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Abstract

The increasing complexity of distributed systems demands efficient coordination of
autonomous agents while maintaining system observability. This research investigated
three architectural approaches to observable agent coordination: a centralized coordina-
tor design, a decentralized peer-to-peer system, and a hybrid solution which combines
centralized task decomposition with distributed execution. The architectures were im-
plemented as proof-of-concept prototypes to examine their structural characteristics,
coordination patterns, and observability implications, supported by empirical obser-
vations. The centralized approach demonstrated predictable performance and high
observability but potential bottlenecks. The decentralized architecture offered better
scalability at the cost of increased coordination complexity and limited observability. The
hybrid approach achieved a balance between these characteristics by combining central-
ized control with distributed execution and persistent messaging. The findings suggest
that hybrid architectures offer a promising direction for observable agent coordination in
distributed systems.

1 Introduction

The increasing complexity of modern software systems drives the adoption of distributed architectures,
where computational tasks are spread across multiple interconnected nodes. While distributed systems
can improve scalability, resilience, and resource utilization [1, 2], the effective coordination of
autonomous agents within these systems remains a significant challenge [3]. Software agents, which
are routines that operate autonomously with local environmental awareness and without centralized
control, form the foundation of modern distributed systems [4]. This paper examines different
architectural approaches to coordinating and observing the interactions of these agents by focusing
on the balance between coordination efficiency and system observability.

The challenge of maintaining observability in distributed agent systems is multifaceted and grows
with system complexity. Observability is the ability to understand a system’s internal state through its
external outputs and it becomes particularly challenging in distributed environments [5]. System state
becomes scattered across multiple autonomous agents which makes it difficult to maintain a coherent
global view without introducing significant coordination overhead. This challenge is compounded by
the need to track complex interactions between agents, understand decision-making processes, and
maintain system insights even as agents dynamically join or leave the system. Recent incidents in
large-scale distributed systems highlight these challenges: the 2021 Facebook outage demonstrated
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how lack of observability can hamper debugging efforts in distributed systems [6], while Amazon’s
2017 S3 outage showed how interdependent services can create cascading failures that are difficult to
trace without proper observability mechanisms [7].

Consider a real-world scenario in modern e-commerce systems, where a seemingly simple user
request triggers a complex chain of distributed operations. When a customer places an order, the
system must coordinate across inventory management, payment processing, fraud detection, shipping
optimization, and customer notification services. Each of these components may be handled by
specialized agents distributed across different geographical regions and data centers. The challenge
extends beyond mere task distribution: system operators need to understand how decisions are made,
track task progression, identify bottlenecks, and quickly diagnose issues when they arise [5]. For
instance, if a payment fails, operators need visibility into whether the failure occurred during the
payment processing itself, during the fraud check, or due to communication issues between services.
This level of observability becomes crucial for maintaining system reliability and user trust.

To address these observability challenges in multi-agent systems, this paper implements and compares
three distinct architectural patterns: centralized, decentralized, and hybrid approaches. Each pattern
offers different trade-offs between coordination efficiency and system observability, which we evaluate
through empirical analysis focusing on several key aspects:

1. Task decomposition and allocation patterns

2. Agent coordination mechanisms

3. System observability characteristics

4. Performance and scalability implications

To conduct this evaluation, we implemented three proof-of-concept (PoC) prototypes, each represent-
ing a different architectural approach to agent coordination. Our analysis considers both quantitative
metrics and qualitative aspects, with particular attention to how architectural choices impact system
observability at scale.

As distributed computing paradigms grow increasingly complex, understanding these architectural
trade-offs becomes crucial for system designers and operators. Our research provides practical
insights into the strengths and limitations of each approach to help inform architectural decisions in
observable distributed systems.

Given these practical challenges and requirements, we begin by examining existing research across
several key dimensions, focusing particularly on approaches in task decomposition and coordination
that enable observability. We then present detailed implementations of each architecture, followed
by our evaluation methodology and experimental results. The paper concludes with a comparative
analysis and discussion of future research directions.

1.1 Literature review

The challenges of observable agent coordination span multiple research areas, each contributing
crucial insights to the design of distributed systems. We examine these contributions to understand
how different architectural approaches might address the observability challenges outlined above.

1.1.1 Agent discovery and capability assessment

Dynamic agent discovery and capability assessment form critical components of distributed agent sys-
tems. Ben Noureddine. et al. introduced mechanisms that utilize intelligent registries to dynamically
discover and assess agent capabilities based on task requirements to enable optimized agent-task pair-
ing in dynamic environments [8]. This work established fundamental patterns for dynamic resource
allocation, though questions of scalability and reliability in large-scale deployments remain open
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challenges. Recent advances in federated systems have further highlighted the importance of robust
discovery mechanisms, particularly in environments where agent availability may be uncertain [1].

