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Abstract
An autonomicgroupprotocolsupportapplicationsvith enoughquality of service(QoS)in changeof QoSsupportedy
networksandapplications An autonomicgroupserviceis supportedor applicationsy cooperatiorof multiple autonomous
agents.Eachagentautonomouslyakesa classof eachprotocolfunctionlike retransmissionClassegakenby an agentare
requiredto be consistentvith but mightbe differentfrom the others.A groupis composedf views eachof whichis asubset
of agentsandin eachof which agentsautonomouslyake protocolclassesonsistentvith eachother We discussa modelof
autonomicgroupprotocol. We alsopresenhow to autonomouslychangeretransmissiomvaysin a groupasanexample.
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1 Intr oduction

Peerto-Peer(P2P)systemd?2] aregettingwidely avail-
able like grid computing [5] and autonomic comput-
ing [1]. Group communicationsupportsbasiccommuni-
cation mechanisnto realize cooperationof multiple peer
processes. There are group protocolswhich supportthe
orderedand atomic delivery of message$3, 7,8,10,12].
A group protocolis realizedby protocolfunctions; multi-
cast/broadcasteceiptconfirmation,detectionandretrans-
mission of messagesost, ordering of messageseceved,
and membershipmanagement.Thereare variousways to
realizeeachof thesefunctionslike selectve andgo-back-n
retransmissionfs].

The compleity and efficiengy of implementationof
group protocol dependson what typesand quality of ser
vice (QoS)are supportedoy the underlyingnetwork. QoS
parameteraredynamicallychangediueto congestionsind
faults. The higherlevel of communicatiorfunctionis sup-
ported, the larger computationand communicationover
headsare implied. Hence, the systemhasto take only
classeof functionsnecessarandsufiicient to supportre-
quired serviceby taking usageof the underlying network
service. The paper[12] discussesa communicationar
chitecturewhich supportsa group of multiple processes
which satisfiesapplicationrequirementsn changeof net-
work service. However, a protocol cannotbe dynamically
changedeachtime QoS supportedby the underlying net-
work is changed.In addition,eachprocessn a grouphas
to usethe sameprotocolfunctions. It is not easyto change
protocol functionsin all the processesincea large num-
ber of processesire cooperatingand somecomputerdike
personalcomputersand mobile computersare not always
working well.

In this paper we discussan autonomic group protocol
which can supporttypesand quality (QoS) of servicere-
quiredby applicationsavenif QoSsupportedyy theunder
lying networkis changedEachprotocolmoduleis realized
in an autonomousgent. An agentautonomouslychanges
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implementationof eachgroup protocol function depend-
ing on networkQoSmonitored. Here,an agentmight take
differenttypesof protocolfunctionsfrom otheragentsbut
consistent with the otheragents.We discussvhatcombi-
nationof protocolfunctionsare consistent Eachagenthas
aview which is a subsetof agentsto which the agentcan
directlysendmessagedf agroupis toolargefor eachagent
to perceve QoSsupportedoy otheragentsandmanagethe
groupmembershipthe groupis decomposecthto views. In
eachview, messageareexchangedy usingits own consis-
tentprotocolfunctions.A pair of differentviews mighttake
differentprotocols.

In section2, we shav a systemmodel. In section3,
we discussclasseof protocol functions. In section4, we
presentconsistentcombinationof protocol functions. In
section5, we discusshow to changeretransmissiorfunc-
tionsasan example. In section6, we shov which retrans-
missionschemecanbeadoptedor typesof networkconfig-
urationin evaluation.

2 SystemModel
2.1 Autonomic group agent

A groupof multiple application processes Az, ..., Ay
(n > 2) arecooperatingoy taking usageof groupcommu-
nicationservice. The groupcommunicatiorserviceis sup-
portedby cooperatiorof multiple peerautonomous group
(AG) agentsy, ..., p, throughexchangingnessagely tak-
ing usageof underlying network service [Figure 1]. For
simplicity, aterm”agent” meansan AG agentin this pa-
per Theunderlyingnetworksupportsa pair of agentswith
communicatiorservicewhichis characterizethy quality of
service(QoS)parametersgelaytime [msec],messag¢oss
ratio [%], andbandwidth[bps].

