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Results: The test results show that the asynchronous architecture
successfully maintained a throughput of 2,209 requests per second with
an HTTP error rate of 0.00%. The system operated efficiently with an
average memory consumption of 70 MB and a peak CPU utilization of
18.03%. Latency at the 99th percentile (p99) was recorded at 79.02 ms,
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interface freezes (browser freezes). A comparison with the synchronous
monolithic approach documented in previous research shows a significant
increase in load-handling capacity.
Conclusion: The NATS JetStream-based EDA architecture proves effective
as a solution for improving the reliability and efficiency of large-scale
online exam answer collection infrastructure.
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INTRODUCTION

Digital transformation in the education sector has driven the adoption of online
examination systems as an essential infrastructure component in the learning outcome evaluation
process (Oktaviane & Rukhviyanti, 2026; Paredes et al., 2023; Sahni et al., 2025; Shard et al,,
2024). As e-learning platform adoption expands, back-end server reliability and the capacity to
sustain large concurrent user loads become dominant technical imperatives—particularly under
the peak-submission scenarios inherent in online examinations (Blinowski et al, 2022;

Kleppmann, 2017).
Technical problems that often arise in the implementation of online exams are related to
request spikes that occur simultaneously when students submit answers at nearly the same time.
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This phenomenon can be categorized as a synchronized spike, which has the potential to cause
system performance degradation and even service failure (Arief et al, 2024). Under these
conditions, the server system experiences high pressure due to the accumulation of simultaneous
requests, which can lead to processing delays, data loss, or connection failures. The impact of such
failures is not merely technical but also affects the validity of exam results and the overall
credibility of the academic evaluation process. Empirically, such conditions produce tangible
failure modes: (1) HTTP 504 Gateway Timeout responses returned before student answers are
persisted; (2) lost submissions in which the client receives no error, but database writes fail
because of thread pool exhaustion; (3) duplicate submissions triggered by user retries after
apparent failures; and (4) row-level locking deadlocks in the exam session table caused by
concurrent write contention—each directly compromising exam data integrity (Abdelsalam et al.,
2023; Kleppmann, 2017).

System reliability in the context of online exams is closely related to user trust (Njuguna,
2022). System failure, especially during the final answer submission phase, can create uncertainty
regarding the storage status of data sent by participants. This can potentially lead to doubts about
the integrity of exam results, especially if the system cannot provide deterministic guarantees of
data consistency. Therefore, reliability and fault tolerance become important elements in the
design of online exam system architecture (Abdelsalam et al., 2023). In practice, the synchronous
request-response approach commonly used in conventional HTTP-based architectures often faces
limitations in handling high-concurrency workloads, especially when each request must wait for
the database write process to complete before the connection is closed.

This synchronous approach tends to create a bottleneck at the database layer because of
the high level of access contention among various processes running in parallel. Within a
distributed systems framework, this condition can significantly increase latency and the
likelihood of request failures, such as timeouts or connection drops (Kleppmann, 2017).

A number of empirical studies show that synchronous architecture, particularly in
monolithic form, experiences significant performance degradation when faced with a large
number of users compared to event-driven approaches (Cabane & Farias, 2024). Besides affecting
technical aspects, system instability in online exam contexts can also degrade the quality of the
learning experience and potentially affect student motivation to participate in the evaluation
process (Elumalai et al., 2021; Hasbi et al., 2020).

Efforts to increase system capacity through vertical scaling often face limitations, both in
terms of cost and implementation flexibility, especially in educational institutions with limited
resources. Therefore, an alternative approach is needed that can improve scalability without
depending significantly on increased hardware specifications. One widely studied approach is the
implementation of Event-Driven Architecture (EDA), which allows data processing to be
performed asynchronously through a message-passing mechanism. In this architecture, client
requests are not processed directly to completion but are instead delegated to a message queue
to be processed by separate workers.

