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MOTIVATION

= |n-network processing paradigm
= Millions of sensors with processing capabilities

= \/ision

— Reduce the volume of data seen / processed by the application

= Complex application tasks can split into simpler tasks that can
be accomplished by separate nodes within the network

= Goal: assign the tasks optimally in terms of energy
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PROBLEM DEFINITION

» Definition (Optimal Assighment)

Let Wbe a WSN and let T be a complex task. Given
the set of all mappings ®={¢:T ->W} where the
capabilities of the network fulfill the task and
energy requirements, we call an assignment as
energy-optimal assignment ¢Opt if and only if

(Voed)er <&),

* NP-hard [Garey and Johnson, 1979]
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MODELING FRAMEWORK

Task Model

Definition (Task). Given a set S of subtask
vertices and a set C of directed edges
among the subtask vertices, we define a
task T as a directed acyclic graph (DAG)
represented by the tuple T =(S,C).
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MODELING FRAMEWORK

Task Model - Example

p =(sink,1,%) @

C, = (0, p,1600)

q =(max100,1, Z)

C,, =(r,q,16000) C,, =(s,,16000)

r = (temperature,1000, Z,) s =(temperature, 1000, Z, )

U
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MODELING FRAMEWORK

Network Model

Definition (Network). Let N be a set of
network nodes and let A be a set of
directed network edges. We define a WSN
as a strongly connected directed graph
represented by the tuple W =(N,A) .

Capability Sink node
Sensa {cz’ieCI }
Alg, {algi eAlg}
isSinka {sink}
Op. {eiec}U{alg e Alg} U {sink}
Loca :_éa eX
ST
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Non-sink node

{cz’ieCI }
{algieAlg}
&

{ciieCI } U {alngAlg}
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MODELING FRAMEWORK
Network Model - Example
a= <{humidity, max } X,, 38000, {Ma (humidity) = 0.001, M _ (max) = 0. 01 .
temperature, max }, X3, 50000, {Mb (temperature) = 0.002, M, (max) = 0. 005 .
b

sink, temperature} Xz', o0, {M

b = ({
C= <{temperature max |, X ,10800,{I\/Ic(temperature):0.00LM (max) = 001
d = ({

, (sink) = 0, M (temperature) = 0.002}>

A A Ay =(b,d,09,038)

A, =(a,d,0s,08)
A. =(a,c,02,02)
R

A, =(c,a,02,01)
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MODELING FRAMEWORK .
Assighment Model

Definition (Assignment). Let T =(S,C) be a complex task and .
W =(N,A) beaWSNwith IT={IT,},Va,beN representing /
the set of all paths among the network nodes. We define the

assignment & i T =W as the pair of mappings X, :S — N
and Yéw :C > I1 that satisfy the consistency constraint:

(VC,, €C)(VIT,, eTI) Y,(C,)=TI, <

((Xé (p)=Src(IL,))A (X, (a)= DSt(Hab)))

and we represent itby ¢ = <X§,Y§> € Z where Z isthe set of

all possible assignments between T and W.
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MODELING FRAMEWORK

Assignment Model - Example

={p—>d,g>ar—cs—b}

- {CQP - 1_Iad ! er - Hca’ qu - Hba}

X
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OPTIMIZATION

ILP Variables

Vertex assignment of subtask vertex

'xp,a Binary Matrix ‘S‘ ‘N‘ p € S tonetwork node a € N
) ) ‘S‘ . (‘ S‘ _]) Edge assignment of subtask edge Cpg to
Y a.ab Binary Matrix v %N
pg- 2 network path II
5 Integer ‘ S‘ (‘ S‘ _1) Data bits exchanged over subtask edge
rq Column f Cpq
Total energy rate (per bit) when the
P Real Column ‘N‘z . .
ab network path II , is activated
Energy rate (per bit) for network node
. 3 .
pab,c Real Matrix ‘N‘ ¢ € N when network path Hab is
activated
Execution energy cost of subtask vertex
gc,p Real Column ‘S‘ ’ ‘N‘ p € S innetwork node c€ N
Available energy of network node
& Real Column ‘ N ‘

ce N
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OPTIMIZATION

ALGORITHM 1. ILP Formulation

Input: Sets C,5,N.IL7,.J , Variables ﬁpq Pab>Papc>Ecp e

Output: Variables xp a’ Y pq.ab

?

