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Load Testing — Approach and Challenges

| High manual effort for maintaining load tests |

“Load testing is the
process of assessing

. Expert
the behavior of a system
under load in order to _(l)_
getectlicadirelated /\ | Load tests need much time to execute

problems.”

Jiang et al., 2015 rl

Y
Load SyStem
driver under Test

L7
® Workload i W

specification

A\ 4

| There are no suitable load tests |

Test results

Bezemer et al., ICPE 2019 Schulz et al., ICPE 2018
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Load Testing of Microservices in Continuous Delivery Pipelines

... How Problems Get Worse
Load tests need much time to execute |
VS.

High manual effort for maintaining load tests | Fast & frequent releases

VS.
Pipeline automation

void main(String[] args) {
—| int foo;
/\—l—o // do something

bar(foo);

AN )

Paerformancefief g

/ \ System.out.println(“Hi®);
}

\ —
Implementation Build Functional Testing

Complex load tests for every release impossible

Service-focus requires multiple tests VS.
VS. Complex analysis of performance regressions |

There are no suitable load tests

Schulz et al., ICPE 2018 Heinrich et al., ICPE 2017
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Our Approach



Overview of our Approach

Declarative test specification, execution, and reporting

(Non-)Expert

o i

A — 7 Context-tailored workload prediction and test selection

v Test report
— Q XSy | SUT
(declarative) T
Load System
A driver under Test
v
@

Test specification
P
Sy |8

Extraction and evolution of representative load tests

A

Monitoring data

VJ’ Wm:ad g W

specification 7

Contextual Test results
information

B —
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This Work is a Joint Effort!
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Declarative test specification, execution, and reporting

Extraction and evolution of representative load tests

Context-tailored workload prediction and test selection
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EENEVTE I R NS Mol Adopting idea from Behavior-Driven Development (BDD)

Schulz et al., ICPE 2019
- BDLT language - structure and example

For functional testing

Given
initial context

event

app config

date (range)

When
changes

Then Given the next Black Friday,
outcome when varying the CPU cores between 1 and 4,
num. users quality gates
event :—3 run time then  run the experiment for 1h
config metrics and

app

ensure the maximum CPU utilization is less than 60%.

« Mapping to ContinulTy and BenchFlow for load test generation

* Evaluation:

P fbuflered
” messages

= | outage
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Benefits and Limitations?

Expressiveness? Use?

“Could replace
manual tests

Formulated industrial
load test scenarios,
using operational data




Addressed problem:
« Exact concerns not made explicit before
performance evaluation

Okanovicetal, ICPE 2019 Performance evaluation reports not appropriate
(e..g, not tailored to concern, results not explained)

Concern-driven Analysis and Reporting

——

—————————

-

active users

1
DT B

\
v
\
1
I e § resp 1 e
PRPESSN Y connection U rurequests SRR V-
_____ £ success!
= L | number o
_______ -

Experiment Result Latency

Performance evaluation
x (Conflguratlon’ executlon) Configuration and Analysis

Data filtering Ee |
Report generation | ST [T

e Inspecled mefrics wera recor =
During this tims 1416 requasts were saved to the analysis resut.

Query
x What was the maximum latency of the system when the
number of active users was = 1000?
Gf '\"he, B? Stem Was :;;Jmawuw atency of the service was 376ms, when the number of active users was = ~:: 085
e \a’ten G? M ent Start, The maximum Latency was 16172ms at 24.10 8:56:38.904.

Tailored report with NL explanations
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Concern-driven Analysis and Reporting — Chatbot Extension

Okanovic¢ et al., under review

Hypothesis: Chatbots used in various domains and could
help in performance evaluation — load testing in particular

PerformoBot

P Dislagfiow

Hello! | am PerformoBot. | am here to help you Set the load to 100 users.
with your performance evaluation.

If you have any questions, feel free to ask about
anything you don't understand.

Test www.example.com.
Please state your performance evaluation

concern. Please enter the metric (e.g., latency).

Please perform a load test for me. Use server status.

Please enter the domain, e.g. www.google.com.

