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Copies of documents which have an order number and are referenced in this document may be obtained by calling 1-800-548-4725 or by visiting: http://www.intel.com/design/literature.htm

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.

Intel technologies’ features and benefits depend on system configuration and may require enabled hardware, software or service activation. Performance varies depending on system configuration. No
computer system can be absolutely secure. Check with your system manufacturer or retailer or learn more at intel.com.

Intel, Intel Quark, the Intel logo, the Intel Inside logo, Xeon, Xeon Inside, Intel Atom, Intel Atom Inside, Itanium, and Intel Xeon Phi are trademarks of Intel.

*Other names and brands may be claimed as the property of others.

Copyright © 2015 Intel Corporation. All rights reserved.

BRABANTHALLEN
DEN BOSCH




Agenda

Intel® Quark™ MCU product line

where Quark fits

ub and Pattern Matching Technology



Intel® Quark™ launched Products

Product

s 2015 2016 2017 2018

Processor U-
Discrete ASSPs

Intel® Quark™

Intel® Quark SE

Atlas Peak/Atlas Creek Platform

32MHz; 80kB/384kB,

12C, UART, ADC, SPI, USB, 12S
Internal Sensing Hub, Pattern Matching Engine TU DIO

FOR MICROCONTROLLERS

IOT MCUs Intelligent

Intel® Quark™ microcontroller D1000

32MHz, 8kB/32kB
12C, UART, ADC, SPI

Intel® Quark microcontroller D2000

Intel® Quark™ Processor D-Series
Edge

10T MCU

32MHz, 8kB/32kB
12C, UART, DMA, PWM, ADC

Leading Edge = PRQ

Trailing E = No Implication
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Intel® Quark ™ technology connecting your things

Edge analytics combines with a low-power processor for vertical industry innovation

Intel® Quark™ Intel® Quark™ D2000

D1000 + Ultra low power, Entry Level

e Ultra low power, Entry Level * 32MHz, 32-bit x86 Microcontroller,
32kB Flash, 8kB SRAM

Intgl® Quark™ SE

igh-efficiency power consumption

32MHz, 32-bit x86 Microcontroller
384Kb Flash, 80kB SRAM

* 32MHz, 32-bit Microcontroller,
32kB Flash, 8kB SRAM + Scalable Software Development Kit,

with sample apps and libraries

» Scalable Software Development Kit,
with sample apps and libraries

+ Software Development Kit with )
sample apps and libraries + Pre-validated comms and sensor

modules

Pre-validated comms and sensor
modules

* Pre-validated comms and sensor : :
modules * Full Intel x86 instruction set

architecture for compatibility and
scalability

* Full Intel x86 instruction set
architecture for compatibility and
scalability
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Intel® Quark™ se microcontroller Block Diagram

System Control —_—
8 KB OTP

Pattern
Matching
Engine

Intel® Quark™
Processor Core | 192 KB 192 KB
(8 KB Instruction Cache) FLASH FLASH

AHB Fabric

USB 1.1 B
Device

Transceiver

USB PLL
PMU CRU
System CRs

Wake Event Routing
Interrupt Routing

. ! DMA Sensor SubSystem
Peripherals Engine

l Comparators

| | | | &8 Channel

Pin Muxing

Analog + Digital 10s
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Logical Definition of The Intel® loT Platform

Horizon 2: Smart and Connected Things
i o e o o ~ On-Premise or Off-Premise Data Center or Cloud

Remote L Analytics  Analytics

Actuator Control

WiFi + LP WiFi \
Bluetooth + BTLE | - N . \
3G/4GILTE (GPRS) | 31 Party (Trusted Analytics Platform |
ZigBee, Zwave : Systems ' (TA .
6LOWPAN i < JER \—
WiHART I t& «—] . <+—> —
Sensor Ethernet : 'I ’ Business
RFID I N — Stream Batch Logic & Rules |<¢—p
1
1
1
1
1
1

“ || g
v L[
s )
“—
LIS r Data & Metadata o
— Orchestration
—>—'_l‘ I | e
e il
Network _Secure Processing  Storage .

