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Abstract

Kotlin has rapidly grown in popularity, which has increased interest in developing
compiler plugins. Especially Intermediate Representation (IR) plugins allow for pow-
erful compile-time capabilities such as code transformation and static analysis, all
without modifying the compiler itself. Furthermore, IR plugins are platform indepen-
dent and can be used across Kotlin’s multiple compilation targets (JVM, WebAssem-
bly, and Native). However, Kotlin’s IR introduces significant complexity due to its
low-level and poorly documented APIs. Even basic tasks, such as generating function
calls or resolving symbols, require verbose and error-prone code. This is an impor-
tant challenge because the steep learning curve of IR code generation hinders many
developers from extending the Kotlin language with IR plugins.

In this work, we introduce the KIRHelperKit, a set of high-level abstractions designed
to simplify common tasks when working with Kotlin IR. It is structured into three
main modules: findUtils, which offers consistent lookup methods for retrieving IR
elements; functionUtils, which streamlines function call construction; and generalUtils,
which supplies reusable components for frequent patterns.

The helper kit is evaluated by rewriting an existing plugin using our toolset. Further-
more, a usability case study is conducted involving both experienced and novice de-
velopers unfamiliar with Kotlin IR. The results show that KIRHelperKit significantly
reduces boilerplate and lowers the entry barrier to Kotlin compiler plugin develop-
ment, making it more accessible to both new and experienced Kotlin developers.

The results of this work have been published at the 16th Symposium on Software Performance
(SSP 2025) [1].



Kurzfassung

Mit dem Aufstieg der Programmiersprache Kotlin riicken auch deren Compiler-Plugins
zunehmend in den Fokus. Besonders Intermediate Representation (IR) Plugins er-
moglichen leistungsstarke Compile-Time-Funktionen wie Code-Transformationen und
statische Analysen, ohne Anderungen am Compiler selbst. Weiters kénnen IR Plugins
plattformunabhingig eingesetzt werden — tiber Kotlins mehrere Kompilierungsziele
hinweg (JVM, WebAssembly und Native). Gleichzeitig bringt die Arbeit mit IR er-
hebliche Komplexitdt mit sich, unter anderem aufgrund der niedrigen Abstraktion-
sebene. Schnittstellen sind schlecht dokumentiert, und selbst einfache Aufgaben wie
das Erzeugen von Funktionsaufrufen oder das Suchen von Symbolen erfordern oft
umfangreichen und fehleranfilligen Code.

In dieser Arbeit stellen wir das KIRHelperKit vor, ein Set von High-Level-Abstraktionen,
das typische Aufgaben der Arbeit mit Kotlin IR vereinfacht. Es gliedert sich in drei
Hauptmodule: findUtils bietet konsistente Methoden zum Auffinden von IR-Elementen,
functionUtils vereinfacht den Aufbau von Funktionsaufrufen, und generalUtils stellt
wiederverwendbare Komponenten fiir hdufige Code-Konstrukte bereit.

Zur Evaluierung wird ein bestehendes Plugin mithilfe unseres Toolkits neu imple-
mentiert. Zusétzlich fithren wir eine Usability-Studie mit erfahrenen und unerfahre-
nen Entwickler:innen durch. Die Ergebnisse zeigen, dass das KIRHelperKit Boiler-
plate deutlich reduziert und die Einstiegshiirden fiir die Entwicklung von Kotlin-
Compiler-Plugins senkt, wodurch die Plugin-Entwicklung sowohl fiir neue als auch
tiir erfahrene Kotlin-Entwickler:innen leichter zuganglich wird.

Die Ergebnisse dieser Arbeit wurden beim 16. Symposium on Software Performance (SSP
2025) publiziert [1].
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1 Introduction

According to Magnani, compiler plugins are an official mechanism to extend the Kotlin
compiler, allowing developers to perform custom analyses, transformations, and to introduce
new language features, all without modifying the compiler itself [13]. The power of compiler
plugins stems from the flexibility to reshape programs at compile time, inserting or
transforming code wherever needed. This makes them a cornerstone of the Kotlin
ecosystem, with a diverse set of tools, from UI frameworks such as Jetpack Compose
[6] to libraries such as kotlinx.serialization [11] and Spring’s all-open plugin [7], all of
which depend on compiler plugins.

The extensive capabilities of compiler plugins heavily rely on the Kotlin compiler’s In-
termediate Representation (IR). One of Kotlin’s defining features is its ability to com-
pile to multiple target platforms, including the Java Virtual Machine (JVM), JavaScript
(JS), and native binaries. Since the IR serves as a shared intermediate layer across all
these targets, compiler plugins written at the IR level only have to be implemented
once to work universally, making it a strategic layer for extending the language. How-
ever, this power comes with considerable complexity. Even simple IR operations, such
as creating a function call or concatenating strings, require verbose and error-prone
code.

This steep learning curve is a widely recognized challenge in the Kotlin community.
As Norman observes, Kotlin compiler plugins are extremely powerful, but poorly docu-
mented and changing rapidly. They are not for the faint of heart [18]. Developers working
with IR face numerous obstacles, including resolving symbols, handling dispatch and
extension receivers, dealing with nullability, and ensuring structural correctness of the
IR tree. Even simple tasks require deep familiarity with internal compiler APIs, which
are complex and poorly documented.



This highlights the pressing need for simple and intuitive abstractions when work-
ing with Kotlin IR. This thesis addresses this gap by introducing the KIRHelperKit,
which offers high-level, clearly documented abstractions for common IR tasks. Our
contributions include:

¢ findUtils: provides a consistent set of lookup functions to retrieve commonly
used IR elements, such as classes, functions, and properties. These utilities sim-
plify repetitive symbol resolution patterns, reducing boilerplate and improving
readability.

¢ functionUtils: simplifies the generation of function calls, call chains, and argu-
ment passing. It includes helper methods to construct complex calls, supporting
both simple and nested invocation structures.

¢ generalUtils: contains reusable building blocks for frequently used code con-
structs, such as StringBuilder logic and file handling structures.

To evaluate the effectiveness of this helper kit, we compare our tool to existing solu-
tions. Furthermore, an existing plugin, k-perf [23], is rewritten using the KIRHelperKit,
showcasing how compiler code becomes shorter and easier to maintain. Additionally,
we perform a usability case study to assess how effectively our toolset supports both
experienced and novice plugin developers. The results indicate that fluent IR genera-
tion improves productivity and lowers the entry barrier to Kotlin metaprogramming.



2 Background

Developing Kotlin compiler plugins requires a detailed understanding of the Kotlin
compiler architecture and its compilation stages. This section outlines the structure
of the Kotlin compilation pipeline, followed by the principles of plugin development,
focusing on IR-level compiler extensions, which are used in KIRHelperKit.

2.1 Kotlin Compilation Pipeline

The new K2 compiler introduces a modular design that separates compilation into a
frontend and a backend. This design improves performance and simplifies the devel-
opment of new language features, while also providing a solid foundation for multiple
compilation targets. An overview of the pipeline is shown in Figure 1.

Compiler Frontend
Source Code » FIR

Compiler Backend
1. Target-specific code €~ \4

R €
2. Target-specific code (/ Optimizations +

Instrumentation

Figure 1: Simplified Kotlin compilation pipeline.

The frontend processes the source code through several phases. First, lexical analysis
tokenizes the source text, followed by parsing which builds an abstract syntax tree
(AST). Subsequently, semantic analysis performs type checking, verifies the correct-
ness of declarations, and resolves symbols to their definitions. The main result of the
frontend is the creation of the Frontend Intermediate Representation (FIR). The FIR is a
structured form of the program which enables frontend compiler plugins. FIR repre-
sents the code in a way that is easier to analyze and transform, while still retaining
enough information for precise compilation. Once frontend compilation is complete,
the FIR is lowered into the (backend) Intermediate Representation (IR).



In the backend, FIR is transformed into the IR, which serves as a platform-independent
abstraction. After optimization, the IR is then passed to target-specific backends to
generate code for platforms such as JVM, JavaScript, and Native. Due to the heavy
lifting being performed in a general backend, it allows for target-specific backends to
be smaller and more adaptable [19].

2.2 Entry Points for Compiler Plugins

Compiler plugins can intervene at various points within this pipeline. Plugins oper-
ating at the frontend level can perform tasks such as altering symbol resolution or
introducing synthetic declarations. However, it is not possible to freely modify code
in a FIR plugin without an annotation present in the user code [8]. In contrast, IR-
level compiler plugins have complete access to the IR tree and can carry out arbitrary
code modifications. This includes transformations like instruction insertion and struc-
tural rewriting before being forwarded to target-specific backends. Beyond the official
documentation, Advanced Kotlin provides an in-depth treatment of compiler plugins,
illustrating practical use cases and common pitfalls [16]

2.3 Anatomy of an IR-Level Kotlin Compiler Plugin

IR-level Kotlin compiler plugins interact with the Kotlin compiler through clearly de-
fined entry points. Understanding these entry points is essential for effectively devel-
oping such plugins.

The primary entry points include:

¢ IrGenerationExtension: The core extension interface where actual IR manipula-
tion happens. This is where the plugin’s transformation logic is implemented. A
plugin can register multiple extensions to handle different transformation tasks.

¢ CompilerPluginRegistrar: Responsible for registering the plugin’s extensions
with the Kotlin compiler. This class sets up the necessary environment and
ensures the plugin’s logic is invoked correctly during compilation.

¢ CommandLineProcessor: Handles processing of command-line options and con-
figurations provided to the compiler. This component allows users to configure
plugin behavior dynamically through compiler arguments.



