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Introduction

Prerequisites

. ROOT is an open-source framework for high-scale data processing and
analysis in HEP

. ROOT offers support for supervised learning techniques for data analysis
through the TMVA (Toolkit of Multi-varied Analysis) module

. TMVA SOFIE (System for Optimised Fast Inference code Emit) is a fast
machine-learning inference engine
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Introduction
How SOFIE works

Input: Trained ML Model
(.onnx, .pt, .hb)
Parser: From ONNX (or Pytorch

@ O N Nx\or Keras) to SOFIE: :RModel
O PyTorch
Keras /

e C++ file hardcodes the inference function
e Directly invokable from other C++ projects
e Minimal dependencies (on BLAS only)
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Outputs

Weight File (.dat)

DAT

c G

C++ File (. hxx)



Introduction
How SOFIE works

// Parser

model .hxx

namespace TMVA SOFIE model {

using namespace TMVA::Experimental::SOFIE; struct Session {

RModelParser ONNX parser;

RModel model = parser.Parse(“model.onnx”); Session (std::string = “7) {

// Generate Code Internally ‘ }

model .Generate () ; // hardcoded inference function

std::vector<float> infer (float *input) {
// Write Output Header File and Data Weight File

model.OutputGenerated() ; }

infer.cpp

#include “model.hxx”

// Create Session Class

TMVA SOFIE model::Session s();

// Event Loop

{ Inference code: needs to be linked against the BLAS

auto result = lerarles
s.infer (input) ;
_______________________________________________ 1
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Project Description

Extend SOFIE functionality to produce SYCL code

model .hxx
namespace TMVA SOFIE model ({

// Parser
using namespace TMVA::Experimental::SOFIE;
RModelParser ONNX parser;

struct Session {

RModel model = parser.Parse(“model.onnx”); DESSLEm (S15e3 Bt = )
// Generate SYCL Code Internally ) . .
// hardcoded inference function
model .GenerateGPU () ; .
std: :vector<float> infer (std::vector
*input) {

// Write Output Header File and Data Weight File

model .OutputGeneratedGPU () ; }

infer.cpp

#include “model.hxx”
// Create Session Class
TMVA SOFIE model::Session s();

// Event Loop

{ Inference code: needs to be linked against the oneAPI
MKL Libraries (oneapi::mkl::blas) and compiled using a

S AmEer nput) | SYCL compiler
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What is SYCL?

e SYCL is a single-source, high-level, standard C++ programming model,
that can target a wide range of heterogeneous platforms (CPUs, GPUs,

FPGAS)

. . SYCL, OpenCL and SPIR-V, as open industry SYCL enables Khronos to
++ -
C++ Libraries standards, enable flexible integration and SYCL W influence ISO C++ to (eventually) @
deployment of multiple acceleration technologies Source Code support heterogeneous compute

Source File

UNIVERSITAT

Standard C++] = 3
( ) £ XILINX. IPSYCL ™ LEiDerBERG
[P [ PR S R triSYCL hipSYCL neoSYCL
H i Uses LLVM/Clang M 3 Open source CUDA and SX-AURORA
e TSUBASA
SYCL Template [~} ‘ SYCL Template Part of oneAPI i test bed HIP/ROCm
: CPU Compiler
Library p Library o
d I
. r — H
Any CPU CUDA+PTX OpenCL+ J OpenMP | B OpenMP
NVIDIA GPUs Any CPU Any CPU NVIDIA GPUs
Backend CPU Binary e OpencL + e OpenCL + OpenCL £0
SPIR/LLVM Intel CPUs
L ; ; GPR. AMD GPUs NECVEs
ﬂ % Intel CPUs Intel CPUs XILINX FPGAs
Intel GPUs Intel GPUs POCL
) ) Intel FPGAs Intel FPGAs e Multiple Backends in Development
Device Binary Aﬁeb S:‘P'Jixk GPUs and more) SYCL beginning to be supported on multiple
a2 w low-level APIs in addition to OpenCL
e.g., ROCm and CUDA

< j IMG PowerVR
Renesas R-Car For more information: http://sycl.tech

‘ Single Executable J

loanna-Maria Panagou




SYCL Application Structure

I#include <CL/sycl.hpp>|// header file
namespace sycl = cl::sycl; InCIUde SYCL headel‘

int main () {

// host storage (a = * 2)
std::vector<float> a = {1.0, 2.0, 3.0, 4.0};
std::vector<float> b = {0.0, 0.0, 0.0, 0.0}; L .
auto length = a.size () Initialize Device Selector
sycl::default selector device_selector;l// device selector
sycl::queue queue (device selector); | queue

o

Setup Host Storage

Initialize Device Queue
{ // begin scope

// device storage

sycl::buffer<float, 1> a buf(a.data(), sycl::range<l>(length);

sycl::buffer<float, 1> b buf (b.data(), sycl::range<l>(length); Setup Device Storage

// kernel execution

queue.submit ([&] (sycl::handler& cgh)
auto a_acc = a_buf.get access<sycl::access::mode::discard write>(cgh);
auto b_acc = b_buf.get access<sycl::access::mode::read>(cgh);

cgh.parallel for<class op>(sycl::range<l>(length), [=] (sycl::id<1l> id) { Execute Kernel
a acclid] = b acc[id] * 2;
1)
});
} end scope

return (0);
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C++ to SYCL

RModel std::string Generate() RModel: : GenerateGPU generates code for:
- Device Selection
- Queue Initialization
Y _ .
ROperator opl ROperator op2 e ROperator opn Host & Device Storage

std::string Generate()

ROperator_Gemm

Y

Y

ROperator_Conv

std::string Generate() //====== RELU
» ROperator_Relu for (int id = 0; id < length ; id++) {
tensor out[id] = ((tensor_in[id]
std::string Generate() }
» ROperator_RNN
/=== RELU

g.submit ([&] (cl::sycl::handler &cgh) {

auto acc_tensor_in = cl::sycl::accessor{buf tensor in, cgh, cl::sycl::read only};
auto acc_tensor out = cl::sycl::accessor{buf tensor_out, cgh, cl::sycl::write only,

cl::sycl::no_init};

cgh.parallel for<class op_ 17>(cl::sycl::range<l>(length), [=](
acc_tensor out[id] = cl::sycl::max(acc_tensor in[id], 0.0f

b
=¥ . .
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std:istring cenerate()  ROperator: : GenerateGPU generates code for the kernel execution

> 0 )? tensor_in[id] : 0);

’

cl::sycl::id<1> id) {
)



Benchmarking

Speedup from ONNXRUNTIME and Speedup from SOFIE C++ Inference (Standard BLAS / Intel MKL BLAS)

B Speedup from ONNXRUNTIME [l Speedup from SOFIE C++ Inference (Standard BLAS) Speedup from SOFIE C++ Inference (Intel MKL BLAS)
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Benchmarking

Time/event (ms) for GEMM benchmarks vs Inference engine
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Thank you!

Questions?
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