundance of options to set,
it is clear that Negomancydoes not have enough syntax to represent all.
That said, many of these options are certainly exclusive to IntelliJ Platform,
mindlessly adding more syntaxes is not a wise choice since Negomancy
was created to be a universal DSL independent of platform. A better
way to represent platform-speci�c options is still an open problem to be
tackled.

Listing 6.5 : An example of performing a
rename in the IntelliJ Platform

1 val scopeCombo = ScopeChooserCombo(project, false , true ,

"Project Files")1!

2 val scope = scopeCombo.selectedScope ?: GlobalSearchScope.

projectScope(project)1!

3

4 val processor = RenameProcessor(project, triggeredElement, targetName,

scope, false , false )1!

5 processor.setPreviewUsages( false )

6 processor.run()

The last functionality the executor o�ers is to contact the user interface
(UI) to show messages and suggestions to the user, and get reply from
them if needed. Since the user interface is speci�c to the IDE, actions
related to the UI are considered platform-dependent and thus should be
performed through the executor. Negomancerutilizes a toolwindow to
interact with the user, which will be discussed in Section 6.4.

Negotiator 6.3.3

The last component in the Interpreter � Executor � Negotiator system
is the negotiator, where the negotiation happens. The function of the
negotiator is best explained through the system �ow as will be discussed
in Section 6.3.4. Instead of describing what the negotiator does, this
section discusses what role the negotiator serves and what it used to
negotiate with.

After being interpreted by the interpreter, the resulting tree represents
a command (assuming this is the beginning of a negotiation, so it is
not a reply). At this point, although this command has a concrete type,
yet no component has checked whether it is contextual, or negotiated,
or not. Obviously, the applicability of this command is also not yet
evaluated. Having an extra component just for matching the type of
command can be quite excessive. Therefore, the negotiator can take on
this role to process the interpreted command regardless of whether it is
contextual, or negotiated, or not. Another way to think of this is that, in
the implementation of the system, negotiation can be understood in a
broader sense. That is, if given a command of any type, based on the type
of that command, the negotiator can negotiate a proper execution. It is
also a similar case for replies that are also processed by the negotiator.
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9: This is the element in the target source
code that initiated the negotiation. If the
command was executed directly via Ne-
gomancer, the triggered element is not
available.

The negotiation is the central hub that performs the main negotiation
�ow. Commands and replies come in here after being interpreted. The
negotiator role here is �rst to �nd the correct execution method based on
the command type. Then several contacts with the executor are made by
the negotiator to �nd existing con�icts, get platform's suggestions, and
perform the actual renaming transformation to the source code. Note
that, typically, the negotiator does not interfere with the user interface
since the UI can di�er from platform to platform. Thus, it is best to let the
executor decide what to display as it is part of the platform. That said, if
desired, the negotiator can request the executor to do so.

The negotiator negotiates based on a negotiation context. This context
is designed to be passed around by the negotiator and the executor,
accumulating information about the ongoing negotiation. A negotiation
context is composed of the triggered element9 (if any), the command
being negotiated on, the current suggestions, and the cumulative history
of past negotiation context. Although not every part of the negotiation
context is used to the fullest, this structure lays out the infrastructure
for the negotiator to handle possible future more complex negotiation
strategies.

The negotiator also provides suggestions, which come from two
sources: the platform's suggestions and its own suggestions. While the
platform's suggestions are obtained from the executor, other suggestions
are generated following the name extending strategy discussed in Section
4.2.2.4, like enumerating the original name by adding extra digits.

Another negotiation feature the negotiator handles is the expansion
of commands and replies containing embedded alternatives. This process
closely follows the embedded priority and expansion rules established
in Section 4.1.3.3. The act of expanding transforms a complex command
with embedded alternatives into an ordered list of basic commands that
can be executed sequentially. Note that if there are duplicate alternatives
provided in an alternative list, the negotiator will only treat this as
one alternative and �lter out these redundant ones. This ensures that
the expanded list of basic commands only contains distinct commands,
saving time in later steps.

Recall that inside an alternative list, there can be three special key-
words: this , auto , and ask . The value for the keyword this can simply
be obtained from the triggered element in the negotiation context. On the
other hand, auto requires the engine to automatically select an applicable
operand. Knowing that the suggestions from the platform are always
applicable, the �rst platform's suggestion can be used to expand the
keyword auto into a basic command. For the keyword ask , if present, the
negotiator will prepare an extra suggestion step at the end of the negotia-
tion for that command when it is deemed to be acceptable. Otherwise,
the negotiator will behave according to inquiry level 1by default.

Lastly, we discuss how the negotiator decides the lifespan of a negotia-
tion context. If the command sequence only consists of one command, the
negotiation context clearly begins when the negotiation for that command
starts and ends when the command is applied. If there is more than
one command, each will be negotiated separately in its own negotiation
context as if it were the only one. At syntax level, the user can control
the creation of a new negotiation context by using the keyword new as
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de�ned in Section 5.3.5. Note that although the end command using
the keyword end discussed in Section 5.2.4 e�ectively ends the current
negotiation context, it also ends the entire negotiation and cancels all
remaining commands. Further during negotiation, if a new intervening
command is input to the Negomanceras a reply, it will replace the currently
negotiating command and start a new negotiation context for itself.