Very well, let me help to create a load test Very well, | set up a load test for you. If you are
together. | need to know what load you want to satisfied | can execute the load test. Otherwise,
use, the domain to be tested and the metric you can change the parameters.

which should be measured. : ) )
PerformoBot supports in configuring
Ask somet and analyzing a load test

Evaluated in a user study
A. van Hoorn (U € with 47 participants Most helpful to non-experts — incl. education




Extraction and evolution of representative load tests

ey

production users
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application

req.
logs

load
test
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Background: Session-based Workload

Vogele et al., SoSyM 2018 Schulz et al., MASCOTS 2019

home

>®
login

>@
details

>0

think time

L cat QL

_home JL_login

application
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aggregation to Markov chains

probability: 0.7
think timg: N(10,5)
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Extraction of Session-based Workload Models and Load Tests

Vogele et al., SoSyM 2018 Schulz et al., MASCOTS 2019

-
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req./
trace
logs

work-
load
mode

i

application session workload load test
monitoring extraction clustering transformation

session
logs
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Evaluation of the Representativeness
Vogele et al., SoSyM 2018

Session-based metrics,

e.g., session length
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System-level metrics,

e.g., CPU and memory
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Request-based metrics,

e.g., request mix

Request Orig. ED-2 NED-3 NED-4 Rel.

(a) Absolute and relative (Rel.) counts (IMeter)

1. Add to cart 20,625 21474 21,129 21,217 0.07
2. Cancel order 191 198 176 168 0.00
3. Clear cart 1932 2129 2011 1976 0.01
4. Defer order 2236 2228 2218 2312 0.01

5. Home 19,371 20,119 20,358 20,299 0.07

k
shopping cart r

. . k- r F------------- 4
view items F_:III .............. 4
view items quantity t[llj_-:4
o s 0 15 2 25 %
Response time (milliseconds)
End-user metrics,
e.g., response times
17



Representative Load Testing Lacks in Support for Microservices

Schulz et al., MASCOTS 2019

representative

req. load
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Microservice-tailored Generation of Session-based Workload Models

Schulz et al., MASCOTS 2019

Idea: Derive representative load tests tailored to individual

microservices from the global application workload

« less resources

log-based & (V) shorter execution
model-based _
</ representative
Lem==== ~~o </ DevOps ready
I, \
’ o
\ - ]
\ carts ]
\\DevOps team L

-
‘-——--—--------———-——
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“Load testing is the
process of assessing
the behavior of a
system under load

in order to detect
load-related problems.”

Jiang et al., 2015

Hypothesis: Chatbots used in various domains and could
help in performance evaluation — load testing in particular

-based metrics,
ession length

Request-based metrics,
e.g., request mix

‘Very well, let me help &
t

End-user metrics,
e.g., response times

n-level metrics,
e.g., CPU and memory

Selected results:

declarative specification and reporting
extraction and evolution of representative load tests

(Non-)Expert

Declarative test specification, execution, and reporting

Extraction and evolution of representative load tests

Context-tailored workload prediction

Lr oo oo

Load System
driver under Test

Test report

Test specification
(declarative)

[—

Monitoring data

=
[

_—

&
T

L

Workload
ification

g —
Contextual
information

Test results

Overview of our collaborative approach

Additional pointers

+ Efficient resilience testing  vantoom etal, 1ssre 2018

« Domain-based scalability testing  Avizeretal, ecsa 2018
« Scalability testing in Scrum  eraaas et al, Software 2019

+ Automated load test evolution  schuiz etal, stv 2019

22



Test-based
Scalability and Resilience
Assessment of

Microservice-based
Software Systems

André van Hoorn

co:?:;z\“ October 28, 2019, Berlin Germany
o

International Workshop on Governing Adaptive and Unplanned
Systems of Systems (GAUSS) @ ISSRE 2019

GEFIRDERT VM

. . Baden- e%e: undesministerium
University of Stuttgart Wiirttemberg o:385s® DFG ® | g "
stiftung Bt und Forschung ;

ce0@
.

(il

WIR STITEN 2UEUNET



References

Schulz et al., STVR 2019

Schulz et al., MASCOTS 2019

Brataas et al., Software 2019

Okanovic et al., ICPE 2019

Avritzer et al., ICPE 2019

Bezemer et al., ICPE 2019

A. van Hoorn (U Stuttgart) | Test-based Assessment of Microservices

Henning Schulz, André van Hoorn, Alexander Wert: Reducing the Maintenance Effort for
Parameterization of Representative Load Tests Using Annotations. Software Testing, Verification &
Reliability (2019)

Henning Schulz, Tobias Angerstein, Dusan Okanovi¢, and André van Hoorn. Microservice-tailored
generation of session-based workload models for representative load testing. MASCOTS 2019

Gunnar Brataas, Geir Kjetil Hanssen, Nikolas Herbst, and André van Hoorn. Agile scalability
engineering: The ScrumScale method. IEEE Software (2019)

Dusan Okanovic, André van Hoorn, Christoph Zorn, Fabian Beck, Vincenzo Ferme, Jirgen Walter:
Concern-driven Reporting of Software Performance Analysis Results. ICPE Companion 2019: 1-4

