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Abstract. This paper explores the implementation of extension methods in GoNext, a dialect of
the Go programming language that transpiles into standard Go code. Go is a statically com-
piled language with a lightweight runtime, excellent concurrency support, fast compilation,
and a large ecosystem, but it also has a relatively simple type system that does not allow de-
fining methods on types outside the package where they are declared. Extension methods ad-
dress this limitation by allowing developers to add methods to existing types — including those
defined in third-party libraries or the Go standard library — without modifying their source
code. The authors review how extension methods are implemented in other mainstream pro-
gramming languages (C#, Swift, Kotlin, Rust, Scala) and compare them with the related con-
cept of uniform function call syntax, then propose a GoNext-specific approach: extension
functions are declared using a new extension keyword before a regular function declaration
and are transpiled into ordinary free functions by simply removing that keyword, while call
sites are rewritten from method-call syntax (value.Method(params)) into explicit function
calls (package.Method(value, params)) using a resolution algorithm based on Go's type unifi-
cation rules. The paper also describes an import extension modifier that allows treating all
functions in an existing Go package as extension methods without adding unnecessary wrap-
pers. The proposed approach is demonstrated on a complete example showing how chained
extension method calls are transformed into nested function calls during transpilation. The
paper demonstrates that this approach achieves zero runtime overhead, maintains full two-
way interoperability with standard Go, and — as an additional benefit — enables support for
generic methods, a feature intentionally omitted from Go due to unresolved questions around
existing interfaces implementation. The proposed mechanism leverages transpilation as a
practical strategy for extending a language's capabilities while reusing its existing compiler
and runtime infrastructure.

Keywords: Go, compilation, transpilation, programming, programming language, method,
function, extension, information technology, algorithm.

Introduction. There is a wide range of programming languages suitable for various use
cases, each making different trade-offs to achieve its goals. And over time, their number only
keeps growing. Most of them never become popular, but the ones that do usually offer specif-
ic features that are either absent in other programming languages, are not as convenient to use,
or do not integrate well into the language ecosystem. Quite a few of the recently created pro-
gramming languages are not built from scratch but instead utilize existing tools that provide
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low-level building blocks, which aid in bootstrapping and maintaining a language implemen-
tation, such as:

e JVM [1], which was initially designed to run and JIT-compile Java but has since ex-
panded its feature set to support a wide range of different programming languages, both stati-
cally typed (Scala, Kotlin) and dynamically typed (JRuby, Jython, Clojure).

e LLVM [2], which revolutionized the programming language compilers space by in-
troducing LLVM IR - a low-level, generic representation of code that LLVM understands,
can optimize, and compile into an executable file for a particular operating system and CPU
architecture. So, different language implementations that target LLVM need to implement the
transformation of source code into the IR and get many optimization passes and machine code
generation basically for free. LLVM features both implementations of previously existing
languages like C and C++ and newer languages that use its infrastructure like Rust, Zig, or
Swift.

e JavaScript VMs. Due to JavaScript being the only language that is fully supported by
browsers, there are many languages that transpile [3] into it, so that developers can write ap-
plications that run in browsers and not use JavaScript, which might not be ideal for some spe-
cific use cases. Notable representatives of such languages are Dart, ClojureScript, TypeScript
and so on.

Go [4] is a statically compiled programming language, featuring a lightweight and effi-
cient runtime with an excellent concurrent garbage collector, scheduler, support for concur-
rency, fast compilation, and a huge ecosystem of existing libraries. It also has quite a rudi-
mentary type system, and programs written in it are usually quite verbose.

Therefore, it was decided to explore [5-6] whether it can itself serve as a low-level
building block for implementing more featureful programming languages and what trade-offs
its runtime will impose on those language implementations.

One of the ways to check whether the language with some feature can be implemented
on top of Go runtime is to take this feature and add it to Go compiler itself (and potentially
lead to the feature being implemented in standard Go itself). But since there is no stable inter-
face for the Go runtime, it is not possible to build another compiler that targets it directly.

Instead, it is possible to build a Go dialect with additional features [7-8] and transpile it
into Go itself, and then let the standard Go compiler transform the resulting code into an exe-
cutable binary.

