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Further Reading

Visualzing the non-visual: spatal analysis and inleraction with
information from text documents. James A, Wise et al, Proc. InfoVis
1995
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Parallel Goordinatos: A Toolfor Visuaizig MulDimensional
Geomery. Alred Inssiberg and Bernard Dimsdale, IEEE.
Visualzation 90.

Parallel Coordinates

» only 2 orthogonal axes in the plane
> instead, use parallel axes!
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PC: Correllation
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PC: Duality

> rotate-translate
» point-line
~ penci: setof fines caincident at one point
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PC: Axis Ordering

» geometric interpretations
+ hyperplane, hypersphere
- points do have intrinsic order
> infovis
-+ no ntrinsic order, what to do?
* indeterminate/arbtrary order
- veinesct nar syes
- downside: humr
~ Upsice: power reracton echnaue
» most implementations
er can intoractively swap axes
» Automated Multidimensional Detective
- Inseloerg
+ machine learning approach

Hierarchical Parallel Coords: LOD
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Hierarchical Clustering

» proximity-based coloring

» interaction lecture later:
-+ structure-based brushing
+ extent scaling

e Runsantans [E2E Viatasion 3]

Dimensionality Reduction

» mapping multidimensional space into
» space of fewer dimensions
- typically 2D for infovis
» keeplexplain as much variance as possible
- show underlying dataset structure
+ mufiimensional scaiing (MDS)
» minimize differences between interpoint
» distances in high and low dimensions

Dimensionality Reduction: Isomap

» 4096 D: pixels in image
» 2D: wrist rotation, fingers extension
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Naive Spring Model

» repeat for all points
» compute spring force to all other points
~ diference between high dim, low dim distance
» move to better location using computed forces
» compute distances between all points
» O(r#) iteration, O(r") algorithm

Faster Spring Model [Chalmers 96]

» compare distances only with a few points
+ maintain small local nelghborhood set

Faster Spring Model [Chalmers 96]

» compare distances only with a few points
» maintain small local neighborhood set
- each time 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 ocal neighborhood set
-~ each time pick some randoms, swap in f closer
» small constant: 6 locals, 3 randoms typical
» Ofn) teration, O(?) algorithm



Parent Finding [Morrison 02, 03]

~ lay out a /7 subset with [Chalmers 96]
> for all remaining points
- fing “parent” aid-out point closest in high D
- place point cose (o ths parent
» O(n®/*) algorithm

Issues

» which distance metric: Euclidean or other?
» computation

+ naive:

+ beter O(nﬁ) Chalmers 96

» hybrid: O(ny/n)

True Dimensionality: Linear
» how many dimensions is enough?

> example
* messueed malralsrom grapice
+ linear
- get physncal\y impossible intermediate points.

True Dimensionality: Nonlinear

» nonlinear MDS: 10-15
» allintermediate points possible
» categorizable by people
reen, blue, specular, diffuse, glossy,
mealic, plastic-y, roughness, rubbery,
greasiness, dustiness.
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MDS Beyond Points

» galaxies: aggregation

» themescapes: terrain/landscapes
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Cluster Stability

> display

» also terrain metaphor
» underlying computation

energy minimization (springs) vs. MDS

- weightad edges

» do same clusters form with different random
start points?

» "ordination”

- spaial layout of graph nodes

Approach

» normalize within each column
> similarity metric

- discussion: Pearson's correllaion coefficient
» threshold value for marking as similar

- discussion: finding criical value

Graph Layout

» criteria
- geometric distance matching graph-theoretic
distance

* vricos onotop aveycoss:

+ insensie to rancom staiing postions
= major problom with pravious work!
ractable computation

- Qorce-direcled placement

discussion: energy minimization
+ others: gradient descent, etc
+ discussion: termination criteria

» solves start position sensitivity problem

» good stabilty
 rotationrefiection oan ocour

different random start adding noise

Barrier Jumping Results Critique Critique
» same idea as s\mu\ated annealing » efficiency
 but compute directly -~ naive approach: OV .
~ st ghora repulion o racto of vrtices . approimae dars s o) » real data

- suggest check against subsequen! publication!
~ give criteria, then discuss why solution fits
» visual + numerical results
+ convincing images plus benchmark graphs
» detailed discussion of alternatives at each
stage

» specific prescriptive advice in conclusion

Dimension Ordering

» in NP, like most interesting infovis problems
heuristic
» divide and conquer
iterative hierarchical clustering
 representative dimensions
» choices
- similariy metios
 importance metrics
- ordering algoritms
il

fom swap
+ simplo doptn-fst aversal

Spacing, Filtering

» same idea: automatic support
» interaction

+ manual infervention

+ siructure-based brushing

* focusscontext,next week

Results: InterRing

» raw, order, distort, rollup (filter)
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Results: Parallel Coordinates
» raw, order/space, zoom, filter
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Results: Star Glyphs Results: Scatterplot Matrices Critique Critique
» raw, order/space, distort, filter + raw fiter
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Software, Data Resources
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