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LEGAL NOTICES & DISCLAIMERS

This document contains information on products, services and/or processes in development. All information provided here is subject to change without
notice. Contact your Intel representative to obtain the latest forecast, schedule, specifications and roadmaps.

Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Learn more at
intel.com, or from the OEM or retailer. No computer system can be absolutely secure.

Tests document performance of components on a particular test, in specific systems. Differences in hardware, software, or configuration will affect actual
performance. Consult other sources of information to evaluate performance as you consider your purchase. For more complete information about
performance and benchmark results, visit http://www.intel.com/performance.

Cost reduction scenarios described are intended as examples of how a given Intel-based product, in the specified circumstances and configurations, may
affect future costs and provide cost savings. Circumstances will vary. Intel does not guarantee any costs or cost reduction.

Statements in this document that refer to Intel’s plans and expectations for the quarter, the year, and the future, are forward-looking statements that involve
a number of risks and uncertainties. A detailed discussion of the factors that could affect Intel’s results and plans is included in Intel's SEC filings, including
the annual report on Form 10-K.

The products described may contain design defects or errors known as errata which may cause the product to deviate from published specifications. Current
characterized errata are available on request.

Performance estimates were obtained prior to implementation of recent software patches and firmware updates intended to address exploits referred to as
"Spectre" and "Meltdown." Implementation of these updates may make these results inapplicable to your device or system.

No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document.

Intel does not control or audit third-party benchmark data or the web sites referenced in this document. You should visit the referenced web site and confirm
whether referenced data are accurate.

Results have been estimated or simulated using internal Intel analysis or architecture simulation or modeling, and provided to you for informational
purposes. Any differences in your system hardware, software or configuration may affect your actual performance.

Intel, the Intel logo, Pentium, Celeron, Atom, Core, Xeon, Movidius, Saffron and others are trademarks of Intel Corporation in the U.S. and/or other countries.
*Other names and brands may be claimed as the property of others.

© 2019 Intel Corporation.
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TALKAGENDA

* Problem statement

* Solution to the problem with Al

* Peek at the deep learning algorithm used

 Frameworks and software stack used for best performance
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ABIT OF STATISTICS

As per Globocan 2018 (Global Cancer statistics):
 there were 18.1 million new cancer cases, worldwide

e and 9.6 million cancer deaths
e 1n2018

Statistics source:

https://onlinelibrary.wiley.com/doi/f
ull/10.3322/caac.21492
(36 cancers in 185 countries)
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INTRODUCTION

* Gliomas are the most commonly occurring type of brain
tumors

* and are potentially very dangerous

* with about 90% of Gliomas belonging to a highly
aggressive class of cancerous tumors

» Multi-sequence Magnetic Resonance Imaging (MRI) is the
primary method of screening and diagnosis for Gliomas

EuroPython 2019 - 10 July 2019



SEGMENTING THE BRAIN TUMOR

* To assess the severity/for treatment of the tumour,
segmentation is important for:

* focusing on the tumour areas during radiotherapy
* navigation during surgery




THE MEDICAL CHALLENGE

« Not enough expert doctors to analyze all the medical datal!

* Tumor regions segmentation is time-consuming and
expensive

. Sources:

. [1] https://www.diagnosticimaging.com/residents/physician-shortage-too-many-radiologists

. [2]Corbin K. How CIOs Can Prepare for Healthcare “Data Tsunami” [Internet]. CIO. 2014 [cited 8 FEB
2019].

. [3] Fenton SH, Low S, Abrams KJ, Butler-Henderson K. Health Information Management: Changing with
Time. IMIA Yearbook of Medical Informatics 2017.

. [4]Stanford Medicine. 2017 Health Trends Report: Harnessing the Power of Data in Health. Accessed
online 8 FEB 2019.
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..MACHINES CAN HELP!

* Automating the process:
* helps gain of time for the radiologist
* gives time back to the patient and surgeon
* improves segmentation quality

* Nearly 153 exabytes of healthcare-related data were
generated in 2013

* amount to increase by 48% annually
 expected to reach 2,314 exabytes in 2020 [} 12}, [3]
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..MACHINES CAN HE

* Automating the p

One exabyte is one billion gigabytes
or
250 000 000 DVDs worth of information.

* helps gain of ti
* gives time back T€
* improves segmenig®T quality
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THE DATASET FOR THE DEEP LEARNING ALGURITHM

* Brain Tumor Segmentation
(BraTS) Challenge 2018 dataset

* Goal: classify every voxel in the
image as either

. healthy tissue

ll. necrosis or non-enhancing
(red)

. edema ( ) or
Iv. enhancing tumor (
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THERESULT OF OUR DEEP LEARNING ALGORITHM

 Example segmentation has been prepared for to compare
with target (expert's) segmentation.

Prediction |
MRI Input Ground truth Dice = 0.8267




THE ALGORITHM USED (U-NET NEURAL NETWORK]
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https://lmb.informatik.uni-freiburg.de/people/ronneber/u-net/

< Test input D

MRI Input

FROM ABIRD'S EYE-VIEW

Input Dataset

MRI Input

Ground truth

Deep Neural
Network
(U-Net model)

Inferencing

M

Prediction
Dice = 0.8267
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WHAT SOFTWARE TOOLS DID WE USE IN THIS PROJECT?

Intel ® Distribution for Keras

Python
TensorFlow @per].VlN@M

Frameworks and Software Stack

@ python’




HOW DID WE
BOOST THE
PERFORMANCE
OF THE
ALGORITHM?

Thanks to Intel®
Technologies:

Python- based Deep Learning Demo application

Intel® Distribution for
Python

TensorFlow @pen.V|N@”

Frameworks and Software Stack

Intel® Math Kernel Library — Deep Neural
Network (Intel ® MKL-DNN)




VISUALIZATION OF THE END RESULT IN 3D
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SOURCE CODE

https://github.com/shailensobhee/medical-decathlon

From the GitHub link:
* source code
* instructions on how to get the medical dataset
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OPTIMIZATIONS - REVISITED
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GRAPH OPTIMIZATIONS: FUSION

Conv2DWithRelu

Before Merge After Merge




GRAPH OPTIMIZATIONS: LAYOUT CONVERSION

Convert Convert Convert Convert

MklConv2D

=

MklConv2D

MklReLU MklReLU

Convert Convert

Initial Graph After Layout Conversions After Layout Propagation

« All MKL-DNN operators use highly-optimized layouts for TensorFlow tensors.