Problem statement. It can be convenient to be able to “extend” existing Go types, that
are defined in 3rd party libraries or in Go standard library, by adding methods (or at least
something that would look like a method) to these types without changing their source code.

For example, there is a type in some library:

// package library

type IntArray []int

And a code in the application that uses 1it:
// package application

import library

import ext
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func use(arr library.IntArray) int {

return arr.Sum/()

It should be possible to implement package ext so that it adds the Sum method to the In-
tArray defined in 3rd party library.

Methods like Sum are generally named “extension methods” and this paper describes a
way to implement this functionality in a Go dialect called GoNext and transpile it into stand-
ard Go code that could then be compiled by the official Go compiler to a binary executable.

Main requirements for such implementation are:

e Minimal runtime overhead. Ideally, the code that such “extension methods” transpile
to would execute as fast as the code that would be written by a developer for standard Go.

o Full two-way interoperability with standard Go. Existing libraries written in standard
Go should benefit from the “extension methods” feature, if possible, and GoNext libraries
with extension methods should be usable from standard Go.

Review of the literature. An extension method is a static method or a free function
that, when it is called, looks like an instance method on the extended type. Also, an extension
method does not have to be defined in the same place where the type it extends is defined.

Extension methods were first introduced in a mainstream programming language na-
tively in C# 3.0 in 2007 [9]. Defining a new extension method on the type string looks like
this (it is a regular static method with an additional this modifier on the first method parame-
ter):
public static class MyExtensions

{
public static int WordCount (this string str) =>

str.Split (" ').Length;
}
And using it looks like this:
string s = "Hello Extension Methods";
int 1 = s.WordCount/() ;

Extension methods allow adding “not important” (in this example, class string is fully
functional without WordCount method, but for some use cases it might be very convenient to
use), but convenient methods to different types, which enables building APIs that are easier to
use (especially chainable methods on the collection-like types). In addition, modern IDEs of-
fer a better autocomplete experience for such extension methods than for static methods/free
functions.

Many modern programming languages support extension methods (or properties) either
directly or via adjacent language features that allow developers to implement similar func-
tionality:

e Swift [10] and Kotlin [11] have “extensions” that allow adding methods and comput-
ed properties to already defined types. Swift also allows adding protocol conformance via
extensions.
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e Rust [12] allows us to define a trait and immediately implement it for a type, extend-
ing it with the methods specified in the trait, effectively providing the same functionality as
extension methods.

e Scala 3 [13] supports extension methods natively, whereas Scala 2 [14] provides the
same functionality via implicit classes.

As demonstrated, extension methods are a useful language feature that can be imple-
mented in quite different ways, but all implementations share a couple of important proper-
ties:

e Since extension methods are just free functions that take a method receiver as their
first parameter, they cannot add fields to it or change its memory layout in any way.

e Extension methods usually do not participate in any late-binding activities (except in
Swift, where they can create a witness table for an extension conforming to a protocol).

Another programming language feature that can be used to achieve the functionality of
“adding methods to existing types” is uniform function call syntax [15], which was already
analyzed in the context of the GoNext language dialect [16].

With a uniform function call syntax implemented in a programming language, effective-
ly every free function automatically becomes an extension method. Basically, uniform func-
tion call syntax can be seen as a global thing that affects every method call site, and if some
free functions are in the current scope, it’s not possible to disable them from being treated as
instance methods. On the other hand extension methods are a very local thing from this point
of view — only functions that are explicitly marked to be extension methods will be consid-
ered like them, which can lead to more obvious behavior when developers try to use some
APIs.

When choosing whether a language should implement extension methods or uniform
function call syntax from a practical perspective, it is useful to look at existing languages: ex-
tension methods feature appears in more languages, and the languages in which it appears are
much more popular than the ones that have uniform function call syntax implemented.

Main material. To analyze how extension methods can be implemented in GoNext and
transpiled to Go, we need to follow the same four aspects that were described in [7] when im-
plementing full-featured enums in GoNext:

e First, a definition of a feature in the guest language (GoNext) should be presented, in
this case: what extension methods definitions look like and how to use them at call sites.

e Translation to the host language (Go): how extension methods themselves and their
call sites are transformed into the standard Go code

e Explanation of how a new feature is working with other guest language features, and
what effect it has on developers using the language.

