Modifier Order Is Matrix Order

Every SwiftUl developer learns early that modifier order matters.
. paddi ng() . backgr ound( Col or. red) is not. background(Col or. red). paddi ng().Itis
taught as folklore: try both, keep the one that looks right.

For the transform modifiers, of f set, rot ati onEf f ect, and scal eEf f ect , it is not folklore. It is
matrix order, the same law that governs a CGCont ext , read from the other end of the chain. And
there is one rounding rule hiding inside of f set that the algebra does not predict, which | found
because a measurement refused to agree with my own prediction.

Here is the smallest version. The same marker, the same two modifiers, written in two orders:

/1 Orange, on the left.

Rectangl e().fill(.orange).frame(w dth: 120, height: 60)
.of fset (x: 160)
.rotationEffect(.degrees(30))

/1 Teal, on the right.
Rectangle().fill(.teal).frame(w dth: 120, height: 60)
.rotationEffect(.degrees(30))
.of fset(x: 160)



Rendered by SwiftUl's | mageRender er. (. orange and . t eal are shorthand here; the exact RGB
values are in the program at the end.) The grey rectangle on each side is where the marker would
sit with no modifiers. Orange, offset then rotated, swings around the view's centre. Teal, rotated
then offset, spins in place and slides straight right.

Let me say the finding precisely, because the imprecise version is wrong. Do not say "SwiftUl
applies modifiers bottom to top." Say:

In a chain of SwiftUl's transform effects, the one written first, the one closest to the view, is
applied to the content first. That is the same rule as Core Graphics, where the transform written
last, the one closest to the drawing, is applied to the points first.

Both are one sentence: the operation closest to the content happens first. Core Graphics reads
it bottom to top. SwiftUl reads it top to bottom.

This post is the SwiftUl half of a pair. The Core Graphics half, with the full derivation of the matrix,
is Issue 2 of Apple Ul Insider. Here | check the SwiftUl side by rendering real views and measuring
them, and | report the one place where the clean algebra needs a correction.

What the Documentation Promises

Apple's documentation says the pieces that make this work. It is worth reading them as a set,
because together they are the model:

of f set (x:y:): "Offset this view by the specified horizontal and vertical distances." And: "The
original dimensions of the view aren't changed by offsetting the contents."

rotati onEf fect(_:anchor:): "Rotates a view's rendered output in two dimensions around
the specified point." It "has no effect on the view's frame." The anchor is "a unit point within the
view about which to perform the rotation."

scal eEf f ect (_: anchor : ) : "Scales this view's rendered output by the given amount ...
relative to an anchor point."

posi ti on(_:): "Positions the center of this view at the specified point in its parent's
coordinate space."

Three consequences follow. These modifiers act on rendered output, not on layout, so they never
make room for themselves. Each rotates or scales about an anchor inside the view's frame, and
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the frame is the layout frame at that point in the chain, which is why f r ane changes where an
anchor is. And the Core Graphics side is documented as CGCont ext . concat enate( _:),
"Transforms the user coordinate system in a context using a specified matrix", with t r ansl| at eBy,
rot at e, and scal eBy as shorthand for the common matrices.

So the model is a matrix per modifier, each about its own anchor, composed in some order. The
only open question is the order. Test it.

The Witness

The test has no SwiftUl knowledge in the prediction. Each experiment renders one 120 by 60
marker with | mageRender er, finds where its pixels landed, and compares that with a closed-form
prediction built from CGAf f i neTr ansf or m

1. Write each modifier as a matrix about the marker's own centre: a shift, a rotation by 30
degrees, a stretch, or a rotation about a corner anchor.

2.  Compose them with the first-written modifier applied first.

3. Predict where the marker's centre goes, how much area it covers, and its second moments,
which are what tell a rotation from a shear.

4. Measure the same three things in the rendered pixels. Each pixel's coverage is how far its
colour lies along the line from the background to the marker colour, so anti-aliased edges
count fractionally.

Eight chains, in four pairs. The second member of each pair is the same two modifiers swapped,
and that matters twice: it is the experiment, and it is the control. If the measurement could not tell a
chain from its swapped partner, it would prove nothing, so the last column is how far the partner's
prediction misses the measured result.

