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Overview Reliability Through Formal Models
Group Communication (GComm) enables processes in a Formal modelshelp software developersgain more confidence in the algorithmsthey
distributed system to dynamically organize into groups and produce. For our GComm library we have developed several modelsto help usverify the

exchange (broadcast) messagesin a decentralized manner. correctness of certain aspectsof our protocol.
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Total order. In each group messages are received in the order they are sent. | niatediewChangs BOET I newiw p o
Messagessent in different groupsare also subject to a total order. E— | Spin Model
Atomic multicast. A message sent to a group isreceived by all members of
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OCAML Implementation
performance and MOore ContrOI Of the G \ Group D Verified modelscan be used to directly drive the devieopment of an
i Implementation system. The use of two equivalent modelsisnot necessary,

COMm p U tat 101 Ste pS' Leader'sGroup FOrm al PrOOf but doesincrease confidence in correctness.
Speculative execution Can pbe efficiently |mplemented using a We employed a formal [ Correctness “
gI'OUp COmmun|Cat|O|n Ilbrarydthat p rOVIdeSfa tOtthOrder Of prOOf {0 reason abOUt Consistency Algorithm The following property always holdsin the absence of failures
messages,atomic multicast and consistency of view changes. for each processPin the system:

g y g the CorreCtneSS Of the Uncontacted <- All nodesexcluding self Hther _

. DO ProcessP hasthe Maximum Last Message (MLM)
@ ) i ) 0 ) [ ) - 0 ConSIStenCy phase Of p <- CHOOSEa node in Uncontacted OR

| read P Sync with p There isa processthat P hasnot contacted that hasthe MLM
I Z % our GCOmm prOtOCOl IFLastMessage updated by Sync

L ) Thisisbecause, at each step, one of three eventshappens:

THEN Uncontacted <- All nodesexcluding self
(Where pI‘OCGSS agl‘ee ELSEremove p from Uncontacted : 1.ProcessP already hasthe MLM and the sync doesnot
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Speculation S1 Speculation S1 Speculation S = merger(S1,52) on the |ast message WHILEUncontacted isnot empty 2.%?223:8tl3his?/ncswithaprocessthatdoeshave the MLM
Objects inside the same speculation A merger of the two speculations A new group is formed from the merger of Sent N the prev|0 US Lnjfgrgilrﬁfne%?gfoocdoel for the "catch-up”stage of 3.bPL(iCPesStSiIIIDr?zg(ir?c\:\;gg?ozrec;(;gi:lgétltitdr?ae:nnoottchoar:/tE;é?:dMLM’
belong to the same group. Messages to ~ is broadcast in the initial two  the two initial groups.All further speculative _
other groupsrequire reorganization groups. actionsare broadcast in the new group. V|eW). Thus, when every process hascontacted every other process,

i each processnecessarily hasthe MLM locally. )
Related Projects rsy\
MPI - The communication guarantees provided by MPIl do not apply to overlaping ©3 Q3 Qs Q3
groups,making GComm a better solution for group communication. 4\01 Qs Qs Qs
Ensemble - Givesstrong guaranteesabout message passing in one group but does A yne sync
not allow overlapping mergersand multiple eventsat the same time. @ ‘stMessage @ O ®
Spread - Is widely used for providing reliable group communication, however, it 2 2 3 3

doesrequire a static overlay network. | |
Newtop - Good theoretical resultsbut no existing implementation based on it. Example run of Consistency with three processes



