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Mobile Device Types

hones

IC P
Feature phones

Bas

Smartphones

Y

(e.g. smartwatches),

o 3 o
o 9 8
> Y
> o >
o © Q@
O
c O
T
O Q o
omgl
IO
Bm.em
0 ¢ =2 G
Q 5
O n
~ O

"y




Mobile Application Types

= Native applications
= Use platform specific software development kits (SDKs), dev
tools and features

= Recommended approach by manufacturers (and often
required)
= Browser-based applications
= PWAs (Progressive Web Apps)
= Mobile optimized homepages [m(dot)-sites]
= Responsive homepages
= Hybrid applications
= Javascript-based (React Native, lonic, ...)
= Flutter
= Xamarin (.NET-Framework)
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Challenges & Risks of Mobile
Development




Challenges & Risks of Mobile Development

= Hardware differences
= Screen sizes

IPES0 7




Challenges & Risks of Mobile Development

« Hardware differences
= Screen sizes
Sensors
Wireless communications (Cellular, WiFi, Bluetooth, etc.)
Input/Output options
(Foldable)

= Software differences

= Inferruptions
= Network interruptions
= Lifecycle interruptions

= New devices and features infroduced regularly

= Too many other influences on the application
HPES0




Test Types




“Common" Test Types

Stress testing
»  Limited resources on device

= Security testing
= Code injections, decompilation, unencrypted/sensitive data,
stored keys

« Performance testing
= 3 secondsrule

« Database testing
= Validation of data stores local/remote, third-party read/write

« Globalization and Localization ftesting
= Left2Right/Right2Left, date-formats, string dimensions

= Accessibility & Usability testing
= Guidelines by Apple/Google

IPES0
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Mobile Test Types

Installability testing
= Installation/Updates/De-Installation

Testing for various connectivity methods

Testing for device hardware compatibility

Testing for app interactions with device software

IPES0
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Testing for compatibility with device hardware

IPES0

Use a selected subset of devices for testing the app

Testing for ...

... different device features (like USB, cameras, microphone, etc.)
... different displays

... different sensors

... different I/O - types

... Typical interrupts

... ACCEeSss permissions

.. power consumption
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Testing for app interactions with device
software

= Testing for ...

IPES0

... hotifications
.. user preferences
.. co-existence with other apps

.. testing for different types of apps:

Native apps: device compatibility

Hybrid apps: Interaction with device features, look-and-feel

Web apps: Cross-browser compatibility, look-and-feel, JavaScript
engine compatibility
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Platform Tools & Environments

= Tools provided in Software Development Kits (SDK)

« Android - Android Studio (IDE)
=  Android SDK (currently Version 30)

= Tools:

=  Android Debug Bridge (adb)

= Systrace tool (systrace)

= Fastboot (fastboot)
=  Android Profiler - App Performance Measurement Tool
=  Android Layout Inspector

IPES0
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Platform Tools & Environments

Profiler android.com.java.profilertester (Google Pixel_...

SESSIONS 2 + [ |

1:45 PM @

profilertester (Google Pixel_2_API... MainActivit... fragment.FragmentHost... MainActivity - ... fragment.Fragme
(B8] m m ™ L

CPU

{¥ Java Method Sample Re...
100 %

1:32 PM
profilertester (Google Pixel_2_API...
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NETWORK
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Light
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Process
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Tools (Zoom,
Time Selection)
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Memory /
Network Usage
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Platform Tools & Environments

Android Layout Inspector
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Platform Tools & Environments

= Tools provided in Software Development Kits (SDK)
» Android - Android Studio
=  Android SDK (currently Version 30)
= Tools:
=  Android Debug Bridge (adb)
=  Systrace tool (systrace)
= Fastboot (fastboot)
=  Android Profiler
=  Android Layout Inspector

= IOS - XCode
=  Plattform SDKs (iOS, MacOS, watchOSs, tvOS)
= Tools
=  xcodebuild (fastlane.tools)
= Xxcrun (setup simulators)
= Xxctest (test execution)
=  Apple Instruments (Performance analysis and testing tool)

IPES0
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Platform Tools & Environments

Apple Instruments

Choose a profiling template for: B Craig’s MacBook Pro ~ All Processes

Custom  Recent @ Filter

—e-
-]

Blank Activity Monitor Allocations Automation Cocoa Layout Core Animation

Core Data Counters Energy Log File Activity GPU Driver Leaks

A O

Allocations
Tracks a process’ anonymous virtual memory and heap, providing class names and optionally ret; @ ®
objects. B Il § cdPho.6s(9.2)) [l MemoryDemo | | Run3of 3 00:00:08

000

E

E

F |

- Profiling options in Apple
Instruments

E
D
5

Instruments2

00:30.000

Open an Existing File... W =
.