Chain, in the order written Centre Centre Shape The swapped
lands at error error partner misses by
.of fset (x: 160) then (538.6, 0.001 px |0.0318% | 82.8 px
.rotationEffect(30°) 305.0)
.rotati onEffect(30°) then. of f set (x: (560.0, 0.000 px |0.0148% | 82.8 px
160) 225.0)
.of fset(x: 80) then. scal eEffect (2) (560.0, 0.000 px | 0.0000% | 80.0 px
225.0)
.scal eEf fect (2) then. of fset(x: 80) (480.0, 0.000 px | 0.0000% | 80.0 px
225.0)
.scal eEf fect (x: 2) then (400.0, 0.000 px | 0.0050% | shape off by 31.8%
.rotationEffect(30°) 225.0)
.rotationEffect (30°) then (400.0, 0.000 px | 0.0043% | shape off by 30.0%
.scal eEffect(x: 2) 225.0)
. rotationEffect (30°, (377.0, 0.001 px |0.0198% | 59.0 px
anchor: .toplLeadi ng) then.frame(300 |251.0)
x 200)
.frame(300 x 200) then (329.9, 0.001 px |0.0307% | 59.0 px
. rotationEffect(30°, 286.6)
anchor: .topLeadi ng)

Measured on macOS 27.0.1 (Build 26A434), | mageRender er at scale 1, 8-bit SRGB. Shape error




is the largest second-moment difference as a percentage of the larger predicted variance.

The worst centre error across all eight is 0.0009 pixels. The worst shape error is 0.03%. The
swapped partner misses by 59 to 83 pixels, or by 30 to 32 percent of the shape. The measurement
can tell the two orders apart by a margin of three to five orders of magnitude, and in each case the
first-written-first prediction wins. Each pair deserves its own picture.

The Offset Gets Scaled

.of fset(x: 80).scal eEffect(2) lands at x =560. . scal eEffect (2).of fset(x: 80) lands
at x = 480. The scale after the offset multiplies the offset: 80 points of shift becomes 160. The scale
before it leaves the offset alone, because by the time the offset runs, the marker is already big and

the shift is in parent points.

Coral: . of fset (x: 80).scal eEffect(2).Blue:.scal eEf fect(2).of fset(x: 80).Grey: the
unmodified marker.

Here it is moving. The offset sweeps from 0 to 80 points and back, in whole points, for a reason the
last section explains. The coral marker travels twice as far as the blue one for the same number.



Every frame of this animation, all 72, was measured against the algebra: worst centre error 0.0000
pixels. Full-quality video: MP4.

Rotate Then Stretch Is a Shear

Stretch a rectangle to twice its width with . scal eEf fect (x: 2, y: 1) and rotate it 30 degrees.
Written scale then rotate, the stretch happens first along the rectangle's own width, and the
rectangle then turns: it stays a rectangle. Written rotate then scale, the rotation happens first and
the stretch second, along the page's x axis: the rectangle shears into a parallelogram.

Yellow: . scal eEf fect (x: 2).rotationEffect(.degrees(30)). Violet:
.rotationEffect(.degrees(30)).scal eEffect(x: 2).The centre is the same in both, which
is why the table's control for this pair is the shape, not the position.

Both orders cover the same area and sit at the same centre. Only the second moments tell them
apart, and they differ by 30 percent. This is the identical result to the Core Graphics case in the
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newsletter, with the written order mirrored.

The Anchor Lives in the Frame at That Point in the Chain

rotati onEf fect (_: anchor:) rotates about a unit point of the view. But which view? The one
you have built so far. Puta frame(w dt h: 300, hei ght: 200) before the rotation and the
anchor . t opLeadi ng is the top-left corner of the 300 by 200 frame. Put it after, and it is the top-left
corner of the marker.