This event-driven approach allows the system to reduce dependence on blocking
operations and minimize contention for shared resources such as databases. Previous studies
have shown that the use of message brokers and background workers can improve processing
efficiency and reduce average latency in high-load systems (Cox-Buday, 2017). Furthermore,
stream-processing approaches in microservice architectures have also been shown to achieve
near-linear scalability with the addition of computing resources (Henning & Hasselbring, 2024).
In implementation contexts, various message broker technologies such as Apache Kafka and
RabbitMQ have been widely used to support large-scale data processing, particularly in high-
throughput scenarios and complex data-stream processing (Goel, 2024; Lai & Huynh, 2022).

On the other hand, NATS JetStream has emerged as an alternative message broker
designed with a focus on low latency and efficient publish-subscribe and request-reply
communication, as documented in its official technical specifications (NATS, 2023). These
characteristics make it relevant for latency-sensitive scenarios, particularly in exam answer
submission processes that require fast and consistent responses, especially when compared to
other message brokers optimized for high throughput, such as Apache Kafka, or routing flexibility,
such as RabbitMQ (Goel, 2024; Lai & Huynh, 2022). However, most existing research still focuses
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on message broker implementations in large-scale distributed environments, such as Kubernetes-
based clusters, and has not specifically evaluated their performance on limited infrastructure with
single-server configurations.

A structured comparison clarifies the gap: Arief (2024) tested lightweight Kubernetes
(K3s) clusters for online exam reliability, demonstrating multi-node scalability but requiring
complex orchestration absent from most Indonesian schools; Cabane (2024) evaluated EDA using
Apache Kafka in distributed cloud environments without addressing single-server deployments;
Blinowski (2022) benchmarked monolithic versus microservice REST architectures without
asynchronous queuing strategies; and Goel (2024) compared Apache Kafka, RabbitMQ, and NATS
in generic workloads rather than education-specific exam-submission scenarios. No prior work
has examined NATS JetStream with the Go runtime on single-server infrastructure for the burst-
submission pattern of online examinations—the gap this study addresses.

This research gap becomes significant in the context of implementation in secondary
education institutions, particularly in Indonesia, which generally have limited infrastructure
resources. To date, few studies have explicitly evaluated the effectiveness of integrating the Go
programming language with NATS JetStream in handling concurrent request spikes in single-
server-based online exam systems. Yet, this approach holds the potential to provide a more
affordable solution without sacrificing system performance and reliability.

Based on this background, this study aims to implement and evaluate an event-driven
architecture using Go and NATS JetStream in the context of online exam answer collection. The
main focus of the research is to measure the system’s ability to maintain throughput and minimize
error rates under synchronized spike conditions. Specifically, this study seeks to answer the
following question: “Does the implementation of an Event-Driven Architecture based on NATS
JetStream on a single-server infrastructure improve system reliability and performance in
handling simultaneous online exam answer submission loads?”

METHOD

This research used the Design Science Research Methodology (DSRM) framework, which
focused on the development and evaluation of software engineering artifacts in the context of e-
learning systems. The selection of DSRM was based on its ability to bridge practical needs and
scientific contributions through the development of technology solutions that could be
empirically tested (Vom Brocke et al., 2020). In the context of this research, the artifact developed
was an online exam system architecture based on Event-Driven Architecture (EDA), designed to
overcome the problem of synchronized spikes. Unlike traditional software engineering
approaches oriented toward development processes, DSRM emphasized the validation of solution
effectiveness through measurable quantitative testing.

Methodologically, this research followed three main stages in the DSRM cycle: (1) problem
identification, which focused on the analysis of online exam loads that caused system performance
degradation; (2) design and development, which consisted of designing an asynchronous EDA-
based architecture with the integration of system components such as the Go programming
language, NATS JetStream message broker, and Redis as an in-memory cache layer; and (3)
evaluation, which was conducted through load testing to quantitatively measure system
performance based on specified metrics.

