Online Designs for Metric
ultidimensional Scaling




Overview

® Contributions

® |ntroduction




Contributions

° Technique for computing incomplete







Definitions:
Multidimensional Scaling

® Family of techniques to compute
coordinates for points based on their
mutual distances

® Metric MDS is a popular and flexible
variant

Dlstance Matrlx D

Coordlnates



Definitions: MDS Designs

® |nput distance matrix often overdetermines
layout coordinates.

® Full design: use entire dist. matrix

¢ Incomplete design: sparsify dist. matrix




Why incomplete designs?

® Full distance matrix may be very expensive
to compute:

® N is large, dist matrix is O(N”2)
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Definition:
Online Design

Incomplete Design that is not known in
advance and determined at run time

Some previous work used static Incomplete




Space of Incomplete
Design Solutions

Complete

¥t 10 N\ s




Space of Incomplete
Design Solutions




Space of Incomplete
Design Solutions

Complete design




Algorithm Choices

Algorithm Design




Algorithm Choices

Algorithm Design

f.w

Cost(Iteration) ~ Cost




“Cheap” D Examples




Costly D Examples

® D is human sourced

® marketing, sociology, psychophysics

® Dis cor

utationally cos







Previous VVork:
Static Incomplete Designs

® Spence and Domoney '74

® randomly eliminated
fraction of distance
matrix

® Measured correlation
of distances in low-d
with distances in high-d

® Recovery depends on
error in data



Previous Work:
Static Incomplete Designs

Compute k rows of D

e | MDS,PMDS

® select K*control points”




Previous VWork:
Online Designs

Randomly Sample From All of D
® Chalmers 96 and

GlimmerQ09

® [orce-based simulations
W|th erX|bIe energy
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Glimmer Modification:
Distance Feeding

® Request sparse random distance

. matrix Q
® For each point:

® For each point:
® Sample K random distances

from D
® Sample K random distances from

DQ
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Distance Feeder
Diagram




Distance Feeder
Diagram




Online Design
Outer Loop

® |dea: embed fixed incomplete
design glimmer within an outer
loop

® |nner Loop: Glimmer with fixed
design

® QOuter Loop: Slowly increase the

fixed design size until
“convergence”
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Convergence

® What we really want:
Detect when
termination stress
converges

® What we have: Sparse
stress
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® Use Stress as a proxy Stre§§

convergence criterion

0.03
400 600 800 1000 1200 1400

Outer Loop Iterations

25



Smoothing Noise w/Gaussian
Process Regression

® What about noise!?

® Glimmer iterations are cheap e
relative to D calculation: run Gaussian Process
several times
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® Use Gaussian process as a
smoother
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® works because series

conforms to def of GP

30 40 50 60 70 80 90
Outer Loop lterations

® Use mean of process as ob.
function
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Results
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Results Proposal
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Conclusion

® Notified an MDS use case poorly served by
existing tools; problems with costly
distance functions