/1 Pivots on the marker's own top-Ileft corner.
mar ker . rot ati onEf f ect (. degrees(30), anchor: .toplLeading).frame(w dth: 300,
hei ght: 200)

/1 Pivots on the frame's top-left corner, 90 points left and 70 points up of
t he marker's own.

mar ker . frame(w dth: 300, height: 200).rotationEffect(.degrees(30),

anchor: .topLeadi ng)

Green pivots on the marker's own corner and lands at (377.0, 251.0). Pink pivots on the frame's
corner and lands at (329.9, 286.6). The outlines are the 300 by 200 frame. The grey rectangle is
the unrotated marker.

The documentation said this in two separate places: r ot at i onEf f ect does not change the frame,
and the anchor is within the view. Together they mean the order of f rane and r ot at i onEf f ect
moves the pivot. The measurement puts a number on it: 59.0 pixels.



Same Words, Opposite Behaviour

Here is the part that catches people who already know Core Graphics. Take the rotation sweep
from the newsletter, where translate then rotate spins the arm in place. The SwiftUl version, with
the same words in the same order, does the opposite:

Orange: . of f set (x: 200).rotationEffect (angl e), which orbits the pale dot. Teal:
.rotationEffect(angle).offset(x: 200), which spins in place while sitting 200 points to the
right. All 72 frames measured: worst centre error 0.0102 pixels. Full-quality video: MP4.

In Core Graphics, "translate, rotate" means rotate-then-translate on the points, which spins in
place. In SwiftUl, "offset, rotate” means offset-then-rotate on the content, which orbits. The words
are the same. The rule, closest to the content first, is the same. The reading direction is mirrored,
so the behaviour is too.

SwiftUl and Core Graphics Draw the Same Pixels

The witness also draws each prediction with Core Graphics, as one concat enat e of the same
matrix, and compares it with what SwiftUl rendered.

Of 360,000 pixels per image, SwiftUl and Core Graphics differ in 440 to 737 on the rotated chains,
all on anti-aliased edges, with a mean difference between 0.0006% and 0.0017% of full scale. On
the two chains that are only an offset and an integer scale, the two renderings are identical, O
pixels, byte for byte.

That is a second, independent confirmation. The prediction was built from CGAf f i neTr ansf or m
and drawn by Core Graphics. SwiftUl never saw it. They agree to the pixel.
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. of f set Snaps to the Pixel Grid

Now the correction.

My first animation of the offset-and-scale pair did not agree with the algebra. Not by much: the
worst frame was off by 0.97 pixels, in a scene where everything else was within 0.01. | assumed
my measurement was leaking a neighbouring shape into the tally, because that is what had gone
wrong earlier in the same project. | fixed that and the 0.97 stayed. So | stopped assuming and

asked directly: where does SwiftUl put a view offset by a fractional amount?

Requested At render scale 1 At scale 2 At scale 3
-10.50 -10.000 -10.500 -10.333
-0.60 -1.000 -0.500 -0.667
-0.50 0.000 -0.500 -0.333
-0.40 0.000 -0.500 -0.333
0.20 0.000 0.000 0.333
0.25 0.000 0.500 0.333
0.50 1.000 0.500 0.667
0.75 1.000 1.000 0.667
10.30 10.000 10.500 10.333
10.50 11.000 10.500 10.667

Measured: how far . of f set (x: ) actually moved a marker, in points. Rows are a subset of the full
run printed by the program at the end of this post.

. of f set rounds its amount to the device pixel grid: whole points at scale 1, halves at scale 2,
thirds at scale 3, with exact ties rounding up. And it does that before any modifier written after it

sees the result.

Which is the correction the algebra needs. A scale after the offset multiplies the rounding, not just

the offset:

Requested | . of f set, . scal eEf f ect (2) Algebra .scal eEf fect (2), . of f set Algebra
lands says lands says
0.25 0.000 0.50 0.000 0.25
0.50 2.000 1.00 1.000 0.50
0.75 2.000 1.50 1.000 0.75
10.30 20.000 20.60 10.000 10.30
10.50 22.000 21.00 11.000 10.50
79.60 160.000 159.20 80.000 79.60

Measured at render scale 1, in points. Ask for half a point before a scale of 2 and you get two. The
algebra said one.

