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Abstract
Multiple peerprocesseareexchangingmultimediamessagewith eachotherin anunderlyingnetwork.A groupproto-
col supportsapplicationswith enoughquality of service(QoS)in changeof QoSsupportedy the network. An autonomic
groupserviceis supportedor applicationsby cooperatiorof multiple autonomousgents Eachagentautonomouslyakes
aclassof eachprotocolfunctionlike retransmissionClassegakenby anagentarerequiredto be consistentvith, but might
be differentfrom the others. A groupis composedf views in eachof which agentsautonomouslytake protocol classes

consistentvith them.
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1. Intr oduction

Peerto-Peer(P2P)systemd6] aregettingwidely used
like grid computing [4] and autonomic computing [1].
Groupcommunicatioris requiredto realizecooperatiorof
multiple peerprocesses.In group communicationsmul-
tiple peerprocessedirst establisha group andthenmes-
sagesare exchangedamongthe processe$?, 7,8,10,11].
Therearegroupprotocolswhich supportmultiple peerpro-
cessewith theordereddelivery of messagef?,7,8,10,11].
A groupprotocolis realizedby protocolfunctions; multi-
cast/broadcasteceiptconfirmation,detectionandretrans-
missionof messagefost, orderingof messageseceied,
and membershipmanagementThereare variouswaysto
realizeeachof thesefunctionslike selectve andgo-back-n
retransmissions.

The complity and efficiengy of implementationof
group protocoldependsn what typesand quality of ser
vice (QoS)are supportediy the underlyingnetwork. QoS
parameterdike bandwidthare dynamically changeddue
to congestionand faults. Furthermoretherearevarious
typesof networkseachof which is characterizedy QoS
parameters.The higherlevel of communicationfunction
is supported,the larger computationand communication
overheadsareimplied. Hence the systemhasto takeonly
classe®f functionsnecessargndsufiicientto supportser
vice requiredby applicationgby takingusageof theunder
lying networkservice. The paper[11] discussesn archi-
tectureto designa protocolsupportinga groupof multiple
processesvhich satisfiesapplicationrequirements.How-
ever, theprotocolcannotedynamicallychangedachtime
QoS supportedvy the underlyingnetworkis changed.In

TV r—varOER

addition,eachprocessn agrouphasto usethe samegroup
protocol functions. In peerto-peerapplications[6], it is
not easyto changeprotocolfunctionsin all the processes
sincealargenumberof processearecooperatingandsome
computersarenot alwaysworking well. Eachprocesshas
aview Whichis asubsebf processeso which the process
candirectly sendmessagedf agroupis too large for each
procesdo perceve QoSsupportedy otherprocesseand
managethe group membershipthe groupis decomposed
into views.

In this paper we discussan autonomic groupprotocol
which can supporttypesand quality (QoS) of servicere-
quiredby applicationsvenif QoSsupportedy theunder
lying networkis changed.Eachgroup protocolmoduleis
realizedin an autonomousgent. An agentautonomously
changesmplementationof eachgroup protocol function
dependingnetwork QoS monitored. In addition,an agent
negotiateswith the other agentsin the view so that the
classe®f protocolfunctionsareconsistentith, notneces-
sarily sameasthe otheragents.

In section2, we shov a systemmodel. In section3,
we discusshow eachprocesgercevesotherprocessei
agroup. In section4, we discussclasse®f protocolfunc-
tions. In section5, we presentan agent-basedrchitecture
to supportthe autonomicgroup service. In section6, we
discusshow to changeretransmissioffunctions.

2. SystemModel

A groupof multiple application processes Ai, ..., Ay,
(n > 2) arecooperatingay taking usageof groupcommu-
nicationservice.The groupcommunicatiorserviceis sup-
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portedby cooperationof multiple system processes p1,
..., pp, throughexchangingmessage®y using underlying
networkservice. In this paper aterm”process” meansa
systemprocess.
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Figure 1. System model.

Theunderlyingnetworkis modeledo bea collectionof
bidirectionalchannelamongprocessesEachchannebkup-
ports somequality of service(QoS).QoSis characterized
by parametersgelaytime [msec], messagéossratio [%0],
and bandwidth[bps]. QoS parametersupportedby each
channelare changeddue to congestionsand faults in the
network.

