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1 Introduction

The distributed applications like groupware are re-
alized by a group of multiple processes. The processes
in the group have to make consensus in order to do
the cooperation among them. There are kinds of con-
sensus protocols [2, 3]. In the atomic commitment [1],
each process cannot change the mind after notifying
other processes of the vote. However, in the human
society, individuals often change the minds even after
notifying others of the votes. In addition to the atomic
commitment, various kinds of decision logics have to
be adopted. When considering the cooperation of mul-
tiple processes, we have to think about what process
coordinates the cooperation among the processes. We
have to consider the distributed control where there is
no centralized controller. In this paper, we discuss a
general consensus protocol [5].

In section 2, we present a general model of consensus
protocol. In section 3, we discuss the ordered relation
on the values taken by the processes. In section 4
and 5, the global decision and coordination schemes
are discussed. In section 6, we would like to discuss
extended 2PC protocol based on the general model.

2 General Consensus Model

A distributed system is composed of multiple pro-
cessors interconnected by communication networks. A
distributed application 1s realized by the cooperation
of n (> 0) processes p1, ..., pn, where each p; is
computed In one processor. 'In the distributed appli-
cations, p;, ..., p, have to make consensus among
themselves. The commitment protocols [1] are used
as the consensus ones where the following points are
assumed:

1 no process can change the opinion after voting,
2 the decision logic is all-or-nothing principle,
3 there is one centralized controller,
4 process is not autonomous, i.e. it obeys the de-
cision of the coordinator, and
5 No dominates Yes, i.e. processes voting No
abort unilaterally without waiting for the deci-
sion from the coordinator.
The general consensus protocol has to take into ac-
count the following points :
1 each process can change the opinion,
2 each process can express the opinion No-idea
and Anyone — OK in addition to Yes and No,
3 various kinds of decision logics like all-or-nothing
and majorily-consensus can be adopted,
4 each process may be autonomous, and
5 there are kinds of coordination among the pro-
cesses, 1.e, centralized or distribuied scheme.

[General consensus protocol]
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1 Each p; expresses the opinion. p; notifies all the
processes of its opinion pv; which is named pre-
vole of p;. This step is pre-voling.

2 p; receives pvy, ..., pv, from py, ..., p,l p,
makes a local decxslon based on pvl, ceey
p; expresses the opinion pv; obtained by the lo-
cal decision. Formally, p; obtains the vote v; =

Vi(pvy, ..., pv,). This step is voting.

3 For the votes vy, ..., vy, a global decision v =
GD(vy, ..., vy) is obtained. This step is global
decision.

4 p; obtains v. Based on v and v;, - - -, v, p; makes
the final local decision and obtains d; = LD;(v,,
vy Un, v). This step is final local decision. O
Let D be a set {di,---,dm, 1, T} of values.
dy,-++,dy, are proper values. L means that it is not
decided which one from dy,---,d,, is taken. T means
that any of dy,---,d,, is allowed.

3 Dominant Relation on Values

A local state of each process p; is given as a tuple
(pv;, v;, d;) where pv; is the pre-vote, v; is the vote,
and d; 1s the value finally decided by p;. p; changes
the local state on receipt of messages. For every state
(a,b,c,b:c:lifa:_L,andc:J_ifb:_L. A
state (a,b,c) is transitable if b= L or c = L.
[Deﬁmtlon] For a,b, and ¢ € D, if (a,b, 1) is tran-
mtabl)e to (a, b, c), ¢ is dominates bif b # ¢ (written as
b<c
a < b means that p; can change the pre-vote or vote
from a to b. @ = b means that neither a > b nor a < b.
a > b means that @ > b or a = b. (0,0,0) means
that a process voting 0 aborts. (1,1,.1) means that
the process votes 1. (1,1, 1) is transited to 1,1,1) if
the process commits, (1 1 0) if the process a orts.

Thus, D is partlally ordcred on <. Since T can be

changed to any value in D, T a bottom of D, i.e. for
everydin D, T < d. A proper value d in D is minimal
in D iff there is no proper value d; in D such that
dy < d. If D has only one minimal value d, minimum.
p; can vote the minimum d instead of votmg T.
[Definition] A valued in D is ma:mma.l in D iff there
1s no value d; in D such that d < d;.
If there is only one maximal value d in D d is the top
of D. If p; votes the maximal value d, p; never changes
the mind because d cannot be changed to any value.
For every pair of d; and dj, in D, d; U d; denotes the
least upper bound (lub) of d and dn.

