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ABSTRACT
This paper introduces a ”k-bounded set object”, namely a
shared object with limited memory that allows processes to
add and remove values as well as take a snapshot of its con-
tent. The interest of the k-bounded set lies in the fact that
it can be used to program useful abstractions for dynamic
distributed systems, such as an eventual participant detec-
tor.

Categories and Subject Descriptors
H.3.4 [Information Storage and Retrieval]: System and
Software—distributed systems; D.4.2 [Operating Systems]:
Storage Management—distributed memories; D.4.5 [Operating
Systems]: Reliability—fault-tolerance

General Terms
Reliability, Theory

Keywords
k-bounded set object, Continuous accesses, Churn, Dynamic
distributed system, Infinite arrival model, Eventually Syn-
chronous system.

1. INTRODUCTION
One of the main aspects of à-la-google distributed comput-

ing is to help non-stop processing of data objects, possibly
residing on a large number of machines, deployed on top
of a message-passing distributed system (e.g. datacenters).
These data are continuously and frequently updated and re-
trieved by hundreds or thousands of users (either processes
or software modules) for applicative, profiling, mining or ac-
counting purposes. The traffic accessing such data objects is
continuous and may reach hundreds of thousands of requests
per second (data object accesses are non-quiescent). Addi-
tionally, these objects are implemented in a setting with an
high degree of self-management due to the huge number of
software and hardware components. As a consequence, data
objects must tolerate continuous arrivals and departures of
processes due to failures, maintenance procedures, etc. Said
differently, the object implementation must resist to con-
tinuous churn (churn is non-quiescent). Hence, there is the
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need to define suitable data structures that support concur-
rent accesses guaranteeing, in a deterministic way, a degree
of consistency which is adequate to solve a given problem
and whose implementation is both done using finite mem-
ory and working in the presence of continuous churn and
without assumption on a bound on the number of accesses.
An example of such objects is the set object [3]. A set ob-
ject is a shared object storing a (possibly empty) finite set of
values. A process can acquire the content of the set object
through a get operation while it can add (remove) an ele-
ment to the set object through an add (remove) operation.
It has been shown in [4] that the implementation of such set
object requires infinite memory in non synchronous settings
when the set object is under continuous both churn and ac-
cesses. This impossibility result comes from the following
simple observation: considering the domain of the values
stored in the set arbitrary but finite, there is the need to
store all the execution history1 in order to get the precise
state of the set during a get operation [4].
This paper thus introduces a weaker form of set called k-
bounded set object, which is implementable in an eventually
synchronous distributed system with churn, continuous ac-
cesses and finite memory. Informally, a k-bounded set object
is a set that has limited memory of the execution history.
In particular, given a get()operation, a k-bounded set be-
haves as a set where the execution history is limited only
to the k most recent update operations. In this way, k can
be used as a parameter to trade in-memory availability on
the node, used to implement the object, with the need to
approximate precisely a set object. We show additionally
how a k-bounded set can be used to implement interesting
abstractions such as participant detectors in dynamic dis-
tributed systems [5].

Roadmap. After discussing the related work in Section
2, Section 3 describes the system model. Section 4 intro-
duces the k-bounded set abstraction and then describes an
implementation. At the end of this section, how to use a
k-bounded set to build an eventual participant detector is
shown. Section 5 concludes the paper.

2. RELATED WORK
Regular Registers in Dynamic Distributed Systems.
In [12], the authors deal with the implementation of an
atomic R/W object where the churn is abstracted by the
notion of system reconfiguration. A reconfiguration could

1Given a get()operation, its result depends from all the op-
erations invoked in its “past”.



