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CROQuant: Complex Rank-One Quantization Algorithm,
with Application to Butterfly Factorizations

Motivation: Reduce memory footprint by lowering numerical precision in numerical algebra (e.g. FFT) by exploiting rescaling invariances.

Geometrical properties of f

2. Piecewise constant with
polygonal pieces

1. Invariance by multiplication
by 2 and by ¢
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Rank-One Quantization problem Round-To-Nearest (RTN) Key characterization
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Optimally solved in the real case [1] H 1 Reduction of a problem with
by exploiting the rescaling invariance property LY = ()\ZE) jy Fast but potentially not optimal 2(m + n)quantized variables
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3. But with an accumulation phenomenon
that generates an infinite number of pieces
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Construction of CROQuant Experiments
Algorithm 1 CROQuant: Complex Rank-One Quantization Algorithm Trade-off accuracy/time compared to RTN
Input: e R, yeR*, t>1,0€N )
1: Initialize \ + 1 o m
2: Build the tiling domain (2 0+1§ 2+3+4§ G
3: Build Ry, the set of polygonal pieces inside () associated with ¢ . v
4: Build Ay, the set of centroids from the polygonal pieces R On random rank-one matrices Qg
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6.  if f(\) < f()\) then \ + A Re(z), Im(@) ~ Uy, Py |lzy — 297 || S
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Application to butterfly Factorizations g O
. B, | B e | B | 1. CROQuant improves accuracy compared to RTN when ¢ > 2
E‘ ] !!U o .“ = 2. As ™ and 7l increase, increasing ¢ is less worthwhile
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. 8. rﬁE g On random butterfly matrices On the Fast Fourier transform
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Butterfly Quantization problem o ’ 1B, By y=Fax Il
min B....Br — B o B H2 Error vs. mantissa bits Error vs. FFT size
Bi....B; cCF**xn ! b ! b F RTN (fit: 1.1 x 270 RTN
o ’ Pairwise (fit: 0.8 x 2714 Pairwise
Key property o —%— TR (fit: 0.4 x 2714 —= LR
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X A —>use 71 times CROQuant 10 1o
Xy" = Z z;y" where x;y. have disjoint supports [2]
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For L > 2: need heuristics to decide how to order/group the factors 3 ; Ty ; + o e
Left-To-Right (LTR): writing B1(Bs(--- (B 1Bp)---)) o
Pairwise :writing (B B5)(B3By) - - (Br_1B) —— Reduction of 30% bits compared to RTN _Lsiene Feles CLIEREIm AU
9 y \ on the FFT Py
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