Dirty Si
*® ;
Resident Size

Active memory dump

ope
p rofl | I n g @ Details B3 Summary VM Summary ® 8 ®
% of Res.v Type #Regs Path Resident Dirty Size  Virtual Size | Track Display
100%  beAll* 110 <multiple > 66.70MiB  39.69 MiB  163.56 MiB | gyyje Dirty, Resident Sizes B
60% »*Dirty* 80 < multiple > 39.83MiB  39.69 MiB  66.52 MiB
48% P Performance tool data 1 3202MiB  32.02MiB  32.02Mi8 | snapshots
U S er | for m e m Ory | e O k 24% b _LINKEDIT 4 <multiple > 16.06 MiB OBytes  54.69 MiB
8% Pmapped file 20 <multiple > 5.70 MiB OBytes 34.73Mig | [ Automatic Snapshotting :
H 5% b_TEXT 4 <multiple > 3.66 MiB OBytes  5.51Mig| Snapshotinterval(sec) |3 <
d e Te C ‘I- I O n 3% PMALLOC_SMALL 1 2.08 MiB 2.03MiB  16.00 Mig |  Status: Idle
3% PVM_ALLOCATE 18 205MiB  2.05MB  10.16 MiB Snapshot Now
2% PMALLOC_TINY 1 1.47MiB  1.47MiB_ 2.00 MiB
2% PCoreServices 2 com.apple.Launc... 1.47MiB  16.00KiB 1.59 MiB | VM Optlons
1% b CoreUl image data 4 864.00KIB 864.00KIB  864.00 KiB | [ Coalesce Regions
0% > CoreAnimation 6 320.00KiB  320.00KiB  320.00 KiB | [| Show Full Paths
0% »_DATA_CONST 1 <multiple > 288.00KiB  208.00KiB 298.55 KiB
0% b_DATA 4 <multiple > 208.00KiB  392.14 KiB | rotections Filters
. . s 0% »MALLOC metadata 13 208.00KiB  208.00KiB  400.00 KiB
https://docs.microsoft.com/en-us/xamarin/ios/deploy-test/wal 0% > CoreUl image file 1 128.00KiB  128.00KiB  128.00 KiB
3 64.00KB  64.00KB  64.00 KB
1

32.00KiB 32.00KiB 2.00 MiB

- _i 0% Pshared memory
'H' pegﬁough apples-insfrument O% P Diipateh continuatians




Emulator vs. Simulator

= Emulator
=  Mimic mobile device software, hardware and operating system
= e.g. Android Emulator
=  Android Virtual Device (AVD) Manager

= Simulator
=  Mimics internal behavior of device, no hardware system
= e.9. Apple Simulator (provided via XCode IDE)

IPES0
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Emulator vs. Simulator

Sunday, Novil

Android Emulator

IPES0

0@

iPhone 11 Pro Max — 13.2.2

iOS Simulator

N
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Test Software & Frameworks

« Unit Testing - Running on development machine / device
= JUnit for Android (Java & Kotlin)
. XCTest for iOS (Swift)
= Nimble

= Mocking
= Simulate the behavior of complex, real objects
=  Android: Mockito-Kotlin, MockK
= {OS: Mockit (ho active development since 2019)

« Ul Testing
= Appium (later today)
=  Android
= Espresso (Developer Ul Testing)
= UlAnimator (BlackBox Ul Testing)
= jOS
=  XCUITest (default)
= Keep It Functional (KIF)

IPES0
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Android Unit Testing - without context

= Unitf Testing “as you know”
= For helper methods, converts etc.

