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Who am [|?

Programmi
Started wit
Started wit

ng software since 1990
N testing 1994
N automation 1994

Discovered Model-Based Testing 2004
Open source project GraphWalker 2005
Test Manager at Spotify 2010



Agenda - topics to cover in unordered fashion

e \Why Model-Based Testing?
e \WVhen to use it?
e \When not to use Iit?

e What is it good for?



[Very] [ausen] brief history of MBT
. 15 May, 1997

Software Quality Week Conference in May, 1997
http://www.geocities.ws/model_based_testing/sqw97.pdf

e 13:52, 30 December 2004

First edit in Wikipedia
https://en.wikipedia.org/wiki/Model-based_testing

« | met Harry Robinson May 2004

http://www.harryrobinson.net/ 2
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MBT is an application of model-based design for
designing and optionally also executing artifacts to
perform software testing or system testing. Models
can be used to represent the desired behavior of a
System Under Test, or to represent testing strategies
and a test environment.

What is Model-Based Testing?

https://en.wikipedia.org/wiki/Model-based_testing



0T

What is Model-Based Testing?

Models can be used to represent the [expected]
desired behavior of a System Under Test [SUT].

A model is much simpler than the SUT.

State models are a set of states and events and the
relationship between them.
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Vertex, node, state

e Represents an expected state that we can verify.
e In the automation code, here is where you'll find the
assertions, the oracles, the verification of the state(s).

BT
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e Represents the transition from one state to another state.

e |t's whatever action is needed, to make it to some other
state. It could be selecting some menu choice, clicking a
button, or making a REST API call, or even a timeout.

Edge, transition

BT
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Combined step of an edge and vertex

A pair of an , and a result is a combined step

Application is Application
not running Start app IS running

Multiple steps are a path, or a test sequence




The Relationship Game
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SO, ISTHIS IT?
ARE WE A
COUPLE
NOW? ™~

T DONT KNOW.
I UKETHIS. I
JUST... T DONT KNOW.

0a]

;’(J ﬂ {':F V)

WELL
WILL YOU [BE MY
“ITS COMPLICATED"
ON FACEBOOK?
i
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Login feature on Spotify desktop app

e As a user, when starting the app and entering
correct credentials, | expect the Browse page.

e As a user, when using stored credentials, | expect
the Browse page displayed, without being asked
for credentials.

e As a user entering invalid credentials, | expect not
to be logged in.



v _ClientMotRunning

v _LoginPrompted

v _Browse



v_ClientMNotRunning

e StartClient

v_LoginPrompted

e ValidPremiumCredentials

v_Browse



e Init

v_ClientNotRunning

e StartClient

e ValidPremiumCredentials

v Browse



e StartClient

e_Init

v_ClientMotRunning

e StartClient

v_LoginPrampted

e ValidPremiumCredentials

v_Browse



e StartClient
[rememberMe&bovalidLogin]

| start

e |nit
/rememberMe="false;validLogin=true;

v_ClientMotRunning

e StartClient
[lrememberMe||!validLogin]

v_LoginPrompted

e _ToggleRememberie
frememberMe=!rememberMe;

e ValidPremiumCredentials
MvalidLogin=true;

v_Browse

e Exit



e StartClient
[rememberMe&iovalidlogin]

| Start |

e Init
frememberMe=false;validLogin=true;

v_ClientNotRunning

e Close
e StartClient
[lrememberiMe||!validLogin]

' v_LoginPrompted

e ToggleRememberivle
frememberMe=!rememberie;

e InvalidCredentials
fvaldiLogin=false; _
e ValidPremiumCredentials

e Logout MvalidLogin=true;

v_Browse

e Exit
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e Init - v _ClientNotRunning - e StartClient -