Listing 1 illustrates these three core components and their interaction. Furthermore,
Schonberger’s thesis provides detailed insights into the structure and implementation
of compiler plugins [20].

1 // 1. IrGenerationExtension: The actual IR handling

> class MyExtension() : IrGenerationExtension {

3 override fun generate(

4 moduleFragment: IrModuleFragment, pluginContext: IrPluginContext
5 ) {

6 // moduleFragment and pluginContext enable inspection and

modification of IR

10 // 2. CommandLineProcessor: Makes CLI values available to plugin
11 class MyCommandLineProcessor : CommandLineProcessor {

12 override val pluginId: String = "name-of-the-plugin"

13 override val pluginOptions: Collection<CliOption> = 1listOf(
14 CliOption(/* description of option */)

15 )

16

17 override fun processOption(

18 option: AbstractCliOption, value: String,

19 configuration: CompilerConfiguration

20 ) { /* process option and update configuration */ }

P

23 // 3. CompilerPluginRegistrar: Registers extensions with configuration
24 class MyCompilerPluginRegistrar : CompilerPluginRegistrar() {

25 override fun ExtensionStorage.registerExtensions (
26 configuration: CompilerConfiguration

27 ) o

28 // use configuration to parameterize plugin

29 if (!configuration[ENABLED]) return

30

31 // generate and register extensions

32 val myExtension = MyExtension()

33 IrGenerationExtension.registerExtension(myExtension)
34 }

35}

Listing 1: Core components of a Kotlin compiler plugin.



The main execution entry point for IR manipulation is provided by the IrGenerationEx-
tension.generate(...) method, as shown in Listing 1. This is the critical hook through
which plugins transform the IR tree. Its parameters include:

* The moduleFragment provides the structured IR representation of the code being
compiled.

¢ The pluginContext offers access to compiler internals and utilities such as low-
level API functions and IR-level data types.

In practice, these entry points are implemented in the open-source Kotlin compiler,
where developers can directly inspect the corresponding IR classes and extension in-
terfaces [9]. These entry points form the foundation for plugin developers to integrate
with the Kotlin compiler’s infrastructure effectively.



3 Overview

The following section provides an overview of the KIRHelperKit library. It begins with
an introductory example that demonstrates the motivation and impact of the helper
kit through a concrete example. This is followed by an architectural breakdown of the
library’s design and a summary of the core principles that guided its development.

3.1 Introductory Example

To demonstrate the capabilities and improvements introduced by the KIRHelperKit, a
concrete example is presented here. In Kotlin compiler plugin development, a com-
mon task is to search for and invoke functions. Listing 2 shows how adding a call
to the println(”Hello, World!”) function inside a function body looks like without the
helper kit.

1 val someFunctionBody = DeclarationIrBuilder(pluginContext, symbol,
startOffset, endOffset).irBlockBody {

N

val printlnFunction = pluginContext.referenceFunctions(

4 CallableId(FgName ( ), Name.identifier( ))
) .single {
6 it.owner.valueParameters.size == 1 &&
7 it.owner.valueParameters[0].type == pluginContext.irBuiltIns.anyNType
s}
9 +irCall(printlnFunction) .apply {
10 putValueArgument (0, irString( ))
11 }
o}

Listing 2: Original println call inside some function.



By contrast, Listing 3 displays how the same operation using KIRHelperKit becomes
significantly more simple.

1 val someNewFunctionBody = DeclarationIrBuilder (pluginContext, symbol,
start0ffset, endOffset).irBlockBody {

N

3 enableCallDSL(pluginContext) {

4 val printlnFunction = findFunction( )

5 +printlnFunction( )

6 }

7}
Listing 3: The same println call with KIRHelperKit.

Here, the KIRHelperKit’s findFunction method locates the required function using a
concise search string which already includes the required parameters, instead of using
the native IR API’s referenceFunctions combined with single to filter the results. Direct
invocation allows for the necessary IR nodes to be constructed smoothly. This ap-
proach eliminates the complexity of manually handling the IR API, resulting in code
which closely resembles standard programming syntax.

3.2 Architecture

This section outlines the architectural organization of the KIRHelperKit library. In
Figure 2, one can see how the different utility modules interact with each other and
how they collectively integrate into existing Kotlin compiler plugins. The three main
utility modules are separated by concerns and provide the following functionality:

¢ findUtils provides a uniform interface for locating IR elements such as classes,
functions, properties, and constructors. Its findX functions encapsulate the com-
plexities of Kotlin’s IR symbol resolution, letting developers query elements
through human-readable signature strings.

¢ functionUtils introduces a DSL for constructing and chaining IR function calls.
It simplifies the creation of function bodies, temporary variables, and invocation
sequences by turning IR construction patterns into a fluent and receiver-aware
syntax.



* generalUtils offers reusable helper components for tasks that frequently arise
in IR plugins, but are not specific to lookup or invocation logic. It includes a
fluent IrStringBuilder wrapper and simplified file I/O handlers IrFileReader and
IrFileWriter. These abstractions not only reduce repetition but also increase code
readability.

KIRHelperKit

uses
FindUtils < FunctionUtils

\ /
GeneralUtils

sapn|aul

[ S —

Some IR-Plugin

Figure 2: Architecture of the KIRHelperKit.

While each module addresses a distinct concern, their combination forms a cohesive
abstraction layer that significantly simplifies the development of Kotlin IR compiler
plugins.



3.3 Design Goals

We aim to enhance the simplicity and maintainability of Kotlin IR-level compiler plu-
gins while also making them more approachable. Therefore, the development of
KIRHelperKit was guided by three core design principles:

* Consistency: A key motivation for KIRHelperKit is to replace the fragmented
symbol resolution patterns often seen in existing plugins with a uniform and
human readable query syntax. Instead of manually filtering IR symbols, devel-
opers can utilize structured string signatures.

* Accessibility: Interacting directly with Kotlin IR typically requires extensive
knowledge of internal APIs, which tend to be poorly documented and verbose.
KIRHelperKit should simplify this by abstracting complex internal constructs
and providing a more straightforward interface for common operations. Ad-
ditionally, clear documentation of classes and functions should be provided to
support learning and reduce the effort required for new developers.

¢ Ease of Use: A further objective of KIRHelperKit should be to create an intuitive
interface that aligns with how developers naturally think. The call DSL should
be designed with practical usability in mind, such as allowing users to call a
searched for function directly with the invocation operator and chain function
calls together, just as in normal Kotlin code.

Altogether, these design principles establish KIRHelperKit as a practical and developer-
friendly toolset that streamlines the process of creating structured Kotlin compiler plu-
gins. In the following chapters, we examine each module in detail, guided by these
design goals.
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4 FindUtils

This section describes the FindUtils module, which provides functions for resolving IR
symbols, including classes, functions, constructors, and properties. These resolution
utilities are used throughout KIRHelperKit and serve as a common dependency for
other components.

The module includes lookup functions that operate in different scopes: globally, within
classes, or based on the types of variables and properties. The available resolution
functions include findClass, findFunction, findConstructor, and findProperty. Each of
these is tailored to its respective symbol type. All variants rely on a shared pars-
ing mechanism that extracts the relevant parts of a symbol from a single string-based
input. This enables consistent symbol access across various plugin contexts without
requiring low-level API usage.

Provided Functions and Classes: The module provides the following core compo-
nents:

e fun IrPluginContext.findClass(signature): IrClassSymbol
— Finds a class by its signature

e fun IrPluginContext.findClassOrNull(signature): IrClassSymbol?
— Finds a class or returns null

¢ fun IrPluginContext.findFunction
(signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol
— Finds a function globally

¢ fun IrPluginContext.findFunctionOrNull
(signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol?
— Finds a function globally or returns null

11



fun IrPluginContext.findConstructor(signature, ignoreNullability?)
IrConstructorSymbol
— Finds a constructor globally

fun IrPluginContext.findConstructorOrNull(signature, ignoreNullability?)
IrConstructorSymbol?
— Finds a constructor globally or returns null

fun IrClassSymbol.findFunction

(pluginContext, signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol

— Finds a function within a class

fun IrClassSymbol.findFunctionOrNull

(pluginContext, signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol?

— Finds a function within a class or returns null

fun IrClassSymbol.findProperty(signature): IrPropertySymbol
— Finds a property within a class

fun IrClassSymbol.findPropertyOrNull(signature): IrPropertySymbol?
— Finds a property within a class or returns null

fun IrClassSymbol.findConstructor
(pluginContext, signature, ignoreNullability?): IrConstructorSymbol
— Finds a constructor within a class

fun IrClassSymbol.findConstructorOrNull
(pluginContext, signature, ignoreNullability?): IrConstructorSymbol?
— Finds a constructor within a class or returns null

fun IrVariable.findFunction

(pluginContext, signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol

— Finds a function on a variable’s type

fun IrVariable.findFunctionOrNull

(pluginContext, signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol?

