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Abstract
The advent of highly distributed systems, such as the Internet of
Things, has led to the development of distributed systems that re-
quire efficient and resilient runtime monitoring. Among the various
monitoring techniques, runtime verification is a lightweight verifi-
cation method that assesses the correctness of a running system
concerning a formal specification. In this paper, we investigate
the optimization of aggregate monitors, i.e., monitors that oper-
ate on ensembles of devices, for properties expressed in Spatial
Logic of Closure Spaces (SLCS)—a formal logic designed to reason
about spatial relationships between entities in a distributed system.
We propose three different algorithms for the implementation of
the somewhere operator, a key construct in SLCS, and we evaluate
their performance through a series of simulations, comparing their
convergence time and computational load.

CCS Concepts
• Computing methodologies → Distributed programming
languages; • Theory of computation → Modal and temporal
logics.
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1 Introduction
Runtime verification (RV) is a lightweight verification technique
that assesses the correctness of a running system concerning a
formal specification [21]. It complements traditional formal verifi-
cation methods by providing real-time feedback and monitoring
capabilities. While RV has been extensively studied for centralized
systems with several well-known tools and techniques [20, 22],
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its application to distributed settings, such as cyber-physical sys-
tems (CPS) and the Internet of Things (IoT), presents unique chal-
lenges [16, 31]. These challenges stem from the distributed nature
of these systems, including the lack of a global clock, potential
communication failures, and the need for decentralized decision-
making.

In this paper, we focus on the design of efficient and resilient
runtime monitors for distributed systems. Among the current state-
of-the-art solutions [24, 26], we leverage the concept of aggregate
computing [14], a paradigm that enables the programming of en-
sembles of devices as a unified computational entity. Aggregate
computing provides a high-level abstraction for expressing complex
distributed behaviors, making it well-suited for the development of
distributed monitors. Specifically, we investigate the optimization
of aggregate monitors for properties expressed in Spatial Logic
of Closure Spaces (SLCS) [19]. SLCS is a formal logic designed to
reason about spatial relationships between entities in a distributed
system. By optimizing the evaluation of SLCS properties, we aim to
improve the efficiency and responsiveness of runtime monitors in
distributed environments. Particularly, the main contribution of this
paper consists of the proposal of three different algorithms for the
implementation of the somewhere operator, a key construct in SLCS.
We evaluate the performance of these algorithms through a series of
simulations, comparing their convergence time and computational
load.

The remainder of this paper is organized as follows. In Sections 2
and 3, we provide background information on distributed runtime
verification and aggregate computing. In Section 4, we introduce
the Spatial Logic of Closure Spaces (SLCS) and its translation to
aggregate computing. Section 5 presents the proposed algorithms
for the implementation of the somewhere operator. In Section 6,
we describe the simulation setup and present the results of our
experiments. Finally, Section 7 concludes the paper and outlines
future research directions.

2 Distributed Runtime Verification
Runtime monitoring is a verification methodology that checks
whether a running system adheres to a given specification [25].
This specification can be trace-based or stream-based, where events
are mapped as atomic propositions using the logic of the chosen
specification language. Examples of such languages include regular
expressions and linear temporal logic (LTL) [15]. The extension of
this methodology to distributed systems is known as distributed run-
time monitoring. This significantly increases verification complexity
due to the need to manage synchronization, failures, the absence
of a global clock, and other issues associated with decentralization
and concurrency.
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In this work, we address the design of runtime monitoring that
is both distributed and decentralized [21]. Specifically, we assume
that each system agent executes its program independently, occa-
sionally synchronizing or communicating with its neighbors using
some communication platform. We follow the terminology of Fran-
calanza [21], modeling each agent as a process, with each pair of
processes considered remote from each other. Each process pro-
duces a local trace of events, described as a sequence of observable
values perceived by the agents’ sensors or their behavior. The sys-
tem allows for failures, meaning agents can join or leave the system,
so two events in the same trace position do not necessarily occur
simultaneously. Monitors must verify system properties by only
checking local traces, but are allowed to share internal states with
each other periodically. We employ an online evaluation, where
monitors are executed alongside the local programs (and hosted
on the same nodes). For simplicity, we assume each node runs the
same monitor. From the perspective of a single monitor, only one
trace is managed, even if it contains events received from remote
nodes.

