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Visit:    www.intel.ai/technology

Intel® oneAPI Math Kernel 
Library

(Intel® oneMKL)

Deep Neural 
Networks Library 

(Intel® oneDNN)

Intel Optimized FrameworksIntel® oneAPI
Data Analytics 
Library 
(oneDAL )

Intel® 
Distribution 
for Python* 
(NumPy*, SciPy*, 
Numba *, Sklearn*)

Intel® 
Distributio
n for Modin
(Distributed 
Pandas*)

Distributed
(MlLib on Spark, 
Mahout)

Intel® oneAPI Collective 
Communication Library 

(Intel® oneCCL)
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Optimization Notice

1 An open source version is available at: 01.org/openvinotoolkit *Other names and brands may be claimed as the property of others.
Developer personas show above represent the primary user base for each row, but are not mutually -exclusive
All products, computer systems, dates, and figures are preliminary based on current expectations, and are subject to change w ithout notice.

http://www.intel.ai/technology
https://software.intel.com/en-us/articles/optimization-notice
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Agenda

xIntel® Optimization for TensorFlow

xIntel® Optimization for PyTorch

xSpeedup DL inference via Intel® Neural  Compressor

xExercises



Intel Optimization for 
TensorFlow
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Intel Contributions in TensorFlow

4+ years of close collaboration between Intel and Google

2018

oneDNN
library 

integrated

2019 ©§©§ 2021 2022

Quantization 
Introduced

Data type 
optimizations

Co-architected pluggable 
device for new AI devices

AI accelerator 
support 

(Intel® AMX)

2017
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Features

xSupports  FP32, FP16, Bfloat16, and int8.

xLeverages Intel® DL Boost, AVX512 instructions and 
processor capabilities

xFused operations for optimized performance

Category Functions

Compute 
intensive 
operations

Å (De -)Convolution
Å Inner Product
ÅRNN (Vanilla, LSTM, GRU)
ÅGEMM

Memory 
bandwidth limited 
operations

Å Pooling
Å Batch Normalization
Å Local Response Normalization
Å Layer Normalization
Å Elementwise
Å Binary elementwise
Å Softmax
Å Sum
ÅConcat
Å Shuffle

Data manipulation ÅReorder

oneAPI Deep Neural Network Library (oneDNN)

Support Matrix

ÁCompilers: Intel® oneAPI DPC++ / C++ Compilers

ÁOS: Linux, Windows , macOS

ÁCPU: Intel Atom, Intel® CoreĻ, Intel® Xeon®, Intel® 
Xeon® Scalable processors

ÁGPU: Intel® Processor Graphics Gen9, Intel® Processor 
Graphics Gen 12
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oneDNN Integration with 
TensorFlow

MatMul

@8J ;

Pow

Mul

Add

Mul

Tanh

Add

FusedMatMul
+

GELU

*LC

Mul
Aggressive Fusions of BERT ops 
(MatMul + BiasAdd + GELU) into 
oneDNN op

ÅReplaces compute -intensive standard TF 
ops with highly optimized custom oneDNN
ops

ÅAggressive op fusions to improve 
performance of Convolutions and Matrix 
Multiplications

ÅPrimitive caching to reduce overhead of 
calling oneDNN
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oneDNN Optimizations 
in TensorFlow

https:// medium.com /intel -analytics -software/leverage -intel -deep -learning -optimizations -in-tensorflow -129faa80ee07
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Relative Throughput improvements with oneDNN optimizations 
(inference)

Relative Latency Reduction with oneDNN optimizations 
(inference)

* https://github.com/tensorflow/community/pull/400



Intel Optimization for PyTorch
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What is Intel Optimization for PyTorch ?

&EK<Cxʲ,GK@D@Q8K@FEʲ
=FIʲ-P1FI:?{

Stock PyTorch

(with CPU 
optimizations 
upstreamed )

Intel® Extension for 
PyTorch * (IPEX)

Å Intel regularly upstreams most of the CPU optimizations to standard 
PyTorch

Å Intel releases additional features and performance improvements through 
the Intel Extension for PyTorch
ÅAs the extension presents more aggressive optimizations, it offers bigger 

speed -up for training and inference 
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Intel® Extension for PyTorch* (IPEX)

ÅBuffer the PRs for stock Pytorch

ÅProvide users with the up -to -date Intel 
software/hardware features

ÅStreamline the work to integrate oneDNN

ÅUnify user experiences on Intel CPU and GPU

ÅConsidering enabling the optimizations by 
default in official TensorFlow. Published a 
TensorFlow RFC* for feedback.
0L@N<PKN˜0LPEIEW<PEKJ
ü!ROPKIEW@?˜KL@N<PKNO
ü RPK˜CN<LD˜KLPEIEW<PEKJ

Mix Precision
üAccelerate PyTorch operator by LP
üSimplify the data type conversion

