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AgendaAgenda

Set the Stage: Set the Stage: 
Intel’s Strategies for Proactive ComputingIntel’s Strategies for Proactive Computing

Business Driven RFID & Sensor Network Business Driven RFID & Sensor Network 
Strategies Strategies 
–– RFID “EndRFID “End--toto--End” inside IntelEnd” inside Intel

What’s on the HorizonWhat’s on the Horizon
–– Scale the Proactive Computing EcosystemScale the Proactive Computing Ecosystem
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Proactive Computing Technologies:Proactive Computing Technologies:
Vision & DefinitionsVision & Definitions
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Proactive Computing VisionProactive Computing Vision

Proactive Computing: Proactive Computing: 
Def.Def. ubiquitous computing ubiquitous computing 

systems acting in systems acting in 
anticipation of future anticipation of future 
problems, needs, or problems, needs, or 
changes of the userchanges of the user

To be proactive a computer To be proactive a computer 
system must understand the system must understand the 
user’s context and how it user’s context and how it 
changes over timechanges over time

–– WhoWho the user is, the user is, 
who they are with, who they are with, 

–– WhereWhere they arethey are
–– WhenWhen they arethey are
–– WhatWhat they are doingthey are doing

To be autonomous a To be autonomous a 
computer must be able to computer must be able to 
take care of itself take care of itself 
(i.e., Self(i.e., Self--Manageability, Manageability, 
SelfSelf--Diagnosis & Repair)Diagnosis & Repair)

TodayToday
Computers are Computers are 

interactiveinteractive
We are always We are always 

waiting for them waiting for them 
or viceor vice--versaversa

TomorrowTomorrow
Computers will Computers will 

be proactivebe proactive
They will anticipate They will anticipate 

our needs and act on our needs and act on 
our behalfour behalf

Computation so ubiquitous and convenient that people Computation so ubiquitous and convenient that people 
reach for it as reflexively as a light switchreach for it as reflexively as a light switch……

TodayToday TomorrowTomorrow
HumanHuman--centeredcentered HumanHuman--supervisedsupervised
DeterministicDeterministic StochasticStochastic
ManagedManaged AutonomousAutonomous
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What are Proactive Computing What are Proactive Computing 
Technologies?Technologies?

Identifying technologiesIdentifying technologies
––RFIDRFID -- Radio Frequency IdentificationRadio Frequency Identification

–– Capture, retain, transmit data about an objectCapture, retain, transmit data about an object

––AutoAuto--IDID -- Automatic Identification Automatic Identification 
–– Identify an object  via data standards & linkagesIdentify an object  via data standards & linkages

––Provide:Provide: Identification, State, LocationIdentification, State, Location

Sense & Respond technologiesSense & Respond technologies
––Combination of tags & sensors in an environment based on needCombination of tags & sensors in an environment based on need
––Sense the environmentSense the environment
––Make inferences Make inferences -- about location, context, etc.about location, context, etc.
––Participate in information aggregation, statistical computingParticipate in information aggregation, statistical computing

and dissemination activitiesand dissemination activities
––Give appropriate responses, take appropriate actionsGive appropriate responses, take appropriate actions
––Proactively communicate with other objects, people, Proactively communicate with other objects, people, 

computing systemscomputing systems

RFID is an early Vehicle for readying these RFID is an early Vehicle for readying these 
future Proactive Computing Ecosystems.future Proactive Computing Ecosystems.
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A Sampling: Intel RFID PoCsA Sampling: Intel RFID PoCs
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Intel’s Business InsideIntel’s Business Inside

WorldWorld--class semiconductor manufacturing class semiconductor manufacturing 
Global logistics and factory operationsGlobal logistics and factory operations
Extended and interconnected supply and demand Extended and interconnected supply and demand 
network  network  
Evolving markets and platformsEvolving markets and platforms
New business problems emerging New business problems emerging 
–– can’t be solved with conventional means or technologycan’t be solved with conventional means or technology

Not “mandate” drivenNot “mandate” driven

The Goal: The Goal: 
Product and Process transformation through Product and Process transformation through 

Proactive Computing capabilitiesProactive Computing capabilities
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Why EndWhy End--toto--End?End?

