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Approach: Approximate MSApproach: Approximate MS
Accuracy: an explicit error bound on 

the approximation error of the mean 
vector

Stability 
Parameters: as few as possible

ContributionsContributions
DT-MS, a novel MS approximation based on the dual-tree (DT)
Extend DT method to signed vector computation
Compare 3 fast MS algorithms on a standardized dataset and Highlight for the first time the issue of 

stability in MS approximation
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Dualtree(Q,R)

if Can-approximate(Q,R,   ), Approximate(Q,R), return;

if leaf(Q) and leaf(R), DualtreeBase(Q,R)

else Dualtree(Q.l, R.l), Dualtree(Q.l, R.r), 

Dualtree(Q.r, R.l), Dualtree(Q.r, R.r)

τ

How DT ensures approximation error

Distribute global error bound into node-node pruning criterion
Finite difference approximation with updated bounds

Can-approx.

Approx.

Bounds
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0.01361/1127.35/6224.4848.88Hawk
0.01021/1187.54/6162.6532.86Plane

0.01631/1300.66/5729.4419.06Vase
0.01722/13059.38/5352.241.75Cowboys
0.00651/139.71/5420.36136.51Snake

0.01661/1155.22/6944.5444.74Fox
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Speedup: DTSpeedup: DT--MS over naMS over naïïve MSve MS
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Input: ε,, RQ XX
Output: the converged QX
while ε≥)max( dist do 

for Qq Xx ∈ do 
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Dual-tree approximation

Each iteration requires O(NM) operations!

N=481*321, D=3

N=6000, Time=190.21sec
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Comparison among DTComparison among DT--MS, IFGTMS, IFGT--MS and LSHMS and LSH--MSMS