System Flow 6.3.4

This section describes the general execution �ow of the system. This
�ow starts with the user providing the Negomancertoolwindow with
a sequence of commands inNegomancycode. Figure 6.5 illustrates this
general �ow as a UML sequence diagram.

After receiving the Negomancycode from the user, the Negomancer
toolwindow passes this to the executor to be processed. Note that the
executor is the one to �rst process the raw input, instead of the negotiator,
since the negotiator only handles the platform-independent internal tree
structure. The executor then parses the raw input and interprets the PSI
tree to the internal tree structure using the interpreter, for the negotiator
to begin the negotiation process.

Since the input command sequence consists of multiple commands,
each command will be negotiated separately in its own negotiation
context as if it were the only one. For each command, the negotiator will
�rst expand all the embedded alternatives (if any) into basic commands
that can be evaluated and executed sequentially. When these are ready,
the negotiator will explicitly request the executor to let the toolwindow
display the expanded commands, informing the user of its conversion.

To check for each basic command applicability, the negotiator will
contact the executor to leverage the power of the platform's refactoring
system. Here, since the executor is the one that actually called the platform
to evaluate the applicability of command, it is logical for it to also handle
informing this result via the toolwindow. After this, the applicability
result, which can be either acceptable or unacceptable, is then returned
to the negotiator to continue negotiation.

In the acceptable case, the only thing to do then is to apply that
command. The application of such a command is requested by the
negotiator and ful�lled by the executor, again utilizing the power of
the platform's refactoring system. Similar to the applicability check, this
application success message is asked to display the executor.

In the unacceptable case, the negotiator must �rst prepare possible
suggestions. These suggestions consist of the platform's suggestions by
requesting them from the executor, and suggestions of its own. With the
suggestion ready, the negotiator then forwards them to the executor to
show and begin asking the user for their input. When the user inputs
their reply to the toolwindow, the reply is processed in the same manner
as the input command from the �rst steps by the executor. That is parsing
the reply with the platform's language processor and interpreting it
with the interpreter to obtain an internal tree structure before giving it
to the negotiator. This again starts another round of negotiation by the
negotiator.



6 Negomancer IntelliJ Plugin 69

Figure 6.5: Sequence diagram of Interpreter-Executor-Negotiator general �ow based on UML notation for sequence diagram.
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10: Note that IntelliJ has its own wrap-
pers of Java Swingclasses. The GUI De-
sign is an old tool and only has basic
support for custom non-palette compo-
nents, compared to palette components.

In any case, if the user explicitly requests more suggestions by using
the keyword ask , the negotiator will add an extra step at the end when
the command applicability is resolved. Otherwise, the negotiator will
move on to the next command until there is none left, rendering the
negotiation for the whole command sequence done.

Above is a brief description of a general negotiation �ow of the
Interpreter � Executor � Negotiator system for the rename command.
Although this system design is intended for the rename command, a
similar pattern as discussed above can also be applied to handle other
refactoring operations.

Negomancer Toolwindow 6.4

In previous sections, we have discussed how to add a custom language
support to the IntelliJ Platformand design a system that implements the
features of Negomancy. This section focuses on the frontend of Negomancer,
where the user will directly interact with.

First, let us look at some available tools provided by developing an
IntelliJ Platformplugin in IntelliJ IDE. The �rst tool to aid user interface
(UI) development is the UI Inspectoravailable in the Internal Actionsmenu
(See Section 6.1.2). With this tool activated, developers can click on any
element of the current IntelliJ IDE UI while holding Ctrl + Alt to inspect
it. Figure 6.6 shows an example of the UI inspection details. This tool
provides detailed properties of any given UI element, similar to web
element inspection in web browsers.

Figure 6.6: IntelliJ's UI development tools: (Left)UI Inspector [35], (Right) GUI Designer [36]

The second UI development tool in IntelliJ is the GUI Designer. The
graphical user interface (GUI) is built based on Java Swing10. IntelliJ's
GUI Designer o�ers a dedicated space to design Java SwingGUI in a
drag-and-drop manner. Figure 6.6 shows an example GUI Designer
workspace. The GUI is de�ned by two separate �les that bind together: (1)
a * .form �le de�nes the layout of the UI, and (2) a UI class �le contains
extra UI logic. Traditionally, the UI class �le is written in Java. However,
if the plugin is written with Kotlin, the UI class �le can be replaced with
a Kotlin �le while maintaining the binding to the form.
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Figure 6.7: NegomancerUI wireframe

To build a user interface for Negomancer, we �rst need to know what
needs to be represented. SinceNegomanceris a plugin to enable the use of
Negomancy, there must be an editor-like input area for Negomancycode.
Since negotiation is a two-sided process, the engine also needs to have
some UI components to represent its suggestions during negotiations. It
is also useful for the user to have an overall view of past events of the
on-going negotiation, i.e. the negotiation history. These two components
(an input area, and a history view) as illustrated in Figure 6.7 should
provide su�cient interaction to the user to handle negotiations.

