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Abstract. Software verification is a key principle for building and de-
ploying reliable and correct software. Among verification techniques, run-
time verification has emerged as a lightweight and complementary ap-
proach to traditional formal methods, providing assurance over a system
under scrutiny. By performing checks while the system is running, run-
time verification enables the dynamic monitoring of a system’s behaviour.
Monitoring actor-based systems is particularly interesting in the context
of runtime verification, as the traces produced by these systems consist
of the messages exchanged between different actors. In this work, we pro-
pose a specification language that enables the specification of interaction
schemas and the properties of exchanged data in actor-based systems.
This specification language allows us to identify actors with whom these
actors communicate and the properties that the exchanged messages are
intended to satisfy. Coupled with this specification language, we propose
a monitor synthesis procedure that automatically generates executable
code from the high-level specification language.

1 Introduction

Ensuring the production of accurate, reliable, and safe software is essential for
developing robust software systems. This requirement has become increasingly
critical as software continues to influence vital areas such as healthcare, trans-
portation, and communication. To address the need for thorough verification of
software behaviour and correctness, formal methods [12] have emerged. Formally
ensuring the correctness of a given piece of software can be performed by several
techniques, such as, theorem proving [10], model checking [13] and testing [17],
each with its strengths and trade-offs.

Runtime verification (RV) is a dynamic approach that analyses a computing
system’s behaviour across various application scenarios [GIIT8JI6]. It comple-
ments other verification techniques by providing an additional layer of assurance
for software, allowing us to verify, enforce, and prevent failures through its run-
time capabilities [I5]. Additionally, RV can be used to gather information about
a running system for later analysis and review [I4]. The primary goal of RV
is to check, during execution, whether a system run satisfies given correctness
properties [16]. Achieving this involves several steps: observing the system, in-
terpreting the data, verifying property satisfaction, issuing alerts on violations,
and responding appropriately.
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This challenge becomes even more pronounced in modern software, which
increasingly adopts distributed architectures based on the actor model. In this
programming model, autonomous entities interact via message passing to per-
form complex computations. While the actor model enhances scalability, fault
tolerance, and modularity, it also complicates correctness assurance [3]. Tradi-
tional verification approaches, especially static analysis, often struggle with actor
systems due to their reliance on dynamic, runtime interactions.

Runtime verification offers a practical approach to addressing the verifica-
tion gap by enabling continuous monitoring of system executions against for-
mally specified properties using dynamic monitors. These monitors act as run-
time sentinels, consistently ensuring that the system complies with its specified
properties throughout the program’s execution.

Ezample 1. The system architecture consists of a central server responsible for
routing incoming requests to another process. In this simplified implementation,
the system accepts an input list and propagates the processing task to a worker
responsible for removing duplicates from that list. The worker then propagates
the new, duplicate-free list to another process that is responsible for sorting the
given list. The system as a whole ensures the elimination of duplicate values and
the sorting of that given list. The operational workflow is illustrated in Figure [}

{clientPID, List}

l {ServerPID, List, Size} {SortPID, List, Size}
server remdup sort
{RemovePID, List, Size} {RemovePID, List, Size}

Fig. 1: Actor-based system that operates over a list

An interesting property to verify in this system is whether the size of the list
after the remove process is indeed reduced or remains unchanged, in other words,
whether the size of the list does not increase.

The size of the list after the remove operation does not increase  (Py)

We could also verify whether the process responsible for sorting the operation
of a given list is indeed returning a sorted list to process remove.

The sort response to the remove process is a sorted list (P2)

Additional properties can be defined according to the desired level of precision.
If the properties are too generic, certain specific behaviours will not be cap-
tured. The flexibility of these properties depends on the needs and the level of
verification we want to achieve. For example, the two properties above would
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not capture the bug where the list is reduced to an empty one. It is up to the
developer to exhaustively specify critical properties to check at runtime.

This paper introduces a specification language for property verification at
runtime in actor-based systems, addressing key challenges in expressing cross-
actor properties. The language provides intuitive constructs that mirror the ac-
tor communication patterns and automatically manage state correlation across
message exchanges. Properties are compiled into separate Erlang monitor pro-
cesses that utilise the language’s built-in tracing infrastructure [4], allowing for
non-invasive monitoring by observing relevant messages without interfering with
system execution or by slightly modifying the original code minimally. Our con-
tributions include a language that naturally captures intra-actor properties, au-
tomatic state correlation for verifying complex interactions, implicit message
filtering via signature matching to reduce specification overhead, and a compi-
lation process that translates high-level specifications into efficient, standalone
Erlang monitors.

