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ABSTRACT

Micro-services, an emerging new architectural style for
structuring event-oriented software systems, is gaining
attraction among information technology businesses.
These applications are typically built as self-contained
system, it used concepts of database limited to cater
a particular service needs. These services are designed
as distinct business functions and deployed utilizing
modern tools. Modern features like automatic deploy-
ment and Cl/CD are commonly implemented in public/
private cloud using tried and true DevOps techniques.
Every day, a massive amount of data is being generated
from many sources, including sensors, website usage,
system events, and so on. This fresh flow of events
must be handled by modern programs. We can get
vital information from these occurrences using event
micro-services. In this work, advance micro-services
based approach for distributed version control pro-
cessing using the sensor-generated data by loT devices
has been carried out. The fundamentals of event archi-
tecture are examined in this work. The result emphasiz-
es that network capacity remains the first bottleneck in
distributed version control for loT data. Furtheritis also
observed that load balancing and horizontal scaling of
repository services are crucial to maintain responsive-
ness when loT fleets expand. Minimizing vulnerability
windows directly reduces the likelihood of conflicts
and improves throughput. It is also observed that
the rare but expensive conflicts drastically influence
total processing time and reducing retries through con-
flict-aware scheduling or local buffering leads to signif-
icant system-level gains.

Keywords: Apache kafka stream management, CD,
Distributed version control integration, Event-driven
microservices, loT sensor event processing, Kuberne-
tes-based Cl

Introduction
Event-driven micro-services are nowadays very pop-
ular. Event driven micro-services involves defining
events as a way to talk with other services within the
system.!”? It leverages a message broker and follow
publish/subscriber pattern. A trade inside reputation
of a vital enterprise gadget is defined as an event. A
person, as an example, purchases products, registers
for a flight, or the bus comes past due somewhere. Irre-
spective of the industry, events occur everywhere and
all of the time. They may be observed in any kind of en-
terprise. Any activity which is generated, announced,
discovered, or utilized as an event is a part of this.
Whilst the event is an occasion, however whenever
a message sends the occasion, the two get separated.
Event driven micro-services architecture is shown in
Figure 1. In this work, advance micro-services based

approach for distributed version control processing us-
ing the sensor-generated data by IoT devices has been
carried out. The fundamentals of event architecture are
examined in this work. The established Micro services
pattern could be:

e API Gateway/BFF: Simplifies client interaction
and authentication.

e Service Meshes (Istio, Linkerd): Offer traffic man-
agement, mTLS, and observability.

¢ Resiliency Patterns: Circuit breakers, bulkheads,
retries, and rate limiting reduce failure propagation.

¢ Deployment Strategies: Blue/Green, Canary, and
Rolling updates enable safe delivery.

Events Driven Architecture Using loT

An event-oriented structure is a system made up of
loosely connected micro-services that communicate
to one another with aid of creating and consuming
events.*’ An interest-oriented machine allows messag-
es to be protected in a pastime-orientated environment
and in the end published on it.®*2 [oT events enables
the organizations or individuals to perform monitor-
ing of the running equipment or device fleets for fail-
ures occurred during the running state. Further, these
events also trigger actions whenever such an event
occurs. A continuous monitoring of processes, applica-
tion, related other services and IoT data from various
devices is being done by an IoT event.

Based on this continuous monitoring related events
are identified and appropriate action is taken. IoT
events can be used to build complex event monitoring
applications in the Cloud environment. If so, then ei-
ther IoT events console or REST APIs can be used for
review purpose.’*-'* Figure 1 shows the Event driven
Micro-services architecture and components in IoT ar-
chitecture are shown in Figure 2.

Design Fundamentals For Messaging Framework

Apache Kafka is leading in the maximum used stream-
ing data frameworks."” Kafka is an established and
reliable era that is applied in an extensive range of
projects.'® It can be taken into consideration a geared
up-made answer for industrial energy waft processing.
Kafka has a massive person base, an active community,
and a complete collection of tools. To achieve state rep-
etition, an event replay need to be triggered again in
the system. These replayed events then are to be hand-
ed over to the event handlers. For applying business
logic, now event handler will process these for build-
ing the current state of an application. This gives us a
way to retrieve any problems that occurred in the past.
Precautions have to be taken about event replays. The
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event handler connects with external system. In case
of event replays, gateways to other systems has to be
disabled. Components interaction in event stream is
shown in Figure 3.

With the introduction of CI/CD and APIs for automat-
ed infrastructure provisioning, deployment and release
methods have developed in recent years. Furthermore,
the platforms-as-a-service (PaaS) model’s utilization of
containers and managed cloud environments necessi-
tates teams working with structures supplied by these
technologies/services. Figure 4 depicts the Kubernetes
deployment architecture on Amazon Cloud.