Our proposed approach is resilient to failures, a significant chal-
lenge in distributed systems. A non-responsive node does not com-
pletely disrupt the distributed monitoring process, although it may
influence the verdict. Furthermore, our approach advances the state-
of-the-art by offering an automatic synthesis of monitors using
high-level specifications with logics that handle both spatial and
temporal aspects.

3 Aggregate Computing
In literature, there is a growing interest in programming ensem-
bles of devices, such as sensor networks, IoT systems, and robotic
swarms, as a single computational entity [13, 33]— the so called
macro-programming paradigm [17]. Among these, aggregate com-
puting [14] has emerged as a generalization of previous methods,
applicable to distributed networks from the far edge to the fog
and cloud [8]. This approach aims to create a programming model
that can express complex distributed processes through function
composition, grounded in a gossip-like computational process and
supporting the reusability of collective adaptive behaviors. Draw-
ing inspiration from “fields” in physics, this model introduces the
concept of computational fields, which are global data structures
that map devices in a distributed system to computational values.
These fields can be derived from input fields (such as sensors) either
through simple programming constructs at a low level or by com-
posing general-purpose, reusable behavior blocks at a high level,
and can ultimately be directed to actuators to create comprehensive
adaptive services. Aggregate computing can be understood through
an execution model (i.e., how effectively the collective computing is
performed) and a programming model (how it is possible to express
collective behaviours).

Execution model. In an aggregate computing system, each de-
vice performs asynchronous local computations and interacts with
its neighbors via local message exchanges. Aggregate computing
offers mechanisms to articulate and integrate these distributed com-
putations at a high level of abstraction, eliminating the need for
explicit management of message exchanges, device positions, and
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Figure 1: A sample event structure illustrating different types
of event relationships: events 𝜖′ (in red) are in the causal past
of 𝜖 (𝜖′ < 𝜖), events 𝜖′′ (in green) are in the causal future
(𝜖 < 𝜖′′), and concurrent events (non-ordered, in black).

the node population. A single program executes periodically and
asynchronously on each device, following a cyclic schedule:

(1) (Context acquisition) the devices collect contextual infor-
mation from sensors, local memory, and recently received
messages, forming a neighbouring value that maps neighbor
devices 𝛿 to values v;

(2) (Program evaluation) during a computation round, the device
evaluates the program using the gathered information;

(3) (Actuations) the result is stored locally, broadcast to neigh-
bors, and possibly sent to actuators (e.g., motors, robotic
arms, user interfaces).

Through repeated execution of the aforementioned rounds across
both space (where devices are located) and time (when devices initi-
ate a new cycle), a global behavior emerges [32]. This behavior can
be perceived as occurring on the entire network of interconnected
devices, modeled as a single aggregate machine with a neighboring
relation.

Programming model. the eXchange Calculus (XC) [4], evolving
from the field calculus [33], is a minimal yet universal language
for aggregate computations over networks of mobile devices. XC
programs are given a formal semantics via the classical concept
of event structure [23], which is also used to interpret temporal
logic formulas. An event structure is defined by a finite set of events
𝐸 (which can be considered as the evaluation of a program on a
device at a given time) and an acyclic neighbouring relation⇝⊆
𝐸 × 𝐸 representing message passing, namely the transmission of
information between devices. Two events 𝜖 and 𝜖′ are neighbors
(𝜖 ⇝ 𝜖′) if they are related by the neighboring relation. A sequence
of neighbor events 𝜖1 ⇝ . . . ⇝ 𝜖𝑛 forms a message path. Event
neighboring induces a causality relation <⊆ 𝐸 × 𝐸, defined as the
transitive closure of⇝ and modeling causal dependence. Figure 1
illustrates an example structure. There are shown three types of
event relationships, casual past (in red), causal future (in green),
and concurrent events (in black). An event 𝜖′ is in the causal past
of another event 𝜖 if 𝜖′ can influence or is a prerequisite for the
occurrence of 𝜖 . This relationship is denoted as 𝜖′ < 𝜖 , indicating
that 𝜖′ happened before 𝜖 and could causally affect it. Conversely, if
events are in a causal future relationship, 𝜖 < 𝜖′′, 𝜖 is a prerequisite
for 𝜖′′. Finally, concurrent events are not ordered, meaning that
they are not causally related. In practice, event structures emerge
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𝜙 ::=⊥
��⊤ ��𝑞 �� (¬𝜙) �� (𝜙∧𝜙) �� (𝜙∨𝜙) �� (𝜙⇒𝜙)

