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Personal intro
Hi, it me

* Based in Portland; haven’t been up here in a while for Xcoders

* Apple ecosystem programming since before Xcode

* Freelancer, primarily in Swift frameworks & embedded firmware

» Most public stuff: original Mapbox SDK

» Usually in lower-level stuff: network protocols, graphics rendering, embedded

* Not typically doing a lot of Ul, so late-ish to SwiftUl




Cool: Tinylangs, live systems, embedded languages
Why aren’t things more interactively iterative?

* Brent has a great, thought-provoking post:

» https://inessential.com/2025/08/28/easy-app-writing.html

* Not promising anything revolutionary in this department, but it’s on my mind

* Also, this is a new talk, so | hope it works and is bug-free



https://inessential.com/2025/08/28/easy-app-writing.html

Introducing FruitView
g

View yo fruits

* Display fruits
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FruitView

* Reorder fruits

» Essentially a vStack full of Button elements styled with Text & Color
» Each has an action that calls moveUp (), passing itself

« Determines fruit’s array index, removes it, re-adds it at index - 1

This is one of two apps | made for the talk and serves as a bit of a bookend. It shows basic SwiftUl use, but also we will revisit it later.



Demo

Basic demo of the SwiftUl aspects of FruitView. Tap a fruit to move it up. Don’t touch that gear icon yet!



Result Builders: What are they?

Why even have this?

» Ultimately they are about declarative code
* “This is the result that | want”
* Not “Here is the structure and how it will happen”
» As such, the compiler is taking some work off of our plate
* This is a trade-off!

» Lets you make a DSL - Domain-Specific Language




From the feature proposal
Swift Evolution Proposal #289 (SE-0289)

e “Result builders target a specific kind of interface that involves the declaration
of list and tree structures, which are useful in many problem domains,
including generating structured data (e.g. XML or JSON), Ul view hierarchies
(notably including Apple's SwiftUl framework, mentioned above), and similar

use cases.”

* Implemented in Swift 5.4 (2021)



https://github.com/swiftlang/swift-evolution/blob/main/proposals/0289-result-builders.md

What exactly is being done here?

Lets you type one thing, but get interpreted as something else

struct ApplIconView: View {
let hasText: Bool

@ViewBuilder var body: some View {
VStack (spacing: 16) {
Image ("AppIcon")

if hasText {
Text ("<App Name>")
}

Credit: https://quickbirdstudios.com/blog/swift-resultbuilder-data/



https://quickbirdstudios.com/blog/swift-resultbuilder-data/

What exactly is being done here?

Lets you type one thing, but get interpreted as something else

struct ApplIconView: View {
let hasText: Bool

@ViewBuilder var body: s

. var body: some View {
VStack (spacing: 16)

ViewBuilder.buildBlock (
Image ("AppIcon")

VStack (
spacing: 16,
if hasText { content: ViewBuilder.buildBlock (
Text ("<App N ViewBuilder.buildExpression (Image ("AppLogo")) ,
} ViewBuilder.buildOptional (
} hasText
} ? ViewBuilder.buildExpression (Text ("<App Name>"))
} : nil

Credit: https://quickbirdstudios.com/blog/swift-resultbuilder-data/



https://quickbirdstudios.com/blog/swift-resultbuilder-data/

Swift type inference

A simpler example of compiler special tricks

* We use this convenience all the time in Swift

» Compiler is good, but not perfect, at figuring out what we mean

let a = 42

let b: UInt = 42

let c: UInt32 = 42

Great read: https://medium.com/swih/how-does-swift-type-inference-work-c287fae34da0



https://medium.com/swlh/how-does-swift-type-inference-work-c287fae34da0

Worth Noting

Result Builders are but a small part of SwiftUl

» SwiftUl itself is lots of Ul and rendering behavior code
* Result Builders just allow the syntax

* https://macquru.dev/swiftui-should-become-open-source/



https://macguru.dev/swiftui-should-become-open-source/

Example: Document builder

* Imagine, if you will, a weird file or protocol format
* Has a number of fields (that we would like to be native Swift types)

* Needs to output a strict textual format:

[ ] @ document.txt [ ] [ ) document.txt

———BEGIN DOCUMENT--— ———BEGIN DOCUMENT-——

Title: Foo Title: Foo

Description: A really great document Description: NULL

Tags: one|two|three Tags: one|two|three

Body: Lorem ipsum dolor sit amet. Summary: Lorem ipsum dolor sit amet, consectetur
Date: 2026-06-03T21:58:53Z adipiscing elit. In erat mauris, faucibus quis phar..
Version: 1.0 Date: 2026-06-03T721:58:53Z

———END DOCUMENT-—- Version: 1.0

———END DOCUMENT-—-

DocumentApp is the second example app. We will use result builders to create a small DSL that lets us lay out a file export from a Swift struct according to this made-up
spec.

