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IntroductionIntroductionIntroductionIntroduction

Sensor networksSensor networks
environmental monitoring, medical care, battlefield surveillance, environmental monitoring, medical care, battlefield surveillance, ……

Data aggregationData aggregation
essential operationessential operation
many approaches proposedmany approaches proposed
collision problem left to the MAC layer not efficientcollision problem left to the MAC layer not efficientcollision problem left to the MAC layer, not efficientcollision problem left to the MAC layer, not efficient

We are focusing on:We are focusing on:
data aggregation schedulingdata aggregation scheduling aiming at minimizingaiming at minimizing latencylatencydata aggregation schedulingdata aggregation scheduling, aiming at minimizing , aiming at minimizing latencylatency



Our ContributionsOur ContributionsOur ContributionsOur Contributions

We propose a twoWe propose a two--phase distributed algorithm DAS forphase distributed algorithm DAS forWe propose a twoWe propose a two phase distributed algorithm DAS for phase distributed algorithm DAS for 
aggregation scheduling for the first timeaggregation scheduling for the first time
We present the latency bound of our algorithmWe present the latency bound of our algorithmp y gp y g

24D+624D+6ΔΔ+16+16
Nearly constant approximationNearly constant approximationy ppy pp

We design an adaptive strategy for DASWe design an adaptive strategy for DAS
Suitable for dynamic topologiesSuitable for dynamic topologies



Related WorkRelated WorkRelated WorkRelated Work

Data aggregation scheduling (aiming at latency)Data aggregation scheduling (aiming at latency)
X Chen et al MSN 05X Chen et al MSN 05X. Chen, et.al. MSN 05X. Chen, et.al. MSN 05

Minimum aggregation time problem is NPMinimum aggregation time problem is NP--hard.hard.
An approximate algorithm with latency bound of (An approximate algorithm with latency bound of (ΔΔ--1)R1)R

S. Huang, et.al. Infocom 07 (mistakes in it)S. Huang, et.al. Infocom 07 (mistakes in it)S. Huang, et.al. Infocom 07 (mistakes in it)S. Huang, et.al. Infocom 07 (mistakes in it)
An approximate algorithm with latency bound of 23R+An approximate algorithm with latency bound of 23R+ΔΔ--1818

Existing problems:Existing problems:
Latencies are still very high: the best latency isLatencies are still very high: the best latency is ((ΔΔ--1)R1)RLatencies are still very high: the best latency is Latencies are still very high: the best latency is ((ΔΔ 1)R1)R
Algorithms are Algorithms are centralizedcentralized (inefficient when topology changes)(inefficient when topology changes)

Our SolutionOur Solution
DASDASDASDAS
The first distributed aggregation scheduling algorithm aiming at minimizing The first distributed aggregation scheduling algorithm aiming at minimizing 
latency in sensor networkslatency in sensor networks



Problem DefinitionProblem DefinitionProblem DefinitionProblem Definition

Distributed Aggregation SchedulingDistributed Aggregation Scheduling
PreliminariesPreliminaries

Let A, B be subsets of V and ALet A, B be subsets of V and A∩∩B=B=ΦΦ..
We say data is aggregated from A to B in one time slot if all the nodes We say data is aggregated from A to B in one time slot if all the nodes 
in A transmit data in this time slot simultaneously and all the data are in A transmit data in this time slot simultaneously and all the data are 
received collisionreceived collision--free by some nodes in B.free by some nodes in B.yy
Here A is called a sender set.Here A is called a sender set.



Problem DefinitionProblem DefinitionProblem DefinitionProblem Definition

Distributed Aggregation SchedulingDistributed Aggregation Scheduling
Generate a data aggregation schedule distributedly, minimizing time Generate a data aggregation schedule distributedly, minimizing time gg g y, ggg g y, g
latency latency l l ::

Intuitively, the schedule for each node is a time slot in which it sends its Intuitively, the schedule for each node is a time slot in which it sends its 
d All h dd All h d ’’ h d l f h h l kh d l f h h l k’’ h d lh d ldata. All the nodesdata. All the nodes’’ schedules form the whole networkschedules form the whole network’’s schedule.s schedule.



DASDASDASDAS

DASDAS
two phase algorithmtwo phase algorithm
Distributed Aggregation Tree ConstructionDistributed Aggregation Tree Constructiongg ggg g
Distributed Aggregation SchedulingDistributed Aggregation Scheduling



Distributed Aggregation Tree Distributed Aggregation Tree 
ConstructionConstruction

Distributed Aggregation Tree ConstructionDistributed Aggregation Tree Construction
existing approach in [Wan et al. INFOCOM 02]existing approach in [Wan et al. INFOCOM 02]
maintaining maintaining good property of aggregation treegood property of aggregation tree
All black nodes form an MISAll black nodes form an MIS
The root is blackThe root is black
White nodes are leavesWhite nodes are leaves
Gray nodesGray nodes’’ children are blackchildren are blackyy
Black nodesBlack nodes’’ children are graychildren are gray
or whiteor white



