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Sensor Networks

e Sensor nodes are small devices equipped
with sensors and short range radio.

e Restricted in memory size, processing speed, %
and, most important, battery power

e Usually forming large scale distributed systems.

e Typical Applications:

Ecology (pollution, seismic activity, ethology)

Disaster Prevention (detection of forest fires, prediction of
earthguakes, surveillance of contaminated areas)

Health Care, Military
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‘Sensor Networks — Software Development

e Manual development: cumbersome, many things need
to be regarded (routing, energy, ...)

e Using MDA: Model the application and let the MDA-

system create the code.
- Abstract model is simpler to understand
- MDA tool generates code for modeled algorithm

e Extend this approach with GP: model the results
wanted, instead of the algorithms
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Representation for Algorithms

e Algorithms must be simulated for fithess determination

e Basic Instructions procedure_0
- _li O: mem[1] = mem[1] % mem[O]
aSS_embIer Iike 1: mem[O] = mem[O] % mem[1]
- TL_WmQ C_Omplete | 2: if zf then goto 6
- arithmetical operations  3: i: zf(theE <]:all procEed%l)re_O
" - 4: zt = (mem|1] >= mem]-1
- conditional local jumps % [0 o1 S emr
- procedure calls 6: mem[-1] = mem[-1] + mem[1]
- interr for nsor/|O- 7: 1T zf then goto 3
terrupts for sensor/I0- £ nenfo] = memf-11

data
e Simulated on a virtual machine
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i?epresentation for Algorithms

e Many virtual machines running asynchronously Iin a
simulated network
- messages are undirected radio broadcasts
- will be received by any node in range
- Interrupt If message arrives
- one node may only process one message at a time,
other simultaneously arriving messages get lost

e Network extension to instruction set:

- write to output buffer
- send output buffer as a message

06.10.2006 DGPF http://dgpf.sourceforge.net/ Thomas Weise (tweise@gmx.de) Slide 6



9
_ VERTEILTE SYSTEME

Problems

e Fitness landscapes of algorithms are rugged

e Check an algorithm's convergence speed — Fitness
Functions need hooks "into the simulation”

e Need for multi-objective optimization:
functionality, code size, transmission count...

e Pareto-Optimal Set contains many useless programs
(again producing useless offspring)

oo
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Search API

e Versatile search APl with building blocks for search-
and optimization algorithms

user provided

Genetic Algorithms

Search API Local

Client/Server

P2P

Fithess Functions
Problem Space Impl.
Buleauuy pare|nwis

Hybrid
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Search API

e Semantic mutation and crossover

e Prevalence: comparison of Individuals no longer based
on strict domination but is user-defined

e Distribution utilities: C/S, P2P, C/S-P2P o

Eval. Ctrl. o

Server/Slave % p

Initial Rep. ¢ Sel. | | &

Population CCE
Evaluation » Control Network

t 3 | .

Client/ Rep. Sel. | | ©

Reproduction« Selection Master 4 =4

Eval. Ctrl. %

Server/Slave N
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e P2P-Component: used for Island-Hopping in GA but can
connect arbitrary search/optimization algorithms

06.10.2006

Genetic  Algorithms,
Simulated Annealing,
and Stochastic Hill
Climbing

Algorithms are auto-
adaptive and come
with a implicit Tabu-
Search backend

-

N

Server/Slave

Client

P2P Node

Eval. Ctrl.
t
Rep. Sel.
N
4 A
other P2P
search = network
algorithm
\ Y,
4
Rep. Sel.
I 2
Eval. Ctrl.
.
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Heterogeneous Search

e It Is not known beforehand which search/optimization
algorithm may perform best for a problem.

e Algorithms may perform differently regarding the stage
of the problem space exploration.

e In our case, a mixture of different algorithms yields the

best results. J
‘ f GA
P2P (Pop: 8192,

SA A&
(geomet Tournament)

temp. adapt) Network \
N ;% }II H C
Q T random rese
GA s GA g[abudbackendt)’

(Pop: 4096 \\ (Pop:512,

NPGA) Fight Parents,
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Experlment

e Evolve an "Election Algorithm"

- all nodes in the virtual network have an unique id
- the node with the highest id wins

- all nodes should receive knowledge of this id

- multi-objective optimization

AVE VAV
s ... D Ve
LEN
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+ Experiment a): normal GA
o Experiment b): randomized heterogeneous Search
<= Algorithms with best functionality
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Experiment

procedure O
O push mem[O]

- some useless operations used

- to stall and, as a consequence,
. reduce transmissions In the

: simulated/evaluated time span

send
goto O

oucn.bcnrura

procedure_1

O: zFf = (mem[-1] < mem[O0])

1: 1f zf then goto 3
2. xchg mem[-1], mem[O]
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Summary

e Versatile distributed Framework for auto-adaptive, multi-
objective search- and optimization algorithms

e Genetic Programming can help to find simple distributed
algorithms applicable for sensor networks.

e Heterogeneous searches
can provide better per-
formance

e Cluster Management Tool
for easy search deployment
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Future Work

e Tackle more complex distributed algorithms

e Transform evolved algorithms into source code

e Extend search API

e Implement extended versions of algorithms like SPEA-II
e Testalso PSO and deterministic algorithms like A*

e EXxtend auto-adaptation capabilities

e Extend Cluster Management Tool
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Thanks for your attention.

Questions?

Framework available as Open-Source at
http://dgpf.sourceforge.net/
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