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Abstract
Multiple peerprocessesareexchangingmultimediamessageswith eachotherin anunderlyingnetwork.A groupproto-

col supportsapplicationswith enoughquality of service(QoS)in changeof QoSsupportedby thenetwork.An autonomic
groupserviceis supportedfor applicationsby cooperationof multiple autonomousagents.Eachagentautonomouslytakes
aclassof eachprotocolfunctionlike retransmission.Classestakenby anagentarerequiredto beconsistentwith, but might
be different from the others. A groupis composedof views in eachof which agentsautonomouslytakeprotocolclasses
consistentwith them. �������
	��� ����� ��� �����

�������  "!$#%'&)(+*-,'.0/210.43'576980:0;�<=10.=>
?A@CBEDGFIHKJILNMPOAQSRABETGDUTCBWVKXZY\[�]_^a`KBCbNcPdPJWVeXfJIL4gihjclkemSnlopMfdAqUBsrutKXCmwvAxCBwyz mNvAx�{|^anaoiMPdCqSBK}erGXe~a�CH��NBs?G@IB�~a�l�A�����A�+�j�PmC�WB�~a�lY��A���u�C�|RUmN�l�GHS�Gd��NOYe�UJ4�|�Gdl�����U���u�A Z�¢¡'{N£�{\mG¤+o+g¦¥�d�§K¨E�u�A Z�s�ud��WOABu©Kª

(QoS)
kemK«U¬Pe~u®�Bu¯G°l����²±A³C�W´eµu Z�¢¡P¶PBU^A`SmE·A¸fBAb�cCdPJEVeXIJIL4gih\cl¨s�u�A Z�E¹SºaB�~u��Y��a�u^G�ud��NOK»A¼CRukem½ �K�UJ��|�KdC���\�eBW¾u¿fY�ÀAÁe Z�U�C�\¨uRAÂGHE�E¡UÃf�Wm ½ �KÄs~u�IHAb�cPdPJWVeXe~u��Y��a�uÅG�ed��¢OAY�u�'{pÆZÇG^KÈUÉfmu¶PBKVUX'�jÊGË��e£a£l�sÌudeÍuÎ�o�Ï²¨KÐAÑU Z�l���']jÒ�Ó0Ô|ÕlÖG Z�¢¡u×GØCÙlRPkemS¤0o�g¥�dI§K¨E�e�A Z�

QoS
BE±A³e´eµ��sD�{NÅUmEÚAÛUÜe~fÝCBPb�cCdPJSVeXCÞAdCqUßP�'g�¨Umu�UJ4�|�GdC���¢�KBK¾u¿Y�ÀI^K ���]áàuâ�Hab�cCdCJSVeXU~a��YWãuä'{\mA£Såeæ�Blb�cCdPJSVeXCÞCdCqPßU�)gN�|çGè�{�HG¨�éiêUë��sDuìIRÂP�îíðï_ñl³aHab�cAdPJSVeXIJIL�gih\caòIYw�UóP Z�¢¡

1. Intr oduction

Peer-to-Peer(P2P)systems[6] aregettingwidely used
like grid computing [4] and autonomiccomputing [1].
Groupcommunicationis requiredto realizecooperationof
multiple peerprocesses.In group communications,mul-
tiple peerprocessesfirst establisha ôöõø÷úùüû andthenmes-
sagesareexchangedamongthe processes[2, 7,8,10,11].
Therearegroupprotocolswhichsupportmultiplepeerpro-
cesseswith theordereddeliveryof messages[2,7,8,10,11].
A groupprotocolis realizedby protocolfunctions;multi-
cast/broadcast,receiptconfirmation,detectionandretrans-
missionof messageslost, orderingof messagesreceived,
andmembershipmanagement.Therearevariouswaysto
realizeeachof thesefunctionslike selective andgo-back-n
retransmissions.

The complexity and efficiency of implementationof
groupprotocoldependson what typesandquality of ser-
vice (QoS)aresupportedby theunderlyingnetwork. QoS
parameterslike bandwidthare dynamicallychangeddue
to congestionsand faults. Furthermore,therearevarious
typesof networkseachof which is characterizedby QoS
parameters.The higher level of communicationfunction
is supported,the larger computationand communication
overheadsareimplied. Hence,thesystemhasto takeonly
classesof functionsnecessaryandsufficient to supportser-
vice requiredby applicationsby takingusageof theunder-
lying networkservice.The paper[11] discussesan archi-
tectureto designa protocolsupportinga groupof multiple
processeswhich satisfiesapplicationrequirements.How-
ever, theprotocolcannotbedynamicallychangedeachtime
QoSsupportedby the underlyingnetworkis changed.In

addition,eachprocessin agrouphasto usethesamegroup
protocol functions. In peer-to-peerapplications[6], it is
not easyto changeprotocol functionsin all the processes
sincealargenumberof processesarecooperatingandsome
computersarenot alwaysworking well. Eachprocesshas
a ýðþ ÿ � which is a subsetof processesto which theprocess
candirectly sendmessages.If a groupis too largefor each
processto perceive QoSsupportedby otherprocessesand
managethe groupmembership,the group is decomposed
into views.