RFID value increases with RFID value increases with persistence.persistence.

Assert that two Assert that two ENDEND--TOTO--ENDEND expansions create much greater expansions create much greater 
value and benefits:value and benefits:

–– BY NETWORKBY NETWORK: : 
when RFID technologies are deployed throughout the supply networwhen RFID technologies are deployed throughout the supply network, k, 
so that smart objects can be traced throughout the network.  so that smart objects can be traced throughout the network.  

–– BY TIME:BY TIME:
when RFID technologies deployed on a product can manage that prowhen RFID technologies deployed on a product can manage that product duct 
throughout its product life cycle, from product generation all tthroughout its product life cycle, from product generation all the way to he way to 
product return and disposal.  product return and disposal.  

The The ENDEND--TOTO--ENDEND impacts can result in structurally different waysimpacts can result in structurally different ways
to manage business and use information technology.to manage business and use information technology.
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The “Smart Machine” LifecycleThe “Smart Machine” Lifecycle
IA: EndIA: End--toto--EndEnd

Fabrication     Assembly/TestFabrication     Assembly/Test Data Center: Data Center: config, monitor, mgmt, reprovisioning, EOLconfig, monitor, mgmt, reprovisioning, EOLOEMsOEMs

1. Intelligent Manufacturing1. Intelligent Manufacturing
Supply Chain ManageabilitySupply Chain Manageability

2. Data Center Manageability2. Data Center Manageability
Integrated Infrastructure AutonomyIntegrated Infrastructure Autonomy

Internal
Network

Find Projects That:Find Projects That:
••Have business value and solve a real problemHave business value and solve a real problem
••Creates a reusable function that can be applied elsewhere in theCreates a reusable function that can be applied elsewhere in the lifecyclelifecycle
••Are at an Are at an ““insertion pointinsertion point””
••Enable ROI extrapolation via their potential scale or structuralEnable ROI extrapolation via their potential scale or structural impactimpact
••Begin to create the threads Begin to create the threads ““EndEnd--toto--EndEnd””

Usage potentialUsage potential::
Traceability, tracking, asset/inventory management, and selfTraceability, tracking, asset/inventory management, and self--diagnosing /diagnosing /
selfself--correcting processing. correcting processing. 

AND pedigree/quality validation, verification, process control, AND pedigree/quality validation, verification, process control, excursion excursion 
management, security, brand protection, recording device, trainimanagement, security, brand protection, recording device, training, ng, 
activity inference, customer serviceactivity inference, customer service
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RFID Artifacts RFID Artifacts –– Paradigms of UseParadigms of Use

Integrated Reader & MoteIntegrated Reader & Mote--based iGlove based iGlove 
(Intel Research Seattle Lab)(Intel Research Seattle Lab)

Infrared FindIT FlashlightInfrared FindIT Flashlight
(MIT Media Lab)(MIT Media Lab)

RFIDRFID
ReaderReader1. 1. Identify lock

Identify lock

22. Verify . Verify \\matching key
matching key

3. 3. Validate.  If matching key Validate.  If matching key 
not found, sound alarm.not found, sound alarm.

