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Kernel methods provide a principled way to perform learning with
optimal generalization properties. However their high computational
. o . . . Algorithm train time kernel evaluations memory test time
requirements limit their applicability to large scale datasets. ,
. . SVM / KRR + direct method n>
FALKON is a novel algorithm that allows to scale up kernel methods KRR -+ iterative

preserving optimal statistical accuracy. Doubly stochastic
Pegasos / KRR + sgd
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FALKON achieves the for optimal
generalization.

COMPLEXITY: MillionSongs (1 ~ 5 x 10°)  YELP (n ~ 105)  TIMIT (1 ~ 105)
MSE  Relative error Time(s) RMSE Time(m) c-err  Time(h)

FINAL ALGORITHM FALKON 80.10 4.51 x 103 55 0.833 20 32.3% 1.5

Prec. KRR - 4.58 x 10~3 2897 - _ _ _
Hierarchical 4.56 x 1073 293* - . - .

D&C 80.35 - 37" - - -

Rand. Feat. 80.93 - 772* - _ ;
Nystrom 80.38 - 876" - - -
ADMM R. F. - 5.01 x 1073 9581 - -
BCD R. F. - - 491 34.0% 1.7%
BCD Nystrom - - 60* 33.7% 1.7¢
EigenPro - - 32.6% 3.9
KRR 500% 33.5% 8.3F
COMPLEXITY: Theorem: Deep NN _ 32.4% _
Sparse Kernels - 30.9% -
Ensemble 33.5% -

STATISTICS | |
Architectures: I cluster 128 EC2 r3.2xlarge machines; | cluster 8 EC2 r3.8xlarge

machines; { single machine with two Intel Xeon E5-2620, one Nvidia GTX Titan X
GPU, 128GB RAM; x cluster with IBM POWERS 12-core processor, 512 GB RAM;

x unknown platform.

SUSY (n ~ 5 x 10°%) HIGGS (n ~ 107) IMAGENET (n ~ 10°)
c-err AUC Time(m) AUC Time(h)  c-err Time(h)

FALKON 19.6% 0.877 4 0.833 3 20.7% 4
EigenPro 19.8% - 6 - - -

Hierarchical 20.1% - 407 -
Boosted Decision Tree - 0.863 - 0.810 -
Neural Network 0.875 - 0.816 -
Deep Neural Network 0.879  4680*  0.885 78%
Inception-V4 - - -

Architectures: 7 cluster with IBM POWERS 12-core cpu, 512 GB RAM; { single

— Nystrom GD machine with two Intel Xeon E5-2620, one Nvidia GTX Titan X GPU, 128GB RAM:
—— Nystrom SGD

——— Nystrom CG I single machine
— NYTRO GD
——— NYTRO SGD

COMPLEXITY: ' m— M FALKON is coded in MATLAB (on GithHub : “FALKON paper”). The
: experiments are run on a (two Intel Xeon E5-2630

STATISTICS - | v3, one NVIDIA Tesla K40c and 128 GB of RAM), while most of the
5 competitors uses clusters of multiple machines.
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