Android Studio 2.3

Development
Essentlals




Android Studio 2.3
Development Essentials

Android 7 Edition



Android Studio 2.3 Development Essentials — Android 7 Edition
© 2017 Neil Smyth / Payload Media, Inc. All Rights Reserved.

This book is provided for personal use only. Unauthorized use, reproduction and/or distribution strictly
prohibited. All rights reserved.

The content of this book is provided for informational purposes only. Neither the publisher nor the author
offers any warranties or representation, express or implied, with regard to the accuracy of information
contained in this book, nor do they accept any liability for any loss or damage arising from any errors or
omissions.

This book contains trademarked terms that are used solely for editorial purposes and to the benefit of the
respective trademark owner. The terms used within this book are not intended as infringement of any
trademarks.

Rev: 1.0






Table of Contents

O [0 T T ' o 1
1.1 Downloading the Code SAMPIES.......ccueeiieieiieciee et ste et sre e te e s ae e s e e s teesateesseessteesaseesnsaeesnennns 1
A =T | o Y-l SRR 2
R I3 - | - OSSPSR 2

2. Setting up an Android Studio Development ENVIronmeNnt ..........cccccviiireniiinceniisnsnnissssnsnssssssssssssssssssssssses 3
2.1 SYSTEM REGUITEIMENTS. ... .uiiieeiieeeecieeeectee e e ettt e e ettt e e eetbeeeeetaeeeeetaeeeessaaesassaseaassaseeanssseaeansseaeessesesanseens 3
2.2 Installing the Java Development Kit (JDK) ....ccieiieeeieeseeeieesreeeieeeieeereeeteeesaeeestaeesaaeesaseesnaeeseneennneens 3

2.2.1 Windows JDK INSEAIGLION .......ccueeeieesieesiiesiieecee st ete st s e s tte sttt e saeestaa e saaesteaesssasssssesssassssees 3
2.2.2 MAC OS X IDK INSEAIGLION ..ottt sttt ettt sttt e et s e sateenaee s 4
2.3 LINUX JDK INSTAIATION ..eeiiiiiiiiecie ettt ettt e et e st e et e e e baeesaeeebaeessaeessaeesaneessseensneans 5
2.4 Downloading the Android StUdIo PACKage ......ccoveeeiiiiieiciee ettt et re e ae e s reeeare e 6
2.5 INStalling ANAroid STUIO ..cuei ittt ettt b et e ettt st e e et e saeesbeebeeabean 6
2.5.1INStAlGLION ON WINGOWS ......oooveieesiiiesieesiisesiieeiiesssieesieessteesteestaestesssssesssesssssesssesssssesssssssssasnssees 6
PRIV R [ Lx1e ] [oTaloTg e N 1Y Lo Toll 0 N G 7
2.5.3 INSEANGLION ON LINUX c.vveeieeiiiesiieesiisesiieesie e st st ste st e st e st s sstaesbasssstesssesssssasasesssssesnssssnssasnsses 8
2.6 The Android StUdio SETUP WIZArd ......c..eoiieeeiieiiee ettt et ete e e ree s taeesaae e sateesaae e sateesaaeessseesnneess 8
2.7 Installing Additional ANdroid SDK PaCKAZES .......c.eeecueeeieieireeerieeeieeccireeeteeeetveeeteeestaeeesseesbeesareesbeesaneens 9
2.8 Making the Android SDK Tools Command-ling AcCesSIbIE........cccvriveeriee i 12
B V1 To [0 PSR 12
2.8.2 WINGOWS 8.1 ..ottt ettt ettt et s e s testesst e seateenseantesstessseseesseessensssnsesnsensesnsenns 13
2.8.3 WINGOWS 10 ..ottt s ettt e s e ettt s ta et asteesateesataeaa e e sasaasssaasasassatessseesasessssessases 14
R A N [ ) G PP PSR PPN 14
R RN 1 Lo ol 0 R 14
2.9 Updating the Android Studio and the SDK .........c.eecueiiiieeiee et ete et ete e et e e sraeerae e saae e 15
2.00 SUMIMAIY .ttt ettt ettt et a e s bt e sh e e bt e bt et e ea b e eae e e b e e bt eabeeabesabeeabesatesbeebeenbeeabeeasesbaesaeesaes 15

3. Creating an Example Android App in Android StUdio.........ccceeviiiinninninsinninneinennnnsnsessesssssaenes 17
3.1 Creating @ NeW ANdroid PrOJECT......ccuevveeiieiieeeseesteesteeeetesteseeseeeseeesseesteesseessessaesseessessesssssnseensenns 17
3.2 Defining the Project and SDK SETHINGS......cciiiiiieiieccie e st e sre et e e e saeesate e s aeesteesraeesnreesnseennns 18
G @ -T- a1 = Yo I Yot u V1 oY USRS 19
3.4 Modifying the Example APPIICAtioN ........cocieiiiiiiiece ettt te et e e ae e s be e snee e 21
3.5 Reviewing the Layout and RESOUICE FIlES .......c.ccviiiieiiieieeiecie sttt et ete et see e e aesne e e 28
B I Y 12T o F=T o S USSNE 31

4. A Tour of the Android Studio User INterface .......ccccveveiviiiiniinsiinnnninseninnnneisnnssensensssissesssssssens 33
4.1 THE WEICOME SCIEEN.......ieieeeieeeeecteeste et et et ete st e ste et e e e e tesseesaeesseesseesseenseensesssesseesseesseessesnsesnsesnsenns 33
4.2 T MAIN WINGOW ...veiiiiiiiiiiiiesiee st siee ettt s sieesste e e taessbaeesate e st seessseessteessseessteessseesaseesnseesssessnseennne 34



N I o Y=N e Yo Y VAV AT 0T oY 23N 35

4.4 Android Studio Keyboard SNOMTCULS ......eeovieiiriirieieieeieee ettt ettt st st eee st saee e 39
4.5 Switcher and Recent Files NaVIgation ..........coccuiiiiiiiie ettt rrre e e tre e e eare e e eearaeeeans 39
4.6 Changing the Android StUAIO TREME.....cccuiiiiiiiieeeeeeee ettt st st be e e st e saee e 40
.7 SUMIMAIY .ceiiitieeeeiee e eeiee e e ettt e e eeteeeesbaeeeabreeeeassaeasssasaaanstasesassaseseasseseansssssaansssseassesesansesseassseeeansananans 41
5. Creating an Android Virtual Device (AVD) in Android StUdio.........cccececerrecrceereircenrccsnerscssnensessnesessnnens 43
5.1 About ANdroid VIrtUal DEVICES .....ceveeveeieriieriienieenieenie et etesatesteeteestesteseesaeesaeesseenseensesnsesssesssesseesaes 43
5.2 CreatiNng @ NEW AVD ....ooiiii ettt et e ettt e e et e e e e atee e e ebaeeeeataeeseasaeaeenbseseeansaeeeanssaaeesbesannnnes 44
5.3 Starting the EMUIGTON ...oocueeeieece ettt te et e e st e e b e e s teesabe e sataeeaseeebaeenseeenaeeareas 45
5.4 Running the Application iNthE AVD .........oi ittt e e et e e e ta e e e aaeeeesabeeaeeanns 46
5.5 RUN/DEDUZ CONTIGUIATIONS ...eecveieveereetecteetee et e st ete et eveere et e ebe e be e beesteenseeaeesaeesseebeenseessesasesaaesseenns 48
5.6 Stopping @ RUNNING APPIICALION ..ottt ettt e ebe e st e e s be e sbeeenbeessaaeeeeas 49
5.7 AVD Command-ling Creation.......coiueirieiiieerieesieeeie ettt sttt st esbe e sbeesbeesbeesbeessaaesreas 51
5.8 Android Virtual Device Configuration FIles..........cooiiiiiiiiinieieeeeee et 53
5.9 Moving and Renaming an Android Virtual DEVICE ........cvecvueeiiieeeieectee ettt etee et eteeevee e saae s 53
5010 SUMIMAIY ..ttt sttt ettt et h e h e bt e bt e s bt et e sateshtesb e et e e beeabesabesatesaeesbeenbeeateeatesaaenatesatenaas 54
6. Using and Configuring the Android Studio AVD EMUIQEOF ........ccccceeiecerercericnnensnnensnnsssnnssssssssnnsssssssssssns 55
6.1 The EMUIGtOr ENVIFONMENT.....ccccuiiiiieeieeiieecie e siee et e st e st e steesbeesataeebeesbaeenseeantaesnsessnsaeensesenssessens 55
6.2 The EMUIator TOOIDAr OPLIONS .....ccviieieeiieecie ettt ettt et et e s te e e b e eteeebe e ebaeebeesbeeeabeeesareesnas 56
6.3 WOrKiNg iN ZOOM IMOTE......ccuiieieeciiiecte ettt et e s te e ste e s te e s baeebeesbaeeabaesnbaesnseeesaeenseeennaennseas 58
6.4 ReSizing the EMUIGtOr WINOGOW......ccveiiieeiieecie ettt ettt e ste e e b e eteesabeeebeeeabessabaeeareeesaseensnas 58
(O N =T Ye [=Te M 0leY g Nu (oY 0T ] 4l o] o L3S 58
B.5.0 LOCALION ...ttt et ettt e e e ettt et e e e ettt e e e e e e e atbn e e e e e e e e snnnneeeas
B.5.2 COIUIRL ...ttt st ettt e e st e et e e ateesateessteensteensteenaseenas
B.5.3 BALLOIY ... ettt et ettt e e e ettt e e e ettt e e e e e e e ettt e e e e e e aannrneees
B.5.4 PRONE........oeeneeeeeee ettt sttt ettt ettt ettt et e e b e e at e e te et e e bteenate et teenneena
6.5.5 DIr@CLIONGI PO .......vveeieeeeeeesieeee ettt e ettt e tte ettt e s eestee et e e teaettaaasaa s staenasaessseasssaesssasssseens
LN X 14T =14 o | £ S UPTR
6.5.7 VIFEUGH SENISOIS.....cceveesiiieeieesiieeitescte et e st tteettte st e et e s taeessaa e tta e saaeasaaaaseasssassssaessssasssaesssasnsseains
L IR Y= x4 o KPP
B.5.G HEID .ottt sttt e at e ettt e et enateeaateenaneen
6.6 Drag and Drop Support
6.7 Configuring FINGerprint EMUIALION ......c.eeiiiiiieicieceee ettt ettt e et eeba e et e ebeeeebeseaeeesnas 61
(O T Y 010211 0= o SR 62
7. Testing Android Studio Apps on a Physical Android DeViCe ..........ccteireeiiinsenisinseniinssnnissssnenssssnnssssnnns 63
7.1 An Overview of the Android Debug Bridge (ADB) ........ceeevueeriieeeiieesrieerteeesteeeteeeereesreesreeeseeesaneennas 63
7.2 Enabling ADB on Android Dased DEVICES.........cceiuiieeeiiieeeiieeeectieeeectee e eetee e e etve e e e e aaeeesaaeeeenabeeeennnns 64
VAP Y (o ToR O, @YD) - M 00T ) [0 [V o[ Lo FO S 65



7.2.2 Windows ADB CONFIQUIQTLION ...........oeeeereeeeesieseeseeeeestieeesctteaestaaeessesaeesssaaessseaessssassssseseensnnes 65