happen every time there is a process joining or leaving the
system. To be valid a reconfiguration requires processes
to agree upon an unique sequence of configuration changes.
This agreement implies the need of consensus and thus can-
not be implemented in a fully asynchronous system. In [1]
Aguilera et al. show that an atomic R/W object can be re-
alized without consensus and, thus, on a fully asynchronous
distributed system provided that the number of reconfigu-
ration operations is finite and thus the churn is quiescent 2.
Finally in [2] we proved that if the churn is not quiescent,
it is not possible to implement a regular register in a fully
asynchronous system.
From Registers to Sets. In [2], we implemented a regu-
lar register in an eventually synchronous distributed systems
with continuous churn while we showed in [4] that a set ob-
ject is impossible to be realized in the same churn condition.
The impossibility stems from the non-quiescence of the set
accesses. In a register implementation, such a dimension
does not play any role because the register does not have to
store anything else that the last written value. This is not
true for a set that has to be able to reconstruct all the update
operation history. If the update operations are continuous,
this implies that the set implementation needs infinite mem-
ory.
Let us note that a weaker notion of set, namely weak set,
has been introduced by Delporte and Fouconnier in [7]. A
weak set is an object representing a restricted form of set
that does not include remove operations and that can be im-
plemented, under some specific assumptions on the number
of processes and the domain of the values, by using a finite
number of atomic registers.

3. THE SYSTEM MODEL
Distributed System. The distributed system is composed,
at each time, by a bounded number of processes that com-
municate by exchanging messages through point-to-point
channels or by means of a broadcast primitive. The pas-
sage of time in the distributed system is measured through
a global fictional clock (whose domain is the set of integers)
not accessible from processes. Processes are uniquely iden-
tified (with their indexes), has finite memory space for local
computation, and they may join and leave the system at any
point in time. The processing times of local computations
are negligible with respect to communication delays, so they
are assumed to be equal to 0. Contrarily, messages take time
to travel to their destination processes. The distributed sys-
tem is eventually synchronous, that is after an unknown but
finite time, it behaves synchronously [6, 8]. Similarly to [9],
the communication primitives are characterized by the fol-
lowing property:
Eventual timely delivery: there exists an integer δ and a a
time t such that any message sent (broadcast) at some time
t′ ≥ t, is received (delivered) by time t′ + δ to the processes
that are in the system during the interval [t′, t′ + δ].
It is important to remark that the time t exists but it is not
known by processes.
Distributed Computation. A distributed computation
is composed, at each time, by a subset of processes of the
distributed system. A process p, belonging to the system,
that wants to participate to the distributed computation has
to execute a join() operation. Such an operation, invoked at

2This assumption has been also employed in [13] and in [12].

some time t, is not instantaneous: it consumes time. But,
from time t, the process p can receive and process messages
related to the computation.
A process leaves the computation in an implicit way. When
it does, it leaves the computation forever and does no send
computation messages anymore. From a practical point of
view, if a process wants to re-enter the computation, it has
to enter it as a new process (i.e., with a new name). We
assume that a process does not crash during the distributed
computation (i.e. it does not crash from the time it joins the
system until it leaves)3. The set of processes that actively
participate to the computation is defined as follows.

Definition 1. A process is active from the time it re-
turns from the join() operation until the time it leaves the
system. A(t) denotes the set of processes that are active at
time t, while A([t1, t2]) denotes the set of processes p such
that p ∈ A(τ) for each time τ in the interval [t1, t2].

Continuous Churn Model. The dynamicity of the joins
and leaves of the processes is captured by the system param-
eter called churn. We consider here the churn rate, denoted
c, defined as the percentage of the nodes that are “refreshed”
at every time unit (c ∈ [0, 1]). This means that, while the
number of processes remains constant (equal to n), in every
time unit c × n processes leave the system and the same
number of processes join the system (where n is the num-
ber of processes inside the distributed computation). It is
shown in [11] that this assumption is fairly realistic for sev-
eral classes of applications built on top of dynamic systems.

Continuous accesses. In our model, active processes do
not stop invoking operations on the shared object (accesses
to the object are non-quiescent). This implies that the num-
ber of operations issued on the shared object during an ex-
ecution cannot be bounded.

