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Motivation

Need to design different GUI layouts for
different screen sizes, orientations, and
aspect ratios.




Flow Layout

Must See
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& How to Watch

BBC News

BBC World News TV
The latest global news, sport,
weather and documentaries

) Listen Live 'We've marched 270 miles for Rare tiger cubs make debut at
Brexit' Sydney Zoo

BBC World Service Radio
Stories from around the world

Why China loves Tom Hiddleston's 'creepy' ad

Australian lake an Insta hit

Prodigy fans 'raise roof' at

after turning naturally pink Keith Flint funeral 'culturally significant' rapper?
Most watched
» Rare tiger cubs make » First-time cover star at » ‘It’s vital that children » Why Trudeau's sorry » 'We've marched 270
debut at Sydney Zoo the age of 80 can see that people like for saying thank you miles for Brexit'
me exist’
Full Story

Limitation: cannot restrict positions and relative sizes



Constraint-based Layout

Constraints:

Same size mw) Size(Redl) == Size(Red2) == ...

Same height as above — Height(Blue) == Height(Red)
Double width as above Width(Blue) == Width(Red) * 2

Limitations:
1. Widgets cannot move relative to other ones.

2. Device diversity a long-term challenge.




OR-constrained Layouts (ORC Layouts)

Goal: Unify constraint-based and flow layouts

Approach: OR-constraints

Input: Output:
1. A set of constraints

2. Widget min/pref/max sizes |
3. Window size

> 1. Widget sizes
2. Widget positions




OR-Constraints

Constraint1 OR Constraint2 OR Constraint3 ...

Hard

e Hard Constraints must be satistied.

* Soft Constraints are satisfied 1f possible.
Their importance depends on weights.



OR-Constraints
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Z.3 Solver

OR Constraints — more branches

Microsoftt Z3 Solver:

e Can solve OR-constraints

* Support incremental solving
(fast 1f #widget not too large)




ORC Patterns

Low-level constraints tedious and error prone

1 2 3 4 5
6 7 8 9 10

const float PI = 3.1415926536;
const float PI2 = PI * 2.0;
const int mSize = 9;

const int kSize = (mSize-1)/2;
const float sigma = 3.0;

B float kernel[mSize];

float normpdf(in float x, in f

{

C } return 0.39894 * cxp(-0.5
Better approach:

(assert (and (= w_1_1 b1l) (= h_1_1 b3)))
(assert (and (<= w_1_2 b2) (<= h_1_2 b4)))
(assert (and (<= w_2_2 b2) (<= h_2_2 b4)))
(assert (and (<= w_3_2 b2) (<= h_3_2 b4)))
(assert (or (and (= w_2_1 (+ w_1_2 15)) (= h_2_1 h_1_1))
(and (= w_2_1 15) (>= h_2_1 (+ h_1_2 15)) (= h_2_1 (+ h_1_2 15)))))
(assert (let ((a!1l (and (= w_3_1 15)
(>= h_3_1 (+ h_1_2 15))
(>= h_3_1 (+ h_2_2 15))
(or (= h_3_1 (+ h_1_2 15)) (= h_3_1 (+ h_2_2 15))))))
(or (and (= w_3_1 (+ w_2_2 15)) (= h_3_1 h_2_1)) a!1)))
(assert (and (= bl 15) (= b2 475) (= b3 15) (= b4 475)))
(assert (= (- w_1_2 w_1_1) (- b2 b1)))
(assert (let ((a!1 (and (= (- w_2_2 w_2_1) 80) (>= (- (- b4 h_1_2) 15) 555)))
(a!'2 (and (= (- w_2_2 w_2_1) 175) (< (- (- b4 h_1_2) 15) 555))))
(or all a!2)))
(assert (= (- w_3_2 w_3_1) (- (- b2 w_2_2) 15)))
(assert (= w_3_1 (+ w_2_2 15)))
(assert (or (and (= (- h_1_2 h_1_1) 80) (>= (- b2 b1l) 935))
(and (= (- h_1 2 h_1_1) 175) (< (- b2 b1) 935))))

(assert (= (- h_2_2 h_2_1) (- (- b4 h_1_2) 15)))
(assert (= (- h_3_2 _3.1) (- (- b4 h_1_2) 15)))
(assert (= h_3_1 h_2_1))

(assert-soft (= w_2_1 (+ w_1_2 15)) :weight 14900)
(assert-soft (= h_2_2 h_1_2) :weight 1000)
(assert-soft (= w_3_1 (+ w_2_2 15)) :weight 14800)
(assert-soft (= h_3_2 h_2_2) :weight 1000)