7.2.3 LinuX adb CONFIGUITLION .......eoneeeeeeiesiiesitesitest ettt ettt ettt ettt st sae et et e e e stesaesaeas 67

7.3 Testing the adb CONNECTION ...cccuviiiiiecieccre ettt et e st e e e ste e ebe e ebaeebesebaeeabeeebeeesaeessseensnas 68
T4 SUMIMATY ettt ettt sttt et e bt et e et e s atesa e e sbe e ae e et eateeateeae e s b e e b e enbeeaseensesatesatesbeenbeenseensesasesatesaeesas 69

8. The Basics of the Android Studio Code Editor .........ccccceiiviiiiiiiiniisiinnssenissennseissnssnensssenssssssenssssssens 71
8.1 The ANdroid STUIO EITON ......iiieiieeieeieete ettt st e s e s e s e e te et e et eesaessaesraesseesseeeeenseennens 71
8.2 Splitting the EAItOr WINAOW .....cccveiiiieciie ettt see et ettt esae e sate e sae e s ateesaeesnraesnneennns 74
8.3 COE COMPIBTION ...ceieeiiieeeie ettt ettt e e et e e et e e e e e eteeeeeetbeeeeaabaeeeeasaaeeeaataseeassesesassaeeesaraeaaans 75
8.4 StatemMeENt COMPIETION ...ocuvii e ciee ettt e et e et e e tee e s abeesbeesateesaseesaseessseesataeeseesnreeeseesans 76
8.5 Parameter INFOrMAtioN ......ciiciiiiiie et e s e e sabe e s b e e s beeebeesabeesreesane 76
e @oTo LN 1= o111 o o ISR 77

e A 00 Yo [l o] o 1o Y- TSP PPNt 78
8.8 Quick DOCUMENTAtION LOOKUP....ccuviitirieeiieeiieeeesteesteesteesieestestesseeseeesaeeseeseesseessesssesseessessesnseenseensenns 79
8.9 CodE REFOIMALEING ...ttt ettt st sttt ettt e s ate st e sbeesbeesbeebesabesaeenne 80
8.10 FINAING SAMPIE COUR...oiuiiiiiieeiee ettt ettt et e s tee et e e te e e s tbeesabeessbeesaseesabeessseesataeeseesnresenseesans 81
8.1 SUMIMAIY ..ttt ettt ettt ettt s at e s bt et e e bt e be e abesabesaeesaeesae e bt eabeenbeeatesaeesbeenbeebesasesbeentenns 81

9. An Overview of the AnNdroid ArchiteCtUure .........cccvviiveiiiinninnninnninniinineinsieiesssssssssssnsesssssssssssens 83
9.1 The ANdroid SOTIWAre STACK.......cuuiiiie ettt e s ae e st e e e aeesabeeeneennes 83
LS Y= X[ 0D =1 = USRS 84
9.3 ANAroid RUNTIME — ART ..c.eiiiieiieiieerteeie et ettt sttt et e st e st e st e s et e sae e s e eteessesntesatesseesaeesseenseensesnsenns 85
LSV e [ oY o [ ] o 1= SRR 85
L 00 N o T 1=K S 86

9.5 ApPlication FramEWOTK ........oo ettt e et e et e e et e e e e tbe e e eeasaeeesraeaanns 86

LS I I YT 1 [Tor=1 1 oY o -3 RSSOt 87
0.7 SUMMAIY 1eteiiiieiteeeiee st e et e st e et e e bt e ebee s beeeateeebae e beeessae e seeaseeenseeesaeessteesaseessseessseessseessseessseesnseenat 87
10. The Anatomy of an Android APPlICAtioN......c.ccecverireiiseiirreirereseesseresesssasessansssasesssnssssnessssssssnssssnassns 89
000 Y o To [ oY T I Yot 7 4= SRS 89
KO N Yo o o I T =T o TSP 90
R =T o - o [or= 1oy [0 =] o £ SRS 90
10.4 BroadCast RECEIVETS .....uuecveiiiieeiiieiiteeeieeesteesteeesteeesteeesseesbaesesaeessseassseesseassssesasensseesnseasssessnseensenns 90
0o Yo e 1o o IRY=T Ve Y SRS 91
10.6 CONTENT PrOVILEIS. .. .eiitieeieecieecieeeette ettt ste et e e eteeetee e aeeebaeessaeessteessae e sseensaeessaeassseessseaasseesssaanneeens 91
10.7 The APPlICation IManifESt .....ccueeciiiiiieciee ettt ettt et e e s ae e s tbeeeaae e tbeesaaeestbeesabeesareesaseens 91
10.8 APPIICALION RESOUICES ...evveeeiieiieitieteeiteesie et ettt e stteste et e e e teesbeetesntesaeesaeesseenteenseenseensesnsesneesanesees 92
10.9 APPlICAtioN CONTEXE...iiiiiiiriiiitieetieeceeetee e eee et e eeteeeeteeestee et e eetaeestbeessee e tseeeseeetaeensseesabeessseessreenaseens 92
10,10 SUMIMAIY ceeitiiiieeeieeectee et e et e et e e st e e te e e staeeteeebee e baeeasaeessae e seeesseeesaeensseassseessseassseessseaanseessseennsenan 92
11. Understanding Android Application and Activity Lifecycles .......ccccovviiiirciiiiiceniiicnninnncenissnsnnnessnnennes 93
11.1 Android Applications and ReSoUrce ManagemeENT........cccevcvierieiiiienieeesieesieeseeeseeeseeeseeesseesseess 93



11.2 ANArOid PrOCESS STALES ...eiiueeieiiieieieeeteee ettt ettt ee e sttt e e et e e e et e e seaaeeeesaaeeesenseeessnbesesenseesesneneas 94

11.2.0 FOr@GroUNG PrOCESS .........cocuueemeeesiieesieesiee ettt ettt ett et stt e ate et e sateeateesaeeebseesaneenaseenaneenns 94
J1.2.2 VISIBIE PrOCESS ..cueveeeivesieeesiiiesitesiieesieesieesittesteesteesataeasseesstasseasbassnsassssasnassssssesnssssnstesnaseens 94
J1.2.3 S@IVICE PrOCESS ...ttt et ettt e e e e e sttt e e e e s ettt e e e e e s s s sssssaeaeaeessssassseaeeas 95
I 1o Tol o [0 1V [ To B o o Yol 2 XN SRSt 95
J1.2.5 EMPLY PrOCESS coooeieeeeee ettt e e ettt et e e sttt e e e e s s st e e e e e e s ssasbteaaesessssssssteaessssssnsssseneens 95
11.3 INter-Process DEPENUENCIES......cceieireeeeieeeiteeeeteeeeee ettt eeteeesteeeeteeesteeessseestseessaeessseeesseessseenseeesareessneens 95
N I o T Vot VA 4V =YY o] =SS 95
L11.5 ThE ACHIVITY STACK .. cii ittt e e e et e e e et e e e e tb e e e e sabaeeeensaeaesbaeaeensaeaeenseeeas 95
G ot (1Y YA = LSS 96
11.7 Configuration CRANEES .........uiiieiiieeeceee ettt ettt e e et e e et e e e eeate e e eeateeeeebaeeeeaseaeeeabaeaeensseseesnaeas 97
11.8 HaNdIINg STate ChanGE.....ccueieviieieecieeciee ettt ee et e et e e ete e e te e e sav e e s be e s tbeessae e taeesseeesareessseesaseenaneens 97
L0 SUMIMAIY . cutieitie et etee ettt et e st e et e et e e e ete e e bee e bee e baeesbeeesbaeebee e sbeenbeeassaeeseeeasaeenseeansaeeseeanseeenteanaseens 98
12. Handling Android Activity State@ Changes..........ccecervvirrinsinsiinnnsinnnniinnssinssissisnisnssnssssssssssssssssssses 99
I R I =V 41V VA - S S 99
12.2 Dynamic State vs. PErsiStENT STAt .....ciccuiiiiiiiiiieciie ettt etee e seae e te e sae e sere e sbeesnbeesaeesnns 102
12.3 The Android Activity Lifecycle Methods .........ccuecverieriieciecie e snee e 103
12.4 ACHIVITY LIfETIMES .oeeurieiiieeie ettt et e e s e e rta e et e e e aaeebaeessaeesaeessaeesaseesaseesnseesnseennns 104
12.5 Disabling Configuration Change RESEAITS ........c.cccveveeriieiierierie et ere e e e teesreeseeeaeeneesnne e 105
12,8 SUMIMAIY . ..tiiiiieeiie ettt e te e st eete e st e e e te e st teesaeesabaeeseeeasaeanseeanseeeseeaasaeassseessseassseesseessseennseesnseennss 105
13. Android Activity State Changes by EXample ......cccccivieiiiinnniiinnniininnniioneniseimseissemssssssen 107
13.1 Creating the State Change EXample ProJECT.......cccviiiieiciii ettt ae e ne e 107
13.2 Designing the USer INTEITACE ....c..veieeeee ettt e et e et e e e et e e e e atee e eeabaeeeetbeeenennes 108
13.3 Overriding the Activity Lifecycle Methods.........ccccuviicieiiee et re e 109
13.4 Filtering the LOGCAt PANEl ......c.ueiiuiiiiiecieecee ettt ettt ettt et stte e st e et ae e saaeesateesaaeesateesnneesnne 113
13.5 RUNNING the APPIICATION Leeeeeiiiee et e ee et e e s ae e tbe e s rae e abeesaseesareesnneesans 114
13.6 Experimenting With the ACTIVILY «...cocciiieieiiiie ettt sae e sae e sre e s be e sabe e sbeeeaee 115
L7 SUMIMAIY ...ttt iiieeciie ettt ettt e et este e s be e e be e st beesbaesabaeeseesabaeaseesateeeseeaabasessseessseessseessseessseensseesseesnns 116
14. Saving and Restoring the State of an Android ActiVity.......c.cccerviinseiisseinnnniinsninneninnnnnenineineneen. 117
14.1 SAVING DYNAMIC STAtB..cuuuiiiieeiiiecteeste e st e st e et e et e e e e e teeebee e beeesseeebaeessaeesaeassaeesteesnseesnseseseesnes 117
14.2 Default Saving of User INterface State.........cccveriereeiieie et aeeaeeee e e 117
14.3 The Bundle Class

Y YT oY 1 o [ I -  {<JP USSR

14.5 Restoring the State.....

14.6 TeSting the APPIICAtION ...ccveiiiee ettt ettt e et e et e e stbeesaaeestbeessaeessbeesaseesabessseenans 122

L. 7 SUIMIMAIY . uttiitieetieeete ettt e s ee e et e e te e s teeette e s s teesseeassaeeseeeasaeanseeanseeaseeaasaeassseesseassaeesseassseenssessseennss 122
15. Understanding Android Views, View Groups and Layouts .........ccccerveriensnninissnnnscsssnsnssssnssssssssssssnens 123

15.1 Designing for Different ANAroid DEVICES ......ccocuiieeecuiiieeiiie ettt eecte e eetee e e etteeeeerae e e etaeeeesabeeeeennes 123



15.2 VIEWS QN0 VIEW GrOUPS.....veiiiieeieeeteesiteeeiteeeteeesseeestasesseessesssesssssesssesessssessesensssessesenssssssssesssssnsees 123