Thecooperatiorof multiple AG agentds coordinatedy
agroupprotocol.A groupprotocolis realizedn acollection
of protocol functions,transmissiongconfirmation,retrans-
mission,orderingof messagegjetectiorof messagéost, co-
ordinationschemesand membershipnanagementThere
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are multiple waysto implementeachprotocolfunction. A
protocolfunction class meansa way of implementatiorof
protocolfunction. The classesrestoredin a protocolclass
base(CB). EachapplicationprocessA; takesgroup com-
municationservicethroughan agentp;. Eachagentp; au-
tonomouslytakesoneclassfor eachgroupprotocolfunction
from CB, which cansupportan applicationwith necessary
andsufficient QoSby takingusageof basiccommunication
servicewith given QoS supportedby the underlying net-
work. Eachagentp; monitors QoS supportedby the un-
derlyingnetwork. The networkQoSinformationmonitored
is storedin a QoSbase(QB) of p;. If enoughQoS cannot
be supportedr too muchQoSis supportedor theapplica-
tion, the agentp,; reconstructsa combinationof grouppro-
tocol function classeswhich are consistenwith the other
agentdy selectinga classfor eachprotocolfunctionin the
CB. Here,eachagentnegotiateswith otheragentdo makea
consensusnwhich classto takefor eachprotocolfunction.

Application layer Application group

System layer Autonomic group

Network layer

Network

‘

(Appllcatlon requirement )
Ordering of
essages
agent ™ | agent

essage loss
g QB
Change of network QoS
management '

Figure 2. Autonomic group protocol.

2.2 Views

A group G is composedf multiple autonomougroup
(AG) agentsy, ..., p, (n > 1). An agentis anautonomous
peerprocessvhich supportapplicationprocesswith group
communicatiorserviceby exchangingmessagewith other
agentsln agroupG includinglargernumberof agentsit is
noteasyfor eachagentto deliver messaget all theagents
andmaintainmembershipnformation. Eachagentp; hasa
view V (p;) whichis asubsebf agentdo whichtheagentp;
candeliver messagedirectly or indirectly via agentsThus,
aview isasubgroumf thegroupG. For everypairof agents
p; andp;, p; in V(p;) iff p; in V(p;). Eachagentp; main-
tainsmembershipf its view V(p;). A view canbe a col-
lection of agentsinterconnectedn a local network. A pair
of differentviews V;, andV, mayincludea commonagent
pr. Theagentpy, is a gateway agentbetweeragentsn V3
andVz. A collectionof gatevay agentswvhich areintercon-
nectedn atrunk networkis alsoaview V3. Here,theviews
V1, V2, and V3 arehierarchicallystructured.If anagentp;
belongsto only oneview, p; is aleaf agent. An agentp;
which takesa messagen from an applicationprocessA;
andsendghemessagen is anoriginal sender agentof the
messagen. If anagentp; deliversamessage: to anappli-
cationprocessA;, the agentp; is an original destination
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agentof themessagen. If anagentp,, forwardsamessage
m to anotheragentin asameview V, py. is arouting agent.
Let src(m) beanoriginal sourceagentanddst(m) bea set
of original destinationagents.A local senderand destina-
tion of amessagen areagentswvhich sendandreceve m in
aview, respectrely.

A view V whichincludesall the agentsn a groupG is
referredto ascomplete. A global view is a completeview
inagroupG. If V.C G, V is partial. A partialview V' is
changedf anagentjoins andleavestheview V. If aview
V(p;) is changedV (p;) is dynamic. If V(p;) is invariant,
V(p;) is static.