— Finds a function on a variable’s type or returns null

fun IrVariable.findProperty(name): IrPropertySymbol
— Finds a property on a variable’s type

12



e fun IrVariable.findPropertyOrNull(name): IrPropertySymbol?
— Finds a property on a variable’s type or returns null

e fun IrVariable.findConstructor
(pluginContext, signature, ignoreNullability?): IrConstructorSymbol
— Finds a constructor on a variable’s type

e fun IrVariable.findConstructorOrNull
(pluginContext, signature, ignoreNullability?): IrConstructorSymbol?
— Finds a constructor on a variable’s type or returns null

e fun IrPropertySymbol.findFunction
(pluginContext, signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol
— Finds a function on a property’s return type

¢ fun IrPropertySymbol.findFunctionOrNull
(pluginContext, signature, extensionReceiverType?, ignoreNullability?)
IrSimpleFunctionSymbol?
— Finds a function on a property’s return type or returns null

4.1 Search String Syntax

One of the initial challenges encountered when working with Kotlin IR is the incon-
sistency and verbosity associated with symbol resolution. In particular, Classld and
Callableld, used in the low-level API for locating classes and functions, add to this
confusion. They are both used for locating IR elements, but are constructed using a
different syntax. To address this, KIRHelperKit's search strings encapsulate essential
structural and type information of IR elements in a single unified form. Furthermore,
our search strings support more advanced features, including nullable and generic
parameter types.

41.1 Syntax Overview

Since KIRHelperKit’'s search strings have to identify different types of declarations,
the separation characters for those different parts had to be selected carefully. Figure 3
displays the different parts defining this search string.

13



path/to/package/outerClass.innerClass.memberName(type1, type2?, G, *)

Package Class Structure Member Parameters

Figure 3: Structure of Search Strings.

The package path is defined by all characters before the last slash. It is optional when
the class context is already known, but required for global declarations.

Class hierarchies are written using a dot to denote nested classes (e.g., outerClass.innerClass).
This part is extracted using the string between the last slash and the last dot in the
search string. When looking for classes the search string can stop here. The class part

is optional for top-level functions or properties.

Class examples:

® java/lang/StringBuilder — a standard Java class
e kotlin/collections/List — a Kotlin collection interface

e MyClass — a custom, local class

When searching for functions or properties an additional member name is needed. It is
defined as the part between the last dot and an opening parenthesis (or the end of the
string).

Properties follow the same naming structure as functions, but must not include paren-
theses.

Property examples:

® kotlin/io/path/Path.name — a property of the Path class
® kotlin/String.length — a standard String property
* MyClass.size — the size property of a custom class
Functions additionally require a parenthesized parameter list, which may be empty.

The parameter list is taken between the opening and closing parentheses and param-
eters are separated by a comma.

14



Function examples:

* convertType(Any?) — a top-level function with a nullable parameter
® MyClass.print(String, String?) — a member function with two parameters

® kotlin/collections/List.map(G) — a function with a generic parameter place-
holder

This approach ensures that symbol queries are consistent and easy to understand.

4.1.2 Parsing the Search String

Once a search string has been provided, it passes through a unified parsing pipeline.
The pipeline keeps the string syntactically correct for further processing. To ensure
consistent behavior, a set of syntactic constraints are applied at this stage:

* Due to technical limitations, every search string that references global declara-
tions must include a valid package path, indicated by the presence of at least
one forward slash. Thus it is not possible to, for example, reference top-level
properties in the default package by name. Yet, since most IR plugins want to
look up built-in Kotlin entities (which are all placed in packages) we deemed
this restriction a non-problem.

¢ Every constructor and every function must include parentheses at the end, even
if no arguments are provided. If parentheses are provided for classes or proper-
ties, the search string is rejected.

¢ A single wildcard character (*) can be used as parameter to ignore all parameter
types from here on. If one is used, it must be at the end of the parameter list.

* The placeholder G can be used at parameter positions to indicate generic param-
eters.

¢ Parameter names must be syntactically correct and must be linked to standard
Kotlin/Java types, existing classes, or placeholder types.

These constraints are enforced at the beginning of the parsing algorithm in order to
prevent downstream parsing errors.

15



The parsing pipeline consists of several consecutive steps. First, each syntactically sig-
nificant part of the search string is obtained as a result of simple string manipulations.

In the next step, if parameter types occur in the string, they are parsed to their IR back-
end internal representations, called IrTypes. These IrTypes are later used to compare if
parameters of searched for functions fit the provided search string.

When parsing parameters, each parameter type is first checked against a predefined
list of basic types. If no match is found, we perform a class lookup as described in
the subsection about finding classes (Section 4.2). This lookup attempts to resolve the
string to a class type we are aware of. Furthermore, parameter nullability is handled
here. If a parameter string ends in a "?", we interpret it as a nullable type. Then the
internal operation makeNullable() is performed on the related IrType.

To make the search string syntax more expressive and flexible, we introduced two
special symbols that allow more generalized matching of parameters:

¢ Wildcard (*) matches arbitrary parameters from that position onward. Only
one wildcard is allowed per parameter list, and it must appear at the end. For
example:

- sort(Int, *) matches any overload of sort that takes an Int as the first
parameter, regardless of the remaining parameters.

- println(*) matches any println overload, regardless of parameter types.

* Generic Placeholder (G) is used to match type parameters directly. This is par-
ticularly useful when searching for generic functions where the parameter type
is a type variable (such as T, R, etc.) rather than a concrete type. For example:

- MyClass.genericFunction(G) matches a function like
fun <T> genericFunction(param: T): T, where the parameter has the
type parameter T.

- Comparable. compareTo(G) matches the compareTo method which accepts a
parameter of the generic type T.

In essence, G matches any parameter whose type is a type parameter, enabling
the location of generic functions where parameters use these type variables. It
should be noted, that G does not match complex types that merely contain gener-
ics (such as function types (T) -> R or generic collections List<T>), but only
direct type parameter references.
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Both symbols * and G are internally represented as null entries in the resolved param-
eter list. To maintain their semantic interpretation, a parallel list of parameter kinds is
created, where each element is categorized as one of:

1. Type — a concrete, resolved type.
2. Generic — a generic placeholder (G).

3. Star — a wildcard match for remaining parameters (*).

This separation of kind and type enables more fine-grained control at the symbol
comparison step. It also enables correct error reporting if no matching declaration can
be found.

In short, the parsing step transforms the raw search string to a structured internal
representation, so that all the syntactic elements are correct and interpretable for the
subsequent matching steps.

4.1.3 Error Handling

The error handling logic in FindUtils distinguishes between errors that occur during
the parsing stage and those that happen during the resolution stage.

Parsing Stage Errors: At this stage the primary goal is to create a valid internal rep-
resentation of the search string. If any of the previously mentioned constraints are
violated, a detailed Illegal ArgumentException is thrown. These exceptions are caught
before actually doing any IR lookups. Each of these error messages include the spe-
cific invalid fragment of the search string and hint towards the expected format.

Resolution Stage Errors: Once the query has been checked and converted to its inter-
nal representation, the resolution begins. The step matches the parsed query against
actual IR declarations. The methods findFunction, findClass, findConstructor, and find-
Property can produce several outcomes:

¢ No match found: If no function, constructor, class, or property matches the pro-
vided signature, the find... method will throw an Illegal ArgumentException. This
prevents silent failures that could lead to more complex bugs later in the com-
pilation. For situations where a symbol might legitimately not exist, develop-
ers should use the corresponding find...OrNull variant (e.g., findFunctionOrNull),
which will return null in this case.
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¢ Multiple matching candidates: If more than one declaration satisfies the query,
for example, two overloaded functions match the same parameter pattern when
a wildcard is used, an Illegal ArgumentException is thrown. This indicates that
the provided signature is ambiguous and prevents indeterminate results. The
developer is prompted to refine the query to make it unambiguous by providing
more specific parameter types or using exact type matching instead of wildcards.

Resolution logic is purposefully strict. It would never randomly choose a match if
it exists more than once. This characteristic plays a vital role in Kotlin IR, which
frequently encounters overloaded functions and ambiguous platform types.

4.2 FindClass

Since lookup methods mostly operate in context of a class, the findClass function serves
as a foundational entry point for locating functions, properties, and constructors. It
returns the IR backend’s version of a class representation, a so-called IrClassSymbol,
for a provided signature string.

Search strings used with findClass do not contain the member and parameter parts
of the full search string format. An example of such a lookup operation is shown in
Listing 4:

1 val sbClass = pluginContext.findClass( )
Listing 4: Example of findClass usage.

In contrast, Listing 5 shows how the same lookup is done with the native IR API. For
the StringBuilder class, type aliases have to be considered. A type alias is an alternative
name for an existing type. For instance, on the JVM, kotlin.text.StringBuilder is defined
as a type alias of java.lang.StringBuilder.
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1 val stringBuilderClassId = ClassId.fromString( )
> val stringBuilderTypeAlias =
pluginContext.referenceTypeAlias(stringBuilderClassId)
val stringBuilderClass =
stringBuilderTypeAlias?.owner?.expandedType?.classOrFail
4 ?7: pluginContext.referenceClass(stringBuilderClassId)!!

Listing 5: Example of class lookup with the native IR APL

The resolution logic for finding a class can be broken down into the following stages:

* Parsing and Validation:

Every signature is first passed through the internal signature parsing pipeline,
to extract all important components. If the package path is missing at this stage,
a lookup against predefined mappings of known Kotlin and Java packages is
performed. For example, to find the StringBuilder class, it is sufficient to sup-
ply only “StringBuilder” as the search string. This is internally translated to
"java/lang/StringBuilder” automatically. This feature simplifies the developer’s
job by eliminating the need to remember common class paths.

¢ Type Alias Resolution: Once the package is detected, the Classld needed to lo-
cate this class, is constructed. Before performing the class lookup, it is checked
whether the target class is defined as a type alias to also include cases as seen
in Listing 5. If a type alias does exist, the underlying class of the alias is ex-
tracted and returned. This step enables correct resolving of platform-specific
abstractions and improves cross-platform compatibility.

