Ramona Raphael
Kuhn Nommer




@ Offices
O Home-Offices

) ----Luneburg
Bremen---------0_ | --Verden
Paderborn - -  Aleld
Ratingen--
____________ Fulda

Darmstadt - -

- v\ 1 Stuttgart------ . p
— §------- assau
San Luis Obispo, CA L0 Y Landshut

d:t',j Teamscale CQSE

Continuous Quality in Software Engineering



Raphael Nommer

Test Intelligence Team
PhD Candidate

Onboarding new customers

CQSE d]‘jj Teamscale



A Hours, Days, Weeks

Minutes

manual, automated,

E2E, ...






Test Selection

R
R




@ Complete Test Run



00

Shift Left

@ Complete Test Run
@® Smart Selection



Shift Left

@ Complete Test Run
@® Smart Selection



w Quality Gate
@j = Change-Based Testing
. 744




2B EE

Quality Gate

i K

ABCDE "

Expensive
Test Runs




Quality Gate

Integration Branch

Jii K

/ ABCDE =
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Abstract—Efficient test suite selection is crucial in st
testing due to the high cost of running extensive tests, parti
on large industry projects. Coverage-based techniques
tem execution within time constraints bu
suffer from costly and complex coverage recording pre
This study explores alternative selection methods  us
metadata and source code. Hierarchical Agglomera
tering (HAC) and a greedy approach were evaluated al(
distance measures based on package path distance and
representations of test code.

Evaluation on a variety of open-source projects and |

dustry project revealed that while the proposed m

tained decent coverage, they did not significantly outp
a strictly time-based selection. We note that HAC lacks

time-budget stopping criterion and performs worse th
greedy approach and random selection. Furthermore, tect
that rely on execution times tend to neglect longer-runnin
which can have an impact on fault detection, particul
industry projects.

‘This study emphasizes the importance of effective test s¢
methods that balance coverage, cost, and fault detectic
suggest that a simple yet effective baseline such as
exccution time first is a more robust baseline than a r
selection, especially for a cost based evaluation, and un
the need for more competitive baseline methods in tes
optimization research.

Index Terms—test selection, test suite reduction, clus
code embeddings, topic model

1. INTRODUCTION

Software testing is an integral part of the softwa
velopment lifecycle of any application. In order to v
that the program works as intended and provides the rc

ity, a suite of te: h focusing on di
components of the system and at differing granularit
various points in time before the software is released. §
sion testing is a popular approach for this. The test suite
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Comparative Analysis of Different
Approaches for Test Impact Analyses for

Real World Test Suites

Malek Ben Slimane

Change-Driven Testing

el

Sven Amann and Elmar Jiirgens

Abstract Today, testers have to test ever larger amounts of software in ever small¢
i itil simply execute entire test suites for ever
ever was—to manually ensure that th
tests cover all changes. In response to this challenge, we propose Change-Drive
Testing. Change-Driven Testing uses Test-Impact Analysis to automatically find th
relevant tests for any given code change and sort them in a way that increases th
chance of catching mistakes early on. This makes testing more efficient, catchin
over 90% of mistakes in only 2% testing time. Furthermore, Change-Driven Testin
uses Test-Gap Analysis to automatically identify test gaps, i.c., code changes thi
lack tests. This enables us to make conscious decisions about where to direct ot
limited testing resource to improve our testing effectiveness and notifies us abot
where we are missing regression tests.

Keywords Software testing - Test automation - Tcslmlclhgencc
ion-test selection - Test prioriti Tes - Risk
manngemcm

1 A Vicious Circle

Today, testers have to test ever larger amounts of software in ever smaller periods ¢
time. This is not only because software systems grow ever larger and more comple;
but also because development processes changed fundamentally. Ten years ag(
software was commonly released at most once or twice a year and only after a
extensive test period of the overall system. Today, we see consecutive feature-drive
releases within a few months, weeks, or even days. To enable this, developmel
happens on parallel feature branches, and testing, consequently, needs to happen o
each such branch as well as on the overall system.
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Tests in Industrial Practice:
A Survey and Historical Analysis

Roman Haas. Raphael Nommer. Elmar Juergens and Sven Apel

industrial software projects, Haas et al. found that a single
tion of a manual test suite tak !

test suites of our industry research partners (see Section I1I-B)
run, on average. a whole work week for automated tests. and,
on average. 5 person months for manual tests. They suffer
from late feedback and lack of resources 1o run all tests in
reasonable time.

