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Abstract—GitOps has emerged as a foundational paradigm for
managing cloud-native infrastructures by enabling declarative
configuration, version-controlled state, and automated reconcil-
iation between intents and runtime deployments. Despite its
widespread adoption, the performance and scalability of GitOps
tools in Intent-Based Networking (IBN) scenarios are insuffi-
ciently evaluated. This paper presents a reproducible, metric-
driven benchmarking, assessing the latency and resource over-
heads of three widely used GitOps operators: Argo CD, Flux CD,
and ConfigSync. We conduct controlled experiments under both
single- and multi-intent scenarios, capturing key performance
indicators such as latency and resource consumption. Qur results
highlight trade-offs between the tools in terms of determinism,
resource efficiency, and responsiveness. We further investigate a
realistic orchestration scenario, using Nephio as our orchestrator,
to quantify the processing latency and overhead in declarative
end-to-end deployment pipelines. Our findings can offer valuable
insights for tool selection and optimisation in future autonomous
network orchestration systems.

Index Terms—GitOps, Intent-Based Networking, Nephio,
Benchmarking, Cloud-Native Orchestration

I. INTRODUCTION

HE increasing complexity of modern cloud-native, Intent-

Based Networking (IBN) [1] infrastructure has stimulated
a shift from imperative to declarative deployment models.
GitOps [2] has emerged as a compelling operational paradigm
that uses Git as the Single Source of Truth (SSoT) for
managing declarative infrastructure and application configu-
rations. By continually synchronising the runtime states of
deployments in Kubernetes (K8s) clusters with their desired
states stored in the associated Git repositories through auto-
mated agents (i.e., Reconciliation Operators), GitOps enhances
auditability, traceability, and overall system reliability.

In the context of cloud-native IBN, network orchestrators
automate the deployment of desired network states, includ-
ing all necessary assets, such as Virtual Network Functions
(VNFs) and their interconnections, from a declarative man-
ifest. For this paper, we use Nephio [3] as our desired
orchestrator. Nephio captures an “Intent” as configuration
values defined through Kubernetes Resource Model (KRM),
decoupled from the application code and declarative deploy-
ment manifests, a concept referred to as Configuration as
Data (CaD) [3]. GitOps provides an automated Continuous
Deployment (CD) pipeline by tracking the desired states in
a Git repository, comparing them with the corresponding
runtime states of the orchestrated VNFs, and synchronising
the states as soon as it detects any drift between them.

When GitOps and CaD are combined, we have an IBN
orchestrator capable of translating customer intent into a set of
desired states, encoded in declarative manifests, and pushing
it to the Git repository for deployment. To that extent, in
CaD-enabled frameworks like Nephio, the terms “intent” &
“desired-state” become synonymous. In such a framework, all
Key Performance Indicators (KPIs) (e.g., reconciler’s latency,
resource utilisation, etc.) contribute to the End-to-End (E2E)
performance of an IBN Orchestration [4], [S].

This paper builds upon the above principles and presents
a systematic benchmarking of a cloud-native IBN orchestra-
tor, broken down into two parts, i.e., the GitOps and the
CaD pipelines. We first design a reproducible benchmarking
pipeline using Kubernetes, GitLab [6] and three leading Gi-
tOps tools (ArgoCD [7], FluxCD [8], and ConfigSync [9]) to
simulate realistic GitOps workflows. Later, we evaluate a CaD
pipeline based on Nephio. We capture a set of latency and re-
source utilisation metrics, and provide an empirical evaluation
under various scaling conditions. Our work aims to offer a
quantitative performance baseline informing practitioners and
researchers about the strengths and limitations of GitOps-
enabled IBN orchestrators.

The remainder of this paper is organised as follows: Sec. II
outlines related works, Sec. III describes the system design of
the benchmarking system and its integration with Nephio. Sec.
IV presents the experimental results and their analysis, and
summarises the findings. We conclude in Sec. V summarising
the contribution and future outlook of this work.