Let (a,b,c) be a state. If b is maximal in D, c has to
be b because process voting b cannot change the vote.
Hence, if b is maximal, ¢ = b, i.e. {a,b,b).
[Definition] (a,b,c) with maximal b is mazimal.O
States which are not maximal are irensilable. Here,
let us consider a transition from a state (a, b1, c1) into
(a, b2, c3) where by is not maximal. If b; < by, or
by = b2 and ¢; < c32, {(a,b1,c1) can be transited into
a,ba,c3). (1,1,1) can be transited into (1,1,0) and

1, 1,1) while (0 0,0) cannot be transited. Processes
which are in a transitable state after voting have to
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wait for the global decision. On the other hand, pro-
cesses which are in a maximal state can terminate,
because they made their final decisions already.
[Example] Let us consider that n persons py,:--,pn
would make agreement on where to go. Here, that
there are three opinions, ie. go skiing(K), go
swimming(W), and go to hot springs(H ). |3 denotes
«a orDﬁ. af3 denotes o and 3. Figure 1 shows a lattice
on D. O

H: hot spring

W: swimming

HWK K: skiing
/T\A-’ B: B dominates A
HW HK WK
H W K
Hlw HIK WK
H|w|K

Figure 1: Lattice on D

4 Global Decision

There are the following kinds of global decisions:

1 Commitment decision : GD(vy,...,v,) = 1 if
every v; = 1, GD(vy,...,vn) = 0 if some v; = 0
where D = {1,0, L, T}.

2 Majority-consensus decision on v: GD(vy, ...

vin) = v if Huwlyy = v} > %, otherwise
GD(vy,...,vn) = vy U U,

3 (1 )-decision on v: GD(vy,...,vs) = v if every
v; = v for every i, otherwise GD(vy,...,v,) =
v U---Uu,.

4 () -decision on v: GD(v1,...,v5) = v if

H{vilvi = v} > r, otherwise GD(vy,...,v,) =

vyJ---Uu,.

Minimal-decision: GD(vy,--+,v,) = 11U- - -Uvy,.

6 Super-vote: GD(vy,--+,v,) = v; if p; has the
highest priority.

[3,]

5 Coordination Schemes

If one process po named coordinator coordinates
the cooperation of py,---,p,, it is cenirelized con-
trol. If there is no centralized controller, it is dis-
tributed control. Here, each p; sends the pre-vote pu;
to p1,...,Pn. On receipt of pvy,...,pv,, p; makes
the local decision of v; = Vi(pvy,...,pv,) by itself.
p; sends the vote v; to p;,...,ps. On receipt of
V1,...,Vn, every p; makes the same global decision of
v = GD(v1,...,v.). Then, p; makes the final local
decision of di = LD;(v;,...,vs,v). Each p; has the
same G D and makes the decision by itself on the basis
of GD. p; can make the decision without waiting for
the decision from the coordinator.

6 Extended Commitment Protocol

As presented before, each process can vote either
1(Yes) or 0(No) in the 2PC protocols. We would like
to extend the commitment protocol so that each pro-
cess can vote L ( No_ idea) and T (Anyone-OK). In
the commitment protocol, each process p; may not be
able to vote even if p; receives Vote Req from the co-
ordinator pg, e.g. p; is too heavy-loaded to vote. In
such a case, p; can vote L.

[Basic protocol]

1 The coordinator py sends VoteReq to py,...,Pn.

2 On receipt of Vote Req from pg, each p; sends 1,
0, 1, or T to po.

3 If po receives 1 from all the processes and pg
would like to commit, po sends Commit to
P1, .-, Pn. If po receives 0 from at least one pro-
cess or pp would not like to commit, po sends
Abort to all the processes voting 1, L, or T. If
po receives T from all the processes, every p;
obeys po’s decision.

4 Here, some p; votes L. If all the decided pro-
cesses vote 1, pg sends Commitable to the unde-
cided processes.

5 If p; votes L, on receipt of Commitable, p; sends
1 to po if p; could commit, 0 to po if p; could
abort. p; sends L to pp again if p; still could
neither decide 1 nor 0.

6 If pp could not receive 1 or 0 from all the unde-
cided processes after sending Commitable m(>
1) times, py sends Abort to all the processes.

7 After voting 1, 1, or T if p; receives Abort from
Po, pi aborts. After voting T and 1, if p; receives
Commit from pg, p; commits. O

7 Concluding Remarks

This paper discusses general framework of various
consensus protocols. The general consensus protocol is
composed of four steps, i.e. pre-voting, voting, global
decision, and final local decision. We have described
various consensus protocols in terms of the model.
By composing the procedures for pre-voting, voting,
global decision, and final local decision, we can make
the consensus protocols required in the applications.
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