In the literature. there are several techniques for improving
test feedback times for long-running test suites. Two common
techniques are test case selection [7) and prioritization [8). on
which we focus in this work. While test case selection and
prioritization are well-understood for automated tests [9]-{18].
the transferability to manual testing is challenging. Inherently,
manual tests are conducted less frequently. This leads to
substantial code changes between test cycles, and functionality
usually tested on the system level, resulting in each test
covering a significant portion of code. Beside their different
nature, manual tests fail to fulfill prerequisites of existing
optimization techniques [6], for example, manual tests may
be under-specified. resulting in different execution traces for
multiple runs of the same test case. Additionally, execution
traces may not be easily separable for different test runs if
manual test environments are not isolated. Finaly, different
test processes. software development and test environments,
and test suite run times dictate how aggressive an optimization
technique needs to be to provide fast feedback while still

keeping the fault detection rate as high as possible.

Research Gap: There is a lack of evidence of the extent to
which test optimization techniques for automated testing can
be applied to manual testing processes in industrial practice,

systems under  yng what limitations need to be accepted.

& corresponding

uites, no matter  Solution:  To address this research gap, we, first, analyze

Test Impact Analysis: Detecting Errors Early
Despite Large, Long-Running Test Suites

Elmar Jiirgens Dennis Pagano Andreas Gob
CQSE GmbH CQSE GmbH CQSE GmbH
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ct—Large test suites often take a long time to execute.
¢, in practice, they are usually not executed as part of
s integration (CI), but only less frequently and in later
ts. As a result, many errors remain unrecognized during
re found late, which causes high costs.

npact Analysis allows us to run only those tests affected
shanges since the last test run. As a result, it is le
Xecute that section of a large test suite during CI that
ikely to find new errors. In our studics, we were able
0% of failed builds in 2% of the test execution time.
bles fast CI feedback with high error detection rates,
s of the size and duration of the entire test suite.

1. MOTIVATION

fiware grows, its test suite must also grow in order
ly detect bugs. But this also increases the total test
o time. In practice, we are increasingly seeing test
at run for several hours or even days.

t experience. however, long-running test suites are
excluded from continuous integration (CI). Often,
exccuted only in subsequent test phases that take
.. before cach release. Due to the less frequent
2 of the test suite, however, the period between error
ion and error detection grows. This has extensive
consequences:

ars can overlap each other and can only be detected
1 other errors have been corrected.

Jugging regression errors becomes more complex. as
nereasing number of code changes may have caused
error.

{ fixes take longer because developers have to invest
‘e time understanding their own code if an error is
overed weeks after it has been introduced.

effects increase as systems and test row.
y. this jeopardizes the effectiveness of continuous
on, especially for large systems. These often have
larly high strategic value, and hence short feedback
ould be particularly important. How can we prevent
quickly find new bugs despite longer execution times
st suites in continuous integration?

st Impact Analysis (TIA) approach addresses this
by selecting and prioritizing test cases based on code
This is done by analyzing the code changes that have
de since the last successful test run. Then, only those
s are selected that run through changed code. These

Figure 1. Changes for implementing a feature: Modified code is shown in
yellow. new code i red. and unchanged code is gray.