Of note: The “spec” says that Description is optional and if absent exports as NULL, and that if body is > 100 characters, it exports truncated as Summary, not Bodly.



Our struct representation

struct Document {

let
let
let
let
let
let

title: String
description: String?
tags: [String]

text: String

date: Date

version = 1.0




Our struct’s serialization getter
The thing that lets us lay out the document

@DocumentBuilder var serialized: String {

Using our DocumentBuilder: // our declarative result building goes here

var body: some View {

Using SwiftUl’'s ViewBuilder: Text("foo")

our future DocumentBuilder



What do we need to implement?

* Main moving pieces:

* @QresultBuilder decoration to say that you are making one

« Static functions to handle varying cases:

buildBlock - handle variadic, composable building blocks

buildOptional - handle if, typically for optional values

buildEither (first:) /buildEither (second:) - handle control flow like if-else
buildArray - for, forEach, etc. for iterating collections

buildExpression - e.g. converting Int to String when String is your building block

buildFinalResult - e.g. convert a custom struct that has been built up into Data output

Another great read: https://www.mikegopsill.com/posts/understanding-swift-result-builders/



https://www.mikegopsill.com/posts/understanding-swift-result-builders/

Declare a result builder struct with a decorator
@resultBuilder

e @ViewBuilder is SwiftUl’'s pre-made result builder
» Note that view implicitly gets a @ViewBuilder
¢ @ViewBuilder var body: some View ({

e Create the @DocumentBuilder decorator that serialized will use

@resultBuilder
struct DocumentBuilder {

// requisite static methods go here




buildBlock

Handle variadic, composable building blocks

static func buildBlock( components:

String..) -> String {

components.joined ()

What is our building block? How should we combine them?



buildOptional

Handle if£, typically for optional values

static func buildOptional( component: String?) -> String {

component ?7? “NULL”
}

« Works on standalone if

There is an implicit "else” here.



buildEither

Handle control flow like if-else

static func buildEither (first component: String) -> String {

component

}

static func buildEither (second component: String) -> String {
component.prefix (100) + “.”

}

» Workson if/else and switch

* Not meant forternary(a 2 b : ¢ )




buildArray

for, forEach, etc. for iterating collections

static func buildArray( components: [String])

-> String {

components.joined(separator: "|")




buildExpression
Converting your building blocks

static func buildExpression( value: Date) -> String {

return date.ISO8601Format ()
}

static func buildExpression( value: Double) -> String ({

String(value)

}

* Once you add one of these, you need one for your default block type, too

static func buildExpression( value: String) -> String {

value




buildFinalResult
Final-mile processing
static func buildFinalResult( component: String) -> String
{
"-—-BEGIN DOCUMENT---\n" +
component +

"-——END DOCUMENT---\n"




@DocumentBuilder var serialized: String {
"Title: "
title
Il\nll

"Description: "
if let description { description }
Il\nll

"Tags: "
for tag in tags { tag }
Il\nll

if text.count <= 100 { "Body: " + text }
else { "Summary: " + text }
Il\nll

"Date: "
date
Il\nll

"Version: "
version
Il\nll

A bit contrived, but exercises all of the parts.




Demo

Quick demo of DocumentApp to show the export in the console log.




Not covered here: nested types

* e.g. the sort of stuff that lets you do this in SwiftUI
VStack {
Text (..)
Text (..)
}
* Requires a bit more code gymnastics than | want to cover here
» Basically, a protocol that both elements & element groups conform to as your building block
* But you can do this!