This research was conducted over a three-month period, from January to March 2026. The
initial stage of observation and system requirements analysis was carried out at SMK Kiansantang
Bandung as a representative case study. This institution was chosen because it had the
characteristic of using an online exam system with a high number of simultaneous participants,
making it potentially susceptible to bottleneck conditions in server infrastructure. To maintain
the internal validity of the research, the system development and performance testing processes
were not conducted directly in the production environment but rather on an isolated
infrastructure based on a Virtual Private Server (VPS) using Microsoft Hyper-V virtualization
technology.

This approach aimed to control external variables such as public network fluctuations and
to ensure consistency in system performance measurements.

The object of this research was the Chilaedu e-learning platform, which had been modified
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to implement an EDA-based architecture. Meanwhile, the subject of the research in the
experimental context did not directly involve human users but instead used 300 synthetic user
entities designed to simulate simultaneous exam answer submission behavior. The use of
synthetic users was chosen to ensure experiment reproducibility and eliminate uncontrolled
variables such as human response time or device variation. Furthermore, this approach also
considered research ethics by avoiding potential disruptions to actual academic processes.

All experiments were conducted in an isolated virtual computing environment. The server
specifications used are presented in Table 1 as part of research transparency and reproducibility.

Table 1. Test Server Infrastructure Specifications

Component Detailed Specifications
Processing Unit (CPU) Intel Xeon® 4314 @ 2.40GHz (4 Cores)
Memory (RAM) 8 GB
Storage NVMe/SSD (1/0 Speed Avg. 1.9 GB/s)
Operating System Debian GNU/Linux 13 (trixie)
Kernel 6.12.74+deb13+1-amd64
Connectivity 1 Gbps (Telkom Indonesia AS7713)

The developed system architecture adopted an Event-Driven Architecture (EDA)
approach with a clear separation between the main response path (hot path) and background
processing. The Go programming language was used as the implementation foundation because
of its ability to handle lightweight concurrency through an efficient goroutine mechanism for I/0-
bound workloads. In this architecture, the API server acted as the main entry point for user
requests, while heavy data-processing tasks were delegated to the asynchronous queue system.

The main components of the architecture included: (1) an API server that handled request
validation and initial responses; (2) a NATS JetStream-based message broker that functioned as
an asynchronous communication intermediary as well as persistent message queue storage; (3) a
background worker tasked with processing data separately from the main path; and (4) a storage
system consisting of a PostgreSQL relational database and Redis as an in-memory cache. This
approach allowed the system to minimize waiting time on the client side while increasing
resilience to load spikes.

The exam answer submission process flow was designed asynchronously to avoid
dependence on synchronous operations that could potentially cause system bottlenecks. When a
user submitted an answer, the system first performed authentication and business-rule
validation. After successful validation, the data was not processed directly into the database but
was instead sent to the queue system as an event. The API then provided an initial response to the
client without waiting for the storage process to complete. Subsequently, the background worker
independently retrieved messages from the queue and performed further processing, including
data storage and result calculation. This mechanism allowed the system to maintain
responsiveness even during simultaneous request spikes.

This design approach also adopted the event-carrying state transfer principle, in which
the data structure sent through the queue was kept minimal and efficient to reduce
communication overhead (Oliveira Rocha, 2021). Additionally, the queue system was configured
with an acknowledgment mechanism to ensure message-processing reliability, including the
ability to support redelivery in cases of failure during the consumption process.

485 | Journal of Business, Social and Technology



Dery Ciputra Ma'soem, Novi Rukhviyanti Implementation of Event ...

CHILAEDU SYSTEM ARCHITECTURE

i Chilaedu 2

O & recs BEE
“_ﬁlwe‘

Entry Layer =

Go API Server . APLtheway

Puh\i»hr-xlle ommands

Client Layer

Messaging

Layer NAT s NATS JetStream Broker

)
Tc | e

Worker Layer

Persistence ~—
ilayes @ PostgreSQL &=

Figure 1: Global Architecture Design of the Chilaedu Platform Based on Event-Driven
Architecture (EDA)
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System performance testing was conducted using a custom load-testing approach
specifically designed to represent the load patterns of an online examination system. The use of
this custom testing tool aimed to ensure flexibility in scenario configuration and full control over
testing parameters. The testing scenario was designed to simulate request-spike conditions, with
a total of 300 users sending requests simultaneously.