A groupof multiple processeg;, ..., p, (n>1) areex-
changingmessagesn the network. Let s;(m) denotea
sendingeventof a messagen in a procesg;. A message
my causally precedes anothermessagens (m; — meg) if
andonly if (iff) s;(m) happens before r;(m) [2,7]. m; is
causally concurrent with my (ms || mo) if neithermy —
mo NOr mo — myq. A pair of messagesn; andms, are
causally delivered iff m; is deliveredbeforems in every
commondestinationof m; andms if m; — mo. Here,
a pair of causallyconcurrenimessagesanbe deliveredin
ary order In thetotally ordered delivery, all the messages
aredeliveredto every commondestinatiorof themessages
in the sameorder

3. Viewsin Group

A group G is composedf multiple peerprocesses,,
..., (n > 1). Inagroupd includinglargernumbetrof pro-
cessesit is not easyfor eachprocesgo deliver messages
to all the processesndmaintainmembershipgnformation
on all the memberprocessesEachprocess; hasa view
V(p;) which is a subsebf processeso which the process
p; candirectly sendmessagesr deliver messagesia pro-
cessesThus,aview V is a subgroupof G. Eachprocess
p; maintainsmembershipf its view V (p;). For every pair
of processeg; andp;, p; in V(p;) iff p; in V(p;). A pair
of differentviews V; andV; mayincludea commonpro-
cesspi. Theprocesyy playsarole of a gateway process
betweerprocesses Vi andVs. If aprocesyp; belongsto
only oneview, p; is referredto asieca f process.

A proces®; in aview V whichtakesamessagen from
anapplicationprocessd; andsendshemessagen to pro-
cessed theview V' isasender procesof m. If aprocess
p; inaview V deliversa messagen to anapplicationpro-
cessAj, theprocesy; is a destination procesof m. If
a process;, receivesa messagen in aview V andfor-
wardsthe messagen to a process; in anotherview V",
the processy, is a gateway process.Here,if the process
pi forwardsthe messagen to anothemprocessn thesame
view V, the processyy, is a routing process.Let src(m)

be an original sourceprocessanddst(m) be a setof orig-
inal destinationprocessesA local senderanddestination
processe®f a messagen are processesvhich sendand
receve themessagen in aview, respectiely.

A view V' which includesall the processe# a group
G is referredto ascomplete. A global view is acomplete
view includingall the processes agroupG. If V C G,V
is partial. A partialview V' is changedf asystemprocess
joins andleavestheview V. If aview V(p;) is changed,
V(p;) is dynamic. If V(p;) isinvariant,V (p;) is static.
© : Gateway process

.~ : Routing process

Figure 2. Group views.

Suppose procesy; in aview V sendsamessagen to
anothemproces®;. If p; isin asameview V asp;, p; sends
m 10 p;, possiblym is routedto p; in theview V. Other
wise,p; sendsn to a gatevay procesgy in V. Then,the
procesg,, forwardsm to anothewiew V'. Here,if thedes-
tination procesg; is in theview V', the gatavay process
py, forwardsthe messagen to the destinationprocess;.
Otherwise the gatavay processp,, forwardsthe message
m to anothemgatavay processn theview V’. For example,
supposehatdst(m) = {ps, ps } andasendeprocesy; of
a messagen belongsto aview Vi = {p1, p2}. Then,p;
sendsa messagen to the gatavay processp in the view
V1 [Figure 2]. The processp. is a memberof a view V5
= {p2, p3, p4, ps}. Thereforethe process, deliversthe
messagen to a pair of processe®s andp, in the same
view V5 In addition,themessagen is deliveredto thedes-
tination procesgps via the processpy. Here,ps is alocal
sendemprocesandp, is aroutingprocess.

4. Functions of Group Protocol

4 .1.Protocol functions

A groupprotocolamongmultiple processegs, ..., pn IS
realizedby following protocolfunctions:
. Coordinationof theprocesses.

. Messagédransmission.