�� (𝜙⇔𝜙) logical�� (□𝜙) �� (^ 𝜙)
�� (𝜕 𝜙) �� (𝜕- 𝜙) �� (𝜕+ 𝜙) spatial�� (𝜙 R 𝜙)

�� (𝜙 T 𝜙)
�� (𝜙 U 𝜙)

�� (G 𝜙)
�� (F 𝜙)

Figure 2: Syntax of SLCS.

from dynamic device neighborhood graphs. For example, device 3
in Figure 1 initially neighbors devices 4 and 1, but later shifts to
neighbors 2 and 4.

We now present small snippets of XC code using standard pro-
gramming language notation along with two domain-specific func-
tions:
• nbr(e0, e): each device 𝛿 evaluates this expression by broad-
casting e’s value to neighbors, producing a neighbouring value, a
defaulted map mapping each neighbor 𝛿 ′ of 𝛿 (including 𝛿 itself)
to the latest shared value of e, defaulting to e0 if no previous
value is available.

• exchange(e0, (x) => e): this expression on each device re-
sults from gathering a neighboring value 𝑛 like nbr above, eval-
uating e by substituting 𝑛 for x, and broadcasting the resulting
value v to neighbors for use in subsequent rounds.

Using this notation, we can express the Bellman-Ford algorithm for
distance computation in a network of devices as follows:

def dist(source) {

exchange(infinity, (d) =>
if (source) {0} else {minHood(d)+1})

}

The dist(source) function determines the hop-count distance
from a source device where the source flag is set to true. This func-
tion uses an exchange construct to propagate distance information
across the network. Initially, each device is assigned a distance of
infinity (∞). For each device, the exchange construct:

(1) Checks if the device is a source (where source is true). If so,
it assigns a distance of 0.

(2) Otherwise, it calculates the minimum distance among its
neighbors (minHood(d)) and adds one, indicating an addi-
tional hop.

The minHood(d) function retrieves the smallest distance from the
neighboring field d. The algorithm iteratively updates each device’s
distance based on the information received from its neighbors,
eventually converging to the shortest path (in terms of hops) from
the source to each device.

4 Spatial Logic of Closure Spaces
To represent properties of spatially and temporally distributed sys-
tems, spatial logic (SLCS) and past-CTL temporal logic have been
studied and can be translated into field calculus monitors [5–7, 11].
Past-CTL logic, akin to CTL + LTL, interprets operators in the past
alongmessage paths reflecting actual events, allowing runtime com-
putation of truth values within event structures (Fig. 1). This paper
focuses on spatial logic modalities.

We use ^ (closure, true in points “close to” 𝜙) as the primitive
modality, defining others as: □𝜙 ≜ ¬^ ¬𝜙 , 𝜕 𝜙 ≜ (^ 𝜙) ∧ ¬(□𝜙),
𝜕- 𝜙 ≜ 𝜙 ∧ ¬(□𝜙), 𝜕+ 𝜙 ≜ (^ 𝜙) ∧ ¬𝜙 . The global modalities are:

⊤ true 𝑞 q()

¬𝜙 !𝜙 𝜙1 ∨ 𝜙2 𝜙1 || 𝜙2

^ 𝜙 anyHood(nbr(false, 𝜙))

𝜙1 R 𝜙2 if (𝜙1) {dist(𝜙2)<D} else {false}

Figure 3: Translation of a primitive set of SLCS operators
into XC [5].

• 𝜙 R𝜓 (𝜙 reaches 𝜓 ): true at path endpoints starting at nodes
satisfying 𝜓 , with 𝜙 holding along the path. Intuitively, along
message paths it is possible to reach a node for which 𝜓 holds,
while staying within nodes for which 𝜙 holds.

• 𝜙 T 𝜓 (touches): true at path endpoints starting at nodes satisfy-
ing𝜓 , with 𝜙 holding along the rest of the path. It differs from R
by not requiring the final point where𝜓 holds to satisfy also 𝜙 .

• 𝜙 U𝜓 (surrounded by): true at points within a region where 𝜙
holds, with𝜓 everywhere on the boundary.

• G 𝜙, F 𝜙 (everywhere, somewhere): true if𝜙 holds at every (some)
point of every (some) incoming path.

