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Problem

Input: Set of graphic elements (scene description)

Goal: Select visual attributes for elements
Position
Orientation
Size
Color

Approaches

Direct rule-based methods
Constraint satisfaction
Optimization
Example-based methods




Adaptive document layout [acoss 03

Users authors templates which use one-way constraints to adapt to
changes in page size

ADL template authoring pacobs 03




ADAPTIVE GriD~DBASED
Document LAYOUT

Pros and cons

Pros
Often run fast (at least one-way constraints)
Constraint solving systems are available online

Can be easier to specify relative layout
constraints than to code direct layout algorithm

Cons
Easy to over-constrain the problem

Constraint solving systems can only solve
some types of layout problems

Difficult to encode desired layout in terms of
mathematical constraints




Optimization
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Layout as optimization

Scene description
Geometry: polygons, bounding boxes, lines, points, etc.
Layout parameters: position, orientation, scale, color, etc.

Large design space of possible layouts

To use optimization we will specify ...
Initialize/Perturb functions: Form a layout
Penalty function: Evaluate quality of layout
.. and find layout that minimizes penalty

Optimization algorithms

There are lots of them:

line search, Newton’ s method, A*, tabu, gradient
descent, conjugate gradient, linear programming,
quadratic programming, simulated annealing, ...

Differences
Speed
Memory
Properties of the solution
Requirements




Simulated annealing

currL < Initialize() — Form initial layout
while(! termination condition)
newL « Perturb(currL) — Perturb to form new layout

currE « Penalty(currL) _———— Evaluate quality of layouts
newE ¢« Penalty(newlL)

if((newE < currE) or ——— Always accept lower penalty
(rand[0,1) < e4E7T))
then currL ¢ newlL

Decrease(T)

Small probability of accepting
higher penalty

Perturb: Efficiently cover layout design space
Penalty: Describes desirable/undesirable layout features

Scene description
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Layout parameters
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Penalties

mm Overlap & Distance
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Overlap: Label — Anchor Slice
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Distance: Label — Anchor Slice
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Distance: Label — Anchor Slice
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Pros and cons

Pros

Much more flexible than linear constraint
solving systems

Cons
Can be relatively slow to converge

Need to set penalty function parameters
(weights)

Difficult to encode desired layout in terms of
mathematical penalty functions




Design principles

Sometimes specified in design books
Tufte, Few, photography manuals, cartography books ...

Often specified at a high level
Challenge is to transform principles into constraints or penalties

0400/ 0.000)
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Cartographer Eduard Imhof’ s labeling heurists transformed into penalty
functions for an optimization based point labeling system [Edmondson 97]

Example-Based Methods
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Preference elicitation [cajos and weid 05

Learn characteristics of good designs
Generate designs based on a parameterized design space
Ask designers if they are good or bad
Learn good parameters values based on responses

Nonlinear Inverse Opt. [volicketal. 07]

Learn label Iayout style from single example

Horizontal/Vertical
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Nonlinear Inverse Opt. [volicketal. 07]

Learn label layout style from single example

Parallel Leader Lines

Artistic Resizing

_ <4
1] = PREVIOUS
i

A Technique for Rich
Scale-Sensitive Vector Graphics

Pierre Dragicevic
Stéphane Chatty J—/ntU/ labR

111 David Thevenin
Direction
Générale d .
“Iaviation I!E Jean-Luc Vinot
Civile
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The Resizing Problem

m Fixed
size

= Naive
scaling

m Artistic
resizing

Expressing Artistic Resizing

m Commonly described using formulae

exXy=(wW-w)/2 *wg=5
ey,=(h-h) /2 ehg=5
e w_ =20

«h, =10 er=20

m These formulae are:

» Translated into code by the programmer
m Or used as an input to constraint-solving systems

18



Example-Based Approach

1. Designers produce variants 2. System interprets
using their authoring tool the example set

®x)

mask

WE | peleased
™ ) & =
@ o

DJ‘
w.a’|l pressed - ” ©K)
[2]3 -
=Y aa

Artistic Resizing
How does it work?

m Assumes the exclusive use of:

m Copy & paste for adding new examples
= Affine transformation tools (move, scale, rotate, shear)

m Based on local interpolation of transformations

> ™ Ty’

. Ta - T4 >
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Artistic Resizing
How does it work?

m Each variant of T1 is associated with
the example’s bounding box

T T1’

?

