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Abstract

This paper presents Span, a po er sa in te hni e or

ti hopa ho ireessnet or sthatre esener on
s ption itho t si ni ant i inishin the apa it or
onne ti it o thenet or pan i son theo ser ation
that hen are ion o ashare hanne ireessnet or has
as ient ensit o no es,on as a n er o the
nee eonatan ti eto or ar tra or a ti e onne
tions

pan is a istri te ,ran o ie a orith here no es
ae oa eisions on hether to seep, or to oin a

a n a n asa na ahno e asesits ei
sion on an esti ate o ho an o itsnei h ors 1 ene t
ro it ein a ae an thea o nto ener a aia e to
it e iearan o ie a orith here oor inators ro
tate ithti e, e onstratin ho o aie no e e isions
ea toa onne te , apa it preser in 0 a topoo

proe ent in s ste ieti e e to pan in reases as
the ratio o i e to s eep ener ons ption in reases, an
in reases as the ensit o the net or in reases or e
a pe, orsi ations sho that ith a pra ti a ener

0 e,s ste ieti eo an net or inpo ersa in

0 e ith panisa a toro t o etter than itho t pan
inte rates ni e ith henr nin on n tion ith
the po er sa in 0oe pani proes o ni a
tion aten , apait ,an s ste ieti e

1. Intr oduction

ini iin ener ons ption is an i portant ha en e
in o ie net or in ini ant pro ress has een a e
on o po er har are esin or o ie e ies that the

Thisresear h as n e in part
the TT

TT orporation n er
T o a oration an nte orporation

ireess net or intera eisoten a e iessin e ar est
ons ero po er in e the net or interae a oten
ei e, thispo er o esae t rnin the ra io o
hen not in se n pra ti e, ho e er, this approa h is not
strai ht or ar ano e starran etot rnitsra ioon not
st tore ei e pa ets a resse toit, t aso to partii
pate in an hi her e e ro tin an ontro proto os The
re ire ento ooperation et een po ersa in an ro t
in proto osis parti ar a tein the ase o ti hop
a ho ireessnet or s, hereno es st or ar pa ets
or ea h other oor ination o po er sa in  ith ro tin
ina ho ireessnet or sisthes e to this paper

00 po ersa in oor ination te hni e or ireessa
ho mnet or so httoha ethe o o in hara teristi s t
sho a 0 as an no esaspossi etot rntheirra iore

ei ers o ost o theti e,sin ee enani ereei e ir it
an ons ea ostas h ener as an a ti e trans it
ter n the other han , it sho or ar pa ets et een

an so r ean estination ith ini a ore ea than
ia noes erea ae Thisi piesthateno hno es st
sta a a eto or a onne te a one rther ore,the
a one or e the a a e no es sho proiea ot
as h tota apa it as the ori ina net or , sin e other



ise on estion a in rease This eans that paths that
o operate itho t inter eren e in the ori ina net or
sho e represente in the a one orea pe, i
re 1 strates a topoo that io ates this prin ip e
00 oor ination te hni esho asonot ae an as
S ptions a o t the in a ers aiities or seepin it
sho or ithan 1in a er that pro i es or seepin
an perio i po in ,in in sa ho po ersa in
o e ina ,po ersain sho inter operate orre t
ith hate erro tin s ste thea ho net or ses

The a orith presente in this paper, Span s the
a oere ire ents a hno einthenet or r nnin pan
a esperio i, oa e isions on hether to seep or sta
a aeasa na an parti ipate in the or ar in
a onetopoo Topreser e apa it ,ano e ei esto
o nteer to e a oor inator i it is o ers thatt o o its
nei h ors annot o ni ate ith ea h other iret or
thro h an e istin oor inator To eep the n er o
re n ant oor inators o an rotate this roe a on st
no es,ea hno e ea sanno nin its i in ness ith
ran o ea that ta est o a tors into a o nt the
o nto re ainin atter ener ,an then ero pairs
nei h orsit an onne t to ether This o ination en
res, ithhi hpro a iit ,a apa it preser in onne te
a oneatan pointinti e, hereno esten to ons e
ener ata o tthesa erate pan oesa this sin on
0 a inor ation, onse ent s ain e iththen er
0 no es rsi ation res ts sho thats ste ieti e
ith panis orethana a toro t o etter than itho t
pan, or aran € 0 no e ensities, itho t hre tion
ino era or ar in apa it

w o &N

Therest o the paper esri esan e a ates pan e tion
re ie sreate or e tion esri es pansa orith s

an its intera tions ith the in a er e tion presents
ori pe entation o pan on top o an in
a erin thens mnet or si ator e tion presents per
or an eres ts o se era e peri ents ina , e tion

on es

2. RelatedWork

The re ent s he eo a hassi iar oas
to those 0 pan n , no es se eo raphi o ation
inor ationto iiethe or into e s are ri s The
sieo eah ri sta s onstant, re ar ess o0 no e ensit

