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Abstract
An autonomicgroupprotocolsupportsapplicationswith enoughqualityof service(QoS)in changeof QoSsupportedby

networksandapplications.An autonomicgroupserviceis supportedfor applicationsby cooperationof multipleautonomous
agents.Eachagentautonomouslytakesa classof eachprotocolfunction like retransmission.Classestakenby an agentare
requiredto beconsistentwith but mightbedifferentfrom theothers.A groupis composedof viewseachof which is asubset
of agentsandin eachof which agentsautonomouslytakeprotocolclassesconsistentwith eachother. We discussa modelof
autonomicgroupprotocol.Wealsopresenthow to autonomouslychangeretransmissionwaysin a groupasanexample.�������
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FHGJILKNMLOQPSRUTVPVW+XZY[M]\U^S_8`aXcbdOVegfihkjHl]monkO$prqHIksgt
(QoS) uwv Pyxcz{OL|y}d~gIg�k��lm

QoS
Ig�U���U�r���V�Z^{�S��Id�H�wI��������]�d�k�Q�SnkO$p�qL�rhUjHl�mi����^U�J� v P$xcz{OQ|y}�~�Ig�k�w���� lamQ�L �fU¡L¢{�S�D [�J£g��¤d¥wf�¦L§{lam�¨k©{ªL«L¡Q\i^S_8`DX¬bdOVegfih{jHlam

QoS
Ii­L®U�U�V�o¯+°N��^K±MLOQP�RUTL²HOL³Q´k~2Xµf v P¶xcz{OL|y}±~gIg�k�w� ��� lamd���S^i·H�L¸S¹kº�»L��K±MLOQPSRgT����wIS���U�H��r¼k½Hlam¿¾ÁÀÃÂw®k��K±MLOQPSRUTVPVW+XZY[M�ÄV�rh�ÅQlam[¨

1 Intr oduction

Peer-to-Peer(P2P)systems[2] aregettingwidely avail-
able like grid computing [5] and autonomic comput-
ing [1]. Group communicationsupportsbasiccommuni-
cation mechanismto realizecooperationof multiple peer
processes.There are group protocolswhich supportthe
orderedand atomic delivery of messages[3, 7,8, 10,12].
A groupprotocol is realizedby protocol functions;multi-
cast/broadcast,receiptconfirmation,detectionandretrans-
missionof messageslost, orderingof messagesreceived,
andmembershipmanagement.Therearevariousways to
realizeeachof thesefunctionslike selective andgo-back-n
retransmissions[6].

The complexity and efficiency of implementationof
group protocoldependson what typesandquality of ser-
vice (QoS)aresupportedby the underlyingnetwork. QoS
parametersaredynamicallychangeddueto congestionsand
faults. Thehigherlevel of communicationfunction is sup-
ported, the larger computationand communicationover-
headsare implied. Hence, the systemhas to take only
classesof functionsnecessaryandsufficient to supportre-
quired serviceby taking usageof the underlyingnetwork
service. The paper [12] discussesa communicationar-
chitecturewhich supportsa group of multiple processes
which satisfiesapplicationrequirementsin changeof net-
work service. However, a protocolcannotbe dynamically
changedeachtime QoS supportedby the underlyingnet-
work is changed.In addition,eachprocessin a grouphas
to usethesameprotocolfunctions.It is not easyto change
protocol functionsin all the processessincea large num-
ber of processesarecooperatingandsomecomputerslike
personalcomputersandmobile computersare not always
workingwell.

In this paper, we discussan ÆÈÇÊÉÌËÎÍÏËÎÐoÑÓÒ groupprotocol
which can supporttypesand quality (QoS) of servicere-
quiredby applicationsevenif QoSsupportedby theunder-
lying networkis changed.Eachprotocolmoduleis realized
in an autonomousagent. An agentautonomouslychanges

implementationof eachgroup protocol function depend-
ing on networkQoSmonitored.Here,an agentmight take
differenttypesof protocol functionsfrom otheragentsbutÒÌËÎÍÏÔÕÑÖÔÕÉÌ×ØÍÙÉ with theotheragents.We discusswhatcombi-
nationof protocolfunctionsareconsistent.Eachagenthas
a ÚÁÑÓ×ØÛ which is a subsetof agentsto which the agentcan
directlysendmessages.If agroupis toolargefor eachagent
to perceive QoSsupportedby otheragentsandmanagethe
groupmembership,thegroupis decomposedinto views. In
eachview, messagesareexchangedby usingits own consis-
tentprotocolfunctions.A pairof differentviewsmight take
differentprotocols.