1.1.2 Task decomposition and dependency management

Task decomposition serves as a core aspect of managing complex workflows in distributed systems.
The representation of tasks as directed acyclic graphs (DAGs) has emerged as a prevalent approach,
enabling clear dependency mapping and efficient parallel execution. Dong et al. demonstrated the
effectiveness of DAGs for structured task management in their work on multi-agent coordination [9],
which showed significant improvements in coordination efficiency and system scalability. Building
on this foundation, Dutta et al. explored recursive DAG decomposition techniques that further reduce
execution time and system overhead [10]. These approaches have proven particularly valuable in
systems where task dependencies exhibit complex hierarchical relationships.

1.1.3 Coordination mechanisms

The coordination of autonomous agents presents ongoing challenges in multi-agent systems, with
various approaches offering different trade-offs between centralization and autonomy. While cen-
tralized coordination provides stronger consistency guarantees, decentralized approaches often offer
better scalability and resilience. Decentralized auction-based approaches, as surveyed by Skaltsis
et al. [11], have demonstrated particular promise in dynamic task allocation for spatially distributed
systems. Hybrid approaches combining elements of both paradigms have also emerged, though their
effectiveness often depends heavily on specific application requirements and deployment contexts [3].

1.1.4 System observability

Observability has become increasingly critical as distributed systems grow in complexity. Recent
research emphasizes the importance of comprehensive visibility into task states, inter-agent com-
munications, and decision-making processes. Reily et al. established key principles for observable
multi-agent systems [12]to highlight how proper instrumentation can facilitate debugging and system
optimization. Real-world incidents have further stressed the importance of observability, particularly
in large-scale distributed systems where debugging and incident response become challenging without
proper visibility [2].

1.2 Research gap and synthesis

Prior research has made significant advances in individual areas. It ranges from task decomposition
to coordination mechanisms and monitoring approaches. However, several key challenges remain
unaddressed: While observability has been studied extensively in infrastructure monitoring [12], its
relationship to different coordination architectures remains unexplored. Although both centralized
and decentralized coordination approaches have demonstrated benefits [11, 5], their impact on system
observability has not been systematically evaluated.

This gap between coordination mechanisms and their observability implications is particularly relevant
for modern distributed systems, where both efficient execution and system visibility are essential.
We address this gap through empirical evaluation of three architectural approaches, examining how
different coordination patterns impact system observability.

2 Methodology

This study employed a multifaceted methodology to integrate theoretical analysis with practical
implementations for developing and evaluating a framework for distributed multi-agent systems. The
methodology consisted of the following components:
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2.1 PoC development

To test theoretical insights and validate proposed solutions, three proof-of-concept implementations
were developed, each representing a different architectural approach. These PoCs build on ideas from
Ben Noureddine. et al. in the context of agent discovery [8] and coordination mechanisms studied by
Skaltsis et al. [11]. The implementations were supported by a common framework using directed
acyclic graphs. DAGs are mathematical structures consisting of nodes connected by directional
edges that never form cycles [13]. They provide a natural representation for task decomposition
and dependency management, where nodes represent sub-tasks and edges represent dependencies
between them.

2.1.1 Task decomposition and DAG representation

Within our implementation of a multi-agent system, each task T is represented by a set of sub-tasks
{T1, T2, . . . , Tn}, where:

• Each sub-task Ti is a node in the DAG.

• Edges between nodes represent dependencies, denoted as depends_on(Ti) = {Tj1 , Tj2 , . . . },
where Tjk must be completed before Ti can execute.

• The terminal sub-task Tn produces the final result of T by combining outputs of all dependent
tasks.

The workflow for an individual sub-task is defined as:

Oi = Ai(Ii), Ii = {Oj1 , Oj2 , . . . }, ∀Tjk ∈ depends_on(Ti),

where:

• Ai: The agent assigned to Ti.

• Ii: The set of outputs from all tasks {Tj1 , Tj2 , . . . } on which Ti depends.

• Oi: The output of Ti, passed to dependent tasks as input.

For the terminal sub-task Tn, the final result of the task T is:

T = On.

2.1.2 Example workflow with dependencies

Consider the task: "Fetch today’s weather information in Celsius and a random number and add
both.". This task is decomposed into the following sub-tasks and dependencies:

• T1.1: Fetch today’s weather information in Celsius. depends_on(T1.1) = {}.