15.3 ANAroid LAYOUL IMTANAZETS ..c..eeuieiieieete et sitesite st e st e e e e s tesatesaeesaeesbeenbeeabeeatesaaesbeesseensesseensesnnenns 124
15.4 The VIEW HIEIarChY .......ooi ittt et e e e s tte e e e etta e e e ate e e e entbeeeenstaeeesnsaneaesseeesnnns 125
15.5 Creating USEr INTEITACES ... .oiuieitieteeie ettt st sttt ettt et et esatesbeesbeenbeesbeeneesnneens 127
15,8 SUMMAIY .eveeiiii ettt ettt et e et e et e e e beesabeeebe e e beeebeeeabeeeaseesabasaaseeebaeesesetaeensasensseensesenssnenses 127
16. A Guide to the Android Studio Layout Editor TOOI ........cccccceiieireinicierrcceereccseesecssnesscsneesessanesessnnens 129
16.1 Basic vs. Empty ACtiVity TEMPIALES ....cccveiiiieciiicee ettt et et saae e e e e sraeeere e e saeenaees 129
16.2 The Android Studio Layout EQITOr ........cooiuiiiieiiee ettt ettt e e e tee e e e aae e e esaveeeennes 132
16.3 DESIZN IMOAE ...c..eveeiieecieeciee et ettt et e et e et este e e te e s teeeaee e baeeseeebaeeseeensaeenseeesaeensaeensseenseeansaeennees 132
R I TN - |1 o PP 133
RN =T a I 1 T 7o Yo Ty o SO RURRPRR 134
16.6 DESIZN AN LAYOUL VIBWS....eiiiuieiiieiieecieeeieesieeesteesste e este e sbeesaeesbaeesaaeesbaesnbeeebaeenseeesaeenseeesssaenses 135
T =Y, o Yo LSRR 136
16.8 SEUEING PrOPEItiES. . ccuveeuiieeieitteettete ettt ettt ettt ettt st e s ae e bt et e et e eabesbae s bt e sbeenbeebeeneesaeene 137
16.9 Configuring Favorite AtErDULES .....cccueeeiiie ettt ettt et e e sbaeeebe e e staeebe e e baeeanes 138
16.10 Creating a Custom Device DefinitioN........ccueriiriiriirierie ettt sttt 139
16.11 Changing the CUIMENT DEVICE.......cccueeeieeeieecteeeteeestee e e eteeeeteesbeeeetee e taeeebeeesbaeeseeenbaeebesensaaenanes 140
16.02 SUMIMAIY ..eitiiieeieeie ettt ettt st e sae e et st e satesue e bt e s beesbeeabesasesaeesaeesseenseenteeabeentesasesaeesaeenseensesnsesaneans 140
17. A Guide to the Android ConstraintLayOuUL.......cccccecceiiiirnntiinnsniiinnenisinsneissssnsnisssssnssssssssssssssssssssnsssssnnes 141
17.1 HOW CoNStraintLayOUL WOTKS.......ccccuieriieiiieecieeeieeestee et e steesteesteeeaeesbaeesaeessaeesaeesaeenseesnnaeennnas 141
J7.1.0 CONSEIQUNTS ...ttt ettt ettt e e e e ettt e e e e e e sareeeaeeesasnsneeeeeseannannnes 141
A B 1Y o o | KSR PUPRR 142
17.1.3 OPPOSING CONSEIAINTS c.ceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee et eeeeeeee e et e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeeeaeaeeaaaaaaaaaaaeas 142
17.1.4 CONSEIAUINT BIOS ...eeeeneeeeeee ettt ettt e e ettt e e st e e s see e s et eesanneasnanneenas 143
J7.0.5 CROUNS ..ottt e e ettt e e et e e e ettt e e e et e e e et s e e e st e e e etsaaeeatssaaeaatsaaeentaaeerranaan 144
A X 0 o1 IR =23 R 145
17.2 Baseling AlIZNMENT....cccuiiiiiiiiieciee sttt e st e et e s be e e be e e beeesbeeebaeebeesbaeeseeensseeseeenseeensens 146
17.3 WOrking With GUIAEIINES .....ccveeciee ettt ettt e et e et et e et e e baeebe e ebaeebaeesaaeennnas 146
17.4 Configuring Widget DIMENSIONS ....ccueetiiieriierieetteie et ete sttt see ettt e besatesatesaeesbeesbeebesaeesaeeens 147
175 RATIOS ..ttt siteeeuteestee ettt st s e st s e st esa b e e et e e s b e e e be e s be e e be e s be e e b e e e ba e e be e e b e e e bee e b e e ebaeenaaeeaeas 147
17.6 ConstraintLayOUt AQVANTAZES ....ccueeruiiriieiiriieriteieertte ettt ettt ettt eatesaaesaeesbeesbeeneesaneeneeens 147
17.7 ConstraintLayout AVailability..........coocieiiiiiiieecee et 148
L7.8 SUMMAIY .ottt ettt ettt e et e et e e e teesabeeebeeebaeebeeeabaeeaseesabaeeabeeebaeensesenbaeenseeensseensesensaeesnes 148
18. A Guide to using ConstraintLayout in Android StUdio ..........cccecevceerierericceriscseerccseessesneesecsanesessnnnes 149
18.1 DESiZN ANA LAYOUL VIBWS....eiecueeeieeeieeetieeteecteeeeteeeteeeeteeebeeebeesbaeeeseeesbaeensesesaeesesensseensseessseensees 149
18.2 AULOCONNECE IMOUE.....c.eiieieiieitieiteeie ettt ettt ettt e e te s tesatesaeesaeesseenteenteentessaesseesseensesnsesnsesnnens 151
18.3 INFEIENCE IMOE ... ieiiteeciee ettt b e et e s ba e e be e s baeebeesbaeebeeebaeebeeenseeensens 151
18.4 Manipulating Constraints ManuUally ..........ccceccuireiieiiiieie e et sra e e re e e raeenees 152



18.5 Deleting CONSIIAINTS ...ccvieiieiiieecieecie e et e e e e erteesteeesteesbeeebeeebaeesseeeabaeessaeebaeessaeesnteesaseesasaesseesans 153

18.6 AdjuSTING CONSEIAINT BIAS ....cc.ueruierieeriieieiieete ettt ettt ettt st s e st e s te et et esatesbtesbeesbeebeeaesnsesanenne 154
18.7 Understanding ConstraintLayout Margins.......c.cccveeceeecreeeiieeeiieeeeeeesteeeseeeetreessaeessreesseesreesseesans 154
18.8 The Importance of Opposing Constraints and Bias .........cceccevveereereeneeiieeieeiesteseeseee e 156
18.9 Configuring Widget DIMENSIONS .....cccveeeiieerieeieeeteeectee et e eeteeeeteeesteeesteeessaeestbeessseesabeesaseesareesseesans 159
18.10 ADAING GUIAEINES....cccuiieeieeciiee ettt ettt et e et e e rte e e e e e tee e taeesaeeebaeessaeesaeessaeesnseesnseesnseesnseennns 160
18.11 Widget Group AlIGNMENT.......veiiieeeieeeie ettt et e et e et e eeteeeteeeeteeestbeesaseestseessaeessseesaseesabessseenans 161
18.12 Converting other Layouts to CONStraintLayOuUL .......ccceeceieriieeiieieiieeireesee e eee e reeseveesnee e 162
18,13 SUMIMIAIY ... ettt e ettt e e ettt e e e e tbe e e e e tteeeeaasaeeeesbaeeeestaeesasssaaassseseaassseseansssaeasteeananses 163
19. Working with ConstraintLayout Chains and Ratios in Android Studio......cccccccceeeeecerecrcerrrcsceerecsnens 165
19.1 Creating @ CRaiN....c ittt et e st e e ete e st e e tae e ta e e bee e baeessaeenbaeessseessteesaseesareeanseennns 165
19.2 Changing the Chain StYIE ....uuiiiii et te e s e et e e saaeesateesabeesabeesbeesane 168
19.3 Spread INSIAE Chain STYIE.....cccvii ettt et e et stre e s ae e taeesraeesaseesaseesabeesaneesans 168
19.4 Packed Chain StYI.....o ittt sttt et et et sae e s bt e s beesbe e beeaesatesaee e 169
19.5 Packed Chain Style WIth Bias .......cccccceeriiieiieeiiieeciee ettt ertee et eesteeetr e e sae e taeessaeesabeesaneesabeesaneenans 169
19.6 WEIETEA Chain ..coueeiuiieiieiieitetee ettt ettt sttt ettt eat e s bt e sabesbeesbeenbeeaesatesaeenee 169
19.7 WOTKING WIth RAtIOS ..eccuviiiiiiiiie et cte ettt et e et e ete e e teeeteeeeteeesbaeessaeebaeessaeenbessaseesabeesseenans 171
10,8 SUMIMAIY ..ttt ettt ettt ettt st e s ae e be et e et e et e s atesaeesaeesbeentesateentesatesbtesbeenseensesnsesasesnnens 172
20. An Android Studio Layout Editor ConstraintLayout Tutorial........cccceereiiiisneniiisceniisnsenisssenisssssnssnnes 173
20.1 An Android Studio Layout Editor TOOI EXamMPIE......cceeveeriirriiiiinieneieniiesieesie et ee e 173
20.2 Creating @ NEW ACHIVITY ...ccivvieiiieiiieeeeeeitte ettt e sttt e ereesreeeteesreesareesbeeeabeeseseesaseessseesaseesseesbessnseennns 173
20.3 Preparing the Layout Editor ENVIFONMENT........ueecieiiieeeie e eeree st esteesteesae e sreesateesseesreesneeenns 175
20.4 Adding the Widgets to the USer INTEIfaCe.........ccuiieeciiei ettt ettt tae e e vaee e 176
20.5 AddIiNg the CONSEIAINTS ....eecviieeieeiieecee ettt st re e sre e e te e sre e st e e sbeesaseesseessseesrsaesnseesseesnsessnseesans 179
20.6 TESHING ThE LAYOUL .eiuviiiiiieiiiiecie ettt ettt ste et e st te e s e e e te e s te e sabeesateesateessaeesssaesateesaseesnsesssennnne 180
20.7 USING the LayOUL INSPECION ...cccuviiiieecie ettt ettt rtieeete e sreeete e sveesareestteesabeessaesaseesssaesaseesaseesnsessseesans 181
20.8 USING the HIErarChy VIEWEN ...c...iiiuiieieeiiieste ettt sttt ve e ste e siteesteessaeesabeesabeesaseesnsesssensnne 182
20.9 SUMIMAIY..ctiiiitiiecee et cteertteesteesaeesteestbeestaeestaeeesbeesasaessseesssaessseesssaeassaesasaessseesrsaesnsessaseenssessnseesnss 186
21. Manual XML Layout Design in Android StUdio........ccccecceeiiiiceiiiiicniniiinnenicssnenicsssnsssssnesssssnssssssnsssssses 187
21.1 Manually Creating an XML LAYOUL ......ccceeiuirierierierieerie ettt sttt et et e saesee st e saeesaeeteeneesnee s 187
21.2 Manual XML vs. Visual LayOUL DESIZN .....veeeueiiiiieeeieeiieeeeeesreeereesreestreeseaeestseesseesareesaneesnsessseenans 191
21,3 SUMIMAIY ..t itttettettet ettt et e st et e et et e sat e s bt e s beesaeesae e bt eaeesatesaeesbeenbeenbaenbeenbesatesatesseanseenseenbeensens 191
22. Managing Constraints using CoNStraint Sets......cccccciiiineiiiisnniiinsneiiinnnniensneiiossssnissesiossssmssssssssses 193
22.1Java Code VS. XIMIL LAYOUL FIlES ....uviiieeeiiieeeieiccite et creeete e steeetveestteeetreesreesabeesbeesabeesaseesabeesnneesnns 193
22.2 CrEATING VIBWS ..eeueeeeiieeiiee ettt estee ettt esteesteestseessseessaeessteeesseesaseessseessseeasseessseanssessnsaesnseesseesnsesssensnes 194
22.3 VIBW PrOPEITIES .oeiiuvieeeeiiie e ettt e ettt e e ettt e ee bt e e e etteeeeetbeeeeestaeesesseaaeastaseeasaseessbaeeeansseseaassaeesassananns 194
B o o 1 4 - 110 A=Y USRS 194
22.4.1 EStablisSRiNgG CONNECLIONS ........cc.uveeeeeeeeeciieeeeeeieeeeteeeeeetteeeettea e et aaaeestseaeesssaeessssaeesssesaesanees 195

vi



22.4.2 Applying CONSEraints t0 G LAYOUL ..........ceeecveeeeeieieesieeeeseeeeeeteaesaeaeestesaesanteaessssaaessesasnans 195