The set object S. A set object S is an object shared among
processes, used to store values. Without loss of generality,
we assume that (i) S contains only values taken from an
arbitrary finite domain (i.e. a subset of integers) and (ii) at
the beginning of the computation S is empty.
A set object S can be accessed from processes through three
operations: add(), remove() and get();
• the add operation, denoted add(v), takes an input parame-
ter v and returns a confirmation that the operation has been
executed. It adds v to S. If v is already in the set, the add
operation has no effect;
• the remove operation, denoted remove(v), takes an input
parameter v and returns a confirmation that the operation
has been executed. If v belongs to S, it suppresses it from
S. Otherwise it has no effect;
• the get operation, denoted get(), takes no input parame-
ter. It returns the current content of S (i.e., all the values
added and not removed) without modifying its content.
The formal specification and a discussion on consistency cri-
terium for the set object can be found in [3].

Impossibility Result. In [4], it has been shown that it is
not possible to define an automata for the set object that
uses finite memory if (i) the accesses to the set are con-

3Actually in the proof we just need processes do not fail
during the execution of add and remove operations.



tinuous, (ii) the churn is continuous and (iii) the system is
eventually synchronous.

4. K-BOUNDED SET OBJECT
Due to previous impossibility result, the specification of

the set object is weakened and the notion of k-bounded set
object is introduced. Informally, a k-bounded set object is
a set that has limited memory of the execution history. In
this section, we first define formally the k-bounded set ob-
ject, then we provide an algorithm for an eventually syn-
chronous system and we show an interesting application of
the k-bounded set: an oracle called eventual participant de-
tector.

4.1 k-bounded set specification
Informally, given a get()operation, a k-bounded set be-

haves as a set where the execution is limited only to the k
most recent update operations4 defining thus a “window” on
the execution history.

Add(2)

Add(1) Remove(2)

Remove(1)

Get()

pi

pj

pk
Add(3) Get()

Figure 1: Examples of 3-bounded set wrt two
get()operations.

As an example consider the execution shown in Figure 1
for a k-bounded set object where k = 3. For each of the two
get()operations, the execution history is restricted to the last
3 update operations (operations out of the window appear
as never invoked); the set returned by the the get()invoked
by pk is {1, 2, 3} (as the one that would be returned by the
same get()invoked on a set) while the set returned by the
get()invoked by pj will be ∅, instead of {3} that would be
returned by the same get()invoked on a set (this is actually
due to the add(1) and add(3) operations that are out of the
window for such get()).
More formally, we can say that a protocol implements a k-
bounded set object if

• Termination: each operation invoked on the k-bounded
set eventually terminates;

• Validity: each get()operation invoked on a k-bounded
set returns an admissible set.

In the following we provide a set of definitions to formally
define when the set returned from a get()operation is an ad-
missible set.

Basic Definitions. Every operation issued on the object is
not instantaneous and it can be characterized by two events
occurring at its boundary: an invocation event and a reply
event. These events occur at two time instants (invocation
time and reply time). According to these time instants, it
is possible to state when two operations are concurrent with

4With the term update operation we denote both an add()
or a remove() operation.

respect to the real time execution.
Given two operations op and op′, and their invocation times
tB(op) and tB(op′) and return times tE(op) and tE(op′), we
say that op precedes op′ (op ≺ op′) iff tE(op) < tB(op′). If op
does not precede op′ and op′ does not precede op then they
are concurrent (op||op′). Considering all the operations in-
voked on the object and the previous precedence relation,
it is possible to define the history of the computation as a
partial order between the operations, induced by the prece-
dence relation. More formally an execution history can be
defined as follow:

Definition 2 (Execution History). Let H be the set
of all the operations issued on the set object S. An execu-

tion history bH = (H,≺) is a partial order on H satisfying
the relation ≺.

