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The SwiftUl Oracle: Measuring a Clean Room
Against the Real Thing

In the last post | claimed | had measured SwiftUl until its behavior was predictable. This post is the
receipts. It is for Swift developers, so it is mostly code: the test harness, the firewall that keeps it
honest, and the differential tests that hold a from-scratch engine against the real framework. If you
have ever wondered what it would take to prove you understand SwiftUl rather than assert it, this is
one answer.

The engine is called PureView. It is a clean-room reimplementation of SwiftUl's semantics: the
attribute graph, identity, layout, animation, and lowering to a display list. It never imports SwiftUl.
The proof that it is faithful is a separate test target that does import SwiftUl and compares the two,
value for value.



Two pieces: our copy, and the answer key

OUR ENGINE REAL SWIFTUI
PureView, the copy we built the answer key, the truth
never allowed to see SwiftUl this is the ORACLE

runs both, checks they match

What "oracle" means here

In testing, an oracle is the source of the correct answer: the thing that tells you whether a result is
right. Our oracle is real SwiftUl itself. For any scene, we ask the real framework what it does, and
that answer is the ground truth we grade the engine against. The engine is the work; SwiftUl is the
answer key.

The firewall: the engine may never import SwiftUI

A measurement is worthless if the instrument can cheat. If the engine were allowed to call SwiftUl,
any agreement would be suspect, because the engine could simply forward to the framework it
claims to reproduce. So the engine is sealed off, and the seal is not a convention. It is a test that
fails swi ft test if a Ul-framework import ever appears in the engine sources.



The firewall: the engine cannot peek

WALL
OUR ENGINE REAL SWIFTUI
built sealed off, sealed behind glass,
with no one to copy from the thing being measured

A build-failing test enforces the wall: no SwiftUl import ever enters the engine.

@ui te("Engi ne inport confinement")
struct Engi nel nport Confi nement Tests {
@est (" Sources/ PureView inports no U franmework")
func engi nel mport sNoUl Framewor k() throws {
let forbidden = ["SwiftU", "UKit", "AppKit", "WatchKit"]
/] #filePath = <root>/Tests/PureViewTests/<this file> clinmb to
<r oot >/ Sour ces/ Pur eVi ew.
I et engi neRoot = URL(filePath: #filePath)
. del eti ngLast Pat hConponent () // PureVi ewTests
. del eti ngLast Pat hConponent () // Tests
. del eti ngLast Pat hConponent () // <root>
. appendi ng(pat h: "Sources/ PureVi ew')

let fil eManager = Fil eManager. def aul t
| et enunmerator = try #require(
fil eManager. enunerator(at: engi neRoot, includi ngPropertiesForKeys:

nil),
"engi ne source root nust exist at \(engi neRoot.path)"
)
func inportsForbidden(_ line: String) -> Bool {
forbi dden. contains { framework in
line == "inport \(franework)"
|| line == "@estable inmport \(framework)"
|| line. hasPrefix("inmport \(framework).")
}
}

var offenders: [String] = []
for case let url as URL in enunerator where url.pathExtension ==
"swift" {



et source = try String(contentsOf: url, encoding: .utf8)

for (index, line) in source.split(separator: "\n"
om tti ngEnpt ySubsequences: fal se). enunerated() {
let trimmed = line.trinmm ngCharacters(in: .whitespaces)

i f inportsForbidden(trimed) {
of f ender s. append("\ (url .| ast Pat hConponent ) :\ (i ndex + 1):
\(trimed)")

}

#expect (of fenders. i sEnpty, "engi ne nust not inport a U franework,
found: \(offenders)")
}
}

SwiftUl, UIKit, and AppKit are system frameworks, so a stray i nport Swi ft Ul in an engine file
would compile green and ship undetected. The convention is not enough; this test makes the leak
fail the build. That is the whole integrity story in thirty lines.

The shape of every test: do it twice, compare

Every oracle test has the same skeleton. Describe a scene. Run it in real SwiftUl and record the
answer. Run the same scene in the engine. Assert the two agree, to the floating-point floor.