o e ithina ri s ith et een seepin an istenin ,
ith the arantee that oneno eineah ri stas p to
ro tepa ets pan i ers ro int oareas irst, n
ie , pan oes notre irethat no es no their eo
raphi positions nstea , pan ses roa ast essa esto
is 0 er an rea t to han es in the net or topoo e
on , pan inte rates ith po ersain o0 enie
non oor inator no es an sti re ei e pa ets hen oper
atin inpo ersain o0 e

n ,ea hno e aintainsa o nt o then er
0 no es ithin ra ioran e, o taine istenin to trans
issions on the hanne no es it hes et een seepin
an istenin , ithran o ie seep ti es proportiona to

the n ero near no es Thenete e tisthat then
er o istenin no esisro h onstant,re ar esso no e

ensit as the ensit in reases, ore ener an esa e
s onstants are hosen so that there is a hi h pro

a iit that the istenin no es or a onne te raph, so
that a ho or arin ors n no e oes not
no hether it is re ire to isten in or er to aintain

onne ti it , so to e onser ati e ten sto ae
no es isten e en hen the o e aseep pan i ers
o in that ith hi h i eihoo , pan ne er eeps
ano ea ae nessitisa so te essentia or onne tin
t oo itsnei h ors rther ore, pane piit atte pts
to preser ethesa eo era s ste apa it asthe n er
in net or herea no esarea a e, hihens resthat
no in rease in on estion o rs

The po er sa in e i a ess proto o ,
t rnso ano esra io hen it is o erhearin a pa et not
a resse toit Thisapproa hiss ita e orra iosin hi h
pro essin are ei e pa etis e pensi e o pare to is
tenin toani eraio e ra ets an rishnan
present a s ste in hih o ie nits ae p perio i
a an po a asestation or ne arri e pa ets ie
te an at ,the sho that settin theon o peri
0 s ase onappi ation hintsre es othpo eran ea
pan ass es the presen e 0 ana ho po in e hanis
s hasthatproi e ,an o  potentia or
in on ert ith appi ation hints s h hints o app
on to seepin no es, not oor inators ith a
propose an a ho net or that ee ts a irt a ase sta

tion to erpa ets or o a no es The onot,ho e er,
atte pt to a e s re that eno h o these ase stations
are present to preser € onne ti it in a ti hop a ho
net or

ini ener ro tin sa es po er hoosin paths
thro ha ti hopa ho net or that ini i ethetota
trans itener This approa hhas eene ten e han
an Tassi as to ai ieoera net or ieti e is

tri tin ener ons ption air  n this proto o, no es
a st their trans ission po er e es an see t ro tes to
opti i e peror an e a anathan an osaes ain e
sri e istri te a orith sthat ar trans ission po er

an atte pt to aintain onne te ness 0 Op an
en 1iea istri te a orith to pro e ini
po erro tes ar in no etrans ission po er at

tenho er a esri e a topoo aintenan e a o
rith sin si iar n er in ra ios pport, t theira
orith arantees 0 a onne te ness sin ire tiona
inor ation pan ontros hether or not the re ei er is
po ere on,rather than ontro in thetrans itpo er e e

tasopa s oseattentiontoo era s ste apa it ,ina

ition to aintainin onne ti it

n a ternati e approa his esri e eine an a,
hose proto o se e ts rotatin ster hea sto o
et o0 a inor ation an trans it it to a ase station in a
ire ess sensor net or ie , ntana on i at

a s irete 1 sion e hanis ta es a anta e
o0 aspe ts o sensor net or s, parti ar the possi iit o
a re atin an o pressin ata, that are not present in
enera p rpose net or s

n enera, the asi i eathat apath ith an short hops
isso eti es oreener e ientthanone itha e on
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hops o eappie toan a ho net or ith aria e
po erra iosan mno e eo positions Thiste hni ean
pan s are ortho ona , so their ene ts o potentia e
0o ine

3. SpanDesign

pan a apti e eets oor inators ro a no esin the
net or pan oor inators sta a a e ontin 0 s an
per or ti hop pa et ro tin  ithin the a ho net
or , hie other no es re ain in po ersa in 0 ean
perio i a he i the sho ae pan €0 ea o
or inator

pan a hie es o r oas irst, it ens res that eno h oor
inators are ee te so that e er no eisin ra ioran e o
at east one oor inator e on , it rotates the oor inators
in or er to ens re that a no es share the tas o pro i
in oa onnetiit ro h e a  Thir , it atte pts
to ini ie then er o no es ee te as oor inators,
there in reasin net or ieti e, t itho ts erin a
si ni ant osso apa it or anin rease in aten o rth,
it ee ts oor inators sin on o0 a inor ationin a e
entrai e anner ea hno eon ons tsstate store in
oa ro tin ta es rin the ee tion pro ess

pan is proa ti e ea h no e perio i a roa asts

essa es that ontain theno esstat s ie, hether or not
the no eis a oor inator ,its rrent oor inators, an its

rrent nei h ors These essa es, an onse ent
the states aintaine pan, are si iar to those o proa
ti ea ho ro tin proto os e , eo raphi ro tin ,

