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Abstract

Wireless Sensor Networks (WSN) are large-scale networks consisting of spatially dis-
tributed nodes with sensing capabilities to monitor conditions of the physical environ-
ment . They are deployed in environments that are difficult to access by traditional wired
networks. In the past such WSNs have mostly been designed and deployed with spe-
cific applications in mind. Recent developments however show an increasing demand for
WSNs to provide a shared network infrastructure for a multitude of different applications
running in parallel.

Applications in WSNs are realized by deploying and executing distributed program
modules on multiple nodes of the network. The simultaneous operation of multiple
applications thus makes it necessary to enable dynamic adding, modifying and deleting
of program modules throughout the network. Existing work so far has dealt with this
issue by proposing dynamic deployment methods to effectively reprogram the nodes at
run-time.

In our work we assumed the scenario of multiple applications running in a given WSN,
each of which consist of multiple program modules running on specific nodes to conduct
sensing and data processing tasks. We call such applications LCAs (Locally Centralized
Applications) in this paper. Existing solutions suffer from two drawbacks considering
the deployment and execution of LCAs.

Problem 1: Related work lacks a proper architecture for structuring LCAs, resulting
in an ad-hoc development of LCAs and difficulties in their continued execution.
Problem 2: When a LCA needs to change its deployment location, existing work re-
quires communication and synchronization between the program modules that need re-
location. On the other hand, WSN are a highly unstable communication environment
and thus entail two risks. For one, message loss can result in certain program modules
to fail receiving the relocation instructions from the controlling process and thus will not
relocate correctly. Furthermore, communication failures during the migration process
itself can result in certain program modules to be lost.

To address the above issues and improve the practical development of LCAs we pro-
pose two novel approaches.
approach 1: An architecture for structuring LCAs.

We propose constructing a LCA by dividing responsibilities into three components,
namely a Master, Slave-S and Slave-M.
approach 2: A dynamic deployment process for distributed program modules.
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The Master component generates the other component programs (Slave-S, Slave-M) and
controls their deployment dynamically.

We evaluated the efficiency of our proposal in a simulation environment. The results
show that the architecture achieves a success rate of constructing LCAs 15% to 50%
higher than in existing solutions. In addition, the dynamic deployment process reached
deployment success rates 20% to 40% higher than in related work. We conclude that
the proposed approaches are an effective way to operate multiple LCAs simultaneously
in WSN environments.
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O 2.1: TinyOSOOODOOO

//Blink
//0000 LEDO0O0O0O0ODOOOOOOOOOO

module BlinkM {//0000000000O
provides {//00000000000OOOO
interface StdControl;
}
uses {// 000000000000 OOOO0OOOOOOO
interface Timer;

interface Leds;

//000000
implementation {
command result_t StdControl.init(){ //00 O
call Leds.init();
return SUCCESS;

}

command result_t StdControl.start(){ /0000000000000 00OO

return call Timer.start(TIMER_-REPEAT, 1000);

}

command result_t StdControl.stop(){ /0000000000
return call Timer.stop();

}

event result_t Timer.fired(){ /000000000 LEDOOOOO

call Leds.yellowToggle();
return SUCCESS;
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// Master Code --————————————=———=—--
//00000000000000000000O0000
BEGIN pushn ido
pusht LOCATION
pushc 2
pushc RXN1
regrxn
/0000000000000 gogoooogoon
pushn rfi
pushc 1
pushc RXN2
regrxn
//0000
IDLE ooooooooooooooo)
pushc IDLE
jumps
//00000000000000000DO00D
RXN1 pop
setvar 0
pushc IDO
endrxn
/0000000
ID0 killslave [l //Slave 0 O[O
getvar O
gsmove 10 //0000000000
pushc IDLE
jumps
//000000000081lave-sU IDOOOOODOOO
RXN2 pushc RFI
endrxn
//Slave-MO 0000
RFI pushn gob
pushc 1
slavemloc
rout
pushc IDLE
jumps
// Slave-S Code —————————————————————-
startslaves
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//ID00000000000000
pushn rfi
pushc 1
masterloc
rout
/000000000
SENSE pushc 16
sleep
pushc TEMPERATURE
sense
pushc THRESHOLD
cgt
rjupmc EME
pushc SENSE
jumps
//000000
EME ooooooooooooooo)
endslaves
// Slave-M Code -————————————=———————=
startslavem
/000000000
BEGM pushn gob
pushc 1
pushcl CLN
regrxn
//Master OO0 O0O0OOOOOOO
WAIT wait
/000000000
CLN masterloc
setvar 0
pushcl CCC
endrxn
/000000000000
CcccC pushloc 1 1
smove
pushn loc
getvar O
pushc 2
out
endslavem
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//000000000000000000
INIT gettime

pushn bbb

loc

pushc 2

pushloc 1 2

rout
/0000000000000 0O0O00o0ooobooboOooo
BEGIN pushn ggg

pusht LOCATION

pushc 2

pushc RXN

regrxn
/000000000000
SENSE pushc 2

putled

pushc 16

sleep

pushc SENSE

jumps
//0000000000000000000000
RXN pop

setvar 0

clear

pushc IDO

endrxn
//000000000000000000
IDO getvar O

dec

smove

clear

gettime

pushn bbb

loc

pushc 2

getvar 0O

rout

pushc SENSE

jumps
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00000 Master0O0 0000 (Master_-CodeSize)O AgillaD 00O O O0O0O000O0O
(Leader-CodeSize) 10000 C.1,C20000000

Master_CodeSize = Master_Process
+  SlaveS_CodeSize
+ SlaveM _CodeSize + 6 (C.1)
Leader_CodeSize = Leader_Process
+ 22%x(N—1) (C.2)

O C1O0000 Master_Process 0 Master DO 00000000 DO DO SlaveS_-CodeSize,
SlaveM_CodeSize O O Slave-SO Slave-M OO0 00 000600000000 ISAODOO
00000000 C20000 Leader_Process 000 00000000000O0O0ON
00000000022000000000000000000000000D0O000O0

0000000000000 0000000000Agilla0000000000OO0O0O
00 (T-CodeSize_PO T_CodeSizecA) 000000 C3,C40000000

T_CodeSize_P = Master_CodeSize
(N — 2) % SlaveS_CodeSize

+
+ SlaveM _CodeSize (C.3)

T_CodeSize_A = Leader_CodeSize + (N — 1)
x  Programs_CodeSize (C.4)

‘1 Slave 0000 Slave 0 0 O
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T_CodeSize_.P = Master_CodeSize + (N — 1)
% Slave_CodeSize (C.5)

T_CodeSize_A = Leader_CodeSize + (N — 1)

% (Slave_CodeSize + 34) (C.6)

0 C.10C.20000 Master_ProcessO Leader_Process 0 000000000 0OOOO0O
0 C.20000 Leder_Process] Master_Process00 00000 C.10C.200 C.50C.6
00000000 b55056(4000000000
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