: Gateway agent

‘ : Routing agent

Figure 3. Group views.

3 Functionsof Group Protocol

A group protocol is realizedin a collection of follow-
ing protocol functions: coordinationof the agents,mes-
sagetransmissionreceiptconfirmation retransmissiornge-
tectionof messagéoss,orderingof messagesnembership
management.There are multiple ways to realize eachof
thesefunctions. A class of protocol function shovs one
way of implementatiorof the protocolfunction. One pro-
tocol modulefor anautonomougroup(AG) agentis a col-
lectionof protocolclasseseachof whichis for oneprotocol
function. We discusswhat classesxist for eachprotocol
functionin this sectionandwhatcombinationof classesre
consistent in thesucceedingection.

Thereare centralized and distributed approachedo
coordinatingcooperationof agentsin a view. In the cen-
tralizedcontrol, thereis onecentralizectontrollerin aview
V. Onthe otherhand,thereis no centralizedcontrollerin
thedistributedcontrolschemeEachagentmakesadecision
on correctreceipt,delivery orderof messagereceved,and
groupmembershigy itself.

View V View V View v O

0

¢ é éé O@»o
@)

(1) Centralized transmission (2) Direct transmission (3) Indirect transmission
Figure 4. Transmission schemes.

Therearecentralized, direct, andindirect approaches
to multicastingamessag#o multiple agentsn aview [Fig-
ured]. Inthecentralized transmissionanagentfirst sends
a messageo a forwarder agentandthen the forwarder
agentforwardsthe messag¢o all the destinationagentsin
aview [Figure4 (1)]. Theforwarderagentplaysa role of
a centralizedcontroller In the direct transmissiongach
agentdirectly not only sendsa messagéeo eachdestination
agentbut alsoreceives messagefrom othersenderagents
in aview V [Figure4 (2)]. In theindirect transmissiona
messageés first sentto someagentin aview V. Theagent
forwardsthe messageo anotheragentandfinally delivers
themessagéo thedestinatioragentsn theview V' [Figure
4 (3)]. Treerouting[4] is anexample.

There are centralized, direct, indirect, and
distributed schemesto confirm receipt of a message
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in aview V. In the centralizedconfirmation,every agent
sendsareceiptconfirmationmessagéo onecon firmation
agentin aview V. After receving confirmationmessages
from all the destinationagents, the confirmation agent
sendsa receipt confirmation to the local senderagent
[Figure5 (1)]. In thedirect confirmation,eachdestination
agentp; in the view V sendsa receiptconfirmationof a
messagen to thelocal sendemagentp; whichfirst sendghe
messagen in the view V' [Figure 5 (2)]. In the indirect
confirmation,a receiptconfirmationof a messagen is sent
backto a local senderagentp; in aview V' by eachagent
p; which hasrecevedthe messagern from thelocal sender
agentp; [Figure 5 (3)] In the distributed confirmation,
eachagentwhich hasreceiveda messagen sendsareceipt
confirmationof the messagen to all the other agentsin
the sameview [10] [Figure 5 (4)] Eachagentin a same
view V' canknow whetheror not all the otheragentsin V'
have receved a samemessagen by using the distributed
confirmationscheme.

(3) Indirect confirmation

(4) Distributed confirmation

@: controller
Figure 5. Confirmation schemes.

— @ message — —P : confirmation

A groupof multiple agentsare exchangingmessage
thenetwork.A messagen; causally precedes anothemes-
sagems (m1 — mg) if andonly if (iff) a sendingevent of
my happens before a sendingevent of ms [7]. A message
m; is causally concurrent with anothemmessagens (m; ||
mg) if neitherm; — my normy — my. For example,sup-
posean agentp; sendsa messagen; to a pair of agents
po andps [Figure 6]. Theagentp, sendsa messagen, to
ps afterreceving anothemessagen;. Here,m; causally
precedesns (m; — ms). Dueto communicatiordelay m4
may arrive at p; aftermsy. The agentps is requiredto de-
liver m; beforem; becausen; — ms. In orderto causally
deliver messagesiealtimeclock with NTP (networktime
protocol)[9], linearclock[7], andvectorclock[8] areused.

time
Figure 6. Causally ordered delivery .