22.4.3 Parent ConStraint CONNECTIONS..............ceeeeeereesuiiieeeeeeeeeiiiiieeeeeeeesiieteeeeesssssstateeeesesssssssseeeeesnnas 195
22.4.4 SiZING CONSEIAUNTS ...vvveeeeeeeieeieeeeeeeecettte e e e e st ettt a e e e eee sttt e aaaeeeessstasesaaeeessssssasaaseessssssseensenass 195
22.4.5 CONSTIAINT BIQS ....vveeeeeeeeeieeee ettt e e e e sttt e e e e s s sttt e e e e ssssssteneaaessssssssneneeesnnas 196
22.4.6 AliGNMENt CONSTIQINTS........cccuvveeeeeeeeeieeeeeeieeeeeeeeestteeesstsaeeestsaeesssssaaasssesasessssaesssssaseassssaanes 196
22.4.7 Copying and Applying CONSEIQINT SELS ..........eeeeeeereesiiieeesiiieeeeeteeesceeeesteeseetea e essteeesssaeaenns 196
22.4.8 CONSEIAINELAYOUL CRAINS ... eeee e e e et ee e et a e e s e e et s e eesssaesstssaseastssaenaes 197
22.4.9 GUILEIINES.......eeoeeeeeeeeeiee ettt ettt ettt s ettt e te e ate e s ateesateesaseesuteasaseesaseenaneenas 197
22.4.10 ReEMOVING CONSTIQINTS ...vvvvvvveieveieiaieiaiaisiasassisistsiasssssssssssssssssssssssanasansananananananananananansnssssnns 198
B A Yol [ o RS PSR 198
22.4.12 ROEALION ..ottt ettt e e ettt e e e e ettt e e e e e e aassan e e e e e eeaasssneeeaeeanas 198
22.5 SUMIMAIY .uuiiiiiiieeite ettt eetee e steeeeteeestaeestaeestaeesseeestaeesseesaseeasseessseessseesaseeasseesnseesssassnseesasessnseesssessnseesnes 199
23. An Android ConstraintSet TULOal........ccocviiiiiiiiniisniinsniisninsninsenssnisssnsssnsssssnsssssssssssssssssssssssassssnes 201
23.1 Creating the Example Project in Android StUdIO ........cceevuiiiiiiiiniinieieteeee e 201
23.2 AddiNg VIEWS 10 @N ACHIVILY ..eecuviiiieeeie ittt ccte st ste ettt sreeere e sreesteesbeesabaesasaesaseesaneesnsesenseenans 201
23.3 SEtHING VIEW PrOPEIrTIES ...couiieiiieiteete ettt ettt ettt et be et et e st st e sae e satesbeenbeenbean 203
23.4 CrEatiNg VIBW IDS ...cveiereeiiieeetie sttt ettt e steeetteesveeetaeestteestseesabaesabeesbaesaseesaseessseesaseesasessnseesntessnseesaes 203
23.5 Configuring the CONSTIAINT SET ....cc.eiriiiiiieieeiecteree sttt et et sttt esae e beenteenbeen 204
23.6 AddING the EAITEXE VIEW ...uviiiiiiiiiieeeiie sttt ettt cve et ste e tre e stveeeabe e sbeesabeesaseesabeesnseesabessnseesnbesenseenans 206
23.7 Converting Density Independent Pixels (dp) t0 PiXelS (PX)...cvercreeiieeriieeiiieesieeeieesveeeeeesveesnee e 207
238 SUMIMAIY .uveietieeetie ettt ettt eiteeeeteeesteeeeteeestaeeeteeessseeesseesabeeasseessssessseesaseeesseesseesaseesseesasessseesssessnseennts 209
24. An Overview and Example of Android Event Handling ..........ccocceeeeeicernccccenncnsessscsnenecsnesscssnessennns 211
24.1 Understanding Android EVENTS .......cccccuiiiiiiiieecciiee ettt e et e e te e e e sateeeeeareeeeasaeaesarenaaans 211
24.2 Using the android:ONCliCk RESOUICE..........eccviiiieecie ettt re s e e e re e s e e sreesbeesneeeane 212
24.3 Event Listeners and Callback Methods........c.coiveiiiiiiiiiniis ettt sve e 212
24.4 An EVent HandliNg EXAMIPIE.......iiiiieeieiiie ettt ste ettt steestte e s teesteesteesabeesaseesabeesaneesntaeeneenans 213
24.5 DesigNiNg the USer INTEITACE .....iiiuiecie sttt ettt te et e e st esveesabe e sbeesabeeenseenane 213
24.6 The Event Listener and Callback Method .........c.coeeveeiieiicrcece e 215
24.7 CONSUMING EVENTS ...coutiiiiiieieiesteeste ettt ettt sttt s bttt ettt e ea b e s bt e sbee bt eabeeabesatesatesaeesbeenbeenbeentens 216
24,8 SUIMIMAIY ...vvieitiieeiie ettt eeteeeiteeesteeestaeestaeestaeessaeessseeesseesabeeasseessseessseesaseeasseesseesssaesnseesnsessseesssessnseesnes 218
25. A Guide to using Instant Run in ANdroid StUdio ......cccecccereeiceiiiiienieinsenrccnenecsnessscsnsesesssnsssessnsssssnes 219
25.1 Introducing INSTANT RUN ......ciiiiiiiiieieeieee ettt ettt st s e bt e be e besee st e saeesatesbeenbeenbenn 219
25.2 Understanding Instant RUN SWapPing LEVEIS ......cc.ueiiviieiiiiieecee ettt st 219
25.3 Enabling and Disabling INStANT RUN .....c..eecuiiiiiieiieieereere ettt see e e e enee s 220
25.4 USING INSTANT RUN ..eitiiiiii e ceiee ettt ettt ettt e s tveeetee e e tteeetae e sabeesabeesbeesaseesaseessseesassesabessseesabesenseesans 221
25.5 AN INSEANT RUN TULOTTAL c..eeueiieieeeeeieeieeeee ettt sttt saeesaeesaeesaeeseenseen 221
25.6 Triggering an INstant RUN HOt SWaP ......uiiiiiiiei ettt ettt e e ate e e e eata e e e savaeaens 221
25.7 Triggering an INstant RUN Warm SWap ......cccveiieeiiieiieeeie e cteesree st e s reeseeesereesneestessneesnseesseesans 222

vii



25.8 Triggering an INStant RUN COld SWaP ....ccvieciiiiieeeeec ettt reesreesreesveestre e svaesabeesbeesabeesaneennns 223

25.9 The RUN BUTEON ....etiiiiiecie ettt ettt ettt e st stte e e tae e st teesteesateasateesabeasnseesaseesseesnsaesnseesnseesnsessnsennnes 223
25,00 SUMMAIY ..utiiitiieeiee ettt eeee ettt eeeeestbeesteeestbeeeteeestbeeasseesabaeesseesssaessseessbaeasseessaesssessnsaesnseesseesnressseesnts 223
26. Android Touch and Multi-touch Event Handling........ccccceiirreiiiircericinsennccnensccseesscssnesscssnnssssssnsnsssses 225
26.1 INtercepting TOUCKH EVENTS ....icciiiiiiecie ettt et et ste e tae e st esate e saeesateesasaesnteesaseesntessseennes 225
26.2 The MOtIONEVENT ODJECE......uiiiiiiiieeeiieectie ettt cte e sreeete e sreeetreesbeeeabeesbaesaseesbaesabeesaseesabessseenans 226
26.3 Understanding TOUCH ACHIONS.........vicviiiieeeeeeiie et e steesiteesreesteesreessaeesseessseessaesnseesseesnsessnseesnns 226
26.4 Handling MUILIPIE TOUCKNES.......oii ettt ettt e et e e e ette e e e ab e e e e etaeeeenaeeaesabaeaaans 226
26.5 An Example Multi-Touch APPlICAtioN .......cccviiiieeiiee sttt ae e s re e s re e s re e sneeenns 227
26.6 Designing the Activity USer INTEIrfaCe .......cccuiiiiiiiieeee ettt et e e e vee e 227
26.7 Implementing the TOUCHh EVENT LISTENEI ...c...ciiiieeieecieeeee ettt ste e ste e ve e sreesbeesbeesbeesneesans 228
26.8 Running the EXample APPlICation .......iiiieiiiiiecce ettt sre et esae e st e b e e s be e saeeenee 232
26.9 SUMIMAIY..cuiiiitiieiie ettt eete e rtee e stees e e s te e s tbeestaeestae e sseesasaeasseessseessseesssaeassaesasaesnseesssaesnseesaseenssessnseesnss 232
27. Detecting Common Gestures using the Android Gesture Detector Class .......ccccceeernericrsnnnressnenesnnns 233
27.1 Implementing Common Gesture DETECTION .......ccccveiiiieciiee ettt sre e re e sbeesbe e s nee e 233
27.2 Creating an Example Gesture Detection ProJECt .......cooverieriiriiinieneenitesitesie ettt 234
27.3 Implementing the LISENET CIass .....ccceeiiieeiieiieeeieecieeeiteesreeereesteestbeesaveesbeesseesabeesaseesareesasnesans 234
27.4 Creating the GestureDetectorCompat INSTANCE .....cc.eeviiriiiriiiiieieeertece et 237
27.5 Implementing the onTouchEVeNnt() MEthod.........cceeivieeiieiieeciee et 238
27.6 Testing the APPIICAION c..eeeviieeie ettt s e st e e et e e saeesateesaseesaseesaseesnsessseennns 239
277 SUMIMAIY ..cuiiiitieeeeeeeteeeeeeeeteeeeeeestbeeeteeestbeeeseeessbeeasseesabaeasseesaseessseesaseaasseesassensseesnsaessbeesaseensseesnseesnts 239
28. Implementing Custom Gesture and Pinch Recognition on Android.......c.ccccceeeercerrecccennccscenncsceneenas 241
28.1 The Android Gesture Builder APPliCation .........c.eecueiiieeciieecie et re e 241
28.2 The GeStUreOVErIQYVIEW Class ....c.uiiruiiiiieniieiieesieesieesiteesteesaeesreestteesseessbessseessbeesseesssessnseesnne 241
28.3 DETECTING GOSTUIES .. uviecueeeitieeeeetteeete e s e e e te e steestaeestreesae e st reesabeesasaeasseesasaessseessseesnteesnseesnsessseesans 241
28.4 1dentifying SPECIfIC GESTUIES ...uviiiiiieiieiiitieste ettt st ettt e te e st e e s be e sbeesateesbeesateesaseessseesseesnne 242
28.5 Building and Running the Gesture Builder APpliCation ........cceecveeiiieeriieesiiee et 242
28.6 Creating @ GESTUIES FIlE...c.ui ittt ettt sttt st bt e sae e be e be et 242
28.7 Extracting the Gestures File from the SD Card .........cocuveevieeiieeeiee ettt sre e s 244
28.8 Creating the EXampPIe PrOJECT .....coviiieiieieeteeterte ettt e st st st sae et e be b s 244
28.9 Adding the Gestures File t0 the ProjeCt.......cccccuiecieiiieecee ettt st st re e s ne e 245
28.10 Designing the USEr INTEITACE ....covuiiiiiiieiieiecteree ettt ettt st st e b et e e enee s 245
28.11 Loading the GESLUIES Fil@ ....ccveiiureeeiee ettt ettt sttt e s ve e e be e steesabe e sbeesabeesabeenabessnnaenans 245
28.12 Registering the EVENT LISTENET ...c..covuiiiieiieieetereere ettt ettt et sae st e sseesaeeseenseeneees 246
28.13 Implementing the onGesturePerformed Method ...........ccccueeeiieiieeciie e 247
28.14 Testing the APPIICAtION ...c.viicie ettt re e st e e be e steesateesseesaseesaseesateesseennns 249
28.15 Configuring the GestUreOVEIIAYVIBW ..........ueiiiiiiieeiiee ettt ee ettt e e et e e e et e e e e eatae e esaraeeeans 249
28.16 INTEICEPTLING GOSTUIES ....eiviieeeieeiieeetee ettt e st e steesteesteesbeesteesareesbeesaseesaseessseesrsaesnseesseesnsessnseesnns 249

viii



28.17 DEteCting PINCH GESTUIES ...eccuviiitreeeiiecitieeeteeesiteesteesteesteesteestreesbeesateesseesaseesnseesasessseesnsesenseennes 250