2 Overview

A system’s behaviour refers to how it operates and responds to specific external
requests or stimuli. These triggers cause the system to process the input, result-
ing in changes to its internal state over time, and produce outcomes or effects
which may also influence how the system behaves in future interactions. The be-
haviour of a system is something that one must take into account when working
with it or, in this case, verifying it. Besides that, it is important to know how
that behaviour is represented to interpret what the given system is doing [6].

2.1 System events and trace

The notion of what constitutes a trace does not have a formal unified definition
in the runtime community, as each author defines it in a way that benefits their
tool [I4]. Most of the tools in RV hard-code the traces for simplicity.

The actor-based model is beneficial due to its intuitive structure, which al-
lows for a clear understanding of traces that represent the history of messages
exchanged between actors. This paradigm enables the observation of a running
system and real-time analysis of its execution within a consistent framework of
events and traces. While instrumentation is necessary, it is far more manageable
compared to dealing with non-standard trace representations. With this in mind,
we can define the possible actions in an actor-based system. Actors can exchange
messages via send and receive, create new actors using spawn, forming parent-
child links, and initialise processes. The interaction shown in Figure |1 can be
directly mapped to actor-based code, as illustrated in the following pseudo-code:

receive {server, send, Msgl, remdup} ->
case Msgl of {ServerPID, Listl, Sizel} ->
receive {remdup, send, Msg2, sort} ->
case Msg2 of {RemovePID, List2, Size2} -> ...
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In Erlang, each process has its mailbox where incoming messages are stored. In
the actor-based model, sending a message from one process to another preserves
the order between those two processes. However, when multiple processes send
messages to the same recipient, the order in which messages arrive and are
processed may vary, as it depends on the order of their arrival.

To address this challenge and avoid ambiguity when correlating requests and
responses, Erlang and other actor-based languages rely on a standardised way
for attaching unique references to messages. These references allow processes to
associate messages with the correct requests, even if messages are processed out
of order. All well-formed Erlang programs are expected to follow this convention.
The language provides libraries, such as OTP, to abstract and manage references,
promoting consistency across systems. In our work, we assume that the Erlang
code adheres to these principles, as our focus is on verifying system properties
rather than checking the structural correctness of the code itself.

3 Language definition and semantics

Our specification language is designed around three fundamental abstractions
that directly correspond to the concepts of actor-based systems: actors as au-
tonomous computational entities, message patterns as communication signa-
tures, and state bindings that correlate information across multiple interactions.

These abstractions work together to provide a natural and intuitive way to
express properties that span multiple actors. Broadly, the language consists of
two key components. One dictates the control flow of messages, defining how
messages are exchanged, chained, and related across different actors. The other
focuses on verifying properties within the content of these messages, ensuring
correctness within the established flows.

Definition 1 (WALTZ Formula). The set of WALTZ formulas is defined by
the following grammar:

e = ovelone|2e)|e; ela:d
§ o= T|L]e|—d
a = sendjg—ia{M}
Moo= T|T,M|{M
T = (conms | var)

Here, o represents an interaction signature in an actor-based system, c is a
boolean constraint, and M is the signature of a message. The modal operator
2 checks different contexts (explained in detail later), functioning essentially
as a recursive construct that enables the evaluation of properties over multiple
independent message chains. The expression « : § indicates that a message
with signature o must satisfy the constraint J. If we want to simply specify the
occurrence of a message without imposing any condition, we can use « : T, as
every message trivially satisfies T.
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A key construct in WALTZ is the chain operator (;), which sequences two
formulas. The expression «a; : 01 ; «ag : do specifies that a message matching
a1 must first be observed and satisfy é1, and only afterward should a message
matching s be observed and satisfy do. This sequencing is essential for express-
ing the order in which messages should occur.

A signature («) in an actor-based system represents a pattern for a message
involving two different actor entities and a send operation (though other opera-
tions exist, we're focusing on send here). For example, the signature senda_,p
{A, B, {C, ok}} specifies the operation type, the source and destination actors,
and the structure of the message along with its payload. At runtime, messages
sent in the system are checked against these signatures to ensure they match
the defined pattern and whenever they match, the values will be bound to the
variables at runtime.