• T1.2: Fetch a random number. depends_on(T1.2) = {}.

• T1.3: Calculate the sum of both numbers. depends_on(T1.3) = {T1.1, T1.2}.

The DAG representation and execution can be expressed as:

O1.1 = A1.1(∅), O1.2 = A1.2(∅),

O1.3 = A1.3(O1.1, O1.2), T = O1.3.
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Or visually, as follows:

T1.1 T1.2

T1.3

Figure 1: DAG representation of the task

The DAG ensures that:

1. T1.1 and T1.2 are executed in parallel as they have no dependencies.

2. T1.3 is executed after both T1.1 and T1.2 are completed.

3. The terminal task T1.3 signals the completion of the overall task T .

2.1.3 PoC 1: Centralized coordinator

PoC 1 (see Figure 2) employs a centralized coordinator architecture, where a single central entity
is responsible for managing the entire workflow of a task. The process begins with the coordinator
performing the initial decomposition of a task into smaller sub-tasks. These sub-tasks are then
assigned to agents based on a capability assessment mechanism. The assessment evaluates the
suitability of agents using task type compatibility.

Once an agent completes its assigned sub-task, the result is returned to the coordinator. The coordina-
tor performs a dependency resolution check to verify whether prerequisites for subsequent sub-tasks
have been fulfilled. If dependencies are resolved, additional sub-tasks are initiated. The workflow
continues in this manner until the terminal sub-task is completed, at which point the task is marked
as finished.

Figure 2: Centralized architecture of PoC 1
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2.1.4 PoC 2: Decentralized architecture

PoC 2 (see Figure 3) introduces a fully decentralized architecture to emphasize autonomy and
peer-to-peer collaboration among agents. In this model, all agents are equal by default, but they
have the ability to be promoted to a leadership role for specific tasks. Leadership promotion follows
a first-come-first-serve mechanism, where the first agent to successfully have its leadership claim
acknowledged by another agent is designated as the leader for that task. The leader is responsible for
task decomposition and the orchestration of sub-tasks.

Task assignment is based on a self-assessment mechanism, where agents evaluate their own capa-
bilities against the requirements of sub-tasks broadcasted by the leader. Agents that qualify for a
sub-task send claims to the leader, which acknowledges and finalizes the assignment.

Figure 3: Decentralized architecture of PoC 2

2.1.5 PoC 3: Hybrid model

PoC 3 (see Figure 4) combines the strengths of centralized and decentralized architectures to offer a
hybrid approach. A centralized coordinator is responsible for the initial task decomposition and the
announcement of sub-tasks. Following this initial stage, agents self-assign sub-tasks based on their
capabilities. Task delivery in this model is facilitated by delivery queues, which ensure exactly-once
delivery semantics. Worker agents acknowledge task receipt through the queue. Specialized worker
agents perform an introspection of the resolved internal DAG representation of the task to ensure that
all dependencies are satisfied before processing begins.

The hybrid model is able to handle dynamic task creation at runtime. Worker agents can publish
new sub-tasks to the broker to declare their dependencies and defer their original task until the new
dependencies are resolved.
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Figure 4: Hybrid architecture of PoC 3

2.2 Testing environment

The development and testing environment was established on a single development machine running
all components. The system used a NATS1 server (version 2.20.22) for message brokering, with
the implementation performed in Python 3.12. Essential dependencies included the NATS Python
client for message passing, JetStream2 for persistent messaging in PoC 3, and AsyncIO for handling
concurrent operations.

2.3 Benchmarking methodology

The benchmarking process was designed to evaluate the proposed solutions through both empiri-
cal measurements and theoretical analysis, with a focus on quantifiable metrics and architectural
implications.

2.3.1 Empirically measured metrics

The empirical evaluation focused on four key areas of measurement. Task completion time was
measured from the moment of task submission to its completion, similar to the performance metrics
used in Dong et al.’s study of task dependencies [9]. Message patterns were analyzed to understand
the nature and efficiency of inter-agent communication, building on ideas from the work of Malone
and Crowston on coordination patterns in distributed systems [14]. The coordination overhead was
assessed by measuring the time spent in coordination activities versus the actual execution of the
task. Implementation complexity was evaluated through several factors, including the volume of
code required for each architecture, the number of distinct message subjects, and coordination points.
The latter refers to parts of the implementation that require explicit coordination efforts, such as task
distribution or result announcement.