In this paper, we discussan � ù � ÷�� ÷��sþ�� groupprotocol
which cansupporttypesandquality (QoS)of servicere-
quiredby applicationsevenif QoSsupportedby theunder-
lying networkis changed.Eachgroupprotocolmoduleis
realizedin an autonomousagent.An agentautonomously
changesimplementationof eachgroup protocol function
dependingnetworkQoSmonitored. In addition,an agent
negotiateswith the other agentsin the view so that the
classesof protocolfunctionsareconsistentwith, notneces-
sarily sameastheotheragents.

In section2, we show a systemmodel. In section3,
we discusshow eachprocessperceivesotherprocessesin
a group. In section4, we discussclassesof protocolfunc-
tions. In section5, we presentanagent-basedarchitecture
to supportthe autonomicgroupservice. In section6, we
discusshow to changeretransmissionfunctions.

2. SystemModel

A groupof multiple � ûöû
	 þ���� � þ ÷���ûöõ ÷�� ÿ�� ÿ����� , ..., ���
(��� 2) arecooperatingby takingusageof groupcommu-
nicationservice.Thegroupcommunicationserviceis sup-
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portedby cooperationof multiple ��� � ÿ���ûöõ ÷�� ÿ�� ÿ�²û � ,
..., û � throughexchangingmessagesby usingunderlying
networkservice. In this paper, a term ” ûöõ ÷�� ÿ�� ” meansa
systemprocess.

A1 Ai An
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layer
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layer

Application
group

Flexible
group
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Figure 1. System model.

Theunderlyingnetworkis modeledto bea collectionof
bidirectionalchannelsamongprocesses.Eachchannelsup-
portssomequality of service(QoS).QoSis characterized
by parameters;delaytime [msec],messagelossratio [%],
andbandwidth[bps]. QoSparameterssupportedby each
channelare changeddue to congestionsand faults in the
network.

A groupof multiple processesû � , ..., û � (n � 1) areex-
changingmessagesin the network. Let �� (m) denotea
sendingeventof a messagem in a processû � . A message� � causally precedes anothermessage�! (� �#" �$ ) if
andonly if (if f)  � (m) happens before õ�% (m) [2, 7]. � � is
causally concurrent with �$ (� �'& �! ) if neitherm ��"�$ nor �$ " � � . A pair of messages� � and �$ are
causally delivered if f ��� is deliveredbefore �  in every
commondestinationof ��� and �  if ��� " �  . Here,
a pair of causallyconcurrentmessagescanbedeliveredin
any order. In the totally ordered delivery, all themessages
aredeliveredto every commondestinationof themessages
in thesameorder.

3. Viewsin Group

A ôöõø÷úùüû!( is composedof multiple peerprocessesû � ,
..., û � (� � 1). In agroup ( includinglargernumberof pro-
cesses,it is not easyfor eachprocessto deliver messages
to all theprocessesandmaintainmembershipinformation
on all the memberprocesses.Eachprocessû)� hasa view*

(û+� ) which is a subsetof processesto which theprocessû � candirectly sendmessagesor deliver messagesvia pro-
cesses.Thus,a view

*
is a subgroupof ( . Eachprocessû � maintainsmembershipof its view

*
(û � ). For every pair

of processesû � and û+% , û � in
*

(û+% ) if f û)% in
*

(û � ). A pair
of differentviews

* � and
*  may includea commonpro-

cessû), . Theprocessû), playsa role of a ô-� � ÿ � �.� process
betweenprocessesin

* � and
*  . If a processû � belongsto

only oneview, û+� is referredto as 	 ÿ��0/ process.
A processû � in aview

*
whichtakesamessage� from

anapplicationprocess� � andsendsthemessage� to pro-
cessesin theview

*
is a  ÿ��21 ÿ õ processof � . If aprocessû)% in a view

*
deliversa message� to anapplicationpro-

cess� % , theprocessû % is a 1 ÿ� � þ3�2� � þ ÷�� processof � . If
a processû+, receivesa message� in a view

*
andfor-

wardsthe message� to a processû+4 in anotherview
*�5

,
theprocessû), is a ô-� � ÿ � �6� process.Here,if theprocessû , forwardsthemessage� to anotherprocessin thesame
view

*
, the processû , is a õø÷úù � þ3� ô process.Let  õ7� (� )

be an original sourceprocessand 18 � (� ) be a setof orig-
inal destinationprocesses.A 	 ÷����0	 senderanddestination
processesof a message� are processeswhich sendand
receive themessage� in a view, respectively.