II. STATE-OF-THE-ART & MOTIVATION

This work builds upon our previous work [10], that demon-
strates a bespoke IBN Orchestration platform, named Cloud-
native Autonomous Management and Intent-based Orchestra-
tor (CAMINO), utilising Nephio and Kubernetes, where we
experienced certain limitations of ConfigSync. In this section,
we first summarise the state of the art in GitOps and CaD, as
well as their utilisation in cloud-native use cases, followed by
a gap analysis that motivates this study.

The authors in [11] recommend using GitOps over DevOps,
demonstrating the advantages of a pull-based, declarative
deployment approach over its push-based counterpart through
configuration changes and rollbacks using Argo CD. The
study [12] presents a comprehensive guide to implementing
Flux CD with a Kubernetes cluster. However, it lacks any



quantitative results. The work [13] demonstrates a proof-of-
concept using tools included in the Cloud Native Computing
Foundation (CNCF) landscape, which validates the feasibility
of GitOps in an IoT Edge-computing solution utilising Argo
CD. However, it could not provide any remarks regarding
scaling due to the limited number of worker nodes in the
cluster. The analysis in [14] compares the computational
overhead between GitOps and DevOps, indicating a trade-off
between efficiency and cost. It shows a 17% reduction in total
lines of code, accompanied by a 53% decrease in the average
number of lines of code per file. However, there is a 75%
increase in the number of files, along with an 80% increase in
the depth of the directory tree. The methodology proposed in
[15] demonstrates an Argo-CD-based Containerised Network
Function (CNF) configuration framework using YANG Models
and NETCONF, with scenarios for full and partial configura-
tion changes. The implementation described in [16] is closest
to our work, which utilises Nephio for IBN on a KIND-based
K8s cluster on OpenStack and deploys a fixed Private 5G
topology by integrating the Argo CD operator, replacing Con-
figSync. Although it provides quantitative results on resource
utilisation, it lacks in measuring latency. Finally, the evaluation
in [17] compares the performance of reconciliation with that
of traditional configuration management using Argo CD and
Ansible [18], respectively. The performance analysis reveals
that Argo CD consistently outperforms Ansible in handling
misconfiguration changes, network configuration drift, and
dependency updates.

Based on the ground study above, we identify two research
gaps that we intend to address. First, the lack of a quantitative
performance comparison based on latency and resource utili-
sation of the GitOps tools; and second, a comparison between
single or simultaneous intent deployments (i.e., state changes),
investigating how the reconciliation operators perform under
different scaling conditions. The primary motivation for this
work is to enhance CAMINO’s performance by introducing
a more capable reconciler. Building a bespoke experimental
pipeline, we intend to evaluate the different frameworks in
detail, identify an alternative to ConfigSync as the reconciler
for CAMINO, and share our findings with the research com-
munity for further considerations.

III. SYSTEM DESIGN

This section outlines the high-level system design of the
benchmarking methodology, highlighting the algorithms em-
ployed and integration with the Nephio platform. Table I lists
the various notations used in the following text.

A. Benchmarking System

Fig. 1 illustrates the schematic diagram of our GitOps
benchmarking pipeline. It comprises a benchmarking system,
a Git repository serving as the SSoT, and the Kubernetes (K8s)
cluster coexisting with three GitOps operators: Argo CD,
Flux CD, and ConfigSync. Table II summarises the testbed
specification. The control plane of each GitOps tool is isolated
within its respective namespace, which hosts the reconciliation

TABLE I: List of Notations Used

Notation Description

EP Experiment Parameters {p, m,r, c}

p € [a-z]T  Prefix String to identify GitOps tool

m€eN Maximum number of deployments or replicas

reN Number of representation

ceN Step count or range [1: m : ]

Stemplate Template of Desired State Manifest: YAML File
template Template of Reconciler Manifest: YAML File
desired Desired State of a deployment: YAML File
runtime Runtime State of a deployment: YAML File
recon Reconciler Operator Instance

SFate Drift: Di.ff(sdesired’srunlime)

tpush € Q Time to Push (in Sec.)

trecon € Q Time to Reconcile (in Sec.)

taeploy € Q  Time to Deploy (in Sec.)

thealthy € @  Time to reach Healthy status (in Sec.)

thydrae € Q  Time to Hydrate a Dry Kpt package (in Sec.)