Test path generation

v _LoginPrompted - e ValidPremiumCredentilials -
v _Browse — e Logout — v LoginPrompted -

e ToggleRememberMe - v LoginPrompted -

e Close - v ClientNotRunning — e StartClient

- v_Browse - e Logout - v LoginPrompted -



e StartClient ..
[rememberMe&&wvalidLogin] WIS
e Init
frememberMe=false;validLogin=true;
v_ClientNotRunning
e Close

e StartClient
[lrememberiMe||!validLogin]

v _LoginPrompted 4
e ToggleRememberivle

frememberMe=!rememberie;
P

|

\ e |nvalidCredentials

fvaldiLogin="false; .
e ValidPremiumCredentials

MvalidLogin=true;

v_Browse

e Exit



The Petclinic

L] L I’
Pet C]_lnlc A Spring Framework Demonstration Sprmg

A Home Q Find owners i= Veterinarians A Error @ Help

Welcome



http://localhost:9966/petclinic/

e StartBrowser

e HomeFage e FindDwners

e Veterlnarians e HomeFage

e Veternnarians e FindDwners

—y
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e Search

e FindOwners
e AddOwner &

e FindOwners



e Search

H
N

_{



e CorrectData
e IncorrectData =




e_EditPet [numOfPets=0] i %

e UpdatePet

e Addvisit [numOfPets=0]

e_AddPetSuccessfully / numOfPets++;

e VisitAddedSuccessfully

e VisitAddedFailed o AddPetFailed e_FindOwners




v_FindCQwners
e_StartBrowser

= —— SHARED:FindCwners

/

e AddOwner

e Search _—"

e FindOwners

e HomePage

W_Dwners —

=

e FindOwners v_MNew Owner
e Veter[narians

SHARED: Mewlwner

v Veternarians

e Vetennarians  e_Find(

e_EditPet [numOfPets=0]
SHARED:Weterinarians
e_Se arcl“\ B & AddVisit [numOfPets=(Q]
e AddPetSuccessfully / numOfPets++;
v_SearchResult 2

e VisitAddedSuccessfully
e_IncorrectData

e CorrectData

JfisitAddedrailed

& FindOwners
e AddPetFailed e
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Demo of running the Petclinic Graph\Walker MBT Test

L] L I’
Pet C]_lnlc A Spring Framework Demonstration Sprmg

A Home Q Find owners i= Veterinarians A Error @ Help

Welcome




It's all about da code
e Create a boiler plate project

mvn archetype:generate -B -
DarchetypeGroupId=org.graphwalker -
DarchetypeArtifactId=graphwalker-maven-
archetype -DgroupId=com.company -
DartifactId=myProject

e Compile and run it

mvn graphwalker:test



It's all about da code
e GraphWalker Maven plugin

graphwalker:generate-sources
graphwalker:generate-test-sources

® Models in:

src/main/resources/<package>
src/test/resources/<package>

® (Generated Interfaces in:

target/generated-sources/grahwalker<package>
target/generated-test-sources/grahwalker<package>
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What is, and what does graphwalker do?

e MIT licensed, open source project n
since 2005

Made by testers 9

Reads graphml, json and simple dot files
Generates path sequences, either offline or online
Concept of stop conditions

Multi model support
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...and what does it not do? a

e |t does not interact with the v

system under test.
e |t has no graph editor. Yet...
e |t has no working shortest all paths generator.
e It has no native support for anything besides of
java. (But there is Python implementation)
e It has no elaborate reporting of results - it's up to
the developer to implement that.
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offline

Generate a path once, use many times
Covers the same path every execution
Predictable runtimes

Needs an adapter to run the path
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online

Generates path at runtime

Random permutations created each time
Unpredictable runtimes

No need for an adapter to run the path



generator

A Star

Random

Quick Random
Weighted Random
Combined



stop condition

Edge Coverage

Vertex Coverage
Requirement Coverage
Reached Edge
Reached Vertex

Time

Length




Some words about the workflow




Automation

0 O
%< k\& GUI tests O
6\ o

Functional tests

S Integration, API tests

s : Component tests

Unit tests



Test Business Code Execution [IEivd

Target Logic Coverage Time (and costs)
GUI 70% 5% Hours
AP 25% 25% Minutes
Component