Every test: do it twice, compare

OUR ENGINE

gives an answer

ONE SCENE

e.g. a stack
to 1 millionth

REAL SWIFTUI
gives the truth




The harness: running real SwiftUl headless

To use SwiftUl as the oracle we have to run it for real, with no app and no screen. The harness
hosts a view in an offscreen window, lets it run a genuine update cycle, then reads the resolved
geometry back out through a preference-key probe.

private struct FranmeKey: SwiftUl .PreferenceKey {
static let defaultValue: [String: CGRect] = [:]
static func reduce(value: inout [String: CGRect], nextValue: () -> [String:
CCRect]) {
val ue. ner ge( next Val ue(), uniquingkeysWth: { _, newin new})

extension SwiftU .View {

/1] Tag a view so the oracle records its resolved frame, in root
coor di nat es

func probe(_ id: String) -> some SwiftU . View {

backgr ound(
CeonetryReader { proxy in
Col or.cl ear. preference(key: FranmeKey.self, value: [id:

proxy. franme(in: .named(kRoot))])

}
)
}
}
@i nAct or
func oracl eFranes(_ content: sone SwiftU .View, rootSize: CGSize) -> [String:
CCRect] {

[ et box = FranmeBox()
l et view = ZStack(alignment: .topLeading) { content }
.frame(wi dth: rootSize.w dth, height: rootSize. hei ght,
alignment: .toplLeading)
. coor di nat eSpace(nane: kRoot)
. onPr ef er enceChange( FraneKey. sel f) { box.frames = $0 }
.environment (\. di spl ayScal e, 2) [l pin the pixel grid for
cross-machi ne determ ni sm

| et host = NSHosti ngVi ew(rootView. Vview)

host.frame = CCRect(origin: .zero, size: rootSize)

| et wi ndow = NSW ndow cont ent Rect: host.frane, styleMsk: [.borderl ess],
backi ng: .buffered, defer: false)

wi ndow. cont ent Vi ew = host

host . | ayout Subt r eel f Needed()

pump(until: { !box.franmes.isEnpty }, timeout: 2)

return box. frames

/1] Spin the main run loop in 10 ns slices until “condition® holds or "timeout®
el apses.
@i nAct or



func punp(until condition: () -> Bool, tinmeout: Tinelnterval) {
| et deadline = Date().addingTi mel nterval (tinmeout)
while !condition(), Date() < deadline {
RunLoop. mai n. run(until: Date().addi ngTi nel nterval (0.01))

}

di spl ayScal e is pinned to 2 so SwiftUl's frame snapping is identical on a Retina machine and a
Cl box. When we say "we measured what SwiftUl does," this is the literal mechanism: SwiftUl runs,
and a Geonret r yReader reports its own layout system's answer.

Measuring the attribute graph: count the body re-runs

The headline claim about SwiftUl is the cone: change one value, and only the views that read it
recompute. The problem is that a body re-run leaves no trace. So we give it one. Each probe view
bumps a counter inside its body. The invisible event becomes an integer.

/1l A reference counter nmutated only on the main actor (inside " body ).
private final class BodyCounter: @nchecked Sendabl e {

private(set) var runs = 0

func bunp() { runs += 1 }

}

private final class Oacl eModel : SwiftU . Observabl ethject {
@w ftU . Published var value: Int =0
}

/1l Reads " nodel.value’, so it depends on the state.
private struct ReaderView. SwiftU .View {
@wi ftU . Cbservedbj ect var nodel: O acl eModel
| et counter: BodyCounter
var body: sonme SwiftU . View {
count er. bunp()
return Text (verbatim "\ (nodel.value)")

/1l Reads nothing fromthe nodel, so it rmust not re-eval uate when the state
changes.
private struct IgnorerView SwiftU .View {
| et counter: BodyCounter
var body: some SwiftU . View {
count er. bunp()
return Text(verbatim "static")



Counting which views recompute

piece of data

READER

uses the data does not use the data
counter: 0 -> 1 counter: 0 -=> 0

it recomputed left alone

SwiftUl and our engine agree: only the Reader's counter ticks. That is the cone.

The test reads both counters, changes one value, waits for the reader to re-run, and then drains the
run loop a little longer so a stray re-run of the ignorer would be caught. Then it builds the same
shape in the engine's At t ri but eG aph and asserts the cones match.

@est("only the view that reads state re-evaluates, and the engi ne cone agrees")
func bodyEval ConeMat chesEngi ne() {

/[l Gound truth fromreal SwftU .

let swiftU = swi ftU BodyEval Differential ()

#expect (swi ftU .readerReran, "SwiftU : the reader's body should re-run on
t he state change")

#expect (!'swiftU .ignorerReran, "SwiftU : the ignorer's body shoul d not
re-run")

/1 The sane shape nodeled in the engine: a source, a reader, an ignorer.
l et graph = Attri buteG aph()

et state = Attribute(graph: graph, value: 0)

l et reader = Attribute(graph: graph) { _ in state.value }

let ignorer = Attribute(graph: graph) { _in 0}

reader . val ue

_ = ignorer.val ue

| et readerBefore = reader.eval uati onCount

| et ignorerBefore = ignorer.eval uati onCount

st at e. set Val ue(1)
= reader.val ue
_ = ignorer.val ue

/1 The differential: the engine's invalidation cone matches Swi ftU's.
#expect ((reader. eval uati onCount > readerBefore) == swi ftU .readerReran)
#expect ((i gnorer. eval uati onCount > ignorerBefore) == swi ftU .ignorerReran)



Proving an absence is the subtle part. To show the ignorer stayed put, the test waits for the
expected re-run and then drains briefly for a stray. The engine side is deterministic and is the real
regression catcher; the bounded wait on the SwiftUl side can only catch a stray, never manufacture
a false pass.