In section2, we show a systemmodel. In section3,
we discussclassesof protocol functions. In section4, we
presentconsistentcombinationof protocol functions. In
section5, we discusshow to changeretransmissionfunc-
tionsasan example. In section6, we show which retrans-
missionschemecanbeadoptedfor typesof networkconfig-
urationin evaluation.

2 SystemModel
2.1 Autonomic group agent

A groupof multiple ÆÈÜÝÜßÞàÑÖÒÖÆÈÉáÑÓËÎÍiÜÝâãËäÒÖ×åÔåÔæ×åÔèçèé , ..., çëê
(ÍQì 2) arecooperatingby taking usageof groupcommu-
nicationservice.Thegroupcommunicationserviceis sup-
portedby cooperationof multiplepeer ÆÈÇÊÉÌËÎÍÏËÎÐkËÎÇíÔïîÝâãËðÇÊÜ
(AG) agentsÜ é , ..., Ü ê throughexchangingmessagesby tak-
ing usageof underlyingnetwork service ñ Figure 1ò . For
simplicity, a term ” ÆÈîß×ÕÍóÉ ” meansan AG agentin this pa-
per. Theunderlyingnetworksupportsa pair of agentswith
communicationservicewhich is characterizedby qualityof
service(QoS)parameters;delaytime [msec],messageloss
ratio [%], andbandwidth[bps].

Thecooperationof multipleAG agentsis coordinatedby
agroupprotocol.A groupprotocolis realizedin acollection
of protocol functions,transmission,confirmation,retrans-
mission,orderingof message,detectionof messagelost,co-
ordinationschemes,andmembershipmanagement.There
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aremultiple waysto implementeachprotocolfunction. A
protocolfunction ÒÖÞôÆõÔåÔ meansa way of implementationof
protocolfunction. Theclassesarestoredin a protocolclass
base(CB). Eachapplicationprocessçµö takesgroup com-
municationservicethroughan agentÜ ö . EachagentÜ ö au-
tonomouslytakesoneclassfor eachgroupprotocolfunction
from CB, which cansupportan applicationwith necessary
andsufficient QoSby takingusageof basiccommunication
servicewith given QoS supportedby the underlyingnet-
work. Eachagent Ü ö monitorsQoS supportedby the un-
derlyingnetwork.ThenetworkQoSinformationmonitored
is storedin a QoSbase(QB) of Ü÷ö . If enoughQoScannot
besupportedor toomuchQoSis supportedfor theapplica-
tion, theagentÜ÷ö reconstructsa combinationof grouppro-
tocol function classeswhich are consistentwith the other
agentsby selectinga classfor eachprotocolfunctionin the
CB. Here,eachagentnegotiateswith otheragentsto makea
consensusonwhichclassto takefor eachprotocolfunction.

AApplication layer

System layer

Network layer

Application group

Autonomic group

Network

1 A i A n

p 1 p i p n

Figure 1. System model.
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Figure 2. Autonomic group protocol.

2.2 Views
A îÝâøËÎÇÊÜgù is composedof multiple autonomousgroup

(AG) agentsÜ é , ..., Ü ê (ÍSú 1). An agentis anautonomous
peerprocesswhich supportapplicationprocesswith group
communicationserviceby exchangingmessageswith other
agents.In agroup ù includinglargernumberof agents,it is
noteasyfor eachagentto delivermessagesto all theagents
andmaintainmembershipinformation.EachagentÜ ö hasa
view û (Ü ö ) which is asubsetof agentsto which theagentÜ ö
candelivermessagesdirectlyor indirectlyvia agents.Thus,
aview is asubgroupof thegroup ù . For everypairof agentsÜ÷ö and Ü÷ü , Üãö in û (Üãü ) if f Ü÷ü in û (Üãö ). EachagentÜ÷ö main-
tainsmembershipof its view û (Ü÷ö ). A view canbe a col-
lectionof agentsinterconnectedin a local network. A pair
of differentviews û é and ûþý mayincludea commonagentÜ÷ÿ . TheagentÜ÷ÿ is a îßÆÌÉÌ×ØÛcÆ�� agentbetweenagentsin ûÙé
and û ý . A collectionof gatewayagentswhich areintercon-
nectedin a trunknetworkis alsoaview û�� . Here,theviewsûÙé , û ý , and û�� arehierarchicallystructured.If an agentÜ ö
belongsto only oneview, Ü ö is a Þô×åÆ�� agent. An agentÜ ö
which takesa messageÐ from an applicationprocessçëö
andsendsthemessageÐ is anoriginal Ôæ×ØÍ��þ×Õâ agentof the
messageÐ . If anagentÜ÷ü deliversamessageÐ to anappli-
cationprocessçµü , the agentÜ÷ü is an original �þ×åÔÕÉáÑ Í ÆÈÉáÑÓËðÍ

agentof themessageÐ . If anagentÜ÷ÿ forwardsa messageÐ to anotheragentin asameview û , Üãÿ is a âãËðÇÊÉáÑ Íóî agent.
Let ÔÕâøÒ (Ð ) beanoriginal sourceagentand �þÔÕÉ (Ð ) bea set
of original destinationagents.A ÞôËäÒÖÆõÞ senderanddestina-
tion of amessageÐ areagentswhichsendandreceive Ð in
a view, respectively.

