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Abstract— M2MC is a new distrib uted computing middleware
designedto support collaborative applications running on devices
connectedby broadcastnetworks. Examplesof suchnetworks are
wir elessad hoc networks of mobile computing devices, or wired
devices connectedby a local area network. M2MC is useful for
building a broadrange of multi-user applications lik e multiplay er
games,corversations, group ware systems.

Unlik e existing middleware architecturesthat rely on central
sewvers, M2MC is truly distributed protocol. Applications de-
veloped using M2MC do not require central sewers for mes-
sageordering, member synchronization and group management.
Being broadcastoriented, M2MC do not require any resource
consuming routing protocols.

M2MC architecture consists of MessageOrdering Protocol,
Member Synchronization Protocol and protocols for processes
to join and leave the groups. In this paper we describe key
componentsof M2MC and their implementation in Java.

I. INTRODUCTION

Middlewareis a setof software facilities that mediateshe-
tweenan applicationsprogramsand communicatiometwork.
It managesthe interaction betweenapplicationsacrossthe
computingdevices by providing communicationsupportin a
transparentvay to the application.

The communicationparadigmscan be classi ed into one-
to-oneor one-to-magy or mary-to-mary communicationsAs
shawvn in Figla,in one-to-onecommunicatiormodelonly two
processesireinvolvedin communicationpnefor sendingthe
messageand other receving it. Examplesof applicationsof
one-to-onegaradigmsareweb browsing,email etc. The Fig1b,
shavs one-to-magy communicationin which one process
sendsmessageand mary processegeceve it. Web casting
is an exampleof suchapplication.The Figlc shavs mary-to-
mary communicationparadigmin which a messagesentby
ary of the processeseachevery procesgpresenin the network
and is interestedin receving it. The Figld shavs mulitple
group communicatiorusing mary-to-mary communication.

In this paperwe proposeM2MC, a middleware for sup-
porting applicationsrequiring group and mary-to-mary com-
munication patterns.M2MC consistsof a set of protocols
for building collaboratie applicationdik e mulitplayergames,
chat applicationsetc. that run in broadcasthetworks. Some
examplesof suchnetworks are: wirelessproximal ad hoc net-
worksof x edor mobiledevicesor hybrid network connecting
wired and wireless devices. The Fig2 shaws the relative
position of M2MC protocolswith respectto the application
and network protocols.M2MC consistsof MessageOrdering
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Protocol(Section4), Group Join /Leave Protocol (Section5)
and Member SynchronizatiorProtocol (Section6).

Unlike existing middlewvarearchitectureshatrely on central
seners, the M2MC is intended for running collaboratve
applicationswithout relying on centralseners.In wirelessad
hoc network or hybrid network of devices, relying on central
senersis not attractive becausehe devicesarenot necessarily
always in the range of wireless accesspoint. Furthermore
relying on ary one wireless device to act as a sener is
unattractve becausealevices may come and go without prior
noti cation. Using M2MC, thosedeviceswhich arein range
of eachother can act in conertto run the application. We
have developedan applicationusingour M2MC APIs called
ThreadedChatapplication.

Il. MOTIVATION

In this sectionwe describethe ThreadedChat application
to motivate the relevance of M2MC. Considera group of
processegA,B,C,D) running on distributed devices and im-
plementinga simple chatapplicationthat lets the membersof
the group interactwith eachother The processesommuni-
catewith eachotherby sendingmessagesising a broadcast
medium. Supposethe application is implementedusing a



messagerderingprotocol basedon logical timestampssuch
as total ordering[2]. See[9] for a comprehensie surey of
total orderingprotocols.

As shawn in Fig 3, let processC sendmessage®id you
visit Delhi?' and 'Did you visit Chennai?' with timestamps
1 and 2 respectiely. After receving the abose messages,
supposeprocessA replies to the message'Did you visit
Chennai?' with the responseéNo' and processB repliesto
the messagéeDid you visit Delhi?' with the responséeY es'.
As pertotal ordering,both A andB would af x thetimestamp
3 to their responsesNow, the messagerdering protocol at
processD on receving thesemessagesrdersthemaccording
to their timestampsand displaysthem on the chat console.
However, since there are two messageshaving the same
timestamp,they may get displayedon the consoleat D in
an arbitrary order This leadsto ambiguity becausethe user
at D may not be able to map the responsesNo’, 'Yes', to
the message®id youvisit Delhi?', 'Did you visit Chennai?'
appropriatelyHencetotal ordering protocolis inadequatdor
suchanapplication.t canbeshavn thattheambiguitypersists
even when the messagesre ordered using vector clocks,
asin causalordering [6] or even when synchronizedglobal
clocks[5] areassumed.
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In contrastto the above, considera ThreadedChat appli-
cation[7] that lets userscommunicatén a messge-response
form asshawvn in Fig 4. All chat messagesre structuredin
the form of a tree. The key featureof this tree structureis
that messagesind responsesre organizedinto relationships
called threads A user explicitly selectsa messagebefore
respondingo it. As aresult,the responses linked directly to
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the correspondingnessageysingthreadsandotheruserscan
perceve the semanticrelationshipamongthe messages.

Although the paper[7] doesnot provide the detailsof the
MessageOrdering Protocolusedby ThreadedChat applica-
tion, suchan applicationcanbe easilyimplementedusingthe
MessageOrderingprotocolof M2MC. For the above example,
uponreceiptof messagefrom processC, processA displays
both of themto the user Now the userat processA would
explicitly selectthe messagéDid you visit Chennai?'before
respondingvith themessag&No'. TheMessagerderingPro-
tocol at processA captureghis semanticdependenceetween
the messagandits responsandsendshis informationto the
group,alongwith the responseSimilarly, the MessageOrder
ing Protocolat processB capturesthe semanticdependence
betweenthe messageDid you visit Delhi?' andits response
'Yes' and sendsthis information to the group. The Message
OrderingProtocolat D, uponreceiptof theseresponsegrders
the messagesppropriatelyand unambiguouslyas shavn in
Fig 4. If anew processE entersthe broadcastiomainthenit
executesthe Group Join and Leave protocolto get the list of
group of applicationsrunningin the broadcastiomain. After
joining the group, the Member SynchronizatiorProtocolwill
ensurethat the processE recevesall the messageshat have
beensentto the group.The MessageOrderingProtocolorders
thesemessagesand displayson the screen.

In the next section,we describethe architectureof M2MC
andits variouscomponents.

