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Mini-Course Outline
» Part 1: Monday morning
+ Iniro
+ Design Studies
- Wodels
-+ Percepiion and Memory.
» Part 2: Monday afternoon
-+ Color

‘Space, Layers, and Ordering
- Sl Grapics
» Part 3: Thursday afternoon
T llos and moracton
+ Navigation and Zooming
» Focus+Context
» Part 4: Friday morning
- High Dimensional Data
» Graphs and Trees
- User Studies

Parallel Coordinates

» only 2 orthogonal axes in the plane
» instead, use parallel axes!

PC: Correllation
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PC: Duality

» rotate-transiate
» point-ine
~ pencil: set of fines coincident at one point
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PC: Axis Ordering

» geometric interpretations
hyperplane, hypersphere
- points do have intrnsic order
» infovis
- no intrinsic order, what to do?
» indeterminate/arbitrary order
+ weakness of many techriques.
» downside: human-powered searct
+ upsido: powartul ineracton tochniaue
» most implementations
» user can interaciively swap axes
» Automated Multidimensional Detective
+ Insalberg 89
» machine learning approach

Hierarchical Parallel Coords: LOD
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Dimensionality Reduction

» mapping muliimensional space into
» space of fewer dimensions
- typically 2D for infovis
- Keeplexplain as much variance as possible
- show underlying datasel siructure
+ muligimensional scaling (MDS)
» MDS: minimize differences between interpoint
distances in high and low dimensions

Dimensionality Reduction: Isomap

» 4096 D: pixels in im:
» 2D: wrist rotation, fingers extension
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Spring-Based MDS: Naive

» repeat for all points.
+ compute spring force to all ather points
- giforence betwoen high dim, low dim distance
~ move o better location using computed forces
» compute distances between all points.
- O(r?) toation, O7) algorithm

Faster Spring Model [Chalmers 96]

» compare distances only with a few points.
- maintain small local neighborhood set

Faster Spring Model [Chalmers 96]

» compare distances only with a few points.
+ maintain small local neighborhood set
~ each ime pick some randoms, swap in f closer

Faster Spring Model [Chalmers 96]

» compare distances only with a few points.
+ maintain small local neighborhood set
» each time pick some randoms, swap in i closer

Faster Spring Model [Chalmers 96]

» compare distances only with a few points.
- maintain small local neighborhood set
ch time pick some randoms, swap i i closer
» small constant: 6 locals, 3 randoms typical
» O(n) tration, O(r?) algorithm

Parent Finding [Morrison 02, 03]

» lay outa /7 subset with [Chalmers 96]
» for all remaining points
find “paront”. laid-out point losest in high D

+ placa point closa to this parent
» O(rP) aigorithm

MDS Beyond Points

sggregation

» themescapes: terrain/andscapes
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Cluster Stability

» display
» also terrain metaphor
» underlying computation
- ety mimizaion (spigs) e, DS
- weighled edges
» do same clusmls form with different random start
points’
» “ordination”
- spaliallayout of graph nodes

o

Approach

» normalize wnlmr\ each column
» simariy

" Gsson Persortsconslatoncosiciet
+ threshold valte o marking as similar
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Graph Layout

» criteria
+ geometric distance matching graph-theorelic istance
* vorces a0 g ay oz
tices many hops away far
+ isenstive to random star) posiions
- major probiem withprevious wor
ie computation
+ fores aretes placement
» discussion: energy minimization
+ others: gradient descent, olc

+ discussion: terminafon criteria

Barrier Jumping

» same dea a sinulled annsing
> but compute directly
o onee et for acton of vrices
» solves start position sensitivity problem
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Results

» efficiency
» naive approach: O(V?
" oo ot O)
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Critique

» real data

HiDim: Readings

HiDim: Further Reading
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» give criteria, then discuss why solution fits
» visual + numerical results
- convincing images plus benchmark raphs.
» detailed discussion of alternalives at each stage
» specific prescriptive advice in conclusion

Doteciive.
Tova Avidan. Pros. InfoVs 99, p 112-118.