28.18 A Pinch Gesture EXample ProjeCT ......couii ittt ettt st st sae ettt s 250
28. 19 SUMMAIY «veeitieeteeeitteeetteeiteeeeteeestaeeetteestbeeeseeestbeeaseeesaseeasseesssaessseesaseessseesssesasessnseesntessseesstessseennes 253
29. An Introduction to ANdroid FragmeNnts........ccccceercircerrecicneiicssneiesssnenssssessessnessssnssssssasesssssnssssssnsasssses 255
29. 1 What i @ FIagMENT? ...cciiiiieierieesieeieee ettt st se ettt sa e sa e e s be e bt e beentesaeesaeesseesseesseenseensens 255
29.2 Creating @ FragMENt ....ccuuii e ceiee ettt ceiee ettt ettt e steee et e steeetae e stbeeeabeesbeesabeesaseessseesaseeentesenseestesenseesats 256
29.3 Adding a Fragment to an Activity using the LayOUt XML Fil€ .......cccceeeiiieivieeciee e 257
29.4 Adding and Managing Fragments iN COAE .......cccuiiieiiiieeiiiiee et eeiree ettt e e e et e e e e aaee e e aaeeens 259
29.5 Handling FragmeNnt EVENTS ....ccueciuieeiieiieeecte ettt esteesteeste e seteesareesteesteesseesaseesnseesasessnseesnsessnseesnns 260
29.6 Implementing Fragment CoOmMmMUNICAtION ........cccuiiiieiiiie ettt et et e e e tte e e aae e e ebaeeens 261
29.7 SUIMIMAIY .utieiiieeetieeitteeeteeesteeesteeestaeessaeestseesseeestseesseesaseeasseesaseessseesaseessseesaseesasessnseesnsessnseesssessnseesnes 263
30. Using Fragments in Android Studio - An EXamPle .....cccceeiiiieeiiinneniinnneniinnnneisssnssssssnssssssssssessnsssssnes 265
30.1 About the Example Fragment APPlICAtIoN ......cccveeieieiee ettt esre e esre e ere e sreeeare e 265
30.2 Creating the EXampPle PrOJECT...c..ui ittt sttt ettt et e e 265
30.3 Creating the First Fragment LaYOUL.......cccveiiiieeiieecieeecieeecieeceee e steeesteeesteeesteeesaaeeesneesateesaneesaseennneens 266
30.4 Creating the First Fragment Class........ccooueriiriiriinieneentesitesteesie ettt see ettt eatesaaesaeesaeeas 268
30.5 Creating the Second Fragment LAYOUL .........cvieceeeiiieeiieeeiee e esieeeeieeesteeeeteeestaeeesaeesabeeeaneesaveennneens 269
30.6 Adding the Fragments t0 the ACHIVIY.......cocviviiiiiiriiniereeeee ettt 271
30.7 Making the Toolbar Fragment Talk t0 the ACHIVItY .....ccceeeiiieecieeieeecee et 273
30.8 Making the Activity Talk to the TeXt FragmeNnt ......cccccceeeiiieeceeeiie ettt 277
30.9 Testing the APPIICAtION.....iiiceeecrie ettt ettt e et e e tb e e eaee e stbeeeaaeesbaeeeseeessbeessseesareennseens 279
30,20 SUMMAIY .ttieiieeciieecie ettt e st ste e et e s teeetee s beesbeesataeeseeeatae e saeeataeanseeensasansseessssensseessseensseessseennsenns 280
31. Creating and Managing Overflow Menus on ANdroid........cccccieireiininceiniinnnniinnsnnnsinnsissnsssssssssssnes 281
311 The OVEIFIOW MEBNU....viiiiiiiiiieiitecieese ettt ettt e et e et e e e e ba e e saeeebaeesbaeebaeenseeessteessneesseeanseeens 281
31.2 Creating an OVEIfIOW IMENU .......ccccueeiiiecieecteeetee et et e et e e tee e taeeeteeestaeesaaeesbaeensaeessseenseeesnsaesnseess 282
31.3 Displaying an OVEIfIOW IMENU ....cccuieiiieiiieiieeccieesieeesiee et eeee st e e e sbae e saaeesbaeessaeessaeessneenseeasaseess 283
31.4 Responding to Menu Ite€M SEIECTIONS ....ccueeiiieeiieeciie ettt et ertee e streestae e rre e sabeeeaaeesareeenneens 284
31.5 Creating Checkable [tEM GrOUPS. .....cc.uiiiiiiiii ettt st sttt ettt et s e e saae 284
31.6 Menus and the Android Studio MenU EdITOr ........cvevereerieiieie ettt 285
31.7 Creating the EXamPIe PrOJECT...c..uiiiiiieeee ettt st sttt ettt st sae e s sae 287
31.8 DESIGNING TNE IMIEBNU ..ottt ettt e et e e te e et e e e bee e s baeesbeeesbaeeebeeebaeesaeesabaessseesaraennseess 287
31.9 Modifying the onOptionsltemSelected() Method ..o 289
31.10 Testing the APPIICAtION....ccceiiiieciee ettt ettt eaee s tb e e eaaeestaeeesaeesabeeeabeesaraennseens 291
L. 1L SUMIMAIY ettiiiieeiiiee et eette e ettt e st e e te e s teeesaeesateeaseesasaeeseeassaeansaeensaeanseeensaeansseessseansseessseensseessseennsensn 291
32. Animating User Interfaces with the Android Transitions Framework ..........cccccceeverivennnienninrcsiensnnns 293
32.1 Introducing Android TransitionNs @aNd SCENES.......ciiiuiiirieiiiireiie e eree e see e see e see e saeesreesaree s 293
32.2 Using Interpolators With Transitions .......c..eccieeiee et an e e sereesnne e 294
32.3 Working With SCENE TranSItioNS ........ciieiiieicciie ettt e e e et e e e e ta e e e e sabe e e eeaaaeeeeanaeeas 295



32.4 Custom Transitions and TransitioNSets iN COUE ......cvvviiiiieeeiiieeeeeeeee et eerree e ebeneens 296

32.5 Custom Transitions and TransitioNSEts iN XIMIL .......eeiveeeieeiieeniee e cieesveeeree e e ereesveesreessneeenne 297
32.6 WOrking With INTEIPOIALOIS ...ccuviiiiieeciee ettt ettt ettt sre e tre e sbe e s beesbaesabeesbeesabeesabeesnbeesnseenans 299
32.7 Creating @ CuSTOM INTEIPOIATON ...cuiiiiiiieieeie ettt sttt st st e b et eee e s 301
32.8 Using the beginDelayedTransition Method..........ccooiviieiiiiiieciee et 302
2.0 SUMIMAIY .cueieitie ettt eet ettt e et e sttt e st e e s tteesaae e baeeaaseesataeasseessseessseessseaasseesnseessseesnseesnseesnseennsessnsnesns 302
33. An Android Transition Tutorial using beginDelayedTransition ........cccccceireeiiinceniinssenninsenisnssnenssnne 303
33.1 Creating the Android Studio TransitioNDemMO ProjeCt .......c..eeeecuvieeeciiieeeciiee ettt 303
33.2 Preparing the ProjJeCt FilES.....ccciiiiieiie ettt ettt re e te e st esete e saeesbeesteesateesaneesnraesneennns 303
33.3 Implementing beginDelayedTransition AnimMation...........ccceeiiiiiieeciiie e 304
33.4 CUSTOMIZING the TranSItiON ..eccvieiiiiecie et eeee ettt et ste e re e e e e re e st e e sbeesbeesabeesaseesaseesaseesatessseennns 308
33D SUMIMAIY . ciieititecte ettt ettt et e e st e et e e abe e sabeesateesateassteessteassseesaseesateesasaesateesabeennteeenseennte 309
34. Implementing Android Scene Transitions — A TUOral .......ccevviiiinninsinsinnnnnnnnnssess e 311
34.1 An Overview of the Scene Transition Project........cocoveirieiiiiiniinienteseee et 311
34.2 Creating the Android Studio SceneTransitioNs PrOJECT........ccveevieeriieeriieerieeeteeecteeeteesveesreesree s 311
34.3 Identifying and Preparing the ROOt CONTAINET........cciiviiiiiiiiiieeieeteteee et 311
34.4 DESIGNING The FirSt SCONE.....viiiee ettt ettt et e et ste e e te e sreeetre e s baeeabeesabaesabeesebaesabeesaseesabessseennns 312
34.5 Designing the SECONT SCENE ....c..ciiuiiiieeeeete ettt et st st e saeesaeebeebeenteen 313
34.6 ENtEriNG the FIrST SCONE....ccuviieeei ettt ettt ettt cte e et e s teeetre e sbeeeabeesbaesabeesabaesabeesseesabessseennns 314
R B o To [T g = Yol =Y o 110 2RSSRt 315
34.8 IMplementing the TranSitioNS.......c.vcceiiiiieeee et eete e sreeereesteeetreesbeesabeesreesareesaseessbeesseeenns 316
34.9 AddIing the TranSition FilE ......ccciiiiiieeiieiieeee ettt re e s reeste e saeesabe e sbeesareesaseesaraesneennns 317
34.10 Loading and Using the Transition St ........cueiiiuiiiieciie ettt e et e eare e e areee e 317
34.11 Configuring Additional TranSIitioNS .......c.eeecveiiieerieciieecee e e e sre e sreesre e srreesbeesseesareesneenans 319
4. 02 SUNMIMAIY c.utiitiieiiteeetteesee ettt este e sttt esteeestteesseeebeeasseeesaseassseessseassseessseaasseesasaessseessseesnteesnseesssessnseennne 319
35. Working with the Floating Action Button and Snackbar ............cvvviniinviniiniinssnncnncnecsessenaens 321
35.1 The Material DESIZN ...veecveecireeeee ettt ettt e e teesteeette e stbeeebeestaeesabeesabaessseesasaessseesssaesnteesseesnsessseesnns 321
35.2 The DESIGN LIDIANY ...coueeeieeieiie ettt ettt ettt b e b e bt et st sat e satesaeesaeebeebeeaeens 322
35.3 The Floating Action BUTEON (FAB) ....ccueiiiiieeieeiieeeieeecireeeteesreesveesteesateesaaeesabeessaesarassaseesasessnseesnns 322
B I O T IR aF- Tl o Y- USSRt 323
35.5 Creating the EXAmMPIE PrOJECT .....ccvviieeeiieeeee ettt ettt stve e tve e streeetaeesaaesabeesbeesabeesaseenabeesseesnns 323
35.6 REVIEWING The PrOJECT....eiiiiiieeieie ettt ettt sttt e bbb st e st e saeesaeenbeenbeentens 324
35.7 Changing the Floating ACtiON BULTON .........cccuiiiiieeieecieeciee et streesveeetre e sveesbeesabeesabeesneenans 325
35.8 Adding the ListView to the CONteNt LAYOUL........ccccueeiiieeieeiieecreecree st e ete e e e sveesre e sneesreesneeenns 328
35.9 AddIing I1EMS 10 the LISTVIEW ....eiiiuieeeeie ettt ettt ettt sre et esteesabe e sbeesabeesaneesabeesneennns 328
35.10 Adding an Action to the SNACKDAr ..........oeeiiiieee e 331
3.1 SUMIMAIY .eeiieiiiee ettt e eet e e e et e e e et e e e e baeeesabeeeeeaataeeeaasaaeeaasssaaessaseeasssaeeassaaesanssesesassaassansanaaans 333
36. Creating a Tabbed Interface using the TabLayout COmMponent ........ccccceeeeccerrecrcernecsseesecsneenscsneneennes 335