There are sender and destination retransmission
schemewwith respecto which agentretransmitsa message
m lost [Figure 7]. Supposean agentp; sendsa message
m to agentsandonedestinatioragentp; fails to receive m.
In the sender retransmission, the local senderagentp;
whichfirst senthemessagen in theview V' retransmitshe
messagen to p;. In thedestination retransmission, one
or morethanonedestinatioragentin theview V' which has
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safelyreceived the messagen forwardsm to the agentp;
which fails to receve m [Figure 7 (2)]. In the distributed
confirmationgachagenicanknow if every otherdestination
agentsafelyrecevvesa messagen.

(1) Sender retransmission. (2) Destination retransmission.

x> : failtoreceive ---»: retransmission

Figure 7. Retransmission scheme .

Therearecentralized anddistributed waysfor manag-
ing the membership.In the centralizedway, one member
shipmanageicommunicatesvith all the memberagentso
obtaintheir statesIn thedistributedway, eachagentobtains
the statesof the otheragentsby communicatingwith other
agents.

A centralized systemis one with centralizedcoordi-
nation, transmissionand confirmation. Thereis one con-
troller which forwardsmessage$o destinationagentsand
confirmsreceiptof messagesMost traditional distributed
systemdike teleconferenceystemsaind Amoeba[11] take
the centralizedapproach.A systemwith distributed coor
dination,transmissionandcentralizecconfirmationsystem
is classifiedto be decentralized. ISIS [3] takesthe decen-
tralizedapproach A sendeiagentcoordinategransmission
andreceiptof a message.Destinationagentssendthe re-
ceiptconfirmationto the senderagent.Takizava et al. [10]
take the distributed approachwhich coordination,trans-
mission,andconfirmationaredistributed. Here, every des-
tinationagentsendghereceiptconfirmationto notonly the
senderagentbut alsoall the otherdestinatioragents.

4 Autonomic Group Protocol
4.1 Consistentcombination of classes

Eachautonomougyroup (AG) agenttakesa collection
of classedor protocolfunctionsto communicatewith the
other agents. In this paper we considersignificant pro-
tocol functions, coordination,transmission,confirmation,
andretransmissiorfunctions. Let F be a setof the signifi-
cantprotocolfunctions{C(coordination),I"(transmission),
CF(confirmation), R(retransmissior}) For eachprotocol
function F'in F, CI(F) shavs a setof classegachof which
shavs oneway of implementatiorof the protocolfunction
F. Tablel shav classedro protocolfunctions.

We rewrite F to be a set{Fi, F», Fs, F,} of protocol
functionswhere( Fi, Fs, F3, Fy ) = (C, T, CF, R).
A tUp|e< C1, C2, C3, C4 > S Cl(Fl) X Cl(Fg) X Cl(Fg) X
CI(Fy) is referredto asa protocol instance. Eachagent
takesa protocolinstanceC' = ( ¢1, ca, ¢3, ¢4 ), i.€. aclass
¢; is takenfor eachprotocolfunction f; (i = 1, 2, 3, 4). As
discussedn the precedingsection,the destinatiorretrans-
missionschemecanbetakenin the distributedconfirmation
schemebut not in the centralizedone. A protocolinstance
( 1, c2, c3, ca ) is referredto as consistent iff anagent
taking the instancecan operate. If an agenttakesan in-
consistenprotocolinstance the agentcannotwork. Thus,
only someprotocolinstance®f functionclassesreconsis-
tent. An agentcantakeonly a consistenprotocolinstance.
Table2 summarizepossibleprotocolprofiles. A protocol
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Table 1. Protocol classes.