Variations in concurrency levels were used as an independent variable to observe system
behavior under various load intensities. Testing was conducted under four concurrency-level
scenarios: 10, 25, 50, and 100 simultaneous connections. Each scenario was executed using
consistent parameters to ensure the validity of the result comparisons.

Table 2. Load Testing Scenario Parameters

Parameter Value
Target Endpoint POST /api/v1/siswa/exam-sessions/{sessionlD}/submit
Total Users 300 users
Total Requests 1,200 requests
Concurrency Variations 10, 25, 50, 100
Timeout 10 seconds
Authentication JWT

Test result data were collected and analyzed using a quantitative approach based on
system performance metrics. Four main indicators were used in the evaluation: throughput,
latency, error rate, and resource utilization. Throughput is defined as the number of successfully
processed requests per second, reflecting the system’s capacity to handle load. Latency is
measured using percentile distributions (p50, p95, and p99) to provide a more representative
picture of user experience. In the context of online exam systems, the p99 value is a critical
indicator because it represents system performance under worst-case conditions experienced by
a small subset of users.

Error rate is calculated as the percentage of failed requests out of the total requests sent,
including server errors and connection failures. Meanwhile, resource utilization is measured
based on CPU and memory usage during the testing process. Analysis of these metrics aims to
evaluate the system’s efficiency in utilizing computing resources.

Each testing scenario was executed under consistent, controlled conditions, and the
resulting data were analyzed comparatively across concurrency levels to identify performance
patterns under increasing load.

RESULTS AND DISCUSSION

Results

The research results describe the main findings of the study. The presentation of the
results and discussion is organized systematically and includes only data and information relevant
to the research objectives. The discussion section of the research article explains the results
obtained from the study. A series of load tests simulating simultaneous exam answer submissions
generated empirical data regarding the performance of the asynchronous architecture based on
Go and NATS JetStream. The aggregated test results from all scenarios are presented in detail in
Table 3.

Table 3. Tabulation of Asynchronous Event-Driven API Performance Metrics (300 Users per

Scenario)
Concurrency HTTP Throughput p50 p95 p99 Error CPU RAM
Level Response (req/s) (ms) (ms) (ms) Rate (%) (MB)
10 HTTP 202 1,703.50 542 984 1180 0.00% 24.08% 64.59
Accepted
25 HTTP 202 1,928.55 12.37 22.10 2695 0.00% 19.25% 64.67
Accepted
50 HTTP 202  2,209.39 21.05 30.18 3434 0.00% 20.75% 67.74
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Accepted
100 HTTP 202 2,092.53 3891 64.47 79.02 0.00% 18.03% 70.05
Accepted

Discussion

The test results empirically provide a comprehensive answer to the research question
regarding the effectiveness of Event-Driven Architecture (EDA) in handling high-concurrency
workloads on a single-server infrastructure. The data demonstrates a substantial achievement: all
1,200 simulated exam submission requests deployed across four different scenarios (300
concurrent users each) were successfully accepted for asynchronous processing with HTTP 202
Accepted status codes. It must be emphasized that no failures were detected across all requests
during testing based on HTTP response metrics at the application layer (zero error rate). This is
not merely a performance statistic, but also a strong indication of system reliability under
controlled test conditions.

Although this figure is derived from a simulation scenario and cannot be directly
generalized to a production environment, this finding strengthens the justification for the overall
system reliability within the limited experimental context. Within the framework of fault-
tolerance theory, this achievement demonstrates the system’s ability to maintain functionality
under sustained load pressure—a resilience characteristic that is difficult to achieve with
synchronous architectures under similar workloads. In monolithic architectures operating
synchronously, massive traffic spikes arriving simultaneously (known as the thundering herd
phenomenon) typically trigger database connection pool exhaustion or table-level deadlocks,
leading to timeout responses (HTTP 503/504) and denial of service for end users.