A view û which includesall theagentsin a group ù is
referredto as ÒÖËÎÐdÜÙÞô×ÕÉÌ× . A îßÞôË	�ÖÆõÞ view is a completeview
in a group ù . If û�
�ù , û is ÜÙÆÌâäÉáÑÓÆþÞ . A partialview û is
changedif anagentjoins andleavestheview û . If a viewû (Ü ö ) is changed,û (Ü ö ) is ���ÁÍÏÆÈÐdÑÖÒ . If û (Ü ö ) is invariant,û (Üãö ) is ÔØÉÌÆÌÉáÑÖÒ .
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Figure 3. Group views.

3 Functionsof Group Protocol

A group protocol is realizedin a collection of follow-
ing protocol functions: coordinationof the agents,mes-
sagetransmission,receiptconfirmation,retransmission,de-
tectionof messageloss,orderingof messages,membership
management.Thereare multiple ways to realizeeachof
thesefunctions. A ÒÖÞôÆõÔåÔ of protocol function shows one
way of implementationof the protocolfunction. Onepro-
tocolmodulefor anautonomousgroup(AG) agentis a col-
lectionof protocolclasses,eachof which is for oneprotocol
function. We discusswhat classesexist for eachprotocol
functionin thissectionandwhatcombinationof classesareÒÌËÎÍÏÔÕÑÖÔÕÉÌ×ØÍÙÉ in thesucceedingsection.

Thereare ÒÖ×ÕÍóÉáâãÆõÞàÑ32Á×4� and �ÖÑÖÔÕÉáâäÑ�� ÇÊÉÌ×4� approachesto
coordinatingcooperationof agentsin a view. In the cen-
tralizedcontrol,thereis onecentralizedcontrollerin aviewû . On the otherhand,thereis no centralizedcontroller in
thedistributedcontrolscheme.Eachagentmakesadecision
on correctreceipt,delivery orderof messagesreceived,and
groupmembershipby itself.

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

  View V   View V   View V

Figure 4. Transmission schemes.

Thereare ÒÖ×ØÍÙÉáâøÆþÞ Ñ�2Á×4� , �ÌÑ âã×åÒ É , andÑ Í��ÌÑ âø×æÒ É approaches
to multicastingamessageto multiple agentsin aview [Fig-
ure4]. In the ÒÌ×ÕÍóÉáâãÆõÞàÑ�2Á×5� transmission,anagentfirst sends
a messageto a �ßËðâåÛ[ÆÌâ6�þ×Õâ agentand then the forwarder
agentforwardsthe messageto all the destinationagentsin
a view ñ Figure4 (1)ò . The forwarderagentplaysa role of
a centralizedcontroller. In the �ÌÑ âã×æÒ É transmission,each
agentdirectly not only sendsa messageto eachdestination
agentbut alsoreceivesmessagesfrom othersenderagents
in a view û [Figure 4 (2)]. In the Ñ Í��ÌÑ âã×åÒ É transmission,a
messageis first sentto someagentin a view û . Theagent
forwardsthe messageto anotheragentandfinally delivers
themessageto thedestinationagentsin theview û [Figure
4 (3)]. Treerouting[4] is anexample.