tinproc € Nephio’s Intent Processing Time

Ucpu € CPU Utilization by active reconciler in Millicore

Umem € Memory Utilization by active reconciler in MiB

Kar KPI Attributes
i&?’r’c) Aggregated KPI Attributes per experiment

liu: (] Discrete range: [ to u (inclusive) with increment ¢

@2 Apply

GitOps
" Kas Cluster

SERN D]l

Ubuntu 24.04 LTS

Desired State Reconciler
Manifests Manifests

@T Generate @:@T

Manifest | [ Reconciler | [ kPl Garbage
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Fig. 1: Benchmarking pipeline for our GitOps investigation

operators and other control plane components. We measure the
resource consumption of these namespaces to compare the Gi-
tOps tools in isolation. The lifecycle of an intent is divided into
four stages (Generation, Synchronisation, Reconciliation, and
Deployment stages), while the benchmarking experiments loop
in four phases (Manifest Generation, Reconciler Generation,
KPI Measurement, and Garbage Collection).

The Actor initiates an experiment through the Manifest
Generation stage by providing a set of parameters EP =
{p,m,r,c}, where p denotes a string (prefix) to select the
GitOps tools to use and name related variables, m is the
maximum number of application manifest (apps) or replicas
to deploy, 7 represents the number of repetitions of the same
experiment, and c is the step count of the range [1 : m]. The
benchmarking system runs as a four-phase experimentation
loop. In Phase 1, the Manifest Generator generates a set of
manifest files based on EP from a state template Siemplate
representing a collection of Desired States {Seesired } 7 Where
n is the number of deployments (multi-app) or replicas (single-



TABLE II: Testbed Specifications

Resource Specification
CPU 2 Sockets, 4 Cores each, clocked at 4.2 GHz
RAM 16 GB DDR4

Kubernetes Cluster ~ K3s with K3d wrapper

app). Therefore, the experimentation loop is set to run for
[{Saesiea}| = [ ] iterations (Alg. 1). Phase 1 concludes
by invoking a Git Push operation that uploads the desired
states into the Git repository (SSoT) with a specific directory
structure. We measure the time to push as ¢,s,. In Phase 2,
the Reconciler Generator generates a set of reconciler object
manifests {Opecon}—; corresponding to S ..q derived from
a reconciler template Rtempla[e, depending on the GitOps tools
identified by the prefix p (Alg. 2).

In the implementation, instead of creating separate repos-
itories for each GitOps operator to hook, we create a single
repository containing multiple directories, each representing
an S%..q and specified their unique directory path in the
corresponding O, with a shared Git URL. Applying the
manifests {Of.,i € [1 : m : |} establishes Webhooks dy-
namically between the ngd at SSoT and the O, operators
to track them. The GitOps operators compare the state drift
AS as the drift between the tracked desired states Si,;..q and
their corresponding runtime states S!, ... Although realising
AS numerically is challenging, for convenience we shall
denote AS =0 if S’ eq = Simime Vi and AS # 0 otherwise.
In our implementation, we determine AS by comparing the
revision string of the repository. We establish a Webhook
between the SSoT and the GitOps operators authenticated by
a Personal Access Token (PAT) to keep the desired state in
sync. In Stages 2 and 3 of the workflow, the GitOps operator
synchronises the {Sgesirea}r_; as the associated Webhook
detects a Push operation, followed by calculating AS. We
measure the synchronisation and reconciliation time taken by
the operators as tgyne and trecon, respectively.

In Stage 4 of the E2E workflow, Kubernetes manages
deployments of the desired states with a drift. We measure the
time to deploy as tgeploy and the time it takes for deployment
to become healthy as fheamy. In Phase 3 of the experiment
loop, our Results Collector fetches the respective namespaces
of the GitOps operators, various status messages and metrics
(CPU and Memory consumption) from the Kubernetes master,
namely, K {tpush7 tsync trecon, Ldeploy thealthy s Ucpu, umem}
(Alg. 3). Finally, after measurements collection, the bench-
marking system releases all the resources by clearing all
associated deployments, K8s CRDs and namespaces before
looping back to Phase 1.