¢ Direct Class Resolution: Without a type alias, a direct lookup using the IR plu-
gin context’s referenceClass mechanism is performed. It resolves the class symbol
based on the Classld, which consists of the entire package and class name.

¢ Result Handling: If a match exists, the corresponding IrClassSymbol is returned.
In line with the fail-fast design principle, this method throws an exception if the
class cannot be found, for nullable return behavior, findClassOrNull should be
used.

By abstracting the IR symbol resolution complexity via a common interface, findClass
reduces boilerplate and complexity. It supports simple and complex types, figures
out type aliases in the background, and offers support for commonly used classes.
Furthermore it provides the foundation for all IR-related lookups in the KIRHelperKit.
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4.3 FindFunction

The findFunction methods provide a simple way to resolve Kotlin IR functions. It
accounts for global, member, and extension functions. The method can be used sep-
arately or as an extension on IR constructs like classes, variables, or properties. All
versions return an IrSimpleFunctionSymbol, representing a function in Kotlin IR. Again
two variants for this method exist, one throwing an exception (findFunction) and an-
other returning null in case the function cannot be found (findFunctionOrNull).

4.3.1 Global Function Lookup: pluginContext.findFunction(...)

This version of findFunction performs a global lookup based on the fully qualified
function name. It is the most direct approach when the complete function path is
known. An example of its usage can be seen in Listing 6.

I val substr = pluginContext.findFunction( )

Listing 6: Example of findFunction usage.

This resolves the substring(Int, Int) function defined on kotlin.String.

To resolve the target function, the following steps are performed:

1. Class Lookup: If the signature includes a class context, the method first resolves
the class using findClass. This ensures that the search is restricted to functions
defined in the class or its companion object.

2. Function Name and Parameter Matching: This is the main searching process.
Parameters are extracted from the search string and parsed to their IR equiv-
alents. After that, all methods of a class are filtered by comparing their name
and parameter types to the ones provided in the search string. Function names
in search strings are case-sensitive this means substring and Substring are
treated as different functions. An additional parameter, ignoreNullability, can be
passed to findFunction, if parameter nullability should be ignored in general.
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3. Extension Receiver Support: If the function being searched is an extension func-
tion, an additional extensionReceiverType parameter can be provided to ensure the
correct function is found. An extension receiver is a special kind of implicit pa-
rameter in Kotlin functions, that allows a function to be called on an instance of
a type. For example, Listing 7 displays, how to find the first() extension function
defined for arrays.

1 val arrayClass = pluginContext.findClass( )
> val arrayType = arrayClass.defaultType

val firstFunc = pluginContext.findFunction(
4 b

extensionReceiverType = arrayType

Listing 7: Example of findFunction usage with extensionReceiverType.

The extension function first() is defined in the kotlin.collections package as a top-
level extension function for Array<T>. By providing the extensionReceiverType,
the search correctly identifies this extension function.

4. Companion Object Lookup: If no matching function is found in the class di-
rectly, the companion object is checked the same way as the class. Companion
objects in Kotlin are typically used to define static-like methods. This step en-
sures that such functions can also be located.

5. Fallback to Top-Level Resolution: If no class can be found during search string
resolution, we fall back to top-level function resolution using a Callableld. This
expands the search to functions declared at the package level, such as
kotlin/io/printin(Any?).

4.3.2 Contextual Variants

In addition to the global lookup function, several variants of findFunction are imple-
mented on various IrSymbols, leading to easier usage and improved productivity. Just
like the global variant, each contextual lookup provides both a throwing variant (find-
Function) and a null-returning variant (findFunctionOrNull). Those functions include:

¢ [rClassSymbol.findFunction(...) and IrClassSymbol.findFunctionOrNull(...): Limits
the search to member and static functions defined in a given class and its com-
panion object.
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e IrVariable.findFunction(...) and IrVariable.findFunctionOrNull(...): Extracts the vari-
able’s type and searches within this class.

e [rPropertySymbol.findFunction(...) and IrPropertySymbol.findFunctionOrNull(...): Uses
the return type of the property’s getter to resolve function searches.

These variants use the same findClass method, ensuring consistent behavior across all
usage scenarios. Search strings in the contextual variants can be shortened (excluding
package and class information) since this localization information is already given by
the class.

4.4 Further Search Utilities

In addition to the findClass and findFunction methods, the findUtils module provides
utilities to search for constructors and properties. These methods are very similar, but
simpler, to the findFunction implementation.

¢ The findConstructor method iterates through all the constructors for a given class.
When iterating, it compares only the constructor parameters to the parameters
of the search string. There are no additional edge cases to consider over those
covered in our previous methods.

* The findProperty method works in a similar way. Instead of comparing parame-
ters, only the member name of the search string is compared to the names of the
properties.

Both functions also come in global and context-aware variants, similar to findFunction.
Together, these complete the set of lookup utilities provided by the findUtils.

In summary, the findUtils are important for working with symbols in Kotlin IR. They
include a thorough resolution process that handles extension receivers, companion
objects, and type flexibility. By providing both global and context-aware variants, it
makes IR plugin development smoother and reduces overhead.
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5 FunctionUtils

The FunctionUtils module introduces a DSL to simplify the creation of function calls
in Kotlin IR. We adopted a DSL approach because DSLs offer substantial gains in ex-
pressiveness and ease of use within their domains [15]. Writing function calls in IR by
hand frequently leads to a lot of boilerplate code. Additionally, a deep understand-
ing of how the IR tree operates, particularly when dealing with nested expressions
and receiver semantics, is needed to construct correct calls. This module provides a
collection of tools that enhance IR construction’s readability and maintainability. The
purpose, architecture, and use of these utilities will be covered in detail in the follow-
ing sections.

Provided Functions and Classes: The module provides the following core compo-
nents:

e fun IrBlockBodyBuilder.enableCallDSL
(pluginContext, block: IrCallDSL.() -> Unit)
— Enables the call DSL within an IrBlockBodyBuilder

® fun DeclarationIrBuilder.callExpression
(pluginContext, block: IrCallDSL.() -> IrExpression)
IrExpressionBody
— Builds IR expression bodies

e fun DeclarationlrBuilder.getCall
(pluginContext, block: IrCallDSL.() -> IrFunctionAccessExpression)
IrFunctionAccessExpression
— Returns an IrFunctionAccessExpression

e fun IrPluginContext.createField
(parentSymbol, fieldName, isFinal, isStatic, initializerBlock)
IrField
— Creates IR fields with initializer expressions

® class IrCallDSL
— Provides fluent . call () methods for building function calls

e fun IrCallDSL.call(func, vararg args): IrFunctionAccessExpression
— Creates function calls without receiver
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fun IrCallDSL.findFunction(signature, ...): IrSimpleFunctionSymbol
— Finds functions without explicit pluginContext parameter

fun IrCallDSL.findClass(signature): IrClassSymbol
— Finds classes without explicit pluginContext parameter

fun IrCallDSL.findProperty(signature): IrPropertySymbol
— Finds properties without explicit pluginContext parameter

fun IrCallDSL.findConstructor(signature, ...): IrConstructorSymbol
— Finds constructors without explicit pluginContext parameter

fun IrSymbol.call(func, vararg args): IrFunctionAccessExpression
— Creates function calls with single receiver

fun Pair<IrSymbol, IrSymbol>.call(func, vararg args)
IrFunctionAccessExpression
— Creates function calls with dispatch and extension receiver

fun IrFunctionAccessExpression.call(func, vararg args)
IrFunctionAccessExpression
— Enables call chaining

fun irConcat(vararg values): IrExpression
— Simplified string concatenation

fun callPrintLn(pluginContext, value): IrFunctionAccessExpression
— Simplified println generation

operator fun IrFunction.invoke(vararg args)
IrFunctionAccessExpression
— Direct function invocation

operator fun IrClassSymbol.invoke(vararg args)
IrFunctionAccessExpression
— Direct constructor invocation
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5.1 Introductory Example

One of the most common actions when constructing Kotlin IR compiler plugins is the
creation of function calls. Function calls form the basis for specifying computation and
the key for implementing transformation or instrumentation logic. However, creating
these function calls by hand within the Kotlin IR API is notoriously confusing and
prone to mistakes, particularly when working with nested expressions.

Consider the code in Figure 4, which creates a bufferedTraceFileSink instance and stores
it in a field. Conceptually, this step is comparable to the Kotlin statement in Listing 8.

val mySink = pluginContext.irFactory. buildField {
name = Name identifier(" "
type = rawSinkClass defaultType

@sFina_I = false <
isStatic = true creation

}-apply {
initializer = DeclarationlrBuilder(pluginContext, file.symbol).run {
iIrExprBody( buffered
function
irCall{bufferedFunc).apply {
extensionReceiver = ]
irCall(sinkFunc).apply { sink
dispatchReceiver = | irCall(systemFileSystem.owner.getterll) f« function
putValueArgument(0, |
irCall(pathConstructionFunc).apply { Eile
putvalueArgument(0, irGetField(null, " "))
o
)
1 Path
H constructor

Figure 4: Nested Function Call in Kotlin IR

I val mySink = SystemFileSystem.sink(Path( )) .buffered()
Listing 8: Construction of a bufferedTraceFileSink in plain Kotlin.