On the other hand, the latency distribution pattern of the Chilaedu system across the three
evaluation percentiles (p50, p95, and p99) demonstrates a tightly controlled and consistent
performance curve. The fact that the p99 latency value remains below the latency threshold
generally considered acceptable for web-based system interactions—without exhibiting
uncontrolled tail-latency spikes—provides a strong indication that, even as concurrency pressure
increases progressively, the Quality of Service (QoS) experienced by the least fortunate one
percent of users remains within acceptable standards.

Kinerja Throughput APl Submit
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Figure 3: Throughput Curve of Chilaedu Asynchronous Integration based on NATS EDA
Source: Secondary Data, processed (2026)
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C=100

Observing the scalability patterns and system behavior in greater depth, the aggregate
throughput value increased proportionally from 1,703.50 req/s at concurrency level 10, peaking
at its optimal point of 2,209.39 req/s at concurrency level 50. Interestingly, the system then
recorded a moderate throughput decrease of 5.28%, from 2,209.39 to 2,092.53 req/s, when forced
to handle an extreme load at concurrency level 100. This type of nonlinear curve behavior is
consistent with the principles of M/M/c queueing theory modeling. In that model, the resource
utilization rate is defined as:

p=A/(cxw(1)

where A is the request arrival rate, p is the service rate per computing unit, and c is the
number of available CPU cores. Assuming a peak load of A * 2,209 req/s on an architecture with c
=4 cores, and an estimated empirical service rate of p = 550 req/s per core (as a coarse-grained
estimate assuming relatively even load distribution among cores, based on the approximate
throughput value divided by the number of cores), the utilization value p approaches 1. When p =
1, the system enters an overutilization phase and passes its critical saturation point. At this critical
phase, adding concurrent sessions directly contributes to an increase in queue waiting time due
to a sharp escalation in context-switching overhead at the processor level (Henning & Hasselbring,
2024).

Although the processing rate experienced moderate degradation, the most crucial finding
is that the asynchronous queue mechanism showed no indication of catastrophic failure within
the tested range. In the context of this testing, no data loss was detected at the application-level
observation stage, based on API response verification and internal processing log consistency,
although full verification of end-to-end delivery guarantees is beyond the scope of this
experiment. This indicates a significant behavioral difference compared to the general
characteristics of synchronous systems, which typically experience severe failure once p
approaches its critical threshold.

Another unique characteristic recorded was a decrease in CPU utilization, from 24.08%
(at concurrency level 10) to 18.03% (at concurrency level 100), despite the objectively higher
request volume. This phenomenon is thought to be related to a combination of several factors,
including Go runtime scheduler efficiency, [/0O wait dominance, and an increased distribution of
blocked-state goroutines when the queue reaches peak capacity. Systemically, this phenomenon
represents a coherent technical implication of applying measurable concurrency control
principles through the implementation of Go channel semaphore gates. Grounded in Little’s Law,
this mechanism operates as an automatic backpressure system that regulates the average number
of active workload entities in the system (L) through a strict admission-control scheme as follows:
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L=AxW(2)

Unlike the blocking model of synchronous architecture, this nonblocking approach
confirms that the system’s primary constraint does not stem from CPU-bound capacity
exhaustion. Rather, within the context of this testing workload, the system exhibits the
characteristics of an I/0-bound regulated system—an architectural property that is significantly
more scalable. When the queue capacity reaches its limit, incoming work units are directed into a
blocked state rather than consuming CPU cycles wastefully. This flow-control and self-throttling
capability constitutes a crucial defense layer for preventing resource contention. Contemporary
literature confirms that the absence of strict concurrency regulation often triggers severe latency
storms due to race conditions, leading to fatal complications such as memory leaks when the
system is pushed to its operational limits. The implementation of this control-orchestration
pattern is consistent with the principles of structured concurrency and empirically validates the
efficacy of Communicating Sequential Processes (CSP) theory as a foundation for asynchronous
[/0-bound load control (Cox-Buday, 2017).

