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Current Intemet technology targets only 2% of all computers (PCs, servers,
TS ) A R 28 2 A s o

The remaining 98% of computers are stranded within devices whose sensors

,jﬁ / ﬂ],?‘ = 5|§§ A< 'L&'L""HR and actuators are in direct contact with the physical world

This project will extend the “depth” of the network to reach these embedded

E . computational resources
NIRRT p

DARPA will conduct research on:
Multi-Modal Netwark Interfaces

N Z E éﬂ”éb 1% Near Real-Time Networking

Agile Node & Network Services
PR 28
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Agile businesses will embrace the reality and the possibilities

&% Ourworld is becoming

v Sensors New Data
N

Our world is becoming v
New Insights

G All things becoming Proéess
Innovation

: 1

New & Optimized
Business Processes

Leaders today are benefiting from new sensor data when combined with IBM’s
business process management, event processing & business optimization capabilities




Business Visibility integrates Real World Events

Real World Events

.

What's
Happening

the Right Action at the Right Time
Orchestrate What to Do

Know What’s Happening, When to Act, and What to Do




Sensor Event Solutions
WebSphere Sensor Events son)

WebSphere Business Monitor

Event Services Loz

Event Event < Event

\ ichi Processor
» L Integmsian Gateway Publishing

L Capture \
:E‘ “-- n:u: *‘v
|

Event InfoSphere Traceability Server
Processor e e ——————

d

Event Processing

WebSphere platform for the implementation of use cases integrating
sensor events and business processes
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3. CPS ( Cyber-Physical
System ) &4
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PCAST In
PITAC, 1999. —

Information Technology
Research: Investing in
Our Future

USA (2007)

N
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Software

Scalable Information
Infrastructure

PCAST, 2007

Leadership Under Challenge:
Information Technology R&D in
a Competitive World




PCAST (SR E SR 7~ 53R MR 2 512007)
NITRD #1 domains proposed

NIT Systems Connected with the Physical World;

Software;

Data, Data Stores, and Data Streams;
Networking;

High-End Computing;

Cyber Security and Information Assurance;
Human-Computer Interaction;

NIT and the Social Sciences.
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Cyber-Physical Systems

HARZGCPS ( Cyber-Physical System ) i
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CPSHJ3C

1. Y e & 45 B4 Physical = Cyber

( Low End: passive data = active
information )

2. MIZEFINT Z -5 2 (TR 193% #
( Low End = High End )

3. BAutonomy, F1d H M 2H Al F AH B2
5 BSR4 (Reliable service = Low End)




M 2% I Computation

PP iR & IR AT, A B4 Computation

Passive data =2 Active information
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CPS Trend

Sensor Networks

Medical Smart Space

Cargo, Logistics




Communication
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The Low end: ubiquitous embedded devices

The High end: complex systems with global
Integration services

Embedded Systems GIG Cloud computmg
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passive data -> active information ->reliable
service
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Confluence of Trends ?

Trendl: Device/Data Proliferation Trend2: Integration at Scale
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Trend3: Autonomy
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Smart metering Sensing & Communication Analysis & Decision support Visualization & Operation
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Evolution of Computing & Application
Paradigms

Coptiring

enabled

technologies
should be focused

0 suit the
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Interconnected. Intelligent

= R EE Y 2 4:CPSHH3C:  Computations,
CommunicationfControl
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Smart Dust Sensor Nodes

Modern Sensor Nodes

UC Berkeley: COTS Dust ¥ @

' UC Berkeley: Smart Dust
UC Berkeley: COTS Dust

UCLA: WINS Rockwell: WINS JPL: Sensor Webs
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Code size for ad hoc networking application
Scheduler: 144 Bytes code
Totals: 3430 Bytes code
226 Bytes data

Bl Interrupts

[0 Message Dispatch
O Initilization

@ C-Runtime

W Light Sensor

O Clock

W Scheduler

O Led Control

B Messaging Layer
[0 Packet Layer

O Radio Interface

W Routing Application
W Radio Byte Encoder
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= BoF 4 17 [A)44:0SGi ( Open Service
Gateway Initiative)




OSGi (Open Service Gateway Initiative)
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HMI/MMI/User Interface
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Java VM
Operating System / RTOS



Embedded Software Architecture:
Open Standards (OSGi)

Open standards

I AnyService AnyService

Operating System Application Application

Driver  Driver Driver
Hardware

TrafficSafetyApp

GUI Connector

MapMatching
Wrapper
Device Mgmt Agent
Communication
Handler
Power Mgmt
DataStore Handler
SystemMgmt
Audio Wrapper
Phonemanager
RFID Wrapper
GPS Wrapper

Watchdog
Datastore

SMF (OSGi framework incl. standard bundles) Phot
J9 Virtual Machine o

Map match SW

Open architecture




Business
Applications

Middleware
(SOA Foundation)

WebSphere Sensor Events
(WSE)
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