As a get()operation does not modify the content of a k-
bounded set, in the following, the admissible values for a
get()operation will be defined by considering the sub-history
of the execution containing only the operations that update
the object (i.e. add() and remove() operations) and the con-
sidered get(). To this aim, let us introduce the concept of
update sub-history induced by a get() operation.

Definition 3 (Update sub-history). Let bH = (H,≺
) be the execution history of a k-bounded set object. The

update sub-history of bH induced by a get()operation op, de-

noted as bU bH,op = (U,≺), is defined as follows:

• U = {o ∈ H|(o =add(v) ∨ o =remove(v)) ∧ tB(o) <
tE(op)} ∪ {op};
• for each pair of operations o, o′ such that o, o′ ∈ U , if o

precedes o′ in bH then o precedes o′ in bU bH,op.

Note that, due to continuous accesses to the k-bounded
set object, the execution history can contain an unbounded
number of operations. However, given a get()operation op,
the update sub-history induced by op is always composed
by a finite number of operations. As an example, Figure

Add(2)

Add(1) Remove(2)

Remove(1)

Get()

pi

pj

pk

tE(op)

Add(4)

Add(3)

Get()

Get()

(a) Ĥ

Add(2)

Add(1) Remove(2)

Remove(1)

Get()

pi

pj

pk

tE(op)

Add(4)

Add(3)

(b) bU bH,op

Figure 2: Execution history and update sub-history
of a k-bounded set object.

2(a) shows the execution history Ĥ of a k-bounded set and
Figure 2(b) shows the update sub-history induced by the



get()operation op issued by pj .
In the following, when it is clear from the context which are

the execution history bH and the operation op the updated

sub-history refers to, the notation bU is used instead of bU bH,op.

Let us remark that an update sub-history (and in general
each finite execution history) is a partial order of operations.
Therefore, several linearizations of the operations, differing
one from the other for the order given to concurrent opera-
tions, can be defined. As an example, consider the update
sub-history induced by the get()operation op invoked from pj

shown in Figure 2(b); there exist two different linearizations
of the operations, namely l1 = add(1)i, add(2)j, add(3)k,
remove(2)i, remove(1)k, add(4)i, get()j5 and l2 = add(1)i,
add(2)j, add(3)k, remove(2)i, add(4)i, remove(1)k, get()j,
producing the same set.
In the following we introduce the concepts of consistent per-
mutation to identify each of these linearizations, set gener-
ated by a permutation to define the set of values resulting
from the execution of such operation order and permutation
set to identify all the consistent permutations following from
a given finite execution history (or sub-history).

Definition 4 (Permutation π Consistent with bH ).

Given a finite execution history bH = (H,≺), a permuta-
tion π of all the operations belonging to H is consistent withbH if, for any pair of operations op, op′ in π, op precedes op′

in π whenever op precedes op′ in bH.

Definition 5 (Set Generated by a Permutation).

Let bH = (H,≺) be an execution history and let op be a

get()operation of H. Given the update sub-history bU bH,op =

(U,≺) induced by op on bH, let π be a permutation consistent

with bU bH,op, then the set of values V generated by π for op
contains all the values v such that:
• ∃ add(v) ∈ π : add(v) ≺ op and
• @ remove(v) ∈ π : add(v) ≺ remove(v) ≺ op.

As an example, consider the get()operation op issued by

pj in the execution history Ĥ and the corresponding up-

date sub-history Û shown in Figure 2. One of the possible
permutations consistent with Û is π = (add(1)i, add(2)j,
add(3)k, remove(2)i, remove(1)k, get()j, add(4)i)6 and the
corresponding set of values V generated by π1 is V = {3}.

Definition 6 (Permutation set). Let bH = (H,≺)
be the a finite execution history of the shared object. A per-

mutation set of bH, denoted as Π bH , is the set of all the per-

mutations π that are consistent with bH.

As an example, consider the update sub-history bU shown in
Figure 2. The permutation set Π bU of the update sub-historybU is shown in Figure 3(a).

