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pproxim
ation

of
R

adio
N

etw
orks

w
ith

no
C

ollision
D

etection

Tom
ek

Jurdziński(T
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R
adio

netw
ork

m
odel

•
a

netw
ork

consists
of

stations
(pocketdevices)

•
com

m
unication

betw
een

stations
via

a
shared

radio
channel

•
com

m
on

clock

•
m

essages
sentin

tim
e

slots
com

m
on

to
allstations
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A
pplications

•
sensor

netw
orks

•
battlefield

and
rescue

operations

•
new

application
areas

...
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A
dvantages

•
no

routing,no
latency

•
flexibility

-
stations

m
ay

join
and

leave
the

netw
ork

•
no

centralcontrolvulnerable
to

an
attack

•
self-organizing
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D
isadvantages

•
unknow

n
w

hich
stations

are
off

and
on

stations
thatare

on
=

alive
stations

•
the

num
ber

of
alive

stations
is

unknow
n

•
often

the
stations

are
indistinguishable

•
collisions

in
com

m
unication

–
atleasttw

o
stations

sending
atthe

sam
e

tim
e

⇒
scram

bling

•
collision

indistinguishable
from

noise
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C
om

plexity
m

easures

tim
e

-
the

totalnum
ber

of
tim

e
slots

used

energy
-

•
a

station
thatlistens

or
sends

in
a

tim
e

slotis
active,

otherw
ise

inactive

•
being

active
causes

the
m

ain
usage

of
energy

•
energy

cost
of

a
station

=
the

num
ber

of
tim

e
slots

in

w
hich

itis
active

•
energy

cost
of

an
execution

=
the

m
axim

al
energy

cost

over
allstations
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C
om

putation
Scenarios

the
num

ber
of

active
stations

is

scenario
1:

know
n

scenario
2:

know
n

up
to

a
constantfactor

scenario
3:

unknow
n
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E
xam

ple:
E

thernetsolution
for

leader
election

given
n

alive
stations,

atthe
end

exactly
one

station
should

have
status

leader

A
lgorithm

repeatuntilsuccess:

1.
each

station
w

ith
probability

1n
sends

a
m

essage
and

listens

2.
if

no
collision,then

the
station

thathas
sentis

the
leader
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E
xam

ple:
E

thernetsolution
for

leader
election

Properties:

•
probability

of
electing

a
leader

in
one

trial
≈

1e

•
w

ithin
O

(log
n)

trials
a

leader
should

be
elected

w
hp

•
energy

costO
(log

n),equalto
tim

e

•
but:

n
has

to
be

know
n

in
advance
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E
xam

ple:
N

etw
ork

initialization

given
θ
(n)

alive
stations,

atthe
end

the
station

should
have

unique
identifiers

1,2,...

A
lgorithm

N
akano,O

lariu

E
nergy

E
fficientInitialization

Protocols
forR

adio
N

etw
orks

w
ith

no
C

ollision
D

etection.
IC

PP’2000,

tim
e

O
(n),energy

O
(log

log
n)

w
orks

if
the

num
ber

of
alive

stations
know

n
up

to
a

constant

factor
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M
ain

R
esult

T
heorem

1
T

here
is

a
random

ized
algorithm

for
w

eak
no-C

D

R
N

such
that

•
w

ith
probability

≥
1
−

1n
a

num
ber

n
0

is
found

such
that

1c n
0
≤

n
≤

cn
0 .

•
execution

tim
e

is
O

(log
2
+

εn)

•
energy

costis
O

((log
log

n) ε)
(for

any
constantε

>
0).
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C
orollary

T
heorem

2
T

here
is

an
initialization

protocol
for

a
no-C

D
R

N

w
ith

n
stations

that

•
w

orks
in

scenario
III

•
has

tim
e

com
plexity

O
(n)

•
has

energy
costO

(log
log

n)
w

ith
probability

atleast1
−

1n .
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Inefficientsolution

B
asic

A
lgorithm

for
k

=
1,2,...

run
phase

k:

repeat
d
·k

times
a

trial:
each

station
sends

w
ith

probability
1/2

k
and

listens
and

counts
the

num
ber

of
successfulsteps

if
the

num
berofsuccessfulsteps

is
close

to
d
·k/e

then

n
0
←

2
k,halt
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E
nergy

cost
of

B
asic

A
lgorithm

•
each

station
listens

allthe
tim

e

•
O

(log
n)

trials
necessary

in
order

to
gethigh

probability
for

the
rightsize

of
k
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Im
provem

ents
idea

I

•
only

stations
thatsend

listen

•
counting

the
num

ber
of

successes
by

the
successfulsenders

only
–

efficientalgorithm
s

w
ith

O
(log

log
n)

energy
cost

JK
Z

,PO
D

C
’2002

•
results

of
counting

acknow
ledged

for
each

size
of

k

•
⇒

w
e

geta
problem

!

