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“D Creo: Generating Microservice Applications UFG
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P New Project with Snowflake, Inc.

@/ Goal: Predict application-level performance across hardware
architectures using microbenchmarks

[ '151 I In [ I
A A % F F
Micro- Micro- Micro- Micro- Micro- Micro-
benchmark A benchmark B benchmark C benchmark A benchmark B benchmark C
Hardware A Hardware B

Collect microarchitecture-level
metrics (e.g., IPC, cache
misses, etc.)

Predict application-level
performance based on
metrics collected during
microbenchmark runs
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@ Transient Phases of Microservice Applications
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[2]: Rohwer, Ivo, et al. "An Empirical Study on Transient Phases of Microservice Applications." To appear in: 2025 MASCOTS.
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P Preliminary Work

« In HPC/HDPA systems resource utilization ;:\
is often relatively low ——=x
- ==
« Reason (among others): Often, too many =
resources are reserved for individual jobs ‘:-‘-'-'-'—'BT'-‘:
. Solution: Phase-aware resource terrabyte
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Container Memory Usage Over Time
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A Case Study on the Value of Simulated and Synthetic
Microservice Applications for Performance Model Training

Towards Intelligent Performance Data Analytics
With Graph Databases
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With Graph Databases
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Abstract observability tools via Neodj. It offers a variety of

Abstract

Microservices have become a central architectural
style for cloud-based systems, driving increased inter-
est in thelr performance characteristics. However, the
limited availability of real-world microservice applica-
tions for academic reseapch constrains empirical stud-
iem in this avea, particularly those wsing application-
agnostic, machine learning-based approaches. Prior
work has explored synthetie generation and simula-
tion as alternative means of obtaining performance
data; however, thelr benefits when uwsed alongside
real-world measurements are less understood. Using
the saturation predictor Monitorless in a case study,
we evaluate two scenarbes. Our results indicate that
generated and simulated applications improve predie-
tive performance on previously unsesn, real-world sys-
terns.  In our case, generated applications reduced
false positives, simulated applications enhanced ro-
bustness, while their combination yielded the meost
balanced predictor. The findings suggest that syn-
thetic amd simulated applications can effectively com-
plemeant real-world data, enabling more diverse and
robust evaluation of performance models.

1 Introduction

Microservices are an integeal part of modern clowd
systems, offering scalability and flexibility during de-
velopment and operation. Yet, their distributed na-
ture alse introdusces substantial challenges for perfor-
mance management. Due to the heterogeneous land-
scape of clowd applications, combined with the fast-
paced development of applications enabled by modern
DevOps practices, most approaches rely on machine
learning (ML) models. Instead of learning specialized
models for a single service or application, these models
extract application-agnostic performance models that
encompass the performance characteristics of multi-
ple, diverse services or applications, limited only by
the diversity of the training data.

However, obtaining sufficlently diverse training
data remains difficult. Open-source microservice ap-
plications suitable for performance studies are scarce,
anmd setting up test environments is a labos-intensive
process. Consequently, many research works rely on a
limited set of applications, a recurring threat to valid-

ity that has been highlighted in the literature [4]. Mi-
crogervice simulators and synthetic application gener-
ators offer a promising way to overcome this limitation
by enabling raphd creation of diverse training data.

Building on cur prioy work, which showed the bene
fits of augmenting training data with generated appli-
cations for performance degradation prediction, this
paper presents a case study on enriching training data
with both simulated and synthetic applications. We
demonstrate that such enrichment improves predie-
tive performance on a dataset of previously unseen
and real applications.

2 Foundations and Previous Work

MiSim [3] is a simulation ool designed to medel and
analyze microservice applications, with a foeus on re-
silience and performance. Currently, the tool simu-
lates the processing of requests using their CPU con-
sumption. Other resources, such as memory or disk
usage, are not simulated yet.

Creo [4] s a multi-langnage microservice applica-
tiomn focusing on perf benehmark-
ing. The gencrated applications are fully executable
and have configurable performance characteristics.
The built-in support for monitoring, load generation,
and deployment automates most of the setup steps for
performance experiments.

Manitorless [2] 18 an ML-based model that predicts
instance saturation using platform-level metries (i
CPU usage). The application-agnostic approach relies
on the diversity and representativeness of the training
data.