There are ÒÖ×ØÍÙÉáâøÆþÞ Ñ�2Á×4� , �ÌÑ âã×åÒ É , Ñ Í��ÖÑ âã×æÒáÉ , and�ÌÑÖÔÕÉáâäÑ�� ÇÊÉÌ×4� schemesto confirm receipt of a message
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in a view û . In the centralizedconfirmation,every agent
sendsareceiptconfirmationmessageto one ÒÖËðÍ7�ÁÑ âåÐkÆÈÉáÑÓËÎÍ
agentin a view û . After receiving confirmationmessages
from all the destinationagents, the confirmation agent
sendsa receipt confirmation to the local senderagent
[Figure5 (1)]. In the �ÌÑ âø×æÒ É confirmation,eachdestination
agent Ü ö in the view û sendsa receiptconfirmationof a
messageÐ to thelocal senderagentÜ ö whichfirst sendsthe
messageÐ in the view û [Figure 5 (2)]. In the Ñ Í��ÌÑ âø×æÒ É
confirmation,a receiptconfirmationof a messageÐ is sent
backto a local senderagentÜ ö in a view û by eachagentÜ÷ü which hasreceivedthemessageÐ from thelocal sender
agent Üãö±ñ Figure 5 (3)ò In the �ÌÑÓÔØÉáâåÑ3� ÇßÉÖ×5� confirmation,
eachagentwhich hasreceiveda messageÐ sendsa receipt
confirmationof the messageÐ to all the other agentsin
the sameview [10] ñ Figure 5 (4)ò Eachagent in a same
view û canknow whetheror not all theotheragentsin û
have received a samemessageÐ by using the distributed
confirmationscheme.

(2) Direct confirmation

(3)  Indirect confirmation

(1) Centralized confirmation

(4)  Distributed confirmation

:  message :  confirmation :  controller

  View V   View V

  View V   View V

Figure 5. Confirmation schemes.

A groupof multiple agentsareexchangingmessagesin
thenetwork.A messageÐ é causally precedes anothermes-
sageÐ ý (ÐHé98�Ð ý ) if andonly if (if f) a sendingevent ofÐké happens before a sendingevent of Ð ý [7]. A messageÐké is causally concurrent with anothermessageÐ ý (Ðké;:Ð ý ) if neitherm é�8 Ð ý nor Ð ý 8 Ðké . For example,sup-
posean agentÜóé sendsa messageÐHé to a pair of agentsÜþý and Ü � [Figure6]. TheagentÜþý sendsa messageÐ�ý toÜ � after receiving anothermessageÐ é . Here, Ð é causally
precedesÐ�ý (Ð é 8¶Ð�ý ). Dueto communicationdelay, Ð é
may arrive at Ü � after Ðoý . The agentÜ � is requiredto de-
liver Ðké beforeÐ ý becauseÐHé<8<Ð ý . In orderto causally
deliver messages,realtimeclock with NTP (network time
protocol)[9], linearclock [7], andvectorclock [8] areused.
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Figure 6. Causall y ordered delivery .

There are Ôå×ÕÍ��þ×Õâ and �Á×åÔØÉáÑ ÍÏÆÌÉáÑÖËÎÍ retransmission
schemeswith respectto which agentretransmitsa messageÐ lost [Figure 7]. Supposean agent Ü ü sendsa messageÐ to agentsandonedestinationagentÜ ö fails to receive Ð .
In the Ôæ×ØÍ��þ×Õâ âã×ØÉáâãÆÈÍÏÔÕÐoÑÓÔåÔÕÑÖËÎÍ , the local senderagentÜ÷ü
whichfirst sentthemessageÐ in theview û retransmitsthe
messageÐ to Üãö . In the �þ×æÔØÉáÑ ÍÏÆÈÉáÑÓËÎÍ[âø×ÕÉáâãÆÈÍÏÔÕÐoÑÓÔåÔØÑÓËÎÍ , one
or morethanonedestinationagentin theview û which has

safelyreceived the messageÐ forwardsÐ to the agentÜ ö
which fails to receive Ð [Figure 7 (2)]. In the �ÌÑÓÔØÉáâåÑ�� ÇÊÉÌ×4�
confirmation,eachagentcanknow if everyotherdestination
agentsafelyreceivesa messageÐ .

(1) Sender retransmission.

fail to receive retransmission

(2) Destination  retransmission.

: :

m
m

pj

pi

pj
m
m

m

pk

pi

  View V   View V

Figure 7. Retransmission scheme .

Thereare ÒÌ×ÕÍóÉáâãÆõÞàÑ�2Á×5� and �ÌÑÓÔØÉáâåÑ�� ÇÊÉÌ×4� waysfor manag-
ing the membership.In the centralizedway, onemember-
shipmanagercommunicateswith all thememberagentsto
obtaintheirstates.In thedistributedway, eachagentobtains
thestatesof theotheragentsby communicatingwith other
agents.