, or ahno e aintainson as a
a o nto a itiona state its oor inators an oor ina
torso nei h ors ina itiontoa isto nei h orsnor a
on inthero tin ta e

ssho nin i re , panr nsa o ethe in an
a ers an intera ts ith the ro tin proto o This str
trin a o s pantotaea antaeo po ersain ea
t res o the in a er proto o, hiesti en a etoa
e tthero tin pro ess ore a pe,non oor inator no es
an perio i a t rn on their ra ios an isten e
po ersain o0 e or po asin or their
pa ets pan e era es a eat re o 0 ern po er sa in
a ers, herei ano e has een aseep or a hie,
pa ets estine or it are not ost t are ere at an
pstrea mnei h or hentheno ea a ens, it an retrie e
these pa ets ro the erin no e, t pia a oor ina

tor pan asore iresa o i ation to thero te oo p
pro ess at ea hno e at an ti e, on those entries in a
no esro tin ta ethat orrespon to rrent atie o
or inators an e se as ai ne t hops nessthe ne t
hop is the estination itse

panno es it hesstate ro ti etoti e et een ein
a oor inator an ein anon oor inator no ein es
its rrent state in its essa es The o o in se
tions esri eho amno e ei esthat it sho anno n e
that it is a oor inator, an ho it e i es that it sho
ith ra ro ein a oor inator

3.1 Coordinator Announcement

erio i a ,anon oor inator no e eter inesi it sho
e 0 ea oor inator or not The o o in na

in pan ens res that the entire net or is o ere
ith eno h oor inators

it oneih orso amnon
oor inator no e annot rea h ea h other either ire t or
ia one or t o oor inators, the no e sho eo ea o
or inator

hi e this ee tion a orith oes not ie the ini
n er o oor inators re ire to ere aintain on
ne te ness,it or samnet or thatro h ontains a oor
inator in e er pop ate ra ioran ein the entire net or
topo o inepa ets i ero te thro h oor inators,
thistopoo o htto ie o0 apait

nno n e ent ontentiono rs here tipeno es is
o erthe a o0 a oor inator at thesa eti e,an a e
ieto eo ea oor inator ereso e ontention e
a in oor inator anno n e ents itharan o ie a
o ea ahnoe hoosesa ea a e an ea s the
essa e that anno n es theno es o nteerin as a

oor inator or that a o nt o ti e at the en o the
ea , the no e has not re ei e an essa es To
other potentia oor inators, it sen s the essa e
ther ise, it ree a atesitsei i iit ase on an

essa esre €l e , an a esitsanno n e enti an on
i theeiiiit r esti ho s

e onsi era ariet o a torsino r eri ationo the a

o ea onsier rstthe ase hena no esha ero h
e a ener , hihi piesthat on topoo sho pa
aroein eiin hi hno es e o e oor inators et

e the n er o nei h ors orno e an et e the
n er o a itiona pairs o no esa on these nei h ors
that o e onne te i ereto e o ea oor inator
an or ar pa ets ear , e a —
the 0 no e no es ith hi h eo e oor i

nators, e er oor inators in tota a e nee e in or er

to aesreeer no e anta toa oor inator th s a
no e ithahi h sho 0 nteer ore i than one
iths a er

o ,i there are tip e no es ithin ra ioran e that a
ha ethesa e tiit, emnee toens rethatnottoo an o
the a e o e oor inators Thisis e a ses h oor i
nators arere n ant the onotin reases ste apa it ,



rain po er  the potentia oor inators a e
their e isions si  taneo s , the a a eieto e
0 e oor inators ,on the other han ,the e i eoneat
ati e, on the rst e i e o e oor inators, an the
rest i noti e that there are area eno h oor inators
an o a toseep Tohan ethis, e searan o ie

sottin an a pin etho re inis ent o ario s

ti ast proto os, in in T , an

hoose the ea or ea h no eran o 0 er an inter a
proportiona to , here isthero n trip ea or
as a pa eto erthe ireess in

tsi p

Th s, hena no eshaero h e a ener ,thea oe
is ssions estsa a o ea o the or

The ran o i ation is a hie e pi in ni or at
ran o ro the inter a

o onsi erthe ase henno es a ha e ne a ener
e t in their atteries eo ser ethat hat attersin a het
ero eneo s net or is not ne essari the a so tea o nt
o ener aaia e attheno e, tthea o nto ener
sae tothe a i a o nto ener thattheno e an
ha e et enote the a o nt o ener in o es ata
no e that sti re ains, an e the ai a o nt
o ener a aia eatthesa eno e reasona € t not
the on notion o airness an e a hie e ens rin that
ano e itha arer a eo is ore ie to o
nteer to e 0 e a oor inator ore i than one ith
as aerratio Th s, enee toa a e reasin n tion

o that re e ts this, to ation  There are an
in nite n ero s h n tions, ro hi h e hoose a
si pe inear one n a ition to its si pi

it , this hoi e is attra ti e e a se it ens res that the rate
ith hi h ano ere esits propensit to a ertise as a
n tion o the a o nt o ener it has et , is onstant

ee peri ente itha e other n tions, in in an
e ponentia e ain n tion o an an in erse
e ain n tion o the si pe inear one or e
est
o inin this ith ation ie sthe o o in e a