Designers — choose a template & modify parameters
System — automatically maintain low-level constraints



Pattern #1: Connected Layout Pattern

File Edit Find View Tools

= 3.14159

File Edit Find View Tools Help it

kernel[mSize];
normpdf(in

return 6.39894 *

calcSphericalCoordsInGnomonicProjection(i

cp (centralPoint * 2.0 - 1.0) *

convertedScreenCoord = (uv *
calcSphericalCoo x = convertedScreenCoord.x,
cp = (centralPoint

onvertedScreenC

lat
lon

lat = (lat / PI_2 + 1.0) * @.

return ( (keyPressed(KEY_SPACE)) ? uv

return |
mainimage (out 1 fragColor,
u *= 3, / iResolution.y;
for ( A B

fragColor += (i

mainImage(out frag

olution

Top toolbar widgets — left toolbar
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Pattern #1: Connected Layout Pattern

File Edit Find View Tools Help

©J [P File Edit Find View Tools Help

sigma;

caleSphericalCoo

cp =

lat

return |

LA Lett toolbar widgets — top toolbar
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Pattern #2: Balanced Flow Layout Pattern

File Edit Selection Find

sigmo)

/ (sigma

sigma)) / sigma;

ficalCoordsInGnomonicPr ction(in v uv, in
(centralPoint * 2.0 - * vec2(PI, PI 2);
vertedScreenCoord = (uv * > - 1.0) * fov * (PX,

« convertedScreenCoord.x, ¥y onvertedScreenCoord.y;

(rou);

(lon, lat))

mainImage(out fragColo
u *= 3. / iResolution.
for (

fragColor +=

View

Tools

widgets — Each row has

File Edit Selection

Find View Tools

sigma

kernel|[mSiz

normpdf (in ) i sigma)

return 9.39594 (-9.5 (sigma * sigma)) / sigma;

1 OR 2 OR 3 OR 6 widgets 1n the toolbar
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Pattern #3: Alterative Positions Pattern

File Edit Find View Tools Help o Flost PL = 3. 1415828536;

mSize =
kSize

PI = 3.1415926536; sigma
PI2 = PI * 2.0;

kernel[mSize];

mSize 9 .

kSize ] Edlt normpdf(in
sigma = 3.0; {

kernel[mSize];

return 6,39894 * (-8.5

normpdf (in

? - , F' d calcSphericalCoordsInGnomonicProjection(in uv
iAo, (=% S8 - e ln cp = (centralPoint * 2.0 - 1.6) * (PI, PI
convertedScreenCoord = (uv * 2.0 - 1. * fov
calcSphericalCoor omonicProjection(in [T | centralPoint, i ~ convertedScreenCoord.x, y = convertedScreenCoord.y;
cp = (centra int * 2.0 - 1.0) * (PI, PI
convertedsScreenCoord = (uv .0 - * fov * (PI a)s = rou \ ’ 3 Y - f rou);
x = convertedScreenC X, Yy = com Vlew sin_

lat
lon v (x sin_c,

rou); lat = (lat / P12 + 1.8) * ©.5; lon = (lon /

Tools

return ( (keyPressed(KEY_SPACE)) ? uv : (lon, lat)) *

@) * 8.5; lon

(keyPressed(KEY_SPACE))

mainimage (out fragCol ) I Ielp

iResolution.y;

for (

Top Toolbar OR Left Toolbar
(weights depend on which one you prefer)



Pattern #4: Flowing Widgets around a Fixed Area
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Pattern #5: Optional Layout Pattern
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Pattern #6: Alternative Widget Layout Pattern
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Limitations

* Patterns restrict what designers can create.
* Manual ORC specification potentially error-prone.

* Non-interactive solving time for larger

number of widgets

Z3 Solver Time (Logarithmic)
100 72.75

—
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16 100
0.1

150 200

Running Time (Seconds)
©

# Widgets

—-—/3 Solver Time
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Conclusion
* ORC Layouts

* Introduce OR-constraints
* Unify flow & constraint-based layouts
* Enrich GUI layout design space
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Thank you! % g

Yue Jiang: yuejiang@cs.umd.edu
https://cs.umd.edu/~yuejiang

Contributions:

* Add OR-constraints to standard hard/soft constraint systems.

« Adapt layouts to screens with different screen sizes,
orientations, and aspect ratios with only a single specification.

» Unify flow & constraint-based layouts.
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