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DependableNomadicSystems

I Nomadicsystemsposemany problems

I Localization (Sextant, [Mobihoc 2005])

I ProgrammingModel (MagnetOS, [MobiSys2005])
I Routing (SHARP, [Mobihoc 2002])

I Path Selection(DPSP, [Mobihoc 2001])

I Simulation (SNS, [WSC 2003, TOMACS 2004))

I

I Needto gure out the location of nodesin order to provide
novellocation-basedservices

I Needa new programmingmodel for perfaming long-lived
computationsin mobile networks
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Challenges Localization

Hardware

| EXpensive
I Power Consuming

® Infrastructure

® % o | Initial setuprequired
I Not always available
® ® Modeling

I lrreqgula wirelesscoveragearea
| Introduceserra
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SextantApproack

| Extract geometricconstraints
I Disseminatethem transitively
I Solvein a distributed manner
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SextantApproacl

Contributions

|  Uni ed Node and Event
localization
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SextantApproacl

Contributions

|  Uni ed Node and Event
localization

| Accurate

Positive constraint I Negativeas well as positive
information

Negative constraint
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SextantApproack

Contributions

|  Uni ed Node and Event
localization
|  Accurate

I Negativeaswell as positive
Information
I Explicit representation
I Neednot be convex
| May have holes

| May havedisconnected
components
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SextantApproacl

Contributions

Emin GAn Sirer

Uni ed Node and Event
localization
Accurate

I Negativeaswell as positive
Information
I Explicit representation

Practical

I Constraintextraction
I Deployed on MICA-2 motes,
laptops and PDASs
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Node Localizatior

Positive Information
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Node Localizatior

Intersectionof Positive Information
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Node Localizatior

Negativelnformation
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Node Localizatior

Subtractionof Negativelnformation
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

Transitive Disseminationof Positive Information
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Node Localizatior

CombiningPositive and Negativelnformation
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Node Localizatior

CombiningPositive and Negativelnformation
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Node Localizatior

Transitive Disseminationof Negativelnformation
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Node Localizatior

Transitive Disseminationof Negativelnformation
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Node Localizatior

Re ning Location Estimates
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Node Localizatior

Re ning Location Estimates
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SextantApproacl

EachNode x

| Location Estimate: E;

Polygonswith B§zier boundaies
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SextantApproacl

. ‘ EachNode x

| Location Estimate: E;
B®ziercurve

Polygonswith B§zier boundaies
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SextantApproacl

EachNode x

| Location Estimate: E;
| Positive Constraint: Py

Union of circlesin Ey
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SextantApproacl

EachNode x

| Location Estimate: E;
| Positive Constraint: Py
I NegativeConstraint: N

Intersection of circlesin Ex
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SextantApproacl

U EachNode x
/\ | Location Estimate: E;

| Positive Constraint: Py
i x: leaned from wireless | NegativeConstraint: N
neighbors - _
| Set of positive constraints: j x
I Set of negativeconstraints: £

£ .. leaned from wireless
non-neighlors
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SextantApproacl

EachNode x

| Location Estimate: E

Positive Constraint: Py
NegativeConstraint: N

Set of positive constraints: j «
Set of negativeconstraints: £ 4

Invaiant
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EventLocalization

Similaity to Node Localization

I Constraintsfrom sensinghardware vs. wirelessradio
| Booleansensed/not-sensedignalvs. booleanconnectiviy

Di®erencefrfom Node Localization

I Annotate resultant areaswith probabilities
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EventLocalization

Sensor

Positive Contribution

Senso somewheran E detectsevent;
probability eventin grid G.

. 'H NegativeContribution
ety Senso somewheren E doesnot detect
event; probability eventin grid G.
Solution
P\ et Product of positive and negative

contributionsfrom sensos sensingand
not-sensinghe event.

BayesianProbability
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Feedback
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Feedback
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Feedback
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Feedback
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Feedback
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Feedback

Eventsas a Sourceof Constraints
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Eventsas a Sourceof Constraints
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Optimizations

WirelesHardware

I RangeMeasurements

Senso Hadware

| EventDistance

Annulus for range x
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Optimizations

WirelesHardware

I Angle of Arrival

Senso Hadware

|  Directional Sensos

Secta for angle x
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Modeling

o o o o o o o
o o o o o
o o
o) o o)

o o
o o o o o o

Wirelesscoveragearea is
non-convexand has holes
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Modeling

WirelessRadio

N Booleanpaclet-received
" packet-not-received.

I All reachablenodes: R away

I All unreachablenodes, r away
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Neighlorhood Discovery

I Nodestransmit periodic beacons
I Thresholdbeaconreceptionrequiredfor booleanconnectiviy

Gossip

Disseminateconstraintsas long as they are useful
I Positiveinformation { usedonly at rst hop
I Negativeinformation { usedwithin the rst few hops
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Validationof Node Localizatior

Implementation

I Implementedon MICA-2 motes, laptopsand PDA
I About 2kB of storage per node
I About 80kB data transmitted per node until convergence

Setup

I 50 MICA2 motesplacedin a grid pattern
I Landmaks chosenat random
I 80% paclet receptionthresholdchosenfor connectiviy
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Validationof Node Localizatior

Compaing Node Localization

I Triangulation { Centroidof neighlor nodes
I GPSLess

I Single-hop { No transitive dissemination
I Active Badge, Cricket, GPSLessLocalization Using Moving Target

I Positive-constraints { No negativeinformation

I APS, Convexposition estimation, N-hop Multilateration, Robust
Positioning

| Sextant
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Validationof Node Localizatior