&

T1" Tllll

Artistic Resizing
How does it work?

= Problem of multivariate interpolation

T
T1'

height

T

transf. " T1"’

width
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Pros and cons

Pros

Often much easier to specify desired layout via
examples

Cons
Usually requires underlying model
Model will constrain types of layouts possible

Large design spaces likely to require lots of
examples to learn parameters well

Announcements
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Assignments 2 and 3

Grades have been posted to bspace

If you used real estate data for A2 please
let Jennifer Baires know what you did
bairesjen@gmail.com

Final project

Design new visualization method
Pose problem, Implement creative solution

Deliverables
Implementation of solution
8-12 page paper in format of conference paper submission
1 or 2 design discussion presentations

Schedule
Project proposal: 10/28
Project presentation: 11/11-11/13
Final paper and presentation: 12/2-12/6

Grading
Groups of up to 3 people, graded individually
Clearly report responsibilities of each member
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Identifying Design Principles
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Approach

Identify design principles

Cognition and perception

Instantiate design principles

Principles become constraints that
guide an optimization process

Assembly instructions
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Cognition of Route Maps

Essential information
Turning points
Route topology

Secondary context information
Local landmarks, cross streets, etc.

Overview area landmarks, global
shape

Exact geometry less important
Not apprehended accurately
Not drawn accurately

[Tversky 81] [Tufte 90] [Tversky 92]
[MacEachren 95] [Denis 97] [Tversky 99]

26



NIE
N o N wapP
4 =
A o1 vy W N
) L
A o200 § FEEE
< (Howy weed)
?E
&
Preamoon—
R
Nrnonse
Tane
Wonica Bay
Pacific Ocean
dadderatle 04dd Ieng
-y () = - 0 - () -
(J or-lo

LineDrive

401 Fovy

Caleta
Rd

Paramount Ranch
National Park

OLYHPICS™

awn route map

LineDrive route map




Map Design via Optimization

Set of graphic elements
Roads, labels, cross-streets, ...

Choose visual attributes
Position, orientation, size, ...
Distortions increase flexibility

Develop constraints based on
design principles

Simulated annealing
Perturb: Form a layout
Score: Evaluate quality — ST
Minimize score AR gt okt temions

Request for Directions

Route Finding Service
Route Data
LineDrive

Shape Simplification

Road Layout

Label Layout

Context Layout

Decoration

Route Map




Road Layout

Choose road lengths and orientations

Before road layout After road layout

Road Layout

Choose road lengths and orientations

Road Layout Score: 25.2295
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Road Layout Constraints
Length

Ensure all roads visible ((Lonin = 1) W Ligin)? ™ Wona

Maintain ordering by length W
Orientation

Maintain original orientation [0teurr(T) = g * Worient
Topological errors

Prevent false MiN(dyrigin » daest) * Wraise

Prevent missing AW iticsing

Ensure separation Min(dgy» E) * Wey
Overall route shape

Maintain endpoint direction |Ctour(V) - Clorig(V)] * W

reurr’

Maintain endpoint distance |deurr(V) = AorigMW)| * Wenaaist

shuffle

enddir

Balancing the Constraints

Prioritize scores by importance
1. Prevent topological errors
2. Ensure all roads visible
3. Maintain original orientation
4. Maintain ordering by length
5. Maintain overall route shape

Priorities set based on usability tests
Users given maps containing errors
Rated which errors most confusing
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Label Layout

Find overlap-free position for each label

Label Layout Score: :ﬁazs

Context Layout

Place cross-streets and exit signs if possible

— A
Context Layout Sco¥é! 336.7560
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Bellevue to Seattle
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System Performance

7727 routes (sampled over 1 day at MapBlast!)
Median distance
Median number turning points
Median computation time