Visulizing Prosimity Data. Fich DaJordy, Stephen P Borgati, s
Halin, Fied Methods, 19(3)239.263, 2007.
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Mini-Course Outline

» Part 1: Monday morning
-+ Intro
- Design Studies
- Models
- Perceplon and Memory

» Part 2: Monday afteroon
+ Calor

e, Layers, and Ordering
~ Statisical Graphics
» Part 3: Thursday afternoon
- Mulples and Iteraction
+ Navigation and Zooming
- Focus+Context
» Part 4: Friday morning
» High Dimensional Data
» Gl s Troes
+ User Stud

Animated Radial Layouts

» from static to dynar

radial layout (video)

[Animated Exploration of Graphs with Radial Layout, Ka-Fing
Danyel Fisher, Rachna Draia,and Mar Heart. Proc Tove 501

Animation
» pola

terpolation
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Treemaps

» containment not connection
» emphasize node attrbutes, not topological structure

Cushion Treemaps

» show structure with shading
~ scale parameter contrls global vs. local
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Critique

» good: use shading to free color for other encodings
jood: cushions do help show more internal
hierarchical structure.
» limitations: fundamental strength is unchanged
» il best when focus is node attibutes not opological
structure

Treemap Applications

» cushion treemaps.
- Secuavien, Windous 9
- hard diive
g ——
» one of the infovis tech-transfer success stories
- hitpziwwucs.umd.eduhciltreemap-history!




Scaling Up Treemaps: MillionVis

» shading not outiine to visually distinguish wih less
pixels

» more GPU tricks, animation for transitions.
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Topological Fisheye Views

» input s laid-out graph
» preprocess: construct multevel hierarchy by
coarsening graphs

» user interactively controls focus point
» show hybrids made from several levels

Topological Fisheye Views

Coarsening Strategy

» must preserve graph-theoretic properties
~ topological distance (nops away), cycles
~ cannot ust use geometric proximily alone
+ cannot just contract nodesiedges
~ explot geometic information with proximiy graph

62 TVCa 114 p 457468, 20051

628 VGG 116 p 457488, 2008
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Coarsening Requirements

» uniform clusterimetanode size
» match coarse and fine layout geometries

DD
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Hybrid Graph

» find active nodes
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Distort For Uniform Density
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Critique

» topologically sophisticated, not just geometric

» rigorous approach

Graphs: Readings
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Graphs: Further Readings

1PSep-CoLa: An Incremental Procedure for Separation Constraint
Layout of Grapns. Tim Dwyer, Kim Marriot, and Yehuda Koren, IEEE:
VGG 126 821-820 (Pro. i ). 2008,
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Multiscale Visualization of Small World Networks. David Auber, Yves
Chicota, Fabien Jourdan, Guy Melancon, Proc. InfoVis 2003
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Mini-Course Outline
» Part 1: Monday morning
-+ Intro
~ Design Studies
- Models
- Perceplon and Memon
» Part 2: Monday afteroon
-+ Calor

Space, Layers, and Ordering
» Statistical Graphi
» Part 3: Thursday afternoon
Mulples and Interaction

» High Dimensional Data
» Graphs and Trees
+ User Studies

Perceptual Scalability

» what are perceptuallcognitve limits when
screen-space constraints lted?
» 2vs. 32 Mpiel display
+ macro/micro views
» perceptually scalable
» noincrease i task completion times when normalize.
to amount of da

o PorcapiaScaoity ofVsaizaton. Gt Yost ard i o |EEE TVGG,
21 i 0o Sop 2005 8575441

Perceptual Scalability

» design
~ 2 display sizes, between-subjects
+ (6ata sizo also increased proportionally)
+ 3 visualization designs, within
il muitples: b

- 3vis X7 lasks x2 s

Embedded Visualizations

Small Multiples Visualizations

» attrioute-centric instead of space-centric

e PocaptScality of Visaization. St Vst rd hvs . IEEE TVCG,
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Results

» 20x increase in data, but only 3x increase in absolute
task times

o Porcapia ey of Vsmizaon, Gt Yot r G o IEEE TVCG:
T v, Sep 2000 8375441




Results

» significant 3-way interaction
+ between display, sze, task

e PocaplScaoty of Vit Gt Yost ard rv e IEEE TVCG.
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Results

» visual encoding important on smal displays
~ DS: muls sig siower than graphs on small
- DS: mults sig siower than embedded on large
- OS: bars sig faster than graphs for smal
+ 0S: o sig diference bars/graphs for large

» spatial grouping important on large displays.
» embedded sig fasterspreferred over small mut
> no barlgraph difierences.

