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Gaining insight for innovation
Model/

High Performance

simulation

Data Analytics

visualization

Artificial
Intelligence

High Performance Computing Infrastructure
On-Premise and
Cloud-Based
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Why AI now?
Data deluge (2019)

Analytics Curve

25 GB
Internet User

Insights

1

Act/adapt

per month

50 GB

Cognitive
Analytics

2

Forecast

per day

Smart Car

3 TB

Prescriptive
Analytics

2

per day

Smart Hospital

40 TB

Foresight

2

per day

Airplane Data

1 pB

insight

2

per day

Smart Factory

50 PB
City Safety
2

per day

Business

Hindsight
Descriptive
Analytics

Diagnostic
Analytics

Predictive
Analytics

AI

Is the driving force

1. Source: http://www.cisco.com/c/en/us/solutions/service-provider/vni-network-traffic-forecast/infographic.html
2. Source: https://www.cisco.com/c/dam/m/en_us/service-provider/ciscoknowledgenetwork/files/547_11_10-15-DocumentsCisco_GCI_Deck_2014-2019_for_CKN__10NOV2015_.pdf

Operational
Security
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What is AI?
AI
Machine
learning
Deep
learning

Training:
Human

Bicycle

Forward

“Strawberry”

Backward
Error

Lots of
tagged
Strawberry data

Inference:

?

“Bicycle”

Model
Weights

Forward
“Bicycle”?
??????

Many different approaches to AI
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AI ‘What’

HPC ‘What’

Knowledge discovery/categorization
in Data

Scientific Apps; Modeling Simulation

E.g. Image, Speech, Natural Language Processing

Seismic, Weather

AI ‘How’
Neuronal Networks
Pattern Classification
Reinforcement learning

E.g., CFD, Mechanical Sim. EDA

HPC ‘How’

Feature Learning

High Performance
Cluster
Massive memory
management

Native Data-parallelism
High-throughput/
bandwidth
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AI ‘What’

HPC ‘What’

Knowledge discovery/categorization
in Data

Scientific Apps; Modeling Simulation

E.g. Image, Speech, Natural Language Processing

Seismic, Weather

HPC ‘How’

High Performance
Cluster
Massive memory
management

E.g., CFD, Mechanical Sim. EDA

AI ‘How’

Native Data-parallelism

Neuronal Networks

High-throughput/
bandwidth

Pattern Classification
Reinforcement learning

Feature Learning
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Result
94% scaling efficiency up to 128 nodes,
with a significant reduction in training
time per epoch for 3D GANs
*

Challenge: CERN currently uses Monte Carlo
simulations for complex physics and geometry
modeling, which is a heavy computational load that
consumes up to >50% of the Worldwide LHC (Large
Hadron Collider) Computing Grid (WLCG) power for
electron shower simulations.

Solution: Distributed training
using 128 nodes of the TACC
Stampede 2 cluster (Intel® Xeon®
Platinum 8160 processor, Intel®
OPA) and a 3D Generative
Adversarial Network (3D GAN).

*Other names and brands may be claimed as the property of others.
1 *Stampede2/TACC: https://portal.tacc.utexas.edu/user-guides/stampede2. Compute nodes: 2 sockets Intel® Xeon® Platinum 8160 processor with 24 cores each @ 2.10GHz for a total of 48 cores per node, 2 Threads per core, L1d
32K; L1i cache 32K; L2 cache 1024K; L3 cache 33792K, 96 GB of DDR4, Intel® OmniPath Host Fabric Interface, dual-rail. Software: Intel® MPI Library 2017 Update 4Intel® MPI Library 2019 Technical Preview OFI 1.5.0PSM2 w/ MultiEP, 10 Gbit Ethernet, 200 GB local SSD, Red Hat* Enterprise Linux 6.7. TensorFlow* 1.6: Built & Installed from source: https://www.tensorflow.org/install/install_sources Model: CERN* 3D GANS from https://github.com/saranl/3Dgan/tree/tf Dataset: CERN* 3D GANS from https://github.com/sara-nl/3Dgan/tree/tf Performance measured on 256 NodesPerformance measured on 256 Nodes with: OMP_NUM_THREADS=24
HOROVOD_FUSION_THRESHOLD=134217728 export I_MPI_FABRICS=tmi, export I_MPI_TMI_PROVIDER=psm2 \ mpirun -np 512 -ppn 2 python resnet_main.py --train_batch_size 8 \ --num_intra_threads 24 --num_inter_threads 2 -mkl=True \ --data_dir=/path/to/gans_script.py --kmp_blocktime 1.
Performance results are based on testing as of (05/17/2018) and may not reflect all publicly available security updates. See configuration disclosure for details. No product can be absolutely secure.
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in
fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more complete information visit http://www.intel.com/performance.
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The AI
journey

