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Figure 1. Diagram of McKernel . We visually describsoftmaxW x + b) wherex = mckerne(x). The original image is padded in form of long vector to the
nearest power o, mapping2 is applied in-place. Calibratio& defines the choice of Kernel. The tensor is expanded by the number of Kernel Expariions
building a network with high compositionality. Finally, use real feature map Equation9. SGD Optimizer finds appropriate weight/ and biasb. Compute

2 on-the-fly keeping same seed both for training and testing.

McKernel introduces a to use kernel i in the mini- ~ Additional Key Words and Phrases: Kernel Methods, Deep Learning, Hadamard.

batch setting with Stochastic Gradient Descent (SGD) as an alternative to

Deep Learning. Based on Random Kitchen SiriRalfimi and Rech2007, :

we provide a C++ library for Large-scale Machine Learnfing contains 1 Introduction . X

a CPU optimized implementation of the algorithm in et al 2013, that Kernel methods fier state-of-the-art estimation performance. They
allows the ion of approxi kernel ions in log-linear  provide function classes that afexible and easy to control in terms

time. The algorithm requires to compute the product of matrices Walsh  of regularization. However, the use of kernels in large-scale machine
Hadamard. A cache friendly Fast Walsh Hadamard that achieves compelling learning has been beset withfficulty. This is because using kernel
speed and outperforms current state-of-the-art methods has been developed. expansions in large datasets is too expensive in terms of compu-
McKernel establishes the foundation of a new architecture of leaming that  (a1ion and storage. In order to solve this problenig] et al 2013
allows to obtain large-scale non-linear clagsation combining lightning proposed an approximation algorithm based on Random Kitchen

kernel expansions and a linear clafer. It travails in the mini-batch set- " Y )
ting working analogously to Neural Networks. We show the validity of our Sinks by Rahimi and Rect2007, that speeds up the computation

method through extensive experiments on MNIST and FASHION MNisT ©f @ 1arge range of kernel functions, allowing us to use them in
[Xiao et al.2017. big data. Rudi and Rosasc2017 describes the generalization of
Random Features and potentidfectiveness. Recent works on the
. . topic build on it to propose state-of-the-art embeddindsdng et al
CCS Concept¥Neural Networks ; ¥Kernel Methods ; .
P 2017 Kawaguchi et al2018 Moczulski et al 2016 Yang et al201§.

IMcKernel is available dtttps:/mww.github.com/curto2/mckernel

In this work, we go beyond former attempts\|-Shedivat et al
2017 Cho and SauP009 Wilson et al 201§ and propose a general
framework in lieu of Deep Learning. Our goal is to integrate current
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EE README.md

McKernel

McKernel: A Library for Approximate Kernel Expansions in Log-linear Time.
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Figure 2. Comparison of Fast Walsh Hadamard. McKernel (red) outper-
forms Spiral (blue) across the range of arguments.

For more information about the library, visit the website:

www.decurto.tw
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Figure 4. MNIST Mini-Batch Classification. Logistic Regression (LR)
(blue) and RBF MATERN (red) with increasing number of Kernel Expan-
sions. 60000 samples of training data and 10000 samples of testing data are
used in learning. RBF MATERN hyper-parameters, o = 1.0, t = 40. Seed
1398239763, learning rate y = 0.001 and batch size 10. LR learning rate 0.01.
Number of epochs 20.
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github.com/curto2/mckernel/

e Standard (mckernel/standard).
o Library McKernel.
e Standard+ (mckernel/sdd+).
o Library McKernel. Pseudo-random numbers generated with functions of hashing. Suitable for distributed
applications. Recommended.
e Learning (mckernel/lg).
o DL framework to reproduce experiments in the paper.
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)EOF") ;

int main(int argc, const char xargv[])

printf(R"EOF(

//Load training set

1g::Tensor_float trainingset, training_targets, testingset, testing_targets;

19: :MNIST_Load_Binary(
"../../../data/fashion_mnist/train-images—idx3-ubyte",
"../../../data/fashion_mnist/t10k-images-idx3-ubyte",
"../../../data/fashion_mnist/train-labels-idx1-ubyte",
"../../../data/fashion_mnist/t10k-labels-idx1-ubyte",
trainingset, training_targets, testingset, testing_targets);

printf("# Samples Test: %d.\n", testingset.height());
printf("Dimension Features: %d.\n", testingset.width());
printf("# Samples Train: %d.\n", trainingset.height());
printf("Dimension Features: %d.\n\n", trainingset.width());

//Kernel Expansions
int expansions = 3;

//RBF MATERN
unsigned long t

= 40;
float sigma = 1.0;
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//Initialize variables

unsigned long nv = input.height();
unsigned long dn = input.width();
unsigned long D = expansions * dn;

unsigned long tnv tinput.height();
unsigned long tdn tinput.width();
unsigned long tD = expansions * tdn;