. Receiptconfirmation.
Retransmission.

. Detectionof messagéoss.
. Orderingof messages.

. Membershipmanagement.

Thereare multiple waysto realizeeachof thesefunc-
tions. A class of protocolfunction shavs oneway of im-
plementationof the protocol function. We discusswhat
classesxist for eachprotocolfunctionin this section.

~NouhwNE

4.2.Coordination

Thereare centralized and distributed approacheso
coordinatingcooperatiorof processem aview. In thecen-
tralizedcontrol,thereis onecentralizeccontrollerin aview
V. On the other hand,thereis no centralizedcontroller
in the distributed control scheme. Eachprocessmakesa
decisionon correctreceiptanddelivery orderof messages
recevedby itself.
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4 3. Transmission

There are centralized, direct, and indirect ap-
proache®f aprocesg; to transmittinga messagéo multi-
ple processem aview [Figure3]. In the centralizedrans-
mission thereis oneforwarderprocessn aview V' [Figure
3 (1)]. Eachprocessasto exchangeamessagethroughthe
forwarderprocessn theview V. The forwarderprocess
playsa role of a controllerwhich makesa decisionon the
delivery orderof messageandmanagesnembershign the

view V.
View V View V View v O
~,
O*©é o<gf>
O
@)
(1) Centralized transmission (2) Direct transmission (3) Indirect transmission

Figure 3. Transmission schemes.

In thedirecttransmissioneachprocesdlirectly notonly
sendsa messageo eachdestinationprocesshut also re-
ceivesmessage$rom othersendemrocesse# a view V'
[Figure 3 (2)]. Thatis, thereis no centralizedforwarder
process.

In the indirect transmissionmessagesre first sentto
someprocessn aview V. The processorwardsthe mes-
sageto anothemprocesdn the view V andfinally delivers
themessagéo thedestinatiorprocesse theview V' [Fig-
ure3 (3)]. Thetreerouting[3,5] is anexample.

4.4 Confirmation

There are centralized, direct, indirect, and
distributed schemesto confirm receipt of a message
in a view V of a groupG. In the centralizedscheme,
every processsendsa receipt confirmation messageto
one con firmation processn aview V. After receving
confirmationfrom all the destinationprocesseghe confir
mationprocessendsareceiptconfirmationof themessage
to thelocal sendeiprocesgFigure 4 (1)].

In the direct confirmation,eachdestinationprocess;
in theview V' sendsareceiptconfirmationof amessagen
to thelocal sendeproces®; whichfirst sendghemessage
m in theview V [Figure4 (2)].

In the indirect confirmation,a receiptconfirmationof
amessagen is sentbackto alocal senderprocess; in a
view V' by eachprocesg; which hasrecevedthemessage
m from thelocal sendemprocesg; [Figure4 (3)]. Finally,
the local senderprocessf the messagen in the view V'
recevvesreceiptconfirmationmessagesl his means'every
destinatiorprocessn theview V' hasrecevedthemessage
m .

In the distributed confirmation [10], each process
which hasreceveda messagen sendsareceiptconfirma-
tion of themessagen to all theotherprocesses thesame
view [Figure 4 (4)]. Eachprocessn a sameview V' can
know whetheror not all the otherprocessein V' have re-
ceived a samemessagen by usingthe distributed confir
mationscheme.

(3) Indirect confirmation

(4) Distributed confirmation

©: controller

— : message — —» : confirmation

Figure 4. Confirmation schemes.

4.5.0rdering of messages

Messageseceved are orderedby eachprocessin the
distributedapproachin orderto causallydeliver messages,
realtime clock with NTP (networktime protocol)[9], lin-
earclock [7], andvectorclock [8] areused. Therealtime
clock canbeusedin a personabreanetwork.However the
realtimeclock cannotbe usedin alarge areadueto larger
delaytime.