Figure 2. Test coverage of nine automated tests. If a test executes a method,
it is shown in green, otherwise in gray.

tests are then sorted so that they find errors as early as possible
in the test run. The more frequently TIA is performed, the less
changes are made between two test runs, and the greater the
expected execution time savings are.
Figures 1 and 2 show an example from our own develop-
ment. Each of the illustrations shows a treemap. Each small
¢ in the treemap represents a method in the source code
. Figure 1 shows the changes that were
made as part of the development of a feature. Unchanged code
is gray, modified code is orange. and new code is red. Figure 2
shows the code coverage of 9 automated test cases (unit tests
and integration tests). If a test case executes a method, it is
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Results for Test Query & Budget Restriction
Relative Coverage: 0%, Selected Tests: 0 out of 236 (0%)




Coverage over Time ©
Test Budget

100%-

90%-

N

80%-

70%- ¢

1
60%-

Idea: Select the most dissimilar tests

Relative Coverage —
I

1 ' L

0% 7a 24 34 ad 54
Total Time

Results for Test Query & Budget Restriction
Relative Coverage: 100% Test in Budget: 26 out of 674 (4 %)
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Pareto Optimization
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Digital Bank: Digital Banking Application (Java)

a 92 = ® = Q
Dashboard Welcome Josh
Account Balance Summary Deposit vs. Withdraw (Last 3 Months)
Account Balance [ Deposit | | Withdraw
3000 9000
8000
2500
7000
2000 6000
5000
1500
4000
1000 3000
2000
500
0 o ——e
Indiviudal Savings Joint Savings Joint Checking Indiviudal Savings Joint Savings Joint Checking
Transfer Be
Withdraw By Category (Last 3 Months) Deposit By Category (Last 3 Months)
N Misc [N Ecucation [N Health & Finess [l Food & Dinning [ Gifts & Donations [ Bills & Utilities N ncome

M Business Services

0 digisic/digitalbank-gen-one




ABAP
Ada
C#
C/C++
Cobol
Delphi
ESQL
Fortran
Go
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Groovy

HANA SQLScript / View
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JavaScript / TypeScript
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Swift
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Visual Basic .NET
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Disadvantages of Coverage-Based Approaches

High Setup and Maintenance Effort
High Complexity
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[4 Issue 133749 - Add QuickSave view

Updated: Dec 15 2018 14:20
Creator: @ Mark Asbury (on Dec 15 2018 14:20)

Assignee: Andrew Smith

Type Priority  Fix Version Component  QA-Contact
Feature High DigiBank 2.2.0 Backend ga
Description

Allow users to easily save 100€ to their savings account. This should just take one click of a button.




Digital Bank

Home

Checking
Savings

External

Deposit
Withdraw

Transfer Between Accounts

QuickSave

VISA Direct Transfer

a 2° P

QuickSave

©)

o

Welcome Carleen

QuickSave - Save up every month for your dream!

To Account

Tangerine Savings (Money Market)

Amount to save every
month

ex. $100.00

@® Save Every Month!

v
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Summary

Regular Cl

Cl with TIA (%) e ©

Bugfix

Time

1 Build [ Test runtime




Disadvantages of Coverage-Based Approaches

High Setup and Maintenance Effort
High Complexity




. ' We changed Login, Accounting
and Search.

{/>

. (User Story, Pull Request, Release, ...)

test cases for login X $ & Q
test cases for accounting X !z o Q
test cases for search X !, e Q

Tests for the affected functionality




125 - try (Loggingutils.LoggingResources ignored = initializeFallbackLogging(options, delayedLogger)) {

126 - delayedLogger . errorAndstderr(
127 - e.getMessage() + " The application should start up normally, but NO coverage will be collected!",
128 - e);
129 - attemptLogAndThrow(delayedLogger) ;
132+ try (Loggingutils.LoggingResources ignored = initializeFallbackLogging(options)) {
133+ string message = e.getMessage() + " The application should start up normally, but NO coverage will be collected!";
134+ logAndPrintError (e, message);
130 135 throw e;
131 136 ¥
132 137 3
133 138
134 - initializelogging(z
135 - Logger logger =

136 - delayedLogger . 1
139+ initializeloggi

137 140 HEtputils.setsh

138 141 return agentopt:|

139 142 }

140 143

141 - private static void attq

142 - // We perform a(

143 - // ensure the c(

monua|
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“Search and login and list and user and ...”

est Steps

automated

<> > —
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Changed Code

LOG.debug("Debit Transaction from Account: Account Updated.");

3

/: Transfer amount between two accounts

: Accounts should be full objects. With that said, the objects are fetched to make sure.

