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init:
1) apmg;< {}
2) seq;< 0
When C-broadcast (m) is invoked by process P; do
3) seq; <« seq;+1;
4) Broadcast (MSG);
5) Let MSG be apmg; U (m,i,seq;);
6) apmg; < {}

When received (MSG) from P; do
7) Let MSG be (m4, i4,Seq),...,(M;_4, i;_1,5€q;_1) , (M, i, seq;),(m,i,seq;)

8) if P; previously has been C-Delivered (m) then

9) Drop(m);

10) else

11) Forx=1tol—1do

12) if MSG contain m, that not yet C-Delivered then

13) if P; previously has been C-Delivered (my_q ,i,, seq, — 1) then
14) delivers(m,);

15) apmg; < apmg; U {(m,,i,, seq,)}
16) delivers(m);

17) apmg; < apmg; U {(m,i,seq;)}
18) else

19) Wait for T time;

20) delivers(m);

21) apmg; « apmg; U {(m.i,seq;)}
22) end if;

23) else

24) Drop(m);

25) end if;

26) end For;

27) end if;
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in areas such as distributed data management, mutual
exclusion, and concurrent communications, the need for
efficient and reliable algorithms to preserve causal
relationships among messages has become more
pressing than ever. This research introduces a novel
algorithm called LCUC, designed by drawing
inspiration from existing algorithms and addressing their
shortcomings.

With the increasing development of distributed systems
and the importance of interactions among their nodes,
selecting message exchange algorithms that are
compatible with system characteristics has become a
necessity. Causal broadcast algorithms, as a key tool in
this domain, preserve the causal relationship between
messages. In this study, an algorithm called LCUC is
introduced, designed with inspiration from the concepts
of "reducing communication complexity" and
"managing unreliable communications.” This algorithm
addresses two primary challenges in asynchronous
distributed  systems:  reducing  communication
complexity and accommodating unreliable
communications. This paper reviews previous causal
broadcast algorithms, identifies their limitations, and
proposes a new algorithm for distributed systems with
unreliable communications that performs optimally
under normal process conditions. The algorithm resolves
existing issues using supplementary messages and
demonstrates that its communication complexity is O(n),
ensuring proper message delivery even in the event of
communication problems. In another part of this
research, the presence of faulty processes is considered,
and the probability of message loss and its impact on
violating causality order is analyzed using the Poisson
distribution model. Findings indicate that as the number
of faulty processes increases, the probability of violating
causality order also increases.
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Abstract

This study focuses on the design and analysis of a causal
broadcast algorithm that specifically addresses two
fundamental challenges in distributed systems: reducing
communication complexity and ensuring fault tolerance
in the presence of unreliable communication. With the
rapid growth of distributed systems and their critical role