A view
*

which includesall the processesin a group( is referredto as � ÷��sû-	 ÿ � ÿ . A ô-	 ÷�9��0	 view is a complete
view includingall theprocessesin agroup ( . If

*;: ( ,
*

is û-� õ � þ��0	 . A partialview
*

is changedif asystemprocess
joins andleaves the view

*
. If a view

*
(û � ) is changed,*

(û � ) is 16�8�2�.��þ�� . If
*

(û � ) is invariant,
*

(û � ) is  � � � þ�� .
<>= <�?
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Figure 2. Group views.

Supposea processû � in aview
*

sendsa message� to
anotherprocessû+% . If û)% is in asameview

*
asû � , û � sends� to û)% , possibly� is routedto û+% in theview

*
. Other-

wise, û+� sends� to a gateway processû+, in
*

. Then,the
processû), forwards� to anotherview

*_5
. Here,if thedes-

tination processû % is in the view
*`5

, the gateway processû), forwardsthe message� to the destinationprocessû % .
Otherwise,the gateway processû , forwardsthe message� to anothergatewayprocessin theview

*�5
. For example,

supposethat 1a � (� ) = b û0c , ûad0e anda senderprocessû � of
a message� belongsto a view

* � = b û � , ûa Ue . Then, û �
sendsa message� to the gateway processûa in theview* � [Figure 2]. The processû  is a memberof a view

*  
= b û0 , ûac , ûaf , û0dUe . Therefore,the processûa deliversthe
message� to a pair of processesû c and û f in the same
view

*  In addition,themessage� is deliveredto thedes-
tination processûad via the processûaf . Here, ûa is a local
senderprocessandû f is a routingprocess.

4. Functions of Group Protocol

4.1.Protocol functions
A groupprotocolamongmultipleprocessesû � , ..., û � is

realizedby following protocolfunctions:
1. Coordinationof theprocesses.
2. Messagetransmission.
3. Receiptconfirmation.
4. Retransmission.
5. Detectionof messageloss.
6. Orderingof messages.
7. Membershipmanagement.
Therearemultiple waysto realizeeachof thesefunc-

tions. A �6	>�a� of protocolfunctionshows oneway of im-
plementationof the protocol function. We discusswhat
classesexist for eachprotocolfunctionin this section.

4.2.Coordination
Thereare � ÿ�� � õ+�0	 þ�gðÿ�1 and 1 þ� � õ þ�9 ù � ÿ�1 approachesto

coordinatingcooperationof processesin aview. In thecen-
tralizedcontrol,thereis onecentralizedcontrollerin aview*

. On the other hand,thereis no centralizedcontroller
in the distributed control scheme.Eachprocessmakesa
decisionon correctreceiptanddelivery orderof messages
receivedby itself.
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4.3.Transmission

There are � ÿ�� � õ+�0	 þ�gðÿ�1 , 1 þ õ ÿ�� � , and þ3�21 þ õ ÿ�� � ap-
proachesof aprocessû � to transmittingamessageto multi-
pleprocessesin a view [Figure3]. In thecentralizedtrans-
mission,thereis oneforwarderprocessin aview

*
[Figure

3 (1)]. Eachprocesshasto exchangemessagesthroughthe
forwarderprocessin the view

*
. The forwarderprocess

playsa role of a controllerwhich makesa decisionon the
deliveryorderof messagesandmanagesmembershipin the
view

*
.

(2) Direct transmission       (3)  Indirect transmission(1) Centralized transmission

  View V   View V   View V

Figure 3. Transmission schemes.

In thedirecttransmission,eachprocessdirectlynotonly
sendsa messageto eachdestinationprocessbut also re-
ceivesmessagesfrom othersenderprocessesin a view

*
[Figure 3 (2)]. That is, thereis no centralizedforwarder
process.

In the indirect transmission,messagesare first sentto
someprocessin a view

*
. Theprocessforwardsthemes-

sageto anotherprocessin the view
*

andfinally delivers
themessageto thedestinationprocessesin theview

*
[Fig-

ure3 (3)]. Thetreerouting[3,5] is anexample.

4.4.Confirmation

There are � ÿ�� � õ+�0	 þ�gðÿ�1 , 1 þ õ ÿ�� � , þ3�21 þ õøÿ�� � , and1 þ� � õ þ�9 ù � ÿ�1 schemesto confirm receipt of a message
in a view

*
of a group ( . In the centralizedscheme,

every processsendsa receipt confirmation messageto
one � ÷��h/ðþ õ���� � þ ÷�� processin a view

*
. After receiving

confirmationfrom all thedestinationprocesses,theconfir-
mationprocesssendsareceiptconfirmationof themessage
to thelocal senderprocess[Figure4 (1)].