From the perspective of a comparative review of synchronous architectural designs and
previous literature, the fundamental differentiator underlying the advantages of EDA in this
research lies in the implementation of the temporal decoupling principle: the data reception phase
is definitively separated from processing execution in the time dimension. In the commonly used
synchronous relational architecture, the SubmitExam process is forced to maintain the client
connection while waiting for the execution of layered database transactions that are vulnerable
to row-level locking, with fluctuating processing times ranging between 50 and 200 milliseconds.
In contrast, in the EDA implementation presented in this research, the API handler distributes the
payload to NATS JetStream within the low-millisecond range and delegates status integrity to the
principles of eventual consistency and asynchronous durability guaranteed by JetStream
persistence mechanisms.

The score-calculation payload is then processed separately by the SubmissionWorker in
an isolated process. This event-buffering mechanism completes the initial interaction within the
low-millisecond range (sub-2 ms), effectively minimizing the potential for processing queue
buildup on the hot path. However, this asynchronous approach introduces trade-offs in the form
of increased system observability complexity for debugging processes, as well as challenges in
managing temporal data consistency due to the eventual consistency mechanism.

The recorded throughput capacity of 2,209 req/s represents a potential capacity far
exceeding realistic examination-load scenarios while simultaneously providing a safe
overprovisioning margin. As part of capacity-planning formulation, if an institution with 500
students submits examinations within a 5-minute window, the average generated load would be
only = 1.67 req/s. Nevertheless, in real-world examination scenarios, submission distribution is
often uneven and dominated by extreme bunching during the final seconds (burst submission).
The measured capacity of 2,209 req/s indicates a sufficient buffer margin to accommodate such
irregular load-distribution anomalies.

From a critical comparative perspective, this finding is not merely aligned with the
literature but demonstrates substantial practical superiority. The research conducted by Cabane
(2024) concluded the general superiority of event-driven architecture in distributed cluster
contexts, whereas this research demonstrates that grade-A-equivalent performance can be
achieved using a significantly more economical single-server topology. This distinction represents
a scientific contribution that differentiates this research from previous literature.

Furthermore, in response to the structural failure caused by fatal throughput degradation
in monolithic systems due to thread-pool exhaustion, as described by Blinowski (2022), this
research demonstrates that an asynchronous intermediary layer such as NATS JetStream provides
superior backpressure protection without requiring complex cluster orchestration. However, it
should be carefully noted, with appropriate scientific humility, that this research has not explored
the dimension of cross-datacenter failover recovery, which constitutes a major strength of
Kubernetes-based solutions, as studied by (Arief et al., 2024).

In the realm of examination integrity, anomaly telemetry flows such as browser-tab
switching were transparently distributed to the TelemetryWorker via the telemetry.event topic,
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thereby providing a relevant infrastructure foundation for the development of fraud-detection
systems as recommended by Ramzan (2024), without interfering with the main API.

Shifting focus to computing-resource efficiency, the data demonstrate a striking level of
frugality. Main memory consumption remained stable within the range of 64.59 to 70.05 MB
throughout all testing scenarios. This consistency stems from the memory efficiency under
concurrency provided by the Go goroutine architecture, which employs an adaptive stack-growth
scheme beginning at only 2 KB per work unit, thereby allowing memory escalation to be
automatically moderated according to actual demand (Cox-Buday, 2017).

The fact that memory usage increased by only 5.46 MB (8.4%) despite a 10-fold increase
in simultaneous connection density provides initial empirical evidence that space-complexity
growth remains practically near constant within the conducted testing range. Although this
reflects bounded growth rather than a purely asymptotic O(1) limit, its efficiency profile
substantially exceeds that of conventional models.