Measuring layout: probe the resolved frame

Layout is the largest area, because there is the most to pin down. Each test lays the scene out in
real SwiftUl, reads back every subview's frame through the probe, and asserts the engine places
each node at the same coordinates.

Layout is a polite negotiation

"| can offer you 200 wide"

l

2. CHILD chooses
"I'll take just 120"

Y

3. PARENT places it

puts the child in position

The rule: the parent never forces a size on the child.

@est("Frame centering matches real Swiftu")
func frameCentering() ({

let leaf = Color.clear.frame(w dth: 20, height: 20).probe("child")

| et container = |leaf.frame(w dth: 30, height: 30).probe("container")

| et oracle = oracl eFranes(contai ner, rootSize: CGSize(w dth: 100, height:
100))

#expect (! oracl e.i senmpty, "oracle produced no franes (headl ess neasurenent
failed)")

| et node = FranelLayout (w dth: 30, height: 30, FixedLeaf(Size(w dth: 20,
hei ght: 20)))
| et engi ne = node.layout(in: Size(w dth: 100, height: 100))

if et oc = oracle["container"] {
#expect (cl ose(oc, cg(engine.frane)), "container: oracle \(oc) vs engi ne
\'(cg(engine.frane))")

}



if et ch = oracle["child"] {
#expect (cl ose(ch, cg(engine.children[0].frame)), "child: oracle \(ch)
vs engine \(cg(engine.children[0].frane))")
}
}

cl ose is where the rigor lives. The tolerance absorbs only CGFl oat round-trip, nothing more.

/1l The engine and SwiftU nust produce the *sane* frame, not a close one. This
le-6

/1] absorbs only "CGFloat”™ round-trip representation. A residual above it is a
real

/1l divergence, never slack: re-derive the rule, do not w den the bound.

| et exactFloor: CGFloat = le-6

func close(_ a: CCGRect, _ b: CGRect, tol: CGFl oat = exactFloor) -> Bool {
abs(a.m nX - b.mnX) <= tol && abs(a.mnY - b.mnY) <= tol &&
abs(a.width - b.width) <= tol && abs(a.height - b.height) <= tol
}

When a layout test fails, the rule is to find why the behavior differs and fix the engine, never to
widen exact Fl oor until the failure disappears. A tolerance you are allowed to relax is a wish, not a
measurement.

Measuring animation: hold the spring against SwiftUl's
Spring

Animation is the most quantitative area, because motion is numbers over time. A spring is a
damped harmonic oscillator. Released from rest, its progress curve is

zeta omega .
p(t) =1 - e-zeta omega, t[cos(omegad t) + 790 sm(omegad t)]
omega
which starts at 0, sweeps past 1, and settles back. We sample the engine's spring and SwiftUl's

own Spri ng at the same times and assert they agree across all three damping regimes.

@vail abl e(macCs 14, i 0s 17, *)
private func assert Spri nghat ches(
response: Doubl e,
danpi ngFracti on: Doubl e,
tol erance: Double = le-6
) {
| et engi ne = PureVi ew. Spring(response: response, danpingFraction
danpi ngFr acti on)
let oracle = SwiftUl . Spring(response: response, danpi ngRati o:
danpi ngFracti on)
| et sanples = 120
for step in 0 ... sanples {
let t = engine.settleDuration * Doubl e(step) / Doubl e(sanpl es)
| et engi neVal ue = engi ne. unit St epResponse(at: t)
| et oracleValue = oracle.value(target: 1.0, initialVelocity: 0.0, tinme:



t)
#expect (
abs(engi nevVal ue - oracl eVal ue) <= tol erance,
"spring(response=\(response), danpi ng=\(danpi ngFraction)) at
t=\(t): " +
"“engi ne \ (engi neValue) vs SwiftU \(oracl eval ue)"

}
}
The assertion is the whole point, in one line:
$$

\max_{t}\; \bigl|\, v_{\text{engine}}(t) - v_{\text{SwiftUI}}(t) \,\bigr| \;\le\; 10°{-6}
$$

Sampled point by point, the two springs are the same number to six decimals.

