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Abstract

The Peer-To-Peer (P2P) computing paradigm is an
emerging paradigm that aims to overcome most of the
main limitations of the traditional client/server archi-
tecture. In the P2P setting, individual computers com-
municate directly with each other in order to share in-
formation and resources without relying on any kind
of centralized server. To achieve this full decentral-
ization, an application-level (or overlay) network is
constructed using, for example, TCP connections.

In most of the existing P2P systems, the overlay
network is built in a manner that does not guarantee
that the overlay network is efficient with respect to a
given metric (e.g. latency, hop count and bandwidth,).
Hence, an overlay node can be very far away, in terms
of a given metric, from its overlay neighbors. This
can result in both, an inefficient routing at the overlay
network and an ineffective use of the underlying IP
network.

In this paper, we first introduce a new measure,
“goodness of overlay networks”, to quantify the quality
of an overlay network for a given metric. Then, we
propose NetProber, o simple, distributed and scal-
able component that can be combined with any con-
nected overlay network in order to allow the latter to
adapt, and to become “good” within a finite amount of
time.

*This research is partially funded by the PIRATES project
of the Walloon Region (Belgium) and the PEPITO project of
the European Union.

Valentin Mesaros
Dept. of Computing Science and Engineering
Université catholique de Louvain
Louvain-la- Neuve, Belgium
valentin@info.ucl.ac.be

Seif Haridi
Dept. of Microelectronics and Information Technology
Royal Institute of Technology

Kista, Sweden
seif@it.kth.se

1. Introduction

The client/server para i  has esta lishe itsel as
the stp p larpara i in il in istri te ap
plicati ns The ain characteristics  this para i
is that the applicati n is str ¢t re in t t pes

¢ p nents clients an servers n a si ple
client /server architect re e have a centrali e server
an ne r re clients that are service the
server n e an Ith  h there are an applica
ti nsstr ¢t re this a itsh 1 e enti ne that
client /server applicati ns haveli ite availa ilit an
scala ilit

The availa ilit the client /server architect re is
li ite eca se the server is s all a sin le p int

ail re n the case the server crashes the clients

i ht nee t ait rasini cant peri ti ein
rert etaccesst the service T verc e this
li itati n client/server applicati ns ten a e se
s phisticate  echanis s r a It t lerancean 1 a

alancin

The li itati n n scala ilit client/server appli
cati nsis vi s henitc est the nternet scale

s the n er  clients increases the per r ance

ecreases eca se the server ec esa ttlenec

The eert eer P2P ¢ p tin isane er in
para i  that ena les ¢ p ters ¢ nnecte thr h
the nternett act as th clientsan servers nc n
trast t client/server architect res in the settin
there isn centrali e servert  hich clients can ¢ n
nect t t rather the s ste ¢ ntr 1is 1l ecen



trali e The principle theses ste s liesin the act
that the 1 al pr perties the s ste ste ere
r simple an local interactions  its ¢ p nents
calle peers

rrentl applicati nsincl e lesharin ap
plicati ns persistent st ra e services
an istri te 1 p services
c n characteristic st the e istin
s ste s is that the il an applicati n level

r overlay networkal n  ithits nr tin echa
nis nan verla net r eachn e can pla the
rle aclient ie eneratin re ests server ie
pr vi in s e services an r ter ie r ar in
re estst their estinati n

The str ¢t re the verla net r an ther t
in se are para nt i p rtance r the appli
cati n pr perties chievin per r ance the
r tin at the verla net r level an / r a in

etter se the n erl in net r s rel epen s
nh thestr ct re the verla net r is

t this p int it is rth  esti nin what the good-
ness of an overlay network is rrentl e are in
vesti atin this esti n thene ts secti n presents

r preli inar res ltsin e nin thisn ti n

Ss ra t r s

n ret intr cea r al e nitin r the
ntin ness an verla net r
s epreli inar e niti ns

Thr h ¢t this paper
an n irecte raph

e rst ive

e represent a net r
here each n e is

represente a verte an ane e
represents a i irecti nal ¢ nicati nlin et een
an n e issal t e a neighbor
i thereisane e in e represent the set
neih rs an e an e se t
en te the si e
n the rest  this paper e ass e connected net-

eachn et an ther

e call path ase ence

in hichn n eappears rethan

iven a path

e rite nodes t en te all the n es that ap

pear in e represent a path hich rst an sec n

n es are respectivel  an an e se

t en te all s ch paths e shall rite odes

r nodes

works ie thereisa path r
n e thenet r
n es

nce an T

e to et
work. et

be an overlay net-
be some metric (e.g. bandwidth, latency,

We assume that is symetric and satis es the triangle in
e uality.