2.3.2 Test scenarios

Drawing from established experimental design practices outlined in distributed systems research [1],
the benchmark testing utilized a two-step task workflow with dependencies. To ensure statistical
significance, each test was repeated through 100 iterations. The testing involved a configuration of
two to three agents per architecture to allow for basic interaction patterns.

1https://nats.io/
2https://docs.nats.io/nats-concepts/jetstream
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2.3.3 Theoretical analysis

Given the constraints of the testing environment, several aspects required theoretical analysis rather
than empirical measurement. The scalability analysis, inspired by the ISO/IEC 25002:2024 standard
for software quality evaluation3, examined architectural patterns and their implications for larger
deployments. Fault tolerance was assessed through a theoretical evaluation of potential failure modes
and recovery mechanisms and was also guided by the principles outlined in the aforementioned ISO
standard.

2.3.4 Observability assessment

Our observability assessment methodology draws ideas from the work of Burgess [5] and evaluates
each architecture through three key features: task state visibility, decision traceability, and debug
capability.

Task state visibility was rated as "Complete" when all task state transitions were observable and
logged with full context, and "Partial" when state information was fragmented or required correlation
across multiple sources.

Decision traceability was assessed as "High" when the full chain of decision-making events could be
reconstructed from logs and traces, "Limited" when gaps existed in the decision trail or when certain
decisions could not be fully explained from available data.

Debug capability was rated "High" when the system provided comprehensive logging, clear error
messages, and the ability to correlate events across components. A "Medium" rating indicated partial
debug information or challenges in correlating events across system components.

These assessments were based on examining log completeness, state change granularity, inter-agent
communication visibility, and our ability to reconstruct event sequences during testing.

3 Results

The evaluation of the three architectural approaches revealed distinct characteristics in terms of
performance, complexity, and behavioral patterns. This section presents the empirical results of our
implementation and testing, followed by a comparative analysis of the architectures.

3.1 Implementation complexity

Analysis of implementation complexity reveals differences between the three architectures. Table 1
presents the metrics related to the effort and complexity of the implementation.

Metric PoC 1 PoC 2 PoC 3

Lines of code 195 205 204
Number of message subjects 3 9 3
Coordination Points 4 9 5

Table 1: Implementation complexity metrics

The recorded message counts varied significantly between implementations. PoC 1 utilized four
messages per task execution, comprising coordinator publications and completion notifications. PoC
2 operated with nine distinct message subjects and recorded 18 messages per task execution. PoC 3
showed six messages per task execution, consisting of history stream events, subtask publications,
and result publications.

3https://www.iso.org/standard/78175.html
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3.2 Performance characteristics

Performance testing revealed distinct behavioral patterns across the three architectures. The evaluation
focused on three key aspects: task completion efficiency, coordination overhead and observability.

3.2.1 Task completion time

The centralized coordinator (Figure 5, PoC 1) demonstrated consistent task completion times with
low variance (±2.4 ms std. deviation). The decentralized architecture (Figure 5, PoC 2) showed
slightly higher average completion times (±4.6 ms std. deviation). The hybrid approach (Figure
5, PoC 3) achieved completion times that perform between these two data points (±4.4 ms std.
deviation).
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Figure 5: Task completion times with variances

3.2.2 Coordination overhead

Analysis of coordination overhead revealed interesting patterns across the implementations.

Metric PoC 1 PoC 2 PoC 3

Average Coordination Time (ms) 4.635 1.583 1.032
Message Count per Task 4 18 6
Leader Election Time (ms) N/A 6.502 N/A
Dependency Resolution Time (ms) 0.010 0.001 0.593

Table 2: Coordination overhead analysis

The highest measured values were 18 messages per task and a coordination time of 4.635 ms (see
Table 2). Leader election was only present in PoC 2, adding 6.502 ms to the coordination process.

3.3 Observability analysis

The three architectures demonstrated varying levels of system observability. PoC 2 exhibited the most
notable differences (see Table 3), with partial task state visibility, limited decision traceability, and
medium debug capability, contrasting with the complete task state visibility, high decision traceability,
and high debug capability observed in PoC 1 and PoC 3.
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Observability Feature PoC 1 PoC 2 PoC 3

Task State Visibility Complete Partial Complete
Decision Traceability High Limited High
Debug Capability High Medium High

Table 3: Observability metrics comparison

4 Discussion

The analysis of the three architectural approaches revealed distinct patterns in coordination, observ-
ability, and performance characteristics. Each architecture demonstrates specific trade-offs that make
it suitable for different use cases.

