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Main results

Problem

Covariance Matching

How to select synthetic data? iy S| =0
. corem >, Until |S] = n, ;
Real Data There exists a deterministic value Z(Z,, >)) SUACh that, with high probability, Select x minimizer of |2 (S uUx) — X||#
R(E,Z) = RP,P).
D Risk only depends on the covariance matrices, and not on the means. y
S
>
Theorem N 0 10 100 1000
For a fixed X, it holds that argmin . Z((Z,,>) ~ X.. .
Setting f o f Experiments
Given a training covariance X, optimal to choose synthetic data with X, « Z, CIFAR 10
Data model i.e., match the covariances.
Method Scratch Distillation Pretrained
No synthetic 44.36 £1.51 47.33+0.57 63.40 &+ 1.33
_ AT ™
D y=p x+e Formally stated Center matching 50.04 +£2.84 53.83+0.59 67.01 4 0.89
/‘ /‘ \ \ Center sampling 50.48 +2.03 54.91+1.07 67.71 £ 0.90
DS3 52.83+2.19 58.32+0.43 68.21 + 0.66
x; ~ N, Z) R R R X~ N, ) , R
i 5 . , It holds that lim |R(ﬁ,ﬂ) _ ‘%(Zt’ 25) | =0, where for n = nA4n, K-means 50.74 £1.77 56.06 = 0.68 66.50 £ 1.11
e, ~ N(0,6%) . el ~ N (0,6%) 0o Random 49.38 +2.43 54.89+0.91 67.65=+0.77
AT e s ~1 _oT ; 2 ~1 Text matching 50.94 £1.40 55.17+0.57 67.81£0.76
v, =0 x +¢ 0<75 P ST y=p x+¢ RM) = o T (0612?1/22 124 g1 > ’ Text sampling 50.28 +1.18 54.824+0.72 67.45 + 1.02
Y Y n ’ P Covariance matching (ours) 54.004+1.89 59.77+£0.61 69.20 & 0.56
{yl’ xz}izl {YI’ x.]}j=1
' 1 p ﬂ o " Real upper bound 61.08 + 2.54 65.38 1+ (.! 35+ 0.56
Aad| s = =
SUCh that 04] + ay = 1 — %, 04] - ; m = 78, /11- = /11- (Zt 1/225'2t 1/2) .
. Al 2
Performance measure =
2 T T.12
R(B.P) =E,y5) B x—pTx| ImageNet 100 RxRXx1
o o ey = 05 | g e
X~ e ps=0-1(theo'ry.)I 07 psjg-; (;hmeo.rry.():al « S . Zszg'; (::Z.r:ia Method Truncated models T2I models Method MorphGen
g 03 \.\ e ois o (ampiea = o breos larpion 2% \\ . pZ=ofsEempﬁrgca|§ No synthetic 40.78 +1.29 No synthetic 86.83 + 2.44
i 2 Ne Po 0y tompreed @ Lt sl 2, . il Center matchin 53394037  53.96+ 1.06 Center matchin 88.17 + 2.35
Estimator 8 02 \-§. > S o — §03 \‘§:\. Dsgt e 57.474+0.87  53.51+0.31 Rantlom e 87.33 +2.03
n, n, LUl O\‘::\.i. LLi o © s @ e @ 1 © s @ e @ e ® s @ @ L 02 \.:::.5. Random . 54.14 + 0.82 49.84 +1.32 K-means 89.00 £ 1.70
A L . .. . T o) T 2 o1 N.~.:: _____ P — 0§.~:~:_. Text I.natchlng . 53.39 £ 0.99 53.37£0.72 DS3 ‘ 89.67 4+ 1.45
ﬂ «— {||b||2 . b minimizes |b .xl- - yll + |b X — yl } 0.3 P O O O O o=om=e: 04 - Covariance matching (ours) 57.52 £+ 0.36 53.07 £ 0.89 Center sampling 88.75 + 2.27
. . / / 2 N n6 8 10 00 02 04 06 08 10 1 2 3 4 5 9 677 ~ Covariance matching (ours) 90.00 & 1.86
i=1 =1 v Cosine similarity of means Covariance scale