We express other modalities using R as primitive: 𝜙 T 𝜓 ≜ 𝜙 R ^𝜓 ,
𝜙 U𝜓 ≜ 𝜙 ∧ □¬(¬𝜓 R ¬𝜙), F 𝜙 ≜ ⊤R 𝜙 , G 𝜙 ≜ ¬F ¬𝜙 .

Example 4.1. As sample application of SLCS, consider the follow-
ing property to monitor (taken from [5, Ex. 3]): internet is reachable
through non-busy devices. Consider the atomic propositions:
• 𝐵 is true on busy devices;
• 𝐼 is true on devices that have an internet connection.
The considered property can then be written as ¬𝐵 R 𝐼 . An evalua-
tion of this formula is represented in the following picture, where
the purple area marks points where the formula is false and differ-
ent colours are used for points where 𝐵 is true (red), 𝐼 is true (blue),
or none are true (grey).

⊥

In the central part of the network, the property is false because
there is no path from the grey nodes inside it to a blue (Internet)
node which does not pass through a red (busy) node; i.e., the red
nodes make up a perimeter which does not contain any blue node.

Figure 3 shows the translation of SLCS formulas into XC, as
described in [5], by recursion on sub-formulas. Atomic propositions
𝑞 translate to q(), and logical operators to their XC equivalents.
We assume:
• nbr and dist are as in Section 3.
• D is an upper bound on the network diameter.
• anyHood collapses Boolean neighbor values into their conjunc-
tion.

In the translation of 𝜙1 R 𝜙2, dist is computed within a
branch, receiving messages only from neighbors within the
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same branch (where 𝜙1 is true). Thus, it computes the short-
est distance from a point satisfying 𝜙2, restricted to regions
where 𝜙1 holds. Since F 𝜙 ≜ ⊤R 𝜙 , the translation of R is:
if (𝜙1) {F(𝜙2 )} else {false}. We will therefore focus on op-
timizing the F operator, which will inherently optimize the R
operator.

5 Translating the Somewhere Operator
Since the SLCS logic is interpreted on (static) graphs, an SLCS mon-
itor cannot exactly compute the value of its formula on the current
snapshot of the network in real-time, if this graph can evolve over
time. In fact, the XC translation has been shown to be self-stabilising
to the intended monitor output, that is, it eventually converges to
the correct monitor output provided that the network graph does
not change for a sufficiently long time. Thus, different translations
of the logic could be possible, improving the convergence time
and thus the performance in practical scenarios. In this paper, we
investigate by simulation four different translations of the F op-
erator, leading to various trade-offs between convergence speed
and computational load. As a first option, we consider the imple-
mentation of F as dist(𝜙2)<D already described in Section 4, as a
state-of-the-art baseline. Three more options are described in the
following sections.

5.1 Knowledge-Free Translation
The baseline implementation relies on a priori knowledge of a (rea-
sonable) upper bound to the network diameter. Underestimating
the network diameter prevents the spreading of knowledge to cover
the whole network, so it has to be avoided. On the other hand, over-
estimating the network diameter slows down adjustment when a
formula stops being somewhere true. In case such an information
is not available, the knowledge-free approach presented in [27] can
be used instead. In that paper, a leader election routine is intro-
duced, that computes the minimum among given identifiers across
a network, under the assumption that identifiers are unique. The
algorithm need no further knowledge, as it estimates the network
diameter while it is running, and is able to self-adapt to changes
in a near-optimal way. In order to implement F 𝜙 , we can apply
that algorithm using as unique identifiers the pairs (¬𝜙, 𝛿) where
𝛿 is the identifier of the device. The algorithm will return the lexi-
cographically minimum pair (𝑏, 𝑖) in the network, thus privileging
true values for 𝜙 , and the value of F 𝜙 can then be recovered as ¬𝑏.