4.1 Architectural patterns and performance characteristics

PoC 1’s centralized architecture implements a classical star topology, where all communication
flows through a central coordinator [15]. This pattern, while simple to implement and reason about,
creates a potential bottleneck at the coordinator. However, it simplifies synchronization through its
single point of control, which eliminates the need for complex protocols [15]. The centralized nature
enables efficient dependency resolution (0.010ms) since all task state and dependency information is
locally available to the coordinator. This centralization of communication flow also creates natural
system observation points. Each message passing through the coordinator provides precise task
state information and progression tracking without requiring additional monitoring mechanisms.
This architectural choice leads to consistent but capacity-limited performance (6.9ms ±2.4ms),
demonstrating how simplified synchronization can provide predictability at the cost of scalability.

PoC 2’s decentralized approach employs a peer-to-peer pattern with dynamic leadership. This requires
an elaborate synchronization protocol [15]. The architecture demands nine distinct message types to
manage its synchronization flow:

1. Leadership establishment requiring lock acquisition and acknowledgment

2. Task claim competition among agents

3. Formal task assignment with acknowledgment

4. Synchronized task kickoff

Each agent maintains its own in-memory record of dependencies. While this results in fast dependency
resolution (0.001ms), it requires extensive synchronization to prevent race conditions. A particular
challenge arises in result handling: without persistent storage, late-joining workers might miss
results published before their subscription, potentially leading to deadlocks in dependent tasks. This
complexity is reflected in the high message count (18 messages per task) and significant leader
election overhead (6.502ms, see Figure 2). The distributed nature of state information makes system
observation more challenging. No single agent has a complete view of the system state, which
requires additional coordination to maintain coherent system visibility. These architectural choices
result in reduced performance with higher variability (15.9ms ±4.6ms), reflecting the overhead costs
of decentralized coordination, though the approach offers better theoretical scalability through the
elimination of central bottlenecks.

PoC 3’s hybrid architecture bears striking similarities to modern CPU designs. Like a CPU’s
control unit managing distributed execution units, the central coordinator handles task distribution
while worker agents perform parallel execution [16]. The JetStream component acts similarly to
a CPU’s message bus, providing guaranteed delivery semantics. By using delivery queues with
exactly-once semantics and a persistent history stream, the architecture eliminates many of the race
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conditions and timing issues present in PoC 2. While this introduces slower dependency resolutions
(0.593ms) due to key-value store queries, it significantly reduces the complexity of task coordination
and result handling. Results are durably stored in the history stream to allow workers to access
them regardless of subscription timing. This persistent message history serves a dual purpose: it
ensures reliable task coordination while simultaneously providing a complete audit trail for system
observation, effectively decoupling observation capabilities from real-time message flow. This
balanced architectural approach achieves moderate performance characteristics (11.1ms ±4.4ms) and
demonstrates how persistent messaging can provide predictable behavior while maintaining scaling
capabilities.

4.2 Fault tolerance potential

Although fault tolerance mechanisms were not implemented in the current prototypes, the architectural
patterns of each approach suggest different capabilities and challenges for handling system failures,
particularly in maintaining system observability during failure scenarios.

The centralized architecture of PoC 1 presents a clear single point of failure in its coordinator. While
this simplifies failure detection, as all agents report to a single entity, it also means that coordinator
failure would halt the entire system. This centralization creates a tight coupling between system
operation and system observation. Coordinator failure would disable both task execution and the
ability to monitor system state. Recovery mechanisms could be implemented through coordinator
redundancy, though this would require additional complexity to maintain state consistency between
primary and backup coordinators. The consistent task completion times observed in our results (see
Figure 5) suggest this architecture could enable rapid failure detection through timing violations, as
deviations from these stable patterns would be immediately apparent to the coordinator.

PoC 2’s decentralized architecture inherently avoids single points of failure, as any agent can
potentially assume leadership. The existing leader election mechanism provides a foundation for
fault recovery, as similar processes could be used to elect new leaders when failures occur. However,
the lack of persistent storage means that task state and results could be lost during agent failures. This
would require complex state replication protocols between peers to ensure reliability. The distributed
nature of the system creates additional challenges for failure observation. With only partial state
visibility at each node, distinguishing between node failures and network partitions becomes more
complex. The higher variance in task completion times (see Figure 5) further complicates failure
detection through timing analysis alone.