tion orthe a o ea in pan

ser e that the rstter oesnotha earan o o po
nent th si ano eisr nnin o0 on ener , its propensit
to eo ea o nteeris arantee to 1 inish re ati e to
other no es in the nei h orhoo ithsi iar nei h ors

nanet or ith nior ensit an ener ,0 ree tion
a orith rotates oor inators a on a no es o the net
or t a hie es airness e a se the i eithoo o e o
in a oor inator a s as a oor inator ses p its atter
n pra ti e, ho e er, a ho net or s are rare ni or
ranno ne entr ea aptstonon nior topoo a
no e that onne ts net or partitions to ether i a a s
eee te a oor inator This propert preser es apa it
o er the ieti eo thenet or e a seo panse phasis
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N H + + ® * * + +
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on apa it preser ation to the e tent possi e, s h riti
anoe i naoia ie e ore other ess riti a ones
o eer,ina oie pannet or ,a i en no e is rare
st ins h aposition, an thisi pro es airness ra at
ia

3.2 Coordinator Withdrawal

a h oor inator perio i a he si it sho ith ra
asa oor inator no esho ith ra i e er pairo its
nei h ors an rea h ea h other either ire t or iaso e
other oor inators o e er,inor ertoasoens re airness,
ater ano ehas eena oor inator orso eperio o ti e,
it ith ra si e er pairo nei h orno es anrea heah
other ia so e other nei h ors, e eni those nei h ors are
not rrent oor inators Thisr e i es other nei h ors
a han eto e o e oor inators

To pre ent te porar osso onne ti it et eena oor i
nators ith ra a essa e an the anno ne ent ro a
ne oor inator, ano e ontin es toser e as a oor inator
or a short perio o ti e e en ater anno n in its ith

ra a This ra e perio a o sthero tin proto o to
ontin e to se the o oor inator nti ane oor inator
isee te

i re sho stheres to o ree tiona orith ataran
0 pointinti eonanet or o no esin a e

ter eter area, here ea h ra io has an isotropi
ir arran e itha eterra i s

4. Simulator Implementation

This se tion esri es o ri pe entation o pan, eo
raphi or ar in ,the po ersain o e ithor
o ni proe ents,an the ener oe e se inor
si ations eranor pani pe entation in the

net or si  ator en iron ent

4.1 Spanand GeographicForwarding



ri pe entation ses the eo raphi or ar in a o
rith e hosetoi pe ent eo raphi or ar in pri

ari e a seo itssi piit pan an e se ith other
ro tin proto os as e

pansee tiona orith re iresea hno etoa ertiseits
oor inators, its nei h ors, an hether it is a oor ina
tor or not Tore e proto o o erhea , e pi a pan
in or ation see e tion onto the roa ast p

ates re ire eo raphi or ar in

eo raphi or ar in is ree Theso r eno e annotates
ea h pa et ith the eo raphi o ation o the estination
no e ponreeiin apa et orano enotinra ioran e,
a oor inator or ar s the pa et toanei h orin oor i
nator that is osest to the estination nos h oor i
nator e ists, the pa et is or ar e to a non oor inator
that is oser to the estination ther ise, e no that

apa ethasen o ntere a oi ,an soitis roppe e
i noti pe ent , hi ha eioratesthee e ts
o ois

rsi ations onot sea o ationser i e nstea ,ea h
sen er sesthe o eo to o tain the eo raphi o
ation o the estinationno e en e, 0 rsi  ationres ts

a e etter than one i hte pet ith area o ation
ser i e,s has

r eoraphi or arin a orith aso i pe ents

aer ai re ee a an interae e etra ersa

These e hanis sa o thero tin a ertorea i re

0 e nresponsi eno es ro itsro tin ta ean res e
pa ets sin these no es as the ne t hop

4.2 Coordinator Election

si e ro the oor inator ee tion a orith is sse in
etion , ei pe ente t ospeia ases oreetin o
or inators

e a setheso r ean estination no eso eah o
nee to onstant sen an re ei e pa ets, the o
not operate in po er sa in o e Th s, the a to

ati a e 0 e oor inators

The eo raphi ro tin a orith  an rea i ete t
that a oor inator has et the re ion thro h
aer ai re ee a o e er, the pan ee tion a
orith a notreat asteno htoee tne oor i
nators nthe orst ase,no es st ait nti theo
oor inator in or ation hase pire eoreane oor
inator an eee te e a se eo raphi or ar in
as a to sin non oor inators to ro te pa ets
i oor inators o not e ist, a non oor inator no e
anno n es itse as a oor inator i it hasre ei e a
ar e n er o pa ets to ro te in the re ent past
this oor inator t rnso t to ere n ant, the o
or inator ith ra a orith i or e the no e to
ith ra itse as a oor inator soon a ter