As shavn in Fig 5 M2MC comprisef a MessageOrdering
Protocol (MOP), Member SynchronizationProtocol (MSP),
and protocolsfor processto join and leave the group called
Group Join Leave Protocol (GJLP).

MIDDLEWARE ARCHITECTURE

A. Componentsof Middleware

The following are componentf our middleware.

1) MessageOrdering protocol (MOP): Whentwo or more
messagesre sentto the group, processegeceve them in
arbitrary orderdependingon the transmissiordelaysbetween
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sendersandrecevers. For example,if a groupmembersends
amessage asaresponséo message |, thenit is possible
that some of the group membersmay receve before

(see Fig 6). Hence an ordering protocol is requiredto
guarantedhat every group memberwill deliver the message

beforedelivering  to the application.Also if and
areary two semanticallyunrelatedmessageshena member
receving before , shouldnot block delivery of by
waiting for the arrival of

Traditional solutions like total ordering protocol [6] or
causalorderingprotocol [2] do not take into accountthe se-
manticrelationshipamongmessageandhenceareinadequate
for mary distributed group communicationapplications.

For M2MC, we proposea new messageordering, called

ordering, and a correspondingprotocol, called Message
Ordering Protocol (MOP) , which is implementedby every
memberof the group. The primary objective of the MOP is to
order receved messageshasedon the semanticrelationship
amongthem,irrespectve of the chronologicalorderin which
they arereceved.As aresult,the MOP alsominimizesthe de-
livery delayat a procesgthe time from the momenta message
is receved at a processto the time the messages delivered
to the application consumingit), by blocking delivery of a
messag®nly if it is yetto receve ary semanticallypreceding
message(s).

2) Group Join Leawe protocols (GJLP): Whena process
is newly connectedo a broadcashetwork or a procesdeaves
the network temporarilyand later rejoins, it shouldbe aware
of the group applicationsthat are running acrossthe network
so that it canjoin in ary of the interestedapplications.For
M2MC, we proposeGroupjoin protocolto keepa the newly
connectedrocessaware of groupapplicationsrunningacross
the network so that it can join them and a Group Leave
Protocolfor a procesdeaving a groupapplication,to informs
its departurgo the memberof the group.The protocolis also
for creatingnew groups.

3) Member Syndronization Protocol (MSP): When a
processnewly joins a group or it leaves an existing group
and later rejoins it, it missesmessageghat were sent to
the group during its absenceThe processmustrecover such
lost messagesas soon as it joins the group, such that the
groupapplicationscontinuerunningcorrectly For M2MC, we
proposeMemberSynchronizatiorProtocolto recover suchlost

messages.

4) Group Manager. TheGroupManageregulateshe ow
of messagefrom one componento another It recevvesmes-
sagedrom the network, determineghe natureof the message,
routesthemto the othercomponentof M2MC appropriately
and nally delivers it to the application. It also receves
messagedrom application and delivers it to the network
layer for broadcasting.Since M2MC supportsapplications
over multiple overlapping groups,the group managermaps
groupinformationto the correspondingnstancesf the MSP,
MOP allocatedto the groups.

5) Broadcast Layer. The broadcastlayer is assumedto
be reliable and guaranteesnessagelelivery to every member
of the group. However it may suffer from nondeterministic
boundeddelayin messagalelivery. Messagesn transitneed
notfollow FIFO order The Broadcastayer supportsunctions
for broadcastinga messagdo the group and for receving a
messagdrom the group.

6) Applications The middleware supportsgroup applica-
tions like chat applications,multiplayer games,group ware
systemsetc. Theapplicationusesthe APIs providedby Group-
ManagerandApplGrpMngrinterfacefor sendingandreceving
group messagesfor creatingnew groupsor for joining and
leaving existing groups.

B. Middleware operations

1) For creatinga new group:: The Application calls (step
A in Fig 5) GroupManagecomponentvith groupdescription
parametersThe GroupManagercreatesan identity and in-
stancef variousprotocolsfor the new groupandbroadcasts
the new group description(steD).

2) For joining an existing group :: Every processmain-
tains a groupsinfoListcontaining the identity and members
informationof every groupthatit is avare of. Whena process
newly connectsto broadcashetwork or a procesdeavesthe
network temporarily and later reconnects,t broadcaststs
presenceby doing the following. The GroupManagercalls
GJLP protocol component,gets the adwertisementmessage
(stepsE, 6) containingthe attributesof processandbroadcasts
by sendingit to broadcastayer along stepD. Every process
(including the one that sentthe adwertisement)on receving
adwertisemenialongstepsl, 2, 3) givesit to their respectie
GroupManagefThe GroupManagecalls GJLPandgets(steps
E, 6) the groupslInfoListcontainingidentitiesandmemberdist
of every groupthattheprocesss awareof. The GroupManager
broadcastshe groupsinfoListby sendingit to broadcastayer
alongstepD.

At every processgroupslinfoListreceved by the broadcast
layer reachesGJLP along 1, 2, 3, E. The GJLP checksif
thereexists information aboutary new groupin the receved
messagethat is not presentin its groupsinfoList If such
group exists then it presentsthe details of the new group
to the applicationalong 6,4,5. The user at the application
if decidesto join a group, calls GroupManager(step A)
which in turn createsinstancesof MSE, MOP for the group
and sendsjoinMsg, containingthe identity of the group and



identity of the processto the broadcastayer (along step D)
for broadcastingEvery memberof the group on receving
the joinMsg updatestheir groupsinfoList by appendingthe
identity of the processspeci ed in joinMsg to the members
list of the group.

For leaving the group, applicationcalls GJLP alongstepA,
E. GJLPcreatesaleaveMsgwith identitiesof the processand
the group that the processis leaving. The leaveMsg reaches
GroupManagerlong 6 andit subsequentlyproadcastslong
E. The GJLP at every memberof the group on receving
leaveMsgalong1,2,3,EupdategheirgroupsinfoList by delet-
ing the identity of the processfrom the memberslist of the
group speci ed in leaveMsg message.

3) For sending a messageto group. For sending an
application messageM to the group, the application calls
(arrow A) GroupManagewhich in turn calls MOP. The MOP
addsappropriatdheader@ndreturnsthe messagéarrons C, 8)
to GroupManagerThe GroupManagebroadcastshe message
to the group by calling Broadcastayer.

