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Deep Learning Framework (Optimizations by Intel)

* |mprove load
balancing

= OpenMP, MPI = Unit strided = fuse
. sﬂfr?cf:}nizatm * Reduce - ;a;;:ﬁ per 3IMD = Blocking = Batch o
n events, all- :&:;ﬂ:;ﬂll:;m - High vector = Data reuse normalization _ -
to-all comms code . efficiency = Prefetching = Memory Elllcn::atu:.r-
= Improve load = Data alignment * Memory
balancing allocation

DL ~ Spark

More framework optimizations

See installation guides at underway

(e.g., PaddlePaddle®,
CNTK* & more)

SEE ALS0: Machine Learning Libraries for Python [Scikit-learn, Pandas, MumPy], R (Cart, randomForest, e1071), Distributed (MILib on Spark, Mahout
*Limited availability today
Cther names and brands may be claimed as the property of others.

Optimization Motice



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

Agenda

X Intel® Optimization for TensorFlow

X Intel® Optimization for PyTorch

X Speedup DL inference via Intel® Neural Compressor
X Exercises
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Intel Optimization for
TensorFlow
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1F TensorFlow Install Learn ¥ APl ~ Resources v Community v Why TensorFlow ~ Q Search English ~ GitHub  Signin

An end-to-end open

source machine
learning platform

TensorFlow For JavaScript For Mobile & loT For Production

The core open source library to help you develop and train ML models. Get
started quickly by running Colab notebooks directly in your browser.

[ Get started with TensorFlow ]
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Intel Contributions In TensorFlow

oneDNN

library

integrated

Quantization Data type

Introduced optimizations

Al accelerator
support

(Intel® AMX)
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Co-architected pluggable

device for new Al devices

4+ years of close collaboration between Intel and Google
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oneAPI| Deep Neural Network Library oneDNN)

Features
X Supports FP32, FP16, Bfloatl6, and int8.

X Leverages Intel® DL Boost, AVX512 instructions and
processor capabilities

X Fused operations for optimized performance

Support Matrix
A Compilers: Intel® oneAPI DPC++ / C++ Compilers
A OS: Linux, Windows , macOS

A CPU: Intel Atom, Intel® Core L, Intel® Xeon®, Intel®
Xeon® Scalable processors

A GPU: Intel® Processor Graphics Gen9, Intel® Processor
Graphics Gen 12
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Category Functions
Compute A (De-)Convolution
intensive A Inner Product
operations A RNN (Vanilla, LSTM, GRU)

A GEMM

Memory A Pooling
bandwidth limited A Batch Normalization
operations A Local Response Normalization

A Layer Normalization
A Elementwise

A Binary elementwise
A Softmax

A Sum

A Concat

A Shuffle

Data manipulation

A Reorder




oneDNN op

oneDNN Integration with § Mathul i
TensorFlow ; v i
i @8 J :

AReplaces compute -intensive standard TF v |
ops with highly optimized custom oneDNN ! Pow |
ops | \4 |

_ _ _ | Mul E
AAggressive op fusions to improve i i :
performance of Convolutions and Matrix E »  Add rusediaidl g
Multiplications | ¥ GELU i
APrimitive caching to reduce overhead of Mul 1 i
calling oneDNN ! v i

! Tanh !

v v

| * L C Add i

i * Aggressive Fusions of BERT ops i

; Mul (MatMul + BiasAdd + GELU) into !
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oneDNN Optimizations
In TensorFlow

1.2 mmmmm e SRR ___
1
ALLI EFE€!l #+GK@D@Q8K@FEJi 8K L %8K:@:D_:?:J::@E_I:::::"::"""'"::": """"
Fh: @ Ci 1<EJFI #CFNi ; @JKI @9LK@¢FEJiI FI l<1 (lEi I I
<EM@| FED<EKIi M8 @89 C<|
1#s" + ) "s, +" ! +4, - 10+ KKo § &
\@0 QQJQX} (050 (\@y@ O@é\ OQ/Q&\ \QQ,{V >fz§ @w
A2 Gi ¥6BiG<| =F| DS8E: <i @DGI FM<D< aK CHE T TS
@ & o

AROLGGFI K<: | QED83EJFGBCBR><Ji 8J]

N<CCi el<EJFI #CFNi J<| M@E>Si 1<EJFI| #CFNI " OK<E; <: i
nl # 5 f

S Q » @ S 9
O & Q Q 2 o & N ) o
¢ N >q/ &\O(\ &OO &\O C')@ ¥ @OA &>® (\é& (\é}'
NS op R R 2 @ Q & & 52 NZ
> o o 0 ; < & 0 0
& (\Q/ N & R o 9 Y o
& & N o @ &
e) S
Q%\ 6@6 R
> <

* https://github.com/tensorflow/community/pull/400
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Intel Optimization forPyTorch vl



What Is Intel Optimization for PyTorch ?