The remainder of this section outlines each of the bench-
marking phases. We performed two types of experiments for
each GitOps tool: first, a single-app deployment with multiple
replicas, and second, a multiple-app deployment with single
replicas each, where the single-app benchmarking measures
the GitOps tools’ reaction time to AS, the multi-app bench-
marking measures the ability to handle simultaneous AS' with

Algorithm 1: Generate Kubernetes manifests

Inpln n, p, dtarget

OUtPUt {Sd Sgilesired }

esired? * * 9
for i < 1 to n do

1
2 name < "{p}-app—{i}”

3 ns < “{p}-ns-{i}”

4 label + “{p}-label-{i}”
5

6

/I app name
/I namespace
// label
makeDir(“{dmrget}/{name}”)
de51red <~ Stemplate (name ns, label)
manifest using HELM Template Siemplate
7 store(S;

I/ Generate S

desired

esired) /I write to manifest

7 n
8 return { Sdesired } =1

Algorithm 2: Generate reconciler manifests

Input: n, p
Output: {OL_,, .-
1 for i =1 ton do

OTL

recon }

2 rec < "{p}-rec-{i}" /I reconciler name
3 ns < “" {p}—l’ls—{i}” /I namespace
4 url < args[cluster—url] // K8S cluster
5 br <+ args[git-branch] /I git branch to watch
6 rdir < args[repo-dir] // sub-dir of the br
7 if p € {argo, csync, flux} then
8 Olcon < Rt(fnzplate (rec,ms,url, br,rdir)

// Generate Ofmn manifest using HELM Template Rl(em>p| ate
9 store (Orecon ) // store manifest file

10 return {Of.0n }7y

resource consumption.

1) Phase 1: Manifest Generation: The manifest generation
algorithm (Alg. 1) takes three inputs (7, diger, p) | V12 € [1
m : ¢|, and diarget 1s the name of the sub-directory(s) Alg.
1 creates to segregate application manifests. We use Helm
to dynamically generate manifests with the app name, target
namespace V.S, and label derived from p.

2) Phase 2: Reconciler Generation: The reconciler gener-
ator algorithm (Alg. 2) generates {O% .} ; of length n =1
for single-app and n for multi-app benchmarks. However,
the manifest definition varies based on the GitOps opera-
tor to target. We use operator-specific reconciler templates
Rt(fmplate | p € {"argo","flux","csync"} and Helm
Charts to generate {Of, ., }" ; dynamically, linking with the

appropriate Git repository w1th a PAT.

3) Phase 3: KPI Measurement: The performance-
measuring algorithm (Alg. 3) is identical across all GitOps
tools. We maintained this homogeneity to keep the comparison
agnostic of the GitOps tools, despite some tools, e.g., ArgoCD,
providing APIs to fetch the measurements. We leverage the
K8s status logs fetched from Kubectl to extract attributes in
K,t,. For an experiment defined by parameters EP, Alg. 3
measures the KPI attributes K" as Eq. 1.



Algorithm 3: Measuring performance metrics

Output: K,y
1 foreach (app, ns) € {(app,ns)} do
tstart ¢ Tstamp ()
git-pUSh(Sdesired[app])
tpush < tstamp () — fsart
tsare < tstamp ()
while AS # 0 do

L continue

/I timestamp
/I push desired state to repo
/I calculate tpsh

/] timer reset

N S R WN

/I drift: git revision update
8 tsync — tStamp ( ) - tstart
9 tstart < Tstamp ()

10 while frue do

/I calculate tgync

// timer reset

11 Lereate < @app.CreationTimestamp
12 if tcreare(ns) # Null then
13 | break
14 tdeploy < Tereate — Ustart /I calculate tgeploy
15 tstart < Tstamp () // timer reset
16 while rue do
17 Nready ¢~ app.availableReplicas
18 Tldesired <— aPP.replicas
19 if Neady = Ndesired ANA Nesired # Ndesired then
20 | break
// wait until all deployed states becomes healthy
21 thealthy < tstamp () — Estare
22 Ucpus Umem TOp(Or(echn, ns ) /I Measure resource

utilization using Top tool

23 Kattr — {tpusha tsynCa tdeploya thealthya Ucpu umem}
24 return K,

T k

k k
. 1
K§$7T7C) = {; ( E tpushv § tsync, E trecon;
j i=1 i=1

j=1 =1

k k
Z 7fdeployv Z theallhy, (1)
i:l i 1:1k
(St )}
i=1 i=1

|VEe[l:m: |

We measure the trend of the attributes in K‘gf ) with
respect to m to identify a correlation between them.