36.1 AN INtroduction t0 the VIEWPAGEN ........ccccuieiiieeiee ettt ettt et et e e saee s ae e rae e sabeeeaaeesaaeeennee s 335

36.2 An Overview of the TabLayout COMPONENT ........coiiriirierieeeie ettt s 335
36.3 Creating the TabLayOULDEMO PrOJECT .....c.ccicviiecieeeieeeieecteeeeteeesteeeeteeesteeeeteeeetaeeetaeesabeeesaeesareensneens 336
36.4 Creating the First FragmeNnt......couci oottt st sttt e sttt et s e saeesaeesas 336
36.5 DUPlICAtiNg the FragmMENTS ....ccccviiiiiieciie ettt cetee et et e e eeree et e eeteeestbeeeaeeestaeeesseessbeenseeesareennseess 338
36.6 Adding the TabLayout and VIEWPAZET .......c.cueeeiueeiiieeieeciee ettt ertae et e stae e srae e sateesaae e snaeennneens 339
36.7 Creating the Pager AQAPTer .....ccuii e cree et cteeectee ettt ete e e e e teeeeteeestbeeeaaeestaeeesseessseenseeesareennseess 340
36.8 Performing the Initialization TasKS .........ccueiiiiiiie i s e e sereeenne e 341
36.9 Testing the APPICALION........occiiee ettt e e et e e et e e e e ba e e e eetbaeeeeanbeeeensaeas 344
36.10 CustomiziNg the TABLaYOUL......ccccueeiiiecieecieeectee ettt eee e e et e e ta e e aee e bae e reeesaaeennaeessreennreens 345
36.11 Displaying 1coN Tabh [EEMIS ......uviii ettt ettt e e e et e e e eate e e e e ba e e e e tbeeeeeanreeesnsaeas 346
36.12 SUMMAIY ..uvieiieeeiieeeteeeteeste e st e eiteesteesbeesteeebeesasaeaseeeasasansaesasaeanseesntasensseessssensseessseensseessseennsenss 347
37. Working with the RecyclerView and CardView Widgets........cccceecerirircneriinsnninissnenssssnssssssnssssssnsssssses 349
37.1 An Overview Of the RECYCIEIVIEW .......coiuiiiiiiiiiiteeete ettt s 349
37.2 An OVerview Of the CardVIBW ......c..eoieeiieiicee ettt e s naesneesneeses 352
37.3 Adding the Libraries to the Project ..ottt st 353
374 SUMIMAIY oeotreecieecie et ete e ete e eteeete e e beeebeesbeeebeesbeeeaseeeabaeansaeentaeaseeenbaeensseebasenseeensbeenseeensreesnsenss 353
38. An Android RecyclerView and CardView TULOrial......cccccceeeeierrerseniicnsennessnenecssnessssssesesssnsssessnsssssnes 355
38.1 Creating the CardDEmO PrOJECE .....ecccvieecieeiieeeieecteeeetee et e eeteeeeteeeeteeeebeeeeareestbeeesseesabeeesseesareensseess 355
38.2 Removing the FIoating ACtION BULLON .....cccueiviiiiieiineierieeieesteeie ettt ettt et saee e nes 355
38.3 Adding the RecyclerView and CardView LIDrari@s.......ccceccueeeceeecieeeceeeiieeceeecieeeeeeesireeeseeesnveeeaneens 356
38.4 Designing the CardVIEW LAY OUL.......ccccvieecieeiieeeiieesieeecteeeteeeereeseteeesseestaeesaneesaseessaeessseessseessseennseess 356
38.5 AddIiNg the RECYCIEIVIEW....ccceeieee ettt ettt e e et e e et e e e s ta e e e eetbe e e eenteeeenneeas 358
38.6 Creating the ReCyClerVieW AdApLer.........ciiciiieieeiiieeeieeesite e esreesee e steeesaee e saeessaeesaseesaneesaseennneens 358
38.7 AddINg the IMAZE FlES .....eiiveiiiieeieecie ettt te ettt e e aa e e bae e se e e s baeesaaeesareesaseess 361
38.8 Initializing the RecyclerView COMPONENT.........ccveiciiieiieetieciteeiteesteeesteeeseeeestaeeereeesteesaseesaraesaneens 362
38.9 Testing the APPIICAtION .....iii i e et et e e tae e baeessaeesbeeesaaeesareasaseess 363
38.10 Responding t0 Card SEIECHIONS .......cccveicieeiieecitee sttt eteeetee et e et e e be e e eaae e staeessaeesabeeesaeesaseennseens 363
8. L0 SUMMIAIY ettt ettt ettt st e s a e sh e e s bt e bt e b e e besatesatesaeesatesbe e bt enbeeabeeatesabesaeesbeesaas 365
39. Working with the AppBar and Collapsing TooIlbar Layouts..........ccceeeereerresnnsiseesesnsssnnsesnsssassesansssnns 367
39.1 The ANatomy Of @N APPBAC ..cc.ueiieiieceese et te et e e e te s e se e s e e sreeste et e enseesseensessaesrnesneesens 367
39.2 The EXAMPIE PrOJECT....eeiuiieeeieciie et ctte ettt e et s e et e et e e tee e baeestee e baeessaeebaeesaessateennseesaseannseens 368
39.3 Coordinating the RecyclerView and TOOIDAr.........ccviiiieeciii et s 368
39.4 Introducing the Collapsing TOOIDAr LAYOUT .......c.cecvireierieiieieeieeie ettt et 371
39.5 Changing the Title and SCrimM COlOr ......uiicuiiiiieeceeciee ettt ettt eree s te et esabeeeaaeesareeeaneens 374
30,6 SUMIMAIY .utiiiiieeciiee ettt et e st e et e st e e e te e s teeebeesbaeeseesabaeensaesataeasseeansaeaseeessaeansseeseeanseeessseennsennn 375
40. Implementing an Android Navigation DraWer ..........cccieiveeiiinnnnienssnnnisnsnsissssnessssssssssssssssssssssssssassssas 377
40.1 An Overview of the NaVIgation DraWer ........cueccueeiciiriiieeiieereeesieeeseeesieeeseessbeeeseeesaeeesaeeessseesaneens 377



40.2 Opening and ClOSING the DIraWeT ......cccueiiiieeeieeeteeeiteeeeteeesteeesteeesteeesreeesbaeesaaeestbeessseessseensseessseensseens 379

40.3 Responding to Drawer [temM SEIECTIONS ...cccveivieiirieriieieieest ettt ettt st sbe e 379
40.4 Using the Navigation Drawer Activity TEMPIate........cccveeieiiiieeiie et ee e sreeeaae e 380
40.5 Creating the Navigation Drawer Template Project.......ccoeeeririenienienie et 380
40.6 The Template Layout RESOUICE FIlES ......ccuuieciiiiirieeieeeeiee ettt cteeeetee et e eeteeeetaeeeaeeesareeeaseesareeenneens 381
40.7 The Header Coloring RESOUICE Fil.......ccciieiiiieieieciee ettt e see s reesae e e sra e e aaeesaaeenaneeas 381
40.8 The Template Menu RESOUICE Fil@ .....c..ioiuiieiiiiiieeciee ettt ettt e e stve e treesareeeaeeesareeenneens 381
40.9 The TemMPIate COUE......uiiiiiiiieciee ettt ettt e et e s te e e ere e e bb e e aeeebaeeesee e baeesseessseensseessseannneens 381
A0.10 RUNNING ThE AP oottt ettt e ettt e e ettt e e e et e e e eeeateeeeetbaeeeebaeseeastaeesessssaeeasteeasanssesennsnens 383
L0 I T o T Y 2SS 383
41. An Android Studio Master/Detail FIOW TULOFIAl ......ccceerveeiierirrneriinensseeessnesssnnesssnssssnesssesssasesssssssanessnns 385
41,1 The MaSter/Detail FIOW ......ccoocuviiiiiiieeeeeeie ettt ettt e e sttt e e et e e e s e e e e e sbteeessnabeeesaeneas 385
41.2 Creating a Master/Detail FIOW ACHIVITY .....cocvccriiviiiieereeereecre ettt et ere v eereenreeareeraesreesaeenae 386
41.3 The Anatomy of the Master/Detail Flow TemMPIate .......cccocereririnieieieiene et 388
41.4 Modifying the Master/Detail FIOW TeMPIAte .......cceeveerieirieitieecte ettt 389
41.5 Changing the CoNteNt MOEL........oouiiiiiiiii ettt ettt sb e e aes 389
41.6 Changing the Detail PAN@........cccuviiiuieeiee e eiee ettt ectee et e e e ete e e taeestveeetae e tbeeesseesaeenaseesareensneens 391
41.7 Modifying the WebsiteDetailFragment Class .........ccocerierieniirrenieeie sttt 392
41.8 Modifying the WebsiteLiStACHIVItY Class.......c.cccieeiieeiiieeiiee e eciee e et e eeteeesteeesaveesareeeaveesaveeesneens 394
41.9 Adding Manifest PErMISSIONS ......ccceeiciiiiiieeieeeiteeeiteeesteessteeeseeeesteeesseessaeessaeessaeesseeessaeenseeesseannseess 394
41.10 RUNNING the APPHCATION ..ocviieiie ettt ee e stee et e e s tae e tee e taeeeaeeesabeenaneens 395
N I AT a2 - Y 2SS 395
42. An Overview of ANdroid INTENES.......ccvviiiiiiiiniisniineiineisseisseissesssessssssssssssssssssssssssssssssssssssssassssans 397
42.1 AN OVEIVIEW OF INTENTS ...uvieiiieeiieeiesiiesieeie ettt ettt e te et s aesseesaeesseesteenseenseentesnsesseesneenns 397
42.2 Explicit Intents
42.3 Returning Data from @n ACHIVILY ....ceeccieiiiee ettt et e ete e e s aae s tae e s e e esareesaseesaseennneens 399
R N '] [Tl 1 N =T Y £ PSSR 400
42,5 USING INTENT FIILEIS...cuvieeiee ettt ettt e st e et e et e e te e eba e e aee e baeenaaeessseenseeessseenneeens 401
42.6 Checking Intent AVAilability .......ocueoieiioeee et s 402
2.7 SUMIMIAIY .eeeiuteeiteeeteesiteeeteeseteeeeteeeeteesbeesabaeeabeesbeesabaeeseesataeaseeeasaeenseesasssesesesaeensseesseenseeessaennseens 402
43. Android Explicit Intents — A Worked EXamPple .........coiecreiiicrenicnneeniinsenncsssnessessnessessnsssssssnssssssnsssssses 403
43.1 Creating the Explicit Intent Example APplication ........cceeciiiiieiiie e e 403
43.2 Designing the User Interface Layout for ACHVILYA........cceoeeiieieeie e 403
43.3 Creating the SECONM ACTIVILY Class.......coieiriiriiriirieriesiteseeste ettt ste et et snteseaesseesaeens 405
43.4 Designing the User Interface Layout for ACHIVILYB........ccccvveviecierieiie s 405
43.5 Reviewing the Application Manifest File .........cccvvieriirienieieeeeie e 406
43.6 Creating the INTENT .....oei et e et e e et e e et e e e e bt e e eeabaeeeeaseeaeesteeeeansreeensenens 407
E R =T A [ T= Lo N Yo D - - RS 408

xii



43.8 Launching ActivityB @s @ SUD-ACTIVILY .....ccveiiiieeiieciee et ceee et et e e reeeeste e e re e sabeeeaaeesareeenneens 409