Microservices architecture is indeed a transformative
approach for developing cloud-native applications,
offering numerous advantages such as scalability, re-
silience, and maintainability. However, organizations
often face challenges in adopting microservices effec-
tively, which can lead to sub-optimal implementations.
These pitfalls may include:

- Admission

Fig 3 | Components interaction in event stream
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Complexity in Management: As microservices grow
in number, managing them can become increasingly
complex. This can lead to difficulties in maintaining
service dependencies and orchestrating deployments.

Data Consistency: With microservices, each service
typically manages its own database, which can create
challenges in ensuring data consistency across ser-
vices, especially during transactions that span multi-
ple services.

Increased Latency: Communication between ser-
vices can introduce added latency, impacting applica-
tion performance—especially when a large number of
services are involved in a single user request.

Testing Challenges: Testing microservices can be
more complex than traditional monolithic applications
due to the need for integration testing and the require-
ment for a more sophisticated testing strategy.

Cultural Shift: Transitioning to microservices often
necessitates a cultural shift within the organization.

Kafka AP
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Fig 4 | DevOps methodology in Agile system

Teams must adapt to new roles and responsibilities,
and there can be resistance to change from traditional
development practices.

To navigate these challenges and reap the benefits of
microservices, organizations must implement robust
governance and utilize appropriate tools for automa-
tion and monitoring. This is where DevOps practices
come into play. DevOps complements the microser-
vices approach by fostering collaboration between de-
velopment and operations teams, leading to:

Enhanced Communication and Collaboration:
DevOps emphasizes breaking down silos between
teams, which is essential for maintaining the agility
that microservices offer. Increased communication
leads to faster problem-solving and innovation.

Faster Delivery Times: By integrating continuous
integration and continuous deployment (CI/CD) prac-
tices, such as those facilitated by Jenkins and similar
tools, organizations can accelerate their software de-
livery processes. This results in more frequent releases
and quicker feedback cycles.

Improved Quality and Stability: Continuous testing
and deployment practices help catch bugs early in the
development cycle, leading to higher-quality software
and more stable releases.

Automated Workflows: DevOps tools can automate
various processes in the software development lifecy-
cle, reducing the potential for human error and freeing
up team members to focus on higher-value tasks.

Increased Productivity and Morale: A culture cen-
tered around collaboration and shared responsibility
can enhance employee morale and productivity, mak-
ing teams more effective and engaged in their work.

Scalability: Building CI/CD pipelines allows busi-
nesses to scale their operations more effectively, accom-
modating growth without significant delays or increased
risk.

Integrate

ORIGINAL RESEARCH

Deploy

Operate

J

Monitor

While microservices offer significant benefits, their
effectiveness can be maximized through the adoption
of DevOps practices and tools. By addressing the in-
herent challenges of microservices and promoting a
collaborative culture, organizations can leverage both
microservices and DevOps to achieve their software
development goals more effectively. A few of them are
listed below.

Delivery of artifacts is faster: DevOps’ major goals—
automation and continuous delivery — aim to make
software development faster and more efficient.
DevOps employs numerous strategies to provide a
more error-free SDLC flow while employing the Agile
method. DevOps embraces a collaborative culture with
constant feedback so that any errors are caught early
and releases are completed faster. Figure 5 shows a
python code for Decision Engine Scaling & Rollback
Control.

High cooperation and communication: In the SDLC
Ecosystem, development teams must break down all
dependencies and antics with proper silo separation
and collaborate and communicate. DevOps provides
the much—needed atmosphere of mutual cooperation,
communication, and integration between globally—-
distributed teams in an IT organization, paving the
path for improved business agility. The stated bound-
aries are always based on clearly defined duties, which
are becoming increasingly important as the DevOps
environment grows. It is always available. The quality
and timeliness of deliverables are the responsibility of
the entire team.

Customer-centric approach: Businesses strive to in-
crease the frequency of their deployments and reduce
change failure rates. It is feasible to assure the depend-
ability and stability of an application after each new
release by focusing on Devops principles.

Continuous Delivery and Continuous Deployment:
Software development processes in the SDLC and Agile
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import networkx as nx

def build_dependency_graph(traces):

PREMIER JOURNAL OF SCIENCE ORIGINAL RESEARCH

traces: list of (caller, callee, latency ms)

returns: directed weighted graph

G = nx.DiGraph()

for caller, callee, latency in traces:

if not G.has_edge(caller, callee):

G.add_edge(caller, callee, calls=0, total latency=0.0)

G[caller][callee]["calls"] += 1

G[caller][callee][ "total_latency”] += latency

# add avg latency

for u, v, data in G.edges(data=True):
data["avg_latency"] = data[“"total_latency"] / data["calls"]

return G

Fig 5 | A python code for decision engine scaling & rollback control

approaches need teams to continuously produce qual-
ity software while focusing on speed to market. As the
name implies, DevOps brings together two key compo-
nents of a company’s procedures. The plan brings Op-
erations and Creation together in one place. A single
umbrella could be a single team with common goals.
The convergence of business developments and busi-
ness goals allows your business team to handle every
stage of the DevOps application lifecycle, including
growth, testing, and operations.