Functionf | Protocolclasse<I(f)

C {C(centralized), D(distributed)}

CF {Cen(centralized), Dir(direct), Ind(indirect), Dis(distributed)}
T {C(centralized), D(direct), I(indirect)}

R {S(sender), D(destination)}

profile is a consistenprotocolinstancewhich eachagent
cantake. Protocolprofilesare shovn in Table2. A pro-

file signature’ ¢y cacscs” denotesa protocolprofile ( ¢q, ¢,

cs, ¢y ). For example,D D DirS shavs a protocolprofile {

D, D, Dir, S ') which is composedf distributed control,
directtransmissiongirectconfirmation,andsenderetrans-
mission. Let P be a setof the protocol profileswhich are
shaw in Table2.

4.2 Consistentsetof profiles

Supposeautonomougroup(AG) agentsy, ..., p, arein
aview V of agroupG. Let C; shav a consistenprotocol
instancej.e. protocolprofile takenby anagentp;, C; = (
Ci1y - Cia ) € P. A global protocolinstanceC for a view
V ={p1, ... pn} isatuple({ Cy, ..., C, ) whereeachC; is
a protocol profile which an agentp; takes. Here, eachC;
is referredto aslocal protocolinstanceof anagentp; (i =
1, ...,n). In traditionalprotocols,every agenthasto takea
samelocal protocolinstancej.e. Cy = - - - = C,,. Hence,if
someagentp; wouldlike to changea classc;, of aprotocol
function F}, with anotheronec;;’, all theagentshave to be
synchronizedo makeconsensusnanew protocolinstance.
A globalprotocolinstanceC = ( C4, ..., C,, ) is referredto
ascomplete if C1 =--.=C,,. If C; # C; for somepair of
agentsp; andp;, a global protocolinstanceC' = ( C, ...,
Cy ) isincomplete. A globalprotocolinstanceC = ( C4,
..., Cr) is consistent if a collectionof agentswhereeach
agentp; takesC; canbe cooperating. A global protocol
profile is a consistenglobal protocolinstance.lt is trivial
a completeglobal protocolinstanceis consistent. In this
paper we discussa groupprotocolwherea view of agents
p1, ..., Pn CANtakeanincomplete global protocolinstance
C =(C, .., Cy). First, supposethat a global protocol
instanceC' = ( C4, ..., C,, ) is completeandsomeagenty;
changesa local protocolinstanceC; with anotherone CY.
We discusswhetheror not a global protocolinstance({ C1,
e Ciz1, Cl, Ciy1, ..., Cy ) is consistenti.e. all theagents
p1, ..., pn CANcooperatevenif C/ # C; for someagentp;.

Accordingto changeof networkQoSandapplicationre-
guirement,eachagentautonomouslychangeghe protocol
profile. For example,supposenagentp; belongsto a pair
of views V1 andV; [Figure 8]. In theview V; whereall of
theagentdakeDDDirS, anagentp; sendsa messagen to
all the otheragents.On receiptof the messagen, anagent
ps with DDDIrS forwardsthemessagen to theotheragents
ps andpg which belongto anotherview V5 with DDDisD.
Here,the agentps; canreceve the receiptconfirmationof
the messagen from a pair of agentsps andps in the view
V5. In addition,the agentp; sendsbackthe receiptconfir-
mation of the messagen to the original senderagentp .
Here, the original senderagentp; canreceve the receipt
confirmationfrom all the destinatioragentsn theview V.
Therefore the agentp; doesnot needto changethe profile
sincethe agentps canforward the messagen to another
agentin theview V5.

0 600

Figure 8. Change of profiles.

5 Retransmission

We discusshow an autonomousyroup (AG) agentcan
autonomouslyhangeheretransmissiorlassesn a group
asanexample.