¢ Interoperability concerns: can standard Go code use extension methods directly (it
depends on how they are translated to Go), and can GoNext use existing Go libraries as sets
of extension methods?

Extension methods definition. Unlike all the mentioned implementations of extension
methods in other programming languages, in Go function or method definitions are always
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defined separately from each other and from the type they are defined on (in case of methods),
therefore since GoNext is a dialect of Go and it should feel like “Go with additional features”,
it is reasonable to make extension method definitions look similar to regular function defini-
tions. To separate extension methods and regular functions a new extension modifier can be
used:

extension func Sum(arr library.IntArray) int {

VA

Grammar-wise it can be described as:

ExtensionFunctionDecl = "extension'" FunctionDecl

Where FunctionDecl is defined in Go specification [17].

It is possible to express this declaration in a way that requires at least one function pa-
rameter inside the grammar, but from an implementation perspective, it is easier to reject ex-
tension methods without any parameters after it is parsed.

Extension methods call-site. From the call site perspective, extension methods look the
same as calling regular type methods.

Translation of extension method definitions. Extension method definitions can be trans-
lated to Go code by simply removing the extension keyword. Thus, they will appear to be just
regular methods from a Go perspective.

Translation of extension method call sites. The algorithm can follow the logic described
in [16] for unified function call syntax: whenever a call like value.Method(param1, param2) is
found, and there is no method Method defined on value’s type, an additional search is started
which tries to find an extension method with the matching name and unify-able type (follow-
ing the Go specification type unification rules [17]) of the first method parameter to the val-
ue’s type in the current file’s scope. If such a method is found and there is exactly one such
method, the call is replaced with package name.Method(value, paraml, param2). If zero or
more than one match is found, it will lead to a regular Go “no field or method” error.

Interaction with other GoNext language features. When a package with extension
methods is imported into the current scope, all its extension methods will participate in the
extension method search described above. By implementing imports this way, GoNext lets
developers control what extension methods are available in the current scope.

Using extension methods from Go. After transpilation, extension method definitions are
transformed into regular functions; therefore, they can be used as is in standard Go code. So,
from GoNext's perspective, extension methods can be used in two ways: val-
ue.Method(params) or package name.Method(value, params), and only the second way is
valid from the perspective of standard Go code.

Using existing Go libraries as if they contained extension methods. Some Go libraries
like “lo” contain only free functions that technically can be used as if they were extension
methods, but since they already aren’t, they must be wrapped in extension methods to particCi-
pate into method resolution mechanism described above. For example, for the Filter function

from the “lo”, the following “wrapper” needs to be defined:
// package loext
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import "github.com/samber/l1o"

extension func Filter[T any] (
collection []T,
predicate func(item T, index int) bool) []T {
return lo.Filter(collection, predicate)

And then loext package can be imported and work with extension methods like de-
scribed above.

Instead of requiring such “wrapper packages”, it is possible to create an additional im-
port modifier, so that in GoNext it is possible to simply do:
import extension "github.com/samber/lo"

And within the scope of the current file, all functions defined in the package lo will au-
tomatically be treated as if they were extension methods.

Combining everything. The easiest way to combine everything described above into a
single holistic language feature is to follow all steps of the transpilation process in the rela-
tively simple example.

First, let’s define some extension methods in the sliceext package:
package sliceext
extension func Filter [T any] (

collection []T,

predicate func(item T, index int) bool) []T {

//

}
extension func Map[T any, R any](

collection []T,

fn func(item T, index int) R) []R {

//

Then let’s imagine an application code that uses these methods:
package application
import (
"fme"
"sliceext"
)
func main () {
collection := []int{1, 2, 3, 4, 5, 6}
result := collection.Filter (func(item int, index int) bool {
return item % == 0;
}) .Map (func(item int, index int) int {
return item * item;
}).Filter(func(item int, index int) bool {
return item > 4;
})
fmt.Println(result)
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Example contains 3 extension method calls, that are being called in a chain.
After transpilation the sliceext package looks the same but with “extension” modifiers
removed:
package sliceext
func Filter [T any] (
collection []T,

predicate func(item T, index int) bool) []T {
//
}
func Map[T any, R any] (
collection []T,
fn func(item T, index int) R) []R {
//