Unit Test 5% 75% Seconds




A little bit about automation @Spotify

Unit tests of course
I0S, Android, Desktop and WEB
For mobile and desktop, we write our own test drivers
Build Verification Tests
Runs in build pipe lines
e Optional pipe line tests - On Demand
Triggered by keyword in commit
e Qutside of pipe line tests - Triggered pa time, runs 24/7
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simple graphmiviewer %\
€ & http k.spotify.com/alk 5Y0p2¥CgRRIjna91aQE3 g7 L c localhost:9191 i

i B —

[ playershuffleRepeat
visitedPaths: 0 |

visitedNoShuffleRepeat: false

There Is A Light That N

Some Girls Are Bigger noOfTracks: 10
visitedOnlyShuffle: false
| s : o l
tracksPlayed: ] T e L l
BY THE SMITHS visitedOnlyRepeat: false v_AlbumView
playingTrack: om—
r— lastPlayableTrack: 5 '
SMITHS 1] St trué_?[ayAlbum

.M’RAN K’f

e_SetShuffleRepeat

T

v_ShuffleRepeatUpdated




Results, results and more results...

This table displays the results of the TA-tests for iOS platform, Results within 72 hours are showing.
Change the hours of the dashboard: | Suite Name Fiter: |G ETY
Edit Dashboard @ Spotify’ | TRS DASHBOARD - DEVELOP

0.9.2
iPad3 iPadMini  iPadSim  iPhone4S  iPhones  iPhoneSim  iPadSim  iPhoneSim  iPad2 iPadd. iPadSim  iPhoneS  iPhoneSim  iPodTouch
(i0S7) (1056) (0S7) (106) (0ST) 057) (0S7)  (0ST) (10ST) (0S7) (10S6) (10ST) (0S7) (10S6)

AbroadTooLong
AddRemovePlaylist
AddRemoveTrack
AdsEnabledTest

ArtistPage
AudioAdsSmoke
AudioPreview
Browse
ContextMenu

EmailSignup

Pass rate
9%

FiterPlaylist

Inbox
Login
OpenMMS_LoggedOut
OpenURI_Loggedin
OpenURI_LoggedOut
PlaybackLatencySeekOffiine

PlaybackLatencySeekOnine 200 Falled
a

PlaybacklatencySkipOffine Passed

PlaybackLatencySkipOniine

PlayContextRestore
PlayQueus
RadioF romContext
RadioThumbsSkips
RadioView

100

Search
SearchURI
SettingsRestore

Samsung  Samsung Nexus 5 Nexus 7 Moto G1
GalaxyS4  GalaxyS2

StarUnstar
StateRestore
StreamNonPremium Device
StreamPremium
SyncPlaylist
UpsellDMCA
UpsellFreeTier
UpsellNonDMCA

UpssliPremium

Altests faled
Alltests passed

I e and passed tests

I 1o st coverage

Total

1023232

10232548



Android MBT

12 hours ago to a few seconds ago ~ = & = (=g £
ANDROID KIBANA DASHBOARDS L - B x
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PASS RATE e & o F = TIMELINE e & o F x PASS RATE e & o F =
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~mfll iOS MBT

105 DASHBEOARDS OVERVIEW

12 hours ago to a minute ago refreshed every 5m ~ = L
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http://www.youtube.com/watch?v=IGQmdoK_ZfY

Where automation fails...

User-Agent: Sp tlfy Unknown/0.71/2027819640
Keep-Alive: 300

Connection: keep-alive
Accept-Encoding: gzip
Content-Type: application/x-www-form-urlencoded

https://community.spotify.com/t5/Help-Desktop-Linux-Windows-Web/Spotify-Printing/td-p/10654 78



https://community.spotify.com/t5/Help-Desktop-Linux-Windows-Web/Spotify-Printing/td-p/1065478
https://community.spotify.com/t5/Help-Desktop-Linux-Windows-Web/Spotify-Printing/td-p/1065478
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What is it good for? - Burning equipment!
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