Optimal Optimizer
üSplit Optimizer (e.g., split-sgd)
üFused Optimizer

PyTorch
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Ease-of-Use User-Facing API (v1.10.x~)

fp32 bfloat16
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Intel Extension for PyTorch benchmark for fp32
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Model architecture
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Throughput Inference Realtime Inference
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Intel Extension for PyTorch benchmark for BFloat16
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MODEL ARCHITECTURE

Speed -up compared to stock PyTorch for BFloat16

Throughput Inference

Realtime Inference
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Use case with Intel-optimized PyTorch

Å*P:F98:K<I@LDʲ1L9<I:LCFJ@Jʲ!<K<:K@FEʲN@K?ʲ
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Speedup DL inference via Intel 
Neural  Compressor
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Low-Precision (8-bit Integer) Inference Optimization

ÅQuantized models using 8 -bit integers gaining 
adoption
ÅImproved performance

ÅTrade off accuracy for performance

ÅAdditional post -training quantization step 
needed

ÅIntel Neural Compressor

ÅAutomatically quantizes pre -trained model

ÅPicks quantization scheme to meet specific performance 
and accuracy needs

ÅConsidering enabling the optimizations by 
default in official TensorFlow. Published a 
TensorFlow RFC* for feedback.

FP32 FP32 #-¥¤

FP32FP32

INT8 INT8 INT8

INT8INT8

.L8EK@Q8K@FE

Conv2D

BatchNorm

Relu

Conv2D

BatchNorm

Relu

Graphic Optimization
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Performance

3.9xBaseline

Stock TF on ICX
(FP32)

oneDNN Enabled
(FP32)
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OOB Random Models
(w/ VNNI example)

Model Accuracy & Performance

2.2x geomean and up to 4x performance

Relative Percent Ratio
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Architecture
Å¢ŜŎƘƴƻƭƻƎȅ
Å2R<JPEW<PEKJ
Å1NRJEJC˜
Å*JKTH@?C@˜?EOPEHH<PEKJ
Å &N<LDE>˜0LPEIEW<PEKJ

Å,EU˜1N@>EOEKJ

Å Platform: Intel CPU and GPU (on going)
Å Framework

Å TensorFlow*, including1.15.0 UP3, 2.5.0, 2.7.0, Official TensorFlow 2.6.2, Official TensorFlow 2.7.0
Å PyTorch*, including1.8.0+cpu, 1.9.0+cpu, 1.10.0+cpu
Å Apache* MXNet, including1.6.0, 1.7.0, 1.8.0
Å ONNX* Runtime, including1.7.0, 1.8.0, 1.9.0
Å Execution Engine, a reference bare metal solution(./engine) for domain-specific NLP models.

https://www.intel.com/content/www/us/en/developer/tools/oneapi/neural -
compressor.html

https://github.com/Intel-tensorflow/tensorflow
https://github.com/Intel-tensorflow/tensorflow/tree/v1.15.0up3
https://github.com/Intel-tensorflow/tensorflow/tree/v2.5.0
https://github.com/Intel-tensorflow/tensorflow/tree/v2.5.0
https://github.com/tensorflow/tensorflow/tree/v2.6.2
https://github.com/tensorflow/tensorflow/tree/v2.7.0
https://pytorch.org/
https://download.pytorch.org/whl/torch_stable.html
https://download.pytorch.org/whl/torch_stable.html
https://download.pytorch.org/whl/torch_stable.html
https://mxnet.apache.org/
https://github.com/apache/incubator-mxnet/tree/1.6.0
https://github.com/apache/incubator-mxnet/tree/1.7.0
https://github.com/apache/incubator-mxnet/tree/1.8.0
https://github.com/microsoft/onnxruntime
https://github.com/microsoft/onnxruntime/tree/v1.7.0
https://github.com/microsoft/onnxruntime/tree/v1.8.0
https://github.com/microsoft/onnxruntime/tree/v1.9.0
https://github.com/intel-innersource/frameworks.ai.lpot.intel-lpot/blob/master/docs/engine.md
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Adoption

άhappy to see out of the box 
performance by quantizing NLP 

models on PyTorch using LPOT/INCέ

άŘŜƭƛǾŜǊ ƛƴ ŀƴŜŀǎȅ ŀƴŘ ŀŎŎŜǎǎƛōƭŜ ǿŀȅ 
ǘƘǊƻǳƎƘ hǇǘƛƳǳƳΣ ŀǎ ǿŜ ŘƛŘ ǿƛǘƘ LƴǘŜƭ 
ŀƴŘ bŜǳǊŀƭ /ƻƳǇǊŜǎǎƻǊέ

άǎǳǇǇƻǊǘ first INT8 model quantized 

by Intel Neural Compressor in ONNX 
model zoo

Meta