A ÒÖ×ØÍÙÉáâøÆþÞ Ñ�2Á×4� systemis one with centralizedcoordi-
nation, transmission,andconfirmation. Thereis onecon-
troller which forwardsmessagesto destinationagentsand
confirmsreceiptof messages.Most traditionaldistributed
systemslike teleconferencesystemsandAmoeba[11] take
the centralizedapproach.A systemwith distributedcoor-
dination,transmission,andcentralizedconfirmationsystem
is classifiedto be �þ×æÒÖ×ØÍóÉáâãÆõÞàÑ�2Á×4� . ISIS [3] takesthedecen-
tralizedapproach.A senderagentcoordinatestransmission
andreceiptof a message.Destinationagentssendthe re-
ceiptconfirmationto thesenderagent.Takizawa ×ÕÉëÆþÞ . [10]
take the �ÌÑÓÔØÉáâåÑ3� ÇßÉÖ×5� approachwhich coordination,trans-
mission,andconfirmationaredistributed. Here,every des-
tinationagentsendsthereceiptconfirmationto notonly the
senderagentbut alsoall theotherdestinationagents.

4 Autonomic Group Protocol
4.1 Consistentcombination of classes

Eachautonomousgroup (AG) agenttakesa collection
of classesfor protocol functionsto communicatewith the
other agents. In this paper, we considersignificant pro-
tocol functions, coordination,transmission,confirmation,
andretransmissionfunctions. Let F be a setof thesignifi-
cantprotocolfunctions HJI (coordination),K (transmission),I;L (confirmation), M (retransmission)N . For eachprotocol
function L in F, IZÞ ( L ) showsasetof classeseachof which
shows oneway of implementationof theprotocolfunctionL . Table1 show classesfro protocolfunctions.

We rewrite F to be a set HJLÏé , L ý , LO� , L-P)N of protocol
functionswhere QRL é , L ý , L-� , LOPTS = Q9I , K , IRL , MUS .
A tuple Q Ò é , Ò ý , Ò � , Ò P SWVXIZÞ ( L é ) YZIZÞ ( LÙý ) Y[I¬Þ ( L � ) YIZÞ ( L P ) is referredto asa ÜÝâøËÎÉÌËäÒÖË ÞÙÑ ÍÏÔØÉÌÆÌÍÏÒÖ× . Eachagent
takesa protocolinstanceI = Q Ò é , Ò ý , Ò � , Ò P S , i.e. a classÒÎö is takenfor eachprotocolfunction �Ìö (Ñ = 1, 2, 3, 4). As
discussedin the precedingsection,the destinationretrans-
missionschemecanbetakenin thedistributedconfirmation
schemebut not in thecentralizedone. A protocolinstanceQ ÒÈé , Ò ý , Ò%� , Ò%P\S is referredto as ÒÖËÎÍÏÔØÑÓÔØÉÌ×ÕÍóÉ if f an agent
taking the instancecan operate. If an agenttakesan in-
consistentprotocolinstance,theagentcannotwork. Thus,
only someprotocolinstancesof functionclassesareconsis-
tent. An agentcantakeonly a consistentprotocolinstance.
Table2 summarizespossibleprotocolprofiles. A protocol
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Table 1. Protocol classes.
Function � ProtocolclassesI¬Þ ( � )I HJI ( ÒÖ×ÕÍóÉáâøÆþÞàÑ32Á×4� ), ] ( �ÌÑÓÔØÉáâåÑ�� ÇÊÉÌ×4� ) NI;L HJI¬×ØÍ ( ÒÖ×ÕÍóÉáâãÆõÞàÑ32Á×4� ), ]ÃÑ â ( �ÌÑ âã×åÒ É ), ^ÁÍ7� (Ñ Í��ÖÑ âã×æÒáÉ ), ]ÃÑÓÔ ( �ÌÑÓÔØÉáâåÑ3� ÇÊÉÌ×4� ) NK HJI ( ÒÖ×ÕÍóÉáâøÆþÞàÑ32Á×4� ), ] ( �ÌÑ âã×åÒ É ), ^ (Ñ Í��ÌÑ âø×æÒ É ) NM HJ_ ( Ôæ×ØÍ7�þ×Øâ ), ] ( �þ×æÔØÉáÑ ÍÏÆÈÉáÑÓËÎÍ ) N

ÜÝâãË	�ÁÑÓÞô× is a consistentprotocolinstancewhich eachagent
can take. Protocolprofilesare shown in Table2. A pro-
file signature“ ÒÌéÖÒ ý Ò%�ÝÒ%P ” denotesa protocolprofile Q ÒÈé , Ò ý ,Ò � , Ò P S . For example, ]`]`]ÃÑ â6_ shows a protocolprofile Q] , ] , ]èÑ â , _aS which is composedof distributedcontrol,
directtransmission,directconfirmation,andsenderretrans-
mission. Let P be a setof the protocolprofileswhich are
show in Table2.