4) Phase 4: Garbage Collection: After every iteration
of the experiment loop, the garbage collection phase runs,
communicating with the K8s cluster through Kubectl to release
all occupied resources by deleting any associated K8s objects
(e.g., CRDs, Deployments, and Namespaces). This process
eliminates the risk of miscalculation due to progressive loading
by resetting the cluster after each iteration.

Our four-phase experiment loop iterates through the three
different tools, considering all possible combinations of repli-

Draft Proposed Approved>3ublished>

Blueprint Repo i Deployment Repo
(BPR) hydrate (DPR)
tpush t ") f n
SyncL 4 v Sync\ I
‘ Transfer N
[ O(:‘etg?:rs Regonciliation
Dry Packages Vaﬁi:;‘z:igg ot Nephio Management Cluster

Nephio Workload Cluster [«

Package Generator

Fig. 2: Nephio Integration with Benchmarking System

cates and applications, and repeats r times for each experiment
to ensure the statistical validity of our results. Finally, all
results are saved in a CSV file for further data analysis.

B. Nephio Integration

Nephio’s intent processing mechanism involves two reposi-
tories, namely Blueprint (BPR) and Deployment (DPR). BPR
holds the intents, i.e., the set of Sgesireq as Kpt packages (also
called Dry Packages). A Package Variant Set (PVS) tracks
the revisions of Dry Packages at the BPR through Webhooks.
Nephio leverages Package Orchestrator (Porch) to process
Dry Packages (“hydrate” them), inserting configuration data
into the templates and turning them into Hydrated Packages.
During the Hydration Process, Nephio handles the Git op-
erations, creating a branch named “Draft” in the DPR and
merging it with the main branch after processing. During the
Hydration process, a package migrates through four sequential
states, i.e., draft, proposed, approved, and published. Finally,
published packages reside in the DPR’s main branch, which
the operators from Oyecon track; therefore, the integration with
the Benchmarking system sets the DPR as the SSoT, as
described in the previous section, introducing an additional
latency for Hydration (Znydrare). Fig. 2 depicts the integration
workflow.

IV. RESULT & ANALYSIS

This section covers the findings by analysing the experi-
mental results of deploying a lightweight Nginx application
template as Siemplaie. We cover three test-case scenarios, first,
single app deployment with scaling it by its replica with a
range of [1: 100 : 10] with » = 20 and measuring tpush, tsync,
Lrecon» Ldeploys second, simultaneous multiple app deployment
with single replica with a range of [1 : 90 : 10] with r = 20,
measuring trecons tdeploys thealthy > Ucpus Umem; third the latency in-
troduced by Nephio processing single and multiple Intents.
For all the experiments, we have grouped the aggregated
measurements (K77} by their respective reconciler prefix p
and traced their corresponding trajectory of median trend lines
to establish our conclusion. For multi-app deployment, we
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have kept m = 90 as the default maximum pod count of K3s
clusters, which is 110 to accommodate additional reconcilers’
control-plane pods.

A. Test-Case 1: Single-App Deployment Latency Comparison

Fig. 3 depicts the combined measurements of the experi-
ments. All three reconcilers show an identical Zp,q, of around
1s, with outliers lying in a close neighbourhood, which is
expected since fpush 1S independent of the reconciliation pro-
cess; however, this verifies the correctness of the tailing Push
mechanism of the manifest generation. Argo CD and Flux CD
outperform ConfigSync in ¢y, with identical latency bounded
between 1-10s, whereas ConfigSync took between 50-100 s.
Examining the reason, we discovered that the period attribute
of RootSync (i.e., ConfigSync’s reconciler) is not persistent
on the open-source version of ConfigSync if it runs outside
of Google Cloud. Comparison of t.econ sShows Argo CD being
the fastest (0.5-0.8s), followed by Flux CD (0.5-5s) both
showing a predictable trajectory. However, ConfigSync shows
significant fluctuation between 0.8-8s. Finally, comparing
tdeploy shows ArgoCD performing better with median latency
around 200 ms up to r = 50 and it shoots up linearly to 10s,
converging with the latency of Flux CD and ConfigSync.
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Fig. 4: Latency Comparison of GitOps Tools with Scaling
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In summary, we observed that ArgoCD and FluxCD exhibit
more consistent performance compared to ConfigSync. No-
tably, ArgoCD is slightly quicker in reconciliation and inter-
facing with the back-end Kubernetes cluster for deployment,
compared to FluxCD.