4) On receivinga messagdrom the broadcastiayer. The
GroupManageon receving the applicationmessagé/ (along
arrons 1,2,3) nds the groupthat the messagédelongsto and
calls MSP of the group (along7,B) for storingthe messagelt
thencalls MOP (alongC) of the group.MOP checkswhether
the processreceved all the messageghat are semantically
before M. If it has receved them then it sends(along 8)
M and ary other messageghat are waiting for its arrival
(becauseM is semanticallybefore waiting messagesjo the
GroupManagewhich in turn deliversthemto the application
(along4). OtherwiseMOP blocksthe delivery of the message.

5) Member syndironization: When a processrunning on
a mobile device leaves the network temporarily and later
reconnectso the network it missegshe messagethatweresent
to the group. It executesMember SynchronizatiorProtocols
for eachgroup (in which it has membership)¥or recovering
the missedmessages.

The GroupManagercalls MSP and gets (arrowvs 7, B) a
synchronizationrequestmessageSyncRegMsgSyncReqMsg
contains the processidentity, group identity, and applica-
tion messageshe processesas receved before leaving the
network. The GroupMangerbroadcastst by sendingit to
broadcastayer (along D).

BroadcastReceer on receving SyncRegMsgsendsit to
GroupManager(steps 1,2,3). The GroupManagerat every
processother than the processthat sent SyncReqMsgsends
it to MSP (step4). MSP nds for any messageshat it has
not receved from the group, in the applicationmessage®f
SyncRegMsgnd sendsthem to the Group Manager (step
B). The Group Managersubsequentlydelivers them to the
application.MSP createsa temporaryapplMsgListcontaining
applicationmessageshat it hasreceived from the group. It
waits for randomtime and sendsSyncRespMsgcontaining
the messagegpresentin applMsgList While waiting, if MSP
receves SyncRespMsgent by some other process,then it
deletesthe messagesrom applMsgListthat are presentin
SyncRespMsg

OTR

(]‘.1

A1

]

B1
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The broadcastiayer at the processthat sent SyncReqMsg
on receving SyncRespMsgendsit to GroupManageKlsteps
1,2,3). The GroupManagersubsequentlydelivers the appli-
cation messageresentin SyncRespMsafter sending to
MSPMOP for storing and orderingpurposes.

Hencethe processthat missedthe messagegyets updated
with the application messagesnd also every other process
getsthe applicationmessagefrom the processhat requested
synchronization.

IV. MESSAGE ORDERING PROTOCOL

In this sectionwe presenthe speci cationandimplementa-
tion detailsof MessageOrdering Protocol. Group Join/Leae
ProtocolandMemberSynchronizatiorProtocolsare presented
in next sections.

The primary objective of the MessageOrdering Protocol
called MOP is to identify the semanticrelationshipamong
receved messagesnd delivering them to the applicationin
a semanticallyconsistentorder Guaranteeingsuch ordering
involves:

1) Capturingthe semanticrelationshipbetweena message
andits responsefrom the applicationat the sender

2) Representinghesesemanticrelationshipsin an appro-
priate form and corveying themto the recevers.

3) Maintaining the relationship at each member of the
groupwith minimum overhead.

A. Ordering

We representhe semantiaelationshipamongthe messages
using orderrelationshipde ned asfollows:

Two messageX and Y aresaidto berelatedin  order
if and only if Y is producedsemantically in responseto a
unique messageX. This isrepresentedasX Y. Alsoif X
and Y are not semantically related then it is represented
as X Y.

For a group of messageswe conceptuallyrepresentthe
semantic relationship among them in the form of a tree,
called the Ordering Tree (OT), asshavn in Fig 7. The OT
hasthe following structure:

The verticesof the OT are identities of the messages;
eachmessagédasa uniquesystem-wideidentity.

The directed edgesof the OT representthe semantic
messge-responserelationshipsamong messagesThere

is an edgebetweenary two verticesin the OT, if and



only if andthe correspondingnessagearerelatedin
order
The root of the OT is a virtual node,denotedby

is assumedo be semanticallybeforeall the mes-
sagessentto the group. If a messages not a response
to ary othermessagén the OT, it is consideredo be a
responseo

B. Propertiesof  order

Somesalientpropertiesof  orderare asfollows:

1) Responsesemantics:

If X Y thenP(Y) =X, i.e., X is saidto be parentof
Y.

The OT representghis relationshipin the form of a
directededgebetweena parentnodeX anda child node
Y. For examplein the Fig 7, nodeAl is the root of the
tree. A4 is producedin responsdo C1 (C1 A4) and
P(A4) = C1. Hencethereis a directededgefrom node
C1to nodeA4 in the OT.

Uniqueness:

If X YthenP(Y) Z( zZ,Zz X),i.e. Xisunique.
The OT representsthis by allowing a node to have
multiple numberof child nodesbut a child node can
have exactly oneparentnode.In otherwords,a message
sentto the groupmay generatemultiple responsefrom
variousmemberf the groupbut any givenresponses
associatedvith oneandonly one messag@nd not with
multiple messages.

Transitivity:

X Y Y Z X Z

The OT representghis as having a pathfrom X to Z,
if thereis an edgefrom X to Y andanedgefrom Y to

Z. We usethe notation to represensuchtransitve
closure. It can be easily seenthat the following also

2)

3)

hold:
X Y Y Z X Z
X Y Y Z X Z
X Y Y Z X Z

C. MessageOrdering Protocol

Here we presentthe MessageOrdering Protocol that in-
cludes:

1) At the sender:Capturegshe orderbetweeramessage
and its responseand includes this information while
broadcastinghe response.

2) At the recever: Maintains the order information
and determineghe actionto be taken for eachreceved
messageA messages delivered immediately to the
applicationeitherif its parentin the  orderhasbeen
deliveredor if it is not aresponsdo ary othermessage,
i.e., it has the root of the OT ( )as its parent.

Otherwisethe delivery of the messagés deferred,until
the receiptand delivery of its parent.