3.1 Semantics

A system S has an alphabet X containing all its observable events. Given an
alphabet Y| a trace 0 = 0105 ..., is a sequence of events containing elements of
Y. We denote by o; the i-th element of o, o° is the suffix of o starting from 4,
27* is the set of all possible finite traces over X, and X is the set of all possible
infinite traces over X.

An interaction with the system produces a trace composed of various events,
some of which are causally or logically related. We refer to such related sequences
as belonging to the same context. A trace may contain multiple contexts, each
representing an independent chain of events. Our goal is to verify properties
over these individual contexts. Since event ordering is not always guaranteed
and interactions may overlap, we assign a context identifier to each event to
determine which events belong together. Formally, a message will be mapped to
a context that represents a causal chain in the system. Let C be the set of all
context identifiers (e.g., Ag, A1). We introduce a function « : X' — C that maps
each event (a message) in our trace to a unique context identifier. Intuitively,
~(o;) tells us which context the event o; belongs to. In practice, a new context
is introduced into the system each time we re-enter a receive clause within a
pattern-matching chain, as such:

a():

receive {Msg} -> ..., a() end.

The main context is denoted by Ag, and additional sub-contexts may be
created depending on the property being specified. Contexts in the system can
be structured hierarchically, allowing for the modelling of nested behaviours.
Specifically, we define a hierarchical relation between two contexts using the no-
tation Ay » A,, which denotes that context 4, is derived from context A,. This
hierarchical relationship captures the causal or structural dependency between
contexts and it translates into spawn events within receive clauses:

a():
receive {Msg} -> ..., spawn(b(), Context), a() end.
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Definition 2 (WALTZ Semantics). Let us state that o = 103... € X% be an
infinite sequence of events and that C is the set that represents the contexts and
the relations between them in the given trace, v the function that maps messages

to a context, and A is the current context. Then we can define the semantics of
WALTZ as follows:

0, A= a:diffdiso:0, =0 and oy xa and y(o;) = A

o, AE ¢; ¢ iffdiso:0,AEpand Ijz0: 0l Ay andi < j
oA Eovy iffo,AEgoro, Al

o A E pnd iffo, Al ando, A ¢

o, A = 20p) iff Vasa 0, A =@

where < is the operator that checks if a message has a given signature, and » is
the operator that relates a sub-context with a higher one in the hierarchy.

Intuitively, given a trace o and the existing contexts C, the following can
be stated: o, A satisfies « : §, means that a message with signature o must be
observed in the trace, it must also satisfy J, and that message belongs to the
context in which it is being evaluated (A).

We say that o, A satisfies ;' if there exists a suffix of the trace start-
ing at position ¢ that satisfies ¢, and another suffix starting at position j that
satisfies ¢’, where the event at position j occurs after the event at position 1.
The operator ; allows the definition of message chains by enforcing an order be-
tween events and specifying the properties that each message in the chain must
satisfy. This mechanism enables the specification of properties involving multiple
actors by relating the contents of message payloads across events. Importantly,
all events in the same chain share the same context.

o, A satisfies the conjunction if it satisfies both properties in the conjunction,
and it satisfies the disjunction if it satisfies at least one, sharing the same context.

The {2 operator is the most nuanced construct in the language, as it intro-
duces the concept of evaluating different contexts and enables the verification
of properties across independent contexts. Formally, a trace ¢ under the set of
contexts C, and current context A, satisfies () if, for all contexts A such
that Ag » A (i.e., Ag was derived from A), the formula ¢ holds in each derived
context. In short, 2(¢) universally quantifies over all sub-contexts forked from
the current one, requiring that ¢ be satisfied in each.

The verification process begins with a shared initial context that serves as the
root for all subsequent context derivations. When (2 operators are nested, new
sub-contexts are created within each other, establishing hierarchical relations.
The number of contexts does not translate into the number of running monitors,
as we have seen above, in the practical concept of context introduction.

3.2 Why context matters?

The context of a chain is a crucial concept for verifying the satisfiability of a
formula. As stated previously, there is always a main context, denoted by Ay,
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which always exist. If no sub-context is created, that is, no {2 operator exists to
capture new contexts, then evaluation takes place entirely within Ag. Consider
©1 = «: ¢ and the following trace (where _ is an irrelevant message):

01 = mp mo

In 04, all the messages with signature « belong to the same context (Ag). To
satisfy ¢1, it is sufficient to check whether in the trace, there is at least one of
them that satisfies the property §. Some messages may not satisfy J, but as long
as at least one does, the formula is considered satisfied.