Rotation did not show this. The first chain in the table above lands at (538.6, 305.0), a fractional
position, within 0.001 pixels of the unrounded prediction, so the result of a rotation is not snapped
to the grid. The rounding belongs to of f set . | only tested rotation by 30 degrees and scale by 2,



including by 2 along one axis, so | will not claim more than that.

Proof Status

Following the discipline from The SwiftUl Oracle, the claim is split into labeled evidence, because "it

looks right" is not a result:

Claim Status Evidence

Transform modifiers act on rendered | documented of f set (x:y:): "The original dimensions of the

output and do not change the view's view aren't changed".

frame. rotati onEf fect(_:anchor:): "no effect on
the view's frame".

An anchor is a point within the view documented, rotati onEf f ect documents the anchor as "a

at that position in the chain. witnessed unit point within the view". The f r ame pair
moves the pivot, centre 59.0 px apart.

The modifier written first is applied to | witnessed Eight chains: worst centre error 0.0009 px, worst

the content first. shape error 0.0318%.

Reading the chain the other way is witnessed The swapped partner of each chain misses by

detectably wrong. 59.0 to 82.8 px, or 30.0 to 31.8% of the shape.

SwiftUl's render equals Core witnessed 0 to 737 differing pixels of 360,000, mean

Graphics drawing the same matrix. difference at most 0.0017% of full scale.

. of f set is rounded to the render witnessed Offset alone at render scales 1, 2, and 3, and

scale's pixel grid, ties up, before later
modifiers.

offset before . scal eEf f ect (2) . Not mentioned
in the documentation pages | read.

The same rounding happens in a live
window on screen.

not measured

Everything here is | regeRender er output. | did
not capture on-screen frames, so | make no
claim about them.

The same order law holds for other
modifiers.

not measured

paddi ng, scal edToFi t, Geonet r yEf f ect, and
the 3D effects were not tested.

Every measured number in this post comes from macOS 27.0.1 (Build 26A434) with Swift 6.4,
| mmgeRender er at scale 1 unless noted, rendering into 8-bit SRGB. The Core Graphics twin is
drawn into a bitmap flipped so y points down, as it does in SwiftUl.

What To Do With This

Four rules fall out of the measurements, and none is folklore:

1. Read a chain from the view outward. The first modifier happens first.
2.  Want an offset in the parent's points, whatever you scale? Put . of f set after the scale.

3.  Want it multiplied by the scale on purpose? Put it before. And give it numbers the pixel grid
can hold, or expect it to be rounded and then multiplied.

4. Where a pivot matters, a f r ame before the rotation changes it. Decide which rectangle you

mean.
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Run It Yourself

Two standalone programs, no packages and no project. Both render with | mageRender er,
measure the pixels, and print the tables above. Save each as its own file and run, for example,
xcrun swiftc -Owtness.swift -o witness &% ./w tness.

The order witness, 187 lines, prints the eight-chain table:

i mport AppKit
i mport SwiftUl

/1 Wtness: does a SwiftU nodifier chain conpose in the order the al gebra says?
/1 Each experiment renders one 120 x 60 marker with real Sw ftUl

(I mageRenderer),

/1 finds where its pixels |anded, and conpares that with a closed-form
prediction

/1 made from CGAffineTransform Nothing here reads the SwiftU result to build

t he

/1 prediction.

struct RGB { let r: Int, g: Int, b: Int }

| et background = RGB(r: 14, g: 16, b: 24)

| et canvas = CGSi ze(w dth: 800, height: 450)

l et center = CGPoint(x: 400, y: 225)

| et markerSize = CGSi ze(wi dth: 120, height: 60)

func color(_ c: RGE) -> Color { Color(red: Double(c.r) / 255, green:

Doubl e(c.g) / 255, blue: Double(c.b) / 255) }

func marker(_ c: RGB) -> sone View { Rectangle().fill(color(c)).frane(w dth:
mar ker Si ze. wi dt h, hei ght: narkerSi ze. hei ght) }

/1 Transfornms about the marker's own centre, applied to points first-to-Iast.