We now describethedatastructuresandstatediagramof MOP.
1) Notations, MessageFormat and Data Structures

1) Notations:

: denoteghe uniqueidentity of the group.
denoteghe uniqueidentity of the process
in the broadcasnhetwork.
denotessequencecounter value at
process.
denotesmessagedentity of message

and is

2) MessageFormat:
A messagdormatis:
is the messagedentity,

parent( ), is the identity of the group
and is the applicationinformation. If a message
( ) is not a responsdo ary other messagehenthe
identity of its parent( ) is setto

3) Data Structures:
Every processmaintainstwo data structuresfor every
group:

a) Ordering Tree(OT): As discussectarliet the OT
representgshe  orderamongthe messagesf a
group.Eachprocessonstructdgts OT dynamically
by recordingthe identitiesof thosemessageshat
have beenrecevedin  order

b) Out of Sequence Messages Store (OSMS):
OSMS saves messageghat have arrived out of

order For every such messagein the form
, are

where
is the identity of its

aresavedin the OSMSin the format

2) Protocol Actions :: The state diagram of the MOP
is as shovn in Fig 8. In the INITIAL state all the data
structuresareinitialized to NULL andthe processghenwaits
in the LISTEN state.When the applicationwantsto senda
messagéo thegroup,the procesgjoesto the RESPONDstate,
whereit augmentghe messagevith the  orderinformation,
broadcastshe messagendreturnsto the LISTEN state.

When a messagés receved from the group, the process
goesto the RECEIVE state,where it checksthe order
information of the messagewith the OT (Ordering Tree).
If it has delivered the parent of the current message,it
goesto the RCVDeliverableMSGstate, else it goesto the
RCVOutSequenceMSGtate. In the RCVOutSequenceMSG
state,the processsimply savesthe messagén the OSMS and
returnsto the LISTEN state.In theRCVDeliverableMSGstate,
the procesgeliversthe messageo the applicationaswell as
ary of its  orderchildrenthat may be sased in the OSMS
andreturnsto the LISTEN state.

A moredetaileddescriptionof the protocolactionsin each
state,for a groupof processess asfollows:



Fig. 8. StateDiagramof the protocol

1) INITIAL STATE:
At every processset seqnoto zero, setroot of OT to
OTR andgoto LISTEN STATE.
2) LISTEN STATE:
Listen until a messagas receved or applicationwants
to respondto a message.
if messagés recevedthen
go to RECEIVE state
elseif applicationsendsa messagéo the groupthen
go to RESPONDstate.
end if
3) RECEIVE STATE: Process on receving a message
if = or then
go to RCVDeliverableMSGSTATE.
else
go to RCVOutSequenceMSGTATE
end if
4) RCVDeliverableMSG STATE:

a) Call theUpdateT operationdescribedbelon with
receved messageVl asits parameter
b) Update( )

i) Append into asa child nodeof
i) Deliver the to the application.
i) /* Let represents.messagén
and , representhe

, values of the messageMsg
respectiely. */

for eachmessage having
== do
Updated( )
Remore message from
end for

c) goto LISTEN state.
5) RCVOutSequenceMSGSTATE:

Insert in
LISTEN state.
6) RESPOND STATE: When application at process
respondgo a messagevith identity , then,
a)
b)
c)
d) goto LISTEN state.
If messagés not relatedto prior messageshen
is OTR.

and go to

D. JavaImplementation

The classdiagramof the protocol and the java implemen-
tation of datastructuresare describedAppendix.

V. GROUP JOIN AND LEAVE PROTOCOLS

In this sectionwe presentGJLP protocol, for processes
that have newly enteredthe network, to becomeaware of the
variousgroupapplicationscurrentlyoperatingin the broadcast
network andto join in ary of thesegroups.The GJLPprotocol
is also for processesthat rejoinedthe network after leaving
it temporarily to know the list of new group applications
currently operatingin the network and also to updatethe
membershidist of the groupsthatit is alreadymemberof.

At Sender: The processsendsadwertisementmessage
to inform its presenceto the processegresentin the
network.

At every processon receving advertisement : Every
processincludingthe procesghatsentthe adwertisement,
on receving adwertisementmessagesendsinformation
aboutthe groups,that they are memberof, in the form
of alist of groupidentitiesandtheir memberddentities.
At every processon receving information about
groups: Every processon receving them, if nds ary
new group that they are not aware of, thenthey sendit
to the application.If applicationwantsto join a group,
the processhroadcastdts identity andthe identity of the
groupthatit is joining. Every memberof the group on
receving it updateshe memberdist of the group.

For a procesdo leave a group: The processfor leaving
a group, broadcaststs identity and the identity of the
groupthatit is leaving. Every memberof the groupon
receving it updateshe memberdist of the group.

A. Notations, MessageFormat and Data Structures

1) Notations

: denoteslist of identities of the pro-
cesseghat are currentmembersof a group.
. denoteslist of identities of the pro-
cesseghat have left the group.
. denoteshe information of a group. It is
of the format , , , and
descdenoteghe descriptionaboutthe group.



Fig. 9. GroupJoin/Leae Protocolstatediagram

2) Messaged-ormat

. denotesadwertisementmessagesent by
process.lt containsthe identity of the processin the
format

: denotesnformationaboutthe vari-
ousgroups.t is of theformat:

. It is of the format
denotesmessageentby processvhoseidentity is
inform the membersof the group
the group.

and
to
that it is joining

. It is of the format
and denotesmessagesentby process  to inform the
membersof the group thatit is leaving the group.

3) Data Structures Every processmnaintainsthe following
datastructure:

.Eachrow of the table
at process contains of agroupandthe
row is indexedby theidentity of the correspondingyroup
(i.e. row contains
). If the process is not memberof groupwhose

identity is then the row of indexed by
containsN/A value.(i.e. if i is not memberof groupgid

then is N/A)

B. Protocol Actions

The statediagramof the protocol at process is asshavn
in the Fig 9. Brief explanationof protocolactionis asfollows:
Theprocesdor adwertisingits presencéo thegroupgoesfrom
thelntial stateto SendAdvstate.In this state,it createsadver-
tisementmessage and broadcastst. After broadcast-
ing, it returnsto the Initial state.Every procesdncluding the
procesghatsentthe advertisemenbn receving adwertisement
goesto SendGipinfolList state,creates from
the presenin the rows of their GIIT andbroadcasts
it.