Now, consider the same trace, but suppose the goal is to check all messages
with signature « that adhere to ¢. In this case, the property would be defined
as g = £2(a : J), and the contexts would change, as such:

O2 = _ M m2

The objective is to verify property ¢ over all messages with signature «. In this
example, there are two existing contexts, the context of the message m; matching
«, denoted by Ay, and the context of the message my matching «, denoted by As.
These contexts, each represented by a different colour, are independent, which
is precisely what is needed. Each occurrence of the message chain defined within
the {2 operator is evaluated as a separate context, ensuring that the property is
checked individually for every instance.

In ¢4, even if the first message matching the signature does not satisfy the
property, the formula is still satisfied as long as at least one subsequent message
does. This is not the case for s, where it is required that the property holds for
every independent chain. Now, let us consider trace o3 as:

03 =m; My m3 my _ mj

We can interpret o3 with respect to property P: “For every client connected
to the system, all requests sent by that client must have a positive payload”. In
WALTYZ, this is expressed as: @3 = 2(aq : T; 2(as : 0)).

Property ¢3 uses two nested {2 operators, essential for correctly capturing
the intended behaviour. The outer {2 tracks each client connection a;, matching
messages m; and mz. The inner {2 tracks the sequence of requests as, matching
the remaining messages. Without the second (2, the formula would monitor
all requests globally rather than per client, thus failing to isolate behaviours
across individual connections. The resulting structure of contexts derived from
this trace and property is illustrated in Figure 2] which shows the hierarchical
relationships established by the nested {2 operators.

The context Ay is the root context and is always present in any trace. For ex-
ample, a simple formula like ¢ = 4 : J is evaluated within this root context Ag.
However, when a formula involves the (2 operator, it introduces a new context
that inherits the context in which it was invoked. Each client initiates a chain of
events matched by the formula « : T; 2(ag : §). Upon observing an event that
satisfies v : T, a new context is created, denoted Aq, with Ay as its parent, i.e.,
Ay » Ay. This context captures the interaction scope for a single client.
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Fig. 2: The contexts of the trace o3

The formula then specifies another use of 2, which applies to all subsequent
messages from that client. For each message matching s, we create a new sub-
context (e.g., A11, A12) under Ay, since we are now verifying whether each of
those messages satisfies the property §. These new contexts inherit from A,
meaning Aq; » A and Aqo » Ay, This hierarchical context structure enables us
to handle traces where events from different chains or clients are interleaved, as
satisfiability is always checked within the relevant context. Therefore, in o3, one
of the interaction is m; ; my ; my and the other one is m3 ; ms.

Managing these contexts can become cumbersome. However, following good
coding practices helps simplify their management by ensuring that code refer-
ences are handled adequately during message exchanges or by relying on stan-
dard communication modules, such as OTP. When such standards are not fol-
lowed, we must introduce custom mechanisms to maintain and track contextual
information by injecting additional code into the system.

4 Case studies

This section presents examples of actor-based systems and properties specified
and verified using WALTZ, demonstrating the language’s expressiveness in cap-
turing a wide range of interactions.

4.1 List sorting and duplicate removal

Let us revisit the introductory example shown in Figure[l] which illustrates a sys-
tem architecture where a central server routes incoming requests to subordinate
processing actors. Knowing that o is sendserver—remaup and o is send;endup—ssort
the property P; can be defined in as ¢1:

o1 =02 {_, _, Size}: T;a’ {_, _, Size’}:Size’ <= Size)(P;)

This property captures all message chains that begin with a send operation
from the server to the remdup process, followed by a message from remdup
to sort. The specification captures the expectation that removing duplicates
should not increase the size of the list. The specification enables this kind of
cross-message and cross-actor data relationship by binding variables across the
interaction chain. Because the formula is enclosed in a {2 operator, ¢; will be
evaluated across all such chains individually, each within its own context.
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For example, given trace ¢ = my mp m3 my, the set of contexts C, and the
mapping y(m1) = A, y(m2) = Ay, y(m3) = Ao, y(mg) = Ag. U my, mg > oy
and mo, my X ap we will be able to verify at runtime whether the messages
comply with our specification. Since we are working in a runtime context, the
trace will grow infinitely, but we will evaluate our properties over the current
observed trace, which is finite. By extracting the values of the message contents
at runtime, we will check whether, for that given trace, the property is valid.
The resulting pseudo-code of the generated monitor will be the following:

a(Q):
receive {server, send, Msgl, remdup} ->
case Msgl of {_, _, Sizel} and Msgl € A ->
receive {remdup, send, Msg2, sort} ->
case Msg2 of {_, _, Size2} and Msg2 e A ->
if (Size2 <= Sizel) a()
else false