: AccountTransaction can be a partial object but must contain the transaction amount.

p:élic void transfer(Account fromAccount, Account toAccount, AccountTransaction accountTransaction) {

LOG.debug("Transfer Between Accounts:");

// From Transaction

fromAccount = this.getAccountById(fromAccount.getId());

AccountTransaction fromAt = new AccountTransaction();
fromAt.setAmount(accountTransaction.getAmount());
fromAt.setTransactionDate(accountTransaction.getTransactionDate());

fromAt.setDescription("Transfer to Account (" + toAccount.getAccountNumber() + ")");
fromAt.setTransactionType(transactionTypeRepository.findByCode(Constants.ACCT_TRAN_TYPE_XFER_CODE));
debitTransaction(fromAccount, fromAt);

// To Transaction

toAccount = this.getAccountById(toAccount.getId());

AccountTransaction toAt = new AccountTransaction();
toAt.setAmount(accountTransaction.getAmount());
toAt.setTransactionDate(accountTransaction.getTransactionDate());

toAt.setDescription("Transfer from Account (" + fromAccount.getAccountNumber() + ")");
toAt.setTransactionType(transactionTypeRepository.findByCode(Constants.ACCT_TRAN_TYPE_XFER_CODE));
creditTransaction(toAccount, toAt);

LOG.debug("Transfer Between Accounts: Accounts Updated.");

}

/%
* Get Account object by Id
*/
public Account getAccountById(Long 1id) {

Nntinnal<Aceniints art = arecniintRennceitnry FindRuyTACaiAd) »

Digibank



Changed Code Code Test

LOG.debug("Debit Transaction from Account: Account Updated."); public class AccountServiceTest extends IntegrationTest {

} ] @Test
p 7 public void transferBetweenSameAccountShouldNotBePossible() A
— n 1 " ‘

E ¥ Transfer amount between two accounts | Account accqunt = new Account("savings ,.AccountType.SAVIN(

* AccountService service = new AccountService();

* Accounts should be full objects. With that said, the objects are f|14 AccountTransaction transaction =

ES 1 3 .

¥ AccountTransaction can be a partial object but must contain the tr{ MogkAccountTr‘ansact'lon.cr'eateFor‘Amount(w(:)),

%/ service.transfer(account, account, transaction);

public void transfer(Account fromAccount, Account toAccount, AccountT
assertThat(this.getErrors()).contains(

mn « 1 . - -
LOG=debls (RIRansTen Beneen EESEEENEs ) new Error("Transfer between same account is not possible.

// From Transaction . .
fromAccount = this.getAccountById(fromAccount.getId()); Account databaseAccount = this.findAccountById(account.get]

AccountTransaction fromAt = new AccountTransaction(); , AccountTransactionlList transactionlList = this.getTransactic

fromAt.setAmount(accountTransaction.getAmount()); . . .
fromAt.setTransactionDate(accountTransaction.getTransactionDate()); assertThat(tr‘ansach onL1 St) - 1sEmpty ()

fromAt.setDescription("Transfer to Account (" + toAccount.getAccoun } ¥
fromAt.setTransactionType(transactionTypeRepository.findByCode(Cons
debitTransaction(fromAccount, fromAt); : }
// To Transaction

toAccount = this.getAccountById(toAccount.getId()); 2l I

AccountTransaction toAt = new AccountTransaction();
toAt.setAmount(accountTransaction.getAmount());
toAt.setTransactionDate(accountTransaction.getTransactionDate());
toAt.setDescription("Transfer from Account (" + fromAccount.getAcco
toAt.setTransactionType(transactionTypeRepository.findByCode(Consta
creditTransaction(toAccount, toAt);

LOG.debug("Transfer Between Accounts: Accounts Updated.");

}

/¥

* Get Account object by Id

*/

public Account getAccountById(Long 1id) {

Nntionnal<Acreniints art = arecniintTRenncecitnry findBRuTACaiAd) «




Changed Code Cucumber Test

@ui @account @savings
Feature: Transfer Money (UI)
As a DigitalBank user

LOG.debug("Debit Transaction from Account: Account Updated.");

3 I want to transfer money between accounts
/% 1 So I can change how much is in each account
7 * Transfer amount between two accounts
X
. . . . @negative