¢ More info at Deep Dive Into Swift Function Builders



https://www.swiftbysundell.com/articles/deep-dive-into-swift-function-builders/

Ultimately, it’'s about ease of writing & readability
We like creature comforts

.text

.globl addTwo

_addTwo: /
add %esi, %edi +

mov %edi, %eax

ret

let x = 1; let y = 2

let output: CInt = addTwo (x, V)

A somewhat dated example of equivalent operations for illustration purposes.

The trade-off is often performance vs. convenience. In the case of result builders and other compiler features, the performance hit is usually seen at compile-time while
writing or building your project.



I’m not trying to sell you on this

Also I’m the worst salesperson

* | think the jury is still out — and it’s situational — whether using result builders
makes sense

* However, it’s good to be familiar and to look for APIs to build or use that fit
the pattern well




Compiler Errors
We get them

* See https://quickbirdstudios.com/blog/swift-resultbuilder-data/ under
“Compiler Support”

T @ Invalid conversion from throwing function of type '(String) throws -> ()' to non-throwing function
type
'(ParserBuilder<Substring>.SkipSecond<ParserBuilder<Substring>.SkipFirst<ParserBuilder<Substr

ing>.SkipSecond<Skip<Substring, Optionally<Substring, String>>, Skip<Substring,
Optionally<Substring, Many<Substring, String, [()], Always<Substring, ()>, Always<Substring, ()>,
()>>>>, SubjectParser>, Skip<Substring, Many<Substring, String, [()], Always<Substring, ()>,
Always<Substring, ()>, ()>>>.0utput) -> ()"

Link explores a number of potential downsides to using result builders. | haven’t built any myself (only used them) aside from this token example, so | don’t have a lot of
advice here.


https://quickbirdstudios.com/blog/swift-resultbuilder-data/

Back to ye olde FruitView...




What if we could talk to our app?
Chatting with apps is all the rage

~~
0

>
=




Demo

Demo of typing commands into text field and literally telling the app how to move fruits, rather than using gestures. See the project tests for examples of valid
commands.



Introducing swift-parsing

A powerful library in result builder form

» Atits core, defines a protocol Parser which has:
 Input type
e Output type
e Body of parser

e parse () function (if you want to do more than just run the Body)




Small example

some Parser<Substring, String> {

// built-in:

var body:
but not keep it”

Skip { “we want to look for this,
// built-in: “don’t fail if we can’t find it”

Optionally {
look for a word case-insensitively

KeywordParser (“move”) // custom:

// built-in: covers all the whitespace types

Whitespace ()

}

FruitParser ()

// custom: look for a fruit name

Skip { Whitespace() } // more built-ins




My use of swift-parsing

* I’ve been implementing a rather large binary network protocol client

* So lots of Parser<Array<UInt8>, (various things)>

« Have also been making use of the complementary ParserPrinter protocol
» Great for turning native Swift things back into other formats

* Examples: CSV export, binary over-the-wire protocol




Many types.

Many types of builder in the library

All of which are reversible ParserPrinters

'S ParserPrinters >
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Many, many types.
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Each has a parse () function
Everybody... parse your body...

« Implicit: you can just build a Body declaratively
» Explicit: you can do more stuff in the parse () function than just run the body
* Implicit example: parse a fruit name string
» Explicit example: make sure the string is a name found in our fruits array
e As well as an Input and an Output type
* e.g. SourceParser<String, Int>

* Parse a textual command mentioning a fruit into a position number




Back to FruitView’s language parser

Let’s build up some parsers

e FruitParser - Parse & output a fruit name (Parser<Substring, String>)

* SourceParser - parse the first part of commands using FruitParser & built-ins
* Refers to moving a fruit (“move lime to”, “grape t0”)
» Output a position number (Parser<Substring, Int>)

e DestinationParser - parse the second part of commands
* Moving to an absolute position (“position 4”, “6”)

* Moving to a relative position (“4 before orange”, “after blueberry”)

* Output a Destination (Parser<Substring, Destination>)

We'll talk about the Destination struct when we get to that parser.



Let’s talk about types

Fruit, LanguageParsingError, and Move

struct Fruit: Identifiable, Equatable { enum LanguageParsingError: Error {
let id = UUID()

case BadFruit(_ fruitName: String)

case BadOrdering
var name: String

var color: Color }

struct Move: Equatable {

var source: Int
var destination: Int

Fruit: Identifiable’ for SwiftUl, 'Equatable’ for array searching
Move: "Equatable’ for test suite



FruitParser
Give me a (hopefully, but TBD valid) fruit name!

struct FruitParser: Parser {

var body: some Parser<Substring, String> {
Prefix { $0 != " " }
.map(String.init)

Really, this is parsing any "String’ in the place we are looking. We’ll check it for validity later.
This is also probably the most basic use of the library’s ‘'map) .

