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@ Nodes in WSN severely constrained in resources
@ computation
@ memory
s energy
@ Applications elaborated with energy consumption
minimisation as primary goal
@ The desired behaviour of embedded systems

@ subject to real-time constraints
@ involves interactions with physical devices with their own
individual constraints
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@ Our goal - provide an optimized mapping of a software
protocol on a hardware device

@ The software to hardware mapping implies ensuring complex
time constraints

We address the problem of mapping the free states of a software
protocol (expressed as a TA) to unique states or paths in the
device automaton (behaviour expressed as a TA) such that timing
constraints are guaranteed while minimizing the energy consumed
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strictly sequential model of computation
components - states
connections between states - transitions
execution - strictly ordered sequence of state transitions
transitions occurence
o events from the upper/lower layers in the communication stack
@ timer events
@ conditioned by logical expressions with clock variables and
integer state variables
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o fixed states - map directly to physical states of the radio
device
o free states - should be mapped onto physical device paths
that guarantee time constraints
@ Transitions out of free states
@ on timer events
@ impose a maximum duration constraint
@ on external signals

@ from other layers in the protocol stack
@ not time correlated - such an external event can occur at any
time while in the free state
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tpath the extra time w.r.t the minimum transition time of the
path tmi, should be spent in the non-transitional state of the
path with the minimum power consumption s,

E[Ptimed] =

g['D]min + (tpath - tmin) X Psm,-,, tpath 2 tmin
o0 otherwise

@ The distance dist(S1, S2) in the physical device automaton -
the minimum of all the lengths of the elementary paths leading
from S; to Sp in the duration-weighted device automaton
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order for all the transitions out of Spjac to remain realizable.

offset(s, Smac) = max{0,
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@ Analysis - carried out under the assumption of ideal channel
conditions (no hidden terminals or capture)

@ Station behavior modelized by a two-stage Markov chain with
the goal of determining

e T stationary probability that the station transmits in a
randomly chosen slot time

@ pp probability of finding the medium busy when performing
CCA
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Markov chain model for
B-MAC backoffs

P{i kli,k+1} =1 ke (0,W; —2),ie(0,1)
1_
P10, ki, 0} = L= Po). k€ (0, Wy —1),i € (0,1)
Wo
P{1, k|0,0} = py/ WA, k€ (0,W —1)
P{1, k|1,0} = pp/ WA, ke (0,W 1)
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@ Transmission occurs when the backoff time counter equals 0
and the medium is found not busy while performing clear
channel assessment:

)
T=(1-pp) % bio =
Z (1—pp) x 25 4 pp x MatL

@ The medium is busy during a randomly chosen slot time if at
least one station has started transmitting during one the
previous / — 1 slots

/-1

po=> pi=(—-1)x(1-(1-7))

i=1

@ Non-linear system of equations in the two unknowns 7 and pp
that can be solved using numerical techniques
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Figure: Transmission and busy medium probabilities for different packet
lengths and number of nodes
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with probability 7 the station transmits a packet

with probability (1 — 7) the station is in a backoff stage with
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@ In a randomly chosen slot time
¢ with probability 7 the station transmits a packet
s with probability (1 — 7) the station is in a backoff stage with
an average energy consumption E[B]

E:T'Ptx'ttx+(1—7)’E[B]
@ The average backoff energy
E[B] =E[IB]+

Zpb("*” x (1 —pp) x [(i —1) x E[CB] +i x E(CCA)];

i=1

—E[IB] +

« e(ccay+ PP

E[CB];
1—pp 1—pb>< [CBY:
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protocol expressed as a TA to a physical device whose
behavior is also expressed as an automaton with states of
fixed or unbounded (but with lower limit constraint) duration

@ Future works

@ Modelize the mapping problem as a linear program in order to
allow mappings not only to paths with distinct edges but to
general paths

@ Evaluate the performance of the optimized B-MAC radio driver
for the platform WSN430 under the simulation environment
Worldsens as well as on a realistic experimental platform

o Long-term goal is to generate optimized device driver code.
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