@RunWith(JUnit4::class)
class NoContextTest {

@Test
fun test_formatDateForUI_validData() {
val date = LocalDate.now()
val result = DateUtil.formatLocalDateForUI(date)
assertEquals(
DateTimeFormatter.oflLocalizedDateTime(FormatStyle.LONG).format(date),
result

IPES0 y




Android Unit Testing - with context

= Unit Testing with classes having dependencies to Android
context
= E.g. for testing methods accessing resources or testing binding

adapters
« Code sample using Robolectric:

@RunWith(RobolectricTestRunner::class)
@Config(application = DemoTestApplication::class, sdk = [Build.VERSION_CODES.P])
class ContextTest {

private lateinit var applicationContext: Context

@Before

fun setUp() {
val app = ApplicationProvider.getApplicationContext() as DemoTestApplication
applicationContext = app.applicationContext

}

@Test
fun test_bindUsername_validUsername() {
val tv = TextView(applicationContext)
tv.bindUsername(“Peter”)
assertEquals(String.format(applicationContext.getString(R.string.welcome_text), “Peter”),
tv.text)

}

}
IPESO 'http://robolectric.org N




Android Unit Testing - with mock data (1)

« For testing the independent method with predictable

outcome
= E.g. for testing methods accessing external resources, testing

methods of a "middle” layer
« Code sample using MockK

@RunWith(JUnit4: :class)
class MockTest {

private lateinit var servicelayer: Servicelayer //The class to be tested

@MockK
lateinit var apilLayer: ApilLayer //The class which shall be mocked

@Before

fun setUp() {
MockKAnnotations.init(this)
mockkObject(apilLayer)
servicelayer = Servicelayer(apiLayer)

}

@After

fun tearDown() {
unmockkAll()

}

'lj‘lf)e_S,Q Thitps://mockk.io
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Android Unit Testing - with mock data (2)

« For testing the independent method with predictable
oufcome

= E.g. for testing methods accessing external resources, testing
methods of a "middle” layer

« Code sample using MockK

@Test
fun test_uselLastEmail_success()
every { apilLayer.getlLoggedInUser() } returns User(“Peter”) // define what the method shall return

val result = run { servicelayer.getlLoggedInUser() } // execute the method you want to test
verify(exactly = 1) { apilayer.getlLoggedInUser() } // verify that the mocked method only got called

once

// assert result as usual
assertNotNull(result)

assertEquals(“Peter”. result.name)

[IPESO 'nttps://mockk.io N




Android Unit Testing - MockK

Mock void or returning methods

u every { apilayer.getLoggedInUser() } just Runs // method without return

u every { apilayer.getLoggedInUser() } returns User(“Peter”) // method with return

- Simply add - before the method for suspend methods

u every { apilayer.getLoggedInUser() } just Runs // normal method
u verify(exactly = 1) { apilLayer.getLoggedInUser() } // normal method
u coEvery { apilLayer.getLoggedInUser() } just Runs // suspend method
u coVerify(exactly = 1) { apilLayer.getLoggedInUser() } // suspend method

- Best Practice: Always specity number of calls in verify

u coVerify(atLeast = 1) { apilLayer.getLoggedInUser() }
u coVerify(atMost = 1) { apilayer.getLoggedInUser() }
u coVerify(exactly = 1) { apilLayer.getLoggedInUser() }
|

coVerify(exactly = 1, inverse = true) { apilLayer.getLoggedInUser() } // everything BUT once

- Forrunning suspend methods add runsiocking (general Kotlin
feature in CoroutineAwareTests)

u val result = repository.uselLastEmail() // normal call

®  val result = runBlocking { repository.useLastEmail() } // blocking call

IPES0 )




Android Ul Testing - Espresso (1)

« White Box Ul Testing Framework provided by Google

= Tests mostly written by the developer

= System near and aware (e.g. waits automatically for app
start)

« Basic behaviour follows three steps:
= Find view
= Perform action
= Assert result

@Test
fun test_enterSearchData_validData() {
val searchTerm = “Clean Code”

onView(withId(R.id.searchField))
.perform(typeText(searchTerm), closeSoftKeyboard());

onView(withId(R.id.searchButton))
.perform(click());

onView(withId(R.id.result))
.check(matches(withText("Clean Code")));

peso
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Android Ul Testing - Espresso (2)

= Lot of possible actions, commands, assertions...
= withid() for accessing elements with an id
click() for clicking on elements
scroliTo() fOr scrolling fo an element
matches() fOr comparing
isDisplayed() fOor checking if element is shown
isChecked() / isNotChecked() fOr checkboxes
iscompletelyDisplayed() for verifying if the full element is shown on screen

« Use cheatsheet for a good overview of options
https://developer.android.com/training/testing/espresso/chea

t-sheet

IPES0
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https://developer.android.com/training/testing/espresso/cheat-sheet
https://developer.android.com/training/testing/espresso/cheat-sheet

