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PLETHORA OF SCREEN SIZES, 2 ORIENTATIONS



LAYOUT MODELS / 
PATTERNS
Resizeable GUIs

• Positioning & sizing

•Alignment & spacing

•Also, for localization

Web: flow layout



TOWARDS 
EFFICIENT 
RESIZABLE GUI 
CREATION

Overhead to 
maintain GUI 
consistency

Only 
getting 
worse

Designers 
want/need 
control

Aesthetics, 
context, …

Better layout 
editors

Ideally 
GUI & 
web



UI FAÇADES [UIST 06]



WIDGETLENS [AGARWAL 13]



INTUI LAYOUT [SCODITTI 09]



CONSTRAINT-BASED GUI/WEB LAYOUT

• Superset of  simpler layout models

• Linear constraints
• Tabstop variables

• But also, x = 2 * y

•Used in AutoLayout,
CSS, …



CONSTRAINT-SYSTEM SOLVER

Linear system

Cassowary

Quadratic cost function

Hard constraints (min size)

Soft constraints (pref size)

• Weights



CONSTRAINT-BASED LAYOUT - ISSUES

• Hard to author

• Cannot express flow layout

• Doesn’t handle orientation well

• No alternative layout

• No swap of  widgets

• No dis-/appearing content

• …



ALE - AUCKLAND LAYOUT EDITOR (ALE) [ZEIDLER 13, 
UIST&INTERACT]

Drag & drop

• Most constraints 
automatically generated

• Guarantees solvable layout



ALE - AUCKLAND LAYOUT EDITOR (ALE) [ZEIDLER 13, 
UIST&INTERACT]

Drag & drop

• Most constraints 
automatically generated

• Guarantees solvable layout



NON-OVERLAPPING LAYOUTS

• Empty space tiling

• Avoid overlap due to 
missing constraints



AVOID CONSTRAINT CONFLICTS

• Check each 
constraint 
when added



OPTIMALLY SIZED PREVIEW

• Use minimum 
screen space to 
show issues



AUTOMATIC GENERATION OF ALTERNATE LAYOUTS
[ZEIDLER 17]
• Tiling algebra

• Detect patterns in open-
source Android Apps

• Display alternatives

• User toggles alternatives

• Minimum effort

• Outcome good start point



ORC LAYOUTS [JIANG 19 CHI]

• OR-constrained layouts

• Unifies constraint & flow layouts

• Single layout specification for all screens



FLOW
CONSTRAINT

to right of previous widget

OR
at beginning of next row

(larger weight)

(smaller weight)



Constraint1 OR Constraint2 OR Constraint3 …
SoftSoft Soft

Hard

OR-CONSTRAINTS

• Hard constraints must be satisfied

• Soft constraints are satisfied if  possible

• Their importance depends on weights



ORC PATTERNS

• Designers choose template & modify parameters

• System maintains low-level constraints



SOLVING OR-CONSTRAINTS

• Linear system with OR terms

• Huge solution space

• Z3 Theorem Prover

• Interactive

• Linear objective function



0.11

0.78

6.02

20.37

72.75

0.1

1

10

100

16 50 100 150 200

R
un
ni
ng
Ti
m
e
(S
ec
on
ds
)

# Widgets

Z3 Solver Time (Logarithmic)

Z3 Solver Time

PhotoShop
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ORCSOLVER [JIANG 20 CHI]

• Branch-and-bound approach
• Heuristic preprocessing

• E.g., optimize for flows

• Simplify specification
• Discrete gradient search

•Quadratic objective function



PERFORMANCE



GUI Toolkits



Reverse 
Engineering

Desktop
GUI Web UI



Layout Structure 
Construction

Layout Difference 
Detection

Layout 
Specification 
Generation

Layout Structure 
Construction

Layout Structure 
Construction

REVERSEORC
[JIANG 21 CHI]



GRID SEARCH SAMPLING
Min Size:

Max Size:

Subsampled Layout:



LAYOUT STRUCTURE 
RECONSTRUCTION



LAYOUT TREE RECONSTRUCTION

Layout Tree



LAYOUT 
DIFFERENCE 
DETECTION



Pattern: Alternative widget

Pattern: Alternative widget

Pattern: Optional widget

Pattern: Alternative position

LAYOUT 
SPECIFICATION 
GENERATION



Original MS Word Ribbon:

Reverse-engineered result:

MS WORD RIBBON EXAMPLE



RECONSTRUCT
ED BBC NEWS



MIXED
PLATFORM
EXAMPLE



FUTURE PLANS

Unify GUI & web layout further

Explore more complex layout problems

Improved GUI editors

Integrate suggestions from ML
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