And the application code, on the other hand, is being converted into this:
package application
import (
"fmt"
"sliceext"
)
func main() {
collection := []int{1, 2, 3, 4, 5, 6}
result := sliceext.Filter(
sliceext.Map (
sliceext.Filter(
collection,
func(item int, index int) bool {

o)

return item % 2 == 0;

),
func(item int, index int) int {

return item * item;,

),
func(item int, index int) bool {
return item > 4;

)
fmt.Println(result)

So instead of 3 chained calls, it was rewritten into 3 nested calls.

Conclusions. This paper showcases that it is possible to implement a functionality like
extension methods on top of Go runtime by using transpilation into the standard Go code.

The requirements described in the problem statement are also satisfied in the proposed
implementation:
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e The overhead of using extension methods, compared to not using them and instead
making function calls explicitly, is zero. In situations where the “wrapper package” for the
existing implementation of some functionality is needed, the overhead is a single additional
method call per extension. But since the extension methods in this case are one-line wrappers
for functions implemented in an existing Go library, the Go compiler will inline them in most
cases, so the overhead will effectively be zero too.

e Since extension methods do not affect any language features other than changing
method resolution at call sites, and even that is done in a backwards-compatible way because
they are applied only when the code would not have compiled at all previously, they do not
really affect interoperability between GoNext and Go itself. Go cannot use extension methods
as extension methods because it doesn’t know that concept, but since they are transpiled into
regular functions, it is possible to just import the package and call them directly from Go.
There is also an additional solution that allows importing existing Go libraries as if their func-
tions were written as extension methods, thereby eliminating the need to write “wrapper

packages”.

Also, as shown in the example in the section above, the proposed solution provides an
additional accidental benefit for the Go programming language — support for generic methods,
which Go currently lacks.

Initially, Go did not support generics at all because the team that developed the lan-
guage believed they would unnecessarily complicate both the language itself and the ecosys-
tem around it. It took a very long time to decide that Go indeed needs generics and to design a
way to introduce them to the language [18].

But as described in the Go generics proposal, the generic methods were intentionally
omitted from the language [19]. In Go, one of the primary roles of methods is to permit types
to implement interfaces. And it is not clear whether it is reasonably possible to permit pa-
rameterized methods to implement interfaces. So, it is possible to have methods on generic
types, but it is not possible to add new parameterized types to the method definitions.

The Filter method is valid:
type Array [T any] struct |

data []T
}
func (array Array[T]) Filter(

predicate func(item T, index int) bool) Array[T] {

data := make([]T, 0, len(array.data))
for 1 := range collection {
if predicate (array.datal[i], 1) {
result = append(result, array.data[i])

}

return Array{data: data}

But the Map method is not, because it requires an additional type parameter R, which is
not possible to add anywhere:
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func (array Array[T]) Map (fn func(item T, index int) R) Array/[R] {
data := make([]T, 0, len(array.data))
for 1 := range array.data {
if predicate (array.data[i], 1) {
data = append (data, array.data[i])
}

}
return Array[T]{data: data}

Extension methods do not interact with interfaces, and they can define any number of
type parameters; hence, implementing the Map free function as an extension method is possi-
ble even with the current Go compiler.
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Peanizayia memooie po3uwiupennsa ma y3a2aibHeHux memooie
y Oianexkmi moeu npozpamyeantsn GO