IOS Unit Testing
= Basic XCTestCase using XCTAsserts and Nimble

class TestClass: XCTestCase {

func test_formateDateForUI_validData() {
let date = Date()
let result = DateUtil.formatDateForUI(date: date)

let dateFormatter = DateFormatter()

dateFormatter.dateStyle = .medium

/// Standard XCTAsserts
XCTAssertNotNil(result)
XCTAssertEqual(dateFormatter.string(from: date), result)

/// Using Nimble

expect(result).toNot(beNil())
expect(result).to(equal(dateFormatter.string(from: date)))

IPES0
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Mobile Test Automation
«  Automate mobile device testing using specific test software

«  Automation of Ul Tests
= Testing on different devices and emulators
= Can be triggered on each build via Cl / CD
= Allows for testing many different scenarios automatically

- Example framework for Mobile Test Automation - Appium':

especially useful for mobile device
= Platform agnostic -> Support for Android and iOS -
as well as web applications dppium

= Open source automation tool
= Allows for running test scripts on native applications, q

LIPEsSO  'http://appium.io
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Appium Philosophy

= You shouldn't have to recompile your app or modify it in any
way in order to automate it.

= You shouldn't be locked into a specific language or framework
to write and run your tests.

= A mobile automation framework shouldn't reinvent the wheel
when it comes to automation APIs.

= A mobile automation framework should be open source, in
spirit and practice as well as in namel

IPES0 y




Appium

l send command ] lexecute command ]
Automated
Test -
Scripts applum
l pass response ] l send response ]
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Appium A —

XCUITest

JSON Wire Protocol
- \_ y,
Send HTTP
== —-appium

Appium Server using
native WebDrivers

WebDriver Scripts
(z.b.in Java,
JavaScript, Phyton ...)

UlAutomator

Establishes session
with client

o For more Information, see
LIPESO  http://appium.io/docs/en/about-appium/getting-started/2lang=en




Appium Desktop

[ XoX ) Appium
Carrier ¥ 11:13 AM - » Start New Session ‘ Stop Server
B App Source « Back ¢ Refresh X Quit ® Selected Element
* /users/j1ipps/Library/Developer/Xcode/DerivedData/WebDriverAgent~fvtzkxjzoxzghgcbhpweuulkzenm'
50 [XCUITest] Setting '555' permissions to
. . ) Tap Send Keys * /Users/jlipps/Library/Developer/Xcode/DerivedData/WebDriverAgent~
v <XCUIElementTypeApplication name="TestApp"> fvtzkxjzoxzghgcbhpweuulkzcnm/Logs/Test/Attachments’ folder
» <XCUIElementTypeOther> [XCUITest] Found WDA derived data folder:
Attribute Value * /Users/j1ipps/Library/Developer/Xcode/DerivedData/WebDriverAgent-gwf jsnqadjgipacudwtsoxgkxvar®

¥ <XCUIElementTypeWindow> [XCUITest] Setting ‘555’ permissions to

v <XCUIElementTypeOther> XCUIElementTypeButto ! /Users/jlipps/Library/Developer/Xcode/DerivedData/WebDriverAgent-

