Towards Mapping Lift To
Deep Neural Networks

1 Context

e GEMM isubiguitous in Deep Neural Networks (DNNs)
® |tisthe basisof bothstencil and imZ2col convolution methods

e Hardware accelerators use N-dimensional computational units
e These units are exposed in ISAs via coarse-grained operators:

VVAdd32, VVAdd64, MVAdd64, MVAdAd1l29
VVMul64, VVMull28, MVMul64, MVMull2S8

2 The problem

e How can we combine device-specific operators optimally?
e How can we make the optimisations performance portable?

e How can we automate and abstract the process from the user?

3 The Lift approach
3.1 Concept cEmm SIS o
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3.2 Functional data-parallel IR Language

® Address space operators
toChip, toDram, toOutput

e Arithmetic operators
ScalarAdd, VVAdd, MVAdd, MMAdd
ScalarMul, VVMul, MVMul, MMMul
VVRelu, VVTanh

e Datatypes

Int, Arrays
Float8 / Floatl6é / Float32

® Algorithmic patterns

Map, Slide, Reduce, Zip
Join, Split

3.3 Rewrite rules

Split-join rule Map fusion rule GEMYV rule

e Generic and customisable
e 3levels: DSL, algorithmic, hardware . —

e Extensible

Map(f >> q)
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A fully connected layer

Zip( 1 Zip(
W, 2 (W

B) >> 3 _B) >

Map((neuronW, neuronB) => 4{Map((neuronw, neuronB)i =>
VVMul(neuronW, toChip(X)) >>

i6: Reduce(ScalarAdd, 0) >>
t7! ScalarAdd(neuronB)) >>

VVRelu( ) >> toOutput() {7
8 VVRelu() >> toOutput()

for (int 1 = 0; 1 < n_neurons; 1++) {
for (int j = 0; j < x_length; j++) {
temp[j + x_length*i] =
X[j] * W[j + x_length*i];

for (int 1 = 0; 1 < n_neurons; i++) {
for (int j = 0; j < x_length; j++) {
temp[j + x_length*i] =
X[j] * W[j + x_length*i];
} }

UT[1] = BIi];} i} out[i] = o;
for (int j = 0; j < x_length; j++) { for (int j = 0; j < x_length; j++) {
OUT[j] += temp[j + x_length*i]; OUT[j] += temp[j + x_length*il;

}
t11! OUT[i] += B[il;

{11 VVAdd(

21 MVMul(W, X >> toChip)
8 B) >

4 VVRelu() >> toOutput()

6
7 VVRelu() >> toOutput()

{litemp = MVMUl(W, X);

ifor (int i = 0; 1 < n_neurons; i++) {|
31 OUT[i] += B[1]; =
44}

1 temp = MVMul(W, X);
{2 ouT = VVAdd(temp, B);

on the

Brain\VWave accelerator
on

OpenBLAS

Mall GPU

clBLAS

1 Zip(

2 W >> Map(neuronW =>

3 VVMul(neuronW, toChip(X))),
ﬂ B) >>

fSEMap((neuronwx, neuronB) =>

9 VVRelu() >> toOutput()

1 for (int 1 = 0; 1 < n_neurons; i1++) {

2 for (int j = 0; j < x_length; j++) {
3 temp[j + x_length*i] =

4 X[j1 * W[j + x_length*i];
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t7ifor (int 1 = 0; 1 < n_neurons; i++) {
5 (OUTIT ="0; )
9 i for (int j = 0; j < x_length; j++) {i
10t O0UT[j] += temp[j + x_length*i];

11 §F

12 OUT[Ll] += B[1l;

13 }

r“‘Map((neuronWXreduced, neuronB) =>
i/} neuronWXreduced >>
8 ScalarAdd(neuronB)) >>

VVRelu() >> toOutput()

for (int j = 0; j < x_length; j++) {

temp[j + x_length*i] =
X[j1 * W[j + x_length*i];

}

OUT[1] = 0;

{78 for (int j = 0; j < x_length; j++) {
OUT[j] += temp[j + x_length*i];

}
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11 for (int 1 = 0; 1 < n_neurons; i++) {
12 OUT[1] += B[1];

13 }

for (int 1 = 0; 1 < n_neurons; i++) { |