4.3 802.11Ad Hoc Power-saving Mode

pan eter ines hentot rmnano esra ioonoro , ¢t

epen sonthe o e e a er to s pport po er sa
in n tions, s h as erin pa ets or seepin no es

ehaei pe ente pan on top o the an
ph sia aers itha ho po ersain s pport

0 e ses perio i a n to
s n hroni e no es in the net or ea on pa ets ontain
ti esta ps that s n hroni e no es o s ea on pe
rio starts ithana ho tra in i ation essa e in o
n , rin hiha no esare istenin , an
pen in tra  trans issions are a ertise no e that
reeiesan a no e esana ertise ent or ni ast or
roa ast tra ire te to itse st sta on or the rest
o the ea on perio ther ise, it ant rnitse o at the
en o the T in o , nti the e innin o the ne t
ea on perio ter the T in o ,a ertise tra is
trans itte in e tra annot e trans itte rin the
T in o ,thea aia e hanne apait isre e

a ho po ersa in

hen the aerisas e tosen a pa et,it

a or a not ea etosen iti e iate , epen
in on hih T shae ensentan a no e e in
thei e iate pree in or rrent, T in o the
pa et arri es at the rin the T in o , or

i the a ertise ent or the pa et has not een a no
e e ,it nee sto e ere mnori pe entation, e
er pa ets ort o eaon perio s a ets that ha e

not een trans itte atert o ea on perio s are roppe

The ea on perio an T in o sieaetro tin
per or an e reat hie sin as a T in o

a i pro eener sa in s,there a not eeno hti e
or a ere pa ets to e a ertise sin an T

in o that is too ar e not on e reases a aia e han
ne tii ation,it a aso not ea eeno h roo et een
theen o the T in o an the e innin o thene t
ea on perio totrans ita a ertise tra eha ee
peri enta eter ine thata ea on perio o s an
an T in o sieo sres tin oo thro hp t
an 0 oOss rate

si e ro e rease hanne apa it , po ersa in

oe ithot pan asos ers ro on pa et eier
aten or ea h hop that a pa et tra erses, the pa et is
epete to e eae orha a ea on perio

4.4 Improving 802.11using Span

sin  pan on top o a ho po ersain o0 e an
i pro ero tin thro hp tan pa et ei er aten e
a se oor inators o not operate in po er sa in o e
pa etsro te et een oor inators o not nee to ea
ertise or ea e To rtherta ea anta eo thes ner
et een pan an po ersain o e ehae ae
the o o in o i ationstoo rsi ationo po er
sa in 0 e

et een oor inators are
a er sti nee s to

a ets ro te
ar e pan  hie the



er these pa etsi the arrie rin the T
in o , it oes not sen tra a ertise ents or
the To ens re that pan oes not pro i ein orre t
in or ation e to topoo han es, the ain
tains a separate nei h or ta e The a er ses
a it in the hea er o ea h pa et it sen s to
noti nei h ors o its po er sa in stat s in e the
a er an sni the hea er 0 e er pa et, in
in T pa ets,thisnei h orta eisie to e

orre t henano e ith ra sasa oor inator, a
ertise ents ortra tothatno e i esent rin
thene t T in o This opti i ation a o s the
T in o to ere e itho th rtin thro h

pt

ith n oie po er sa in 0 e anoe
on nee stosen one roa asta ertise ente en
i it has ore than one roa ast essa e to sen
This is e a se on € a no e hears an a ertise ent
or a roa ast essa e, itsta s p or the entire
ration o the ea on perio in e osttra tonon
oor inator no esino rnet or o e roa ast

essa es sent panan the eo raphi ro tin pro
too, e o0 1ie the so eah roa ast es
sa e st ee piit a ertise orea pe i a
no ere ei es roa ast a ertise ents, no ni ast
a ertise ents, an then roa ast essa es ater
the T in o ,it ansae t rnitse o

ith n oie
po er sa in oei ano ereeiesa ni
ast a ertise ent, it st re ain on or the rest o
the ea on perio na pannet or ,pa etsro te
ia non oor inator no es arerare Tota ea anta e
o this, eintro e ane a a n
in the The a ertise tra in o iss a er
than the ea on perio t starts at the e innin o
the ea on perio ,an e ten s e on theen o the

T in o tsi e the T in o t insi e
the a ertise tra in o ,a ertise pa etsan
pa ets to oor inators an e trans itte tsi e
the a ertise tra in o , ho e er, on pa ets

et een oor inators an e trans itte Thisa o s
ano ein po er sa in o etot rnitse o at the
en o thea ertise tra in o nti thene t ea
on perio

These three o i ations a o ea h no e to se a on
ea on perio an ashort T in o Theshort T
in o i pro es hanne tii ation, hiethe on ea on

perio in reases the ra tiono ti eanon oor inator no e
anre ainaseep no rsi ations, e se a ea on pe

rio o s,an T in o o s,an ana ertise

tra in o o s eset the propa ation ea in
ation to ethe en tho a ea on perio

e tion 0 pares peror an e o pan ith the o i
e po ersain o e n oie ina ho
po er sa in oean n oie itho t po er
sa in o e

