
confirms to ‘~ fl 1~. The? kernel at each site

knows this “less than” r-elation. A message re-

ceipt ordering permitted by CM can also be per-

mitted using CBCAST by appropriately defining

the labels. Since the message receipt ordering is

a subset of 13, it can be captured by the times-

tarnping scheme proposed in [2]. These times-

tamps can in turn be used as clabels. 8

In the new version of ISIS [3] the relation ‘~

is the same as l%m. Except for process groups,

this implermmtation is similar to Psync.

Since GS permits variable number of destina-

tions for each message, process groups can be

implerrwnted in a system supporting GS by ap

pr-opriatcly defining g. did, for each g, to reflect as

destination all processes in the group in which g

is sent. Similar to ISIS, causality is also honored

between groups.

It has been observed that many interesting al-

gorithms in distributed systems require reason-

ing about messages in terms of past and future

of a message. As opposed to other one-t-many

communication primitives [3, 4, 7, 16, 17] the GS

primitive provides a clear way to rm.son about

the past and future of messages. This reason-

ing simplifies algorithm design and development

and aids in correct mws proofs of the same while

permitting additional communication level con-

currency.

7 Conclusions

In this paper we proposed a one-tcrnany com-

munication primitive GS which has two proper-

ties: first it ensures global jlush property, which

is an refined version of flush property. Second, it

provides the ability to name a group of processes

as a dest inat ion of a message. We explored ap-

plications of GS primitive and then presented a

counter based inl!~lexrlcr:tatior~.

Use of the GS primitive simplifies algorithm

design in a distributed environment by providing

abstractions to aid in reasoning about message

receipt ordering at other recipient. By using GS

prirnitivc, rmxhanisrns to implement rnessa,ge re-

ceipt ordering requirrd in an application are sub-

8This assumes that tbc underlying kernel knows how

to compare these label.

sumed by the underlying system. Use of the GS

primitive simplifies algorithm development in a

distributed environment because the receipt or-

dering is ensured by the communication layer as

opposed to the case when it needs to be ensured

by the application itself. It provides a clear way

to reason about the past and the future of a mes-

sage.
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Appendix A: PROOF OF

CORRECTNESS

Definition 6 [Message Chain]

A sequence of n messuyes go,. . . ,g~–1, S. t. ‘dk:

1< k s n – 1 : grecz~(g,_, )q~.., ~ gsend(gk), ~S

defined as a message chain of length n between

gO and gn_l.

Lemma 3 In a system which supports gb, gj’,

gt, and go messages only, where each g carries

g. t=(g. typ, g.mt, g.lbt), and where a message g

is received at pl (for each pj in g. dst) only after

all messages in its recciue before set at p~ have

been received, a message when received will sat-

isfy Property G.

Proofi Property Go irnposw no constraints on

receipt ordering of a message. Gj and Gt( b) arc

trivially satisfied since the receive before set at

p~ for a gj or gt message is the same as the pro-

jection of its past on receiver pj, represented by

the jfh column of g.mt.

To prove that Gb and Gt(a) are satisfied we

need to show that for each message pair g and ~

s.t. g is a gb or gt, g.dst~]=g’.gr~]=l, and g’ ~

X(g), g’ is received by pj after g. Consider any

such g and g! There are two possible cases:

Case 1: ~is a gfor a gt.

Gf and Gt( b) for g’ ensure that at each such Pj

g is received before ~. Hence Gb and Gt(a) are

sat is fied.

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 gt messages sent

by pg,~= to pj in .F(g) n P(d. 9 We prove by

induction on r that Gb and Gt( a) hold.

For

base case since r=O, g’.ibt[g.se,j]=g. mt[g.se,j]+l.

Therefore g will be received before g’. Hence Gb

and Gt( a) hold.

Assuming that Gb and Gt(a) hold for r < k. The

proof that Gb and Gt(a) hold for r = k + 1 fol-

lows from the following facts: (1) 3 g? g“ is a gb

or gt sent by p~.= to ~j such that # = ~(g) fl

T(g’), (2) g is received before g“ (r < k), and (3)

g“ is received before g’ (r < k). Hence the proof.

Case 2B: g.se#~.se.

Let g“ be the last message sent by pg.== in %(g)

n P(~.

Since g“ c P(~, a message chain from g“ to

~ would always exist (follows from definition).

Also, all possible message chains from g“ to g’

would contain exactly one message (i.e., g“) sent

by g.se; otherwise g“ would not be the last mes-

sage sent by P,== in f(g) (1 P(g’). Thus,

~’.lbt[g.se,j]=~. ibt[g.se,j]. (1)

Now consider the last gb or gt message sent by

p,.= to pj, denoted by g“~ in Y(g) n[~(g’) U{g}.

If fl=g then from (1) cj.lbt[i, j]=g.mt[i, j]+l,

i.e., g’ is received after g. Otherwise, i.e. if g“’#g,

then from case 2A g is received at pj before g’”,

and ~“ is received at pj before ~. Thus g’ is re-

ceived at Pj after g. ❑

‘i.e., number of gb and gt sent by g.se after sending g

but before sending g’ with pj as their destination.
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