et rotate30 = CGAffineTransforn(rotati onAngle: .pi / 6)

func shift(_ x: CGFloat, _ y: CG-loat) -> CGAffineTransform {

CGAf fi neTransform(transl ati onX: x, y: y) }

func stretch(_ x: CGFloat, _ y: CG-loat) -> CGAffineTransform {

CGAffineTransform(scaleX: x, y: y) }

func about(_ anchor: CGPoint, _ t: CGAffineTransforn) -> CGAffineTransform {
shift(-anchor.x, -anchor.y).concatenating(t).concatenating(shift(anchor.x,

anchor.y))

}

struct Experinent {
l et name: String

let fill: RGB
let view (RGB) -> AnyVi ew /1l the marker with its nodifier chain
| et steps: [CGAffineTransforni /1 one per nodifier, in the order they

are witten

/1l Closed form the nodifier witten first (closest to the view) applies
first.

var answer: CGAffineTransform{ steps.reduce(.identity) {
$0. concat enati ng($1) } }

}



| et experiments: [Experinent] = |
Experi nent (nane: ".offset(x: 160), .rotationEffect(30)", fill: RGB(r: 250,
g: 140, b: 31),
view { AnyVi ew( marker ($0). of fset (x: 160, y:
0).rotationEffect(.degrees(30))) },
steps: [shift (160, 0), rotate30]),
Experi nent (nanme: ".rotationEffect(30), .offset(x: 160)", fill: RGB(r: 26,
g: 204, b: 191),
view {
AnyVi ew( mar ker ($0) . rot at i onEf f ect (. degrees(30)).of fset(x: 160, y: 0)) },
steps: [rotate30, shift(160, 0)]),
Experi ment (nanme: ".offset(x: 80), .scaleEffect(2)", fill: RGB(r: 245, g:
92, b: 87),
view. { AnyVi ew( mar ker ($0).of fset(x: 80, y: 0).scal eEffect(2)) },
steps: [shift(80, 0), stretch(2, 2)]),
Experi nment (nanme: ".scal eEffect(2), .offset(x: 80)", fill: RG&B(r: 77, ¢
153, b: 250),
view. { AnyVi ew( mar ker ($0). scal eEffect(2).of fset(x: 80, y: 0)) },
steps: [stretch(2, 2), shift(80, 0)]),
Experi ment (nanme: ".scal eEffect(x: 2), .rotationEffect(30)", fill: RGB(r:
250, g: 219, b: 51),
view { AnyView marker($0).scal eEffect(x: 2, y:
1).rotationEffect(.degrees(30))) },
steps: [stretch(2, 1), rotate30]),

Experi nent (name: ".rotationEffect(30), .scaleEffect(x: 2)", fill: RGB(r:
140, g: 107, b: 242),
view {

AnyVi ew( mar ker ($0) . rot ati onEf f ect (. degrees(30)).scal eEffect(x: 2, y: 1)) },
steps: [rotate30, stretch(2, 1)]),
Experi nent (nane: ".rotationEffect(30, .topLeading), .frame(300 x 200)"
fill: RG&B(r: 89, g: 217, b: 89),
view. { AnyVi ew( marker ($0).rotationEffect(.degrees(30),
anchor: .toplLeading).franme(w dth: 300, height: 200)) },
steps: [about (CGPoi nt(x: -60, y: -30), rotate30)]),
Experi nent (nanme: ".frame(300 x 200), .rotationEffect(30, .topLeading)",
fill: RG&B(r: 230, g: 130, b: 190),
view { AnyView marker($0).frame(w dth: 300, height:
200) . rot ati onEf f ect (. degrees(30), anchor: .toplLeading)) },
steps: [about (CGPoi nt(x: -150, y: -100), rotate30)]),

/1 MARK: rendering

@i nAct or
func renderSw ftU (_ experinment: Experinent) -> CG mage? {
| et scene = ZStack(alignnment: .topLeading) {
col or ( backgr ound)
experiment.view(experiment.fill).position(x: center.x, y: center.y)
}
.frame(w dt h: canvas.w dth, height: canvas. hei ght, alignnent: .topLeadi ng)
| et renderer = I mageRenderer(content: scene)



renderer.scale = 1
return renderer.cgl mage

/1] The same transformdrawn with Core Graphics in a y-down sRGB bit map.
func render CoreG aphi cs(_ experinent: Experiment) -> Cd mage? {

guard |l et context = CGCont ext (

data: nil, width: Int(canvas.w dth), height: Int(canvas. height),
bi t sPer Conponent: 8, bytesPer Row. O,
space: CGCol or Space( nhanme: CGCol or Space. sRGB)!, bit mapl nfo:

CA mageAl phal nf o. premul ti pli edLast. rawal ue

) else { return nil }

func cg(_ c: REB) -> CCCol or { CCCol or(srgbRed: CG-loat(c.r) / 255, green:
CGFloat(c.g) / 255, blue: CGFloat(c.b) / 255, alpha: 1) }

context.transl ateBy(x: 0, y: canvas. hei ght)

context.scal eBy(x: 1, y: -1)

cont ext. set Fil | Col or (cg(background))

context.fill (CGRect(origin: .zero, size: canvas))

context.transl ateBy(x: center.x, y: center.y)

cont ext . concat enat e( experi ment . answer) /!l one concatenate: the sane
matri x, no SwiftU involved

context.setFill Col or(cg(experinent.fill))

context.fill(CGRect(x: -markerSize.width / 2, y: -markerSize. height / 2,
wi dt h: marker Si ze. wi dt h, hei ght: marker Si ze. hei ght))

return context. nmakel mage()

// MARK: neasurenent

func pixels(_ imge: CAmage) -> [UInt8] {
var data = [UInt8](repeating: 0, count: imge.w dth * inage. hei ght * 4)
| et context = CGCont ext (
data: &data, width: image.w dth, height: image. height,
bi t sPer Conponent: 8, bytesPer Row. image.w dth * 4,
space: CGCol or Space(nane: CGCol or Space. sR@B)!, bit mapl nfo:
CA mageAl phal nf o. premul ti pli edLast. rawal ue
) !
context.draw(i mage, in: CGRect(x: 0, y: 0, width: image.w dth, height:
i mage. hei ght))
return data

struct Measured { var center: CGPoint; var area: Double; var xx: Double; var
xy: Doubl e; var yy: Double }

/1l Coverage of each pixel = how far its colour lies along the |line background
-> mar ker.

/1l Pixel (i, j) is the square [i, i+1] x [j, j+1], so its centre is (i + 0.5,
j +0.5).

func measure(_ imge: CE mage, fill: RGB) -> Measured? {

| et data = pixel s(i nmage)
| et bg = [ Doubl e(background. r), Doubl e(background. g), Doubl e(background. b)]



let axis = [Double(fill.r) - bg[O], Double(fill.g) - bg[1l], Double(fill.Db)
- bg[2]]
| et axi sLengt hSquared = axis.reduce(0) { $0 + $1 * $1 }
var sanples: [(w. Double, x: Double, y: Double)] =[]
for rowin 0 ..< inmage. hei ght {
for colum in 0 ..< image.w dth {
let o = (row * image.width + colum) * 4
let delta = [Doubl e(data[o]) - bg[0], Double(data[o + 1]) - bg[1],
Doubl e(data[o + 2]) - bg[2]]
let w= nmin(l, max(0, zip(delta, axis).reduce(0) { $0 + $1.0 *
$1.1 } / axisLengthSquared))
let residual = zip(delta, axis).map { $0 - w * $1 }.reduce(0) { $0
+ $1 * $1 }.squareRoot ()
if w> 0, residual <= 12 { sanpl es. append((w, Doubl e(colum) + 0.5,
Doubl e(row) + 0.5)) }
}

}
let total = sanples.reduce(0) { $0 + $1.w }

guard total > 0 else { return nil }

let cx sanpl es.reduce(0) { $0 + $1.w* $1.x } / total

let cy = sanples.reduce(0) { $0 + $1.w * $1.y } / total

let xx = sanpl es.reduce(0) { $0 + $1.w* ($1.x - cx) * ($1l.x - cx) } [/
total + 1.0 / 12

let xy = sanples.reduce(0) { $0 + $1.w* ($1.x - cx) * ($1.y - cy) } / total

let yy = sanples.reduce(0) { $0 + $1.w* ($1.y - cy) * ($1.y - cy) } /
total + 1.0 / 12

return Measured(center: CGPoint(x: cx, y: cy), area: total, xx: XX, Xy: Xy,
yy: vyy)
}

