
Compress (the Data and) Then Test 
1. Turns quadratic time tests to near-linear time tests 
2. Provides up to 200x speed-up (1 hour  20 sec) 
3. Maintains level and power provably 
4. Works with kernel approximations (Low-rank CTT) 
5. Applies for kernel selection (Aggregated CTT)

→

Kernel two-sample testing 
•  i.i.d. sample of ,  i.i.d. sample of .  

• Null hypothesis:  
• Non-parametric form via kernel maximum mean discrepancy (MMD) 

 
 

 
 

with Test statistic:  
 

Prior MMD strategies are slow 
• Computing MMD takes  time

 

• Can we speed up the test while 
A. respecting Type I error: reject null rarely when , and 
B. keeping our test powerful: reject null often when ? 

• Prior speedup strategies sacrifice power!

𝕏n = (Xi)1≤i≤n ℙ 𝕐n = (Yi)1≤i≤n ℚ

ℋ0 : ℙ = ℚ

ℋ0 : MMD2
k(ℙ, ℚ) Δ=𝔼X,X′ ∼ℙk(X, X′ )+𝔼Y,Y′ ∼ℙk(Y, Y′ )−2𝔼X∼ℙ,Y∼ℚk(X, Y)=0

Δ(𝕏n, 𝕐n) = {
0 if MMD2

k(𝕏n, 𝕐n) < tα (accept ℋ0)
1 if MMD2

k(𝕏n, 𝕐n) ≥ tα (reject ℋ0)
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ℙ = ℚ
ℙ ≠ ℚ

CTT guarantees 
 
A. Exact Type 1 error:   

If , then  

B. Power:  
If , then  

 

 

Number of blocks used in Block MMD test 
Number of ordered index pairs in Incomplete MMD test 
Failure probability for CTT guarantees 

  auxiliary kernel used by KT-Compress & 

MMDk(ℙ, ℚ) = 0 Pr[Δ(𝕏n, 𝕐n) = 1] = α

MMDk(ℙ, ℚ) ≥ Separation(β) Pr[Δ(𝕏n, 𝕐n) = 1] ≥ 1 − β

B =
ℓ =
δ =
k′ = k(x, y)=∫ krt(x, z)krt(z, y)dz
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Test name MMD separation Runtime

CTT 
(ours, Thm. 1)

Complete MMD 
(Gretton et al., 2012a)

Block MMD 
(Zaremba et al., 2013)

Incomplete MMD 
(Yamada et al., 2019)
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Speed up testing by compressing 
• Compress  to  of size   with small  

 
 

 

 
Compress Then Test (CTT) 
1. Run KT-Compress to get  &  with  

2. Use  instead of  

3. Compute threshold  via cheap permutations: Group data into  

bins, sample  permutations of , and permute the  bins 

                               CTT runtime:    if  

              Original test runtime: 

𝕏n �̂�m m = n MMD2
k(𝕏n, �̂�m)

𝕏n → �̂�m 𝕐n → ̂𝕐m m = 2𝔤 n

MMD2
k(�̂�m, ̂𝕐m) MMD2

k(𝕏n, 𝕐n)

tα s ≪ n
ℬ [s] s

Õ(n) + O(s2B) 𝔤 = log log n
O(n2B)

Random  
sub-sampling

KT-Compress

Random 
subsampling

KT-Compress 
(Shetty et al., 

2023)

Time

MMDk(𝕏n, �̂�m)

O(n1/2) Õ(n)

O(n−1/4) Õ(n−1/2)

CTT’s dominance in time-power tradeoff on Gaussian data and EMNIST data

Low-rank CTT’s dominance over random Fourier features based test

Aggregated CTT’s dominance for kernel selection on Blobs and Higgs data 
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Visual comparison on 8 ℙ⋆ =

3

64 iid input points 8 output points

Kernel thinning

Standard thinning

1. Compress  to  each of size  using KT-Compress: 
 time 

2. Use  as the test statistic:  time 

Total runtime:  if 

𝕏m, 𝕐m �̂�m, ̂𝕐m 2𝔤 m
Õ(4𝔤m)

MMD2
k(�̂�m, ̂𝕐m) Õ(4𝔤m)

Õ(m) 𝔤 = log log m
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