4.2 Consistentsetof profiles

Supposeautonomousgroup(AG) agentsÜóé , ..., Üãê arein
a view û of a group ù . Let IÏö show a consistentprotocol
instance,i.e. protocolprofile takenby an agentÜãö , IÏö = QÒ ö é , ..., Ò ö PbSWV P. A îßÞôË	�ÖÆþÞ protocolinstanceI for a viewû = HðÜ é , ..., Ü ê N is a tuple QcI é , ..., I ê S whereeachIÏö is
a protocolprofile which an agentÜ ö takes. Here,each I ö
is referredto as ÞôËäÒÌÆþÞ protocolinstanceof an agentÜ ö (Ñ =
1, ..., Í ). In traditionalprotocols,every agenthasto takea
samelocal protocolinstance,i.e. I é = d�d4d = IÏê . Hence,if
someagentÜ ö would like to changea classÒ ö ÿ of a protocol
function L ÿ with anotherone ÒØö ÿ ’, all theagentshave to be
synchronizedto makeconsensusonanew protocolinstance.
A globalprotocolinstanceI = Q7I é , ..., IÏê\S is referredto
as ÒÖËÎÐoÜßÞô×ØÉÖ× if I é = d�d4d = I ê . If IÏö#ef IÏü for somepair of
agentsÜ ö and Ü ü , a global protocol instanceI = Q<I é , ...,IÏêgS is Ñ ÍÏÒÖËÎÐoÜßÞô×ÕÉÌ× . A globalprotocolinstanceI = QhI é ,
..., IÏêOS is ÒÖËÎÍÏÔØÑÓÔØÉÌ×ÕÍóÉ if a collectionof agentswhereeach
agent Ü ö takes I ö can be cooperating. A global protocol
profile is a consistentglobal protocolinstance.It is trivial
a completeglobal protocol instanceis consistent. In this
paper, we discussa groupprotocolwherea view of agentsÜ é , ..., Ü ê cantakean Ñ ÍÏÒÖËÎÐoÜßÞô×ÕÉÌ× globalprotocolinstanceI = Q#I é , ..., I ê S . First, supposethat a global protocol
instanceI = QiI é , ..., I�jkS is completeandsomeagentÜ ö
changesa local protocol instanceI ö with anotherone I#lö .
We discusswhetheror not a globalprotocolinstanceQhI é ,
..., I ö+m é , I#lö , I ö@n é , ..., IÏêbS is consistent,i.e. all theagentsÜóé , ..., Üãê cancooperateevenif I#lö ef I ü for someagentÜ ü .

Accordingto changeof networkQoSandapplicationre-
quirement,eachagentautonomouslychangesthe protocol
profile. For example,supposeanagentÜ � belongsto a pair
of views û é and ûþý [Figure8]. In theview û é whereall of
theagentstakeDDDirS, anagentÜ é sendsa messageÐ to
all theotheragents.On receiptof themessageÐ , anagentÜ�� with DDDirS forwardsthemessageÐ to theotheragentsÜ�o and Üqp which belongto anotherview û ý with DDDisD.
Here, the agentÜ�� canreceive the receiptconfirmationof
themessageÐ from a pair of agentsÜqo and Ü�p in theviewû ý . In addition,theagentÜ�� sendsbackthe receiptconfir-
mationof the messageÐ to the original senderagentÜ é .
Here, the original senderagent Üóé can receive the receipt
confirmationfrom all thedestinationagentsin theview û é .
Therefore,theagentÜ � doesnot needto changetheprofile
sincethe agentÜ�� can forward the messageÐ to another
agentin theview ûþý .

DDDirS

DDDirS

DDDirS

DDDirS

rts
r+u

r+v
rtw
x-y zE{W|6}

DDDisD

rt~

DDDisD

r+�

x-y zE{W|��

Figure 8. Change of profiles.

5 Retransmission
We discusshow an autonomousgroup (AG) agentcan

autonomouslychangetheretransmissionclassesin a group
asanexample.

5.1 Costmodel

Supposetherearethreeautonomicgroup(AG) agentsÜ�� ,Ü�� , and Ü�� in a view û . An agentÜ � sendsa messageÐ to
a pair of agentsÜ�� and Ü�� . Then,the agentÜ�� receivesthe
messageÐ while anotheragentÜ�� fails to receive Ð . Here,Ü�� is referredtoas �ßÆÈÇíÞàÉ�� . Thefollowing notationsareused
to discussa costmodelfor a pairof agentsÜ � andÜ�� :

1. � � � = delaytimebetweenagentsÜ � and Ü�� [msec].
2. ��� � = probabilitythata messageis lost.
3. � � � = bandwidth[bps].