5.1 Costmodel

Supposeherearethreeautonomicgroup(AG) agents,
pt, andp,, in aview V. An agentp; sendsa messagen to
a pair of agentsp; andp,,. Then,the agentp; receivesthe
messagen while anotheragentp,, fails to receve m. Here,
py isreferredio as faulty. Thefollowing notationsareused
to discussa costmodelfor a pair of agentsgp andp;:

1. ds = delaytime betweeragentsps andp, [msec].
2. fs = probabilitythata messagés lost.
3. bst = bandwidth[bps].

First, let us considerthe senderetransmissionLet |m)|
shawv the sizeof a messagen [bit]. It takes(2ds,+ |m|/
bsy) [Msec]to detectmessagéossaftertheagentp; sendsa
messagen. Then,theagentp, retransmitsn to p,,. Here,
the messagen maybe lostagain. The expectedtime ST,
andnumberS Ny, of messageo betransmittecto deliver
amessagen to afaulty destinatiorp,, aregivenasfollows:

1. STy = (2dgy +|m| T bsy) I (1 — fsu)-
2- SNS‘u = 1/ (1 - fsu)-

In thedestinatiorretransmissiorsomedestinatioragent
p: forwardsthe messagen to theagentp,, [Figure9]. The
expectedtime DT}, andnumberD N;,, of messaget de-
liveramessagen to p,, aregivenasfollows:

1. DTsy = (dsu + |m| ] bsy + duz) + 2dus + |m| [ byt) /
(1 - fut) |f dst S dsu + dut-

DT@u = (dst + |m| / b-‘»‘t) + (Zduﬂt + |m| / b“'t) / (1 -
fut) Otherwise.
2. DNS‘u =1+1/ (1 - fﬂt)'

If ST, > DTs,, the destinationagentp, canforward
the messagen to the faulty agentp,, becauseéhe message
m lostcanbedeliveredearliet

Eachagentp, monitorsdelaytime d,;, bandwidthb,,
and messagéoss probability f,; for eachagentp,, which
arerecevedin the QoSbase(QB). For example,the agent
p; obtainstheQoSinformationby periodicallysendingQoS
informationmessaget all theagentsn aview. Theagent
p¢ Maintainsthe quality of service(QoS)informationin a
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Table 2. Protocol profiles.

| Control | Transmission| Confirmation| Retransmissio] Signature]
Centralized| Centralized | Centralized | Sender CCcCens

Distributed | Direct Direct Sender DDDirS

Distributed Sender DDDisS

Destination DDDisD

Indirect Direct Sender DIDirS

Indirect Sender DlindS

Distributed Sender DIDisS

Destination DIDisD

variable@ of QB whereQu+ = { but, dut, fur ) for u =1,
...,n. If theagentp, recevesQoSinformationfrom another
agentps: QSU = < bsu, dsu, .fsu > fOf u = 1, ey T

Ps P P b, . N
DTq, e o1, m\&}
L — 7 - /7 N

A. ds < dsu + du B. ds > dsu+dw

Figure 9. Destination retransmission.

5.2 Changeof retransmissionscheme

Supposanagentp; sendsa messagen andevery agent
p: takethe senderretransmissioscheme(C, = ( ---, S ).
As shavnin Figure10, anagentp,, fails to receive themes-
sagem. Accordingto the changeof QoSsupportedy the
underlyingnetwork,thesendelagentp, makesadecisionto
changeheretransmissioschemawith the destinatiorone,
say an agentp, forwardsthe messagen to the agentp,.

However, the agentp; still takesthe senderetransmission.

Here,no agentforwardsthe messagen to p,,.

Next, supposeall the agentss taking the destinatiorre-
transmissiorscheme Here, QoS supportedy the network
is changedandthe agentp, decidesto takethe senderre-
transmissiorschemeHowever, no agentforwardsthe mes-
sagem to theagentp, sincethe senderagentp; still takes
the destinatiorretransmissiorscheme.In orderto prevent
thesesilentsituationswe takea following protocol:

1. A senderagentps; sendsa messagen to all the des-
tination agents.Every destinationagentsendsreceipt
confirmationnotonly to thesendemlgentp, but alsoto
the otherdestinatioragentgFigure 10].