2. Approach

8. Deploy
7. model

3. values
4. People
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Challenge
approach
Values
People
Technology
Data
Model
Deploy
1DL

= Deep Learning

AI Case study

Value

Brainstorm opportunities and assess
business value of each one

Simplicity

Identify approach & complexity of each
solution; select defect detection using DL1

Discuss ethical, social, legal, security &
other risks and mitigation plans prior to
kickoff
Secure internal buy-in for AI pilot and
new development philosophy, partner to
grow talent

L

Corrosion

H

academy
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Challenge
approach
Values
People
Technology
Data
Model
Deploy

AI case study (cont’d)
Prepare data for model development working with partners to
get the time-consuming data layer right (~12 weeks)
Source
Data

10%

Transmit
Data

Ingest
Data

Cleanup
Data

5%

5%

60%

Integrate
Data

10%

Stage
Data

10%

Develop model by training, testing inference and documenting
results working with partners for the pilot (~12 weeks)
Train

Topology
Experiments

30%

Train

Tune Hyperparameters

Test
Inference

Document
Results

30%

20%

20%

Project breakdown is approximated based on engineering estimates for time spent on each step in this real customer POC/pilot; time distribution is expected to be similar but vary somewhat for other deep learning use cases
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Values
People
Technology
Data
Model
Deploy

AI case study (cont’d)
Engage Intel AI builders partner to deploy at scale
Drones

Data
Ingest

Remote Devices
Drone
Drone
Drone
10 Drones
Real-time object
detection and
data collection

Drone
Drone
Drone
Per Drone
1x
1x

Intel® Core™
processor
Intel® Movidius™
VPU

Prepare
Data

Media
Store

Media Server
Media Store
Media Store
Media Store
110 Nodes

8 TB/day per
camera
10 cameras
3x replication
1-year video
retention
4 mgmt nodes
Media Store
Media Store
Media Store
Per 1x
Node

2S 61xx

Training

Model
Store

Multi-Use Cluster
Data Ingestion
Data Ingestion
Data Ingestion
Data Ingestion
Inference
Inference
Inference
Inference

4 Nodes
One ingestion
per day, oneday retention
4 Nodes
20M frames
per day

Service Layer
Service Layer
Service Layer
Media Server
Media Server
Media Server

2 Nodes
Infrequent op
3 Nodes
Simultaneous
users
3 Nodes
10k clips
stored

Prepare Data
Prepare Data

20x

4TB SSD

Inference

Data Store
Model Store
Model Store
Model Store
Model Store
Label Store
Label Store
Label Store
Label Store
Per Node

1x

2S 81xx

5x

4TB SSD

Label
Store

Solution
Layer

Media
Server

Service
Layer

4 Nodes
1-year of
history

Adv. Analytics

4 Nodes
Labels for
20M frames
/day

Software
 OpenVino™ Toolkit

Training
16 Nodes
Intermittent use
1 training/month
for <10 hours
Training
Per Node

1x

2S 81xx

1x

4TB SSD

 TensorFlow*

 Intel® Movidius™ SDK  Intel® MKL-DNN

14

Business
imperative

The ai
journey

Technology
15

Breaking barriers between AI Theory and reality
Choose any approach

Speed up development

from analytics to deep learning

with open AI software

Deploy AI anywhere

Tame your data deluge
with our data layer experts

Intel AI
DevCloud
Intel AI
Academy

Simplify AI

via our robust community

with unprecedented HW choice

community
Software

ML
Libraries

Scale with confidence

Nauta™
OpenVINO™

hardware
Intel AI
Builders

on the engine for IT & cloud

BigDL
nGraph
MKL-DNN
ML Libraries
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Data centric infrastructure
Move

Store

Process
CPU

AI ACCELERATORS

FPGA

17

Hardware
Dedicated
Media/vision

device
Edge

And/OR

ADD

ACCELERATION

Multi-cloud

Flexible
Acceleration

Dedicated
DL Training
NNP-L

Dedicated
DL inference

Automated
Driving

NNP-I

*FPGA: (1) First to market to accelerate evolving AI workloads (2) AI+other system level workloads like AI+I/O ingest, networking, security, pre/post-processing, etc (3) Low latency memory constrained workloads like RNN/LSTM
1GNA=Gaussian Neural Accelerator
All products, computer systems, dates, and figures are preliminary based on current expectations, and are subject to change without notice.
Images are examples of intended applications but not an exhaustive list.
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Software
TOOLKITS