The procesancausallydeliver messageby usingthe
the linear clock or the vector clock underan assumption
that the underlyingnetworkis reliable. No messageyap
canbe detectedby usingthe theseclocks. Nakamuraand
Takizawva [10] discussa vectorof messagsequence&um-
bersto detectmessagdoss and causallyorder messages.
Eachmessagen sentby aprocesgp; is assigne@dsequence
numberm.seq. The sequenceaumberseq is incremented
by oneeachtime p; sendsa messageThe procesgp; ma-
nipulatesvariablesrsgqy, ..., rsg, to. Eachvariablersg;
shavs a sequencenumberseq of messagavhich p; ex-
pectsto receve next from anotherprocessp; (j = 1, ...,
n). A messagen sentby p; carriesthe receiptconfirma-
tionm.rsq; (=rsq;) (j =1,...,n).

Supposea processp; recevesa messagen from an-
otherprocess;. If rsq; = m.seq, the procesgp; accepts
themessagen. Otherwisethereis somemessagen’ from
pj wherersg; < m'.seq < m.seq, i.e. p; fails to receve
m/. If p; acceptsa messagen from a procesy;, there-
ceiptconfirmationinformationcarriedby themessagen is
storedin a matrix Ack, where Ack[j, k] := m.rsq, (k =
1,...,n). A messagen; causally precedes anothemes-
sagems (m1 — mg) iff my.rsq < ms.rsq [10]. A mes-
sagem receved from a processp; is referredto as pre-
acknowledged by aproces; if m.seq < min(Ack[1, j],
..., Ack[n, 7]). Here theproces®; is surethatthemessage
m IS recevved by every process.However, theremight be
still anothemprocesg;, wherem is not pre-acknavledged,
i.e. pr doesnot know if someprocess,; hasrecevedthe
messagen. Theprocesg; may notrejectthe messagen
dueto timeoutbecause),, doesnotreceve thereceiptcon-
firmationform p;. Hencethe proces®; cannotdeliverthe
messagen. A messagen from aprocesy; is referredto
asacknowledged iff m is pre-acknaledgedandthereis
onepre-acknwvledgedmessagen;, from every processy,
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wherem — my. Thatis, the process; is surethatm is
pre-acknavledgedin every process.

4.6.Detectionof messagdoss

Messagesirelostdueto buffer overrun,unexpectedde-
lay, andcongestionsn the network. Messagdosscanbe
detectedy checkingsequencaumbersaspresentedh the
precedingsubsectionOnreceiptof a messagen from an-
otherprocess;, aprocesyp; acceptsn if rsq; = m.seq.
Then,rsg; is incrementedy one. Otherwise the process
p; findsthereis somemessagen’ from p; wherersg; <
m'.seq < m.seq. Now supposethat a processp; sends
a messagen. The messagen carriesa sequenceium-
berm.seq andreceiptconfirmationm.rsq (={ m.rsqu, ...,

m.rsgy )).
4.7.Retransmission

There are sender and destination retransmission
schemesvith respecto which processgetransmitthemes-
sagem lost [Figure 5]. Supposea processp; sendsa
messagen to processesand one destinationprocessp;
fails to receve m. In the sender retransmission, the
local senderprocessp; which first sentthe messagen
in the view V' retransmitsthe messagen to p;. In the
destination retransmission, oneor morethanonedes-
tination processn the view V' which hassafely receved
themessagen forwardsm to the procesg; which fails to
receve m [Figure 5 (2)]. In the distributed confirmation,
notonly asendeprocesdut alsoevery destinatiorprocess
in V' receve receiptconfirmationof amessagen from ev-
ery otherdestinationprocessin V. Hence,eachprocess
canknow if every otherdestinatiorprocessafelyreceves
amessagen.

(2) Destination retransmission.

(1) Sender retransmission.
> : failtoreceive ---p:
Figure 5. Retransmission scheme .

retransmission

4.8 Membership management

In thecentralized way, onemembershipnanagecom-
municateswith all the memberprocessedo obtain their
states. In the distributed way, eachprocessobtainsthe
statesof the otherprocesseby communicatingwith other
processes.

5. Autonomic Group Protocol

5.1.Architecture

Groupcommunicatiornserviceis supportedoy cooper
ation of multiple peerprocesses.The cooperationis co-
ordinatedby a group protocol. A systemprocessmeans
a protocol modulewhich is realizedin an agent named
autonomic group (AG) agent. Theclassedor eachpro-
tocol functionsarestoredin a protocolclasslibrary (PCL).