2. If anagentp, detectsthat a destinationagentp,, has
notreceivedthemessagen, p; selectaretransmission
schemeawhich p; considerdo be optimalbasedonthe
QoSinformation(.

2.1 If p; is adestinatioragentandchangesretrans-
missionschemep, forwardsm to p, andsends
Retx messagé¢o thesendemgentp;.

2.2 If p; is a senderof a messagen and takesa
sendermretransmissiorschemep; retransmitsm
to p,. If p; takesa destinationretransmission
schemep; waitsfor Retx messagdrom a des-
tination. If p; doesnot receve Retx, p; retrans-
mits m to py,.

0610

It is straightforwardfor the following theoremto hold
from the definition.
[Theorenj At leastone agentforwardsa messagen to an
agentwhich fails to receive themessagen. O

Ps P Py
m
Conflrmitgu_,— ‘‘‘‘‘ L g
DTal T
Retx \,

I _~~Confirmation
-

time
Figure 10. Retransmission.

6 Evaluation

We evaluatethe autonomicgroup protocol (AGP) in terms
of delivery time of a lost messageWe makethe following
assumptionsn this evaluation.

1. ds; = dys for every pair of p; andp;.

2. Theprotocolprocessindgime of every processs same.

3. No confirmationmessagés lost although messages
may belost.

4500

4,000 ——STsu Al, A2, and A3 ——DTsu Al
——DTsu A3 |

——DTsu A2

3500

e
=
3
3

2500

2000

1500

Expected time to deliver a message [ms]
2
3
3

0500

0.000

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
Message loss ratio [%]

Figure 11. dsy > dst + dus-

Let us considera view V' = {ps, p:, p,} Whereevery
agenttakesa profile DDDisS, distributed control, direct
transmissiongdistributed confirmation,and senderetrans-
mission. Here, supposehat an agentp; sendsa message
m to a pair of agentsp; andp, in aview V. Then,the
agentp; receves the messagen while anotheragentp,,
fails to receve m. After the senderps and destinationp;
detectthe destinationagentp,, fails to receve the message
m, theagentsp; andp; autonomouslyselecta retransmis-
sionschemebasedon the QoSinformation. Here,we eval-
uatetime to deliver a messagen to a faulty agentp,,. In


研究会Temp 
－61－


®*om®

1. dsu =dtu

1. dst=dtu
A. dsuz2 dst +dtu

2. dst>dtu 3. dst<dtu

100mg440ms 100mg30ms 100m

B. dsu < dst + dtu, dst > dsu and dst > dtu

100ms ZOmQ{OOms 60ms% 100ms

60ms  40m:
60m5® ®20ms 40ms @ 60ms® 20ms
2. dsu>dtu 3. dsu<dtu 1. dsu=dst 2.dsu>dst 3. dsu<dst

C.dsu < dst + dtu, dtu > dsu and dtu > dst

Figure 12. AG agent graph.

theview V', we assumehat bandwidthbetweenevery pair
of agentds same(by; = bsy, = by = 10Mbps)and fs; = fsu
and f,+ = 0%. Figure12 showns an AG agentgraphfor the
view V' where eachnodedenotesan agentand eachedge
shavsacommunicatiorchannebetweeragents A labelof
the edgeindicatesdelaytime.