43.9 Returning Data from @ SUD-ACTIVILY......coceiriiriiiiieien ettt ettt s 410
43.10 Testing the APPIICAtION......cueiiiieciee ettt ettt et e et e s ta e e eaeeestaeeesaeesabeeeaseesaraesnseens 411
A3, 10 SUMMIY ciiiiieiieeieerie ettt et e stte st e saeeste e bt st e sate s st e satesse e b eenbeeabesatesatesaeesaeesbeenseenbeenbeentesasesaeesaeesas 411
44. Android Implicit Intents — A Worked EXample.......cccccceeireiiiinniiinnnnniinnnniinnneiiimenieseisssssosssns 413
44.1 Creating the Android Studio Implicit Intent Example Project ........cccccveeeecciieeccciiee e, 413
44.2 Designing the User INTEITACE ......uiivie ettt e re e et e e e e saa e e aaeesareesanee s 413
44.3 Creating the IMPlICIt INTENT ......eeeieeeee et ee e e et e e e e tr e e e e aabe e e enreeas 414
44.4 Adding a Second MatChing ACHIVILY ......eccueeiciiieiee et e e ae e e e sere e saae e sereennneens 415
44.5 Adding the Web VIEW tO the Ul.........oooeiiiiec ettt ettt et e e et e 415
44.6 ObtaiNiNg the INTENT URL.....cueiiiie ettt ettt et e e tee e teeestae e baeesaeeestaeessaeessbeennseesaraesnseess 416
44.7 Modifying the MyWebView Project Manifest File ........cccccuviveiiiieeiiiiiieeciecce et 417
44.8 Installing the MyWebView Package 0n @ DEVICE........cccueecuieecieeeiieeeciee et eetteesireeeeeesiveesaee e sreeeanee e 419
44.9 Testing the APPIICAtION.....oiii ettt sttt ettt et st st s saas 420
B4, D10 SUMMAIY .ttiiiieeeiieeeteeereesiteeseteeeiseeseteesseesteeaseesasasaseeassasansessatasaseesntasensseessssensseessseensseessseenseens 420
45. Android Broadcast Intents and Broadcast RECEIVErS.......cicviirrniiisiissnniisennisenssnnsssessssnssssessssssesansssnes 421
45.1 An Overview Of BroadCast INTENTS......cviviiiiiiiiiiierieesee ettt e sae e sae e siaeesaaeesseeesaeee s 421
45.2 An Overview Of BroadCast RECEIVEIS. .....ccuuiiciiriieeeieeeiteeesite e eeestteesteeesteeesaaestaeessaeesateesaaeessseenaneens 422
45.3 Obtaining Results from @ BroadCast........ccueiiiieeiieeicieeecieeenieeeeeeesteeeeteeesteeeeteeestreeeseeesaseeeaneesareeesneens 424
45.4 Sticky BroadCast INTENTS ....cccueiiiiecciie ettt sttt e e e e e e e saa e e stae e aeeestaeensaeessaeessaeesnseennseess 424
45.5 The Broadcast INteNT EXAMPIE ....cceviiiieiie ettt e et e et e e e ta e e e e tbe e e eatae e e ennaeas 424
45.6 Creating the EXample APPLICAtION ....ccuvieeieeiiieccee ettt e ae e et e e s an e e sareennnee s 425
45.7 Creating and Sending the Broadcast INTENT..........cueiieiiiii ettt 425
45.8 Creating the BroadCast RECEIVET ......cccuiiiciiecieecieeecieeeeeeeteeeree e steeete e s te s e saaeesaseessaeesnseensneesaseennneess 426
45.9 Configuring a Broadcast Receiver in the Manifest File........ccccviiiiiieiiiieinieccieeseesveese e 427
45.10 Testing the Broadcast EXAMPIE ......c.cuveeiieiiieeiee ettt eteeetee et e e aae e stae e na e e saaeesaaeesaseennnee s 428
45.11 Listening for SysStem BroadCastS.......ciuiirieeriieerieeiieeeieeesiteeseeesieeesseeesteeesaaeesseeessaeessseessseessseasseeess 429
45,12 SUMIMAIY ..utieiieeeiieeiiteeeteesiteesteesiseesteesseestassseesasasaasesassssansesstasassessntasessssessssensssessseessseessseenseens 430
46. A Basic Overview of Threads and Thread Handlers ........cccccvevvirinniissniiinnnssensnnnsssesssnnsssssnssssnesssssnns 431
46.1 AN OVEIVIEW Of TRIAUS ...cecuvieiiieciee ittt et tee st e e sta e e ba e e aae e baeessaeessaeesnaeesaseennseens 431
46.2 The Application Main TR .......cceeicvieeiiieciee ettt ettt e et e eeta e e eaae e s taeeereeestbeeesaeessraesareens 431
LI T == To [l o =T g T | = USSP 431
46.4 A BasiC Threading EXamMPIe.....cccuieicee e ciee et et ectee et et eeteeesteeeetaeestveeeaaeestaeeesseessseenseeesaraennseens 432
46.5 Creating @ NEW TIIEAG......ccceiiiieceee ettt sttt e st e et e s ae e aa e e sbaeesaaeesbaeessaeessseessseesaseennseens 434
46.6 Implementing @ Thread HaNIBE ........cveieiieiiiecee ettt et tve et s b e e eaae e saveeennee s 435
46.7 Passing a Message t0 the HaNdIEr.........ccueeeiieeiiicieece ettt e seeesnae e 437
AB.8 SUIMIMAIY ...utiiiieiiee ettt e ettt e et e e e ettt e e ettt e e eeataeeesabaeeeeastaeeaassaeesssaaaaassaeseaassaseeanssaeaensbesenansseaeennsanas 439
47. An Overview of Android Started and BoUNd SErViCes .........cceeverererrssnrrisnscsnissnsesesssansesassssassssansssnns 441



O R - 4 {=Ye Y1 V[ =TSSR R PPN 441

A 10} (=T o AT =] Y/ ol < T USUUSR 442
= YoYU g o BT o T PSSR 442
A7. 4 The ANAtOMY Of @ SEIVICE ....viiiiiieiiertteteee ettt st st st e b et et e et esatesatesaeesaeenaes 443
47.5 Controlling Destroyed Service Restart OPtioNS ........cccccuieeeeciieeeiiieeeeciteeeeeiee e eeveeeeeetreeeesaree e enaeeas 443
47.6 Declaring a Service in the Manifest File..........ccoieeiiiiiie e 444
47.7 Starting a Service RUNNING 0N SYSTeM STartUp......cueeeiciiieieiiie ettt et tre e e e ar e e e aaeeas 445
A B U 4o 4 =1 2R 445
48. Implementing an Android Started Service — A Worked Example.........ccccceveiriirenininnenicnsnenncsnenssnnes 447
48.1 Creating the EXamPIe PrOJECT ......cii ittt e et e e e tta e e e et e e e etbeeeeeataeeeeennaeas 447
48.2 Creating the SEIVICE Class.....uuuiiiiieeieeccieeeieeeetee et e esteestee e steeebeeesteestaeessae e taeensseesseensseesaseennseens 447
48.3 Adding the Service to the Manifest File........ciiiiiiiiiiieccr e 449
48.4 STArTING the SEIVICE ... vi ettt e st e e te e e bb e e s tee e ba e e beeetaeesaeessseensseessseenneeens 450
48.5 Testing the INtentService EXamMPIE ...c..coiuiiiiiiiiieetetetet ettt st 450
48.6 USING the SEIVICE ClasS ...uveiiiieeieeiieecieecteeetee et e et eestee e te e e e teestbeessteestseessaeesbaeensseesseessseesaseennseens 451
48.7 Creating the NEW SEIVICE .....oiiiiieiieeete ettt ettt sttt e sbe ettt e st e eabesatesbeesbeenaes 451
48.8 Modifying the User INTITACE. ... ..coiieetee ettt ettt ettt e tee e ta e e e teeetbe e aeeeabeeeaneens 453
48.9 RUNNING the APPIICATION ..ottt st sttt ettt e satesaeesaeenaas 454
48.10 Creating a New Thread for SErVICE TaSKS ......iciiiecieiiieeeieeeciee et eeeecstre e esteeeereeesare e reesaveeeaneens 455
b T o - Y 2SS 456
49. Android Local Bound Services — A Worked EXample.........ccccceveiieineninincnniiiinnneissseninsnsenssssssmssssssssses 457
49.1 Understanding BOUNG SEIVICES......cueiveeeiieeeieeiiteeeiteeieessteeesseesteeesseesteeessaeessseessseessseessseesssesssseens 457
49.2 Bound Service INteraction OPLiONS.......cc.uiiiieiiie ettt ettt e e et e e e ette e e e eaae e e eeabeeeeenseeeeeneeeas 457
49.3 An Android Studio Local Bound Service EXampPle.......ccceeceeeieeeiiieeiee e esive e eine e esveeenne e 458
49.4 Adding a Bound Service t0 the ProJECT.......ciciiiiciieiiie ettt sttt e ae e saaeesaae e 458
49.5 IMplementing the BINAEN........ocvii ettt e re et e e re e e ta e e aeeebae e areesareennneens 459
49.6 Binding the ClIent tO the SEIVICE .....uiiiii it a e e saaeesanee s 462
49.7 Completing the EXAMPIE.......veciie ettt ettt et e e e re e str e e s tae e tae e aaeebaeeesseesareennneens 463
49.8 Testing the APPICAtION .....oeiieiieiie ettt ettt st be et ettt sabesbeesbeenaes 465
29,9 SUMIMIAIY .eeetteeiteeeie e st eete e steeeteesebeesbee s sbeeeabeesbaeeabaeaseesataeeseeeabaeenseesasssesesensaeenseeensseenseeessaennseens 465
50. Android Remote Bound Services — A Worked EXample.........cccuceriecreericnneeniicssnenesssnenscssnnsssesnensssnes 467
50.1 Client to Remote Service CoOmMMUNICATION ........ueecieeiieeeieerreeetee e ete e steesaeesaeesabeesseesbeeeseeenns 467
50.2 Creating the Example Application
50.3 Designing the User Interface ..............
50.4 Implementing the RemMote BOUNG SEIVICE........ueecviiiieeeiiecite ettt et ste e sveeebe e s beesbeeeneeenns 468
50.5 Configuring a Remote Service in the Manifest File..........cccovveeriieiiieeciie e 469
50.6 Launching and Binding to the REMOTE SEIVICE .......cccciiiiiceiee ettt e vaee e 470
50.7 Sending a Message to the REMOTE SEIVICE.........eccueeiieeeieecie e ctee st re e sreesre e s reesbeesneeeaes 472