The group communicatiorserviceis realizedby coopera-
tion of multiple AG agents. EachapplicationprocessA;
takesgroup communicatiorservicethroughan AG agent
p;. EachAG agentp; autonomoushtakesone classfor
eachgroupcommunicatiorfunction from the PCL, which
can supportan applicationwith necessaryand sufficient
QoSby taking usageof basiccommunicatiorservicesup-
portedby the underlyingnetwork. EachAG agentp; mon-
itors QoS supportedoy the underlyingnetwork. The net-
work QoS informationmonitoredis storedin a QoSbase
(QB) of p;. If enoughQoS cannotbe supportedor too
muchQoSis supportedor theapplicationthe AG agentp;
reconstructs collectionof groupprotocolfunctionclasses
which areconsistentvith the otherAG agentdy selecting
a classfor eachprotocolfunctionin the PCL. Here, each
AG agentnegotiateswith other AG agentso makea con-
sensu®nwhich classto take.

Oderlng of

n'essages

.~ re | [ Ac

agent agent

Det ection of

nmessage | oss
‘ ‘ B
. managenent .

Flgure 6. Autonomlc group protocol.
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5.2.Consistentcombination of classes

EachAG agenttakesa collectionof classegor protocol
functions. In this paper we considersignificantfunctions,
coordination,transmissiongconfirmation,and retransmis-
sionfunctionin theprotocolfunctions.Let F' beasetof the
protocolfunctions,i.e. {C(coordination),I"(transmission),
C'F(confirmation),R(retransmissior}). For eachprotocol
function f in F, CI(f) showvs a set of classeseach of
which showvs implementationof the protocol function.
ClUC) = {C(centralized), D(distributed)}, CICF)
= {Cen(centralized), Dir(direct), Ind(indirect),
Dis(distributed)}, CU(T) = {C(centralized), D(direct),
I(indirect)}, andCl(R) = {S(sender), D(destination)}.
Let F beaset{ f1, f2, f3, fa} of protocolfunctionswhere
< fl: fg, fg, f4 > = < C,T,CF, R > A tuple < Cq, Cy,
Cs, Cy ) € Cl(f1) x Cl(f2) x CI(f3) x Cl(fs) shavs
a protocol instance. Each AG agenttakesa protocol
instance( C1, Cs, C3, C4 ), i.e. aclassC; is takenfor a
protocolfunction f; (i = 1, 2, 3, 4).

As discussedn the precedingsection,the destination
retransmissiorschemecanbe takenin the distributedcon-
firmationschemebut notin the centralizecbne. Thus,only
someprotocolinstancef function classesreconsistent.
An agentcantakeonly a consistenprotocolinstancelf an
AG agenttakesaninconsistenprotocolinstancetheagent
cannotwork. Table1l summarizepossible consistenpro-
tocolinstancesA profile C; Cs C3 Cy shavsaconsistent
protocolinstance( C4, Cs, C3, Cy ) whicheachAG agent
cantake.Eachprofileis identifiedasshovn in Tablel. Let
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Table 1. Consistent protocol classes.

| Control | Transmission | Confirmation | Retransmission | Profile |
Centralizeccontrol | Centralizedransmission| Centralizedconfirmation| Senderetransmission CCcCens
Distributedcontrol | Directtransmission Direct confirmation Senderetransmission DDDirS
Distributedconfirmation | Senderetransmission DDDisS

Destinationretransmission DDDisD

Indirecttransmission

Direct confirmation Senderetransmission DIDirS
Indirectconfirmation Senderetransmission DlIndS
Distributedconfirmation | Senderetransmission DIDisS

Destinationretransmissior] DIDisD

P beasetof consistenprotocolinstancesvhichareshavn
in Tablel.