<XCUIElementTypeTextField name="Inte type N gwfjsnqadjgipacudwtsoxgkxvar/Logs/Test/Attachments’ folder
7? [XCUITest] Setting initial orientation to 'PORTRAIT'
<XCUIElementTypeTextField name="Inte name ComputeSumButton LISONWP Proxy] Proxying [POST /orientation] to [POST http://localhost:8108/session/6D688662-EEB3-
<XCUIElementTypeButton name="ComputeSumButton”> = s S 43BA-9EB7-EBBBACEBEBOF /orientation] with body: {“orientation”:“PORTRAIT*}
show alert cont...t alert locati...alert LISONWP Proxy] Got response with status 200: {"value”:{},"sessionId":"6D688662-EE83-43BA-9EB7~
<XCUIElementTypeStaticText name="Answer"> SHabiad s EBBBOCEBEBOF” , “status”:0}
Label... <XCUIElementTypeButton name="show alert"> > = 55;;::;:;\3::;:?22:;:::2;e:i::o:i::eate‘i successfully, session 6666e365-0773-4eef-bf58:
<XCUIElementTypeButton name="contact alert"> [MISONWP] Responding to client with driver.createSession() result:
— y 143 {"webStorageEnabled” : false, “locationContextEnabled” : false, "browserName” : **, “platform": "MAC" , * javascriptEr
<XCUIElementTypeButton name="location alert">
<XCUIElementTypeStaticText name="AppElem"> $idth 9 simulator”, “noReset” : true, "platformName”: *i0S" , "platformVersion”: *10. 2", “newCommandTimeout :, "udid": *17¢
neight 45 9BEQ-46F@-9A20-ECA5FB507495" }
N SXCUEIemantTypeS/idornames’ AppEiem:> : [HTTP] <-- POST /wd/hub/session 200 126260 ms - 488
qwer t y ujgijolp <XCUIElementTypeStaticText name="AppElem"> [HTTP] —-> POST /wd/hub/session/6666e365-0773-4eef-bf58-55ec93e8137c/context {“name” : “NATIVE_APP"}
Y W D D W AP D W G s [MISONWP] Calling AppiusDriver.setContext() with args: [*NATIVE_APP","6666e365-0773-4eef-bf58~
<XCUIElementTypeButton name="DisabledButton"> §5ec9308137c*]
a s d f g h J k | <XCUIElementTypeStaticText> [XCUITest] Executing command ‘setContext’
[i0S] Attempting to set context to 'NATIVE_APP'
SESS <XCUIElementTypeSwitch name="locationStatus"> [MJSONWP] Responding to client with driver.setContext() result: null
<XCUIElementTypeButton name="Test Gesture"> [HTTP] <-- POST /wd/hub/session/6666e365-0773-4eef-bf58-55ec93e8137c/context 200 13 ms - 76
0 ZiXjcjpv b nm @ [HTTP] —-> GET /wd/hub/session/6666e365-8773-4eef-bf58-55ec93e8137c/source {}
<XCUIElementTypeButton name="Crash"> [MISONWP] Calling AppiusDriver.getPageSource() with args: ["6666e365-0773-4eef-bf58-55ec93e8137c"]
. o . [XCUITest] Executing command 'getPageSource’
123 @ @ space Done SKCUIEementTypeStaticlext name="Access bily LISONWP Proxy] Proxying [GET /source] to [GET http://localhost:8108/session/6D688662-EE83-43BA-9ET-
i |52 ) ' EBBBACEBEBOF/source] with no body
» <XCUIElementTypeWindow> LISONWP Proxy] Got response with status 200: “{\n \"value\” : \"\\m\\n \\n  \\n
» <XCUIElementTypeWindow> <\\/XCUIElementTypeOther>\\n \\n  \\n
[MISONWP] Responding to client with driver.getPageSource() result: "\n \n  \n \n \n  \n
» <XCUIElementTypeWindow> A
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Cloud-based vs Local Mobile Testing

« Tests can be executed local or cloud-based
= Using a on-premise solution and local devices
=  Knowledge and Experts needed to build test environment
= High costs due to the fact that devices need to be bought
= Generally considered more secure

= Using a remote or cloud-based solution and devices
=  Easier setup
=  Wide variety of devices and configurations
=  Generally more cost effective
= Service are for example:
= e.g. kobiton.com - mobile device cloud platform
= e.g motel.io - cloud based mobile test platform
=  e.g. mobileboxlab.com - cloud based device access provider

¥ Firebase

* ¢.9. Google Firebase Test Lab'

LIPESO  'nttps://firebase.google.com/docs/test-lab

38




Google Firebase Test Lab

: Cloud Based App Testing Infrastructure
Multi-Platform support for Android & iOS
=  Wide variety of device
= Usage of real devices (usually cheaper then buying them)
= Available Devices see here
= Allows for different device configurations

» ForiQOS, XCTest cases written by the developer are used
= For Android, Espresso / Ul Automator test written by the
developer are used
=  Or use Robo Tests which are auto-generated instrumentation tests
by Google (Android only)

Documentation: Run Android Tests on Firebase Testlab

hitps://support.google.com/firebase/answer/63866542authuser=0
Example: Run Android Instrumationation Tests on Firebase Test Lab via CI/CD ->

https://medium.com/firebase-developers/github-actions-firebase-test-lab-4bc
830685099

IPES0
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https://firebase.google.com/docs/test-lab/reference/testing/rest/v1/testEnvironmentCatalog/get?apix=true&apix_params=%7B%22environmentType%22%3A%22ANDROID%22%7D
https://support.google.com/firebase/answer/6386654?authuser=0
https://medium.com/firebase-developers/github-actions-firebase-test-lab-4bc830685a99
https://medium.com/firebase-developers/github-actions-firebase-test-lab-4bc830685a99