Translating this simple statement into Kotlin IR, however, requires constructing nested
IrCall expressions. Each step involves precise control over receivers and arguments.
Furthermore, every single argument must be manually wrapped in its corresponding
IR expression type. For instance, the simple string “trace.txt” must be converted into
an [rConst node by using a builder method like irString(“trace.txt”). Additionally, a lot
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of boilerplate code is needed to combine the nested expressions. Furthermore, such
nested calls must be built in reverse order, which further complicates the process.

The construction of this nested call seen in Figure 4 starts by creating a call into the
Path function. This constructs an instance of a file path object from a string (green
box). IR represents this with an IrCall, and the argument is passed using the putVal-
ueArgument(index, value) method. This places an expression at the parameter index
specified, similar to positional arguments in a normal Kotlin function call.

Finally, the result of this Path call is passed as an argument to the sink method of
SystemFileSystem (orange box). Because sink is an instance method, so it requires a
dispatchReceiver, which in IR terms is the expression on which the method is invoked.
In this case, the dispatchReceiver is computed by creating a call to the SystemFileSystem
property getter (blue box), which is another IrCall itself.

After receiving the outcome of the sink invocation process, the buffered function needs
to be applied. Since the buffered function is defined as an extension function, this is
achieved by setting the extensionReceiver slot within the IrCall of the buffered function
(yellow box).

Finally, the output of the buffered function call should be saved in a field for later use.
To do this task effectively, create an IrField using the IR factory method (gray box). An
IrField is an allocated variable either at the file or class level within the IR. In contrast to
Kotlin properties that have accessors (getters/setters), fields offer only storage. They
are ideal when no extra abstraction or visibility management is needed. Since the
result is used only internally in the IR and need not be visible to the developer or via
reflection, a simple field is both adequate and preferable in this case.

Additionally, it is crucial to build and integrate the field directly into the IR tree. This
tield should be assigned a name and a type, and it should be specified whether it is
final or static. Its starting value is set using the initializer attribute. This starting value
should be enclosed within an IrExpressionBody, which contains an IR expression, the
nested calls defined before. This expression body function is defined in a DeclarationIr-
Builder helper class. Using DeclarationlrBuilder provides context information such as
symbol scope, which is essential for constructing and linking the expression in the IR
tree.
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Once the field has been created, it must be added to the IR tree by inserting it into the
declarations of the target file, as shown in Listing 9:

1 file.declarations.add(mySink)

Listing 9: Inserting a field into a file’s declarations.

The complete construction spans several layers of nested calls and requires developers
to carefully manage the IR tree at each level. This not only complicates the develop-
ment process but also increases the likelihood of errors.

The FunctionUtils module tackles these issues by presenting a DSL which simplifies
the details of IR construction. Through this DSL approach, a complex nested call can
be represented succinctly and understandably as illustrated in Listing 10.

1 val mySink = pluginContext

> .createField(file.symbol, ) {
3 systemFileSystem.call(sinkFunc, pathConstructionFunc( ))

4 .call (bufferedFunc)
5}

Listing 10: Creation of a bufferedTraceFileSink using functionUtils.

The call function is designed to handle a variety of tasks, dealing with both dispatch
and extension receivers, and resolving functions based on their signature, while also
parsing arguments correctly. When using call(...) expressions in your codebase or
scripts these expressions seamlessly create IR calls, without introducing complexity.
Additionally, the createField helper function simplifies the process by wrapping the
expression within an IrField instance.

The abstraction not just decreases the size and intricacy of the code, but also enhances
the clarity and manageability of IR transformation logic to an extent. The following
part of this section elaborates on the structure, functionality and inner workings of the
FunctionUtils module.
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5.2 DSL entry points

As seen in the earlier mentioned example (Listing 10), the creation of function calls can
be significantly simplified by using the call DSL offered by the FunctionUtils module.
It presents a smooth syntax that mirrors typical Kotlin function usage closely and
abstracts away boilerplate code.

In Kotlin, DSLs are commonly created using a class that encapsulates the DSL’s func-
tions. Here we do exactly the same with the IrCallDSL class. It contains all the logic
to build function calls in a flexible way. We use lambdas with receivers to make sure
the DSL feels intuitive and natural. Lambdas with receivers (which use an implicit
receiver object) are commonly used to create DSLs in Kotlin. This allows developers
to directly call functions of the DSL class within the defined scope.

In order to smoothly incorporate the DSL in the IR generation process, we provide
three entry points that trigger the IrCallDSL scope in distinct contexts: enableCallDSL,
callExpression, and getCall. The usage of each entry point is demonstrated in Listing 11,
Listing 12, and Listing 13, respectively.

¢ The function enableCallDSL is intended for use within an IrBlockBodyBuilder (com-
monly when defining function bodies). Therefore, this function returns no value,
since it directly creates and inserts IR calls into a function’s body.

irBlockBody {
2 enableCallDSL (pluginContext) {
+call( , )
I }
5 %

Listing 11: Example of enableCallDSL usage.

¢ The callExpression function is typically used within a DeclarationlrBuilder. 1t is
well suited for specifying field initializers or function bodies that are constructed
by specifying exactly one expression. It yields an IrExpressionBody that encloses
the resulting IR expression and can be set as the initializer of an IrField.

1 val fieldInitializer = DeclarationIrBuilder(pluginContext, symbol)
.callExpression(pluginContext) {
call( )
}

Listing 12: Example of callExpression usage.

28



¢ Since none of the other functions expose the resulting IrFunctionAccessExpression,
the getCall function was added to provide that access. This comes in handy
when you need to make additional modifications to the call generated before
integrating it into an IR structure.

1 val callExpression = DeclarationIrBuilder(pluginContext, symbol)
2 .getCall(pluginContext) {

call( : )
4}

// Further modifications to callExpression can be made here

Listing 13: Example of getCall usage.

Each of these starting points has a dedicated supporting role in areas where IR expres-
sions are needed. Nevertheless, they all share usage or result in an IrFunctionAccess-
Expression. This class represents a function invocation and is the IR-level equivalent of
calling a function in source-level Kotlin. It is important to know that every IrCall in the
IR tree is a subtype of IrFunctionAccessExpression, making it the fundamental construct
for expressing call semantics.

Together, the DSL entry points offer a structure for organized calls to IR functions. The
true power of the DSL, however, is found in the functions defined within the IrCallDSL
class itself. These will be the primary focus of the sections that follow.

5.2.1 Integration with FindUtils

To further simplify IR code generation, the IrCalIDSL class integrates the lookup meth-
ods from the FindUtils module. Within the DSL scope, developers can call findFunction,
findClass, findProperty, and findConstructor directly without explicitly passing the plug-
inContext parameter. The DSL automatically uses the pluginContext that was provided
when the DSL scope was initialized via enableCallDSL, callExpression, or getCall.

5.3 Receiver-Aware IrCalls

The IrCallDSL class provides several overloaded versions of the .call(...) function,
which build the core for more complex IrCall constructions. These methods simplify
the internal structure of an IrCall and automatically set the correct receiver(s) and
value arguments based on the context.
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In Kotlin IR, a function call can have:

* no receiver (e.g., a top-level function),

* one receiver, either a dispatch receiver (member function) or an extension re-
ceiver (extension function)

* both a dispatch and an extension receiver

The DSL handles these situations by providing three corresponding .call(...) variants
that differ by the type and number of inputs they accept.

5.3.1 Automatic Parameter Parsing

A key feature that applies to all three call variants is the automatic handling of pa-
rameters. This is a significant simplification over the manual IR API and a common
hurdle for developers new to compiler plugins.

Manual Parameter Parsing in the Native API: In the standard Kotlin IR API, prim-
itive values such as a String or an Int cannot simply be passed to a function call. The
developer must first explicitly convert each argument into its corresponding IrExpres-
sion representation, as shown in Listing 14. This manual wrapping is required for
every argument of every function call, adding significant boilerplate and cognitive
overhead.

1 // Assume ’builder’ is an available DeclarationIrBuilder

N

// Assume ’printlnFunc’ is the resolved IrSimpleFunctionSymbol
5 val helloArgument = builder.irString( )

+ val call = builder.irCall(printlnFunc).apply {

5 putValueArgument (0, helloArgument)

6 }

Listing 14: Manual IR parameter construction using the native APL
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The KIRHelperKit Approach: The KIRHelperKit DSL completely abstracts this pro-
cess away. The developer can pass primitive values directly as arguments to the call
function. The DSL intelligently inspects each argument’s type and generates the cor-
rect IR construction behind the scenes. The verbose code from Listing 14 is reduced to
the single, intuitive line shown in Listing 15.

1 val printCall = call( , )

Listing 15: Simplified function call with automatic parameter parsing.

This automatic parameter parsing is consistently applied across all .call(...) variants,
regardless of whether the function has no receiver, one receiver, or two receivers.

5.3.2 No Receiver: Stand-Alone Function Calls

Functions that are globally defined, or do not need a receiver, are invoked using the
stand-alone call(...) variant. It takes a target function (as a string or function reference)
and a list of arguments, to produce a correct irCall.

Internal Workings of the call Method: Internally the call method starts by resolving
the function symbol. When the function is provided as string, findUtils" findFunction
method is invoked, already resolved function symbols can be used directly. Unresolv-
able function symbols will result in an Illegal ArqumentException. In the next step the
parameter amount is verified, before transforming the arguments into IrExpressions as
described before. Finally an IrCall node can be created and returned with the correct
arguments inserted.