//Initialize McKernel

//Initialize variables
1g::Tensor_float trainingset_McKernel(2 * mckernel->M_dn_D,

trainingset_McKernel.fill(9);
testingset_McKernel.fill(0);

//Linear Classifier (1-layer Neural Network)
1g: :Neural_Network nn;

nn.push("INPUT", e,
nn.push("LINEAR", "INPUT",
nn.push("OUTPUT", "LINEAR",

//Print Network
nn.printstack();

for (int c = 0; c <= cycles; c++) {
//Update learning rate

//0ptimize neural network with random sample
int random_sample_id = rand() % samples;

McKernelx mckernel = FactoryMcKernel::createMcKernel(FactoryMcKernel: :MRBF, input, nv, dn, D, seed, sigma,
McKernelx tmckernel = FactoryMcKernel::createMcKernel(FactoryMcKernel::MRBF, tinput, tnv, tdn, tD, seed, sigma,

input.height()

)
1g::Tensor_float testingset_McKernel(2 * tmckernel->M_dn_D, tinput.height());

1g::Variable: :make(2 * tmckernel->M_dn_D));
1g::Linear::make(10));
1g: :Sigmoid: :make());

sgd.setLearningrate(sgd.getLearningrate() - baselr / (double)cycles);

t);

H"#$%&'()"(!



http://www.decurto.tw/

Open source tools and practices in :
state-of-the-art DL research {:‘—! ICLR

N3098+1)&

)& ($EI+)>B((=EM6605(&'.92"0%5")'26

nV'$0(9$EE+.E+0+50(($'+)>+E(1:$n+L"+]'+Q055.92"

15968 ()" (! *$+ &'(-+.+*/01"



http://www.decurto.tw/
https://amturing.acm.org/

Open source tools and practices in
state-of-the-art DL research "3 ICLR

0iIX TAX=":7TATX

2ZJI0E OE8$H) =)<.#$ E)5$ '$>$'$9%$D 2'0E=(3$ >&9#05$9(0:5> (35 %)9E('&%(.)AHB.23:.23(SHISES(3'$S

)'SE M

| N3$4&.:#.924:)%8ELO3.5. 094L$%3(IU\ 7AA®

I N3H(3$)'$(.%0>'05$!)'8 .E=")<.#$#.9a$$( 0 J,Ka 7TA?¢ JHSEY' 4$E#$(0. . &EF"

I X>):)! R=1)'8 (30(2.<$M>:0<))>&E® .EK)%1&: ES( 0" J,aL 7A?0 Q$'$ (381 0'$ &E.923$ OGRLISN09E>)'5
9E($04> (3$ QO#050'#"

JO:E)%0::$8(($9(.)9 ) E)5$ >.'EQ'#$' 5$(3)#E :.8$(3$1$&'0: N092$9P$'9$: TFIU\TA?E

7ZJI0E 0:E)OE8$#4)&( (3$" )> &ES'MIH0%%$=(09p4$3$ :.4'0' " I$;=:0.9$#(30(!$ !$'$ 2)1.92 .9=)=&:0'.( 09#
(30(!$ 109($# K%P$9$() 4% (3% E05S(30(N3$09)) ,0>>8$'S .9 (35301 #OIE)>#$$=:$0'9.924&(>)' (3SEWS!
10<$ )> :$0'9.92'$="$E$I(0(.)9E XE!$:: OE0 93! 101 () %)5$ &='.(3 93! 0'%3.($%(&'YE 9$&'0: 9$(!)'8E (30(
9($2'0($=")=%$'(.$E )> 85'9$: 5$(3)#E"

cZJO:E)9)($# (3% 8%l (08$0!01 >)5 (3% (0:8M502.9$ (3% >.'E(0! )>f$I()9H 09# (3$9 (3.98(30(!$ :.<$.90 1) #
13$'S 1$ 30<$09$;('$58:1 2)}# 101 () 0==")..50($ 2'0<.(IHA&(!$ #)9e(89)! (3$'$0: $[&0(.)9 (30(#SEY'.4HBS
'$:0(.)9E3.=4$(1$$9 (3$ <0'.04:$EN3$9508.92 =)2'SEE.Q E%.$9%E# 4$ ES<$'$:14#.>>.%&&) 0 =).9(ZHE!$
N&:# 9$<$ >&::12'0E=(3$ $[&0(.)9 (30(:.$EA$3.9#(3$ 0==");.50(.)9 " J502.9%$(30( (3$ E05$.E30==$9.929 *a 09#
(30(&E.9B[&0(.)9 >)5 E: #I@BE)=$'(.$E )>9$&'0:95(1)'8E %0AS#S . <$#4l .9($'="$(.92 (335 OE8$'9$: 5$(3)HE"

H"#$%&'()"(!



http://www.decurto.tw/