5.3.Consistentsetof profiles

SupposG agentsy, ..., p, areinaview V' of agroup
G. Let C; shav a consistenprotocolinstancetakenby an
agentp;, C; = ( Ci1, ..., Cia ) € P. A global protocol
instanceC for aview V = {p1, ..., pn} is atuple ( Cy, ...,
Cy ). Here,eachC; is referredto aslocal protocolinstance
of anagentp; (i = 1, ..., n). In traditionalgroupprotocols,
every processhasthe samelocal protocolinstancej.e. C
= ... =(,. Hence,if someAG agentp; would like to
changea classC; of a protocolfunction f, all the AG
agentdhave to besynchronizedo makeconsensusnanen
protocolinstance A globalprotocolinstanceC = ( (4, ...,
Cy, ) is referredto ascomplete if Cy =--- = C),. In this
paperwe discussprotocolwhereaview of AG agentg;,
..., bp Cantakeanincomplete instanceC = ( Cy, ..., C,, )
whereC; # C; for somepairof AG agentg; andp;. First,
supposéhata globalprotocolinstanceC = ( Cy, ..., Cy, )
is completeandsomeAG agentp; changes local protocol
instanceC; with anotheioneC;. We discussvhetheror not
(Ch,...Ci_1, C, Ciya, ..., Cy ) is consistentj.e. agents
p1, ..., pn, Cancooperatevenif C; # C; for someAG agent
Dj-

Figure 7. Change of profiles.

Accordingto changef networkQoSandapplicationre-
quirementeachAG agentautonomouslchangeghe pro-
file. For example,supposeahatevery AG agenttakesthe
profileDDDirS in aview V includingfour processeg; , ps,
ps, andpy [Figure7]. Here,supposehata global protocol
instanceC' is ( DDDiIrS, DDDirS, DDDirS, DDDIrS ) and
someAG agentps which takesDir (Direct confirmation)
would like to changewith Dis (Distributed confirmation).
We discusswhetheror not a global protocol instance(
DDDirS, DDDirS, DDDisS,DDDirS ) in consistentWhile
other AG agentstake DDDIirS, p3; takesDDDisS. On re-
ceiptof a messagen from p;, the agentps sendsthe re-

gorg

ceipt confirmationof m to not only the senderAG agent
p1 but alsoother destinationAG agents. The senderAG
agentp; recevesthe receiptconfirmationof the message
m from all the destinationAG agentsps, ps3, andps. The
AG agentg, andp, recevetheconfirmationfrom ps. The
agentp, recevesthe confirmationfrom only ps but neither
p1 norpy. The confirmationfrom ps impliesthe confirma-
tion from p3 andp,. Hencetheagentp; knowsthatall the
otheragentss andp, recevve themessageThus,DDDIirS
canbe changedo DDDisS. Here,if an AG agentps takes
DDDisS, thesendetAG agentp; with DDDirS canreceve
the receiptconfirmationmessag®f a messagen from all
destinationAG agents.Therefore the senderAG agentp;
and a pair of AG agentsp, andp, do not needto change
theprofile.

View V2

Figure 8. Change of profiles.

Next, suppos@nAG agentps belonggo a pairof views
v, andV; [Figure 8]. In theview V; whereall of the AG
agentdakeDDDirS, anAG agentp; sendsamessagen to
all the other AG agents.On receiptof the messagen, an
AG agentps with DDDirS forwardsthe messagen to the
other AG agentsps andpg which belongto anotherview
V2 with DDDisD. Here,the AG agentps canreceve the
receiptconfirmationof the messagen from a pair of AG
agentss andpg in theview V5. In addition,the AG agent
p3 sendsbackthereceiptconfirmationof themessagen to
the original sendetAG agentp;. Here,the original sender
AG agentp; canreceve thereceiptconfirmationfrom all
the destinationAG agentsin the view V4. Therefore,the
AG agentps doesnot needto changethe profile sincethe
AG agentps canforward the messagen to anotherAG
agentin theview 5.

6. Retransmission

6.1 Costmodel

Supposean autonomicgroup (AG) agentp, sendsa
messagen to threeAG agents;, p., andp,, in aview V.
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Then,a pair of AG agentsp; andp,, receve the message
m while anotherAG agentp, fails to receive m. Here,let
d;; bedelaytime of channelC;; betweenAG agentsg; and
p;j[msec]. Let f;; shavs probability thata messagés lost
inachannell;;. andb;; indicatebandwidthof the channel
C;; [bps]. |m| shawvs sizeof messagern [bit].