We need the best parsing of services, clear interfaces
for services, and an easy database for each service be-
cause the system comprises of multiple Micro-services.
Finally, the ability of software firms to tackle these is-
sues is dependent on the infrastructure’s maturity, as
well as the competency and consistency of design in
the company and IT in general.

Methodology

In this study, we model the end-to-end processing
time of distributed version control systems handling
IoT-generated data. Our methodology integrates both
device-side and server-side perspectives. Each IoT de-
vice generates commits at a rate A, with each commit
of size |a| bytes. The upload time from device to central
repository is computed as the sum of network latency
and data transfer duration. On the server side, we model
commit ingestion using an M/M/1 queuing framework,
where the arrival rate A aggregates contributions from
all devices, and u represents the server processing
capacity.

We incorporate conflict analysis by estimating the
probability that concurrent commits target the same
branch or resource within a vulnerability window .
Conflicts are further analyzed by considering the frac-
tion r of automatically resolvable merges versus the
fraction requiring human intervention, with associated
expected resolution time . Additional overhead from re-
push actions after conflict resolution is also quantified.

Local device processing, server ingestion, CI/CD ex-
ecution, and conflict-related delays are combined into

DOI: https://doi.org/10.70389/PJS.100216 | Premier Journal of Science 2025;15:100216

a single expected end-to-end processing time formula.
Numerical examples using representative IoT commit
sizes, network bandwidths, server capacities, and con-
flict probabilities are used to validate the model. Sen-
sitivity analysis is performed to understand how each
parameter - bandwidth, arrival rate, conflict probabili-
ty, and auto-merge success rate - affects overall system
performance.

This methodology allows us to identify bottlenecks
and evaluate strategies such as branch-aware sched-
uling, edge aggregation, and conflict-aware commit
policies. The approach is both analytical and config-
urable, enabling direct application to real-world IoT-
DevOps environments for performance prediction and
optimization.

Results And Discussion
Upload Time (Device — Server)
4]
upload — l+ E
Explanation: round-trip latency plus pure transfer time.
Example: |A| = 50,000 bytes, B =50,000B/s,0 =0.1s > T, ..,
=0.1+1=1.1s.

The upload time formula captures the impact of both
network latency and raw data transfer rate. In IoT-
DevOps environments, small commits generated
by sensor data can be frequent, and their efficiency
depends strongly on uplink bandwidth. For exam-
ple, when the commit size is 50 KB, with bandwidth
of 50 KB/s and latency of 100 ms, the upload time is
about 1.1 seconds. This indicates that even moderate
bandwidth constraints can quickly dominate the de-
lay when hundreds of devices report simultaneously.
Hence, optimizing network paths or using edge aggre-
gation significantly reduces overall synchronization
delays. The result emphasizes that network capacity
remains the first bottleneck in distributed version con-
trol for IoT data.
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Server Queue Wait Time
{ugever =p¢’ Psrv =é
u(l-py,) u

Exaplantion: expected wait at server given arrival
rate A and service rate y. use only when p_ <1
Example:A=2/s,1=5/s— p=04,W=04/(5.0.6)=0.133s.

The server queue wait time highlights the effect of con-
gestion at the repository host. Using an M/M/1 queuing
approximation, the expected waiting time depends on
the server’s service rate and the arrival rate of commits.
In our example, with a service rate of 5 commits/sec
and arrival rate of 2 commits/sec, the utilization factor
is 0.4, leading to a wait of only 0.13 seconds. This sug-
gests that lightly loaded servers introduce negligible
delay. However, as utilization approaches 1, waiting
time grows rapidly and destabilizes the system. Thus,
load balancing and horizontal scaling of repository
services are crucial to maintain responsiveness when
IoT fleets expand.

Conflict Probability
E[ merge|c0nﬂ1t] r-T +(1 r)ﬁ

auto
Explanation: mix of automatic merge time and manul
human time. if auto merging not availabe, set r =0.
Example: r = 0.6, 7, =2s, f#=6005s > E
=0.6-2+0.4-600=240.8s.

The conflict probability formula estimates the chance
of simultaneous updates colliding within the vulner-
ability window. For example, with 10% chance of tar-
geting the same resource, a 1 commit/sec arrival rate,
and 2-second window, the probability of conflict is
roughly 18%. This illustrates that even modest com-
mit rates can cause significant contention when many
devices write to the same branch or configuration file.
Such conflicts increase DevOps overhead by forcing re-
tries or merges. The result shows that minimizing vul-
nerability windows, e.g., by faster server ingestion or
partitioned resource management, directly reduces the
likelihood of conflicts and improves throughput.