This finding aligns with evaluative analyses of modern message brokers confirming that
cloud-native technologies such as NATS JetStream are designed to minimize memory footprint
compared to traditional solutions, making them highly suitable for resource-constrained
distributed environments (Goel, 2024). This efficient memory-usage characteristic is a
determining factor in the stability of modern distributed systems; an efficient memory footprint
is essential for mitigating the risk of cascading failure originating from Out-of-Memory (OOM)
crises.

This performance contrasts sharply with traditional operating-system thread-pool
models, which require static memory allocation ranging from 1 to 8 MB per thread—a
characteristic that drastically limits the upper bound of concurrency on hardware with limited
memory capacity.
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Figure 5: Peak Host CPU Utilization Profile during Load Testing
Source: Secondary Data, processed (2026)
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Peak CPU utilization not exceeding 24.08% underscores the availability of ample
headroom capacity for subsequent organic traffic growth without the need for additional
hardware. This analysis culminates in an optimal cost-efficiency ratio: the prototype architecture
succeeded in delivering throughput approaching the characteristics of high-scale production
systems while maintaining a resource consumption profile equivalent to that of commodity
hardware.

Referring to performance-per-dollar projections, this configuration enables the operation
of online exam infrastructure on affordable, mid-range Virtual Private Server (VPS) specifications,
providing a tangible solution for educational institutions with limited infrastructure budgets. This
achievement aligns with the evaluation criteria in the Performance and Efficiency quadrants of
the PIECES Framework Asro (2024), where the proposed architecture demonstrates minimal
computational power expenditure during operational spikes.

Furthermore, the available CPU headroom becomes a crucial technical prerequisite for the
future integration of heavy processing modules, such as [oT-based biometric identity verification,
the implications of which are mapped by Rukhiran (2023), considering that their computational
load can be fully delegated to asynchronous workers without disrupting hot-path API
responsiveness.

Overall, this cross-scenario analysis crystallizes into a unified insight: the combination of
high throughput (2,209 req/s), stable tail-latency distribution at p99 (< 80 ms)—which, in the
context of non-real-time web interaction, remains well within user tolerance ranges—and
minimal CPU and RAM consumption profiles indicates that the asynchronous event-driven
approach acts as a primary architectural component, rather than merely an additional
optimization. This configuration closes the research gap concerning the feasibility of event-driven
architecture (EDA) implementation on resource-constrained infrastructure while simultaneously
providing a practical formula for building robust and economical online exam infrastructure for
mid-scale educational institutions.

Internal and external validity of the experiment were established through strict variable
control in a controlled environment. Regarding internal validity, the test environment was
isolated on a local network to minimize external latency fluctuations (jitter); machine
specifications were kept static without foreign background processes that could interrupt CPU
and memory consumption; the database and NATS JetStream state were restored to a clean state
before each testing scenario to prevent data accumulation from affecting query performance; and
the use of automated load-testing scripts ensured that each scenario was executed using identical
and repeatable procedures.

However, this analysis has not yet included measurements of statistical variability, such
as confidence intervals or standard deviation; therefore, interpretation is focused on aggregate
empirical trends. Regarding external validity, the observed throughput behavior pattern can be
specifically extrapolated to the domain of I/0-bound systems, systems with event-driven
workloads, and systems vulnerable to burst-traffic scenarios. This specific profile could
potentially be replicated reasonably in other public-service domains with similar challenges, such
as e-government systems experiencing seasonal transaction spikes.

The limitations of this research need to be considered as part of scientific caution. First,
the use of synthetic user-traffic simulation methods potentially carries modeling bias, as the
generated load profile is constant and uniform, thereby not representing the complexity of real
user behavior, such as random navigation, repeated access, or double-click synchronization
anomalies that could generate different I/0 load patterns. Second, testing in a single-node server
environment does not encompass the dynamics of inter-node consensus overhead, which is a
typical challenge in large-scale distributed clusters. Lastly, the removal of public-network latency
variables (packetloss and geographical jitter) from the test environment, while intended to isolate
internal architectural performance, means that in real-world ecosystem implementation, end-
user connection stability remains a significant external variable beyond the reach of software-
layer optimization.