i re / a lin sill strate li lines rep
resent the ph sical net r The ashe lines repre
sent the verla net r Then ers et eent
n es represent the istance et eenthet n es
number of IP hops) over n edge 1s said
to be a good link at , with respect to if and only if
there is no path that contains a node
such that . link
bad at , with respect to iff
at

is said to be
s not a good link

tice that a lin can e atn e hile
ein a atn e i re ill strates thei ea

respectivel a lin s n this re each cir

cle represents a achineh stin an verla n e s li

lines represent a ph sical net r an the ashe

lines represent the verla net r ach n er

et een t n es represents the istance et een

thet =n es ccrin t e niti n the lin
rea ple isa lin at t the
sa elin isa a lin atn e the lin is
a lin th at an at
e to et be an overlay net-
work. et  be some metric over . et and
e call the closest node to  wvia , denoted
closest , a node such that
in
odes

If there is no node
then closest

that satisfies the above condition,

ecann intr cethen tin ness an

verla n e

e to et be an overlay net-
work. et  be a metric over . et . The
goodness of  with respect to s

3 closest
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r e niti n an e niti n the 11 in

le ais erive

e et be an overlay network.
et be a metric over or every , we have
gness
r e niti n an e niti n the 11
in le a 1 s
e et be an overlay network.
et be a metric over . et If all links

, , are good at  with respect to , then

gness

r al e niti n the ness
iven a  etric

en ive T
an verla net r

e to et
work. et be a metric over
with respect to is

be an overlay net-
The goodness of
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ness

e a an e niti n the 1l in

e et
et be a metric over

be an overlay network.
e have that

ness

e sa that an verla net r is ith respect

t a iven etric hen its ness ten st ne
r investi ati n the ness verla net
r sisa r inpr ress ever itis rth en
ti nin that havin a r al e nitin then tin
ness asa e in erivin theal rith the
NetProber
rb stat t
n st the e istin s ste s the verla
n es inthenet r ina a that doesnot aran
tee that the res ltin net r is good in the sense
the a re enti ne ness n st the e ist
in s ste s ane n e inin
the verla net r ¢ nnectsitsel t as alls set
n nn esalrea inthes ste n  atterh
ar inter s a iven etric thee istin n esre
si e This i htlea re a ple sin the hop count

etric t an verla net r in hich an e at
el i has its nei h rs in an hence
an verla essa e T n e t anear n e

at ster a ill pass thr h istant n esin

in r ert reachits estinati n This evi entl

isan n esira lesit ati nasitc 1 lea t ahih
latenc an / r anine cient se the n erl in

net r
The pr le e ¢ nsi er in this paper here p n
can estate as 1 s
iven an verla net r here
eachn e tains its nei h rs ran

I an a etric ver h ¢ 1 e
let in a istri te an scala le anner
a stitsel s chthat ithina niteti e
ec es ith respect t the etric

nthese el thispaper ereert thispr le as

the mismatching problem
trb t

The ¢ ntri  ti n  this paperist 1 irst e
intr  cea r alcharacteri ati n  the ness
an verla net r iven a etric ec n e
pr vi easi ple istri te an scala lec p nent
calle NetProber that can e ¢ ine ith an

¢ nnecte ran 1 ilt verla net r in r ert
let thenet r ec e ith respect t a iven
etric ithin a nite ti e
n interestin pr pert thepr p se ¢ p nent
is that thec¢ p nent re ires nl ver e chan es
an verla net r thatinten st seit
at r
The is atchin pr le isc nsi ere t ease

ri spr le inrecent esi ns 1
th  hthishas eenp inte t  severala th rs a
r al characteri ati n has een issin hence a
in the pr le i cltt n erstan

ri r s anner
hen ech setheh pc ntas
vi s that a verla net r is ne

rslveina

etric it eca e
hich is

cl set the n erl in net r Thisres ltsin the
pr le enti ne ipean in here the
athrs este t 1eas rslvin the is atch
in pr le in rert i pr vethe per r ance