Every procesgresenin the broadcashetwork on receving

, goesto RecvGrpsinfoList state.In this state,

if process nds ary in that do not
have anentryin its , thenit delivers to
its application.If the applicationat this processis interested
in joining ary of these groups then the processgoes to
SendbinMsg state.In this stateit createsa for
each group and broadcaststhem. On receving
sent by the processfor joining a group, every member of
the group goesto UpdateGrpinfo state.In this stateevery
memberof the group gets of the group from its
(by indexing operation)and updatest
by appendinghe to the .
If processi is leaving a group, the processgoes to

SendLeareMsg stateand broadcasts . Each
memberof the group on receving goesto
UpdateGrpinfo state.In this statea process gets

from its and updates by
transferring from to

A moredetaileddescriptionof the protocolactionsin each
stateat process is asfollows:
1) Initial STATE:
if processnewly entersnetwork or rejoined network after
leaving it temporarilythen
go to SendAdv statefor sendingits adwertisement.
elseif processreceves sentby ary process
then
go to SendGipsinfolList state.
elseif processreceves
then
go to RecvGrpsinfoList state.
elseif processreceves
go to UpdateGrplinfo state.
elseif processwvantsto leave a groupthen
go to SendLeareMsg state.
elseif processwvantsto createa new groupthen
go to CreateNewGIp state.
end if
2) SendAdvSTATE:
Deleterow of containingthe entry N/A
For process to adwertise its presenceto the group,
creates = , broadcastst and
goesbackto Intial state.
3) SendGrplnbList STATE: Processi and every other
processesncluding the processthat sent on

from ary process

or then

receving doesthefollowing,
[*Create by doing the following.*/
for each presentin do
add to
end for
Broadcast

4) RecvGrpsinbList STATE: Processi on receving

for each presentin do
if thereis anentryin indexed by
then



if entryis N/A then

Discardthe
elseif entryis groupinformation then
Updatethe by doing the following.
Insertevery presentin in
if doesnot exist in it and
remove from if exists.
Similarly insert every presentin
in if it doesnot exist
in and
end if
else
Deliver of the groupto the application.

if applicationwantsto join the groupthen
Process createsa new row in , insertsin it
and setsindex key valueto
go to SendbinMsg state.
else
Discardthe
end if
end if
end for
5) SenddinMsg STATE: To join group
creates with
6) UpdateGrpinb STATE:
or ,
if receved messages then
if process is memberof group
Getthe from
the to
end if
elseif receved messages
if process is memberof group
Get the from
remove the
andaddit
end if
end if

7) SendLeaeMsg STATE: For processto leave group
whose identity is gid, it destroes MOP, MSP instancesof
the group, createsleaveMsgin the format pid,gid and
broadcastst.

8) CreateNewGrpSTATE: The processcreatesa unique

process
and broadcasit.
Process on receving

then
andadd

then
then
and
from

identity for the new group, creates and
sets to . It appendsits identity to
andbroadcasts containing

C. Java ImplementationDetails

We have implementedthe protocol in Java. The class
diagram of the protocol and its methodsare describedin
Appendix.

VI. MEMBER SYNCHRONIZATION PROTOCOL (M SP)

A processthat newly joins a group or processthat rejoins
the group after leaving the group temporarily executesMSP

to recover the messagethat were sentto the groupduring its
absenceWe assumehat every memberof the grouplogs the
messageshat it hasreceved from the group. MSP protocol
is asfollows:

At the sender: The processsendssynchronizationre-
guestmessagesyncRegMsdhat containsthe list of the
messagethatit hasso far receved from the group.

At the recevers: On receving a SyncRegMsdgrom
a process,every process(excluding the processthat
sent SyncRegMsgin the group createsa repository of
messageédentities. The repositorycontainsthe identities
of messagethatit hasreceizedfrom the groupexcluding
the messagegpresentin SyncReqMsdt startsa counter
with a randomvalue.Whenthe counterexpires, it broad-
castsa synchronizatiormresponsanessagesyncRespMsg
containingthe messagesvhoseidentities are presentin
repository to the groupanddeletesthe repository While
counting for every SyncRespMstiatit recevesfrom ary
memberof the group, it deletesthe identities of those
messagedrom repository that are presentin receved
SyncRespMsgThe processthat sent SyncRegMsgon
receving SyncRespMsgsendsthe messagegpresentin
messagéist of SyncRespMsip the GroupManagewhich
will be subsequentlyleliveredto application.

A. Notations, MessageFormat and Data Structures

1) Notations

. denotesa sequencecounter It is
initialized to zeroandincrementedefore SyncReqMsg

. denotesthe identity of SyncRe-
gMsg or SyncRespMsgand it is in the format

: denotedist of message€achmes-
sage is in the format
where , , areidentity of messagedentity
of its parentmessagend application asdescribed
in Section4.

2) MessagefFormat

denotesSyncRegMsgentby proces
andit is in the format
denotesSyncRespMsgent by
process in responseo andit is in
the format

3) Data Structure Every processmaintainsfollowing data
structures:

Group Messaged.ist Thedatastruc-
ture stores every messagethat is sent to group with
gid in the list so that when a new memberrequires
synchronization,messagegresentin this list will be
transferredto it. Each messagestored in the list is
of format . If the processhas
memory constraintsand if the application is not
very signi cant thanit storesonly because
theseidentitiesare usedby MOP for orderingpurpose.

S



Fig. 10. MemberSynchronizatiorProtocol

Messageldentities Repository ( ): The datastruc-
ture storesidentities of messageslt is created
for temporary period on receving and
deleted after the processrespondsto it by sending

ProcessSync Status Index Table ( ): Therows
of index table at processi storesfor every
procesghe latestSyncSegnof SyncRegMsgmongthe
SyncRegMsmessagethatit hassofar recevedfrom the
processEachentry of is indexed
by pid of the process.

MIRIndexT able: The index table entry pointsto
indexed by

B. State Diagram

The statediagramof the protocol at process is asshavn
in g10.

The processi in the Initial state goes to SendSyn-
cReq state and sends If processi re-
ceives from processj it goesto SyncRe-
gRecv state. Checksif the receved is lat-
est requestmessagefrom processj(becausenetwork layer
may not follow FIFO order in messagedelivery) by com-
paring the with
present in
and updatesthis entry in with

if the requestmessageés latestmessagelf the
receved messageis latest messagejt creates (if it
does not exist in when indexed by key
), storesin the identities
of thosemessagepresentn (wheregid is
) andnotin
andgoesto Counting state.In this stateit startsa counterwith
randominitial value and keepsdecrementinglf the counting
reacheszero it goes to SendSyncRespstate and creates
containingthe list of messagewhoseiden-
tities arepresenin . It broadcasts and
deletes . While countingif it receves

it goesto UpdateMIR state deletesthe identities of those
message$rom that are presentin

If process i receves the before
becausethe network layer may not follow
FIFO order in delivering messageghen it goesto Syn-
cRespRecvstate. If the receved messagds latest message
then it does the following. CreatesMIR if one does not
exist in MIRIndexTable,storesin MIR the identitiesof those
messageghat are presentin and not in
receved messagelf already exists
in MIRIndexTablethenit deletesidentitiesof messagefrom
MIR that are presentin .
If processi receves in responseto its
request message it goesto Deliver state
and delivers the messagespresentin
to GroupManager
A more detaileddescriptionof the protocol at process is
given below:

1) Initial STATE:

Contentsof
if processwantsto sync with rest of group membersof
groupgid then
Go to SendSyncRecstate
elseif a is received then
Go to SyncRegRecvstate
elseif is receved then
Go to DeliverMsg state
elseif is received then
Go to SyncResRec\state
end if
2) SendSyncRe@TATE:
IncrementsSyncSeqno.
Createsa
and
Creates
presentin .
Creates in format
and broadcastt.

with ,

with thelist of themessages

3) SyncReqRecBTATE:
On receving , let , ,
represent ,
and
respectiely.
if then
Create MIR with identities of messages present
in and not in and set
to MIR
Set to
Go to Counting state
elseif
GetMIR from MIRIndexTable[ |
Delete messageidentities from MIR whose messages
presentin

then

are madeempty and SyncSeqgnas setto zero.



Go to Counting state
else

Discard
end if

4) Counting STATE:

Choosea randomcountervalue.
while counterdoesnot reachzerodo
Decrementhe counterby one.
if the processreceves
processx then
GetMIR from

from some

go to UpdateMIR State
end if
end while
if counterreachedzerothen
Go to SendSyncResystate
end if

5) UpdateMIR STATE:
Deletesthe identities from

presentin .
Go to while loop at statemen® of Counting state.

6) SendSyncResSTATE:

whose messagesre

Create with the list of messagedgrom
whoseidentitiesare presentin MIR.
Create in the format

DeleteMIR andits referencefrom MIRIndexTable.
Broadcasthe

7) Deliver STATE: On receving ,deliver
the messagespresent in of the received
to the GroupManagerwhich will subse-
qguently deliver themto the application.
8) SyncRespRecBTATE:

On receving , let , ,

represent ,
and
respectiely.

if then
Create MIR with identities of messages present
in and not in and set
MIRIndexTable[msgld]to MIR
Set to

elseif = then

GetMIR from MIRIndexTable[msgld]if exists
Delete messageidentities from MIR whose messages
presentin
else
Discard
end if

C. Java Implementation

The classdiagramof the protocol and the java implemen-
tation of datastructuresare describedAppendix.

VIl. RELATED WORK: ANHINGA PROJECT

The AnhingaProject[1] is aninfrastructurefor building dis-
tributed applicationsinvolving mary-to-mary communication
in an ad hoc network of proximal mobile wirelessdevices.
Its architectureconsistsof Many2Mary Invocation (M2MI)
mechanismand Many2Mary Protocol(M2MP).

1) M2MI: Remotemethodinvocation(RMI)canbe viewed
as an object oriented abstractionof point-to-point commu-
nication: what looks like a method call in fact a message
sentand a responsesent back. In contrastto RMI ,M2MI
provides an object orientedmethodcall abstractionbasedon
broadcastingAn M2MI-basedapplicationbroadcastsnethod
invocation,which arerecevedandperformedoy mary objects
in mary tarmgetdevicessimultaneouslyThe paper[1] describes
it in detail.

2) M2MP: The M2MP is similar to our GJLP protocol.
If more than one group application exists then M2MP lets
applicationjoin a groupand leave group. It alsoregulatesthe
receved pacletsfrom the broadcastayerto appropriategroup
application.

Although Anhingaprojectprovides Objectorientedmethod
call abstractiorfor developingmary to mary communication
applicationsjt doesnot provide supportfor messag®rdering
andrecovery of lost messages.

VIII. CONCLUSION

We have presentedVi2MC, a new distributive computing
middleware designedto support collaboratve applications
running on devices connectedy broadcasnetworks. M2MC
is usefulfor building a broadrangeof multi-userapplications
like multiplayer games,corversations,group ware systems.
M2MC doesnot rely on central seners and its component
protocolsMOP,MSRGJLPacttogetherfor communicatingn a
distributedmannerWe have describedhe speci cationdetails
and Java implementationdetails of theseprotocols.We have
discussed hreadedChatApplicationdevelopedusingM2MC.

REFERENCES
[1]

H.Bischof. A.Kaminsky. Many-to-mary invocation: A new framewvork
for building collaboratve applicationsin ad hoc networks. CSCW2002
Workshopon Ad Hoc Communicatiorand Collaboration in Ubiquitous
ComputingEnvironmentsNew Orleans,Louisiana,USA, 2002.
D.R.Cheritonand D.Skeen. Understandingthe limitations of causally
and totally orderedcommunication. In the Preceedingsof 14th ACM
Symposiunon Opeiating SystenPrinciples pages44-57,1993.
R.Vitenbeg. G.Chocklerl.Keidar Groupcommunicatiorspeci cations:a
comprehense study ACM ComputingSurv 9,2(Feh), 427-469 2001.
F. ViegasJ. Donath,K. Karahalios.Visualizingcorversation.Proceedings
of HICSS-321999.

L.Lamport. Using time insteadof time-outsin fault-tolerantsystems.
ACM Trans.Program. Lang Syst.6,256-280 1984.

L.Lamport. Time,clocks,and the ordering of eventsin a distributed
system.Communicatiorof ACM, July 1978.

B.BurkhalterM.Smith, JJ. Cadiz. Corversiontreesand threadedchats.
ACM Magazine 2000.

PUrban X.Defago, A.Schiper Comparitve performanceanalysis of
ordering stratgies in atomic broadcastalgorithms. IEICE Trans. Inf.
Syst.E86-D,12 2003.

P.Urban. X.Defago, A.Schiper Total order broadcastand multicast
algorithms:Taxonomyandsunery. ACM ComputingSurves,\6l. 36,No.
4 pp.372-421 December2004.

[2

(3]
[4]
(5]
(6]
[71
(8]

[9]



IX. APPENDIX: JAVA IMPLEMENTATION OF M2MC
MIDDLEWARE LAYER

A. SystemEnvironment

We have implementedthe middlewvare protocolsin Java
languageWe have usedthe Multicast soclet provided by the
Java.io packagefor multicastingover IP addressWe discuss
the implementationdetails of eachprotocol using their class
diagrams.

B. MessageOrdering Protocol

We have implementedhe protocolas Java APIs. The class
diagramof the protocolis asshown in Fig.11.