Anonymous Lock & Key Anonymous Lock & Key (Sensor Network Research)(Sensor Network Research)

RFID
2

RFID
1

A
ntenna

Hg

Tag parallel to 
Acceleration: ID1

Hg

aa--WISP wireless, batteryWISP wireless, battery--free 1free 1--bit accelerometerbit accelerometer
(Intel Research Seattle Lab) (Intel Research Seattle Lab) 

MultiMulti--sensor boardsensor board
(Intel Research Seattle Lab)(Intel Research Seattle Lab)
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iBracelet: 
Optimized Performance
iBracelet: iBracelet: 
Optimized PerformanceOptimized Performance

Bracelet : MOTE and modified Bracelet : MOTE and modified 
Skyetek RFID reader with custom Skyetek RFID reader with custom 
printed antennaprinted antenna

Tags embedded in the Tags embedded in the 
environmentenvironment

Model construction based on Model construction based on 
explicit knowledgeexplicit knowledge

POPO--MDP inferencingMDP inferencing

BKM capture, proactive apps, BKM capture, proactive apps, 
augmented reality enableraugmented reality enabler
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A/TA/T OEMOEM

Supply Chain PoCSupply Chain PoC

Central Central 
ReceivingReceiving IT ReceivingIT Receiving

CIRCIR

RFMRFM

EndEnd--UsersUsers
PC Service PC Service 

CenterCenter TrainingTraining

HelpdeskHelpdesk

Portable 
RFID Reader 
at IT WH for 
cycle count/ 

inv mgmt

OEM: FE OEM: FE 
MfgMfg

OEM: US DCOEM: US DC

RFID Reader RFID Reader 
Portal at C2 Portal at C2 
Warehouse Warehouse 
for bulk read for bulk read 
capabilitycapability

StockroomStockroom
RFID Reader RFID Reader 
Portal @OEM Portal @OEM 
Warehouse for Warehouse for 
write/ verifywrite/ verify

IT Asset Management PoCIT Asset Management PoC

RFID End-to-EndRFID EndRFID End--toto--EndEnd

BUSINESS VALUE:BUSINESS VALUE:
Ensure 0 defects at product assembly Ensure 0 defects at product assembly 
for automated Diefor automated Die--Side Attach Side Attach ––
product quality & customer impactproduct quality & customer impact

TECHNOLOGY VALUE:TECHNOLOGY VALUE:
RFID Artifacts (iGlove, multiRFID Artifacts (iGlove, multi--antenna antenna 
arrays) + NG Equipment designarrays) + NG Equipment design

AntiAnti--Mixing PoCMixing PoC

BUSINESS VALUE:BUSINESS VALUE:
Locate specific WIP material in the factory Locate specific WIP material in the factory –– productivity impactproductivity impact
TECHNOLOGY VALUE: TECHNOLOGY VALUE: 
BatteryBattery--powered RFID tags + RF coverage in complex factory settingpowered RFID tags + RF coverage in complex factory setting

ATD TagATD Tag
Tag on cartTag on cart IHS & Epoxy ‘cart farms’IHS & Epoxy ‘cart farms’

Blinking tagBlinking tag

UI cueUI cue

Lot Tracking PoCLot Tracking PoC

BUSINESS VALUE: BUSINESS VALUE: 
EndEnd--toto--end Visibility For High Volume Intel end Visibility For High Volume Intel 
Products Across EnterprisesProducts Across Enterprises

TECHNOLOGY VALUE:TECHNOLOGY VALUE:
Create Distributed Information Architecture Create Distributed Information Architecture 
For Our Smart ObjectsFor Our Smart Objects
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Activity Inference:Activity Inference:
‘‘understanding physical activities and interactionsunderstanding physical activities and interactions’’
–– Intel Research Seattle.Intel Research Seattle.

What people use*What people use* is a key way to characterize is a key way to characterize 
many activitiesmany activities
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Anticipating by inference –
key issues
Anticipating by inference Anticipating by inference ––
key issueskey issues

1.1. SensingSensing -- reporting meaningfulreporting meaningful
features across many activitiesfeatures across many activities
and scenariosand scenarios

2.2. RepresentationRepresentation: tractable model: tractable model
accommodating variations andaccommodating variations and
uncertainties in activitiesuncertainties in activities

3.3. CreationCreation: simplifying the process of : simplifying the process of 
creating and maintaining usable creating and maintaining usable 
modelsmodels

Sensor 
stack

Model 
tracker

Model 
maker
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What’s Next for RFID What’s Next for RFID -- 20062006

Meeting the Physical World: Meeting the Physical World: 
The Internet of ThingsThe Internet of Things

Get “Proactive” by DesignGet “Proactive” by Design

Is the Data where it Matters?Is the Data where it Matters?