n tella an si ilarl ilt s ste s The rsti ea
s  este ipean in ¢ nsists sin an a ent
that ¢ nstantl nit rs the verla net r an in
tervenes as in servents ie verla n es t
r p ra c¢ nnecti nsasnecessar t eepthe ver
la net r e cient Thesec n i eain ¢ nsists

sin less e pensive r tin echanis s an the



a stracti n r pc nicati ns ever n
entinis aea th t i ple entthesei eas
n thea th rspr p se anhe ristic that can e
se t c nstr ct verla net r s ithl ia eter
in enterprise applicati ns Thepr p se s 1 tin
earss e T centrali ati n an isn t s ita le
rlar escalepeer t peers ste s hicharethe in
s ste s e tar et
sin latenc as the etric atnasa et al.
pr p seasche ecalle binning rc nstr ctin
ntent ressa le et r t p 1l iesthatarec n

r ent ith the =n erl in net r The i ea
il s n the se a set el n n achines
re a ple r tna e servers that act as lan
ar s in the nternet ach verla n e r
n e in the ter in 1 the a th rs  eas res its
r n tripti et each thelan ar s sin these

eas re ents each verla n es rtsthelan ar s
in rer increasin r n tripti e ach r er
in lan ar scrresp n st ap rtin the

i ensi nal ¢ r inate space n hich is ase
Th sin rer ran et inthe it st rst

initsel Thatis it st rst r erthelan ar st

eter ine the p rti n  the virt al ¢ r inate space

thr h hichit st enter the ss in that
n es that are ¢l se t each ther at the n erl in
ph sical net r ill have the sa e r erin lan

ar s it 11 s that the ill enei h rs each
ther at the verla net r level e elievethat this
iea iht ever 1 cltt i ple ent eca se r
e a ple the i c ltiesthat areinv lve in the par

titi nin the virt alc r inate space rther re
this sche e intr cess e r ri i hierarch

hichisn t esire inp re s ste s

st
tr b te te

ec nsi era istri te s ste asaset n es r
pr cesses lin e t ether thr hac nicati n
net r

esc nicate essa e passin ach es

sa e hasthe r here i en
ti esthesen er i enti esthe estinati n e
n tes thet pe the essa ean en tes the
para eters that epen nthet pe the essa e

pr cess sen sa essa €

t an ther pr cess e ec tin the state ent

e The e ect eect
in this state ent is t a  the essa e

t the c nicati n net r ach

essa ea e t thec nicati nnet r re ains

there ntil the estinati n pr cess re ves it
an hen a essa eisre ve r ac nica
ti nnet r ise plaine in secti n

o to et or

n hat 11 s eass ethatc
r s are ¢ nnecte ie there is a path
r eachn et an thern einthes ste
Net or be or eass ec nicati n net
r s that satis the 11 in pr perties

0 0O
nicati n net

i synchronism Theti eta en  thec ni
cati nnet r t r ar a essa et its esti
nati n is ar itrar t nite

ii  eliability = ver  essa e inecte int a c
nicati nnet r isevent all elivere t its
estinati n pr vi e that the latter re ains c n
necte t thec nicati n net r

Net or t te state ac nicati n net
r c nsists the essa esc rrentl in it

Pro e e

ach pr cess rn e e ec tes an al rith that
c nsists a nite set  varia les an a nite set
r les ach varia le has a pre e ne n ne pt

ain

No e or ro e t te state an e is
e ne aval e r each varia le
ort e to ach al rith e e
c te an ecnsists aset rles achr le
has the r —— The ar le
is a lean e pressi n ver the varia les then e
an / rat st ne receive condition  receive ¢ n i
tinis the r ree e The
eval atin ree e n e
ret rns ftrue i a essa e
isavaila le rn e initsc nicati n net r

ther ise it ret rns false
The part ar lec nsists ase ence
state ents hichise ec te at icall

te o rto o tto

te o rto configuration a is
tri te s ste c nsists astate reachn e the
s ste an a state ritsc nicati nnet r
r le aprcess issai t e enabled at a
cn ratin thes ste i an nl i the
eval atest true at The actin a
rlecan ee ec te atacn ratin nl i that
r leis ena le at



te o tto computation a is

tri te s ste is a nonempty, fair an maximal se

ence cn rati ns s ch that r

each is taine r anat ice e

ctin anena le r le in re than ner le
is ena le ne is selecte n n eter inisticall

mazimal e ean that the se ence is either nite r

in nite hen the se ence is nite the last ¢ n
rati n these enceisa e p int ie thee e

ctin an rler that ¢ n  rati n leaves the

s ste inthesa ecn ratin fair e ean

that an r le that is ¢ ntin sl ena le is event
all e ec te Thatis eass e weak fairness

o e e rere oe ro o

to et or ec tin a r le ith a receive

¢ n iti n in the part re  ves the ¢ rre
sp n in essa e r the ¢ nicati n net r
an per r stheacti npart ther lein anat ic
anner
r a at t a r