1) clas®OutSegMsgList implements the data structure
(OSMS) in the form of linked list called OsmMsgListwith
eachnode of the list pointing to object of Msg that stores

, of application message.The insertl-
nOsmI(mldc midp,datagreatesobject of Msg and insertsin
OsmMsgListThegetinSeqMsgList(midaktrievesall themes-
sagegMsg) from osmMsgLisfor which midcis semantically
beforethem eitherdirectly or transitvely andreturnsthemto
the called function in the form of linked list of messagen

order

2) clasrderingList implementsthe data structure Or-
deringTree as collection of linked lists called segnoList One
seqnoLisis maintainedor every memberof thegroupto store
the sequencemumbersof the messagesentby the member If
sequencenumbersare continousonly the rst andlast value
are storedto save space A java.util. HashMapcalled pidMap
mapsthe identity of a procesqpid) to thelinkedlist segnoList
correspondindo the processThe isPresent(midpyeturnstrue
if midp.segnas presentin seqnoListof procesamidp.pidand
the insert(midc) inserts midc.segnoin seqgnolListof process
midc.pid

3) class MessageOrderingProtocol is called by Group-
Mangerbeforesendingmessagéo the group.It is alsocalled
afterreceving a messagdrom the groupfor orderingmessage
in  orderbeforesendingt to theapplication.Thesend(midp,
data) createddentity midc for applicationdataand sendst to
the GroupManagein the form of DataRacket object contain-
ing attributes midg, midp, gid, data The receive(DataBdket
dpkt) calls isPresent(dpkt.midppf OrderingList class, if it
receves true then calls getinSeqMsgList(midcand gets the
linked list of messageslt calls insert(mid) of OrderingList
class and inserts the identities of these messagesn Or-
deringList. It delivers thesemessageso the GroupManager
in order If isPresent(dpkt.midpyeturns false then calls
insertinOsml(dpkt.midc,dpkt.midp,dpkata) to insert the out
of sequencanessagén OSMS.

C. Group Join/Leaw Protocol

The classdiagramof the protocolin the Figl2 shaws salient
attributesand methodsof the classGrpJLProtocol.

class: GrpJLPotocol

The classimplementsthe datastructureGIIT as object of
java.util. HashMapcalled GrpinfoMap The key of the Grplin-
foMap is the object of group identity class Gid containing

Fig. 11. MessageOrderingProtocolclassdiagram

uniqueidentity for eachgroupandentry of the mapis object
of GrpInfo containing information about the group in its
attributesgid, descandjava.util.LinkedList objectscMemlList,
IMemList

1) sendAdMsg() deletesall entriescontainingvalue N/A
in grpMsgListand sendsan objectof AdMsgclasscontaining
attribute pid.

2) LinkedList getGrplinfoList(): returnslinked list called
GrpslinfoListwhosenodescontain objectsof Grplinfo which
arepresentin GrplnfoMap

3) adMsgReceigd(AdMsgadMsg) at every process(in-
cludingthe procesghatsentthe messagepn receving adMsg
calls getGrplinfoList(), getsthe linked list of the GrplInfoList
andbroadcastst.

4) updateGrplnbMap(Grplnfo recvGrplnfo): getsthegr-
pinfo from GrpinfoMap by indexing with key value recv-
Grpinfo.gid The method updatesgrpinfo.IMemListand gr-
pinfo.cMemListby doing the following. The processin-
serts each pid present in recvGrplinfo.IMemList in gr-
pinfo.IMemList Also if pid is presentin grplnfo.cMemList
thenprocessemovespid from grpinfo.cMemListThe process
inserts each pid presentin recvGrplnfo.cMemListin gr-
pinfo.cMemLisif it doesnot exist eitherin grplnfo.cMemList
or in grpinfo.IMemList

5) void grpinfoListRecv(grpinbList): For each grpinfo
object presentin grpinfoList it doesthe following. If there
is an entry in GrplnfoMap with key value grpinfo.gid then
it calls updateGrpIinfoMap(grpInfp Otherwiseit informs the
useraboutthe new groupby delivering the grpinfo to the ap-
plication throughGroupManagerlf applicationwantsto join
the groupthencallsjoinThisGioup(grplnfo)of GroupManager
which callsjoinGroup(grpinfo)elseit callsrejectGrp(grpinfo)

6) void joinGrp(grpinfo): updatesGrpinfoMap by adding
the entry grpinfo, its key grpinfo.gid and calls senddin-
Msg(grpInfo.gid)

7) void rejectGrp(grplnfo): updates GrpinfoMap by
addingthe entry N/A, its key grpinfo.gid



Fig. 12. Group Join/Leae Protocol

Fig. 13. MemberSynchronizatiorProtocol

8) senddinMsg(): createsan objectof JoinMsgclasscon-
taining attributespid, gid and broadcastst.

9) sendLeaeMsg(gid) createsan object of LeaveMsg
class with elds pid, gid and broadcastsit. It also calls
GroupManaer for destrging the objectsof MSP. MOP of
the group.

10) joinMsgReceied(joinMsg} getsthe grpinfo from Gr-
pinfoMap by indexing with joinMsggid if exists, andinserts
joinMsg.pidin grpinfo.cMemList

11) leaveMsgReceigd(leaeMsg) getsthe grpinfo object
from GrpinfoMap by indexing with leaveMsg.gid if exists
and insertsleaveMsgpid in grpinfo.IMemList It also deletes
leaveMsgpid from grpinfo.cMemList

12) createNewGroup(desc)createsnen group by doing
the following. It createsunique identity gid for the group
by incrementinggrpSeqnoand appendingprocessidentity
pid to it. It createsobject grpinfo of Grpinfo class sets
grpinfo.gid grpinfo.descto gid, descrespectiely. It inserts
processidentity pid in grpinfo.cMemListlinked list and up-
datesGrpinfoMapby addingthe entry grpinfo andits key gid.
It createggrpinfoList containinggrpinfo and broadcastst.

D. Member Syndronization Protocol

The classdiagramof the protocolin Fig13shavsthe salient
methodsand attributesof eachclass.