5.3.3 Single Receiver: Member or Extension Function Calls

When a function needs to be called on a receiver, the DSL supports this by implement-
ing an extension function of .call(...) on IrSymbol. The basis of the call creation stays
the same. Additionally, the IrSymbol is checked if it can be applied as a receiver. Class,
field, or variable symbols are applicable.
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The correct receiver is then assigned using an internal method. This method examines
the function symbol and applies the receiver expression to either the dispatchReceiver or
extensionReceiver field of the resulting IrFunctionAccessExpression, depending on which
parameter is expected. In Listing 16, such a call is created.

I val appendCall = stringBuilderField.call( , )

Listing 16: IrCall with a single receiver.

The stringBuilderField is an IrFieldSymbol, and append is a member function of String-
Builder. The DSL then automatically sets the dispatchReceiver to the field, while the
argument is passed as a value parameter.

5.3.4 Two Receivers: Dispatch and Extension

In very specific situations, a function may require both a dispatch receiver and an
extension receiver. This occurs when a member function of one class is also defined
as an extension function on another type. The DSL supports this pattern by accept-
ing a Pair<IrSymbol, IrSymbol> as receiver context. The internal call construction stays
mostly the same, only adding an assignment to the second receiver. The dispatchRe-
ceiver is expected to be the first element of the receiver pair, and the extensionReceiver
is the second element.

This pattern is rare in practice but can occur in specialized APIs. For example, consider
a hypothetical Formatter class that has a member function formatWith which is also an
extension function on StringBuilder, as illustrated in Listing 17:

1 class Formatter {
2 fun StringBuilder.formatWith(value: String): String { ... }
5 }

Listing 17: Conceptual example of a function requiring both receivers.

In this case, the formatWith function is a member of the Formatter class (dispatch re-
ceiver) and also an extension function on StringBuilder (extension receiver). To call this
function correctly, both receivers must be provided.
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In the example in Listing 18, formatterInstance provides the dispatch receiver (the object
that owns the method), and stringBuilderInstance is the extension receiver (the type on
which the extension function operates). The DSL resolves the function with the given
receiver types and sets both dispatchReceiver and extensionReceiver fields of the resulting
IrFunctionAccessExpression.

1 val call = Pair(formatterInstance,
stringBuilderInstance) .call( R )

Listing 18: IrCall with dispatch and extension receiver.

5.4 Chaining IR Calls

The previously introduced .call(...) methods help build function calls with zero, one,
or two receivers. However, they only support stand-alone invocations and do not
allow chaining multiple calls smoothly. So that the DSL also supports chained calls
in a smooth way, such as seen in the introductory example (Listing 10), a different
approach is necessary.

In Kotlin IR, a chained call must be built from the inside out by nesting several Ir-
Call nodes and carefully setting dispatch or extension receivers. To make this easier,
the DSL includes an extra .call(...) overload on IrFunctionAccessExpression. This lets
developers write call chains smoothly while the right receiver structure is managed
internally.

This version of .call(...) determines the next function based on the return type of the
current expression, and it automatically uses the current expression as a receiver of
the resulting call. The main implementation of this receiver handling can be seen in
Listing 19.
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1 fun IrFunctionAccessExpression.call(func: Any, vararg args: Any):
IrFunctionAccessExpression {

2 return if (func is String) {
val params = args.joinToString(separator = , prefix = , postfix
= ) { extractType(it) }
4 val funcSymbol = pluginContext.findFunction(func + params, this.type)
?7: throw IllegalArgumentException(
)
6 this@IrCallDSL.call(funcSymbol, *args)
7 } else {
8 this@IrCallDSL.call(func, *args)
9 }.setReceivers(this)
0}

Listing 19: Overloaded .call implementation for chained calls.

In this implementation, if the target function is given as a string, we firstly reconstruct
its full signature by parsing its parameter types. The findFunction(...) method then
searches for a function that matches the given signature, using the return type of the
current expression (this.type) as a search context. This means findFunction will look for
either member functions of the class represented by this.type, or extension functions
where this.type is the extension receiver type. The basic IR call is then constructed
using the previously described .call(...) method without receivers. Finally, we set
the current call as the receiver of the resulting call using setReceivers(this) to correctly
combine the two function calls.

The setReceivers method intelligently determines whether the found function expects a
dispatch receiver or an extension receiver by inspecting the function’s IR signature. It
checks whether the function has a dispatchReceiverParameter or an extensionReceiverPa-
rameter and assigns the receiver expression accordingly. For example, in a chain like
stringBuilderField.call("append(String)", "A").call("append(String)", "B"),
the first append is found as a member function of StringBuilder and gets stringBuilder-
Field as its dispatch receiver. The second append is also found as a member function
(since findFunction searches within the StringBuilder class). The setReceivers method de-
tects that append has a dispatch receiver parameter and correctly assigns the first call’s
result as the dispatch receiver for the second call.

This design lets developers create nested calls in a top-down style, even though IR
requires them to be built from the bottom up. It drastically simplifies the creation of
such calls, while still maintaining correctness.
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5.5 Further Function Utils

Beyond the core call construction features, the FunctionUtils module provides addi-
tional utilities to improve the development process.

5.5.1 Invoke Overloads

The invoke operator overloads defined on IrFunction, IrFunctionSymbol, and IrClassSym-
bol are one set of these tools. Similar to standard Kotlin code, these overloads enable
you to express IR-level calls using a function-like syntax. Listing 20 shows how this
can significantly simplify the construction of e.g. a StringBuilder.

1 val stringBuilderInstance = stringBuilderClass()

Listing 20: Direct invocation of a constructor.

Here, stringBuilderClass is an IrClassSymbol, and the parentheses directly invoke its
constructor. In the background, this searches for the correct constructor function by
comparing the parameters. After that the basic .call method is used to construct the
correct call to this constructor. The same pattern is also supported for directly invoking
functions.

5.5.2 Simple Field Creation

Additionally, this module provides helpers to simplify field creation, as already seen
in the introductory example. The createField helper, as displayed in Listing 21, creates
a new IrField with a given name, type, and initializer expression. It automatically
enables the calIDSL to be used to initialize this field. While this does not introduce any
new capabilities, it encapsulates common boilerplate therefore reducing code size.

1 val myField = pluginContext.createField(parentSymbol, ) {
call( )
I

Listing 21: Simple field creation.
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5.5.3 Simplifying IrConcat

Another often used construct, in the context of functions, is irConcat. This is a util-
ity already existing in the standard API, used to construct string concatenations. In
its basic form each argument has to be passed separately, wrapped in the correct ir-
Expression. Since the functionUtils already support parameter parsing for all kinds of
parameters, we implemented a wrapper, which simplifies this process into a single call
with automatic parameter parsing. An example of how it can be used is displayed in
Listing 22. This utility is especially helpful when generating string-based logging or
debugging outputs at compile time.

| val concatenated = irConcat( , userName, )

Listing 22: Simple use of irConcat.

5.5.4 Simplifying Console Outputs

Finally, the DSL includes a callPrintLn helper, which creates a call to the println func-
tion, with correctly parsed arguments. Since println features overloads for specific
parameter types, our function tries to resolve the best matching overload based on the
provided parameter type, falling back to printin(any?) if necessary. Furthermore, our
implementation supports automatically calling the toString() method, when objects are
passed to this method. Listing 23 shows the usage of callPrintLn.

1 val printCall = callPrintLn(pluginContext, myField)

Listing 23: Simple println call.

Together, these helpers round up a package of simplifications to make working with
function calls at IR-level simpler and improve the readability of plugin code.
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6 GeneralUtils

Compiler plugins are frequently developed for analyzing or performance evaluation
purposes. Therefore, writing textual outputs to a string or file is a commonly encoun-
tered task. As already displayed in Figure 4, even the creation of a file handle alone is
a demanding and complex task.

To overcome this challenge, the generallltils module encapsulates these concerns by
providing structured abstractions for working with StringBuilder and file I1/O opera-
tions. These abstractions reduce the number of necessary function lookups and enable
direct expression of writing and reading logic within IR. The following subsections
describe the design and usage of these abstractions.

Provided Functions and Classes: The module provides the following core compo-
nents:

® class IrStringBuilder(pluginContext, file)
— Wrapper for Kotlin IR StringBuilder operations

e fun IrStringBuilder.append(value): IrFunctionAccessExpression
— Appends a value to the StringBuilder

e fun IrStringBuilder.insert(index, value): IrFunctionAccessExpression
— Inserts a value at a specified index

e fun IrStringBuilder.delete(start, end): IrFunctionAccessExpression
— Deletes a range of characters

e fun IrStringBuilder.irToString(): IrFunctionAccessExpression
— Converts the StringBuilder to a string

® class IrFileReader(pluginContext, file, fileName)
— Handles file reading operations

e fun IrFileReader.readData(): IrFunctionAccessExpression
— Reads data from the file as a string

e fun IrFileReader.closeSource(): IrFunctionAccessExpression
— Closes the file source
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¢ class IrFileWriter(pluginContext, file, fileName)
— Handles file writing operations

e fun IrFileWriter.writeData(data): IrFunctionAccessExpression
— Writes string data to the file

e fun IrFileWriter.flushSink(): IrFunctionAccessExpression
— Flushes the file sink

e fun IrFileWriter.closeSink(): IrFunctionAccessExpression
— Closes the file sink

e fun extractType(value): String
— Extracts the type of an IR value as a string

6.1 StringBuilder Abstraction

The IrStringBuilder class provides reusable wrapper functions for interacting with
Kotlin’s StringBuilder class. It provides utilities for creating string builders and for
appending, inserting, deleting, and converting the builder’s result back to a string.
All of these methods return correctly constructed IrCalls that can then be inserted at
the right positions in the IR tree. Using these abstractions, working with a string
builder in Kotlin IR is dramatically simplified, as seen in Listing 24.