DASDASDASDAS

DASDAS
h l i hh l i htwo phase algorithmtwo phase algorithm

Distributed Aggregation Tree ConstructionDistributed Aggregation Tree Construction
Distributed Aggregation Scheduling (SCHDL)Distributed Aggregation Scheduling (SCHDL)



SCHDLSCHDLSCHDLSCHDL

Observation on the collisionsObservation on the collisions
A node is called a competitor ofA node is called a competitor of uu if it cannot send data whileif it cannot send data while uu is sendingis sendingA node is called a competitor of A node is called a competitor of uu if it cannot send data while if it cannot send data while uu is sending is sending 
data due to the collision.data due to the collision.
The set of The set of uu’’s competitors is called s competitors is called uu’’s s competitor setcompetitor set..
Competitor set of each node Competitor set of each node uu

uu’’s parents parent’’s neighborss neighbors
uu’’s neighborss neighbors’’ childrenchildrenuu s neighborss neighbors childrenchildren



SCHDLSCHDLSCHDLSCHDL

Basic Idea:Basic Idea:
All the sensor nodes make their schedules All the sensor nodes make their schedules in a certain orderin a certain order
according to their competitor setsaccording to their competitor sets
Order priority:Order priority:

Node IDNode ID
Whether a node is readyWhether a node is ready

A node is ready ifA node is ready if
it i i RY t tit i i RY t tit is in RY stateit is in RY state

Node StateNode State
RY(ReadY)RY(ReadY)
NRY(N tR dY)NRY(N tR dY)NRY(NotReadY)NRY(NotReadY)
WAIT0WAIT0
WAIT1WAIT1
SLEEPSLEEPSLEEPSLEEP
SC(ScheduleComplete)SC(ScheduleComplete)



An ExampleAn ExampleAn ExampleAn Example



Theoretical ResultsTheoretical ResultsTheoretical ResultsTheoretical Results

CorrectnessCorrectness

PerformancePerformance

This latency bound is looseThis latency bound is loose
we allow any network topologywe allow any network topology
very complicated casesvery complicated cases
tight bound hard to be analyzedtight bound hard to be analyzedg yg y
time latencies in the experiments are 7 to 8 times better than the theoretical time latencies in the experiments are 7 to 8 times better than the theoretical 
boundbound



Adaptive DASAdaptive DASAdaptive DASAdaptive DAS

Adaptive DASAdaptive DAS
Occasions when nodes join or failOccasions when nodes join or fail
Two phaseTwo phase

Maintenance of Aggregation TreeMaintenance of Aggregation Tree
Two casesTwo cases

Node joiningNode joining
Node failureNode failure

Basic ideaBasic idea
Maintaining the property of current aggregation treeMaintaining the property of current aggregation treeMaintaining the property of current aggregation treeMaintaining the property of current aggregation tree
Joining nodes find their parentsJoining nodes find their parents
Failure nodes are deleted from the aggregation treeFailure nodes are deleted from the aggregation tree
Nodes that lose their parents find new onesNodes that lose their parents find new ones

Adaptive SchedulingAdaptive Scheduling
All the nodes who change their parents form a set All the nodes who change their parents form a set UpdUpd and they are and they are 
marked marked ““renewedrenewed””
Any node who is an ancestor of a node in Any node who is an ancestor of a node in UpdUpd is marked is marked ““renewedrenewed””yy pp
All the All the ““renewedrenewed”” nodes run SCHDLnodes run SCHDL
New schedules generatedNew schedules generated



ExperimentsExperimentsExperimentsExperiments

SimulationSimulation
Methodology:Methodology:

A region of 200m*200mA region of 200m*200m
S i i di f ll h dS i i di f ll h dSame transmission radius for all the nodesSame transmission radius for all the nodes
Transmission radius varies from 20m to 40mTransmission radius varies from 20m to 40m
# of nodes varies from 1000 to 2000# of nodes varies from 1000 to 2000# o odes va es o 000 to 000# o odes va es o 000 to 000



Experiments (cont )Experiments (cont )Experiments (cont.)Experiments (cont.)
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Experiments (cont )Experiments (cont )Experiments (cont.)Experiments (cont.)
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ConclusionsConclusionsConclusionsConclusions

Two problems of previous work on aggregation scheduling:Two problems of previous work on aggregation scheduling:
High latency bound: (High latency bound: (ΔΔ--1)R1)R
Centralized algorithmCentralized algorithm

We present a We present a distributeddistributed algorithm DAS with latency bound algorithm DAS with latency bound 
24D+624D+6ΔΔ+16+16
W d i i bl f kW d i i bl f kWe present an adaptive strategy suitable for sensor networks We present an adaptive strategy suitable for sensor networks 
with with dynamic topologiesdynamic topologies



Thank you!Thank you!Thank you!Thank you!
Q ti ?Q ti ?Questions?Questions?