In the 1 þ õ ÿ�� � confirmation,eachdestinationprocessû+�
in theview

*
sendsa receiptconfirmationof a message�

to thelocalsenderprocessû � whichfirst sendsthemessage� in theview
*

[Figure4 (2)].
In the þi�21 þ õ ÿ�� � confirmation,a receiptconfirmationof

a message� is sentbackto a local senderprocessû+� in a
view

*
by eachprocessû % whichhasreceivedthemessage� from thelocal senderprocessû � [Figure4 (3)]. Finally,

the local senderprocessof the message� in the view
*

receivesreceiptconfirmationmessages.Thismeans”every
destinationprocessin theview

*
hasreceivedthemessage� ”.

In the 1 þ� � õ þ�9 ù � ÿ�1 confirmation [10], each process
which hasreceiveda message� sendsa receiptconfirma-
tion of themessage� to all theotherprocessesin thesame
view [Figure 4 (4)]. Eachprocessin a sameview

*
can

know whetheror not all theotherprocessesin
*

have re-
ceived a samemessage� by usingthe distributedconfir-
mationscheme.

(2) Direct confirmation

(3)  Indirect confirmation

(1) Centralized confirmation

(4)  Distributed confirmation

:  message :  confirmation :  controller

  View V   View V

  View V   View V

Figure 4. Confirmation schemes.

4.5.Ordering of messages

Messagesreceived are orderedby eachprocessin the
distributedapproach.In orderto causallydelivermessages,
real time clock with NTP (networktime protocol)[9], lin-
earclock [7], andvectorclock [8] areused.The realtime
clock canbeusedin a personalareanetwork.However the
realtimeclock cannotbeusedin a large areadueto larger
delaytime.

Theprocesscancausallydeliver messagesby usingthe
the linear clock or the vector clock underan assumption
that the underlyingnetwork is reliable. No messagegap
canbe detectedby usingthe theseclocks. Nakamuraand
Takizawa [10] discussa vectorof messagesequencenum-
bersto detectmessagelossandcausallyorder messages.
Eachmessagej sentbyaprocessk)l is assignedasequence
numberj . m�n�o . Thesequencenumber m�n�o is incremented
by oneeachtime k)l sendsa message.Theprocessk)l ma-
nipulatesvariablesp7m�o�q , ..., p+m�o�r to. Eachvariable p7m�o�s
shows a sequencenumber m�n�o of messagewhich k l ex-
pectsto receive next from anotherprocessk s (t = 1, ...,u ). A messagej sentby k l carriesthe receiptconfirma-
tion j .p+m�o s (= p+m�o s ) (t = 1, ..., u ).

Supposea processk+l receives a messagej from an-
otherprocessk s . If p7m�o s = j . m�n�o , the processk+l accepts
themessagej . Otherwise,thereis somemessagej$v fromk s wherep+m�o sxw j$v . m�n�ozy{j . m�n�o , i.e. k s fails to receivej$v . If k l acceptsa messagej from a processk+s , the re-
ceiptconfirmationinformationcarriedby themessagej is
storedin a matrix |`}�~ , where |`}�~ [ t , ~ ] := j .p7m�o�� ( ~ =
1, ..., u ). A messagej�q#}��6��m��0�>���xkUp+n�}6n��an�m anothermes-
sagej$� (j q�� j!� ) if f j q .p+m�oxy�j!� .p7m�o [10]. A mes-
sagej received from a processk s is referredto as kUp+n -�a}�~ uh��� ��n��6�-n�� by aprocessk+l if j . m�n�o#y�j$� u ( |`}�~ [1, t ],
..., |`}�~ [ u , t ]). Here,theprocessk)l is surethatthemessagej is received by every process.However, theremight be
still anotherprocessk)� wherej is not pre-acknowledged,
i.e. k � doesnot know if someprocessk)� hasreceived the
messagej . Theprocessk)� maynot rejectthemessagej
dueto timeoutbecausek)� doesnot receive thereceiptcon-
firmationform k)� . Hence,theprocessk � cannotdeliver the
messagej . A messagej from a processk)s is referredto
as �a}6~ u2��� �>n��6�-n�� if f j is pre-acknowledgedandthereis
onepre-acknowledgedmessagej � from every processk �

研究会Temp 
－95－



where � " � , . That is, the processû � is surethat � is
pre-acknowledgedin every process.