In our previous work [4], we demonstrated that
Monitorless can benefit from training data enriched
with measurements from generated applications. The
extended training dataset improved the results on the
test dataset (comprising a real microservice applica-
tiom).

3 Experiment Design

A major challenge in evaluating application-agnostic
hes, such as Monitorl lies in ing

representative datasets.  Since open-source applica-

tions are both rare and complex to deploy and bench-

mark, experiments with real applications are typically

Continuows  observability of microservices reguires
monitoring traces and resource consumption, generat-
ing wvast amounts of data that are difficult to interpret
due to complex interdependencies. While tools like
Promethens, Jaeger, and Grafana support label- amd
time-based queries, they lack graph-based sernantic
querying, which is well-suited to model microservice
architectures. This paper explores the potential of
leveraging the geaph database Neodj for performance
data, utilizing its expressive graph query language,
Cypher. Using pattern matching, Cypher supports
Rexible querying of data in various semantic relation-
ships. Our approach will enable users to analyze time
series from various observability data sources, such as
Promethens and Jaeger, supporting fexible pattern
queries, aggregations. statistical analysis, and tempo-
ral as well as structural queries within the microser-
vices context.

1 Introduction

Microservices are a common architectural style for
cloud applications, dividing large, complex systems
into smaller, more manageable services, Beshdes their
benefits, such as scaling services independently, they
introduce new design challenges, such as avoiding bot-
tlenecks and anti-patterns.  For this purpose, often
graph-based algorithms are used that require a graph
data model [L, 2, 3, 4]. The application of graph al-
gorithms relies on semantic graph databases such as
Meodj. While these databases enable advanced graph
queries, they are not well-suited for the storage and
querying of time series data [7].

In contrast to static graph analysis, microservice
performance problems arve often identified during op-
eration by monitoring resource consumption, traces,
and error rates. Standard tools for collecting and vi-
sualizing traces and metrics include OpenTelemetry,
FPromethens, Jasger, and Grafana.

Regarding graph analysis and observability tools,
we klentify a gap between these two areas: Obser
ability tools typically provide graph-based visnaliza-
tions, but lack a comprehensive graph data model that
enables graph queries such as Cypher in Neod). Inthis
paper, wi diseuss our vision for an extension of Neod)
that enables the querying of time serles data from

aggregation and analysis functions that are typleally
found in time serles query languages, but are lacking
in graph databases. We alm to facilitate the com-
bination of traditional graph amd time series queries,
reflecting the complex nature of microservice obeerva-
tion data in terms of temporal sequences and graph
relaticns.

2 Related Work

Ammar et al. [7] presented HyGraph, which aims to
combine semantic graphs and time series databases
in a native manner. They demonsteated the advan-
tages of this concept using a prototype consisting of
Neod) and TimescaleDB. In contrast, our approach s
tailored to the observability domain and aims to incor-
potate both traces amd time series. Conversely, zero-
ETL graph systems such as PuppyGraph [8] allow ob-
servability data to be gueried using Cypher without
Ioading it into a graph database. While these solu-
tions allow temporal relations to be guerled to a cer-
tain extent, they lack specific functions for querying,
aggregating, and analysing time serbes.

Several publications [1, 2. 3, 4] address the use
of graph models to analyze the architectural quality
of micreservice systems, but they lack consideration
of metrics and traces. Several machine learning ap-
proaches [5, ] to root cause detection rely on graph
modeling of traces and metrics. However, these ap-
proaches do not involve guery systems such as Neod],
but oaly the input rep tion of nearal b

Current, well-established observability tools, such
as Crafana, Kiall, and Apache SkyWalking, offer
graph visualisations, but not graph queries as enabled
by Cypher. SkyWalking uses a query language called
GraphQL, but thizs only refers to the structuring of
the gueries and does not utilize an underlying graph
structure in the querted data, despite including some
topology functions. Omn the other hand, TraceQL from
Grafana Tempo allows pattern matching, similar to
Cypher, but ooly for traces.

3 Approach

We aim to combine graph queries with performance
metric amd trace queries. The Neod) engine should
execute these gueries, but metrics and traces should
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