First, let usconsiderthesenderretransmission.Let � ÐX�
show the sizeof a messageÐ [bit]. It takes(2� � � + � ÐX� /��� � ) [msec]to detectmessagelossaftertheagentÜ�� sendsa
messageÐ . Then,theagentÜ�� retransmitsÐ to Ü � . Here,
themessageÐ maybelost again.Theexpectedtime _OK � �
andnumber_c�&� � of messagesto betransmittedto deliver
amessageÐ to a faulty destinationÜ�� aregivenasfollows:

1. _�K�� � = (2�)� � + � Ð�� / ��� � ) / (1 ����� � ).
2. _�� � � = 1 / (1 �a� � � ).

In thedestinationretransmission,somedestinationagentÜ�� forwardsthemessageÐ to theagentÜ�� [Figure9]. The
expectedtime ]9K � � andnumber]`� � � of messagesto de-
liver amessageÐ to Ü � aregivenasfollows:

1. ]9K � � = ( � � � + � ÐX� / � � � + �J�5� ) + (2�)�5� + � ÐX� / ���5� ) /
(1 �[���	� ) if � � �B��� � � + �	�	� .
]9K � � = ( � � � + � ÐX� / � � � ) + (2�)�5� + � ÐX� / ���	� ) / (1 �� �5� ) otherwise.

2. ]b� � � = 1 + 1 / (1 �����5� ).
If _OK � �{ú�]9K � � , the destinationagentÜ�� canforward

themessageÐ to the faulty agentÜ�� becausethemessageÐ lost canbedeliveredearlier.
EachagentÜ�� monitorsdelay time �J�5� , bandwidth ���5� ,

andmessagelossprobability ���5� for eachagentÜ�� which
arereceived in theQoSbase(QB). For example,theagentÜ�� obtainstheQoSinformationby periodicallysendingQoS
informationmessagesto all theagentsin a view. TheagentÜ � maintainsthe quality of service(QoS) informationin a
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Table 2. Protocol profiles.
Control Transmission Confirmation Retransmission Signature

Centralized Centralized Centralized Sender CCCenS
Distributed Direct Direct Sender DDDirS

Distributed Sender DDDisS
Destination DDDisD

Indirect Direct Sender DIDirS
Indirect Sender DIIndS
Distributed Sender DIDisS

Destination DIDisD

variable � of QB where ���	� = Qh���5� , �J�5� , ���5�<S for Ç = 1,
..., Í . If theagentÜ�� receivesQoSinformationfrom another
agentÜ � , � � � = Qi� � � , � � � , � � ��S for Ç = 1, ..., Í .

ps pt pu
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m

DTsu

time

m

ps pt pu

m

m

DTsu

time

m

A.  dst    dsu + dtu B.  dst      dsu + dtu< >

Figure 9. Destination retransmission.

5.2 Changeof retransmissionscheme
SupposeanagentÜ � sendsa messageÐ andeveryagentÜ � takethe senderretransmissionscheme,I � = Q�d4d4d , _ZS .

As shown in Figure10,anagentÜ�� fails to receive themes-
sageÐ . Accordingto thechangeof QoSsupportedby the
underlyingnetwork,thesenderagentÜ � makesadecisionto
changetheretransmissionschemewith thedestinationone,
say an agentÜ�� forwardsthe messageÐ to the agentÜ�� .
However, theagentÜ � still takesthesenderretransmission.
Here,no agentforwardsthemessageÐ to Ü � .

Next, supposeall theagentsis taking thedestinationre-
transmissionscheme.Here,QoSsupportedby thenetwork
is changedandthe agentÜ�� decidesto takethe senderre-
transmissionscheme.However, no agentforwardsthemes-
sageÐ to theagentÜ�� sincethesenderagentÜ � still takes
the destinationretransmissionscheme.In orderto prevent
thesesilentsituations,we takea following protocol:

1. A senderagentÜ � sendsa messageÐ to all the des-
tination agents.Every destinationagentsendsreceipt
confirmationnotonly to thesenderagentÜ�� but alsoto
theotherdestinationagents[Figure10].

2. If an agentÜ � detectsthat a destinationagentÜ � has
notreceivedthemessageÐ , Ü�� selectsaretransmission
schemewhich Ü � considersto beoptimalbasedon the
QoSinformation � .

2.1 If Ü�� is a destinationagentandchangesaretrans-
missionscheme,Ü�� forwardsÐ to Ü�� andsendsMè×ÕÉ�� messageto thesenderagentÜ � .