* A t hould b 11 ob ts. With that d, th b t 2 . . .

i ceounts shod e Tu 0bJjects ! at said, e objects are T Scenario: Transfer between the same account is not possible

* AccountTransaction can be a partial object but must contain the trq Given Carleen s logged into th? appl1cat10n W1?h Carleen6231@gmail.com
*/ 14 And they attempt to open a new 'Savings Account

When Carleen enters 'Tangerine Savings' into the Account Name field

public void transfer(Account fromAccount, Account toAccount, AccountT O C : -
And they select 'Individual' from the Ownership radio button

LOG.debug("Transfer Between Accounts:™); And they select 'Money Market' from the Account Type radio button
And they enter '2500' into the Money Market Initial Deposit field

7 // From Transaction And they click the Submit button

fromAccount = this.getAccountById(fromAccount.getId()); 6 And they attempt to transfer money

AccountTransaction fromAt = new AccountTransaction(); When Carleen selects account number 'l' as the from account

fromAt.setAmount(accountTransaction.getAmount()); ' And they select account number 'l' as the to account

fromAt.setTransactionDate(accountTransaction.getTransactionDate()); And they enter '11' into the amount field

fromAt.setDescription("Transfer to Account (" + toAccount.getAccoun And they submit the form

fromAt.setTransactionType(transactionTypeRepository.findByCode(Cons 1 Then Carleen verifies the transfer failed

debitTransaction(fromAccount, fromAt); 23 I

// To Transaction

toAccount = this.getAccountById(toAccount.getId());
AccountTransaction toAt = new AccountTransaction();
toAt.setAmount(accountTransaction.getAmount());
toAt.setTransactionDate(accountTransaction.getTransactionDate());
toAt.setDescription("Transfer from Account (" + fromAccount.getAcco
toAt.setTransactionType(transactionTypeRepository.findByCode(Consta
creditTransaction(toAccount, toAt);

LOG.debug("Transfer Between Accounts: Accounts Updated.");

}

/%
* Get Account object by Id
*/
public Account getAccountById(Long 1id) {

Nntionnal<Acreniints art = arecniintTRenncecitnry findBRuTACaiAd) «




Robot Test

Changed Code

3
/

P

3
/

P

LOG.debug("Debit Transaction from Account: Account Updated.");

: Transfer amount between two accounts

: Accounts should be full objects. With that said, the objects are f
: AccountTransaction can be a partial object but must contain the tr
:élic void transfer(Account fromAccount, Account toAccount, AccountT

LOG.debug("Transfer Between Accounts:");

// From Transaction

fromAccount = this.getAccountById(fromAccount.getId());
AccountTransaction fromAt = new AccountTransaction();
fromAt.setAmount(accountTransaction.getAmount());
fromAt.setTransactionDate(accountTransaction.getTransactionDate());
fromAt.setDescription("Transfer to Account (" + toAccount.getAccoun]
fromAt.setTransactionType(transactionTypeRepository.findByCode (Cons]
debitTransaction(fromAccount, fromAt);

// To Transaction

toAccount = this.getAccountById(toAccount.getId());
AccountTransaction toAt = new AccountTransaction();
toAt.setAmount(accountTransaction.getAmount());
toAt.setTransactionDate(accountTransaction.getTransactionDate());
toAt.setDescription("Transfer from Account (" + fromAccount.getAcco
toAt.setTransactionType(transactionTypeRepository.findByCode(Consta
creditTransaction(toAccount, toAt);

LOG.debug("Transfer Between Accounts: Accounts Updated.");

