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« Edenis aGroupCommunicatiorService GCS)

« It hasbeendevelopedwith fault-tolerancen
mind, andto beintegrated/coupleavith a
commercialORB.

* It hasbeendevelopedusingJaral.2,andis
dividedinto two mainpackages
« Eva: aneventbasedarchitecturdor building
highlevel protocols

« Adam: the GCSpackagatself thatrelieson
anGenericAgreementramavork (GAF)
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Task 1
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Task 1
send (PROPOSITION< p;, r;, est; >) toall;
upon receipt of PROPOSITION< pj,rj, est; >)
Task 2
wait (50 ms);

 Building distributedalgorithmsis a difficult task.
» Most of the protocolsdescribedn theliterature,
arewritten with areactve modelin mind.

« Thealgorithmis decomposethto
autonomousasks

« Eachtaskcansendmessagesegactto the
receiptof amessageheexpiry of atimeout.
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« EventBasedArchitecture
» This mimicstheway protocolarewritten
« Efficiengy obtainedby thefollowing

technologies

« Eventsaremanagedhroughthe useof
factories.

« Serialization/deserializatioof eventsis
tightly coupledwith factories.

« Evasupportghe partialdeserializatiorof
eventsin orderto testtheir freshness.
Network delayedeventsarequickly garbagec
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« Thebuseventarchitecturas basicallylocal.

« However, it needgo beextendedoy somemean
to the network

» To leave the programmethechoiceof its
network protocol,we have choserto integratethe
network by the meanof two specials
consumer/producer

« A genericconsumenf eventsthatareto be
sentover the network, callednaotifier.

» A genericproducerof eventsthatareto be
recevedfrom the network, calledlistener
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» Thereexits multiple instantiationf notifiersanc
theirassociatedisteners

« UDP
« UDP multicast
« TCP
» Thecombinationof factoriesand

serialization/deserializationf eventsis
problematigbecaus®f Java)
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« EventoughEvais structuringthe protocolsas
graphsthetraditionalprotocolstackoften

reappears.

 Indeed,t Is very currentthatsomeeventsgoes
througha chainof producers/consumeb&ing
furtherinterpretedat eachlevel :

« It isthenpossiblefor theeventto bediscarde
at arny stageof theprocesssinceilt Is too old.

« Or for apartof theeventto bestored,while
waliting for missinginformations.

» Thispleadsn favor of a hierarchicalstructurefor
events.
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 Eventsthatcanbesentoverthenetwork are
providedwith aninterfaceto manage

e Thetreestructureof associate@vents

« Theserialisation/deserialisatiaf atopmost
event(root of atree)
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* Evais aneventbasedarchitecturdor building
highlevel protocols

« It Is efficient, while atthe sametime maintaining
easeof use.

* It hasbeensuccessfullyusedandintensvely
delhuggedduringthe codingof Adam.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.14/?



Eden: a ConsensuBasedGroupCommunicatiorSystem- p.15/?



Eden: a ConsensuBasedGroupCommunicatiorSystem- p.16/?



« GroupCommunicatiorbervicedGCS)have
beendevelopedto simplify the creationof
distributedapplications

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.16/?



« GroupCommunicatiorbervicedGCS)have
beendevelopedto simplify the creationof
distributedapplications

» They provide strongsemanticprimitives:

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.16/?



« GroupCommunicatiorbervicedGCS)have
beendevelopedto simplify the creationof
distributedapplications

» They provide strongsemanticprimitives:

« Atomic Broadcasto provide atotal orderon
the setof messagebroadcaswithin the

group

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.16/?



« GroupCommunicatiorbervicedGCS)have
beendevelopedto simplify the creationof
distributedapplications

» They provide strongsemanticprimitives:

« Atomic Broadcasto provide atotal orderon
the setof messagebroadcastvithin thegrour

* Membershipo trackthe changeof
membershipvithin thegroup

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.16/?




« GroupCommunicatiorbervicedGCS)have
beendevelopedto simplify the creationof
distributedapplications

» They provide strongsemanticprimitives:

« Atomic Broadcasto provide atotal orderon
the setof messagebroadcastvithin thegrour

* Membershipo trackthe changeof
membershipvithin thegroup

* View Synchroy (VS) thataimsat
synchronizinghetwo previousserviceshy
determiningthe setof message® beordered
beforeaview changecantake place
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Toug) algorithmfor solvingconsensusgsing<®S
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* However, it hasbeenimprovedto take into
accountalarge spectrunof practical
requirements

« Versatility

 Efficiengy

« DynamicalAdaptationto the Network
Conditions

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.18/?




Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



 GAF usegherotatingcoordinatomaradigmlike
iIn CT algorithm.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



 GAF usegherotatingcoordinatomaradigmlike
iIn CT algorithm.

» Thealgorithmprogresseby round.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



 GAF usegherotatingcoordinatomaradigmlike
iIn CT algorithm.

» Thealgorithmprogresseby round.

« Eachroundis coordinatedy aunigue
coordinatordeterminedy theroundnumber

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



 GAF usegherotatingcoordinatomaradigmlike
iIn CT algorithm.

» Thealgorithmprogresseby round.

« Eachroundis coordinatedy aunigue
coordinatordeterminedy theroundnumber

» Thecoordinatointriesto collecta majority of
estimationssaluesof thefinal decisionduringthe
round.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



GAF usegherotatingcoordinatomaradigmlike
iIn CT algorithm.

Thealgorithmprogresseby round.

Eachroundis coordinatedy a unique
coordinatordeterminedy theroundnumber

Thecoordinatontriesto collecta majority of
estimationssaluesof thefinal decisionduringthe
round.

In asecondohasejf it hasbeenableto collect
sucha majority, it computesandbroadcasa
proposition.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?




« Thealgorithmprogresseby round.

« Eachroundis coordinatedy aunique
coordinatordeterminedy theroundnumber

» Thecoordinatontriesto collecta majority of
estimationssaluesof thefinal decisionduringthe
round.

* In asecondohaself it hasbeenableto collect
sucha majority, it computesandbroadcasa
proposition.

* To becomehefinal decision this proposition
mustberecevedandacknavledgedby a
majority of processes.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



« Eachroundis coordinatedy aunique
coordinatordeterminedy theroundnumber

» Thecoordinatortriesto collecta majority of
estimationssaluesof thefinal decisionduringthe
round.

* In asecondohaself it hasbeenableto collect
sucha majority, it computesandbroadcasa
proposition.

» To becomehefinal decision this proposition
mustberecevedandacknavledgedby a
majority of processes.

* A processhatrecevesthe propositionfrom the
coordinatoyretainsit for its new estimation.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



« Thecoordinatortriesto collecta majority of
estimationssaluesof thefinal decisionduringthe
round.

* In asecondphase]f it hasbeenableto collect
sucha majority, it computesandbroadcasa
proposition.

» To becomeahefinal decision this proposition
mustberecevedandacknavledgedby a
majority of processes.

« A processhatrecevesthe propositionfrom the
coordinatoyretainsit for its new estimation.

* To avoid concurrenanddifferentdecisionseach

estimations taggeadwith theroundduringwhich
It Wa.S retal n ed . Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?
SSLELLSSSSSSSSSSSSSSSSSSSSSSSSSSSESSESESESESESESESESESSSEESSSSSESEEESE



* In asecondphase]f it hasbeenableto collect
sucha majority, it computesandbroadcasa
proposition.

» To becoméahefinal decision this proposition
mustberecevedandacknavledgedby a
majority of processes.

» A procesghatrecevesthepropositionfrom the
coordinatoyretainsit for its newv estimation.

» To avoid concurrenanddifferentdecisionseach
estimations taggeadwith theroundduringwhich
It wasretained.

« Initially, estimationsaretaggeawith 0.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



» To becomeahefinal decision this proposition
mustberecevedandacknavledgedby a
majority of processes.

« A procesghatrecevesthepropositionfrom the
coordinatoyretainsit for its newv estimation.

* To avoid concurrenanddifferentdecisionseach
estimations taggeawith theroundduringwhich
It wasretained.

« Initially, estimationsaretaggeawith 0.
* \WWe have improvedtheoriginal CT algorithmby :

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



« A procesghatrecevesthepropositionfrom the
coordinatoyretainsit for its newv estimation.

 To avoid concurrentanddifferentdecisionseach

estimations taggeadwith theroundduringwhich
It wasretained.

« Initially, estimationsaretaggeawith 0.

* \WWe have improvedtheoriginal CT algorithmby :

« We donotuse<S failuredetectorsinstead
we areusingfixeddurationrounds.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



e To avoid concurrenanddifferentdecisionseach

estimations taggeadwith theroundduringwhich
It wasretained.

« Initially, estimationsaretaggedwith 0.

