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Outline of the TalkOutline of the Talk

Based on the paper

– R. Cheng, B. Kao, S. Prabhaker, A. Kwan, and Y. Tu. Adaptive
Stream Filters for Entity-based Queries with Non-Value
Tolerance. In Proc. of VLDB, 2005.

Introduction of Data Streams and related Applications
Fraction-based Tolerance Protocol for Non-ranked Queries
(FT-NRP)

Enhancements on the Fraction-based Tolerance Protocol

– Immediate Compensation

– Incremental Deployment

Summary
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Data StreamsData Streams

Characteristics of stream and applications

– Massive data volumes, fast data rate

– Reactive systems - Real-time, continuous

monitoring for special events, response time

requirements are critical
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Data Streams and ApplicationsData Streams and Applications

Emerging Data Stream Management System (DSMS)
– STREAM [ABB03]

– AURORA [ACC03]

– CACQ [MSH02]

Various stream applications
– Network monitoring and traffic engineering

– Telecom call records

– Network security [BO03]

– Habitat monitoring [MPS02]

– Structural health monitoring
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Data Streams and ApplicationsData Streams and Applications
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Model of DSMS for Stream ApplicationsModel of DSMS for Stream Applications
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The Motivation of ApproximateThe Motivation of Approximate

Query ProcessingQuery Processing

Reduce Limited Network
Bandwidth

Reduce Battery Energy
Consumption of Sensors



11-Jan-07The University of Hong Kong

The Motivation of ApproximateThe Motivation of Approximate

Query ProcessingQuery Processing
Solutions

– Trade query answer accuracy for

communication overheads [JCW04, KCG02,

OJW03, OW00, OW02 , SDR03]

Installing Adaptive Filters at data sources

Instructing the data sources not to transmit

the unimportant updates
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Adaptive Filter Model of DSMSAdaptive Filter Model of DSMS

with Error Tolerancewith Error Tolerance
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Query Model and Filters
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Range QueryRange Query

Upper

Bound (u)

Lower

Bound (l)

V1

V2

V3

V4

V5Answer (A) is Set of

Identities, e.g. A={s2, s3}

All Streams (S),

e.g. S={s1…s5}

SELECT S.id AS A

FROM AllStreams S

WHERE S.V

  BETWEEN L AND U
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Query and Filter ModelQuery and Filter Model
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Bound (l)
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Update under Filter ModelUpdate under Filter Model

Upper

Bound (u)

Lower

Bound (l)

V2

V’2

V [l, u]  V’ [l, u]

No Update!
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Update under Filter ModelUpdate under Filter Model

Upper

Bound (u)

Lower

Bound (l)

V2

V’2

V [l, u] 

V’ [l, u]

Update!
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Update under Filter ModelUpdate under Filter Model

Upper

Bound (u)

Lower

Bound (l) V’4

V4

V  [l, u]  V’ [l, u]

No Update!
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Update under Filter ModelUpdate under Filter Model

Upper

Bound (u)

Lower

Bound (l)

V’4

V4

V  [l, u]  V’ [l, u]

Update!
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Zero Tolerance (ZT)Zero Tolerance (ZT)

ZT - Every cross-bound
event is updated

What about if non-zero
tolerance is allowed?
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Fraction-based Tolerance
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Fraction-based Tolerance (FT)Fraction-based Tolerance (FT)

Upper
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V2

V3

V4

V7

V8

V5

V6

V1

False

Negative, F-
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update
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False Positive Error ToleranceFalse Positive Error Tolerance
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False Negative Error ToleranceFalse Negative Error Tolerance
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Filter Model for Fraction-based
Tolerance
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Filter Model for Error ToleranceFilter Model for Error Tolerance
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Filter Model for FP StreamsFilter Model for FP Streams
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Filter Model for FN StreamsFilter Model for FN Streams
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

The Fraction-based Tolerance
Protocol for Non-ranked Queries
(FT-NRP)
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Fraction-based Tolerance Protocol forFraction-based Tolerance Protocol for

Non-Ranked Queries (FT-NRP)Non-Ranked Queries (FT-NRP)
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Fraction-based Tolerance Protocol forFraction-based Tolerance Protocol for