B. Test-case 2A: Multi-App Latency Comparison

Fig. 4 depicts the combined measurements of the experi-
ments. All three reconcilers show an identical trend of #gepioy
and fheaithy. The theany Tesult is as expected, as it is beyond
the scope of the Reconcilers, similar to the case of #py in the
testcase 1; therefore, we omit it in this testcase intentionally.
We attribute the linear growth of tgepioy to minor fluctuations
resulting from parallelising the deployment of non-scaling
applications, which Kubernetes schedulers take advantage of.
However, there is a trade-off in resource utilisation, which
is revealed in the next sub-section. After conducting the
experiments several times, we observed a ”V-Shaped” pattern
emerging from t.o, of ConfigSync. It starts with a 17.5s
value, gradually converges with that of the other two at » = 50
to 7.5s. This is roughly the same as its .o fOr a single-app
test case, and follows the same growth trajectory as Argo CD
and Flux CD from there. At the time of writing this article, we
don’t have a clear explanation for this observation; however,
we aim to investigate it further in our future work.

In summary, all reconcilers performed equally after concur-
rent deployment of the application with » > 50. Argo CD and
Flux CD are the most consistent throughout, while ConfigSync
shows convergence in cases of a large number of concurrent
requests, with less fluctuation compared to Testcase 1.
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Fig. 5: Resource Utilisation Comparison of GitOps Tools with
Scaling Concurrent Multi-App Deployment

C. Test-Case 2B: Multi-App Resource Utilisation

For this investigation (Fig. 5), we measured the ucp, and
Umem from K8s Container Runtime Interface. The median
Ucpy Stays within 1-250 millicore for Flux CD, 150-750
millicore for Argo CD and 120-1900 millicore for Con-
figSync. The median ey, remains consistent at 120 MB and
520MB for Flux CD and Argo CD, respectively, with a
significant difference from ConfigSync reaching up to 8 GB at
r = 90. Our investigation suggests that the resource-intensive
behaviour of ConfigSync is due to its concurrency handling
mechanism. Unlike Flux CD and Argo CD, which run a single
reconciler in their respective control plane namespaces (i.e.,
flux-system and argo, respectively), ConfigSync instantiates
individual root-reconciler objects in the config-management-
system namespace to bind each application, resulting in a
significant overhead as the number of concurrent application
requests scales.

In summary, Flux CD is the least resource-intensive, Argo
CD has a similar memory footprint to Flux CD with higher
CPU consumption, which settles down to a level comparable
to Flux CD after r» = 40, and ConfigSync is the most resource-
intensive in both CPU and memory consumption.

D. Test-Case 3: Nephio’s Intent Processing Latency

Fig. 6 illustrates the latency profile of Nephio in processing
the Intent (Zinproc) first, for a single deployment of Intent,
scaling by replica; and second; for multiple deployment by
scaling the number of Dry Packages and their corresponding
PVs both within a range of [1 : 90 : 10]. The intent
processing latency finproc = thydration + foh, Where o is the
latency introduced by the overhead processing including time
to bring up the PVs, Webhook establishment between the PVs
& BPR and discovery of Draft Packages in DPR. The %,
is proportional to the number of Intents. The experimental
result shows that Nephio introduces a mean constant iyproc
for Intent deployment, which is 17.62-23.85s per Intent,
including the default reconciliation period configured in Porch

Single Intent Processing (Latency: tinproc)

Nreplica

Concurrent Intent Processing (Latency: top, thyd,ate tmpmc)

Latency (sec.)