« \WWe have improvedtheoriginal CT algorithmby :

« We donotuse<sS failuredetectorsinstead
we areusingfixeddurationrounds.

» Thisremovesthe necessityof reliable
channels,

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?




e To avoid concurrenanddifferentdecisionseach

estimations taggeadwith theroundduringwhich
It wasretained.

« Initially, estimationsaretaggedwith 0.

« \WWe have improvedtheoriginal CT algorithmby :

« We donotuse<sS failuredetectorsinstead
we areusingfixeddurationrounds.

» Thisremovesthe necessityof reliable
channelswhile atthe sametime requiringa
goodsynchronizatiorbetweerclocks.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?




« We have improvedtheoriginal CT algorithmby :

« We donotuse<sS failuredetectorsinstead
we areusingfixeddurationrounds.

« Thisremovesthe necessityof reliable
channelswhile atthe sametime requiringa
goodsynchronizatiorbetweerclocks.

» Torelaxthisassumptionwe areusinga
window mechanism.

Eden: a ConsensuBasedGroupCommunicatiorSystem- p.19/?



« We have improvedtheoriginal CT algorithmby :

« We donotuse<sS failuredetectorsinstead
we areusingfixeddurationrounds.

« Thisremovesthe necessityof reliable
channelswhile atthe sametime requiringa
goodsynchronizatiorbetweerclocks.

» Torelaxthisassumptionwe areusinga
window mechanism.

« Thisenableghecoordinatorof aroundto
take Into accountmessagesomingfrom both
thefutureandthe past.
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« We have improvedtheoriginal CT algorithmby :

We take adwvantageof thefactthatthe
coordinatorcollectsa majority of estimations

It cancomputea moresignificantproposition
by mixing all the estimationsvhenthey are
all taggeawith 0.

Processeareallowedto proposeempty
values.

As long as,no nonemptypropositionfrom
the coordinatorhasbeenmade they can
Improve their estimations.

This hasprovento bevery efficientto improve
thethroughputnesesf atomicbroadcast.
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» \We allows the programmeto solve multiple
agreemenproblemsatthe sametime.

« Todothis,eachdecisiontakenby GAF Is a
vectorof subdecisionsOneentry by
agreemenproblemso solwve.

« Someof thedecisionsmaybeempty
decisions.

« Thisis madepossibleby the previous
Improvementaboutmultiple initial
propositionsandemptypropositions.
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It helpstrackingthe groupcompositionchanges,
but alsobecausdt helpsgarbagingold broadcast
messagethatwerestill storedfor possiblefuture
retransmissions.

* However, we alsoneedto synchronizeatomic
broadcaswith membershipto determinezach
time aview changeoccursafterwhichmessage
(atomicallybroadcastyvill thischangeade
Installed.

» Thisisthegoalof Virtual Synchroiwy (VS).
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« \We mostlyrely ontheability of GAF to decide
for multiple agreemenproblemsatthe same
time.

« Thatmeanghatwe have two agreement
subdecision$or eachdecisiontakenby GAF :
A first subdecisiorfor atomicbroadcast;
» A secondsubdecisiorfor membership.
« With this systemwe do not needto instantiateas

mary GAF objectsasagreemenproblemswe
have to solve

» This approaclsaresmachineresourcesandalso
naturallysynchronizanembershipvrt atomic
broadcast.
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 GAF makespossibleto dynamicallyaddand
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 GAF makespossibleto dynamicallyaddand
remove agreemenproblemson which decisions
aretaken.

« Thismakespossibleto have initially only one
agreementield in decisions.This field would be
usedby Adamto agreeon the orderof
iInsertion/remuing of othersagreement
problems.

* In thecurrentimplementationthisis done
staticallyin thecode. Also, it would bepossible
to have anotheragreementield, usedto negotiate
the QoSprovidedby GAF.
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« Edenhasbeensuccessfullynterfacedto two
differentORBsto provide a partial
Implementatiorof FT-Corba:
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« Edenhasbeensuccessfullynterfacedto two
differentORBsto provide a partial
Implementatiorof FT-Corba:

« CommercialORB, orbacus

 ResearclORB, orbus, INRIA/South East
University of Nanjig (China)cooperation.
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« Edenhasbeensuccessfullynterfacedto two
differentORBsto provide a partial
Implementatiorof FT-Corba:

« CommercialORB, orbacus
 ResearclORB, orbus, INRIA/South East
University of Nanjig (China)cooperation.

e OnecanalsouseEdenin astand-alondashionto
createagroupareplicatedseners.
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