DEEP LEARNING DEPLOYMENT

App
developers

libraries
Data
scientists

Kernels

Library
developers

Intel® Distribution of OpenVINO™ Toolkit1

Nauta (Beta)

Inference deployment
on CPU/GPU/FPGA for
TensorFlow*, Caffe*, and MXNet*

Open source, scalable, and extensible
distributed deep learning platform
built on Kubernetes

MACHINE LEARNING

Python

R

• Scikitlearn
• Pandas
• NumPy

• Cart
• MlLib (on Spark)
• Random • Mahout
Forest
• e1071

Distributed

ANALYTICS & ML

DEEP LEARNING FRAMEWORKS

Optimizations in progress

Optimized for CPU & more
*

*

*

*
FOR

TensorFlow* MXNet* Caffe*

**

* *

*

*

*

BigDL/Spark*

Caffe2*

PyTorch* PaddlePaddle*

DEEP LEARNING

DEEP LEARNING GRAPH COMPILER

Python

DAAL

Intel® MKL-DNN

Intel® nGraph™ Compiler (Beta)

Intel distribution
optimized for
machine learning

Intel® Data Analytics
Acceleration Library
(incl machine learning)

Open source deep neural
network functions for
CPU / integrated graphics

Open source compiler for deep learning model
computations optimized for multiple devices (CPU, GPU,
NNP) from multiple frameworks (TF, MXNet, ONNX)

1. Formerly the Intel® Computer Vision SDK
*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 without notice.
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Deep learning Framework (optimizations by Intel)
*

=
See installation guides at
ai.intel.com/framework-optimizations/
SEE ALSO: Machine Learning Libraries for Python (Scikit-learn, Pandas, NumPy), R (Cart, randomForest, e1071), Distributed (MlLib on Spark, Mahout)
*Limited availability today
Other names and brands may be claimed as the property of others.

*

*
*
*

FOR

*

More framework
optimizations underway
(e.g. PaddlePaddle*,
CNTK* & more)
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community
Build/Buy

PARTNER
Builders

builders.intel.com/intelselectsolutions

40+

120+

Solutions Partners

OR
Your favorite OEM solution

DEVELOP
Academy
FREE* Training
FREE* Software

And more…

FREE* DevCloud
builders.intel.com/ai

*Free = available to download/access at no cost to qualified developers who are enrolled in the program

software.intel.com/ai
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Ai solutions
Regulatory

HR

IT

Logistics

Sales

HEALTH

Audit &
compliance
automation

Diversity,
recruiting &
retention

Digital
Transformation
with AI

Supply
chain
optimization

Info processing
to improve
efficiency

Pharmaceutical
analytics
platform

production

Quality

Reliability

Inventory

And More…

Factory
process
automation

Automating
visual defect
detection

Accelerating
product
validation

Optimizing
inventory
management

See the AI
solutions
snapshot
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Result
faster
time-to-train**

ImageNet*
224 x 224 x 3

For processing a 10k image dataset,
reducing the training time from 3.4 hours
to 31 minutes with over 99% accuracy1

26x
Larger

*

1024 x 1280 x 3

Challenge:
• High content screening of cellular phenotypes
is a fundamental tool supporting early stage
drug discovery.
• Analyzing whole microscopy images would be
desirable

Intel Omni-Path Fabric
Intel SSD

Solution: Intel and Novartis
teams were able to scale to more
than 120 (3.9Megapixel) images
per second with 32 TensorFlow*
workers.

*Other names and brands may be claimed as the property of others.
** Based on speedup for 8 nodes relative to a single node. Node configuration: CPU: Xeon Gold 6148 @ 2.4GHz, 192GB memory, Hyper-threading: Enabled. NIC: Intel® Omni-Path Host Fabric Interface, TensorFlow: v1.7.0, Horovod: 0.12.1,
OpenMPI: 3.0.0. OS: CentOS 7.3, OpenMPU 23.0.0, Python 2.7.5. Patch Disclaimer: Performance results are based on testing as of May 25 th 2018 and may not reflect all publicly available security updates. See configuration disclosure for
details. No product can be absolutely secure. Time to Train to converge to 99% accuracy in model. Source: https://newsroom.intel.com/news/using-deep-neural-network-acceleration-image-analysis-drug-discovery/
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
23
computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in
fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more complete information visit http://www.intel.com/performance.