*
* Get Account object by Id

*/

ublic Account getAccountById(Long id) {

Nntionnal<Acreniints art = arecniintTRenncecitnry findBRuTACaiAd) «

18

*xx Settings *kx
Resource

../keywords/digibank_keywords.robot

*xk Test Cases xxkx
Transfer between the same account is not possible

Log in Carleen6231@gmail.com

Open new account Savings Account
Open transfer page

Select from account number 1
Select to account number 1

Enter amount 11

Submit transfer form

Transfer failed message should be displayed

Individual Money Market

P

=



Gednderter Code Manual Test

LOG.debug("Debit Transaction from Account: Account Updated.");
} Action Check

/% Log in as Carleen6231(@gmail.com
* Transfer amount between two accounts
* Open a new account: Account was created as specified.
* Accounts should be full objects. With that said, the objects are f ’Type Savingsz%ccount,Individual
*
* AccountTransaction can be a partial object but must contain the tr hltheAb40ne}’hdarket
< Start deposit: 2500

public void transfer(Account fromAccount, Account toAccount, AccountT

Open the transfer page.
LOG.debug("Transfer Between Accounts:");

77 Erem Freceectian Select the account from step 2 as both

fromAccount = this.getAccountById(fromAccount.getId()); from and to account.
AccountTransaction fromAt = new AccountTransaction();
fromAt.setAmount(accountTransaction.getAmount()); Enter amount: 11
fromAt.setTransactionDate(accountTransaction.getTransactionDate());

fromAt.setDescription("Transfer to Account (" + toAccount.getAccoun Submit the form Transfer should fail with a message that
fromAt.setTransactionType(transactionTypeRepository.findByCode(Cons

deb it Pansac 0N T ronACEOUNT, CromALY: transfers between the same account are
prohibited

// To Transaction

toAccount = this.getAccountById(toAccount.getId());
AccountTransaction toAt = new AccountTransaction();
toAt.setAmount(accountTransaction.getAmount());
toAt.setTransactionDate(accountTransaction.getTransactionDate());
toAt.setDescription("Transfer from Account (" + fromAccount.getAcco
toAt.setTransactionType(transactionTypeRepository.findByCode(Consta
creditTransaction(toAccount, toAt);

LOG.debug("Transfer Between Accounts: Accounts Updated.");

b

VE:
* Get Account object by Id
*/
public Account getAccountById(Long 1id) {

Nntinnal<Aceniints art = arecniintTRenncecitnry FfindRuTAdraid) «




Score of a test for a search term =
term frequency * inverse document frequency

How often does the term occur in a test? How many tests contain this term?
The more often, the higher the score The more specific, the higher the score.



Test Cases for Feature 12345 X

(=

A\ Test Suite 1

https://www.atlassian.com » jira-... - Diese Seite libersetzen

Test Case 1

Xray allows you to plan, design, and execute tests, as well as generate test reports. Xray uses specific
Jira issues types for this process.

‘\ Test Suite 2
https://lwww.atlassian.com » jira-... - Diese Seite Uibersetzen

Test Case 2

A step-by-step tutorial on how to use Xray Cloud, a continuous integration tool that triggers automated
tests and provides results through an Xray Test Plan.

Test Suite 1
https://lwww.getxray.app > blog - Diese Seite ibersetzen

Test Case 3

27.11.2020 — It's a full-featured tool that lives inside, and seamlessly integrates with Jira. Xray aims to
help companies improve the quality of their ...

Go gle >
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Quality Gate Change-based Testing

We find 90% of the bugs in X% of the time

11% 2%
e . Test Coverage
Test Impact Analysis
Precision &
Effort
13% ° 4%

Al Test Clustering Similarity Scoring Test Confent



Shift Left
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@ Complete Test Run
@ Al Test Clustering
@ Similarity Scoring



Tuesday
June 23, 2026

5to 6 PM CEST/81to9 AM PDT
online and free

Register now: tmscl.me/ts266-getstartec
Ramona Raphael

Kluhn Nommer


https://tmscl.me/ts266-getstarted

Interested in d-‘_‘:',: Teamscale for your team?

We're happy to hold a free workshop for your team!

Let’s talk!

Ramona Kishn Raphael Némmer

CQSE GmbH

Centa-Hafenbrad|-Str. 59 CQSE
81249 Munich



https://tmscl.me/4vlFD2f

How Vestas, Dolby, Rational & others deliver high quality software

Tuesday
June 16, 2026

10:30 AM to 12:00 PM CEST
online and free — with recording

Register now: tmscl.me/si266-ts26¢
Dr. Sven Amann


https://tmscl.me/si266-ts266