Objective function: minimize Z Z £, X, + Z Z By Vog.ar  Pasc
ceN\ pes | CpeC Tyell ' '

Constraints set:
(Vp es ) Z x,,=1 //Unique subtask vertex assignment constraint

asN

(VCH eC ) Z Vpeas =1 //Unique subtask edge assignment constraint

I1,;ell
(VC L €EC ) (Va eN ) Z Vog.oo =% 4 /[Edge-to-source-vertex consistency
]:[d ES“’;‘(G}
constraint
(VCM € C) (VbeN) Z Vogar =Xy 5 //Edge-to-destination-vertex  conslstency
HnbEEt(b}
constraint
(Vee N) Z £, X, t Z Z Boy Vogas Pase | < Ec //Node energy conservation
pes ' Cpp€C Tlyell ' '
constraint
(Vp es ) (Va eN/I p) x,,=0 /[Vertex compatibility constraint
(VCpq € C) (VHab e IT\ Jm) Yogar =0 //Edge compatibility constraint
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RESULTS

Experimental setting

Parameter Value
|C[ | 10
|4lg| 15
|Sens.,... | 4
|A lg ... | 2
Quant 6000
# SinkSubtasks 1
By aver 320 Kbit

Spatial constraint  1:5 sensing subtasks

[Shum1] [Shum2]

<hum <hum
spatial
WKM\SUU%KNt
[Stempl] [Swindl] [Savg]
<=temp <wind =awvg
spatial

-0 Kbit 500.9 Kbit 200 [
L]

[Smax]
=rmax

400.0 Khit
»;‘{-wz-
(Al ﬁ

Parameter Value
|Sens.,,, | 5
|Algmer‘ 10

# SinkNodes 1

M, (op,) 0.005m.J
Pros.aver = Provaver = Paver 0-0001meJ/bit
&, 0 300d

]
e
b‘bdbdbd
| > >
ST
R e
b‘bdbdbd
| | > >
T

\‘8{./ P Optimal Task Assignment in Sensor Networks
ol



RESULTS

Energy status of the network after Run #100
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RESULTS

Optimal assighment — Run #1

[NO] [N32]
100% 100%
[N1] [N33]
100% 100%
[N2] [N13] [N34]
100% Shum Ssholamol op 100%
100% . ]
[N3] Shuml
100% 500.0
[N4]
100%
[N5]
100%
[ME] [N2T]
100% 10p%, Smax
400.0
[MN7] Stempl
100% 100%| 500.0
[N8] [N19] [N40]
100% Stempll s;:?%l mr 100%
100%
[N&] [N30] [N41]
100% 100%
[N10] [N31] [N42]
100% 100%
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RESULTS

Optimal assignment — Run #21
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[N4] 6] [N47]
100% ma: 100%
%
[N5] 7] [N48]
100% % 100%
indl
0.0
[NB] [N17] 8]
100%; Stempl i
24%
[NT] 1 [N39] [N50]
100% 50% 11% wind 100%
33%
[NB] [N40] [N51]
100% 66% 100%
[NE] [N52]
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[M1o] [N21] [N53]
100% % 100%
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RESULTS

Mesh network

Energy Cost (mj)
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RESULTS

Mesh network
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RESULTS

Mesh network

Execution Time (msec)
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FUTURE WORK & EXTENSIONS

= Experimentation with non-optimal solutions that scale

= Maximize the network lifetime instead of minimizing the
energy at each step separately

= Model the unreliability of wireless channels
= |nsert the concept of mobility (Levy Walk model)

= |ncremental assignment of tasks

' Optimal Task Assignment in Sensor Networks
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