Note that, the k-bounded set cares about the most k re-
cent operations and thus the concepts of permutation and k-
permutation set are specified to the notions of k-cut permu-
tation and k-cut permutation set induced by a get()operation.

5Let us recall that an update sub-history is a finite history
of a given execution.
6With the notation op()id it is represented the operation op
issued by the process with identifier id

Π
Ĥ

= {
π1 = (add(1)i, add(2)j, add(3)k, remove(2)i, remove(1)k, get()j, add(4)i)
π2 = (add(1)i, add(2)j, add(3)k, remove(2)i, remove(1)k, add(4)i, get()j)
π3 = (add(1)i, add(2)j, add(3)k, remove(2)i, get()j, add(4)i, remove(1)k)
π4 = (add(1)i, add(2)j, add(3)k, remove(2)i, get()j, remove(1)k, add(4)i)
π5 = (add(1)i, add(2)j, add(3)k, remove(2)i, add(4)i, get()j, remove(1)k)
π6 = (add(1)i, add(2)j, add(3)k, remove(2)i, add(4)i, remove(1)k, get()j)
}

(a) Permutation Set

Π3,Ĥ (op) = {
π1 = (add(3)k, remove(2)i, remove(1)k, get()j)
π2 = (remove(2)i, remove(1)k, add(4)i), get()j)
π3 = (add(2)j, add(3)k, remove(2)i, get()j)
π4 = (add(3)k, remove(2)i, add(4)i, get()j)
π5 = (remove(2)i, add(4)i, remove(1)k), get()j)
}

(b) 3-Permutation Set

Figure 3: Permutation Set and 3-permutation set of

the History bU of Figure 2.

Informally, a k-cut permutation induced by an operation opi

is a subset of a permutation (induced by opi) consistent with
the execution history. This subset contains k operations pre-
ceding opi in the permutation. The k-cut permutation set,
is the set of permutations induced by opi obtained by the
permutation set ΠÛ of the update sub-history by consider-
ing for each permutation its k-cut.

Definition 7 (k-cut permutation induced by opi).

Given a finite execution history bH = (H,≺) let π = (op1,

op2, . . . , opn) a permutation consistent with bH. Given an
operation opi of π and an integer k, the k-cut permutation
induced by opi on π, denoted as πk(opi), is the sub-set of π
ending with opi and including the k operations that precede
opi in π (i.e. πk(opi) = (opi−k, . . . , opi−1, opi)).

As an example, consider the update sub-history bU shown
in Figure 2 and consider the permutation π1 = (add(1)i,
add(2)j, add(3)k, remove(2)i, remove(1)k, get()j, add(4)i)

consistent with bU . If op =get()j and k = 3, the 3-cut permu-
tation induced by op on π1 is π13(op)=(add(3)k, remove(2)i,
remove(1)k, get()j).

Definition 8 (k-cut permutation set induced by opi).

Given a finite execution history bH = (H,≺) let Π bH its per-
mutation set. Given an operation op of H and an integer k,
the k-cut permutation set induced by op on Π bH , denoted as
Πk, bH(op), is the set of all the k-cut permutations induced by
op on each permutation π of Π bH .

Consider the update sub-history bU depicted in Figure 2 and

the permutation set Π bU of the history bU shown above. If
op =get()j and k = 3, the 3-cut permutation set induced by
op is shown in Figure 3(b).
We are now in the position to specify a validity condition
for the set returned by any get()operation issued on a k-
bounded set object.

Definition 9 (Admissible set for a get()operation).

Given an execution history bH = (H,≺) of a k-bounded set

object, let op be a get()operation of H. Let bU bH,op be the



update sub-history induced by op on bH and let k be an in-
teger. An admissible set for op, denoted as Vad(op), is any
set generated by any permutation π belonging to the k-cut
permutation set of Πk, bUcH,op .