100
90
80 r
70 1
60
50 1
40 r
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<15 <30 <45 <60 <75 <90 <105 all

Error (distance)

Node Localization

| Accurate

% Nodes Located

Sextant
Positive-constraints —e— 1
Single-hop —— |
Triangulation —=—

Sextantlocatesmore nodesaccurately
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Validationof Node Localizatior

100
90 |
80 |
70
60 |
50
40
30 1 Sextant —— | _
20 Positive-constraints —e— |  E+clent
10 L Single-hop —— |

| | | - Triangulation —=—

O 10 20 30 40 50 60 70 80 90 100

% Landmark Nodes

Node Localization

| Accurate

% Nodes Accurately Located

Sextantrequiresfew landmaks
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Validationof Node Localizatior

40 | 90% no'des |
75% nodes
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E 30
s | Node Localization
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Sextantrequires xed landmak density
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Validationof EventLocalization

Setup

I 50 MICA2 motesplacedin a grid pattern
| Eventis a °ash of light
| Appreciablechangein analogvaluetriggers senso

Compaing EventLocalization

I Triangulation { Centroid of sensos reporting the event
I AcousticRanging

| Sextant
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Validationof EventLocalization

100
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EventLocalization

|  Accurate

Sextant
Triangulation —e—

0 <4 <8 <12 <16 <20 all
Error (distance)

% Events Accurately Located

Sextantlocatesmaore eventsaccurately
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Validationof EventLocalization

[ ‘Sextant —
Triangulation —f=—
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Accuracyimproveswith nodes
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Validationof EventLocalization

100 : :
Sextant
90 Triangulation —=—

EventLocalization

| Accurate
| Ezxclent
|  Robust

% Events Accurately Located

20 40 60 80 100 120
Sensing range (distance)

Sextantindependentof sensingrange
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ProgrammingModel for Ad Hoc Networks

I Currentstate of the art is to viewthe network asa systemof
systems

I Forcesall applicationsto implementtheir own mechanismdgor
state migration

I Tedious,erra-prone

I Multiple applicationsmay con®ict

I Fundamentalproblem stemsfrom lack of an arbiter
I Needa systemlayer to perfam resourcemediation
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MagnetOSApproach

Contributions

I Programmerwrites monolithic
applicationfor a singleJVM
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MagnetOSApproach

Contributions

I Programmerwrites monolithic
applicationfor a singleJVM

I MagnetOSstatically partitions the
applicationinto communicating
objects

I Objectscan resideanywhere
In the network
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MagnetOSApproach

Contributions

I Programmerwrites monolithic
applicationfor a singleJVM

I MagnetOSstatically partitions the
applicationinto communicating
objects

I Objectscan resideanywhere
In the network

I MagnetOSdynamically nds a
good placementof objectson
nodesin the network

I Energyezxciency is the key
goal
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MagnetOSImplementatiorand Status

I Implementedmost of the system

I Static rewriter (50K loc)
I Space-optimizedVVM for x86 and StrongARM (30K loc)
I Dynamicruntime (25K loc)

I Working on addingtranspaent replication

I Basedon messagdogging
I Driveninitially by programmerannotations
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Sextantis a localizationframework that achievedigh
accuracyand scalabiliy

| Explicit representationof regionsusing B&ziercurves

I Conservativeand compgrehensiveextraction of negativeas well
as positive constraints

I Transitivedisseminatiorof constraints

I Useof eventsto re ne node location

Sextantis practical

MagnetOSsimpli es programmingmobile systems
I Many newdirectionsbasedon transpaent rewriting

http://www.cs.cornell.edu/People/egs/sextant/
http://www.cs.cornell.edu/People/egs/magnetos/
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RelatedWork

Positive Information

| GPS-Free '01: Capkun,Hamdi and Hubaux

I APS '01: Niculescuand Nath

| Convex Position Estimation '01: Doherty, Pister and Ghaoui

I Robust Positioning '02: Savaese,Rabay and Langendaen

| N-hop Multilateration '02: Savvides,Park and Srivastava

| APS-A0A '03: Niculescuand Nath

| Mere Connectivity Localization '03: Shang,Ruml, Zhang and Fromherz
I Connectivit y-Based Positioning '04: Bischo®and Wattenhofer

I Unit Disk Approximation '04: Kuhn, Moscibroda and Wattenhofer

| Virtual Coordinates '04: Moscibroda, O'Dell and Wattenhofer
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RelatedWork

Single-Hop

| Active Badge '92: Want, Hopper, Falcao and Gibbons
I GPS-Less'00: Bulusu, Heidemannand Estrin

| RADAR '00: Bahl and Padmanabhan

| Cricket '00: Priyantha, Chakralorty and Balakrishnan
| RF-Based Location Tracking '04: Lorincz and Welsh
I VORBA '04: Niculescuand Nath

| Localization Using a Moving Target '04: Galstyan, Krishnamachai,
Lerman and Pattem
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RelatedWork

EventLocalization

| Fine-grained Localization '01: Savvides,Han and Srivastava

| Collaborative Processing'03: Zhao, Liu, Guibasand Reich

| Acoustic Ranging '04: Sallai, Balogh, Maroti and Ledeczi

| Countersniper '04: Simon, Maroti, Ledecziet al.

| Entity Tracking '02: Brooks, Grizn and Friedlander

| Energy-Excient Surveillance '04: He, Krishnamurthy, Stankovic et al.
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