Make it SCALEMake it SCALE
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Logical to Physical InterconnectionLogical to Physical Interconnection
What are the implications of the physical world meeting the What are the implications of the physical world meeting the 
logical world?logical world?

Does a physical vs a symbolic representation change Does a physical vs a symbolic representation change 
localized processes?localized processes?

The physical world is not bound or controlled in the The physical world is not bound or controlled in the 
same way; does this enable more business flexibility?same way; does this enable more business flexibility?

What new connections does RFID create between the What new connections does RFID create between the 
physical and logical worlds and what impact will that physical and logical worlds and what impact will that 
have?have?

RFID connects the physical RFID connects the physical 
world with logical systems world with logical systems 

creating new links: creating new links: 
Who am I?Who am I?
What am I?What am I?

Who am I with?Who am I with?
Where am I?Where am I?
When am I?When am I?
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Distributed Data Distributed Data –– RealReal--Time Time 
DecisionsDecisions

Data Data 
“placement” “placement” 

driven by driven by 
data data 

structure, structure, 
flow,flow,
and and 

size, size, 

server server 
location, location, 
network network 

bandwidth, bandwidth, 
users’ users’ 
needs, needs, 

latency…latency…

Internal
Network

1.1. Data can be representedData can be represented at an atomic level in terms of the object.at an atomic level in terms of the object.
2.2. Data can be sharedData can be shared based on mutual selfbased on mutual self--interest and perceived value.interest and perceived value.
3.3. Data can be aggregatedData can be aggregated across many objects to provide insight intoacross many objects to provide insight into

a collective state.a collective state.
4.4. Different integrated data viewsDifferent integrated data views available, regardless of perspective available, regardless of perspective 

or location in the extended enterprise.or location in the extended enterprise.
5.5. “Data in Motion”“Data in Motion” requires: physical transactions + context + meaningrequires: physical transactions + context + meaning

Creates Creates 
object object 
based based 

ownership ownership 
of data of data 

and and 
enables enables 
realreal--time time 
decisions decisions 

and and 
actionsactions

SensorSensor
ClustersClustersSensorSensor

ClustersClusters

SensorsSensors

Access NetworksAccess Networks

Core NetworksCore Networks
& SP Applications & SP Applications 

Local NetworksLocal Networks

Client DevicesClient Devices
Anytime Anytime 
AnywhereAnywhere

Anytime Anytime 
AnywhereAnywhere

Anytime Anytime 
AnywhereAnywhereSTBSTB

CAPCAP

APAP

WiMAXWiMAX
ClientClient

CMTSCMTS

DSLAMDSLAM

WiMAX Base StationWiMAX Base Station

xPONxPON

Application and ServiceApplication and Service
ComponentsComponents

BTS/Node BBTS/Node B

BRASBRAS

New Mechanisms New Mechanisms 
Needed for Management, Needed for Management, 

Control, and ActuationControl, and Actuation
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Network Implications: The DataNetwork Implications: The Data

Access NetworkAccess Network
••wiredwired
••wirelesswireless

Ad Hoc NetworksAd Hoc Networks
--RF networkRF network
--Mesh networkMesh network

CentralCentral
EnterpriseEnterprise
SystemsSystems

Data to enterprise: Summary & MeaningData to enterprise: Summary & Meaning
Context: Global Data SyncContext: Global Data Sync
Remote ManagementRemote Management
-- security, power, config, dynamic provisioningsecurity, power, config, dynamic provisioning