A Intel regularly upstreams most of the CPU optimizations to standard
PyTorch
A Intel releases additional features and performance improvements through
the Intel Extension for PyTorch
A As the extension presents more aggressive optimizations, it offers bigger
speed -up for training and inference

Stock PyTorch
&QEK<Cxi , GK | (with CPU Intel® Extension for
=FIP1F{ : 7?1 optimizations PyTorch * (IPEX)
upstreamed )
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Intel® Extension foPyTorch* (IPEX)

ABuffer the PRs for stock Pytorch

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

A Streamline the work to integrate oneDNN

A Unify user experiences on Intel CPU and GPU

® >

= 0L@N<PKN" 0L P BIVMK WfecRibrK J Optimal Optimizer
U! ROPKI EW@? " KL @N < P KN Atcelerate PyTorch operator by LP 0 Split Optimizer (e.g., spiggd)
U RPK™CN<LD™ KLPEI EWg Sifplify the data type conversion (i Fused Optimizer
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Ease-of-Use User-Facing API (v1.10.x~)

fp32 bfloat16

import torch import torch

import torchvision.models as models import torchvision.models as models

model = models.resnet50(pretrained=True) model = models.resnetse(pretrained=True)
model.eval()
data = torch.rand(1, 3, 224, 224)

model.eval()
data = torch.rand(1, 3, 224, 224)

model = model.to(memory_format=torch.channels_last)

model = model.to(memory_ format=torch.channels_last) data = data.to(memory format=torch.channels_last)
data = data.to(memory_format=torch.channels_last)

RARHAHHR AR code changes #HAHHAHAHAHAHAHHHHHHAHH

HEGHRBHARERHRHRESRRE code changes HE#HBHAHHHHRERREHERER import intel_extension_for_pytorch as ipex
import intel_extension_for_pytorch as ipex model = ipex.optimize(model, dtype=torch.bfloatl6)
model = ipex.optimize(model) R T R

B e e e T
with torch.no_grad():

with torch.cpu.amp.autocast():

with torch.no_grad(): model (data)

model (data)

OF=KNS8I <i 8E; I s MBE: <; I0L<L$?§kERRCF> @<Ji $1 FLGI | J ]




Intel Extension forPyTorch benchmark for fp32

0G<d;Gl : FDG8I1 <; 1 KFI JKF¥BIJ - P1FI :?i =F1 ] #CF8K

H Throughput Inference m Realtime Inference
1.8

1.6
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Intel Extension forPyTorch benchmark for BFloatl6

Speed-up compareditorstockiPyTorch!for BEloat16«

B Throughput Inference

B Realtime Inference

BERT-Large Bert-Base
MODEL ARCHITECTURE
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Use case with Inteloptimized PyTorch

A* P: F98: K<I| @LDI 1L9<1 : LCFJ@Ji ! <K<: K@QFEI N@K?I
& B EGK @D-@Q:KF’ o2 Detectron2 Throughput Performance

(Higher is Better)

12.0

10.0
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Mormalized Throughput

Pl
)
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0
Baseline Intel Intel
PyTorchi.4 optimized optimized
with 1 PyTorchl.6 PyTorchl.6
nstance with 1 with 24

nstance instances
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Speedup DL inference via Intel- /- + /-
ol il

Neural Compressor &



Low-Precision (8-bit Integer) Inference Optimization

L8 EK@Q8 K@F E
A Quantized models using 8 -bit integers gaining

clelegolole

Improved performance ‘

,\
ATrade off accuracy for performance @ @ @

©
A Additional post -training quantization step

needed
Alntel Neural Compressor Graphic Optimization
AAutomaticaIIy quantizes pre -trained model ( ) l
Conv2D
A picks guantization scheme to meet specific performance - T 4 Conv2D
and accuracy needs ‘ )
BatchNorm BatchNorm
- 3 g Relu
( 1
Relu 1
g J
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Performance

Model Accuracy & Performance
Stock TF on ICX oneDNN Enabled &+ | . L8S8EK@Q8K
(FP32) (FP32) e & Bl

tv

Baseline 1.5x

Performance Speedup
(Higher is Better)

6.25x Total  0.00% 1.00%

c L1 8:Pi)FJJie)FN<II

Customer/LZ model: SSD -ResNet -34 OOB Random Models
(BS=1) (w/ VNNI example)

2.2x geomean and up to 4x performance
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Architecture
AcSOKy2t23e8 A Platform: Intel CPU and GPU (on going)
A 2 R<JPEW<PEKA Framework
A 1NRJEJC”~ A TensorFlow*includingl.15.0 UP32.5.0 2.7.0 Official TensorFlow 2.6,.Dfficial TensorFlow 2.7.0
~ Jorch, inglugingd .8.0+cpuy1.9.0+cpuyl.10.0+cpu
ﬁ‘ *JKTH @? C@ ?E O% ﬁ o %ﬁ*ﬁ)ﬁle&ir{élu’dinqlﬁ.a 1.7.0 1.8.0
&N<LDE>" 0LPEI EW<FRE QBnx* Runtimeincludingl.7.0, 1.8.0 1.9.0

A , EU" 1 N@>EOEKJA Execution Enginea reference bare metal solution(./engine) for domapecific NLP models.

Model TensorFlow PyTorch ONNX MXNet
2 User-Facing APIs Quantization, Pruning, Knowledge Distillation, Graph Optimization, ...
Q
S o —
§ § Quantization Pruning Mix Precision
[ IS |
= 2 _ Post training static quantization magnitude pruning FP32 -> INT8/BF16
] Compressions
2 < Post training dynamic quantization Gradient sensitivity pruning FP32 -> BF16
@
g Quantization-aware training Knowledge Distillation FP32 -> Opt Fp32
Auto Tuning Tuning Strategies
Backends TensorFlow, PyTorch, ONNX Runtime, MXNet, Engine
Hardware platforms Intel CPU Intel GPU

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

Adoption

(LAlibaba Group
= PIEEREEH

Hugging Face

0N

ohappy to see out of the box
performanceby quantizing NLP

models on PyTordising LPOT/INE
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- Hugging Face @ ONNX
RSt AOGSNWIAY FyR | OOS a a AdsdafdBfirssNISB modebuantized
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Rby tebNerel Compressan ONNX
2 Nadbdel zoo
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