Property 1 illustrates one of WALTZ’s key strengths: referencing and com-
paring variables across different actor communications within the same chain,
enabling, for example, the check that the remdup process is correctly removing
duplicates by comparing the sizes of the lists. Since WALTZ relies on Erlang’s
built-in tracing mechanisms, it is not necessary to specify intermediate or un-
related messages; only the relevant interactions must be defined, and all other
events will be ignored during monitoring.

We can also define properties that are more general, such as simply tracking
whether the server at the end receives a sorted and duplicate-free list, or whether
the sort process indeed sorts the list. For example, property Ps, introduced
earlier, asserts that the sort process sends a sorted list to the remdup process:

2 = f2(sendsort—remaup 1SOrtPID, List, Size}:isSorted(List))(P2)

Property - is relatively simple to verify and illustrates WALTZ’s flexibility:
developers can choose to model interactions at varying levels of specificity, from
highly focused checks to broad system-level assertions, depending on their needs.

4.2 Clients and server connection

Ezample 2. Consider a system where a central server handles multiple client
connections. Clients connect by sending a message {myPID, hello}, after which
the server tracks them as connected. Once connected, clients send requests of
the form {myPID, Payload}. To ensure server integrity, the payload must be
a positive integer. We want to verify that for every client that connects, all
subsequent requests contain only positive payloads. Using WALTZ we can specify
3, knowing that o and o’ are sendcijent >server:

03 = 2(a {MyPID, hello}: T;§2(c/ {MyPID, Payload} : Payload > 0))
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This formula can be interpreted as: for every message with signature {myPID,
hello} that satisfies T (i.e, all such messages), we want to verify that all sub-
sequent messages from the same client satisfy the property Payload > 0. The
usage of contexts in WALTZ enables this, because 2(a : T;2(a’ : §)) creates a
new context for each client connection « : T, and within each of those, further
sub-contexts for each client request £2(o’ : §). This allows us to track and verify
message chains for each client independently, even if their traces interleave.

Whenever we have contexts being created inside others, we spawn new sub-
monitors that are linked together. They belong to the same context in the big
picture, but we will allow them to have sub-contexts that are useful to specify
richer properties over a given system.

4.3 Multiple workers

Ezxample 3. Consider a system with a central server and multiple identical worker
processes. The goal is simple: the server expects at least one worker to respond
with a positive payload, we do not care which worker replies. This behaviour
can be expressed in WALTZ property as ¢4, where _ is the wildcard:

@4 = send__,gerver{0k, Res}:Res >0

All messages belong to the same root context Ag since there is no {2 operator
involved. We are checking for the existence of at least one message that satisfies
the property. For a trace ¢ = m m m, where all messages match signature «,
the property holds if any of these messages meet the condition. If, instead, we
wanted all workers to return a positive result, the property would have to be:

5 = {2(send__,server {0k, Res}:Res = 0)

In this case, if even one message fails to satisfy the property, the entire property
is violated. This is because each message is evaluated in its own context, so every
message with the given signature is treated as a separate context for verification.

5 Monitor synthesis and instrumentation

The core of RV is the generation of monitors from high-level specification lan-
guages [6]. In this section, we present the instrumentation and orchestration
within the system to couple it with our monitors. Monitors are active entities
that analyse a system and produce a verdict based on the system’s execution
trace. The framework is illustrated in Figure [3]

Our approach uses outline monitoring for actor-based systems, which is less
intrusive compared to some other methods [I1]. Monitors are implemented as
separate entities, enabling us to observe system behaviour without changing the
existing code, unless that code diverges from standard actor-based practices. In
such cases, we may need to perform semi-manual or automatic code injection.
While this outline method introduces more overhead than inline monitoring, it
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System Under Scrutiny Monitor Architecture

A1 me—> A4 > M2 Specification
| \ Property1

Mp Mg, <—Tracing—> M1 <—Generate >

* \ Property2
mc—>» A3 |—> M3 Property3

Fig. 3: Instrumentation framework

becomes essential in scenarios where modifying or accessing the system code is
not possible. In actor-based models, outline monitoring is a natural fit, as moni-
tors can function as independent actors that communicate externally rather than
being embedded within the already existing code. By leveraging the built-in trac-
ing features of Erlang [4], it is possible to capture all interactions in the system,
including message sending, message reception, and abrupt failures. To achieve
this, the monitor compiled from WALTZ is responsible for tracking all specified
interactions and verifying whether the system satisfies the defined properties.