As an example, consider the execution history bH shown in

Figure 2 and its update sub-history bU induced by the oper-
ation op =get()j. Given its 3-cut permutation set Π3, bU , all

the possible admissible sets for op are Vad 1 = {3}, Vad 2 =
{4}, Vad 3 = {3}, Vad 4 = {3, 4}, Vad 5 = {4}.

4.2 A distributed protocol implementing k -
bounded set

This section describes a protocol implementing a k - bounded
set object, based on message exchange.

Our algorithm assumes that (i) at each time unit, dn/2e
active processes belongs to the distributed computation (where
n is the number of processes inside the distributed compu-
tation) and (ii) each process that invokes the join operation
remains in the distributed computation for at least 3δ time
units from the invocation time.

Each process pi maintains locally a copy of the k-bounded
set together with two sequence numbers: one is associated to
the last get()operation performed and the other is associated
to the last update operation it knows. Moreover, it also
maintains the list of most recent update operations it has
executed. Each operation op is characterized by a 4-uples
< type, val, sn, id > where type = {A or R}7 represents the
operation type of the value val, with a sequence number sn,
issued by a process with identity id. pi also maintains a state
variable, namely activei initialized to false, that is switched
to true as soon as pi has terminated the join operation, i.e.
when pi becomes active.

To simplify the algorithm presentation, we introduce a
procedure, namely update, that given a 4-uple representing
an operation op, updates all the local variables. In particu-
lar, it is responsible for the management of the buffer where
the last k operations are stored. Additional details and the
complete pseudo-code of the algorithm can be found in [4].

The join()operation. The join()algorithm involves all the
processes present in the distributed computation (either they
are active or not).

The basic idea of this algorithm is to gather information
about recent operations from all the active processes belong-
ing to the distributed computation. To this aim, a joining
process pi broadcasts an inquiry message to inform pro-
cesses part of the computation that it wishes joining the
k-bounded set computation and thus wants to gather the
history of most recent operations.
Each process pj , delivering an inquiry message, behaves
differently depending on its state. If pj is active, it answers
to pi by sending back a reply message containing the list
of recent update operations it stores. In addition, if pj is
concurrently executing an operation, it sends one further
message: a dl prev message in case of a get() operation, to
prevent pj to be blocked, or an update() message in case
of a modification of the set, to speed up the add/remove
operation. On the contrary, if pj is not active, it postpones
its reply until it becomes active and just sends a dl prev()
message.

7A and R stay respectively for add() and remove().

Delivering a dl prev message from a process pj , pi adds
pj to the set of processes “reading” from the set, in order
to remember that it has to send a reply to pj when it will
become active.

Delivering a reply message, pi checks if such a messages
is a reply to its inquiry and if it is so, it buffers the list
of recent operations it contains. As soon as a majority of
reply messages have been delivered, pi orders the sets of re-
cent update operations collected. The sort function simply
orders the operations using the lexicographic order on the
pairs (sn, id). Now, for each of these operations, pi execute
the update procedure, obtaining a copy of the k-bounded
set with the last k recent operations. Then, pi becomes ac-
tive, which means that it can answer the inquiries it has
received from other processes. Moreover, pi sends a reply
message also to the processes from which it has received a
dl prev message, to prevents them from waiting forever.
Finally, pi returns ok to indicate the end of the join() oper-
ation.

The get()operation. A get() operation is a simplified ver-
sion of the join(). Each get invocation is identified by a pair
(id, sn) where id is the process index and sn is the sequence
number of the get. So, pi broadcasts a get request and waits
for a quorum. Then pi recomputes and order its history
by making the union of all the partial history received so
far and the operations received during the waiting period.
Afterwards pi executes all the operations by invoking the
update procedure and returns the set.
When a process pj receives a get request, if it is active, it
answers pi by sending back a reply message containing its
local variables, otherwise pi postpones its answer until it be-
comes active.