4.5 Energy Model

Toa rate 0 e ener ons ption, e too eas re
ents o the a etron oa a ot ih ate

net or intera e ar operatin at ps in ase
station o e To eas repo er ons e the ar , e
po ere a porta e o p ter soe ith its a apter

itho t the atter , an eas re the ota e a ross a
resistor pa e in series ith the ar on the o p ter to
0 tain the instantaneo s rrent thro h the The ot
a e a ross the re aine onstant at a ti es, th s
ro the instantaneo s rrent eas re ent, e a ate
the instantaneo s po er ons e the ar es

ari etheti ea era e res tsin Ta e , an note that

these ose at h theres tso taine eene an is
son or si iar net or inter a e ar s in the a
ho o e

e o taine the state eas re ent p ttin the

ar intonon po ersa in 0 e, an eas rin the po er
re ire to isten or a pa et, e o eit, an passits on
tents p to the host The i e state eas re ent aso
taine in the sa e anner, t eas rin on the po er
re ire to isten orapa et n ontrast, the seep state
eas re ent as o taine p ttin the ar into po er
sain o0 e, an eas rin the a era e o er, an near
onstant po er ons ption rin the part o the po er
sa in e here the ar as not istenin or pa ets
The e point to note is the ar e i eren e et een the
po er ons ©ptiono i e an seepin 0 es

5. PerformanceEvaluation

To eas re the e eti enesso pan, esi ate pan,
ith eo raphi or ar in , on se era stati an oie
topoo ies i  ationres tssho that pan noton per
or s e e ten in net or ieti e, it o t peror s
n oie po ersa in net or in han in hea
oa ,perpa et eier aten ,an net or ieti e

5.1 Simulation Envir onment

esi ate pan in the net or si  ator sin
the ire ess e tensions The eo raphi or ar
in a orith ,as esri e in e tion , TO tes pa ets
ro so r eto estination panr nson topo

a er ithpo ersa in s pportan o1 ations esri e
in e tion n this se tion, e o pare peror an e o
pan a ainst oth n o i e in po er sa
in oean n oie not in po er sa in
oe or oneniene, e i reertothe as pan,

, an

To e a ate pan in 1 erent no e ensities, e si  ate
no enet or sins arere ionso i erentsies o0 es



ino rsi ations sera ios itha ps an i than
eters no ina ra io ran e T ent no es sen an

re ei e tra a h o theseno essen a o toan
other no e, an ea h o sen s te pa ets n
e tion e ar the rate o the tra to eas re

peror an eo pan n er i erenttra oa nothere
peri ents, ea h sen er sen s three pa ets per se on , or
a tota o ps o tra

To ens re that the pa etso ea h 0o othro h

tip e hops e ore rea hin the estination no e, SO T e
an  estination no es are pa e , nior at ran o , on
eaho t o eter i e, hei ht strips o ate at the
et an ri ht o thesi ate re ion sore st sen

pa ets to a estination no e on the other strip The initia
positions o the re ainin no es are hosen mnior

at ran o in the entire si ate re ion Th s, thes are
root o the area o thesi ate re ion an then er o

hops nee e ea hpa etareappro i ate proportiona

orean estinationno esnmeer oe n o iee per
i ents, the otion o the re ainin no es o o s the
an apmn oe initia , ea h no e hooses a
estination ni or at ran o in the si  ate re ion,
hooses a spee  ni or atran o et een an S,

an o es there ith the hosen spee The no e then
pa ses orana sta eperio o ti e eorerepeatin the
sa epro ess The e reeo o0 iit isre e te inthepa se
ti e ea t, e se apaseti eo se on s

orsi piit, e i not sea o ationser i ein o r si

ations nstea , aro ter o tains the o ation o the esti
nation no e ro the o ein in e the o ation
00 pison re ire on eper o atthesen er, e e
ie e the o erhea pro e the o ation ser i e is not
ie to han eo rres ts e ertheess, o ation ser i es
s has an e se ith pan

e peri enta res ts in this se tion are a era es o
er nson i erentran o hosen s enarios e e ne

n n as se inor raphais a es asthen
er o no es that are not so r es or estinations per ra io
ran e, an area o s are eters

5.2 Capacity Presewration

ne o pans oas is to preser e tota net or apa it ,

a in s re thati there arenon on i tin pathsin the

n er in net or , there aresi iar non on i tin paths

in the oor inator a one This se tion o pares the a
pait aaia e in a pan net or ith the apa it in

an or inar net or e eas re apa it the
n er o pa etsthenet or ans ess el er per
nitti e apa it isin erse proportiona tothenet or s
pa et oss rate itiona , e sho that espite sin

e erno esto or ar pa ets, pan oes notsi ni ant
in rease eier aten an n er o hops ea h pa et
tra erses

i re sho spa et eier rate as the itrateo eah
0 in reases Thereisno otion in these si ations
The si ation re ion has an area o eters e
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ters n a era e, ea h pa et tra erses hops

n oie rops si ni ant ore pa ets
hen the 0 ratein reases past ps ost o these
pa et ropso reither e a sethe T in o is not

on eno htoa o a ere ni astpa etsto ea er

tise ,or e a sea terthe T in o thereisnoteno h

ti e nti the start o thene t ea on perio ora a er

tise pa ets to e trans itte ter t o ea on perio s

0 erin , a pa etsare roppe the e a se
pan oesnot nee toa ertise tra et een oor inators

an  ses ashorter T in 0 an on er ea on perio ,
pan ei ers orepa ets

pan has hi her oss rates than re ar hen the it
rate in reases e on ps This in rease in oss rate
is ar e e to the a t that pan ses a s T
in o per s ea onperio , hihre es tii ation
itiona , sin e erno esto or ar pa ets
a e rease potentia hanne tii ation e en ore ea h
ti eano ee ponentia a so toaoi o ision, there
isa reater han e that the hanne e o es no pie or
a on er perio o ti e

