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ADbstract

The permutation test is an often used test procedure for
determining statistical significance in brain network
studies. Unfortunately, generating every possible
permutation for large-scale brain imaging datasets such as
HCP and ADNI with hundreds of subjects is not practical.
Many previous attempts at speeding up the permutation
test rely on various approximation strategies such as
estimating the tail distribution with known parametric
distributions. In this study, we propose the novel
transposition test that exploits the underlying algebraic
structure of the permutation group. The method is applied
to a large number of diffusion tensor images in localizing
the regions of the brain network differences.
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What is permutation test?
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History of permutation test

Fisher 1935, The Design of Experiment

(-

Thompson et al. 2001, Nature Neuroscience
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Limitation of permutation test

Serious computational bottleneck
) Need to permute million voxels.

2) Very slow: Exponential run time

Thompson et al. (2001) used supercomputer:
| million permutations for
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Number of clusters

Pervious method: Exact topological inference (ETI)

D, = sup |Bi(Gy.) — Bi(GX.)

1<j5<q
><1O4 | | | Aq,q

3 .
- - MZ-twins P(D > d) — 1
—DZ-twins q — 2q
2.5 st
q
2
1.5¢
V=1U-T d Ag-1,4 Agq=A4¢-1,4+ Agq-1
1 ®
0.5t
— ® ® A, 1
0 - wn ' ' d,r'/
0.5 0.6 0.7 0.8 0.9 1

Cross correlation




Random transposition on the permutation group
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Theorem |: If the test statistic is algebraic, there exists
a function g such that

fmij(x),mi5(y)) = 9(f(x%,¥), i, yi)

where computational complexity of g is constant.

Theorem 2: Any permutation in Sim-+n can be
reachable by a sequence of transpositions.




Online computation for t-stat.

V(X):Z%v w(x) = ('CCJ . )
om 7 = OBm+2)

T-stat computation per permutation
Permutation test: O(4m+4n+20)
Transposition test: O(35)
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Simulation: Mixing proportion over transpositions
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Matlab code

Permutation test

[stat_s, time_s] =

Transposition test
stat_t=[];
for i=1:10000
[stat, time] =
stat_t=[stat_t; stat];
time_t=time_t + time;
end



t-stat.
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