Thanks to Erlang’s inherent scalability and its “let it crash” philosophy [4],
we can effectively manage sub-monitor failures and ensure reliable property ver-
ification. By maintaining links between the main monitor and all sub-monitors,
violations of nested properties, such as those involving (2(...f2), can be accu-
rately detected. The language’s architecture naturally supports this structure,
enabling robust monitoring guided by the language’s own fault-tolerant design.

The correctness of the generated monitors can be evaluated through inspec-
tion of the generated code, even in the absence of formal correctness proofs.
The direct correspondence between the property specifications and the moni-
tor implementation makes it straightforward to verify that the generated code
accurately implements the specified property logic.

The monitor compilation process is still in development, but the case stud-
ies presented demonstrate the practical value and expressive power of WALTZ.
These examples illustrate how the language integrates seamlessly with actor-
based systems, allowing for precise, scalable, and non-intrusive monitoring of
complex interaction patterns. This showcases its potential for real-world appli-
cations. So far, progress includes a working compiler that translates the specifi-
cation language into an Erlang monitor. Further work is currently underway in
instrumentation and context generation. For more information on the project,
the reader can visit Actorchestra.

6 Related work

The field of runtime verification has produced numerous approaches for moni-
toring system behaviour against formal specifications, each addressing different
aspects of the verification challenge with varying degrees of success.
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MonPoly [§] is a runtime verification tool that analyses traces and properties
defined in a fragment of metric first-order temporal logic (MFOTL) [7]. A key
strength of MonPoly is that monitors return satisfying variable assignments,
not just boolean verdicts, providing deeper diagnostic insights. A later version
supports full MFOTL, but with significant performance costs [19]. However,
MonPoly reads traces from pre-processed log files in a specific format, limiting
its integration with live systems.

detectEr [5] is a runtime verification tool designed specifically for Erlang,
using its native tracing mechanisms to monitor properties defined in a moni-
torable fragment of pHML [1I2]. Unlike tools that process pre-generated logs,
like MonPoly, detectEr operates on live system traces, enabling real-time verifi-
cation and verdict generation. While it shares a similar goal with our approach,
it faces key limitations. First, its specification language treats each actor as an
isolated black box, restricting the ability to express properties that span multiple
actors, preventing the relating of variables across actor interactions. Second, in
detectEr, users must explicitly declare which messages to ignore. While feasible
for simple systems, this becomes error-prone and cumbersome in large systems
with many concurrent interactions.

7 Conclusion and future work

WALTZ offers a specification language and monitoring framework for actor-
based systems, introducing the concept of context-aware properties to track and
relate message interactions across actors. This allows for expressive intra-actor
verification, supports implicit filtering, and enables rich reasoning. By unifying
high expressiveness with scalable monitoring, WALTZ provides a strong foun-
dation for runtime verification in concurrent and distributed environments.

To strengthen the practical and theoretical impact of our language, sev-
eral key extensions are planned: (1) establishing formal correctness proofs for
generated monitors would ensure reliability over the monitor implementations;
(2) exploring the notion of blame assignment. Stating what happened wrong is
more powerful than simply stating that something went wrong [20]. WALTZ’s
structure already supports detailed property definitions, allowing users to iso-
late where violations occur. This opens the door to integrating blame assign-
ment directly into the language, enabling monitors to return informative ver-
dicts rather than binary outcomes; (3) investigating whether it is possible to
monitor systems that do not follow OTP conventions without requiring code
injection. OTP provides a standard structure for building actor-based systems
in Erlang, including mechanisms like unique references in message exchanges.
These built-in features are crucial for creating and associating contexts, mak-
ing monitoring significantly more feasible. In contrast, non-OTP systems lack
such consistency, posing greater challenges for external monitoring; (4) assessing
the non-monitorability [9] aspects of runtime verification. Since not all proper-
ties can be monitored at runtime, exploring these limits could provide deeper
insights into the expressiveness and capabilities of WALTZ.
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