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Abstract—Kubernetes is a popular container orchestration
platform in cloud and cloud-edge environments. To properly eval-
uate new Kubernetes scheduling strategies, especially learning-
based ones, a controlled but realistic environment is needed,
enabling repeatable experimentation without the overhead of
running real clusters. This paper presents a modular Kubernetes
workload simulator that supports configurable cluster setups,
synthetic workload generation, and pluggable scheduling policies.
The simulator enables both rule-based and learning-based sched-
ulers to be evaluated under identical conditions, while providing
detailed execution traces and performance metrics. This demo
paper showcases its capabilities through some interactive scenar-
ios that highlight its usefulness for the development, testing, and
comparative evaluation of different Kubernetes schedulers.

Keywords-Kubernetes; workload simulation; workload schedul-
ing; experimentation.

I. INTRODUCTION AND MOTIVATION

Evaluating schedulers directly on real cloud or cloud-edge
infrastructures is often impractical due to the operational
complexity, resource costs, and limited reproducibility of such
setups [1]. Moreover, experimentation on real clusters can
interfere with production workloads and make it difficult to
isolate the impact of scheduling decisions [2].

Recent work highlights the growing interest in learning-
based approaches for cloud and cluster resource manage-
ment, including Kubernetes scheduling [3]. However, existing
Kubernetes schedulers and other available simulation envi-
ronments offer limited support for customized scheduling
logic and synthetic workload generation. Many tools either
provide fixed scheduling behaviors or operate at a high level
of abstraction, which restricts their usefulness for iterative
development and fair benchmarking of schedulers [4].

As discussed in recent surveys of cloud, edge, and Internet
of Things (IoT) computing, there is an increasing need for
lightweight and flexible experimentation environments that
bridge the gap between abstract models and real system
deployments [5]–[7]. To address these limitations, we de-
signed, implemented, and released a modular open-source
Kubernetes workload simulator that provides a controlled,
repeatable evaluation framework for different scheduling poli-
cies [8]. The simulator was initially motivated by the need to
support training and evaluation workflows for learning-based
schedulers in a simplified but representative setting. It builds
on top of lightweight Kubernetes emulation techniques, such
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Figure 1. Architecture of the Kubernetes workload simulator.

as Kubernetes Without Kubelet (KWOK), to model cluster
behavior without the overhead of managing real containers,
while extending them with support for dynamic workload syn-
thesis, pluggable scheduling strategies, and detailed execution
tracking [9].

The remainder of this paper is structured as follows. Section
II presents the architecture and key components of the simu-
lator, Section III demonstrates its use through representative
scenarios, and Section IV concludes the paper.

II. KUBERNETES WORKLOAD SIMULATOR

As depicted in Figure 1, the simulator follows a modular
design integrating workload synthesis, scheduling logic, clus-
ter modeling, and evaluation. A command-line interface drives
simulation and training workflows, while the simulation engine
orchestrates pod execution, scheduling decisions, and statistics
collection. The architecture supports interaction with external
learning environments and enables both lightweight simulation
and Kubernetes-like execution modes.

To balance realism and efficiency, the simulator supports
two complementary cluster backends: a Kubernetes-like back-
end (KWOK [9]) that uses lightweight emulation to model
pods and nodes without running actual containers, and a
native Python backend with virtual time for fast, controllable
experimentation.

The simulator separates cluster modeling, workload gener-
ation, scheduling logic, and evaluation into distinct compo-
nents. The cluster model supports heterogeneous nodes with
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Figure 2. Example simulator configuration file used in the demonstration.

configurable CPU, memory, and storage capacities, enabling
cloud, edge, and IoT-like environments. Workloads are syn-
thetically generated as sets of pods with configurable resource
demands, arrival patterns, and execution durations, ensuring
reproducibility.

Scheduling is fully pluggable through a unified interface,
allowing different strategies to be evaluated within the same
setup. During execution, the simulator coordinates pod ar-
rivals, scheduling decisions, and life cycles using a discrete-
event engine. Detailed execution traces and performance met-
rics are collected at the pod, workload, and cluster levels,
enabling analysis of scheduling behavior and resource utiliza-
tion. These metrics include, among others, pod waiting time,
completion time, and resource utilization (CPU, memory, and
storage) across nodes.

III. DEMONSTRATION SCENARIOS AND OBSERVATIONS

The demonstration illustrates how the Kubernetes Workload
Simulator enables the evaluation and comparison of scheduling
strategies under controlled conditions. A simulated cluster
is configured once, and synthetic workloads are submitted
while varying only the scheduling policy. This allows direct
comparison of pod placement decisions, resource utilization
patterns, and overall cluster behavior using execution traces
and performance metrics such as waiting times, completion
times, and node-level resource usage.

Initial observations indicate that different scheduling poli-
cies yield distinct resource utilization patterns across the
cluster, underscoring the need for systematic and repeatable
evaluation. Although the current demonstration focuses on
CPU, memory, and storage resources, the simulator lays the
groundwork for more complex scenarios.

The demonstration is executed through a command-line in-
terface that allows users to configure cluster setups, workloads,

and scheduling strategies via configuration files. Users can
run simulations, switch between schedulers, and observe their
impact on pod placement and resource utilization. The sim-
ulator also supports evaluating trained learning-based models
and comparing them with baseline approaches, including the
default Kubernetes scheduler.

Figure 2 shows an excerpt of the configuration file used
to define cluster setups (e.g., cloud, edge, and IoT nodes),
workload characteristics, and the scheduling policy. A typical
scenario fixes the workload while varying the cluster compo-
sition or scheduler to enable consistent comparisons.

IV. CONCLUSION

This paper presents a modular Kubernetes workload simu-
lator for the controlled, repeatable evaluation of scheduling
policies. By combining a Kubernetes-like backend with a
native Python backend, it enables flexible experimentation
across heterogeneous cloud, edge, and IoT environments. The
simulator provides execution traces and performance metrics
for analyzing scheduling behavior and resource utilization,
supporting iterative development and comparative evaluation.
Future work will focus on increasing realism through richer
system modeling, tighter integration with real Kubernetes
clusters, and the addition of a graphical user interface.
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