First, we considera caseds, > dst + dyt. Thereare
furthercases:ds; = dy: [Figurel2 A1), ds: > du [Figure
12A.2], andds; < dy; [Figure12A.3]. Figurellshovsthe
expectedime DTy, for threecasesin Figurell, horizontal
axis shavs a messagéoss probability of f,,, and f,:. For
caseof Figurel2A.2, DTy, < STy, . For caseof Figure12
A.l, DTy, < STy if fo, > 15%and f,: > 15%. For case
of Figure12 A.3, DTy, < STsy if fs, > 50%and f,: >
50%.
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— —S8Tsu B1 ——STsu B2 §Tsu B3

2.500 —— DTsu B.1 ——DTsu B2

——DTsu B3
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Bxpected time to deliver a message [ms]
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0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 85
Message loss ratio [%]

Figure 13. dsy < dst + dus, dst > dsu, anddsy > dug.
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Figure 14. ds, < dst + dut, dut > dsy, anddy; > dse.

Next, we considera cased, < dg + d,;. Thereare
furtherfollowing casegFigure12]:

a. dgg > dgy anddgy > dyy: dsy =dyg [B.1], dsy > duys
[B.2], andds, < dy: [B.3].

b. dut > dsu anddut > dst: dsu = dst [Cl], dsu > dst
[C.2, andd,, < ds [C.3.

Theexpectedime DTy, [Figurel2B and12C] is shovn
for thesesix casesn Figuresl3 andl14. For casef Figure
12B.1andB.3, DTy, > STs,. For caseof Figure12 B.2,
DTy, < STsy if fsu > 20%and f,,; > 20%. For caseof
Figurel2C, DTy, > STs,.

7 Concluding Remarks

In this paper we discussedan agent-basedrchitecture
to supportdistributed applicationswith autonomicgroup
servicein changeof network and application QoS. Au-
tonomousgroup (AG) agentsare cooperatingto support
groupservicefor application. We madeclearwhat classes
of functionsto be realizedin groupcommunicatiorproto-
cols. Every agentautonomouslchangeslassof eachpro-
tocol functionwhich maynotbe the sameasbut areconsis-
tent with the otheragentsin a group. We discussechowv
to supportapplicationswith the autonomicgroup service
by changingretransmissiorschemesas an example. We
shaved which retransmissiorschemecan be adoptedfor
typesof networkconfigurationin the evaluation.

References

[1] Autonomiccomputingarchitecture A blueprintfor manag-
ing complex computingervironments. 2002. http://www-
3.ibm.com/autonomic/pdfsiwhitepaper102 pdf.

[2] P E.Agre. P2pandthe promiseof internetequality Com-
munication of the ACM, 46(2):39-422003.

[3] S. A. Birman, K. and S. P Lightweight causal and
atomicgroupmulticast. ACM Trans. on Computer Systems,
9(3):272—-29071991.

[4] S.Deering.Hostgroups:A multicastextensionto theinter-
netprotocol. RFC 966, 1985.

[5] I. FosterandC. Kesselman.The Grid: Blueprint for a New
Computing Infrastructure. Morgan KaufmannPublishers,
1999.

[6] M. F. KaashoekandA. S. Tanenbaum. An evaluation of
the amoebagroup communicationsystem. Proc. of |IEEE
ICDCS 16, pagesA36—4471996.

[7] L. Lamport. Time, clocks,andthe orderingof eventsin a
distributedsystem.CACM, 21(7):558-5651978.

[8] F. Mattern. Virtual time andglobalstatesof distributedsys-
tems. Parallel and Distributed Algorithms, pages?215-226,
1989.

[9] D.L. Mills. Networktime protocol. RFC 1305, 1992.

[10] A. Nakamuraand M. Takizava. Reliablebroadcasproto-
col for selectvely orderingpdus. Proc. of IEEE ICDCS-11,
page39-246,1991.

[11] C. SteketeeW. P. Zhu, and P. Moselg.. Implementation
of procesamigrationin amoeba.Proc. of IEEE ICDCS 14,
pagesl94-201,1994.

[12] R.vanRenesseK. P. Birman, and S. Maffeis. Horus: A
flexible groupcommunicatiorsystem.CACM, 39(4):76—83,
1996.

0 620


研究会Temp 
－62－




