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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

•
m

ilitary
...

•
rescue

operations

•
logistics

•
new

application
areas

...
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P
roblem

s

•
stations:

off
and

on

stations
thatare

on
=

alive
stations

•
unknow

n
num

ber
of

alive
stations

•
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
it

is

active

•
energy

cost
of

an
execution

=
the

m
axim

al
energy

cost
over

all
sta-

tions
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L
eader

E
lection

P
roblem

-
random

ized
setting

•
given

an
unknow

n
set

of
active

stations,
the

stations
are

indistinguish-

able

•
the

num
ber

of
active

stations
is

–
know

n

–
know

n
up

to
a

constantfactor

–
unknow

n

•
after

electing
a

leader
exactly

one
station

should
be

in
the

state
leader,

the
restshould

be
in

the
state

non-leader

6



L
eader

E
lection

in
R

adio
N

etw
orks

PO
D

C
’2002

Tom
ek

Jurdziński,M
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L
eader

E
lection

P
roblem

-
determ

inistic
setting

•
the

sam
e

as
random

ized
-

butthe
stations

have
unique

ID
s

•
often:

the
ID

s
are

in
the

range
1..n,butnotallsuch

ID
s

are
used

•
com

plexity
m

easured
in

n
or

the
num

ber
of

active
stations
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E
thernetsolution

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

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
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T
ree

algorithm

(N
akano,O

lariu)

•
determ

inistic,each
station

has
an

ID
in

the
range

1..n

•
the

num
ber

of
alive

stations
unknow

n

•
energy

costis
log(n),tim

e
com

plexity
is

n
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T
ree

algorithm

•
putn

ID
’s

(stations)
in

the
leaves

of
a

fullbinary
tree

•
electa

leader
in

each
subtree:

for
a

subtree
S

w
ith

leftsubtree
L

and
rightsubtree

R

1.
the

leader
of

L
(if

exists)
sends

a
m

essage
and

considers
itself

as
the

leader
of

S

2.
the

leader
of

R
listens,if

no
m

essage
received

then
itconsiders

itself

as
the

leader
of

S
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P
roperties

of
the

tree
algorithm

•
average

energy
costlow

,if
m

any
stations

alive

•
the

leader
has

the
highestenergy

cost:
alw

ays
log(n)

•
the

algorithm
inefficientif

few
stations

alive

C
an

w
e

reduce
energy

cost??
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A
com

bined
random

ized
solution

•
O

(log
n)

“E
thernetsteps”

only
stations

thatsend
are

allow
ed

to
listen

ata
given

step

(check
for

collisions)

•
a

station
that

succeeds
to

send
w

ithout
collision

at
step

i
gets

ID
equal

to
i

•
run

tree
algorithm

on
stations

w
ith

ID
’s
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E
nergy

cost
of

the
com

bined
algorithm

•
O

(log
log

n)
in

the
second

stage

•
O

(1)
in

the
firststage,provided

thata
station

m
ay

try
to

send
a

m
essage

atm
ostonce

once

(troubles
w

ith
probability

analysis,butw
orks)

m
ay

w
e

go
below

log
log

n??

Y
E

S!
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Slaves

•
usually

L
E

algorithm
s

gradually
elim

inate
candidates

for
leaders,

the
loosers

becom
e

idle

the
w

inners
have

higher
energy

cost

•
slaves:

a
candidate

thatloose
becom

e
a

slave
of

the
w

inner

•
a

candidates
that

w
ins

notonly
enslaves

the
looser

but
also

takes
all

its

slaves

•
the

slaves
w

ork
for

their
m

asters
goal:

m
ore

uniform
energy

cost
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U
sing

the
slaves

•
w

ithout
slaves:

the
m

aster
has

to
perform

T
com

m
unication

steps
(en-

ergy
costT

)

•
w

ith
slaves

s1 ,...,sk :

–
s1

em
ulates

the
firstT

/k
com

m
unication

steps
of

the
m

aster

–
s1

inform
s

s2
of

the
state

of
sim

ulation

–
s2

takes
over

and
sim

ulates
the

nextT
/k

com
m

unication
steps

of
the

m
aster

–
...

•
energy

cost(as
m

axim
um

)
becom

es
T

/k
instead

of
T
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D
ense

tree
algorithm

A
ssum

ptions:

•
Ω

(n)
stations

active

•
alive

stations
have

unique
ID

s
in

the
range

1..n

R
esult

T
here

is
a

determ
inistic

L
E

algorithm
for

this
setting

w
ith

energy

costO
(log

∗n)
and

tim
e

O
(n).
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Idea
of

the
algorithm

•
m

odified
tree

algorithm

•
phase

i

–
divide

m
asters

into
groups

of
size

si

–
in

each
group

perform
tree

algorithm
w

ith
slaves

–
each

(rich)
m

aster
has

log
si slaves,so

energy
costO

(1)