/1l C osed-formprediction: where the centre goes, how nuch area, and the
second nonents.
func predict(_ t: CGAffineTransfornm -> Measured {
let ¢ = CGPoint(x: center.x + t.tx, y: center.y + t.ty)
| et sx = Doubl e(rmarkerSize.width * markerSize.width) / 12, sy =
Doubl e( mar ker Si ze. hei ght * marker Si ze. height) / 12
let a = Double(t.a), b = Double(t.b), cc = Double(t.c), d = Double(t.d)
return Measured(
center: c, area: Doubl e(rmarkerSize.w dth * nmarkerSi ze. hei ght) * abs(a *
d - b * cc),
XX: a* a*sx +cc*cc*sy, xy: a*b*sx+cc*d*sy, yy: b*b
*sx +d* d* sy

)

/1 MARK: report

@i nAct or

func run() {
print("chain predi ct ed
measur ed err px shape err swapped partner would miss by

swiftui vs CG twi n")



var worst = 0.0, worstShape = 0.0
for (index, experiment) in experinents.enunerated() ({
guard let inmage = renderSw ft U (experinment), |let m = measure(imge,
fill: experiment.fill) else {
print("\(experinent.nane): render or neasurement failed"); continue
}
/1 The matrix is expressed about the marker's own centre, so the centre
ends up (tx, ty) fromwhere it started.
et p = predict(experinent.answer)
let error = hypot(mcenter.x - p.center.x, mcenter.y - p.center.y)
/1l Control: the partner is the sane two nodifiers witten in the other
order.
/1 1f the measurenent could not tell the two orders apart, it would
prove not hi ng.
let g = predict(experinents[index ~ 1].answer)
let centreMss = hypot(mcenter.x - g.center.x, mcenter.y - Q.center.y)
l et scale = max(p.xx, p.vyy)
func shapeError(_ x: Measured, _ y: Measured) -> Double {
max(abs(x. xx - y.xx), abs(x.xy - y.xy), abs(x.yy - y.yy)) / scale
}
| et ownShape = shapeError(m p), partnerShape = shapeError(m q)
| et swapped = String(format: "centre % 1f px, shape % 1f %%,
centreM ss, 100 * part ner Shape)
wor st = max(worst, error)
wor st Shape = nmax(wor st Shape, ownShape)
var twin = "n/a"
if let cglmge = render CoreG aphi cs(experinment) {
let a = pixels(imge), b = pixel s(cgl mage)
let differing = stride(from 0, to: a.count, by: 4).filter {
a[$0 .. < $0 + 4] != Db[$0 ..< $0 + 4] }.count
let total = zip(a, b).reduce(0) { $0 + abs(Int($1.0) - Int($1.1)) }
twin = String(format: "%l px differ, mean % 4f%4, differing, 100 *
Doubl e(total) / (Double(a.count) * 255))
}
print(String(format: "%@ (% 1f, % 1f) (% 1f, % 1f) % 3f % 4f %% %@
%D ,
experi ment . nane. paddi ng(toLengt h: 54, withPad: " ",
startingAt: 0),
p.center.x, p.center.y, mcenter.x, mcenter.y, error, 100
* ownShape,
swapped. paddi ng(toLength: 32, withPad: " ", startingAt:
0), twin))
}
print(String(format: "worst centre error: % 4f px, worst shape error:
% 4f %8 of the larger variance", worst, 100 * worst Shape))

}

Mai nAct or . assunel sol ated { run() }

The snapping witness, 62 lines, prints both rounding tables:

i nport AppKi t



import SwiftU

/1 Wtness: where does SwiftU actually put a view you offset by a fractiona
amount ?