4.6.Detectionof messageloss

Messagesarelostdueto buffer overrun,unexpectedde-
lay, andcongestionsin the network. Messagelosscanbe
detectedby checkingsequencenumbersaspresentedin the
precedingsubsection.On receiptof a message� from an-
otherprocessû)% , a processû � accepts� if õ+���% = � .  ÿ�� .
Then, õ+���% is incrementedby one. Otherwise,theprocessû � finds thereis somemessage� 5 from û+% where õ+���%��� 5 .  ÿ��$��� .  ÿ�� . Now supposethat a processû � sends
a message� . The message� carriesa sequencenum-
ber � .  ÿ�� andreceiptconfirmation� .õ+�� (= ��� .õ+��.� , ...,� .õ+������ ).
4.7.Retransmission

There are  ÿ��21 ÿ õ and 1ðÿ� � þ3�2� � þ ÷�� retransmission
schemeswith respectto whichprocessretransmitsthemes-
sage � lost [Figure 5]. Supposea processû)% sendsa
message� to processesand one destinationprocessû �
fails to receive � . In the  ÿ��21 ÿ õ�õ ÿ � õ+�.�h���þ�� þ ÷�� , the
local senderprocessû % which first sent the message�
in the view

*
retransmitsthe message� to û)� . In the1ðÿ� � þ3�2� � þ ÷��Wõ ÿ � õ+�.�h���þ�� þ ÷�� , oneor morethanonedes-

tination processin the view
*

which hassafely received
themessage� forwards� to theprocessû � which fails to
receive � [Figure 5 (2)]. In the distributedconfirmation,
notonly asenderprocessbut alsoeverydestinationprocess
in
*

receive receiptconfirmationof amessage� from ev-
ery otherdestinationprocessin

*
. Hence,eachprocess

canknow if every otherdestinationprocesssafelyreceives
a message� .

� �]�����3������ � ¡�3¢£ ¥¤]��¦Y§
¨ ¦Y¦Y¨ ©3��ª
fail to receive retransmission

« ¬�[®.¯]° ± ² ³i´>± ² µ¡³h¶·¯¡± ¶£´Y³6° ¸8²£°[° ² µ¡³�¹
: :

º
pj

pi

pj
m

pk

pi

» ¨ �3¼ » » ¨ �3¼ »

Figure 5. Retransmission scheme .

4.8 Membership management

In the � ÿ�� � õ+�0	 þ�gðÿ�1 way, onemembershipmanagercom-
municateswith all the memberprocessesto obtain their
states. In the 1 þ� � õ þ�9 ù � ÿ�1 way, eachprocessobtainsthe
statesof theotherprocessesby communicatingwith other
processes.

5. Autonomic Group Protocol

5.1.Ar chitecture

Groupcommunicationserviceis supportedby cooper-
ation of multiple peerprocesses.The cooperationis co-
ordinatedby a group protocol. A systemprocessmeans
a protocol modulewhich is realizedin an � ô ÿ�� � named� ù � ÷�� ÷���þ�� ôöõ ÷ ùüû ( �`( ) � ô ÿ�� � . Theclassesfor eachpro-
tocol functionsarestoredin a protocolclasslibrary (PCL).

The groupcommunicationserviceis realizedby coopera-
tion of multiple AG agents. Eachapplicationprocess� �
takesgroupcommunicationservicethroughan AG agentû)� . EachAG agent û+� autonomouslytakesone classfor
eachgroupcommunicationfunction from thePCL, which
can supportan applicationwith necessaryand sufficient
QoSby takingusageof basiccommunicationservicesup-
portedby theunderlyingnetwork.EachAG agentû � mon-
itors QoSsupportedby the underlyingnetwork. The net-
work QoSinformationmonitoredis storedin a QoSbase
(QB) of û � . If enoughQoS cannotbe supportedor too
muchQoSis supportedfor theapplication,theAG agentû+�
reconstructsacollectionof groupprotocolfunctionclasses
which areconsistentwith theotherAG agentsby selecting
a classfor eachprotocol function in the PCL. Here,each
AG agentnegotiateswith otherAG agentsto makea con-
sensuson which classto take.

Coordination

Transmission

Confirmation

Retransmission

Detection of
message loss

PCL

AG
agent

Application requirement

Change of network QoS

QB

Ordering of
messages 

Membership
management

AG
agent

Figure 6. Autonomic group protocol.