First, let us considerthe senderetransmissionlt takes
(2dsp+ |m| I bsy) [Mmsec]to detectmessagdoss after the
AG agentp; sendsthe messagen. Then,the AG agent
ps retransmitsn to p,. Here,the messagen may be lost
again.Theexpectedime ST}, andexpectechumberS N,
of messageto be transmittedo deliver a messagen to a
destinatiorp,, aregivenasfollows:

1. STy, = (2dgy + |m| 1 bsy) I (1 — fsu).
2. SNy =1/ (1 — fs).

In the destinationretransmissionsomedestinationAG
agentp,; forwardsthe messagen to the AG agentp,, [Fig-
ure 9]. The expectedtime DTy, and expectednumber
DNg, of messageto deliver amessagen to p, aregiven
asfollows:

1. DTS’U = (dst + \m| / bst) +
(2dey + M| 1 b)) I (1 — fr0).

2. DNy =(2 — foo) I (1 — fro).

If ST,, > DTy,, thedestinationAG agentp; canfor-
wardthe messagen to the AG agentp, becaus¢he mes-
sagdost canbedeliveredearlier

EachAG agentp, monitorsdelaytime dy,, bandwidth
b, andmessagéossprobability f;,, for eachAG agentp,,
which arerecevedin the QoSbasegQB). For example,the
AG agentp; obtainsthe QoS information by periodically
sendingping messageto all the AG agentsin the group.
The AG agentp, maintainsthe quality of service(QoS)
informationin a variable@ of QB whereQ:,, = { b, dtu,
frw ) foru =1, ..., n. If the AG agentp, receves QoS
informationfrom anotherAG agentps, Qsu = { bsu, dsu,
fsu)foru=1,..n.

6.2 Changeof retransmissionscheme

Let usconsideanexample.Suppos@asendeAG agent
ps Sendsamessagen andall theAG agentdakethesender
retransmission An AG agentp, fails to receie the mes-
sagem [Figure 9]. Accordingto the changeof QoS sup-
ported by the underlying network, the senderp; makes
a decisionto changethe retransmissiorschemewith the
destinationone. However, the AG agentp; still takesthe
senderretransmission. Here, no AG agentforwardsthe
messagen to p,. In orderto preventthesesilentsituations,
we takea following protocol:

1. SendeAG agentp; sendsa messagen to all thedes-
tination AG agents Every destinationAG agentsends
receiptconfirmationnot only to the senderAG agent
ps but alsoto the otherdestinationAG agentdFigure
9].

2. If] anAG agentp; detectghata destinationAG agent
p, hasnot receved the messagen, p; selectsa re-
transmissiorschemewhich p; considerdo beoptimal
basedn the QoSinformation(@.

2.1 If p; is adestinationAG agentandchangesre-
transmissiorschemep; forwardsm to p, and
sendshketax messageo thesenderAG agentp;.

2.2 If p; is a senderof a messagen andtakesa

senderetransmissioschemep; retransmitsn
to p,. If p; takesa destinationretransmission
schemep; waitsfor Retxz messagdérom a des-
tination. If p; doesnotreceve Retx, p; retrans-
mitsm to p,.

[Theorem] At leastoneAG agentforwardsa messagen
to anAG agentwhich fails to receve themessagen. O

Ps Pt Pu Pv
m

| ==
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Y e T time

Figure 9. Destination retransmission.
7. Concluding Remarks

In this paper we discussedn agent-basedrchitecture
to supportdistributed applicationswith autonomicgroup
servicein changeof network and application QoS. We
madeclearwhatclasse®f functionsto berealizedin group
communicationprotocols. Every autonomicgroup (AG)
agentautonomouslychangesmplementatiorof eachpro-
tocolfunctionwhichmaynotbethesameasbut areconsis-
tentwith the otheragentdn a group. We discussedhow to
supportapplicationswith the autonomicgroup serviceby
changingretransmissioschemessanexample.
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