YV yiti cmammi docnioxcyemuvcs peanizayis memooie posuupenns ¢ GONext, diarexmi
mosu npozpamysants GO, akuul mpanciroemocs y cmanoapmuuti koo Go. GO — ye cmamuy-
HO KOMRIIbOBAHA MOBA 3 €KUM CepedosuemM BUKOHAHHS, YY008010 NIOMPUMKOIO NApaielb-
HOCMI, WEUOKOW KOMRINAYIEIO MA 8ENUKOI0 eKOCUCMEMOI0, alle 60HA MAKONC MAE 8i0HOCHO
npocmy cucmemy munis, AKka He 00360J14€ GUIHAYAMU MemOOU Ol MUNi6 no3a Nakemom, oe
80HU 02onouieHi. Memoou po3uwupenHs ycyearoms ye 00Medncents, 0036011041 PO3POOHUKAM
dodasamu Memoou 00 ICHYIOYUX MUNI8, BKINYAIOYU Mi, WO BU3HAYEHI 8 CMOPOHHIX
bioniomexax abo cmanoapmuitl 6ioniomeyi Go, 6e3 3MiHU IXHLO2O BUXIOH020 KOOY. Aémopu
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PO32740ai0myb, K Memoou pPO3UUPEHHS Peani3osani 6 IHWUX NOUWUPEeHUX MO08ax npocpa-
mysanns (C#, Swift, Kotlin, Rust, Scala) ma nopisuiwowoms ix 3 6i0n08iOHON KOHYENYIEH
VHIIK06AH020 CUHMAKCUCY BUKIUKY QYHKYIU, a NOMIM NPONOHYIOMb cneyu@iynutl 0
GoNext nioxio: QyHKyii po3uupents 02010uyiomscsa 3a 00NOMO2010 HO8020 KIHOYOB020 CO0-
84 pO3ULUPEHHS neped 020JIOULeHHAM 38UYAUHOI QYHKYIT ma Mpancninowmscs y 36Udatiti
BIbHI  QPYHKYIT WIAXOM NPOCMO2O BUOANEHHS YbO2O KIHOYOB020 C106d, MO0 AK caumu
BUKTIUKI@ NEPenucyiomvbCs 3 CUHMAKCUCY SUKIUKY mMemody (value.Method(params)) y seni
suxnuku gyukyiu (package.Method(value, params)) 3a 00onomo2coio arcopummy po3e'sizamms,
3acH08aH020 Ha npasuiax 0b'conanns munie Go. Y cmammi maxodc onucano moougikamop
PO3UUPEHHsL IMROPMY, KUl 00380J5€ po3ensoamu 6ci (QyHkyii & icuyrouomy naxemi Go 5K
Memoou posuiupents 6e3 000a8aHHs 3aueuUx 0020pMoK. 3anponoHo8anutl nioxio OemMoH-
CMpY€EmMbCsl HA NOBHOMY NPUKAAOT, WO NOKA3YE, AK JAHYIO208] UKIUKU MEMOOi8 POSULUDEHHSL
nepemeoprIOmMbCsl HA BKIAOEHT GUKIUKU QYHKYIU nid yac mpaucninayii. ¥ cmammi 0emMoH-
CmMpyemubcs, wo yeil nioxio 00CA2ae Hyab08UX HAKIAOHUX GUMPAM YACy BUKOHAHHS, NIOMPU-
MY€ no6HY 080CMOPOHHIO cyMicHicmb 31 cmanoapmuum Go ma — 5K 000amKo8y nepesazy —
3abe3neuye niOMpuMKy yHiBepcarbHux memodis, pyukyiio, naemucro sukmouery 3 Go uepes
HesupiuieHi NUMaHHs wooo peanizayii iCHyOuuUx iHmepgeicie. 3anponoHo8aHUll Mexanizm
BUKOPUCMOBYE MPAHCNINAYIIO AK NPAKMUYHY CmMpamezilo Ons PO3ULUPEHHS MONCIUBOCIEN
MO8U, 0OOHOYACHO NOBMOPHO UKOPUCIOBYIOYU 1T ICHYIOYY IH(pacmpyKmypy KOMRIIAmopa ma
cepedosuLa GUKOHAHHS.

®opxept IlaBiao [MaBaoBu4 — acnipant kadeapu 1HKEHepil MPOrpaMHOro 3a0e3rneueHHs Ta
1H(dopMaLiIiHUX TexHoJorii Kadeapu (akynbTeTy NPUKIAAHOI MAaTEMAaTUKH Ta 1H(GOopMaIliii-
HUX TexHoJjorii J{ainponerpoBcskoro HarionansHoro YHiBepcutety iM. Onecst ['onuapa.
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