–
a

poor
m

aster
becom

es
inactive

•
there

isΩ
(si )

rich
m

asters
in

a
group

⇒
the

leader
elected

in
the

group
getsΩ

(si ·log
si )

slaves
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Idea
of

the
algorithm

•
for

the
nextphase

w
e

can
set:si+

1
=

2
si ·log

si

•
so

there
are

log
∗n

phases,

w
ith

energy
costO

(1)
for

each
phase

•
details:

there
are

enough
“rich

m
asters”

ateach
phase

18



L
eader

E
lection

in
R

adio
N

etw
orks

PO
D

C
’2002

Tom
ek

Jurdziński,M
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F
rom

dense
to

random
ized

R
andom

ized
algorithm

1.
O

(log
n)

“E
thernettrials”,

each
station

participates
in

atm
ostone

trial

2.
dense

tree
algorithm

for
electing

the
leader

from
the

stations
that

have

succeeded

R
esult:

random
ized

algorithm
w

ith
energy

costO
(log

∗n)
and

tim
e

O
(log

n).
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Technicalproblem
s

•
“E

thernettrials”
are

notindependent,

B
ernoullitrials

m
odeldoes

notapply

•
estim

ation
technique:

“E
nergy-E

fficient
Size

A
pproxim

ation
for

R
adio

N
etw

orks
w

ith
no

C
ollision

D
etection”,JK

Z
,C

O
C

O
O

N
’2002.
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Sublogarithm
ic

determ
inistic

solution

R
esult:

a
determ

inistic
algorithm

for
stations

w
ith

unique
ID

s
in

the
range

1..n,w
ith

energy
costO

(log
εn)
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Sublogarithm
ic

determ
inistic

solution
-

idea

C
onstruction

idea:

•
divide

ID
s

into
groups

of
size

k
=

k(n)

•
in

each
group

–
allalive

stations
send

a
m

essage

–
if

no
collision,then

the
station

that
has

succeeded
is

a
leader

of
the

group

–
if

collision,then
execute

the
tree

algorithm

note
that

the
leader

gets
at

least
one

slave!

•
choose

the
leader

from
the

leaders
elected

in
the

groups
(use

slaves
if

possible!)

22



L
eader

E
lection

in
R

adio
N

etw
orks

PO
D

C
’2002

Tom
ek

Jurdziński,M
irek

K
utyłow

ski,Jan
Z

atopiański

Sublogarithm
ic

determ
inistic

solution
-

rem
arks

•
apply

recursively

•
for

k(n)
=

n
2
−

tenergy
costis

O
(log

n
1
/t)
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Jurdziński,M
irek

K
utyłow

ski,Jan
Z

atopiański

L
ow

er
bounds

-
tim

e

A
ssum

ptions:

•
determ

inistic
algorithm

•
unique

ID
s

in
the

range
1..n

•
an

arbitrary
setof

ID
s

used

R
esult:

each
L

E
algorithm

in
such

a
setting

requires
tim

e
Ω

(n).
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L
ow

er
bounds

-
energy

A
ssum

ptions:

•
determ

inistic
algorithm

•
unique

ID
s

in
the

range
1..n

•
an

arbitrary
setof

ID
s

used

R
esult:

each
L

E
algorithm

in
such

a
setting

has
energy

cost

Ω
(log

log
n/

log
log

log
n).
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E
nergy

low
er

bound
-

proof
idea

•
w

e
analyze

the
steps

and
reduce

the
setof

stations
thatm

ightbe
alive

•
goal:

such
stations

know
nothing

about
other

stations
that

m
ay

be
still

alive
after

reduction

•
technicalities:

w
eights

of
stations,

si =
the

totalw
eightafter

considering
step

i
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R
eductions

of
step

i

•
A

i
-

the
set

of
all

stations
that

m
ight

be
active

at
step

i
after

previous

reductions,S
i -

stations
in

S
i thatw

ould
send

atstep
i,R

i -
stations

in
S

i

thatw
ould

only
listen.

•
reduction

(X
),if

|S
i ∪

R
i |>

2π
n (n

i )

•
reduction

(Y
),otherw

ise

w
here

π
n (m

)
=

m
1
/

log
log

n
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R
eductions

of
step

i

•
reduction

(X
)

(setof
sender

and
receivers

is
sm

all):

A
i+

1
:=

(A
i \

(S
i ∪

R
i ))
∪
{

j}

w
here

j
is

the
station

in
S

i ∪
R

i w
ith

the
m

axim
alw

eight,n
i+

1
=

n
i ,the

new
w

eightof
jequalto

the
sum

of
w

eights
of

elem
ents

of
S

i ∪
R

i

•
reduction

(Y
):

A
i+

1
is

the
bigger

of
the

sets
S

i and
R

i .

n
i+

1
:=

|A
i+

1 |
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O
bservations

•
m

any
(Y

)
reductions

⇒
high

energy
cost

•
few

(Y
)

reductions
⇒

after
the

last(Y
)

reduction
n

i ≥
log

n

⇒
the

leader
m

ustaccum
ulate

the
w

eightup
to

n
i ,butthe

rate
ofgrow

th

bounded:

afterparticipating
k

tim
es

in
com

m
unication

step
the

w
eightbounded

by

(2π
n (n

i )) k
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C
onclusions

and
open

problem
s:

•
situation

in
a

single
hop

radio
netw

ork
fairly

w
ellrecognized,low

er
and

upper
bound

quite
close

in
m

any
situations

•
m

ulti-hop
radio

netw
ork?
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