Nintent . .
—&~- Multi Intent thygrate median trend
@ Multi Intent tjnproc median trend

—@— Single Intent tinproc median trend
- Multi Intent ton, median trend

Fig. 6: Comparison of Nephio’s Intent Processing Latency

and the overhead of instantiating PV. In case of the multi-
Intent experiments, we observed the mean #jppr0c =11.25 with
its components ton, = 6.16s and thygrae = 4.955. The mean
Linproc for multi-Intent is slightly lower (by ~ 6s) compared
to that of the single-Intent because K8s instantiates the PVs
simultaneously; therefore, on average, the latency due to
overhead processing lowers as the number of Intents scales.

E. Summary and Findings

Table III summarises the performance evaluation against
all KPIs K, from our experiments. Our findings show the
following. First, the fsyne & trecon 0f ConfigSync is higher and
less deterministic compared to that of Argo CD and Flux CD.
Second, Flux CD is more compute-intensive but faster than
Argo CD. Third, Nephio’s overall Intent processing latency
with default Porch settings is almost constant per intent, and
it scales linearly with the number of Intents.

To summarise each scenario, we processed the dataset as
follows. First, we standardised the dataset concerning the
scaling variable, i.e., the number of replicas for single intent
and the number of apps for multi-intent use cases. Thereafter,
we filter out the outliers by aggregating them based on their
median value. For standard deviation o, we computed the sam-
ple o after removing statistical outliers using the Interquartile
Range (IQR). Specifically, any data point lying outside the
interval [@1 — 1.5 - IQR, Q3 + 1.5 - IQR] was excluded. The
o was then calculated over the remaining values using the
unbiased estimator.

V. CONCLUSION & FUTURE SCOPE

This work investigates the effect of integrating three GitOps
operators (i.e., Argo CD, Flux CD, and ConfigSync) and
an IBN orchestrator, Nephio, to enhance the E2E Intent
Deployment performance of our bespoke orchestration plat-
form, CAMINO. It describes a benchmarking pipeline with a
methodology to collect defined KPIs that summarise the per-
formance evaluation through latency and resource utilisation



TABLE III: Summary statistics of various latency & utilisation KPIs in single & multiple Intent deployment scenarios through
GitOps tools (Argo CD, Flux CD & ConfigSync) and IBN Orchestrator (Nephio)

Single Intent Deployement
Tools tpush (sec.) tsyne (sec.) trecon (s€c.) tdeploy (S€C.)
°w o °w o °w o o o
Argo CD 1.05 | 0.01 2.83 0.37 0.01 0.01 9.07 0.04
Flux CD 1.04 | 0.01 2.58 0.09 0.0056 | 0.0034 0.02 0.02
Config Sync | 1.01 | 0.02 | 217.53 | 112.15 0.03 0.05 0.11 0.01
Multiple Intent Deployment
trecon (s€C.) Ldeploy (sec.) Chealthy (sec.) Ucpu (Milicore) Umem (MB)
o o o o o o o o o o
Argo CD 0.14 | 0.01 0.14 0.08 0.24 0.002 13.46 | 6.26 10.1 7.11
Flux CD 0.13 | 0.01 0.13 0.002 0.23 0.01 2.24 2.28 5.34 3.4
Config Sync | 0.18 | 0.18 0.15 0.01 0.28 0.05 33.31 9.97 | 98.47 | 1.56
Single Intent Deployment Multiple Intent Deployment
Nephio tinproc (SCC.) tinproc (sec.) thydrate (sec.) toh (Sec-)
“w o ”w o o o o o
17.9 0.91 7.79 0.34 4.97 0.42 2.73 0.13

in single and multi-intent deployment scenarios, supported by
statistical analysis of experimental results.

In this benchmarking setup, we utilised a homogeneous
intent deployment model by deploying a simple Nginx ap-
plication to measure all KPIs; that said, we have established a
configurable testbed infrastructure. Hence, as an extension, we
shall leverage it to conduct benchmarking in a heterogeneous
setup with a variety of standard Network Functions (e.g., 5G
Core). In addition, we aim to advance this framework as a
tool to generate large-scale datasets to train machine-learning
models, enabling the prediction of anticipatory latency and
resource consumption in an intent-deployment scenario. Al-
Native IBN for a 6G communication system would leverage
such predictions for optimising proactive resource allocation.
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