1 val sb = IrStringBuilder(pluginContext, file)

N

//inside some irBlockBody:

+sb.append( )

. +sb.append (functionName)

5 enableCallDSL(pluginContext) {

6 +bufferedTraceFileSink.call (writeStringFunc, sb.irToString())
7}

Listing 24: Usage of the IrStringBuilder.

When calling the IrStringBuilder constructor, a hidden field is generated, storing the
string builder’s value. Therefore, a reference to the pluginContext and current file must
be provided, for this field to be inserted into the IR tree correctly.
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To append values, the class dynamically resolves the correct append function for the
value’s type and constructs the corresponding IR expression internally, as shown in
Listing 25.

I val appendMethod = sbClass.findFunction(pluginContext,
, ignoreNullability = true)
> stringBuilderField.call (appendMethod, value)

Listing 25: Append method implementation of the IrStringBuilder.

The usage of IrStringBuilder results in less boilerplate and more readable IR construc-
tion. Other operations like insert, delete, and toString are implemented in a similar
way.

6.2 File I/0O Abstractions

File reading and writing operations often require nested calls to filesystem APIs such
as SystemFileSystem.sink(...).buffered(). The IrFileReader and IrFileWriter classes abstract
these chains and ensure simplified and correct construction.

These abstractions are built using kotlinx-io rather than the Java standard library’s
java.io package. This design choice ensures that compiler plugins utilizing the gener-
allUtils module remain multiplatform-compatible, allowing them to work seamlessly
across JVM, JavaScript, and Native targets without requiring platform-specific file I/O
implementations.

6.2.1 File Writing

The IrFileWriter class internally creates a bufferedFileSink for a given file name. Fur-
thermore, it provides functions for writing, flushing, and closing the stream. During
initialization, the sink is created via a chain of IR calls. Additionally, all necessary
functions for operations (write, flush, close) are searched for up-front, so that they are
ready to use in the corresponding methods.
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For writing a string to a file, this class provides the writeData method, constructing
and returning the correct IrCall for this operation. The provided data needs to be in
form of a string, otherwise an exception is thrown. Internally this method generates a
DeclarationlrBuilder, then the FunctionUtils call method is used to easily construct and
return the IrCall. Listing 26 displays the simplicity of file handling using this function.

1 val irFileHandle = IrFileWriter(pluginContext, file, )

N

//inside some irBlockBody:
enableCallDSL (pluginContext) {
| +irFileHandle.writeData(irConcat ( , functionName, ))

5}
Listing 26: Writing to a file using IrFileWriter.

Additional methods such as flushSink() and closeSink() offer the same simplicity and
are implemented similarly.

6.2.2 File Reading

For reading operations, the IrFileReader abstraction mirrors the structure of IrFileWriter.
If the given file path exists, it creates a buffered source and provides methods to read
the contents as string or close the source. The implementation of those functions
is nearly identical to those of the IrFileWriter, therefore it will not be discussed any
further.

Overall these utilities are quite simple, but by offering reusability, both classes drasti-
cally reduce code size and minimize the risk of errors.
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7 Evaluation

This chapter evaluates the impact of the KIRHelperKit on the construction of Kotlin
compiler plugins. We examine code reduction through comparison across three vari-
ations of a real-world compiler plugin. Additionally, we conducted a small developer
study to evaluate usability of our kit. Results demonstrate how the helper kit simpli-
ties manipulation of IR and improves the overall development experience.

7.1 Code Reduction through Helper Utilities

To effectively assess the advantages of KIRHelperKit, we tested it in a real-world sce-
nario, applying it to an actual compiler plugin. Specifically, we used an existing plugin
that instruments methods to measure their runtime via timestamp logging (k-perf [23]).
We reimplemented the core logic of k-perf using our toolkit, replacing manual IR code
with calls to findFunction, enableCallDSL, createFileWriter, etc., to measure how much
we could reduce the code size. In a second variant, we excluded the Generallltils mod-
ule to simulate a scenario where file helpers are not as beneficial (since much of the
original plugin’s logic is file I/O). The three versions of this compiler plugin include:

¢ Original Plugin: Implements all logic manually using core Kotlin IR APIs.

¢ FunctionUtils + FindUtils: Simplifies the plugin by using FunctionUtils and
FindUtils.

¢ Full HelperKit: In addition to the above, uses GeneralUtils for file I/O and
string operations.

For the SLOC (source lines of code) comparison, we wanted to only focus on the
relevant code transformations. Therefore, we limited our analysis to the generate(...)
method, since the other parts of the plugin (e.g., CommandLineProcessor,
ComponentRegistrar) consist mostly of static setup logic and are unaffected by the IR
abstraction layer.

As shown in Table 1, the use of KIRHelperKit substantially reduces the size of the core
IR logic. Using only FunctionUtils and FindUtils already reduces the SLOC count
by over 34%, while the full integration including GeneralUtils achieves a reduction
of more than 50%.
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Plugin Version SLOC in generate Reduction (%)

Original 993 -
Function + Find Utils 654 34.1%
Full HelperKit 483 51.4%

Table 1: SLOC comparison of generate(...) method across plugin versions.

This evaluation supports our initial goal of effectively reducing code size, making
IR-based plugin development much simpler.

7.2 Usability Case Study

To evaluate the developer experience and usability of the KIRHelperKit, a focused us-
ability study was conducted. The study was intentionally small but designed to give
insights under realistic development conditions. Its primary objective was to deter-
mine how easily developers could use the KIRHelperKit to accomplish IR-based com-
piler plugin tasks.

Six participants took part in the study, three with prior IR experience (including the
thesis supervisor, who served as an expert validation case rather than a measured
subject) and three with no IR background. This allowed us to capture perspectives
from both novices and experienced compiler plugin developers.

We chose to conduct this study without any baseline implementation using the native
Kotlin IR APIL Setting up such a task from scratch would require multiple hours of
teaching Kotlin IR, significantly increasing session length and making it difficult to
find participants. Instead, the focus remained on assessing the stand-alone usability
of the KIRHelperKit.
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721 Study Setup

Each participant was provided with a pre-configured Intelli] project [24] that consisted
of:

All necessary build and configuration files,

A minimal compiler plugin scaffold with the KIRHelperKit already included,

A test file to validate results,

TODO comments in code sections where input was expected

The introductory project presented in the walkthrough

At the start of the study, a brief live introduction was provided to ensure that all
participants had the same essential conceptual understanding of compiler plugins.
This introduction included:

¢ A brief explanation of Kotlin compiler plugins and the compilation pipeline in
general,

* An overview of the KIRHelperKit’s structure and purpose,

¢ A walkthrough of a simple plugin using the helper kit, that uses a global String-
Builder to store and output all names of called functions.

Then the participants were presented with their main task, which stated:

1. Create a global field of type Atomiclnteger,
2. Insert code to increment this field at the beginning of every method,

3. Print the final counter value at the end of the main function.

This task was chosen because it can be completed in under 30 minutes by a devel-
oper with general Kotlin experience, while still containing multiple core aspects of
the helper kit such as: field creation, function lookup, expression insertion, call con-
struction, and handling of primitive values. All participants were timed during imple-
mentation to assess the efficiency of our helper kit and to allow for comparison across
experience levels.
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After completing the task, participants took part in a short one-on-one interview. The
goal was to capture their impressions and identify potential usability issues. The
interview included four open-ended general questions, and two additional questions
for participants with prior IR experience.

General questions:
* How would you describe your experience using the KIRHelperKit to solve the
task?

¢ Which parts of the helpers were intuitive to you, and which parts required more
effort to understand?

* Were there moments where you felt unsure how to proceed? What do you think
caused that?

* Were the available utilities and their descriptions clear to you? If not, what was
missing or confusing?

Additional questions for participants with IR experience:

¢ Compared to what you expected from working with compiler plugins, was the
KIRHelperKit easier, harder, or about the same to use?

* If you were to continue using this helper kit in future projects, what improve-
ments or additions would you want to see?
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7.2.2 Results and Observations

Task Completion and Quantitative Results. All six participants completed the task
successfully. Measured net implementation times were:

Participant Net Time Prior IR/Compiler Plugin Knowledge
P1 2:17 Yes
P2 7:03 No
P3 10:30 No
P4 9:33 Yes
P5 7:11 No
Supervisor (M. Weninger) - Yes

Table 2: Task completion times and prior knowledge. *Gross time was 10:11, adjusted
for ~3 minutes due to technical issues.

During the coding phase, no participant asked clarifying questions about Kotlin IR or
the DSL. Minor technical difficulties were solved during the implementation phase.

All participants completed the task in under eleven minutes, with times clustering
closely around the median of 7 minutes 11 seconds, except for one extraordinarily fast
time. Because all participants used the kit (we did not have them attempt the task
without it, which would have been too time-consuming), we cannot directly quantify
how much faster the kit made them. However, given that writing even a basic plugin
from scratch normally requires significant setup and learning, the fact that novices
were productive within minutes is a strong indication of lowered barriers.

Interview Findings Here we display the summarized findings of the individual in-
terviews.