Alberto Avritzer, Daniel S. Menasché, Vilc Rufino, Barbara Russo, Andrea Janes, Vincenzo Ferme,
André van Hoorn, Henning Schulz: PPTAM: Production and Performance Testing Based
Application Monitoring. ICPE Companion 2019: 39-40

Cor-Paul Bezemer, Simon Eismann, Vincenzo Ferme, Johannes Grohmann, Robert Heinrich,
Pooyan Jamshidi, Weiyi Shang, André van Hoorn, Ménica Villavicencio, Jirgen Walter, Felix
Willnecker: How is Performance Addressed in DevOps? A Survey on Industrial Practices. ICPE
2019: 45-50

24



References

Schulz et al., ICPE 2019

Trubiani et al., IST 2018

Pitakrat et al., JSS 2018

Vdgele et al., SoSyM 2018

Auvritzer et al., ECSA 2018

van Hoorn et al., ISSRE 2018

Henning Schulz, Dusan Okanovic, André van Hoorn, Vincenzo Ferme, Cesare Pautasso: Behavior-
driven Load Testing Using Contextual Knowledge - Approach and Experiences. ICPE 2019: 265-
272

Catia Trubiani, Alexander Bran, André van Hoorn, Alberto Avritzer, Holger Knoche: Exploiting load
testing and profiling for Performance Antipattern Detection. Information & Software Technology 95:
329-345 (2018)

Teerat Pitakrat, Dusan Okanovic, André van Hoorn, Lars Grunske: Hora: Architecture-aware online
failure prediction. Journal of Systems and Software 137: 669-685 (2018)

Christian Vogele, André van Hoorn, Eike Schulz, Wilhelm Hasselbring, Helmut Krcmar: WESSBAS.:
extraction of probabilistic workload specifications for load testing and performance prediction - a
model-driven approach for session-based application systems. Software and Systems Modeling
17(2): 443-477 (2018)

Alberto Avritzer, Vincenzo Ferme, Andrea Janes, Barbara Russo, Henning Schulz, André van
Hoorn: A Quantitative Approach for the Assessment of Microservice Architecture Deployment
Alternatives by Automated Performance Testing. ECSA 2018: 159-174

André van Hoorn, Aldeida Aleti, Thomas F. Dullmann, Teerat Pitakrat: ORCAS: Efficient Resilience
Benchmarking of Microservice Architectures. ISSRE Workshops 2018: 146-147

A. van Hoorn (U Stuttgart) | Test-based Assessment of Microservices 25



References

Schulz et al.,

ICPE 2018

van Hoorn et al., DATACOM 2018

Dillmann et al.,

Heinrich et al.,

Heger et al.,

Walter et al.,

van Hoorn et al.,

ICPE 2017

ICPE 2017

ICPE 2017

ICPE 2016

ICPE 2012

Henning Schulz, Tobias Angerstein, André van Hoorn: Towards Automating Representative Load
Testing in Continuous Software Engineering. ICPE Companion 2018: 123-126

André van Hoorn and Stefan Siegl. Application Performance Management: Measuring and
Optimizing the Digital Customer Experience (e-Book). SIGS DATACOM GmbH (2018)

Thomas F. Dillmann, André van Hoorn: Model-driven Generation of Microservice Architectures for
Benchmarking Performance and Resilience Engineering Approaches. ICPE Companion 2017: 171-
172

Robert Heinrich, André van Hoorn, Holger Knoche, Fei Li, Lucy Ellen Lwakatare, Claus Pahl,
Stefan Schulte, Johannes Wettinger: Performance Engineering for Microservices: Research
Challenges and Directions. ICPE Companion 2017: 223-226

Christoph Heger, André van Hoorn, Mario Mann, Dusan Okanovic: Application Performance
Management: State of the Art and Challenges for the Future. ICPE 2017: 429-432

Jurgen Walter, André van Hoorn, Heiko Koziolek, Dusan Okanovic, Samuel Kounev: Asking
"What"?, Automating the "How"?: The Vision of Declarative Performance Engineering. ICPE 2016:
91-94

André van Hoorn, Jan Waller, Wilhelm Hasselbring: Kieker: a framework for application
performance monitoring and dynamic software analysis. ICPE 2012: 247-248

A. van Hoorn (U Stuttgart) | Test-based Assessment of Microservices 26



References (submitted papers)

Okanovié etal, <underreview> DuSan Okanovi¢, Samuel Beck, Lasse Merz, Christoph Zorn, Leonel Merino, André van Hoorn,
Fabian Beck: Can a Chatbot Support Software Engineers with Load Testing? Approach and
Experiences. Under review

A. van Hoorn (U Stuttgart) | Test-based Assessment of Microservices

27