AN ANALOGY:AN ANALOGY:
•• ““Cell networkCell network”” forfor thingsthings talking to each othertalking to each other……

•• ……and I remember what I was saying and call you backand I remember what I was saying and call you back
•• RealReal--time high throughput datatime high throughput data
•• Mobile connectivityMobile connectivity
•• Permutations of use modelsPermutations of use models
•• SelfSelf--manageability & guaranteed deliverymanageability & guaranteed delivery

Centralized enterprise apps Centralized enterprise apps 
moving to app services on an moving to app services on an 

edge deviceedge device

Cell DigitalCellCell DigitalDigital

The “network” switchThe The ““networknetwork”” switchswitch

VoiceVoiceVoice
DataDataData
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Key Trends:Key Trends:
1.1. Increased number of information sources Increased number of information sources 

and amount of informationand amount of information
-- Unstructured content pace increasingUnstructured content pace increasing
-- Low latency; short data Low latency; short data ““shelf lifeshelf life””
-- Common semantics not available Common semantics not available ––

translation & communicationtranslation & communication

2.2. Cycle time (decisionCycle time (decision--time) reductiontime) reduction
-- Reduce lowReduce low--value, lowvalue, low--density tasks, density tasks, 

data, info, data, info, ‘‘nonnon--newsnews’’
-- Computer handled data Computer handled data ––people people 

deal with highdeal with high--value informationvalue information

3.3. Rich visualization techniques for effective Rich visualization techniques for effective 
decision makingdecision making

What does this mean ? What does this mean ? 

Dominant Usage Models:Dominant Usage Models:
•• MachineMachine--based sensing and actuation with realbased sensing and actuation with real--time datatime data
•• Interactive analysis of realInteractive analysis of real--time data time data 

(dynamic biz cubes, rich visualization)(dynamic biz cubes, rich visualization)
•• Mobilized analysis of realMobilized analysis of real--time data with OCC modeltime data with OCC model
•• Model driven transformation of federated dataModel driven transformation of federated data
•• Adaptive mining model refinement and managementAdaptive mining model refinement and management

ComputeCompute--Communication Infrastructure Communication Infrastructure 
•• Data explosionData explosion

•• Hybrid architecturesHybrid architectures

•• Programming modelsProgramming models

•• Privacy assurancePrivacy assurance
•• Contentious consumer issue Contentious consumer issue 
•• Infer context to protect individual privacyInfer context to protect individual privacy

••Proliferation of data generatorsProliferation of data generators
••Low cost storage effectLow cost storage effect
••Increased computeIncreased compute--cycle outputcycle output
••Proactive Data Mining & Machine Learning criticalProactive Data Mining & Machine Learning critical

•• Delay tolerance, distributed queriesDelay tolerance, distributed queries
•• Multiple network transports and topologiesMultiple network transports and topologies
•• Multiple computing devices / formMultiple computing devices / form--factorsfactors

•• Distributed, mobilized and concurrentDistributed, mobilized and concurrent
•• Address architectural shiftAddress architectural shift

The emergence of The emergence of 
proactive computing technologies proactive computing technologies 

triggers triggers 
a significant transformation in the a significant transformation in the 
extended data, application, and IT extended data, application, and IT 

infrastructure architecturesinfrastructure architectures

This carries a range of implications :This carries a range of implications :
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SummarySummary

Commercial RFID infrastructure is rapidly being builtCommercial RFID infrastructure is rapidly being built

Sensor Networks are following RFID in deploymentsSensor Networks are following RFID in deployments

Deployments of RFID and Sensor Networks mark the Deployments of RFID and Sensor Networks mark the 
beginning of proactive computingbeginning of proactive computing

Networking the physical world leads to large streams Networking the physical world leads to large streams 
of data of data AT THE EDGEAT THE EDGE

It’s time to ready the Ecosystem and make it ScaleIt’s time to ready the Ecosystem and make it Scale