Ta e sho sthero tin eha ior an oss rates o pan,

, an ith a ps per o rate
e ar thesi ation area to han eno e ensit an the
n er o hops ea h pa et nee s to tra erse There is no

otion in these si  ations espite sin e er no es to
or ar pa ets, pan eierspa ets sin on asi ht

hi her n er o hops pans pa et eier aten is
hi her than that o , t sini ant o er than
that o ith ,ea h hop a o nts
orro h so aten , hih orrespon s ith the

S ea on perio  se

eo raphi or ar in sin pan oor inators en o nters

e er oi s oor inatorsareee te to onne tnei h orin

no es, an are thereore nie too ratthee eo a

oi Th s, panhasa o er ossrate than oth an
hen the no e ensit is o
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n er that o ere ire to or ahe aona ri a

These res ts sho that pan oesnotsi ni ant e ra e

net or apait,an an or ar ore pa etsthan
n er hi h oa rther ore, pan in reases pa et
aten on siht , espite sin a e ern er o no es

to or ar pa ets

5.3 Effects of Mobility

i re sho sthee etso o iit on pa et oss rate
n these si ations an area o eters eters
is se a hsi ation asts seons o0 e o o0 the
ran o a point otion o e,an the en tho the pa se

ti ere etsthe ereeo o iit

a etro tin
peror s etter

oes not si ni  ant
pan onsistent

The ereeo o iit
ith pan oor inators

than oth an ost pa et rops in
these si  ations are a se te porar oi s reate
oiit ea se eo raphi or ar in ith panen o n

ters e er oi s, its oss rateis o er

5.4 Coordinator Election

ea , pan o0 hoose steno h oor inators to pre
ser e onne ti it an apait, tno ore an oor i
nators a o e this ini st aste po er This se tion
o pares then ero oor inators pan hooses ith the

thehe ri ao to noes, hie
esa onne te a oneine
oor inators

o t,sho nin i re
perhaps not opti a, pro
er ire tion ith er e

The he a ona ri a o to oor inators paea oor i
nator at ea h erte o a he a on er oor inator an
o ni ate ith the three oor inators that it is on
ne te tothro hane eo ahe a on, hihis eters
on thera ioran e a h he a on hassi oor inators,

tea h oor inator is share three he a ons There ore
ea hhe a onison responsi e ort o oor inators ah
he a on has an area o , Th s, i enasi ation

area o eters, the n er o o0oOr inators e pe te in
this area, is
i re sho s oor inator ensit as a n tion o no e

ensit oor inator ensit is o p te ro the a era e
n er o oor inators ee te pan o er se on s
o e oie si ations o es that e o e oor ina
tors on e a se the are so r es or estinations are not

o nte e a se these no es on resi e at the et an
ri hte eso thesi ation area, n ers in the re are
on si ht essthanthen er o oor inators ha there

eennoso r esor sin s oints on the ea r ein i

re are o p te sin thei ea n er o oor inators
pre i te ation
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pan ee ts ore oor inators than are ne essar There

are three reasons or this irst, non nior ensit o ten
a ses oreno esto e o e oor inators e on , to ro
tate oor inators a on a mno es, the opti a set o o
or inators a nota as eseete Thir , ation
so eti es ais to pre ent essa e o isions

5.5 Energy Consumption

This se tione a ates pansa iit tosa eener The po
tentia or sa in s epen s on no e ensit , sin e the ra
tion 0 seepin no es epen s on then er 0 no es per
ra i0 o era e area The ener sa in s aso epen son a
ra i0s po er ons ptioninseep o ean thea o nt
o ti e that seepin no es st t rn on their re ei ers to
isten or ea ons an  pan essa es

i re sho sthe ra tiono ener re ainin atea hno e
a ter se on so si ation a hno e has an initia en
er o These tria s are the sa e as thosein i re

ro theseres ts, e n that pan pro i esa onsi

era ea O nto ener sain so er , hie

oesnot pro i ean ener sa in sata Thisis e
a se eo raphi or ar in an pan nee tosen roa
ast essa es ith ,eahti eano ere ei es
a roa ast a ertise ent, it st sta p or the entire
ea on perio This pre ents non oor inators ro oin
a toseep hentheno e ensit is o ,then er o
roa ast essa esin ara io ran e e reases, an

ie sas a a onto ener sain s

e aso n that as ensit in reases, a s a er ra tion
o theno es are ee te oor inators onse ent , ee
pe tener sa in stoin rease n pra ti e, ho e er, ener
sa in s o not in rease as h To n erstan h, ees
ti ate the a o nt o ener se in a pans ste ase
on an esti ate o the a era e ra tiono ti eano e st
r nitsra ioini e o e e a this ra tion