5.2.Consistentcombination of classes
EachAG agenttakesa collectionof classesfor protocol

functions. In this paper, we considersignificantfunctions,
coordination,transmission,confirmation,and retransmis-
sionfunctionin theprotocolfunctions.Let ½ beasetof the
protocolfunctions,i.e. b�¾ (coordination),¿ (transmission),¾�½ (confirmation),À (retransmission)e . For eachprotocol
function / in ½ , ¾Á	 ( / ) shows a set of classeseachof
which shows implementationof the protocol function.¾�	 ( ¾ ) = b�¾ ( � ÿ�� � õ7�a	 þ�gðÿ�1 ), Â ( 1 þ� � õ þ�9 ù � ÿ�1 ) e , ¾�	 ( ¾Á½ )
= b�¾iÿ�� ( � ÿ�� � õ7�a	 þ�gðÿ�1 ), Â_þ õ ( 1 þ õ ÿ�� � ), Ã8�21 (þ3�21 þ õøÿ�� � ),Âpþ� ( 1 þ� � õ þ�9 ù � ÿ�1 ) e , ¾�	 (¿ ) = b�¾ ( � ÿ�� � õ+�0	 þ�gðÿ�1 ), Â ( 1 þ õ ÿ�� � ),Ã (þ3�21 þ õøÿ�� � ) e , and ¾�	 ( À ) = b�Ä (  ÿ��21 ÿ õ ), Â ( 1ðÿ� � þi�2� � þ ÷�� ) e .
Let ½ bea set b�/8� , /  , / c , / f e of protocolfunctionswhere�Å/U� , /  , / c , / f � = �Å¾ , ¿ , ¾Á½ , ÀÆ� . A tuple �Å¾_� , ¾  ,¾ c , ¾ f �ÁÇ�¾�	 ( /U� ) ÈÉ¾�	 ( /  ) ÈÊ¾Á	 ( / c ) ÈÊ¾�	 ( / f ) shows
a ûðõ ÷ � ÷�� ÷�	 þi�2 � �.�2� ÿ . Each �`( agenttakesa protocol
instance�2¾ � , ¾P , ¾Pc , ¾PfË� , i.e. a class ¾ � is takenfor a
protocolfunction / � (þ = 1, 2, 3, 4).

As discussedin the precedingsection,the destination
retransmissionschemecanbetakenin thedistributedcon-
firmationschemebut not in thecentralizedone.Thus,only
someprotocolinstancesof functionclassesareconsistent.
An agentcantakeonly a consistentprotocolinstance.If an�_( agenttakesaninconsistentprotocolinstance,theagent
cannotwork. Table1 summarizespossible,consistentpro-
tocol instances.A ûöõ ÷�/ðþ�	 ÿ2¾_�Ì¾  ¾ c ¾ f showsaconsistent
protocolinstance�Í¾ � , ¾P , ¾Pc , ¾PfÁ� which eachAG agent
cantake.Eachprofile is identifiedasshown in Table1. Let
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Table 1. Consistent protocol classes.
Control Transmission Confirmation Retransmission Profile

Centralizedcontrol Centralizedtransmission Centralizedconfirmation Senderretransmission CCCenS
Distributedcontrol Direct transmission Direct confirmation Senderretransmission DDDirS

Distributedconfirmation Senderretransmission DDDisS
Destinationretransmission DDDisD

Indirecttransmission Direct confirmation Senderretransmission DIDirS
Indirectconfirmation Senderretransmission DIIndS
Distributedconfirmation Senderretransmission DIDisS

Destinationretransmission DIDisD

Î
beasetof consistentprotocolinstanceswhichareshown

in Table1.

5.3.Consistentsetof profiles

SupposeAG agentsû�� , ..., û+� arein aview
*

of agroup( . Let ¾ � show a consistentprotocolinstancetakenby an
agent û � , ¾ � = ��¾ �3� , ..., ¾ � f!��Ç Î

. A ô-	 ÷�9��a	 protocol
instance¾ for a view

*
= b û � , ..., û � e is a tuple �P¾ � , ...,¾ � � . Here,each¾ � is referredto as 	 ÷����0	 protocolinstance

of anagentû � (þ = 1, ..., � ). In traditionalgroupprotocols,
every processhasthesamelocal protocolinstance,i.e. ¾_�
= Ï�Ï.Ï = ¾2Ð . Hence,if some Ñ`Ò agentÓ � would like to
changea class Ô2�ÖÕ of a protocol function ×6Õ , all the Ñ`Ò
agentshavetobesynchronizedto makeconsensusonanew
protocolinstance.A globalprotocolinstanceÔ = ØÍÔ_Ù , ...,Ô ÐÛÚ is referredto as Ü�Ý�Þ�Ó-ß>à�á6à if Ô Ù = Ï�Ï.Ï = Ô Ð . In this
paper, wediscussaprotocolwhereaview of Ñ`Ò agentsÓIÙ ,
..., Ó)Ð cantakean âiã2Ü�Ý�Þ�Ó
ß>à�á6à instanceÔ = ØPÔ_Ù , ..., Ô2Ð Ú
whereÔ ��äå Ô2æ for somepairof Ñ_Ò agentsÓ � andÓ+æ . First,
supposethata globalprotocolinstanceÔ = ØÍÔ_Ù , ..., Ô2ç Ú
is completeandsomeÑ`Ò agentÓ � changesa localprotocol
instanceÔ2� with anotherone Ô#è� . Wediscusswhetheror notØPÔ Ù , ..., Ô2�3é Ù , Ô#è� , Ô2�£ê Ù , ..., Ô ÐëÚ is consistent,i.e. agentsÓ Ù , ..., Ó Ð cancooperateevenif Ô#è� äå Ô æ for someÑ_Ò agentÓ æ .