Merge/Resolution Time
E[ merge|c0nﬂ1t] -7 +(1 r) B

auto
Explanation: mix of automatic merge time and manul
human time. if auto merging not availabe, set r =0.
Example: r=0.6,7,, =25 /=6005s —>E=0.6-2+0.4-600
=240.8s.

The merge resolution formula quantifies the expect-
ed extra delay once a conflict occurs. In our example,
with 60% auto-resolution rate and 40% requiring hu-
man intervention, the average merge time is ~241 sec-
onds, dominated by manual resolution (10 minutes).
This demonstrates that the rare but expensive conflicts
drastically influence total processing time. Even a
small probability of conflict, combined with high hu-
man overhead, can multiply delays. Therefore, DevOps
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pipelines should emphasize automated merging, con-
flict prediction, or lightweight rollback mechanisms to
reduce dependence on manual intervention.

Repush Overhead

Y;epush uplode + KI'l)server server

Explanation: time to re-upload and re-process
after resolving conflict(simple sum).

Couer =SETVET ingest time (sec).

server

The repush overhead represents the penalty after re-
solving a conflict, where a device must re-upload its
changes. In our simple case, this adds another ~1.4 sec-
onds per failed attempt (upload + queue + processing).
While small in isolation, this overhead compounds
with higher conflict rates, creating cascading delays
across the pipeline. In IoT scenarios with thousands of
commits per hour, even modest repush costs consume
bandwidth and server cycles. The result stresses that
reducing retries through conflict-aware scheduling or
local buffering leads to significant system-level gains.

End-to-End Exp-ected Processing Time

|: EZE:' Clucal upload + ‘uéerver server + TCI + pconﬂict
(EI: merge | COnfiCt:I + repush)

Explantion: base path plus expected added time

conflicts occur.

Quick numeric toy:

*Clocal = 0.2, T:Jpload =11s, 'uéewe, = 0.138,C5em3r ZO'ZS’TCI =5s,
Peontice =018, E[ T, |[=240.85,T, =145

Then E[ 7, |~ 0.2+1.1+0.13+0.2+5+0.18(240.8 +1.4)
~6.63+44.2~50.8s.

The final end-to-end formula combines all elements:
local processing, upload, server wait, CI/CD execution,
and expected penalties from conflicts. Using example
parameters, the base path without conflicts takes ~6.6
seconds. However, with 18% conflict probability and
costly merges, the overall expected time inflates to
~50.8 seconds. This stark increase confirms that con-
flict handling dominates performance in distributed
DevOps for IoT systems. The discussion suggests that
while optimizing bandwidth and server load helps,
the most critical improvements come from reducing
conflict likelihood (¢) and improving automatic merge
ratio (r). The analysis thus identifies conflict manage-
ment as the primary research challenge for scalable
IoT-DevOps integration.

Conclusion

Microservices architecture offers a robust solution
for developing distributed behavioral systems. By
breaking down an application into modular, inde-
pendently deployable services, it enhances flexibility,
scalability, and maintainability throughout the soft-
ware development life cycle (SDLC). Here’s a deeper
dive into the key aspects and benefits of this ar-
chitectural approach: Modularity, Independence,
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Inter-Service Communication, Technology Agnostic,
Resilience and Fault Isolation, Scaling. Microservices
architecture offers many benefits like, Faster Time to
Market, Ease of Maintenance, Enhanced Collabora-
tion, Improved Resource Allocation, Continuous Deliv-
ery and DevOps Alignment. However also suffers from
a few challenges like Complexity, Data Management,
Deployment Overhead, Inter-Service Latency, Testing
Challenges.

The analytical evaluation of distributed version con-
trol in IoT-DevOps settings demonstrates that while
network bandwidth and server queuing contribute to
processing delays, their overall impact remains rela-
tively small compared to the cost of conflict resolution.
Upload time is sensitive to device connectivity, and
server queues only become critical under high utiliza-
tion. However, even a modest probability of conflicts,
combined with lengthy manual merge resolution, sig-
nificantly inflates end-to-end processing time. The re-
sults highlight that scaling IoT-driven DevOps pipelines
is less about raw infrastructure performance and more
about minimizing vulnerability windows, reducing the
likelihood of overlapping commits, and improving au-
tomated merge success rates. In practice, this means
designing lightweight synchronization strategies,
branch-aware commit scheduling, and intelligent con-
flict prediction tools. Therefore, the key conclusion is
that conflict-aware DevOps pipelines offer the greatest
opportunity for performance improvement in distrib-
uted IoT version control, ensuring faster, more reliable
integration of continuous sensor-generated data.
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