n ation is the tota n er 0 no es, is the
n ero oor inatorsee te ,an isthe ra tion o the
ti eano einseep o e st ae pto isten or ea ons
an essa es pan ses a s T in o per
so eaonperio Th sthes a est a e or is
n the orst ase, an eashihas , hen

anon oor inator no e ststa p orthe entire ration
o the a ertise tra in o S

e e ne as the ratio o the po er ons ption o the
ra ioinseep o0 etothepo er ons ptiono thera ioin
i e o e Then, sin ,thea o nto ener sa in s

an eesti ate as

ote that e a se epen s on —, an that the oor
inator ensit sta s thesa e or i erent no e ensities,
the aininener sa in saso epen sontheno e ensit

i re pots ation asa n tiono ,s stit tin
an as a es or an This re sho s that

thea o nto ener sa in in reases rapi , asthe a e
0 e reases r ener 0 e ses ro ea
s re ents i re pots ation asa n tiono ,
sin an as a es or an This re

sho s that as in reases, the ain in ener sa in s e
reases as e Theset o rese pain h in i re |,
the ain in ener sa in sis as inear n tion o no e

ensit

e an a atetheat a a eso ino re peri ents
sin se era statisti s athere ro the rst se on s
o thesi ation Then ers in the o) no Ta e
are a ate sin ation , sin a es ro the e
ti e o n as es stit te ith n ers in
the Ti e as oor inator o n iie se on s
The a t that is er ose to the a i a eo

athi h ensit s eststhat pan roa ast essa es
are e pensi € hen ensit is hi h the ar e n er o
roa ast essa esperra ioran e eepsno esa a € Or a
on er perio o ti e
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ina , then ers in the ner re ainin 0 nin
Ta e orrespon to the ata points in i re The

e eep ener o mnsho sthea o nto ener re

ainin a ate sin on thea onto ti eamnoe
spen sinseepan i e o0 e t oes not ta en into a
onto pa et or ar in an sen in an re ei in roa
ast essa es The a t that then ersin the e eep
ener 0 nare er ose tothosein the ner re ain
in o ns est that ro tin pa ets oes not ons e

hener in o parison

es ts in this se tion sho that pan sa es ener a
a tor o or oreo er an o e er,
thea o nto ener sa in s oesnotin rease si ni ant
as no e ensit in reases

5.6 Network Lifetime

This se tion sho sthat pan istri testhe ostso ein a
oor inatorina a that preser esnet or onne ti it or
areatie on ti e 1 res an sho res ts ro
asin e o iee peri enton a area The
So r e an  estination no es start ith 0 es 0 en
er , an the re ainin or ar in no es start ith
0 €S o ener itho t pan,no es riti a to ti
hopro tin iearo n thesa eti e, se on s into the
si  ation ith pan,the rstno e ai reo rs se
on s into thesi ation The pa et ei er rate oes not
rop €eo nti se on sinto thesi  ation, hen
o to the or ar in no es aresti ai e

i re sho s ho h pane ten snet or ieti e,
asa n tiono no e ensit e e nenet or ieti e as
the ti eit ta es or a re ate ei er rateto rop eo

These si  ationsin o e o iit

et or ieti e ith panisa a toro etter than ith
ot pan oesnote ten net or ieti e as h as the
ener sa in sito ers a a toro o er e a se ener

ons ption rate is not onstant
no e ensit
in reases

sno es start to ie, the
e reases onse ent , the rain rate aso

6. Conclusion

This paper presents Span, a istri te oor ination te h

ni e or ti hop a ho ireess net or s that re es
ener ons ption itho t si ni ant i inishin the
apa it or onne ti it o the net or pan a apti e

ee ts na ro a no es in the net or , an ro

tates the inti e pan oor inators sta a a e an per
or ti hop pa et ro tin  ithin the a ho net or ,
hi e otherno esre aininpo ersain o ean perio i
a he ithe sho a aenan e o ea oor inator

ith pan,ea hno e sesaran o a o ea to eie
hether to e 0 e a oor inator This ea isa n tion

o then er o other no esin the nei h orhoo that an
e ri e sin thisno e, an thea o nto ener it has
re ainin rres ts sho that pan not on preser es
net or onne ti it , it aso preser es apa it , e reases

aten ,an proi essini antener sains ore a

pe, orapratia ran e o no e ensities an a pra ti a

ener 0 e,orsi ationssho thatthes ste 1ieti e
ith panis orethana a toro t o etter than itho t
pan

Thea o nto ener sa in pan pro i es in reases on
si ht as ensit in reases Thisis ar e e to the at
that the rrenti pe entationo pan sesthepo ersa
in eat reso , sin e no es perio i a ae pan
isten or tra a ertise ents e tion sho s that this
approa h an ee tre e e pensi e This arrants in es
ti ation intoa orero stan e ient po ersa in

a er, one that ini i esthea o nto ti eea hno ein
po er sa in o e st sta p
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