Θ
(log

n)
tim

es
the

size
of

k
changed
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B
asic

A
lgorithm

for
k

=
1,2,...

run
phase

k:

repeat
d
·k

times
a

trial:
each

station
sends

w
ith

probability
1/2

k
and

listens
and

counts
the

num
ber

of
successfulsteps

if
the

num
berofsuccessfulsteps

is
close

to
d
·k/e

then

n
0
←

2
k,halt
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Im
provem

ents
ideas

II

•
the

results
acknow

ledged
for

allstations
notfor

every
k

but

only
those

thathave
the

form
2

j

•
the

num
ber

of
phases

executed
m

ay
double,butenergy

cost

due
to

broadcasting
reduced

to
O

(log
log

n)
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Im
provem

ent
III

P
roblem

:
a

station
m

ay
participate

in
m

any
“E

thernet
trials”,

hard
to

guarantee
a

bound
on

energy
cost

Solution:
every

station
participates

in
an

“E
thernettrial”

atm
ost

once
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F
eatures

of
the

algorithm

•
a

slightm
odification

of
B

asic
A

lgorithm

•
extrem

ely
sim

ple

•
intuitively

correct

•
w

here
is

the
problem

?
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O
riginalalgorithm

•
trials

independentstochastically,

•
expected

num
ber

of
successes

given
by

theory
of

B
ernoulli

trials

•
the

deviations
from

the
expected

value
-

estim
ated

by
C

her-

noff
B

ounds
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P
roblem

s
w

ith
analysis

of
m

odified
algorithm

1.
easy:

show
ing

thatw
hp

the
num

ber
of

stations
already

used

for
E

thernettrialis
sm

all

2.
intuition:

sm
all

num
ber

of
stations

elim
inated

in
this

w
ay

should
notchange

probability
properties

very
m

uch

3.
is

this
true?

strong
stochastic

dependences,

4.
theory

of
B

ernoullitrials
does

notapply
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Technicalcontribution

•
correctness

analysis
of

the
algorithm

despite
stochastic

de-

pendencies

•
a

new
paradigm

for
constructing

energy
efficient

solutions

w
ith

provably
low

com
plexity
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M
ain

phenom
enon

For
a

k
such

that
k
≤

log
n
−

6
num

ber
k

is
accepted

w
ith

prob-

ability
O

(
1n
2 ).

Fork
=
dlog

ne,num
berk

is
notaccepted

w
ith

probability
O

(
1n
2 ).

C
orollary

If
k

0
is

the
first

k
accepted

by
the

algorithm
,

then

2
k

is
a

good
approxim

ation
of

the
netw

ork
size.
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Success
probabilities

L
etthe

num
ber

of
unused

stations
before

a
step

be
≥

n/2.

T
hen

for
k

=
dlog

ne,
the

probability
that

exactly
one

station

sends
is

atleast0.1
.

T
hen

for
k
≤

log
n
−

6
and

som
e

constantc
′,the

probability
that

exactly
one

station
sends

is
≤

p
k
=

n
2

k−
1

(1
−

12
k

)

n
/2.

(very
sm

all!)
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R
elating

independentand
dependenttrials

consider
a

value
of

k
such

thatk
≤

log
n
−

6

•
x

1 ,x
2 ,...

-
independent

binary
random

variables
w

ith
prob-

ability
p

k
of

choosing
1

•
w

1 ,w
2 ,...

-
indicator

variables
for

success
in

consecutive

trials
for

this
k

Sum
of

variables
x

i easy
to

estim
ate

(B
ernoulli

trials),for
vari-

ables
w

i itis
difficult!
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M
ain

L
em

m
a

L
etM

=
2

n
/2,k
≤

log
n
−

6.
For

each
c

>
0

holds:

P
[∑

d
k

i=
1 w

i >
c
|S

1k

]

≤
P

[∑
d

k
i=

1 x
i >

c
]

+
2

dk−
1

M
·P[ S

1k ]

w
here

S
jk

is
the

eventthatthere
are

atleastn/2
unused

stations

at
jth

trialfor
a

given
value

of
k.

R
ecallthatP

[S
1k

]

≈
1

.
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F
inalrem

arks:

•
IE

E
E

Standard
802.11

•
aftersom

e
m

odifications
the

algorithm
runs

in
a

system
w

here

a
station

sending
cannot

m
onitor

the
com

m
unication

chan-

nel

•
JK

Z
,E

uro-Par
2002
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