Partner
with Intel
to accelerate
your AI
Journey

Simplify AI

via our robust community

Tame your data deluge
with our data layer experts

Choose any approach

from analytics to deep learning

Speed up development
with open AI software

Deploy AI anywhere

with unprecedented HW choice

Scale with confidence

on the engine for IT & cloud

www.intel.ai
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Thank you

Configuration details
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.
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.
Intel, the Intel logo, Intel inside, the Intel inside logo, Xeon, the Xeon logo, Xeon Phi, the Xeon Phi logo, Core, the Core logo, Atom, the Atom logo, Movidius, the Movidius logo, Stratix, the Stratix
logo, Arria, the Arria logo, Myriad, Nervana 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.
Optimization Notice: Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These
optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on
microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel
microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by
this notice. Notice Revision #20110804.
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.
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are
measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other
information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more
complete information visit
© 2019 Intel Corporation.
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Configuration details (Cont’d)
Configuration: AI Performance – Software + Hardware
INFERENCE using FP32 Batch Size Caffe GoogleNet v1 128 AlexNet 256.
The benchmark results may need to be revised as additional testing is conducted. The results depend on the specific platform configurations and workloads utilized in the testing, and may not be applicable to any particular user's
components, computer system or workloads. The results are not necessarily representative of other benchmarks and other benchmark results may show greater or lesser impact from mitigations. Performance tests, such as SYSmark and
MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests
to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more complete information visit http://www.intel.com/performance Source: Intel measured as
of June 2017 Optimization Notice: Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and
SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this
product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more
information regarding the specific instruction sets covered by this notice.
Configurations for Inference throughput
Platform :2 socket Intel(R) Xeon(R) Platinum 8180 CPU @ 2.50GHz / 28 cores HT ON , Turbo ON Total Memory 376.28GB (12slots / 32 GB / 2666 MHz),4 instances of the framework, CentOS Linux-7.3.1611-Core , SSD sda RS3WC080
HDD 744.1GB,sdb RS3WC080 HDD 1.5TB,sdc RS3WC080 HDD 5.5TB , Deep Learning Framework caffe version: a3d5b022fe026e9092fc7abc7654b1162ab9940d Topology:GoogleNet v1 BIOS:SE5C620.86B.00.01.0004.071220170215
MKLDNN: version: 464c268e544bae26f9b85a2acb9122c766a4c396 NoDataLayer. Measured: 1449.9 imgs/sec vs Platform: 2S Intel® Xeon® CPU E5-2699 v3 @ 2.30GHz (18 cores), HT enabled, turbo disabled, scaling governor set to
“performance” via intel_pstate driver, 64GB DDR4-2133 ECC RAM. BIOS: SE5C610.86B.01.01.0024.021320191901, CentOS Linux-7.5.1804(Core) kernel 3.10.0-862.3.2.el7.x86_64, SSD sdb INTEL SSDSC2BW24 SSD 223.6GB.
Framework BVLC-Caffe: https://github.com/BVLC/caffe, Inference & Training measured with “caffe time” command. For “ConvNet” topologies, dummy dataset was used. For other topologies, data was stored on local storage and cached in
memory before training. BVLC Caffe (http://github.com/BVLC/caffe), revision 2a1c552b66f026c7508d390b526f2495ed3be594
Configuration for training throughput:
Platform :2 socket Intel(R) Xeon(R) Platinum 8180 CPU @ 2.50GHz / 28 cores HT ON , Turbo ON Total Memory 376.28GB (12slots / 32 GB / 2666 MHz),4 instances of the framework, CentOS Linux-7.3.1611-Core , SSD sda RS3WC080
HDD 744.1GB,sdb RS3WC080 HDD 1.5TB,sdc RS3WC080 HDD 5.5TB , Deep Learning Framework caffe version: a3d5b022fe026e9092fc7abc765b1162ab9940d Topology:alexnet BIOS:SE5C620.86B.00.01.0004.071220170215
MKLDNN: version: 464c268e544bae26f9b85a2acb9122c766a4c396 NoDataLayer. Measured: 1257 imgs/sec vs Platform: 2S Intel® Xeon® CPU E5-2699 v3 @ 2.30GHz (18 cores), HT enabled, turbo disabled, scaling governor set to
“performance” via intel_pstate driver, 64GB DDR4-2133 ECC RAM. BIOS: SE5C610.86B.01.01.0024.021320191901, CentOS Linux-7.5.1804(Core) kernel 3.10.0-862.3.2.el7.x86_64, SSD sdb INTEL SSDSC2BW24 SSD 223.6GB.
Framework BVLC-Caffe: https://github.com/BVLC/caffe, Inference & Training measured with “caffe time” command. For “ConvNet” topologies, dummy dataset was used. For other topologies, data was stored on local storage and cached in
memory before training. BVLC Caffe (http://github.com/BVLC/caffe), revision 2a1c552b66f026c7508d390b526f2495ed3be594
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