There is also ‘flatMap()’, but that breaks the "Printer side of "ParserPrinter so you need to manually write both directions. The library documents this well. An example of
how I've used ‘flatMap() is to parse a byte count, which then gets flat mapped into a further parse of that many bytes into some sort of structs. | don’t care to keep the
byte count, but | need it to keep going — “dependent parsing”.



SourceParser: Which fruit are we moving?

Using FruitParser & built-ins, parse a fruit position out of a Substring

struct SourceParser: Parser {
var fruits: [Fruitl

func parse(_ input: inout Substring) throws —> Int {
let parser = Parse {
Skip {
Optionally {
KeywordParser("move")
Whitespace()
}
}
FruitParser()
Skip { Whitespace() }
}
let fruitName = try parser.parse(&input)
guard let index = fruits.firstIndex(where: { $@.name.uppercased() == fruitName.uppercased() }) else {
throw LanguageParsingError.BadFruit(fruitName)
}

return index

Here is where we check the fruit "String’ for validity. A good example of why you might need a custom "parse()’ vs. just an implicit ‘Body'.



DestinationParser
Where is the fruit going?

» Using built-ins, parse & output a Destination struct

» Intermediary: tuple of stride: Int, ordering: enum, and index:

* Examples:
* 2 before 5 -2 before the 5th position
e 0 after 2 -just(i.e. 0) after the 2nd position

e 0 unspecified 3 -the 3rd position

Int




struct DestinationParser: Parser {
var fruits: [Fruit]

func parse(_ input: inout Substring) throws -> Destination {
let parser = Parse {
Skip {
KeywordParser("to")
Whitespace()

Notice no ‘Optionally here. For any destination we want the “to” word to be there, though we don’t care to save it for anything so we "Skip() it.



OneOf {
Parse {
Skip {
Optionally {
KeywordParser("position")
Whitespace()
}
}
Always(0)
Always<Substring, Ordering?>(Ordering.unspecified)
Digits(1).map {
$0 > fruits.count - 1 ? fruits.last!.name : fruits[$@1].name
}
Skip { Optionally { Whitespace() } }
End()
}
Parse {
OneOf {
Digits(1)
Always(0)
}
Skip  { Whitespace() }
Prefix { $0 != " " }.map { Ordering(rawValue: String($e)) }
Skip  { Whitespace() }
FruitParser()
Skip  { Optionally { Whitespace() } }
End()

Let’s consider each of the two clauses to ‘OneOf separately. Note that each will have to export the same type (a three-member tuple of Int’, ‘Ordering’, and fruit name
“String).



OneOf {
Parse {
Skip {
Optionally {
KeywordParser("position")
Whitespace()
}
}
Always(0)
Always<Substring, Ordering?>(Ordering.unspecified)
Digits(1).map {
$0 > fruits.count - 1 ? fruits.last!.name : fruits[$@1].name
}
Skip { Optionally { Whitespace() } }
End()

The first clause handles absolute destinations such as “position 3.

The first 'End() is important so that “(to) 3” hits the first clause, but if we keep typing, we fail parse / throw an error until it’s “(to) 3 before grape” as matched by the
second clause.

The "Always() parsers here are basically hardcoding ‘0" and ‘Ordering.unspecified” since they aren’t relevant to the parse (we have to match the three-member tuple type
with the second clause).

Note that the ‘Ordering’ is an optional. You’ll see in the second clause why this is.



OneOf {

Parse {
OneOf {
Digits(1)
Always(0)
}
Skip  { Whitespace() }
Prefix { $0 != " " }.map { Ordering(rawValue: String($e)) }
Skip { Whitespace() }
FruitParser()
Skip  { Optionally { Whitespace() } }
End()

The second clause handles destinations like “3 before grape”. If no digit is given, the "Always(0) hardcodes that instead via the nested "OneOf'.
Also, we only allow 1 digit so as to not allow “27 before grape”.