/1 A 120 x 60 orange marker is laid out with its centre at x = 400, offset,
render ed

/1 with I mageRenderer at a chosen scale, and its centre of coverage is measured.

| et background = (r: 14.0, g: 16.0, b: 24.0)
| et orange = (r: 250.0, g: 140.0, b: 31.0)

@i nAct or
func measuredCentreX<V: View>(_ marker: V, renderScal e: CG-loat) -> Double {
| et scene = ZStack(alignnent: .topLeading) {
Col or (red: background.r / 255, green: background.g / 255, bl ue:
background. b / 255)
mar ker . posi tion(x: 400, y: 225)
}
.frame(wi dth: 800, height: 450, alignnent: .toplLeading)
| et renderer = | mageRenderer(content: scene)
renderer.scal e = render Scal e
| et i mage = renderer. cgl mage!
var data = [UInt8](repeating: 0, count: imge.w dth * inage. hei ght * 4)
| et context = CGCont ext (
data: &data, width: image.w dth, height: image. height,
bi t sPer Conponent: 8, bytesPer Row. image.w dth * 4,
space: CCCol or Space(nhane: CGCol or Space. sRGB)!, bitmaplnfo
CA mageAl phal nf o. premul ti pli edLast. rawal ue
) !
context.draw(i mage, in: CGRect(x: 0, y: 0, width: image.w dth, height:
i mage. hei ght))
|l et axis = (orange.r - background.r, orange.g - background.g, orange.b -
backgr ound. b)
| et axislLengthSquared = axis.0 * axis.0 + axis.1l * axis.1l + axis.2 * axis.2
var total = 0.0, monent = 0.0
for rowin O ..< inmage. height {
for colum in 0 ..< inmage.wi dth {
let o = (row * image.width + colum) * 4
let d = (Doubl e(data[o]) - background.r, Double(dataf[o + 1]) -
background. g, Doubl e(data[o + 2]) - background. b)
let w=mn(l, nmax(0, (d.0 * axis.0 + d.1 * axis.1l + d.2 * axis.2)
/ axi sLengt hSquar ed))
total += w
monent += w * (Doubl e(col unm) + 0.5)

}
}
return moment / total / Doubl e(render Scal e) /1l back to points
}
@i nAct or

func run() {
func marker() -> some View { Rectangle().fill(Color(red: orange.r / 255,



green: orange.g / 255, blue: orange.b / 255)).frane(w dth: 120, height: 60) }

print(".offset(x:) alone, centre nmoved by (points):")
print("requested scale 1 scale 2 scal e 3")
for t in[-10.5, -0.6, -0.5, -0.4, 0.2, 0.25, 0.3, 0.5, 0.74, 0.75, 10.3,
10.5] {
let row =11, 2, 3].map { neasuredCentreX(marker().offset(x: t, y: 0),
render Scal e: CGFl oat ($0)) - 400 }
print(String(format: "98.2f 98.3f 98.3f 98.3f", t, rowf0], row1],
row 2]))
}

print("\nThen a scale of 2 after it, at render scale 1 (centre noved by,
points):")
print("requested .of fset, .scal eEffect(2) al gebra says
.scal eEffect(2), .offset al gebra says")
for t in[0.0, 0.25, 0.5, 0.75, 10.3, 10.5, 79.6] {
let first = neasuredCentreX(marker().offset(x: t, y: 0).scal eEffect(2),
render Scal e: 1) - 400
| et second = neasuredCentreX(marker().scal eEffect(2).offset(x: t, y:
0), renderScale: 1) - 400
print(String(format: "98.2f 9%®24.3f 9%43.2f 9w@4.3f 9%3.2f", t, first,
2 * t, second, t))
}

Mai nAct or . assunel sol ated { run() }

The full output of the snapping program on the machine that produced this post has more rows
than the tables above, and every row agrees with the rule stated there: the amount is rounded to a
multiple of one over the render scale, with ties going up.

The Core Graphics half of this story, drawn twice and measured the same way across six figures
and three 72-frame animations, is Apple Ul Insider Issue 2. In The SwiftUl Oracle | argued that
SwiftUl's behaviour should be checked against an answer key, not trusted from the way it looks.
This is one more instance. The folklore about modifier order turns out to be a matrix product, read
from the other end, with one rounding rule that no amount of staring at the picture would have
shown me.
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