The theoretical implications of this study provide crucial empirical evidence regarding
system scalability in constrained environments, which in turn challenges the perception that high
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scalability always requires expensive physical infrastructure expansion. This finding reinforces a
paradigm shift toward the concept of software-defined scalability: careful architecture-level
optimization design—including the implementation of temporal decoupling, near-constant-
growth memory management, and strict concurrency control—has leverage as significant as that
of brute-force infrastructure-scaling solutions. In some dimensions, this approach even surpasses
the effectiveness of pure hardware-capacity expansion. Furthermore, this research provides an
empirical model for the application of backpressure and flow-control strategies at the application
level, strengthening the theory of Communicating Sequential Processes (CSP) in the real-world
context of the education sector and proving that functional decoupling through event-driven
architecture (EDA) can increase system resilience against the thundering herd phenomenon.

Future research directions can be directed along three more specific main paths. First,
exploration of event-rate-driven autoscaling mechanisms that dynamically adjust computing
capacity based on the real-time rhythm of telemetry arrival rates (A), rather than relying on
reactive and lagging CPU utilization thresholds. Second, implementation of adaptive concurrency-
control algorithms with variable-state throttling capable of dynamically adjusting semaphore
limits based on current system conditions, as well as integration of latency-aware QoS scheduling
to prioritize processing based on response-time urgency. Third, embedding artificial intelligence
for predictive failure-monitoring functions leveraging the telemetry data stream from NATS
JetStream to shift the system's posture from reactive self-healing toward proactive self-optimizing
provisioning in line with the dynamics of actual field-usage patterns.

CONCLUSION

Load test results showed that the proposed architecture was able to maintain a
throughput of 2,209 requests per second with a 0.00% HTTP failure rate under peak load
conditions of 100 simultaneous connections. Latency performance at the 99th percentile (p99)
was recorded at 79.02 ms, which is below the 100 ms threshold, thereby preventing user interface
disruptions (browser freezes). The efficiency of computing resource usage is reflected in the peak
CPU utilization of 18.03% and maximum memory consumption of 70.05 MB, both of which
remained within safe operational limits for server infrastructure. This research implemented and
empirically validated an Event-Driven Architecture (EDA) using Go and NATS JetStream to
address the synchronized spike problem in online exam answer collection. Testing across 300
synthetic users confirmed a peak throughput of 2,209 req/s, p99 latency of 79.02 ms (below the
100 ms threshold), a 0.00% HTTP error rate, peak CPU utilization of 18.03%, and maximum RAM
usage of 70.05 MB—all within safe operational bounds on a single-server prototype. The principal
contribution of this research is the empirical demonstration that a NATS JetStream-based EDA
deployed on constrained single-server infrastructure can deliver competitive reliability without
requiring complex orchestration, thereby constituting a viable and affordable solution for mid-
scale educational institutions.

The main contribution of this research is the empirical demonstration that implementing
NATS JetStream as an asynchronous intermediary layer on a limited-capacity single server can
achieve competitive performance without requiring complex cluster infrastructure. This
approach makes NATS-based EDA a viable and affordable alternative for mid-scale educational
institutions. Furthermore, the smooth operation of online exam infrastructure represents a
tangible manifestation of improved public service efficiency, which has implications for reducing
student dissatisfaction rates and consequently contributes to enhancing the performance and
institutional loyalty of educational institutions at a macro level (Rukhviyanti et al., 2022;
Rukhviyanti, 2025).

This research has several limitations that should be considered when interpreting its
results. First, all testing was conducted in an isolated virtual environment (Microsoft Hyper-V), so
the results may differ under production conditions involving heterogeneous data traffic. Second,
the testing scenario simulated only the submit operation without involving other simultaneous
user interactions. Third, this research did not include recovery testing or fault-tolerance scenarios
for the NATS JetStream component. For future research, this asynchronous architectural
foundation could be integrated with machine learning classification algorithms to develop a
background queue-based automated proctoring system capable of proactively detecting fraud
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anomalies in real time.
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