The engine's spring rides on SwiftUl's
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Measuring pixels: compare the rendered bytes

Frames prove position. Pixels prove the rest: the actual color drawn, and the paint order of
overlapping fills. SwiftUl's own | mrageRender er rasterizes the view; the engine's display list is
rasterized by a reference renderer; we diff the buffers channel by channel.



Pixels: compared dot by dot

SwiftUl's picture our picture

Every dot the same colour, in the same order.

/1] Render a SwiftU viewto an RGBA8 buffer in the sane
space/ scal e/ ori entati on.
private func snapshot(_ view some Swi ftU .View, size: CGSize, scale: CGFloat)
throws -> [UInt8] {

| et renderer = I mageRenderer(content: view frame(w dth: size.w dth, height:
si ze. hei ght))

renderer.scale = scale

render er. col or Mode = . nonLi near

let image = try #require(renderer.cglmage, "Il nmageRenderer produced no
i mge")

let w=Int(size.width * scale), h = Int(size.height * scale)

let (ctx, raw) = try context(width: w, height: h, scale: 1, flipForDraw ng:
true)

defer { raw deall ocate() }

ctx.draw(i mage, in: CGRect(x: 0, y: 0, width: CGFl oat(w), height:
CGFl oat (h)))

return bytes(raw, count: w* 4 * h)

private func assertPi xel sivat ch(
__ nane: String,
list: DisplaylList,
view. some Swi ftU . View,
si ze: CGSi ze,

scale: CGFloat = 2,
tolerance: Int = 2
) throws {
let engine = try rasterize(list, size: size, scale: scale)
let swiftui = try snapshot (view, size: size, scale: scale)
#expect (! engine.i sEnpty && engi ne. count == swiftui.count, "\(nanme): buffer

size m smatch")



var maxDi ff = 0, exceeding =0
for i in O ..< min(engine.count, sw ftui.count) {

}

let diff = abs(Int(engine[i]) - Int(swiftui[i]))
maxDi ff = max(maxDi ff, diff)
if diff > tolerance { exceeding += 1}

#expect (exceeding == 0, "\(nane): \(exceeding) channels exceed tol
\(tolerance) (maxDiff \(maxDiff))")

}

The tolerance here is 2 on an 8-bit channel: the quantization floor is one least-significant bit, and
integer-aligned fills at scale 2 have crisp edges, so there is no anti-aliasing slack to hide behind.

What it all adds up to

There are 125 of these tests today, across 19 files. The same do-it-twice method holds every layer
the engine rebuilds.

B Tests

60

40

20

125 oracle tests holding the engine to SwiftUl

[Tests

Graph Animation Identity Layout DisplayList Pixel

What measuring caught that reading never would

The payoff: the measurement caught a bug in the engine that reading the code could not. The
spring decided it had come to rest using the bare decay envelope, which undercounts the long tail
of a critically damped or overdamped spring. The code looked correct. Measured against SwiftUl,
the spring clamped a few percent short of its target, a visible snap. The oracle failed with the exact
residual, and the settling time was rederived from the real basis of the oscillator. Reading gives you
the happy path. Measuring gives you the edges, where the interesting bugs live.



One honest caveat about the animation path

A committed animation keeps running smoothly when the main thread is busy only for one of two
paths. Layer-level properties, opacity and transform, lower to Core Animation and are interpolated
on the render server's own clock, off the main thread. Value-driven animations, a spring on a
custom value, are re-pulled through the graph every frame on the main thread, and those do stutter
if you block it. The oracle measures the value and velocity of the motion; which thread interpolates
it is a property of the lowering path. Worth stating precisely, since the rest of this post is about
precision.

Colophon: every figure was made by my own software

No third-party drawing or charting tool was used anywhere in this post.

The conceptual diagrams (the wall, the two pieces, the counters, the negotiation, the

pixel comparison) were drawn by PureDraw, my dependency-free Swift-native 2D vector engine,
through its Gr aphi csCont ext API. PureDraw rasterized them to the JPEGs shown here with its
own Bi t mapRender er and JPEGEncoder , and also produced scalable SVG and PDF masters. No
external image tool touched them.

The bar chart, the spring plot, and every mathematical formula were rendered by
TileDown, my static-site engine, from plain-text fences in this Markdown file.

This page was assembled by TileDown, and its PDF was typeset by MarkdownPDF, my
Markdown-to-PDF engine.

PureDraw is part of SlayerMotion, the graphics engine family this series is about. TileDown and
MarkdownPDF are separate projects of mine, not part of SlayerMotion. All three are my own
software; none of it is anyone else's.
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