5.2 Replicated-Gossip Translation
A further approach, trading message size for an increase in conver-
gence time, is that given by replicated gossip [28]. In this approach,
a fixed number 𝑁 of replicas of a gossip algorithm are kept at all
times, each computing whether some device has a true value for 𝜙 .
These gossip algorithms are very effective in spreading knowledge
that the formula is indeed true somewhere, but are unable to spread
knowledge that the formula is not true somewhere. To address this
issue, the replicas are restarted periodically, with an interval of Δ
seconds, with each of the 𝑁 replicas starting with an offset of Δ/𝑁
seconds from the previous one. At each time, the replicated gossip
algorithm will return the value computed by the oldest replica still
active. In order for this approach to work, the time 𝑁−1

𝑁
Δ needs to

be large enough to ensure that knowledge of somewhere 𝜙 being
true can propagate to all the network. This time interval effectively
determines the convergence time of the algorithm. On the other side,
the number of replicas 𝑁 multiplies the message size exchanged
by the algorithm, as each replica contributes equally to the shared
data. Similar as in the baseline, it can be upper bounded (increasing
the convergence time), but lower-bounding it prevents the results
from converging altogether. In order to correctly estimate it, knowl-
edge is needed of multiple parameters: the network diameter, the
frequency of communications and the density of devices.

5.3 Fastest Translation
Thanks to space-time universality [3], we know that it is always
possible to compute in each event any function of its previous
events. Thus, we can write a program that has the most recently
available knowledge about each device in the network, modelled
as a map from device identifiers 𝛿 to pairs (𝑡, 𝑏) of timestamps 𝑡
and Boolean values 𝑏 computed for formula 𝜙 in device 𝛿 at time
𝑡 . Devices can share those maps between them, always keeping
the most recent timestamp for each device. In order to be able to
realise that a formula is not somewhere true anymore, when the
device realising truth exits the network, older timestamps need to
be periodically removed. The interval of time after which a value
should be discarded is the same as for replicated-gossip.

6 Evaluation
To verify the various implementations of “somewhere” opera-
tors, among the many aggregate computing languages available
(ScaFi [18], Protelis [30], FCPP [2]) and simulators (Alchemist [29],
FCPP [2], ScaFi-Web [1]), we utilized FCPP [2, 12], an aggregate
computing language equipped with a simulator [10], since it allows
for the easy and efficient implementation of the various algorithms
discussed in this paper. The experiments are reproducible and can
be found online1 along with the associated graphs.

Simulation Setup. To compare the different operators, we con-
structed a simulated scenario in which we deploy a group of nodes
randomly in a 2D square with a communication radius 𝑐 of 100
meters. The actual number of deployed nodes and the size of the
square depends on two variables: the expected number of hops ℎ
along the square diagonal and the density 𝑑 (average number of
neighbours for a device). The number of hops ℎ determines the side
𝑠 of the square and is calculated as follows:

𝑠 =
ℎ × 𝑐
√
2

Therefore, the side of the square is proportional to the number of
hops. The density 𝑑 , on the other hand, determines the number of
nodes within the square. Specifically, the total number of nodes is
calculated as follows:

𝑛 =
𝑑 × 𝑠 × 𝑠

𝜋 × 𝑐 × 𝑐

Therefore, the number of nodes is proportional to the square of
the side of the square. For instance, given a communication radius
of 100 meters, a number of hops ℎ = 10, and a density 𝑑 = 5, the
side of the square is 707 meters, and the number of nodes is 80.
1https://github.com/fcpp-experiments/slcs-optimisation

https://github.com/fcpp-experiments/slcs-optimisation
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Table 1: Simulation free variables.

Free variable Start End Step
Hops (ℎ) 1 25 1
Density (𝑑) 5 20 2
Seed 0 99 1
Speed (𝑧) 0 48 4
Time interval variance (tvar) 0 48 2

Total Simulations: 7000

Additionally, we introduced a randomized movement pattern to
the system to assess the robustness of these monitors to changes.
During the simulation, nodes select random waypoints and move
towards them with a certain predefined speed 𝑧, selecting a new
waypoint when the old one is reached. We express the speed in
meters per second, which also corresponds to the percentage of
communication radius that can be covered each round, since 𝑐 = 100
and rounds happen about every second.

Each simulation lasts for 300 simulated seconds and executes
one of the following algorithms which evaluate the formula F (𝜙2),
labeled as follows: i) baseline (dist(𝜙2)<D), ii) knowledge-free (Sec-
tion 5.1), iii) replicated-gossip (Section 5.2), and iv) fastest (Sec-
tion 5.3). Each node computes the local program asynchronously
with a random period determined according to a Weibull distri-
bution with mean 1 and variance equal to a variable 𝑡𝑣𝑎𝑟 (a free
variable of the simulation, see Table 1). To test the convergence
time of each algorithm, we introduced two events in the system:
• At time = 100 (𝑡1), the property 𝜙2 is set to true for node 0, which
should cause the monitor to evaluate to true across the entire
system.