Short roads
False intersections
Missing intersections

Label-label overlap
Label-road overlap

52.5 miles
13
0.7 sec

54
0.3
0.2

0.5
11.7

Results

Beta version 6 months
150,000 maps served

2242 responses
Replace standard
Use with standard
Prefer standard

AK [Metropotian Oaktund ntarnationat /= s,

o
Aiport] uirpor), Cabfornis, ked Sates

At peak
Deployed at:

Served 750,000 maps/day T

3: Bear RIGHT (North-West) onto ramp

Taken ofﬂlne |n fa" 2011 4: Continue (North-West) on 1880 Nimiz Fwy

5: Continue (North) on 1980

62 Continue (North) on CA-24,Grove Shafer Fwy

7: Continue (North) on ramp

8: Bear RIGHT (North) onto Martin Luther King Jr Way
9: Tum RIGHT (North) onto Adeline St
10: Bear RIGHT (North) onto Shattuck Ave

11: Tum RIGHT (East) onto Addison St

12: Tum LEFT (North) onto Oford St
13: Tum RIGHT (East) onto Hearst Ave

End: Arrive Eucl Ave, Berkeley, CA 34709
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Original Design

Layout
Map and text close together

Overview and destination maps for
more content

From, 111 Park 5t
MAPBLAST! San Francisco, CA 941105835

Evaryone needs a ltle direction in lfe T pecoodero CA

Directions

Begin at 111 Park St on Park St

and go West for 300 feet

Tum left on Mission St and go

Southwest for 0.3 miles

Tum ight on Bosworth St and go

West for 0.4 miles

4 Tum left on ramp and go

Southwest for 0.4 miles

Continue on 1280 and go South for

17 miles

Exit 1:280 via ramp at sign reading

*CA35 to Half Moon Bay /

Bunker Hill Dr and CA92 W' and

g0 South for 600 feet

Tum left on Skyline Blvd,CA35

and go Southeast for 1.1 miles.

Tum right on CA92 and go

Southwest for 7 miles

9 Turn left on Cabrillo Hwy S,CA-1
and go South for 16 miles

10Turn left on Pescadero Creek Rd
and go East for 2.6 miles

11 Turn right and go Southeast for

g
o%
H
5
~

w

o

®

< Skyline Blvd 1.1

@

12 Bear right on Cloverdale Rd and
o Southeast for 0.8 miles

13 Tum left on Ranch Rd and go
East for 1.0 miles

14 Tum left on Willow Spring Rd
and go Northeast for 400 feet to

RanciYRa 1 Pescadero, CA Pescadero, CA

Pescadero 2

These diiing directions are provided only as a rough guideline.
Please be sure to call ahead to veriy the location and directions.

Overview Map

Pescatero, CA '\
¥ ¥

2001 iy Cop, 50T s

035 |[2M0d

Lombard
5t

Us-101 31.7

CA-BE13.2

CA-1721.7

Ocean 5t
1.3

Fplsiantd

San Lorenzo0.2

&
Beach 5t

w7

w5
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Next Steps: Wedding Maps

SJanuary 20, 2001

ymm QZMG
504 Ross Drive
(408) 734-9900

‘The Historic Del Monte Building
‘100 S. Murphy Avenue
(408) 735-7680

Cheisti
Church
397 S. Mary % gmm{
Avenue 865 W. El Camino Real
(408) 522-7930 (408) 720-8500

Hand-designed Wedding Map

Input map drawn to scale Our result

1st Ave. and 19th Ave. NW, Seattle WA

(Requires Windows, IE, Silverlight)
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\ ‘
Roads selected from input Our result

1st Ave. and 19th Ave. NW, Seattle WA

(Requires Windows, IE, Silverlight)

Our result

Evergreen Ave., Boston MA

(Requires Windows, IE, Silverlight)

36



1€ solana Ave

Sechanan St e Ve
Golden!

Gate |l |

Fields

15 NdS

Rose St

Cedar St

15 propo

Cesar E
Chavez
Park |
Bura Ave
Haste ST

any HPNNEYS

azAVe

&o*®

[Iilt_‘-y\/ h |

~ any YaNBEYS

Treasure Island

635 Soda Hall, Berkeley CA

635 Soda Hall, Berkeley CA
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