DDDisS

DDDirS DDDirS

DDDirS

DDDirSsender FGPA

ìÖí
ì î ìÖï

ìÖð ñ�ò óÖô�ñ

Figure 7. Change of profiles.

Accordingto changeof networkQoSandapplicationre-
quirement,eachAG agentautonomouslychangesthepro-
file. For example,supposethat every AG agenttakesthe
profileDDDirS in aview õ includingfourprocessesÓ�Ù , Ó0ö ,Óa÷ , andÓ0ø [Figure7]. Here,supposethata globalprotocol
instanceÔ is Ø DDDirS, DDDirS, DDDirS, DDDirS Ú and
someAG agentÓ0÷ which takesDir (Direct confirmation)
would like to changewith Dis (Distributedconfirmation).
We discusswhetheror not a global protocol instance Ø
DDDirS,DDDirS, DDDisS,DDDirS Ú in consistent.While
other AG agentstakeDDDirS, Ó ÷ takesDDDisS. On re-
ceipt of a messageÞ from ÓIÙ , the agentÓ ÷ sendsthe re-

ceipt confirmationof Þ to not only the senderAG agentÓ�Ù but alsootherdestinationAG agents. The senderAG
agentÓIÙ receives the receiptconfirmationof the messageÞ from all thedestinationAG agentsÓ0ö , Ó ÷ , and Ó ø . The
AG agentsÓ ö andÓ0ø receivetheconfirmationfrom Óa÷ . The
agentÓaö receivestheconfirmationfrom only Ó ÷ but neitherÓ Ù nor Ó0ø . Theconfirmationfrom Óa÷ impliestheconfirma-
tion from Óa÷ andÓaø . Hence,theagentÓ ö knowsthatall the
otheragentsÓ ÷ andÓ ø receive themessage.Thus,DDDirS
canbechangedto DDDisS.Here,if anAG agentÓa÷ takes
DDDisS,thesenderAG agentÓIÙ with DDDirS canreceive
the receiptconfirmationmessageof a messageÞ from all
destinationAG agents.Therefore,thesenderAG agentÓIÙ
anda pair of AG agentsÓ0ö and Ó ø do not needto change
theprofile.

DDDirS

DDDirS

DDDirS

DDDirS

ù]ú
ù]û

ù]ü
ù.ý
þ7ÿ��������

DDDisD

ù	�

DDDisD

ù�


þ7ÿ�������

Figure 8. Change of profiles.

Next, supposeanAG agentÓ ÷ belongsto apairof viewsõ Ù and õ ö [Figure 8]. In theview õ Ù whereall of the AG
agentstakeDDDirS, anAG agentÓIÙ sendsamessageÞ to
all theotherAG agents.On receiptof themessageÞ , an
AG agentÓ ÷ with DDDirS forwardsthemessageÞ to the
otherAG agentsÓ�� and Ó�� which belongto anotherviewõ8ö with DDDisD. Here, the AG agentÓ ÷ canreceive the
receiptconfirmationof the messageÞ from a pair of AG
agentsÓ � andÓ � in theview õ ö . In addition,theAG agentÓa÷ sendsbackthereceiptconfirmationof themessageÞ to
theoriginal senderAG agentÓ Ù . Here,theoriginal sender
AG agentÓIÙ canreceive the receiptconfirmationfrom all
the destinationAG agentsin the view õ
Ù . Therefore,the
AG agentÓ ÷ doesnot needto changetheprofile sincethe
AG agent Ó ÷ can forward the messageÞ to anotherAG
agentin theview õaö .
6. Retransmission

6.1 Costmodel
Supposean autonomicgroup ( Ñ`Ò ) agent Ó�� sendsa

messageÞ to threeAG agentsÓ�� , Ó�� , andÓ�� in a view õ .
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Then,a pair of AG agentsÓ�� and Ó�� receive the messageÞ while anotherAG agentÓ�� fails to receive Þ . Here,let� � æ bedelaytimeof channelÔ2� æ betweenAG agentsÓ)� andÓ æ [msec]. Let ×6� æ shows probability thata messageis lost
in achannelÔ � æ . and � � æ indicatebandwidthof thechannelÔ2� æ [bps]. � Þ�� showssizeof messageÞ [bit].