Google Firebase Test Lab

= Test Result Overview

Test matrix Test type Started Total executions Issues
Q Matrix #646730 Instrumentation 4/5/16 3:08 PM 36 =
Q Matrix #546149 Instrumentation 4/5/16 3:04 PM 16 =
Q Matrix #663810 Instrumentation 4/5/16 2:59 PM 8 =
Q Matrix #886799 Instrumentation 4/5/16 2:57 PM 28 -
& Matrix #586883 Instrumentation 4/5/16 10:54 AM 4 -
Q Matrix #488151 Robo 4/5/16 10:50 AM 8 nE
0 Matrix #593381 Instrumentation 3/30/16 9:57 AM 1 1 execution failed
o Matrix #873836 Instrumentation 3/30/16 9:53 AM 1 1 execution failed
Q Matrix #914348 Robo 3/30/16 9:51 AM 1 i
Q Matrix #876266 Instrumentation 3/14/16 2:40 PM 2 =
Matrix #651095 Robo 3/14/16 2:36 PM 56 -
Q Matrix #777767 Robo 3/10/16 3:07 PM 4 -
Q Matrix #658713 Robo 3/10/16 1:11 PM 4 -

peso
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Google Firebase Test Lab

= Test Result Videos show execution of Ul Tests (e.g. Robo Tests)

Sign In

Choose an Avatar

~, @

> {:p

iE
 ©

pc]
E_N
-

o=

IPES0
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Google Firebase Test Lab

« Test Result Details & Error Logs

NotePad > Matrix #876266

< Instrumentation test, Nexus 5, API Level 22

@ Passed [ 3/14/162:40PM ¢ 2min49secs @ English, United States @ Landscape VIEW SOURCE FILES [/

TEST CASES LOGS SCREENSHOTS VIDEOS

D Styled

03-14 14:41:11.781: E/WifiStateMachine(764): WifiStateMachine CMD_STAR
rxSuccessRate=0.00@ targetRoamBSSID=e@:ac:f1:c3:0a:3@ RSSI=-51 Test Lab > BorderlessButtons > matrix-3c5z2psjghglip > Pixel 2, API Level 28
03-14 14:41:19.061: D/AndroidRuntime(10957): >>>>>> START com.android o

: = ) _ < testFailing
03-14 14:41:19.0863: D/AndroidRuntime(18957): CheckJNI is OFF

R g 7 R com.google.android.apps.mtaas.testing.borderlessbuttons.FailingTest
03-14 14:41:19.157: D/AndroidRuntime(108957): Calling main entry com.a
03-14 14:41:19.220: I/art(18957): System.exit called, status: @
03-14 14:41:19.220: I/AndroidRuntime(10957): VM exiting with result c
03-14 14:41:19.785: D/AndroidRuntime(10986): >>>>>> START com.android A testrailing
03-14 14:41:19.787: D/AndroidRuntime(18986): CheckJNI is OFF

Errors Logs
junit.framework.AssertionFailedError Copy stack trace
junit < Test failed

at junit.framework.Assert fail(Assert java:50)
at junit.framework.Assert.assertTrue(Assert.java:20)
at com.google.android.apps.mtaas.testing.borderlessbuttons. FailingTest.testFailing(FailingTest java:14)

at java.lang.reflect. Method.invoke(Native Method)

at org.junit.runners.model. k thod$1.1 flecti hod.java:57)
at org.junit.internal.runners.model.Refl allable flectiveCallable java:12)

at org.junit.runners.model. k thod. ively hod.java:59)
at org.junit.internal.runner: k thod. hod java:17)

at org.junit.runners.BlockJUnit4Cl| 1 kJUnit4Cl java:81)

at org junit.runners.F runLeaf(F java:327)

at org.junit.runners.BlockJUnit4Cl| runChild(BlockJUnit4Cl java:84)

at org.junit.runners.BlockJUnit4Cl| runChild(BlockJUnit4Cl java:57)

' p eS O at org junit.runners.F run(F java:292)
'H.« PERFECTING SOFTWARE 42




Image Sources

Image 1: iPhone screen sizes by deviceatlas.com (jkielty) -

deviceatlas.com/blog/iphone-fragmentation-why-detecting-model-essen
tial

Image 2: Android profiler by Android Developers -

developer.android.com/studio/profile/android-profiler

Image 3: Appium overview by todaysoftmag.com:

todaysoftmag.com/images/articles/tsm57/all.png

Image 4, 5, 6, 7: Test Results
https://firebase.google.com/docs/test-lab/android/analyzing-results
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