The add(v) and remove(v) operations. The structure of
the two protocols is basically the same and in the following
text the term update operation is used as synonym for both
the operations.
When a process pi wants to execute an update, it first per-
forms a get()operation, in order to obtain the most updated
sequence number, updates the local variables and then it
sends an update() message to perform the current update
and waits until it receives an ack message from a majority
of processes. Once pi is unblocked from the wait statement,
it returns from the operation.

When an update(< type, val, sni, i >) message is deliv-
ered to some process pj , if it is not active, it puts the 4-uple
corresponding to the current operation into a pending bud-
der and will process the operation at the end of the join(),
once it will be active, otherwise, pj executes the update
procedure for the current operation and it sends back an
ack message for the operation.

When an ack message is delivered to pi from some pro-
cess pj , if the sequence number sn attached to the message
is the same as the current operation then pi adds j to the
set of processes that have acknowledged its operation.

Correctness Proof.
Due to the lack of space, we provide here only the main

Theorem. The correctness proofs can be found in [4].

Theorem 1 (Termination). Let n be the number of pro-
cesses belonging to the computation at time t0. If (i) |A(t)| >
dn

2
e ∀t and (ii) each process that invokes a join() operation



does not leave the system for at least 3δ time units then a
process pi that invokes a join(), get(), add() or remove() op-
eration and does not leave the system eventually terminates
its operation.

Theorem 2 (Validity). Let S be a k-bounded set object
and let op be a get() operation issued on S by some pro-
cess pi. If |A(t)| > dn

2
e ∀t, the set V returned by op is an

admissible set (i.e. V = Vad(op)).

4.3 Programming with the k-bounded set object:
Eventual Participant Detector.

A k-bounded set can be easily used to implement an oracle
that returns the list of processes currently part of a group;
such an oracle is called participant detector. The notion of
participant detector is close to the concept of failure detec-
tor and it has been considered in [5, 10] to discover processes
currently in the network and to solve the CUP (consensus
with unknown participants) problem.
Due to the eventual synchrony of our model, in this paper we
consider an oracle, called eventual participant detector that
can make mistakes during the asynchrony periods. Given a
group computation, an eventual participant detector can be
characterized by two properties:

• Eventual Completeness: Eventually, every process that
leaves permanently the group is no more returned by the or-
acle;
• Eventual Accuracy: Eventually, each process that re-
mains forever in the group is always returned by the oracle.

The basic idea is to use the k-bounded set as repository
for the identifiers of processes that decide to participate to
the group. When a process decides to join the group, it sim-
ply joins the k-bounded set computation and as soon as it
returns from the join, it puts its identifier id in the repos-
itory by invoking the add(id) operation on the k-bounded
set and repeats periodically such operation. Repeating pe-
riodically the add(id) operation is actually needed because
a k-bounded set object keeps memory only of recent update
operations.
When a process leaves the group, it invokes the remove(id)
operation and stops to add its identifier in the repository.
When a process wants to have the current membership of
the group it executes the get()operation.
In [4], we show an implementation of the eventual partic-
ipant detector working in an eventually synchronous envi-
ronment and we prove its correctness defining the minimum
value of k that is able to satisfy the oracle specification, i.e.,
to ensure both eventual completeness and eventual accuracy.
In particular, we prove that the value k must be greater than
a certain threshold depending both on the churn, the size of
the group and on the latency of the operations invoked on
the k-bounded set.

5. CONCLUSION
Realizing a set object in the context of a non-synchronous

setting with continuous accesses and churn requires infinite
memory [4]. This motivated the introduction of a weaker
form of set, namely k-bounded set, that approximates a set
as k tends to infinity and becomes a one-bit register when
k is equal to one. We described a distributed algorithm
implementing a k-bounded set that requires a majority of

active processes to be up at the same time. Let us finally
remark that, despite continuous churn, the paper assumed
that the size of the distributed system be constant. As a
future work, we are planning to extend the churn model
to consider distributed computation where the system size
might vary in a given range.
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