The instantiation of ‘Ordering(rawValue:)' can return an optional, since the String parsed with the "Prefix might not refer to a valid ‘Ordering’. This is why we return an
"Ordering?’ in the first clause’s "Always’ hardcode, to match the type.



let (stride, ordering, fruitName) = try parser.parse(&input)

guard let ordering else { throw LanguageParsingError.BadOrdering }

guard let index = fruits.firstIndex(where: { $@.name.uppercased() == fruitName.uppercased() }) else {
throw LanguageParsingError.BadFruit(fruitName)

}

return Destination(stride: stride, ordering: ordering, index: index)

If the parse fails, the library throws a generic parsing error with info as to where it failed.

But once either clause in the ‘'OneOf has succeeded and given us a tuple, we use it to try to instantiate a ‘Destination’ that our overall parser can use math on to create a
final destination index.

This is a another good example of why a parser might want a custom “parse() rather than just an implicit ‘Body'. We check the optional ‘Ordering” struct as well as the
validity of the parsed fruit name.



LanguageParser
Realize the, uh, fruits of our labors

e Using SourceParser & DestinationParser, get a (source) array index
and a destination
* Process the destination into a (destination) array index

« Construct a Move out of the indexes for the app to act on

func handleMove(_ move: Move) {
withAnimation {
let mover = fruits.remove(at: move.source)
fruits.insert(mover, at: move.destination)




struct LanguageParser: Parser {
var fruits: [Fruit]

func parse(_ input: inout Substring) throws -> Move {

let parser = Parse {
SourceParser(fruits: fruits)
DestinationParser(fruits: fruits)

}

let (sourceIndex, destination) = try parser.parse(&input)

var destinationIndex = destination.index

switch destination.ordering {

case .before:
destinationIndex -= destination.stride
destinationIndex = max(destinationIndex, ©)

case .after:
destinationIndex += destination.stride
destinationIndex = min(destinationIndex, fruits.count - 1)

default: break

}

return Move(source: sourcelIndex, destination: destinationIndex)

This parser uses basic math to process the ‘Destination’ into a concrete ‘Move' for the app to handle. It also does some clamping to the array bounds in case you tried to
outsmart it with “grape to 9 after lime” on an array of length 6.



Congrats, we used a DSL to
make a DSL for our app, which
lays out its Ul with a DSL




Tests

I’m not showing off, | just want to show you a part of the FruitView project that may be fun to play with. | found a lot of value when writing the parsers to use the tests,
and you can play with the tests or add your own to better see how the parsers work.



Some particularly cool result builder libraries

» swift-parsing, of course

» BitWiser for bit shifting & logic

« PathBuilder for SwiftUl vector Path building

» MenuBuilder for NSMenu building

» DataKit for binary formatted data (e.g. parsing a PNG)
» Narratore for interactive fiction (!)

* Apple’s own Regex



https://github.com/pointfreeco/swift-parsing
https://github.com/DrAma999/BitWiser
https://github.com/mkj-is/PathBuilder
https://github.com/j-f1/MenuBuilder
https://github.com/QuickBirdEng/DataKit
https://github.com/broomburgo/Narratore
https://developer.apple.com/documentation/swift/regex

Resources

Result builders

Unraveling Swift Result Builders

* mikegopsill.com

Swift Result Builders: Creating Custom DSLs for Binary Formatted Data

» quickbirdstudios.com

Result builders: Available from Swift 5.4

* hackingwithswift.com

Awesome Result Builders on GitHub



https://www.mikegopsill.com/posts/understanding-swift-result-builders/
http://mikegopsill.com
https://quickbirdstudios.com/blog/swift-resultbuilder-data/
http://quickbirdstudios.com
https://www.hackingwithswift.com/swift/5.4/result-builders
http://hackingwithswift.com
https://github.com/carson-katri/awesome-result-builders

Resources

swift-parsing

» Project page - including the extensive README

» Official documentation - ¢

* Point-Free video series - 11 parts!



https://github.com/pointfreeco/swift-parsing
https://pointfreeco.github.io/swift-parsing/main/documentation/parsing/
https://www.pointfree.co/collections/parsing

Thank you! /.,

Justin Miller / justinmiller.io / Seattle Xcoders / June 2026



http://justinmiller.io