There ain er thispaperisstr ¢t re as 1 s
ecti n presents the architect re an an vervie
a NetProber ase s ste n ectin e ive a
r al escripti n theal rith the NetProber
s ste inall  ec ncl ein ecti n

t ro rd in

This secti n  escri es NetProber n s
secti n e ive a c ncept al architect re
a NetProber ase verla s ste n s sec
ti n e present an in r al escripti n h
a NetProber ase verla s ste rs
Arc tctr a t r b r bas
ra s st
i re sh s the architect re a NetProber
ase verla s ste ach verla n e has an as
s ciate NetProber ele ent ere p n e se the
I in cnventin ran verla n e e rite

t en tethe NetProber ele entass ciate ith

The 1 irecti nal arr s et een an verla n e
an its ass ciate NetProber ele ent represents the
act th ¢ p nents interact n verla n e
inv es its NetProber ele ent hen it ishest
s itchanei h r nresp nset s chaninv cati n
sen sas estint This s  esti n ¢ ntains

Overlay node A e .| Overlay node B
| {
Netprober A | ... .|Netprober B

Communication network

i re tr ¢t te a et r er ase verla net
r essa es et een verla n esare T ar e
sin the wverla r tin echanis essa es e

t een NetProber ele entsarer te sin the n

erl in net r

thei enti er an verla n e hichisclser ra
iven etric t than

r a scr t t t rbr
a rt
n rie a NetProber ase verla s ste rs

as 11 s henan verla n e ishest a  stits
nei h rh ith respectt mne itsnei h rs sa

n e inv esits NetProber ele ent This
inv cati n is ne a essa e t pe

hich ta est para eters the rst
para eter is the i enti er the nei h r that
ishes t s itch an the sec n para eter is a met-
ric  hich the NetProber ele ent sesin r ert

n a etternei h r i an ith respect t e
re ar this etricasa alit service para
eter

hen receives
sen s a essa e t pe
t here the rst
para eter is calle the level the re est
an is set t hen sen s the re est t
ettin the level  the re est t is an in icati n
that sen s t as in r the set pairs
The
sec n para eter is si pl thei enti er hich
is erel se r atchin resp n st re ests
hen receives a
ith r resp n s sen in a es

sa e t pe t This
resp nse carries the set  pairs
an is the level ~ the repl n

a itin this essa e ¢ nve s relevant in r ati n

that sesin r ert eter inea etternei h r
i an r ith respect t
hen receives r



ainl est thin s irst it retrieves the relevant
in r ati nthat ill e se rthe eter inati n
the etter can i ate i an Therelevant in r ati n
epen s nthe etric se re a ple i the et
ric se 1is latency the relevant in r ati n that
retrieves r the receive resp nse ill e an esti
ate ther n tripti e n there a pleis the
case hen the etric se is the IP hop count th s
the relevant in r ati n that retrieves r the
essa e is the n er h ps
ec n sen s a essa et
each s ch that The rst para eter
the essa e that sen st
each is  level
ach NetProber ele ent ass ciate  ith
that receives a level
r resp n s sen in a
essa e that carries the sin let n set
ence  hen has receive a
an retrieve relevant in r atin r each

s ch that
¢ p testhe etter can i
ate that is ret rne t ina essae t pe
hich ives st an in icati n t t is
the resp nsi ilit t eci e hether r n t the

c nnecti n ith ist ep t
The ettercan i ateisan verla n e
is esthe 11 in three c n iti ns

that sat

i isaneih r

ii the istance in ter s the iven etric e
t een an iss aller than that et een an

iii isntaneih r
schan e esn t e ist then the etter can
i ateis itsel

t o eto e have sai that the
NetProber nl s ests etter can i atest the

verla la er Thei p rtantiss et investi ate n
is the a a isc nnecti n act all ta es place n
nc r inate isc nnecti n i hteasil lea t s s