1. How would you describe your experience using the KIRHelperKit to solve the
task? All participants reported their experience overwhelmingly positive. Novices
described the kit as "very straightforward" and "easy to understand". The three par-
ticipants with prior IR knowledge found the kit to be "significantly easier" and more
pleasant than the native Kotlin IR API. The expert stated that development with the
kit felt "almost as easy as writing normal source code," highlighting the success of the
kit’s abstraction level.
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2. Which parts of the helpers were intuitive to you, and which parts required more
effort to understand? Most participants agreed that the core functions for finding
and creating IR elements (findClass, findFunction, and createField) were highly intuitive
and self-explanatory. One participant noted that he would prefer dot-separated search
strings. The primary area that required a bit of adaptation was the unary plus operator
of the native API (+), but its purpose was quickly understood after seeing it in the
introductory demo.

3. Were there moments where you felt unsure how to proceed? What do you think
caused that? No one reported any significant moments of uncertainty, pointing out
the clarity of the introductory live demonstration. Participants noted that the task
could even have been more difficult.

4. Were the available utilities and their descriptions clear to you? If not, what was
missing or confusing? The live demonstration proved so effective that the majority
of participants did not need to look at the written documentation at all. One par-
ticipant who did review the documentation found it helpful and clear. The fact that
the system was largely self-explanatory after a short introduction was seen as a key
strength of the API design.

5. (IR-experienced only) Compared to what you expected from working with com-
piler plugins, was the KIRHelperKit easier, harder, or about the same to use? All
three experienced participants confirmed that the KIRHelperKit was "unambiguously
easier” to use than the native IR API. They highlighted the significant reduction in
boilerplate code as the main advantage.
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6. (IR-experienced only) If you were to continue using this helper kit in future
projects, what improvements or additions would you want to see? Several sugges-
tions for improvement were provided:

¢ Improved Nullability Handling: Each search function should throw an excep-
tion if no result is found and nullable variants (e.g., findFunctionOrNull) should
be added.

¢ Simplified println Update the parameter parsing for the provided callPrintLn
function to automatically call toString() on objects.

¢ Expanded Standard Library Wrappers: Provide more high-level wrappers such
as StringBuilder or File I/0 utilities.

¢ Automatic code insertion: Provide a construct to automatically insert DSL code
at certain positions of compiled functions matching a specific search string.

Most of this provided feedback is already implemented in the newest version of the
KIRHelperKit.

The study’s results support the goal of effectively lowering the entry barrier for Kotlin
compiler plugin development. The clearest evidence therefore is the speed and con-
fidence with which the participants completed the task. They were able to produce
a compiler plugin after just a few minutes of introduction, demonstrating the kit’s
ability to abstract complexity and enable productive development.

47



8 Related Work

This section examines existing approaches to code instrumentation and compiler plu-
gin development in both the JVM ecosystem and Kotlin-specific tools, highlighting
their strengths and limitations in relation to KIRHelperKit.

Instrumentation in the JVM Ecosystem. Low-level bytecode libraries such as ASM
[2] and Javassist [3, 4] provide low-level control over class files at the cost of added
verbosity and complexity. BCEL [5] offers similar capabilities for bytecode manipula-
tion. More advanced constructs such as Aspect] [12] provided aspect-oriented abstrac-
tions, and systems like DiSL [14] and BISM [21] showed how expressiveness could be
achieved without sacrificing performance at the bytecode level. Yet these strategies
remain only applicable to the JVM backend, whereas KIRHelperKit works across all
Kotlin compilation targets.

Frontend and Annotation-Based Instrumentation. To address these difficulties in
supporting multiplatform compilation, existing methods primarily concentrate on the
frontend compiler. Kotlin Symbol Processing (KSP) [10] is likely the most widely used
utility within this group, providing processors with access to program symbols, usu-
ally directed by annotations. Although it can analyze code and generate new source
files, it cannot modify existing code or carry out arbitrary transformations within the
compiler’s backend.

Arrow Meta [22] extends this idea by offering hooks into the Kotlin compiler’s frontend,
allowing developers to define custom DSL-like extensions and rewrite syntax trees.
However, it remains bound to source-level transformations and cannot reach into the
IR where structural changes become reusable across all backends.

A similar reliance on annotations can be seen in academic work. Further annotation-
based source modification has been studied by Pfeffer and Weninger, demonstrating
how annotations can drive practical transformations while also revealing their limita-
tions [19]. Approaches that rely on annotations remain tied to the presence of explicit
markers in user code, which makes them unsuitable for tasks requiring global or
annotation-free instrumentation.

KIRHelperKit addresses these disadvantages by operating directly on IR, eliminating
the dependence on annotations and frontend hooks while providing a developer-
friendly level of abstraction for IR manipulation. The toolkit bridges the gap between
low-level IR programming complexity and the limitations of annotation-based meth-
ods, making structural modifications reusable across all platforms.
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9 Limitations and Future Work

This section discusses the existing boundaries of the KIRHelperKit and outlines poten-
tial future work.

9.1 Limitations

Handling of Generics: The toolkit simplifies handling of generics by using a place-
holder and only checking if the parameter at a position is generic. Therefore, checking
if a parameter is applicable for a specific generic function is not supported. Further-
more, it cannot distinguish between the generic placeholder and an actual class named
G. This should not be much of a problem in most cases, but definitely has to be con-
sidered.

Unsupported and Specialized Use Cases: Given the complexity of the Kotlin com-
piler and the fact that the toolkit was developed based on analysis of one existing plu-
gin, undoubtedly some utility functions are missing for certain code instrumentation
tasks. Specialized tasks might still require falling back to the base IR APIs. Further-
more, some tasks are simply not possible due to Kotlin’s multiplatform nature, such
as handling of native libraries or Java dependencies, since backend compiler plugins
can only modify Kotlin code [17].

Small Case Study: While the case study was overwhelmingly positive, it only had
six participants due to timing restrictions. Furthermore, the example was kept small
and without a baseline, which limits the strength of the conclusions we can draw.

No Substitution for Foundational Knowledge: The KIRHelperKit hides much of the
complexity, but it does not eliminate it. Developers still need a fundamental under-
standing of how the Kotlin compiler operates. Knowing what to do with the results
generated by the helper kit and how to set up a compiler plugin in the first place is
crucial for achieving the desired outcome.

49



9.2 Future Work

Code to IR Translation: A limitation of the current toolkit is that developers must
construct IR elements programmatically. A valuable extension would enable develop-
ers to provide insertable code as plain Kotlin source strings, which the toolkit would
automatically translate to IR. This could be achieved through a compiler-in-compiler
approach, where a lightweight Kotlin compiler instance parses and converts the code
snippet. Alternatively, parse-tree-based approaches using tools such as tree-sitter!
could offer a more lightweight solution. Such a feature would dramatically reduce
the learning curve by allowing developers to think in terms of Kotlin code rather than
IR constructs.

Advanced Code Injection: Since most compiler plugins create their own functions or
modify existing ones, simplifying this process would be a logical next step. Locating
functions and a simple syntax for creating calls is already possible (findFunction and
functionUtils), which makes this feature quite achievable. With this utility, a developer
could define a rule to automatically insert, for example, logging code at the beginning
of every function matching a specific search string. This would enable an even more
declarative and powerful approach to plugin development.

Expansion of Helper Utilities: To identify potential future development topics, pop-
ular open-source compiler plugins could be analyzed. Based on these findings, more
helper utilities could be developed, further reducing boilerplate.

Comprehensive Usability Study: As already mentioned in the limitations, the case
study’s credibility is limited. Therefore, gathering more user insight should be a key
priority for the future of this helper kit. One way to gain more participants could
be to integrate KIRHelperKit into the university’s Kotlin course. The initial study in
this thesis provided positive feedback on the toolkit’s usability. This would allow
smoothing out any remaining rough edges and shortening the learning curve for new
developers.

Support for Future Kotlin Features: The Kotlin language is constantly evolving. A
critical future task will be to analyze new language constructs and integrate support
for them into KIRHelperKit to ensure the toolkit remains relevant.

Thttps://tree-sitter.github.io/tree-sitter/
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10 Conclusion

Kotlin compiler plugins provide a flexible way to extend the language’s capabilities,
but writing such plugins has often been a daunting task due to the complexity of
working with Kotlin’s IR. This thesis tackled these challenges with the implementation
of the KIRHelperKit, which provides high-level abstractions to help reduce the entry
barrier to IR-based plugin construction.

The main contribution of this work is a three-part toolkit that simplifies several of the
most cumbersome aspects of IR manipulation. The findUtils module offers a human-
readable query syntax for IR elements (such as classes, functions, and properties). The
functionUtils module provides a fluent DSL for creating and chaining function invoca-
tions, automatically handling parameters and receivers. By providing reusable com-
ponents for common operations such as file I/O and string generation, the generalUtils
module reduces boilerplate and further increases developer efficiency.

The effectiveness of the KIRHelperKit was assessed using a two-part approach. Quanti-
tatively, the toolkit achieved our goal of increased maintainability and conciseness by
reducing the core IR code of an existing plugin by over 50%. Furthermore, a usabil-
ity case study with both inexperienced and seasoned developers demonstrated that
the toolkit significantly lowers the entry barrier to IR manipulation. In mere minutes,
participants completed non-trivial plugin tasks, and experienced users described the
process as "unambiguously easier" than using native APIs.

In conclusion, this thesis presents a useful and efficient framework for Kotlin IR com-
piler plugin development. KIRHelperKit enables developers to focus on the fundamen-
tal logic of IR transformations rather than the low-level compiler details. Even though
some constraints of our approach remain and further study is required, the helper kit
significantly lowers the barriers to IR plugin development. By allowing developers to
concentrate on high-level transformation logic instead of boilerplate, KIRHelperKit can
make the Kotlin compiler plugin ecosystem more innovative and accessible.
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