Non-Ranked Queries (FT-NRP)Non-Ranked Queries (FT-NRP)
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Fraction-based Tolerance Protocol forFraction-based Tolerance Protocol for

Non-Ranked Queries (FT-NRP)Non-Ranked Queries (FT-NRP)
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Energy Consumption Model of
Sensors
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CrossbowCrossbow’’s Mote Sensor Boards Mote Sensor Board



11-Jan-07The University of Hong Kong

CrossbowCrossbow’’s Mote Sensor Boards Mote Sensor Board

Battery Power: 3.6V

Sensing Unit Current Consumption

– Sleeping mode: 5µA

– Sensing: 5mA

Radio Unit

– Sleeping mode: 2µA

– Transmission: 12mA

– Reception: 8mA

Duty Cycle: 1%



11-Jan-07The University of Hong Kong

Cost Model of Energy ConsumptionsCost Model of Energy Consumptions

ds: Duration of sleeping mode

dw: Duration of waken mode

Cu: Number of Uplink messages

Cd: Number of Downlink messages

Energy for Sensing = (0.19782dw + 0.018ds)mJ

Energy for Radio Transmission  = 43.2 Cu mJ

Energy for Radio Reception = 28.8 Cd mJ
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Experimental Results on the Basic
FT-NRP
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Experimental Result 1 - FT-NRPExperimental Result 1 - FT-NRP

Range Query with Real DataRange Query with Real Data

Experiment 1

– Evaluate #Messages vs. settings of epsilon +/-

– Data:

Real Internet traffic data (TCP data)

No. of streams = 1600

– Query:

Range = [200, 350]

Duration = 2,000,000 time units
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Experimental Result 1 - FT-NRPExperimental Result 1 - FT-NRP

#Messages with Real Data#Messages with Real Data
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Experimental Result 1 - FT-NRPExperimental Result 1 - FT-NRP

Energy Consumption with Real DataEnergy Consumption with Real Data
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Enhancements 1:
Immediate Compensation
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V’6

Immediate Compensation for FT-NRPImmediate Compensation for FT-NRP

V2

V3

V4

V7

V8

V5

V1

F +
=
E +

A
=
1

3

F =
E

A E +
+ E

=
2
4

Immediate set the

s6 as False

Positive!

+ = 0.5
- =  0.5

F +
=
E +

A
=
2

4

F =
E

A E +
+ E

=
2
4



Adaptive Stream Filters for Entity-basedAdaptive Stream Filters for Entity-based

Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Enhancements 2:
Incremental Deployment



11-Jan-07The University of Hong Kong

F +
=
E +

A
=
2

3

F =
E

A E +
+ E

=
2
3

Problem of FT-NRPProblem of FT-NRP

V2

V3

V4

V7

V8

V5

V1

F +
=
E +

A
=
1

3

F =
E

A E +
+ E

=
2
4

V’6

+ = 0.5
- =  0.5

Filter must be consumed

for Maintenance of

Correctness!!!



11-Jan-07The University of Hong Kong

Incremental Deployment for FT-NRPIncremental Deployment for FT-NRP
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V’6

Incremental Deployment for FT-NRPIncremental Deployment for FT-NRP
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Queries with Fraction-based ToleranceQueries with Fraction-based Tolerance

Experimental Results of the
Enhancements on FT-NRP
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Experimental Result 2 - PerformanceExperimental Result 2 - Performance

on #Messages (Real Data)on #Messages (Real Data)
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Experimental Result 2 - PerformanceExperimental Result 2 - Performance

on Energy (Real Data)on Energy (Real Data)
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Experimental Result 2 - PerformanceExperimental Result 2 - Performance

on #Messages (Synthetic Data)on #Messages (Synthetic Data)
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Experimental Result 2 - PerformanceExperimental Result 2 - Performance

on Energy (Synthetic Data)on Energy (Synthetic Data)
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SummarySummary

The motivation of using filters to reduce
communication bandwidth and battery usage

Fraction-based Tolerance Protocol for Range
Queries (FT-NRP)

The enhancement works on the FT-NRP

The experimental results on performance
evaluation of the protocols
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Thank You!