Several issues have been considered to realize the interaction with the
user. The �rst decision to make is either to use a graphical user interface or
not. A more old-school command line interface (CLI) is light and simple
to operate. However a CLI has two main downsides for Negomancy. IntelliJ
and other IDEs running on the IntelliJ Platformall have a more graphical
UI. Having a simple CLI can feel unnative, making the user experience
inconsistent. A second disadvantage of a CLI is that it can be unintuitive
to write long and/or multiple lines of code. Since Negomancyis scriptable,
writing more than one line of code in a CLI can be uncomfortable. An
editor component can be used to tackle this, which by itself is a perfect
environment to write code in. Past events of the negotiation can simply
be represented as previous lines in the editor. However, the problem
here is that the content of the editor is editable, including the negotiation
history, which should not be.

The second and also the chosen way to realize the UI is with a
toolwindow. Toolwindows are native IntelliJ PlatformUI components,
appearing as a collapsible, movable slide-over panel that snaps to the
(left, right, or bottom) edges of the IDE. Toolwindows have been used
for many o�cial features, allowing quick access to these tools anywhen
working in the IDE. This is perfect to Negomancerneeds, providing a
custom space to negotiate that can appear alongside with the code. Figure
6.8 shows some screenshots of the implementedNegomancertoolwindow
in IntelliJ IDE.

The content of the Negomancertoolwindow is divided into three main
parts: a negotiation history at the top, a toolbar in the middle, and an input
editor at the bottom. The negotiation history and the input editor share
the same vertical space and are vertically resizable to give a better view
one. The input editor here accepts only Negomancycode, complete with
code highlighting for better readability while writing. When ready, the
user can use the� I Execute�button in the toolbar to begin evaluating and
executing their input. This toolbar also o�ers some other functionalities.
The user can explicitly start a new negotiation context with the � ¸ New�
button. The feature is similar to the new negotiation context commands
with the keyword new, however without the need to be attached to a
command. The other two buttons � � Clear input� and � � Clear history� in
the toolbar provide a quick way to clear the content of the input editor
and negotiation history, respectively.




	Negomancer
	Abstract
	Contents
	List of Figures
	List of Tables
	List of Listings
	Introduction
	Project Introduction
	Contributions
	Overview and Reading Guide

	Background
	Transformations and Negotiations
	Grammar Transformation
	Transformations Adaptability
	Negotiated Transformations

	Refactoring and Integration
	Code Refactoring
	Refactoring Opportunities
	Renaming

	Currently Available Renaming Systems
	Visual Studio Code
	IntelliJ
	Plugins and Extensions

	Conclusion

	Project Description
	Problem Statement
	Project Goals and Scope
	Research Questions
	Approach
	Concerns and Challenges

	Negotiation Strategies
	Negotiation Strategies
	Negotiation on Applicable
	Negotiation on Vacuous
	Negotiation on Inapplicable
	Inapplicable Source Identifier
	Inapplicable Target Name
	Embedded Priority and Expansion

	Negotiation Scheme

	Identifier Naming
	Language-related Restrictions
	Naming Strategies
	Identifier Length
	Case Style
	Identifier Meaning
	Extending an Identifier Name


	Conclusion

	Negomancy DSL
	General Design Features and Syntax
	Commands Syntax
	Rename
	Find and Existence Checking
	Applicability Checking
	End Negotiation

	Negotiation Features and Syntax
	Embedded Alternatives
	Auto Selection
	User Inquiry and Reply Statements
	Inquiry Level

	Forced Application
	New Negotiation Context
	Other Negotiation Strategies

	Naming Features and Syntax
	Target Language Restrictions
	Case Styles
	Concatenation
	Triggered Identifier Name
	Name Suggestions

	Concrete Grammar
	Negomancy File
	Command
	Non-negotiated Command
	Negotiated Command

	Reply
	Naming

	Conclusion

	Negomancer IntelliJ Plugin
	IntelliJ Platform
	Internal Structure
	Plugin Development

	Language Support
	System Design
	Interpreter
	Executor
	Negotiator
	System Flow

	Negomancer Toolwindow
	Conclusion

	Evaluation
	Ontological Analysis
	Ontological Analysis Methodology
	Ontology Design
	Entities Description
	Composite Things Construction
	Entities Coupling Graph

	Ontology Mapping and Analysis
	Representation Mapping
	Interpretation Mapping

	Ontological Evaluation
	Construct Deficit
	Construct Redundancy
	Construct Overload
	Construct Excess


	Threat to Validity

	Final Thoughts
	Revisiting the Research Questions
	Q1 — Negotiation Strategy Scheme
	Q2 — Negotiating with the User
	Q2.1 — Interacting and Negotiating using Negomancy
	Q2.2 — Expressiveness of Negomancy

	Q3 — Extensibility of the IntelliJ Platform

	Remaining Issues and Possible Improvements
	Operation Context Issue
	Platform-specific Options Issue
	Other Improvements


	Conclusion
	Appendix
	Negomancy DSL Comprehensive Grammar

	References
	Glossary
	Acronyms