• At time = 200 (𝑡2), the property 𝜙2 is set back to false for node 0,
allowing us to observe the time required for the system to return
to a stable state.

Finally, we ran a simulation for each configuration of the free vari-
ables and 100 different random seeds (7000 in total) to evaluate the
dependence of robustness on network parameters.

Metrics. We focus on the following factors to evaluate our sys-
tem:
• The time required for the system to converge to the correct value.
• The size of the messages exchanged with the neighborhood at
each time step (msiz).
For the former metric, we compute a local error for each node

in the system relative to an ideal value provided by an oracle. An
oracle in this case it is just based on verifying the global state in
the simulator, therefore having in each time unit the ground truth.
Specifically, we consider the true value as 0 if the node is in the
correct state and 1 otherwise. Formally, the local error at time 𝑡 for
a node 𝑖 is defined as:

error(𝑖, 𝑡) =
{
0 if oracle(𝑖, 𝑡) = monitor(𝑖, 𝑡)
1 otherwise

Where monitor is one of the selected algorithm in execution in the
whole system. The global error at time 𝑡 is then computed as the
average of the local errors:

error(𝑡) = 1
𝑛

𝑛∑︁
𝑖=1

error(𝑖, 𝑡)

This global error represents the percentage of nodes that are in the
incorrect state; hence, a lower value indicates better performance.

Results. Figure 4 shows the results of the simulations performed.
In general, it can be observed that there is no definitive silver bullet
among the various approaches, as none clearly outperforms the
others. The only approach that seems to have consistently worse
performance is the knowledge-free method, as it generally has a
higher error compared to the baseline and also consumes more
resources. However, it is important to note that, unlike the other
methods which require knowledge of the maximum network size,
this approach automatically estimates the necessary parameters,
making it the best choice in cases of low domain knowledge.

The approach termed fastest indeed shows remarkable perfor-
mance in terms of convergence. As seen in Figure 4a it converges
to the correct value in the shortest time, as the error goes to zero
almost immediately after the first change. Additionally, the error
after the second change (shown Figure 4c, Figure 4d and Figure 4e)
does not increase drastically with varying network density, remain-
ing relatively stable. However, this comes at a significant cost in
terms of performance, consuming up to 104 bytes for each message
exchanged with the neighborhood (w.r.t. 101 for the baseline).

A good compromise appears to be the replicated version. Al-
though it takes about 10 times longer to achieve a stable result
compared to the fastest approach (as shown in the first line), the
messages reach a size of only 102 bytes per node (as opposed to
104). Notably, this consumption per node does not increase with
the network size but remains constant (as shown in the third line
of the graph), since we used a fixed number of 3 replicas.

All approaches seem to be fairly resilient in terms of speed, with
replicated and fastest being the most robust. Naturally, speed does
not impact the size of the messages, as the message size is indepen-
dent of the neighborhood. The tvar parameter did not significantly
affect the performance of any algorithm, so we do not report the
corresponding plots here.

7 Conclusion
In this paper, we have explored the problem of efficiently implement-
ing the somewhere operator in a distributed runtime verification
setting. We have presented three different approaches, each with its
own trade-offs between convergence speed and computational load.
Our evaluation, based on simulations, has shown that the replicated
gossip approach offers a good balance between these two factors,
providing fast convergence and a reasonable message size.

Several directions of future work can be pursued from the results
in this paper. The experimental analysis could be extended to other
spatial operators in other spatial logics other than SLCS. Further-
more, the possibility of combining different approaches to achieve
even better performance should be investigated. Finally, theoretical
guarantees could be provided to complement experimental results
(a preliminary step in that direction has been done in [9]).
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(f) Average message size varying speed.
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Figure 4: Results of the comparison of different versions of somewhere. Each line represents the average of the metric over all
the simulations, with the shaded area representing the standard deviation. The first line shows the results over time in the case
with (𝑑 = 10, ℎ = 10, 𝑡𝑣𝑎𝑟 = 10, 𝑠 = 10). The second line shows the average error varying various simulation parameters. The last
line shows the average message size varying various simulation parameters.
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