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Abstract

Edge computing orchestration faces significant challenges due to
resource constraints, highly distributed topologies, and dynamic
network conditions. The discrepancy between theoretical and ac-
tual runtime performance often leads to suboptimal deployment
decisions. This discrepancy is severe in clustered deployments, as
existing tools either saturate network links during testing or lack
proactive assessment capabilities. None of these approaches ac-
curately predicts service co-locating compatibility in real-world
scenarios. We present KUT (Konnectivity Under Test), a lightweight
network assessment framework designed specifically for edge envi-
ronments, combining service-specific traffic simulation with period-
ical monitoring to provide accurate compatibility assessments with-
out starving co-located services. KUT enables periodic background
assessments that inform orchestration decisions while consuming
minimal resources.
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1 Introduction

Mobile and weak devices such as monitoring cameras, smart home
sensors, and even mobile drones and phones offload their com-
puting tasks to nearby edge servers such as energy-efficient and
dedicated hardware accelerators (e.g., Nvidia Jetson Series). This
paradigm, known as edge computing, improves service responsive-
ness by bringing computation closer to end devices [13], compared
to traditional cloud computing. However, network interference,
device mobility, and heterogeneous hardware lead to a critical gap
between expected and actual application performance, particularly
for mission-critical, latency-sensitive applications [11], which com-
monly prevents effective service orchestration [12].
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Figure 1: KUT Architecture Overview

The current host-to-host, pipe-based network, primarily built
on TCP/UDP protocols, struggles to achieve better performance
visibility. We cannot fully transition to new architectures, such
as Information-Centric Networking, because most systems and
applications still rely on the traditional TCP/UDP-based stack [7].
Existing network assessment tools are ill-suited for this task. Active
probes like iPerf [6] saturate the bandwidth, starving co-located
services. On the other hand, passive monitors like Wireshark [14]
cannot predict network performance with certain traffic patterns. A
tool that performs periodic, lightweight, and proactive assessments
without starving production workloads is needed.
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Figure 2: A YouTube UDP Burst Traffic Simulation Showcase Using KUT
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Figure 3: CPU Usage between KUT and iPerf3

To bridge this gap, we introduce KUT, a lightweight network
assessment framework designed for edge orchestration. At its core,
KUT models application behavior by abstracting it into fundamen-
tal traffic parameters: packet size and transmission timing. This
abstraction allows KUT to simulate the key traffic characteristics
of various applications (e.g., video streaming, VoIP) by generat-
ing patterns like burst, ramp-up/down, and sinusoidal. Given an
edge environment (e.g., Kubernetes [1]), there is a controller that
decides when and which node pair to be evaluated by launching
a pair of client and server (CS) instances (by containers) on the
selected nodes. The CS pair then runs the traffic according to the
specified configuration. Finnaly the controller collects the results
from the server and dumps them into csv files for further analysis.
These results can be used to inform orchestration decisions, such
as service placement and resource allocation. Figure 2 showcased
a YouTube-like UDP burst traffic pattern generated by KUT. This
adaptability ensures KUT can assess a wide range of services.

This qualitative modeling approach is essential to KUT’s non-
intrusive and lightweight character. By generating representative
traffic patterns instead of replaying full traffic traces, KUT delivers
meaningful results by capturing key traffic characteristics with
minimal computational cost and network overhead. It eliminates
the need to capture, store, and replay every single packet, which
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Figure 4: Sent/Received Traffic (Burst/Constant)

consumes significant resources, allowing it to operate as an unob-
trusive background service. To further ensure a minimal footprint
and ease of deployment, as shown in Figure 1, KUT features a modu-
lar, two-layer architecture with a control layer for test management
and a data layer for traffic generation, transmission, and metadata

storage. Its core components are containerized as Docker images

and built as CLI tools, simplifying deployment in heterogeneous

edge environments, suitable for integration with a wide range of
existing orchestration frameworks.

In summary, KUT contributes a novel, lightweight network as-
sessment methodology that combines service-specific traffic simu-
lation with periodic monitoring to inform edge orchestration. This
benefits two usecases: (1) proactive assessment of service compat-
ibility in dynamic edge environments, this means orchestration
systems can make informed decisions based on realistic network
performance predictions rather than theoretical models; and (2)
lightweight background connectivity monitoring over time without
starving co-located services, enabling continuous performance visi-
bility as a background service with minimal resource consumption.
Our preliminary results validate KUT’s ability to simulate typical
traffic patterns and reveal network dynamics critical for improving
service compatibility. KUT is available as an open-source project at

https://github.com/cm-edge/konnectivity-under-test.
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2 Preliminary Results

We compared KUT with iPerf3 on two Raspberry Pi 4B nodes. Fig-
ure 3 shows that KUT has comparable CPU overhead below 100
Mbps. While its usage is higher beyond this rate due to the com-
putational cost of simulating traffic patterns, which is missing for
iPerf, it remains under 20% at 1000 Mbps, confirming its lightweight
design.

Besides above mentioned YouTube-like UDP burst traffic (Fig-
ure 2), we co-located burst and constant traffic flows (Figure 4)
and observed mutual interference: burst traffic’s bandwidth was
flattened, while constant traffic’s was warped. Both experienced
similar, fluctuating latency. These preliminary results highlight
KUT’s potential for uncovering complex network dynamics, such
as the impact of bandwidth-heavy tasks on latency-sensitive ser-
vices in edge environments.

3 Future Work

Hybrid Active-Passive Monitoring. We will evolve KUT into
a hybrid monitoring system, integrating eBPF-based passive analy-
sis with our active testing capabilities. This synergy will correlate
simulated traffic with real-world network dynamics to build a com-
prehensive network profile, capturing both expected behaviors and
emergent anomalies. The resulting insights will enable more accu-
rate, network-aware orchestration in dynamic edge environments.
KUT can be evolved into a hybrid monitoring system, integrating
eBPF-based passive analysis with active testing. This system will
correlate simulated traffic with real-world network dynamics to
profile expected behaviors, enabling more accurate, network-aware
orchestration in dynamic edge environments.

Lightweight Integration with Edge Orchestrators. KUT will
be packed as a modular component for seamless integration with
edge orchestration frameworks such as KubeEdge[2], K3S[3] and
Oakestra [5]. To ensure efficient operation in resource-constrained
edge environments, we will develop a lightweight metrics frame-

work that avoids the high overhead of standards like OpenMetrics[4].

This integrated solution will offer operators an easy-to-deploy tool
for incorporating network affinity assessments into their workflows
with a minimal resource footprint.
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Resource Concentrated Environments. Decentralized appli-
cations maintain consistent computing states for decision-making.
Consensus algorithms maintain this state [10]. Peer concentration
is standard across deployments of decentralized applications, i.e.,
nodes deployed in common sites [9]. This resource concentration
poses stricter guarantees for resource prediction and service com-
patibility evaluation. Therefore, we will test KUT’s prediction per-
formance in highly clustered networks, i.e., datacenter networks.
This evaluation may be based on the insights for resource concen-
tration across decentralized applications found in [8, 9].
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