Critique

» first study of macro/micro effects
+ breaking now ground

» many possible followups.
» physical navigation vs. virtual navigation

Fisheye Multilevel Networks
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Lab Experiment

» 2interfaces (fisheye, zoom)
- Ztasks (\snmuvph )
5 find and repair

- wllhln sub.sm counterbalanced order
» 20 participants
» data: 154 nodes, 39 clusters.
» measurements

- completion ime

~ number of zooms.

+ success

Results

» sig effect of interface: fisheye faster
» but no differences with find sublask
~ information visible n both displays
» solution quality differed: fisheye better
 local rerouting difficul

Field Experiment

» 2 real control room operators
» response times simiar
» no statistical analysis, too few subjects
» expressed preference for fisheye over full-zoom
(experimenter effect?)
» concerns about fisheye: missing detalls

Critique

» nicely designed study
» useful discussion of qualitaive observations.
» very good to do feld followup with real operators

Pictures Into Numbers

> fleld study
» partiipants: professional meterologists
- two peopl: forecaster, techmic
» interfaces: muliple programs used
» protocol
kaloud
* Videotaped sessions with 3 cameras,
Turing Pictures ino Numbers: Extacing and Goneratng
Informatn o Gomplex Visualzatons. Tafon ot al. . Human
Computer Sudes 5315, £27.850]

Cognitive Task Analysis

» initlize understanding of large scale weather
» build qualtative mental model (QMM)

» verify and adjust QMM

» wite the brief

» task breakdown part of paper contribution

o
o

ding Methodology

» interface
- which interface
. Whethe pcuraenarraph
» usage (every utierance!)
- goal
+ exract
-+ quantiqual
- goalorentediopportunisic
+ intograteduninograted
-+ briofwiting
» quant
~ QMMuisiotes

Results

» sig difference between vis used at CTA stages.
+ charts o build
~ images to verify/adjust QMM
s oyt wiing

» many others.

T Prsyes o Numbor: Exocingand Genraing iormaion fom Corplex
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Critique

» Widan coding i uge amaunt of ok, .t very
ilumi
. unlanghng complex story of real tool use.

Studies: Readings

The Percapiual Scalabilty of Visualizaton. Beth Yost and Chis
North Proc. nfovis 08, published as [EEE TVCG 12(5), Sep 2006, p
85784,

Navigating Hirarchically Clustored Networks though Fsneye and
Fol-Zoom alass. Dovg Sha Zhargng 200, S0l Gronbory
m Baram, doin . DA, Sl D, anc Mok Fosman. ACH
TioGH). 301162168, 1956
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+ often bottomupitopdown mix

mm.ng Piciures ito Numbers: Exracting and Generating
Informaion fom Gomplex Visualizations. J. Grogory Trafon, Susan
Kitschenbaum, Ted L. Tsu, Robert T Myamoto, James A, Bals,

Further Readings

Task-Conterad User Intortace Design, Claylon Lowis and John

Fieman, Chapters 05,

‘Tho challenge ofinformation visualizalion ovaluation Cathorine

Plisant. Proc. Advanced Visual Inferaces (AV) 2004

Informaion Visualizaton: Perceptin forDesign. Appendix C: The

Perceptual Evaluation of Vsuaization Technques and Systams.

Golin Ware. Morgan Kaufmann, 2000.

‘Snap Together Visualization: Can Usars Construct and Operat

Coordnated Views? Cvis o, B Stvoideman. . me o
Press, 53(5). pg. 715730
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