2.2 If Ü�� is a senderof a messageÐ and takesa
senderretransmissionscheme,Ü�� retransmitsÐ
to Ü � . If Ü � takesa destinationretransmission
scheme,Ü�� waits for M ×ØÉ�� messagefrom a des-
tination. If Ü � doesnot receive Mè×ÕÉ�� , Ü � retrans-
mits Ð to Ü � .

It is straightforwardfor the following theoremto hold
from thedefinition.ñ Theoremò At leastoneagentforwardsa messageÐ to an
agentwhich fails to receive themessageÐ . �

ps pt pu
m

DTsu

time

m

Confirmation

Retx

Confirmation

Figure 10. Retransmission.

6 Evaluation
We evaluatethe autonomicgroupprotocol(AGP) in terms
of delivery time of a lost message.We makethe following
assumptionson this evaluation.

1. � � � = �J� � for every pair of Ü � andÜ�� .
2. Theprotocolprocessingtimeof every processis same.
3. No confirmationmessageis lost althoughmessages

maybelost.

Figure 11. �6�t�����6�t� + ����� .
Let us considera view û = HðÜ�� , Ü � , Ü � N whereevery

agent takesa profile DDDisS, distributed control, direct
transmission,distributedconfirmation,andsenderretrans-
mission. Here,supposethat an agentÜ � sendsa messageÐ to a pair of agentsÜ�� and Ü�� in a view û . Then, the
agent Ü�� receives the messageÐ while anotheragent Ü��
fails to receive Ð . After the senderÜ � anddestinationÜ��
detectthedestinationagentÜ � fails to receive themessageÐ , theagentsÜ � and Ü�� autonomouslyselecta retransmis-
sionschemebasedon theQoSinformation. Here,we eval-
uatetime to deliver a messageÐ to a faulty agentÜ � . In
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Figure 12. AG agent graph.

theview û , we assumethatbandwidthbetweenevery pair
of agentsis same( ��� � = ��� � = � �5� = 10Mbps)and ��� � = ��� �
and ���	� = 0%. Figure12 shows anAG agentgraphfor the
view û whereeachnodedenotesan agentandeachedge
showsacommunicationchannelbetweenagents.A labelof
theedgeindicatesdelaytime.

First, we considera case � � �{ì�� � � + �J�5� . Thereare
furthercases: � � � = �J�5� ñ Figure12 A.1ò , � � �íú��J�5�íñ Figure
12A.2ò , and �J� ��� � �5� ñ Figure12A.3ò . Figure11showsthe
expectedtime ] K�� � for threecases.In Figure11,horizontal
axis shows a messagelossprobability of ��� � and � �5� . For
caseof Figure12A.2, ] K�� �;� _OK�� � . For caseof Figure12
A.1, ] K � � � _OK � � if � � ��ú 15%and ���5�íú 15%. For case
of Figure12 A.3, ]9K � � � _OK � � if � � ��ú 50% and ���5� ú
50%.

Figure 13. �6�t�#¡`�6�t� + ����� , �6�t�O¢\�6�t� , and�6�t�-¢`����� .

Figure 14. �6�t�#¡`�6�t� + ����� , �����-¢`�6�t� , and ������¢`�6�t� .
Next, we considera case �	� � ���J� � + � �5� . Thereare

furtherfollowing casesñ Figure12ò :
a. �J� � ú£�	� � and �J� � ú£� �5� : �J� � = � �5� ñ B.1ò , �J� � ú�� �5�ñ B.2ò , and �J� ��� � �5� ñ B.3ò .
b. � �5� ú¤�J� � and � �5� ú��J� � : �J� � = �J� � ñ C.1ò , �J� � ú£�J� �ñC.2ò , and �J� ��� �J� � ñ C.3ò .

Theexpectedtime ] K � �¬ñ Figure12B and12Cò is shown
for thesesix casesin Figures13 and14. For casesof Figure
12 B.1 andB.3, ] K � �dú¤_OK � � . For caseof Figure12 B.2,] K�� ��� _OK�� � if ��� � ú 20% and � �5� ú 20%. For caseof
Figure12C, ] K�� � ú�_OK�� � .

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

to supportdistributed applicationswith autonomicgroup
service in changeof network and application QoS. Au-
tonomousgroup (AG) agentsare cooperatingto support
groupservicefor application.We madeclearwhat classes
of functionsto be realizedin groupcommunicationproto-
cols. Every agentautonomouslychangesclassof eachpro-
tocol functionwhich maynotbethesameasbut areconsis-
tent with the other agentsin a group. We discussedhow
to supportapplicationswith the autonomicgroup service
by changingretransmissionschemesas an example. We
showed which retransmissionschemecan be adoptedfor
typesof networkconfigurationin theevaluation.
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