First, let usconsiderthesenderretransmission.It takes
(2
� ��� + � Þ�� / ���	� ) [msec] to detectmessagelossafter theÑ_Ò agentÓ � sendsthe messageÞ . Then, the Ñ`Ò agentÓ � retransmitsÞ to Ó � . Here,themessageÞ maybe lost

again.Theexpectedtime �����	� andexpectednumber�! "�	�
of messagesto be transmittedto deliver a messageÞ to a
destinationÓ�� aregivenasfollows:

1. ���#��� = (2
� ��� + � Þ�� / �$�	� ) / (1 %{×&��� ).

2. �' �	� = 1 / (1 %{× ��� ).
In the destinationretransmission,somedestinationAG

agentÓ � forwardsthemessageÞ to theAG agentÓ � [Fig-
ure 9]. The expectedtime ()� ��� and expectednumber
(* "�	� of messagesto deliver a messageÞ to Ó�� aregiven
asfollows:

1. ()� ��� = (
� �	� + � Þ�� / � ��� ) +

(2
� �+� + � Þ,� / ���+� ) / (1 %{×&�+� ).

2. (- ��� = (2 %�× �+� ) / (1 %{× �+� ).
If ��� ����. ()� ��� , the destinationAG agentÓ � canfor-

ward themessageÞ to theAG agentÓ�� becausethemes-
sagelost canbedeliveredearlier.

EachAG agentÓ � monitorsdelaytime
� �+� , bandwidth

���+� , andmessagelossprobability ×&�+� for eachAG agentÓ��
which arereceivedin theQoSbase(QB). For example,the
AG agentÓ � obtainsthe QoSinformationby periodically
sendingÓ8â3ã#/ messagesto all the AG agentsin thegroup.
The AG agent Ó � maintainsthe quality of service(QoS)
informationin a variable 0 of QB where 0"�+� = Ø1���+� ,

� �+� ,×&�+� Ú for 2 = 1, ..., ã . If the AG agentÓ�� receives QoS
informationfrom anotherAG agentÓ�� , 0"��� = Ø3����� ,

� ��� ,× �	� Ú for 2 = 1, ..., ã .

6.2 Changeof retransmissionscheme

Let usconsideranexample.SupposeasenderAG agentÓ�� sendsamessageÞ andall theAG agentstakethesender
retransmission.An AG agentÓ � fails to receive the mes-
sageÞ [Figure 9]. Accordingto the changeof QoSsup-
ported by the underlying network, the senderÓ�� makes
a decisionto changethe retransmissionschemewith the
destinationone. However, the AG agentÓ�� still takesthe
senderretransmission.Here, no AG agentforwardsthe
messageÞ to Ó � . In orderto preventthesesilentsituations,
we takea following protocol:

1. SenderAG agentÓ�� sendsa messageÞ to all thedes-
tinationAG agents.EverydestinationAG agentsends
receiptconfirmationnot only to the senderAG agentÓ � but alsoto theotherdestinationAG agents[Figure
9].

2. If anAG agentÓ � detectsthata destinationAG agentÓ � hasnot received the messageÞ , Ó)� selectsa re-
transmissionschemewhich Ó)� considersto beoptimal
basedon theQoSinformation 0 .

2.1 If Ó � is a destinationAG agentandchangesa re-
transmissionscheme,Ó � forwards Þ to Ó�� and
sends4�à�á65 messageto thesenderAG agentÓ � .

2.2 If Ó � is a senderof a messageÞ and takesa
senderretransmissionscheme,Ó � retransmitsÞ
to Ó�� . If Ó � takesa destinationretransmission
scheme,Ó � waits for 4�à�á65 messagefrom a des-
tination. If Ó)� doesnot receive 4`à�á65 , Ó+� retrans-
mits Þ to Ó � .

[ 7981:<;>=?:<@ ] At leastoneAG agentforwardsamessageÞ
to anAG agentwhich fails to receive themessageÞ . A

ps     pt     pu      pv

time

m

m

DTsv

Figure 9. Destination retransmission.

7. Concluding Remarks
In this paper, we discussedan agent-basedarchitecture

to supportdistributed applicationswith autonomicgroup
service in changeof network and applicationQoS. We
madeclearwhatclassesof functionsto berealizedin group
communicationprotocols. Every autonomicgroup ( Ñ_Ò )
agentautonomouslychangesimplementationof eachpro-
tocol functionwhichmaynotbethesameasbut areconsis-
tentwith theotheragentsin a group.Wediscussedhow to
supportapplicationswith the autonomicgroupserviceby
changingretransmissionschemesasanexample.
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