PoC 3’s hybrid approach is particularly promising for fault tolerance implementation. JetStream’s
persistent message storage provides built-in failure recovery capabilities. Failed workers can be
replaced without losing task state or results, as all necessary information is preserved in the message
history and key-value store. The centralized coordinator could be made fault-tolerant through similar
mechanisms to PoC 1, while maintaining the ability to recover worker state through JetStream’s
persistence layer. Task acknowledgments and exactly-once delivery semantics further ensure that no
work is lost during component failures. Most importantly, the architecture maintains observability
even during failure scenarios. The message history provides a consistent view of system state
independent of individual component availability.

4.3 Observability implications

Each architecture presents different observability characteristics that directly impact system maintain-
ability and debugging. The centralized design of PoC 1 provides complete task state visibility and
high decision traceability through its single point of control. In contrast, PoC 2’s peer-to-peer nature
makes maintaining a coherent system view challenging, with only partial state visibility and limited
decision traceability.

The hybrid approach of PoC 3 combines the best of both worlds. Similar to how modern CPUs provide
performance counters and debug registers [17], the combination of centralized task decomposition
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and JetStream’s built-in tracing provides comprehensive system observability without sacrificing
distributed execution benefits.

5 Limitations

Several significant limitations influenced the methodology and scope of testing. The single-machine
testing environment limited the ability to assess true distributed performance characteristics. Scale
limitations prevented testing with large numbers of agents or high message volumes. The testing
environment also constrained the ability to simulate realistic failure scenarios effectively. Additionally,
the shared environment made it difficult to isolate and measure resource usage per component.

The methodology was also limited by the use of a single test scenario type (two-step workflow) and
the absence of real-world workload patterns. Implementation choices, such as the exclusive use of
Python and NATS message broker, may affect the generalizability of results to systems using different
technology stacks. Finally, while timing metrics were thoroughly evaluated, the study was unable to
assess long-term reliability characteristics or behavior under different network topologies that would
be present in geographically distributed deployments.

6 Ethical considerations

Although this research focuses primarily on technical implementation, ethical considerations are
important to acknowledge. The research prioritized transparency in system decision-making processes
by designing architectures that make agent behaviors and interactions observable and understand-
able, a critical requirement as distributed systems increasingly impact critical infrastructure and
services. Each architectural approach was evaluated for its ability to provide accountability through
comprehensive tracking and tracing capabilities.

The hybrid architecture’s persistent messaging system, while designed primarily for reliability, has
implications for audit capabilities by guaranteeing that system behaviors can be reconstructed and
verified. This characteristic becomes particularly relevant as distributed systems are deployed in
regulated environments where accountability is essential.

Future work should investigate security implications and potential misuse scenarios in observable
agent architectures more thoroughly, particularly regarding unauthorized monitoring and the privacy
implications of comprehensive system logging.

7 Conclusion

This paper introduced and evaluated three distinct approaches to observable agent coordination in
distributed systems. Through empirical evaluation and analysis, each architecture demonstrated
unique characteristics and trade-offs in terms of complexity, performance, and observability.

The centralized architecture demonstrated that while single-point coordination simplifies system
observation and dependency management, it creates fundamental scalability limitations. The decen-
tralized approach showed that removing central coordination enables better scalability but at the cost
of significantly increased complexity in both implementation and system observation. The hybrid
architecture revealed that persistent messaging can effectively decouple system observability from
coordination mechanisms to enable scalable operation while maintaining comprehensive system
visibility.

Our analysis revealed a fundamental relationship between coordination patterns and observability
capabilities. Systems optimized purely for coordination efficiency tend to sacrifice observability,
while those optimized for observability often introduce coordination overhead. The hybrid approach
suggests that this trade-off can be mitigated through architectural choices that separate observability
concerns from core system operation.
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Several limitations in our current evaluation suggest promising directions for future research. Primary
among these is the need to evaluate these architectures in true distributed environments with larger
agent populations and real-world network conditions. Future work should also investigate security
implications and potential misuse scenarios, particularly regarding unauthorized monitoring and
privacy implications of comprehensive system logging. Additional research opportunities include
developing more sophisticated failure recovery mechanisms and exploring performance optimizations
for complex task dependencies.

The findings suggest that while each architecture has its merits, the hybrid approach offers a promising
direction for observable agent coordination in distributed systems. By treating observability as a
distinct architectural concern rather than a byproduct of coordination mechanisms, systems can
achieve better scalability without sacrificing the ability to understand and debug their behavior. As
distributed systems continue to grow in complexity and scale, this balanced approach to technical
capabilities and accountability requirements will become increasingly important for building reliable
and trustworthy systems.
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