1) class:MemberSyncProtocolThe MemberSyncProtocol
implements the data structure GrpMsgList as a
java.util.LinkedList object called grpMsgList with
each node of the linked list pointing to object of
Msg. (Msg has elds midc,midp,data). HashMap
(ProcessSyncStatusMap(PSSM) implements the data
structure ProcessSyncStatusindexable(PSSIT) with each
entry of the mapis indexed by key value pid of processand
each entry containsthe SyncSeqgnoof latest SyncReqMsg
sent by processwith identity pid. MIR is implementedas
LinkedList called MIRList . Another HashMap MIRMap
implements MIRIndexT able for storing the objects of
MIRList indexed by key value

sendSyncReq()incrementsits syncSeqnoand creates
object of SyncMsgldclasswith elds pid, syncSeqgno,
gid. It createsobject of SyncMsgList containing the
linked list of messageshat are presentin grpMsgList
and broadcaststhe object of SyncRegMsgcontaining
objectsof SyncMsgldand SyncMsgList.
updateGrpMsgList(SyncMsgList syncMsgList) up-
datesthe grpMsgListby appendingmessageso grpMs-
gList that are presentin syncMsgListand not in grpMs-
gList. These messagesare subsequentlydelivered to
application.

receveSyncReq(syncReqMsg)at every process (ex-
cept process that sent syncRegMsg) calls update-
GrpMsgList(syncRegMsg.syncMsgList).getsthe sync-
Segno of latest syncReqMsg sent by process syn-
cRegMsg.syncMsgld.pidrom PSSM and if syncRe-
gMsg.syncMsgld.syncSeqns lessthan syncSeqndhen
it discards syncReqMsg, if greater than syncSeqno
then creates object of MIRList (with identities of
messagegresentin grpMsgList and not in syncRe-
gMsg.syncMsglList). If syncSegnois equal to syn-
cRegMsg.syncMsgld.syncSeqrben get the object of
MIRList from MIRMap by indexing with key valuesyn-
cRegMsg.syncMsgldndupdateit by removing theiden-
tities of those messagedrom MIRList that are present
in syncRegMsg.syncMsgLislt createsobjectof counter
classand startsthe counterthread.
receveSyncResp(syncRespMsg) at  process i
checks if syncRespMsg.syncMsgld.pids and
calls updateGrpMsgList(syncResMsg.syncMsgList).
Otherwise gets syncSeqgno from PSSM and if
syncRespmsg.syncMsgld.syncSegnas less than
syncSeqgnothen it discards syncReqMsg, if greater
than syncSeqgnothen createsobject of MIRList (with
identities of messagegpresentin grpMsgList and not
in syncRegMsg.syncMsgList)f syncSeqnds equalto
syncReqMsg.syncMsgld.syncSeqtiten get the object
of MIRList if one exists from MIRMap by indexing
with key value syncReqMsg.syncMsgldnd updateit by
removing the identitiesof thosemessagefrom MIRList
that are presentin syncRegqMsg.syncMsgList.
sendSyncResp(syncMsgld)gets the MIRList object



Fig. 14. ThreadedChatApplication Architecture

from MIRMap by indexing with key syncMsgld and
createssyncMsgListwith the list of messagegpresent
in MIRList. It createssyncRespMsgvith syncMsgList,
syncMsgldand broadcastsyncRespMsgdo the group. It
destrgs MIRList and updatesMIRMap.

2) class:Counter inherits Threadclass.Its only methodis
startCounter(syncMsgld).he methodtakesrandomvalueand
keepsdecrementinglf reachescountervalue reacheszero it
calls sendSyncResp(syncMsgld).

3) class:MIR : maintainsLinkedList MIRList. It contains
methoddik e putMsgld(mid),removeMsgld(mid),getMsglds()
for putting, removing, sendingidentitiesrespectiely.

E. Application dewlopmentusing M2MC APIs

For developing application,the applicationdeveloperuses
the APIs providedby GroupManageclassandimplementshe
methodsof interface ApplGrpManagerintedce.

The classGroupManager (Fig.15) of the M2MC provides
the following methodinterfacesfor the applicationdevelop-
ers.It maintainsobject of java.util. HashMapcalled grpProto-
colMap for mappingidentity of a group gid to its instances
of classedMsgOrderProtocoand MemSyncProtocol.

1) void CreateGroup(Stringdesc) is for the application
developer for creatinga new group. The argumentdesc is
descriptionaboutthe group. It getsidentity for the new group
from object of GrpJLProtocolmethod, createsinstancesof
classedMsgOrderProtocchndMemSyncProtocolandupdates
grpProtocolMap to map the identity of the group to the
instance®f classeslt callsgetGrplnfoList()of GrpJLPotocol
classgetsgrpsinfoListthatincludesgrpinfo of new groupand
broadcastst.

2) void joinThisGroup(grpinfo): is called for joining
an existing group whose identity is grpinfo.gid. It creates
instancesof MsgOrderProtocolMemSyncProtocol,updates
grpProtocolMapand calls joinGrp(grpInfo) of GrpJLProtocol
class.

3) void leawThisGroup(gid) is called if the process
wants to leave from group whose identity is gid. It calls
sendLeaveMsg(gidhethodof GrpJLProtocol

Fig. 15. GroupManagerclass

Fig. 16. Interfacefor applicationdeveloper

4) void receiveMsgfrmAppl(midp, data, gid): is called
whenthe userat groupapplicationwantsto broadcasapplica-
tion to the groupin responsdo a messagavith identity

. It calls send(midp,datapbject of classMsgOrderPro-
tocol correspondingo group with identity gid.

5) void sendAdvMsg() for adwertising the presenceof
processin the network. The method calls sendAdMsg()of
GrpJLProtocol.

TheinterfaceApplGrpMgnrinterficeprovidesthe following
APIs. TheseAPIs are called by the methodsof GroupMan-
agerand other classesof M2MC. The applicationdeveloper
implementsthe methodsprovided in the interface basedon
applicationlogic.

6) void sendMsg2Appl(LinkedList msgList, String gid):
Themethodis calledby GroupManagemethoddor giving the
applicationthe list of messageshat the processhasreceved
from the group of groupidentity gid.

7) voiddisplayNewGrouplnb(Grpinfo grpinfo): is called
by GroupManagerfor sendingidentity anddescriptionof new
groupto application.

8) void createdNewGroup(Stringid): is calledby Group-
Managerfor sendingthe identity of newly createdgroup.The
applicationdevelopercan write the applicationspeci c code
(that hasto be performedwhena new applicationgroup has
beencreated)by implementingthis method.

The class diagram of the Threaded Chat application
is shavn in the Fig 14. The classesApplGrpMngrClass,
Grouplnfowindow, ChatConsole DynaTreeNode,DynaTree,
representhe applicationlogic. The classesChatConsoleDy-
naTreeNode DynaTree,Groupinfowindow provide GUI. The
discussiorof theseclasseds beyond the scopeof the paper



