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Appendix A: PROOF OF
CORRECTNESS

Decfinition 6 [Message Chain]

A sequence of n messages gy . . 19n—1, S.t. Vk:
1<k<n-1: grecv(gk_,)gk_se — gsend(g, ), is
defined as a message chain of length n between
go and gn_1.

Lemma 3 In a syslem which supports gb, gf,
gt, and go messages only, where each g carries
g.t=(g.lyp, g.mt, g.lbt), and where a message g
is received at p; (for each p; in g.dst) only after
all messages in ils receive before set al p; have
been received, a message when received will sai-
isfy Property G.

Proof: Property Go imposes no constraints on
receipt ordering of a message. Gf and Gi(b) are
trivially satisfied since the receive before set at
p; for a gf or gt message is the same as the pro-
jection of its past on receiver p;, represented by
the j* column of g.md.
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To prove that Gb and Gi(a) are satisfied we
need to show that for each message pair g and ¢
s.t. gis a gbor gt, g.dst[j]=¢".gr[j]=1, and ¢ €
F(g), ¢ is received by p; after g. Consider any
such g and ¢. There are two possible cases:
Case 1: ¢'is a gfor a gt.

Gf and Gi(b) for ¢ ensure that at each such p;
g is received before ¢. Hence Gb and Gi(a) are
satisfied.

Case 2: ¢ is a go or a gb.

There are two sub-cases:

Case 2A: g.se=¢g.se.

Let r be the number of gb and g¢ messages sent
by p,.. to p; in F(g) N P(g).  We prove by
induction on r that Gb and Gi(a) hold.

For

base case since =0, ¢.lb{[g.se,j]=g.mi[g.se,5]+1.
Therefore g will be received before ¢. Hence Gb
and Gi(a) hold.

Assuming that Gb and Gi(a) hold for » < k. The
proof that Gb and Gi(a) hold for r = k + 1 fol-
lows from the following facts: (1) 3 ¢ ¢"is a gb
or gt sent by p, . to p; such that ¢’ € F(g) N
P(d), (2) gis received before ¢’ (r < k), and (3)
g is received before ¢ (r < k). Hence the proof.
Case 2B: g.se#£(.se.

Let ¢" be the last message sent by p
N P(g).

Since ¢' € P(4), a message chain from ¢" to
¢ would always exist (follows from definition).
Also, all possible message chains from ¢” to ¢
would contain exactly one message (i.e., ¢") sent
by g.se; otherwise ¢’ would not be the last mes-
sage sent by p_ .. in F(g) N P(g). Thus,
¢".1bt[g.se,j]=4g.Ibt]g.se,5]. (1)

Now consider the last gb or g¢ message sent by
P, .. to pj, denoted by ¢, in F(g) N[P(g) U{g}-
If ¢"=g then from (1) ¢.lbii, jl=g.mi[i, j]+1,
i.e., ¢ is received after g. Otherwise, i.e. if ¢"#g,
then from case 2A ¢ is received at p; before ¢,
and ¢" is received at p, before ¢. Thus ¢ is re-
ceived at p; after g. ]

in F(g)

g.s¢e

9i.e., number of gb and gt sent by g.se after sending g
but before sending ¢ with p; as their destination.



