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Soft memory errors k-d k-meansSo e o y e o s k d k means
Random bit flips, corrupting the content of the affected memory cells Build a k d tree data structureRandom bit flips, corrupting the content of the affected memory cells Build a k-d tree data structure 
Multiple causes, e.g. power failures, alpha particles, cosmic rays Idea: use the k-d tree compute th
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Occurrence rates

Directly proportional to running time and memory used Resilient k-d treey p p g y
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Resilient k d tree

Seldom in individual memories, a lot in large clusters
A k d tree guaranteed to beha

Increase dramatically with altitude
A k-d tree guaranteed to beha

Increase dramatically with altitude
spite of memory corruptions

In space: much more frequent than at ground level
spite of memory corruptions

In space: much more frequent than at ground level
Split the tree in a top tree and map p

structures (as in [2])structures (as in [2])

Top tree: heavily replicated
k-Means

Top tree: heavily replicated
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Leaf structures only contain poiny p

Classical k-meansClassical k means

Given n input points group them in k clusters Resilient k-d k-meansGiven n input points, group them in k clusters Resilient k d k means
Idea: Maintain k centers – each center is the mean of points close to it k d k means using a resilient k dIdea: Maintain k centers each center is the mean of points close to it k-d k-means using a resilient k-d

Image clustering: a cluster contains all pixels of a color, compress images Theoretically guaranteed to beha
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Motivation: data communication between space and earth is expensive

k i i l i k-means in image clustek-means in image clustering k means in image clusteg g

Original image True labels k-means labels k-means labels Original image k-meansOriginal image True labels k means labels k means labels
with corruptions

Original image k means
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: k-Means in Space: k-Means in Space
k d k Means Clustering Accuracyk-d k-Means Clustering Accuracy

Adjusted rand indexdjus ed a d de

on all points
Measure how good the clustering is

on all points
Value of 1: perfect accuracy
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Value of 0: expected for random assignment of points to centersValue of 0: expected for random assignment of points to centers
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Leaf structures
Resilient k-d k-means maintains accuracyy
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