Infrastructure Service Brokers \, 4 L

:: Apm’l

Libraries, SDK <>
4_
<+> l

@
Business Portal

N—— —y

Sensor

I

Sensor

Thing Security, Attestation &

| i i
mm—

Asset Info, Policies &

Security Management Metadata

Sensor

Actuator

IT/ Business Systems ] [ Vertical IoT Apps

PMA  Protocol Mapper & Adapter (formerly UPAL)
Actuation & Control Security & Attestation

ge Analytics & Machine gy ... .
! Learning (Real-Time) ;Elgilrlt)ye\lgjzi:gr:;

API's & AP Libraries [} Application Agent

B Data Center Management & Security (Monitoring, Auto-scaling, Logging,

\ Eventing) )

<4—» Data Flow: MQTT, HTTPS, WebSockets, XMPP, CoAP, REST, AMQP, DDS, loTivity, et
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Intel® Quark™ SE Pattern Matching Technology

End-to-End Machine Learning Solution for Edge Analytics

Edge Device Server / Cloud Application
Real-time Sensor Data Classification Model Creation & Ongoing Learning

Intel® Quark™ SE - O Intel® Knowledge
T Builder Toolkit

Pattern Matching Engine

Sn o Classifications + raw
Quark™ CPU data from detected
(Lakemont) anomalies uploaded to
server

Developer tool enabling algorithm learning
for Quark™ SE pattern recognition

Physical Flash Power
Sensor
Input(s)

Sensor Hub USB/SPI/I2C/IGPIO

Model Creation and Refinement
Initial push of model and subsequent model
enhancements pushed to device with use

Pattern Matching Engine

Development Savings Of Up To 75%
- 2-8 months - down to 3-8 weeks

Identified  Uncertain

“‘ERAHADQ’XLLEN 1 iﬁt-éD \

DEN BOSCH



Pattern-Matching Engine

» Three states returned by the pattern matching engine
« ldentification, Uncertain or Unknown..

» Two types of pattern recognition:
» K-Nearest Neighbour (KNN),
* Input consists of the Known closest training examples,
» The entire space is mapped and with a single possible category (i.e.
colour code) per position.
« KNN always gives a response: Closest match (note that the shortest
distance value can still be high
« Radial basis function (RBF),
» Depends on the distance from the origin to correctly classify new
instance
» The space is mapped partially with certain zones being unclassified
» The zones with multiple mapping are zones of uncertainty.




Example: Apples and Oranges

\ Learning Phase

Diameter

Weight




Classification/Recognition phase

“Uncovered” areas

are unknown Identified

Overlapping areas
are uncertain

Diameter




Nearest neighbour & Radial Basis Function classifiers: fast

®

algorithms for the associative memory

+ B T
+ T2 =

- 7 Ok

K-NN. Maps all feature vectors as RBF clusters feature vectors and
points in a multidimensional space. creates influence fields

(always return a trained class) (may return an “unknown” class)




Documentation and Collateral

Example Orrven Development Wotk-throogh

Intel® Knowledge Builder Toolkit . R b
« https://software.intel.com/en-us/intel- @ - )
knowledge-builder-toolkit —

Want to develop code your self? -
« https://github.com/Olorg/Intel-Pattern- . St
Matching-Technology e e — -




Parting Thoughts......

Making smart decisions takes a lot of processing, which can burn a lot of
power..... The Intel® Quark™ SE microcontroller tackles this power/ performance
dilemma with an innovative pattern-matching engine and a smart sensor
subsystem.

Key questions to ask yourself about your next industrial or consumer IOT
product...

«  Will my product have basic analytics or advanced analytics?
* Is my analytics development process efficient and affordable?

« Can my product easily adapt to customer demands?

Matching Analytics For Cutting Edge 10T Products
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The Intel® loT Platform includes an end-to-end reference architecture and a
portfolio of products from Intel and its ecosystem, that work with third-party
solutions, to provide a foundation for seamlessly and securely connecting devices,
delivering trusted data to the cloud, and delivering value through analytics.

@ Intel® loT Platform

Secure, Scalable, Interoperable

VISUALIZE DATA AND MONETIZE INSIGHT
Provide actionable information and create
new services, while automating operations.

DEVELOPER KITS, TOOLS & SDKs
Rapidly move to prototyping, piloting,
and productizing with developer Kits,

SMART AND CONNECTED THINGS

UNLOCKING THE VALUE OF DATA
Sense, filter, process, analyze, and

Process, store, and analyze data globally,
perform complex analytics on large datasets,
secure and manage millions of endpoints, and
manage policies, metadata, and networks.

actuate, while securing and managing tools, and SDKs.

machines and data.

DATA CENTER = -
& STORAGE APIs AND THIRD-PARTY &
CLOUD CONNECTIONS d

END-TO-END SECURITY
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DATA AND DEVICE MANAGEMENT
Supports onboarding, monitoring,
diagnostics, and remote control

of devices.

CONNECTING THE UNCONNECTED
Capture, filter, process, and store data,
connect securely to legacy infrastructure,
and perform analytics at the edge.

Secure hardware, software, and data, as well as
device and policy management. Detect threats
and safeguard scalable compute.
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