te c¢n ratin heres e n es are is late

T ill strate the i ea ¢ nsi er the s ste three

n es ivenin i re n this re ass e that
an i

r nnin the NetProber al rith n es an

isc ver thesa eti ethatthe sh 1 eachs itch
their ¢ nnecti n ith n e i ht ec eis late
T wverc ethispr le epr p sethat the isc n
necti n e mneinan a ree transacti n ie hen
an e eci est chan eitsnei h r a etter

i re ecessit ¢ r inate isc nnecti n il
1 strate li lines represent the ph sical net r
ashe lines represent the verla net r

can i atenei h r n e ass
chan e e

i it accepts this
ill accept the chan e nl i it is still
c nnecte t ence i are est r arrives at
as in 1 accepts t let chan e its ¢ nnecti n
r in rert c nnectt n e ill re ect this
re est r eca se isn | n er ¢ nnecte t
n this a e aintain the ¢ nnectivit the
verla net r

orit

This secti n presents a r al escripti n the

NetProber al rith e einins sectin

ith a presentati n the e ata str ct res se
Then in s secti n e ive the r les speci in
the ehavi r a NetProber ele ent p n receivin
each the essa esinv Ive in a NetProber ase
S ste

atastr ct r s

et ¢ nsi er that e have the 1l in sets

verlayld the set
verla n es

all p ssi le i enti ers

etProberld
ers

the set all NetProber i enti

eass ethat an ar itrar NetProber ele ent
has accesst r aintains the 11 in ¢ p nents

etghbors  wverlayld etProberld

This appin ispr vi e the verla la er



istanceTable  verlayld verlayld

et e the etric se t a NetProber el

e ent this varia le serves t st re r an
verla. n e the set
nitiall
this appin ise pt
etProbeld

ait et wverlayld

This varia le serves t st re the i enti ers
the NetProber ele ents r hich a
essa e is e pecte  nitiall this
appin ise pt
verla n es

orking et set i enti ers

This varia le serves t st re thei enti ers the
verla nei h rs that is ¢ rrentl tr in
t replace nitiall this set ise pt

verlayld

ther eighbors  wverlayld

nitiall this appin ise pt

nthese el e sethe 1l in ¢ nventi n iven
a set pairs e en te respectivel the
set  taine ta in the rst respectivel sec n
¢ p nent each pair in

n ther ¢ nventi n that e sein this paper is the
I in et ea appin r aset t an ther

set r e rite t  eanthat the
appin is nene T e rite t
ean that e re ve the entr r the appin
r a scr t t t rbr

a rt

The NetProber al rith has
le escri es the reacti n

ainl threer les
a NetProber el

e ent p n receivin a
essa e T its verla n e n this r le e
n tes the etric se t eter ine etternei h rs
or ingSet
Neigh ors
or ingSet or ingSet
le speci es the reacti n  a NetProber ele
ent p nreceivin a es
sa e r an ther NetProber ele ent The re
acti n epen s p n the level the

Set f airs Neigh ors
Set f airs
Set [ airs
Set f airs
The thir r le escri esthereacti n a NetProber
ele ent p n receivin a es
sa e r an ther NetProber ele ent
Set [ airs
or ingSet

DistanceTa le
Set f airs

aitSet Set f airs
therNeigh ors Set f airs

Set f airs
Distancela le
aitSet aitSet
aitSet
therNeigh ors
Neigh ors
DistanceTa le

or ingSet or ingSet

therNeigh ors
le eserves s e ¢ ents 1 the acti n

part thisr le e ses e eneric ncti ns
et t e this ncti n ill ret rm the is
tance acc r in t the etric se as pa
ra eter t 1ht ethen er h ps the
latenc etc
n the case the etric speci e is the n er
h ps this ncti n ill retrieve the _TT wval e
r each essa e iven as ar
ent

n the case the etric se 1is the latenc this
ncti n  ill ret rn an esti ate the r n
tripti ean re iresthat erecr the 1 cal
ti e hena issentt s e

ther NetProber ele ent



ee to this nctinis se t select ne
then es ith ini istance r the set

e 1 The algorithm presented here explores
only the neighbors of a neighbor. The change required
to enable the probing of nodes at a certain depth is
obvious and is ommitted here for simplicity.
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