Xiv



50,8 SUMIMAIY .utiiicieecie ettt ettt e et e s te e e be e s be e s beesabaeebeeeabaeensaeeabaeanseeentaeensaeebaeensseesseensaeesseennsenss 473

51. An Android 7 Notifications TULOKAl ........cccceiiriiiiiiiniiinnninnniinniieiiniisiesssissssssesssssssessssssssssses 475
51.1 An Overview of NOtifiCatioNs.......iccieiciieciecieeee et aa e e e e e sareeeane s 475
51.2 Creating the NOtifyDEMO PrOJECE .....cccvieiieeeieeeiiee ettt ettt esteeeeteeeste e e etre s tve e tae e sabeeeaaeesareennneess 477
51.3 Designing the User INTEITACE ......uicvie ettt et e e saae e tae et e e sra e e saeeesnreesnnee s 477
51.4 Creating the SECONA ACTIVILY .....eeeeiiiieeeiie ettt e e et te e e e eate e e e s bae e e etbeeeeensaeeesanseeas 478
51.5 Creating and Issuing @ Basic NOtIfiCAtioN ......ccecuieiirienieieeieerie et 478
51.6 Launching an Activity from a Notification ..........cccoueiieiiiiii i et 480
51.7 Adding Actions t0 @ NOTIfiCatioN.......cccuieeciiecie e et sareenare s 481
51.8 Adding Sound to @ NOTIFICAtION ...cc.viiiieiiie e e et e e e e et e e eanaeas 482
51.9 BUNAIEA NOTIFICATIONS ...eeutieiieeieeeieseeseese ettt ae et e st e e e te e se et e enseenseensesneesneeses 483
5110 SUMMAIY .ttiiiiieitiieste ettt e st e et e st esbe e s teesbeesatae e beeesbaeenseesabaeasseesnbasasaeesssaansseessteansseessseannseess 485

52. An Android 7 Direct Reply Notification TUtorial ........cccccceniirinneinsinisinncnssnsinnninsssnsssssssssssaees 487
52.1 Creating the DIreCtREPIY PrOJECE.....ciiiiiieieet ettt et st 487
52.2 Designing the UsSer INTEITACE ......iiiciee ettt et sree e ba e e re e e stbeeeaae e areesnneens 487
52.3 Building the REMOTEINPUL ODJECT.....cc.iiiiiiiiiieieeeeeeete ettt ettt et 488
52.4 Creating the PENINGINTENT .....cc.eiiiie ittt ettt e et e et e e staeeeaaeestaeeesaeesabeensaeesaraenaseess 489
52.5 Creating the REPIY ACTION .....coiiiieiieeee ettt sttt et ettt saeesaee e 490
52.6 Receiving DIir€Ct REPIY INPUL ..ccviieiee ettt ettt et e et e e stveeeaeeestaeeesaeesabeeeseeessreesnseens 493
52.7 Updating the NOTIfICAtION ....c.eeiciie e ciee ettt e e tee e sta e e an e e tae e seeesaaeennaeesareenneeens 493
B2.8 SUMIMAIY ..utviiciieectie ettt e ettt e et e e teesbeeebeesbeeebeesbasebeeenbaeenseeebasaseeenbasensesebasenseeensseenseeensseesnseess 495

53. Integrating Firebase Support into an Android Studio Project ........ccecccceeeecceerecrcensccsceesecseenscssneneennes 497
L TR VLY o P A T T =T o L PSSR 497
53.2 SIiNINEG TN 1O FIFEDASE ..eeuviiiiieiiiieciee sttt ettt et e s ee st e e bt e e saae e s bae e seeessteesaaeesareesaseens 497
53.3 Creating the FirebaseNOtify ProJECT.......ccccviviieiieiieereesceeere et s es 498
53.4 Configuring the User INTEITACE ....cccviiiieciie ettt ae e e sbe e e saa e e sbaeesaree s 498
53.5 Connecting the Project t0 FIrEDaSE ......uiccieicieecciee ettt et e ae e rre e st e e eaae e sareeenneens 498
53.6 Creating @ NeW Firebase PrOJECT ..ottt sttt ettt et s e 499
53.7 The g00gIe-SEIVICES.JSON FilB.....uiiiciieiiie ettt etee ettt ee et e e rtee e sta e e srae e bae e raeesaseeeaaeessraennreens 500
53.8 Adding the Firebase LIDraries .......c.coiiiriiriiiieieeiee ettt sttt ettt et st 501
3.0 SUMIMAIY ittt ettt ettt ete et e et e st e e e be e e be e e beeebaeeebeeeabaeensaeeabaeeseeenbaeeasaeesasenseeensseenseeensreennsenss 502

54. An Android 7 Firebase Remote Notification TUEOFal .......c.cccevveiiieiinsniiineinnsnnnsennssnnnnennsnenssnseseen 503
54.1 Sending a Firebase NOtIfiCatioNn..........coviiriiiiiiiieee ettt 503
54.2 Receiving the NOTIfICAtION ....ecveiieiieceeceee ettt ettt e s raesanesraeses 505
54.3 Including Custom Data within the Notification ...........cccevieiieiinii e 505
54.4 Foreground App Notification HandliNg ........cveevueeiiiiiiiiiiiis e 507
A5 SUMIMAIY ceetiieceece ettt et s e e te e s te e s te e s bae e beeeabaeassaesabaeaaseeensaeensseebaeenseeessseanseeesseennseens 509

XV



55. An Introduction to Android 7 Multi-Window SUPPOTrt.......c.cccceeiireiiiinnnniinnneniinsessssssnessesssssssssssssssses 511

55.1 Split-Screen, Freeform and Picture-in-Picture MOdES...........ccocveeeeiiieeecciiee e esveee e 511
55.2 Entering MUlti-WINdOW IMOGE........coiuiiiiiiiiieeieriee ettt ettt st e b et e beenee s 512
55.3 Checking for Fre@form SUPPOIt .......icve ettt sttt sre e re e sreeetbe e sbeesbeesbeesabeesabeesabeesaseesnns 514
55.4 Enabling Multi-Window SUPPOItin @n AP ..cccveeeeeeiieeeieeiieesveesireesseesseesseesseesssesssssessesssseenans 514
55.5 Specifying Multi-Window ATtHDULES .......ccocuiiiiiiee ettt etre e e et e e e aaae e searaee e 515
55.6 Detecting Multi-Window Mode in @n ACHIVITY ....occvereereereeie ettt s 516
55.7 Receiving Multi-Window NOtIfiCatioNS.........c..eiiiuiiiieciie ettt et eree e e raee e 516
55.8 Launching an Activity in MUlti-WindOW MOE .........cccuveeiieiiieniee et ree e sre e seeesreesnee s 516
55.9 Configuring Freeform Activity Size and POSItION.......cccuuiiiiiiiiiicieeeecee et 517
.10 SUMIMAIY ..ueiitiieeiieeieeeeteeetee et e e s tre e st e e tbeesabe e baeeesseesasaeasseesaseessseessseeasseesnsaesnsassnsaesnteesnseesnsessnseesne 518
56. An Android Studio Multi-Window Split-Screen and Freeform Tutorial ........ccccccceeiirneriiireriicrcnencenes 519
56.1 Creating the MUlti-WINdOW ProjECt......c.cecueiiiriiiieieeie ettt et st 519
56.2 Designing the FirstACtivity USer INtErface ......ccvuvevveiiieeeieecie ettt sve e esveesre e s ne e 519
56.3 Adding the SECONT ACHIVITY .....eeruiiiiiiieieeieete ettt ettt st s e b et et e 520
56.4 Launching the SECONT ACHIVITY ....ccviieieeiieeeee ettt sre e sreestre e steesbeesbeesareesabeesabeesseennns 521
56.5 Enabling MUlti-WINAOW MOGE.........cccueiiiiiiiiiiieiee ettt ettt et st st sae et e en 522
56.6 Testing MUlti-WINAOW SUPPOIT .....ueiiieiiieeeie ettt sre et sreeeveesreeetaeesbeesabessbeesabeesaseesareesnseesnns 522
56.7 Launching the Second Activity in a Different WindoW .........ccccccveiieeniiiesiieecee e saee s 524
56.8 Changing the Freeform Window Position and SiZ€ ........ccceevveeeeieiieeciee ettt ve e e 525
DB.9 SUMIMAIY ...ueiiitiiecee ettt et e et e e s e bt e e s tae e s teeesbeesateessseessseeasseesnsaessseesnseesnseesnseennsessnseennes 526
57. An Overview of Android SQLite Databases ........ccceverirverissenissnnissninsnissnssseissnsssnsissesssssssssnsssssssssssas 527
57.1 Understanding Database Tables.......ccccuuiiieiiii ittt ee e et e e e et e e e e araeeeearaeaans 527
57.2 Introducing Database SCREMA........cccviiiiiieiiiiiie ettt re e ste e stae e saeesate e sseesareesaseesnseesneenans 528
57.3 ColumMNS @Nd DAta TYPES .oouvvieruriiiiiieiieeiitteste e st esteeseteesteesreesseeesbeessseessseessseesseessseesseessessnseennne 528
57.4 Database ROWS .....ceeiuiiiiieiiiiienieeitt ettt ettt st e st et e s bt e sate e sabeesateesabeessteesabeesabeesaseenateesaseenane 528
57.5 INtrodUCING PrimMary KEYS.....uuiiuiiiiieeieeiiieste e stee st e steesteesiaeesaeesbeesateessbeessteesssaesaseesaseesnsessnseennne 528
B7.6 WAt is SQLITE?...ueeiveeteeiteeteeeeseesteestee e et e ete s e seeeseeeseeesseesseesseessesseeseesseessesssesnsesnsesseenseenseensenssens 529
57.7 Structured QUEry LangUAZE (SQL) ...cc.eeruerieriierieiiierieerieesie ettt et sttt e bbb st st st e saeesbeebeeaee s 529
57.8 Trying SQLite on an Android Virtual DeVICe (AVD) .....cccvevvevueeireiereereeseesteese e seesreesseesseesseeseens 530
57.9 ANAroid SQLItE JAVA ClaSSeS...cuuiiiuriiiieeiiiieeieeiteeetee st e siteesteesateesateessseesseessseessaessseessseesnsessnseennne 532
57.9.0 CUISOL oottt ettt e e e ettt e e e e ettt e e e e e e ettt e e e e e e e nnnneeeeeeenas 532
YA AN Y O N1 (=10 o s ] o Jo K-SR 532
57.9.3 SQLItEOPENHEIDEL ..ottt e e et e e e et a e et e e e e tsaaeeatssaeestsssaaaasseseesanees 533
57.9.4 CONLENTVAIUES ...ttt ettt ettt e et e e sateesateesatesnaneenes 533
D700 SUMMAIY ..etietieeeiee ettt eetee ettt eeteee e e ete e s tbeeeteeestbeeesseesabaeesbeesareeesseesabaeasseesasaesasessnsaesateesaseenabessnseesans 533
58. An Android TableLayout and TableROW TULOKal .....cccccceereerceericrcereccrienscseeesecseeesesssnessessnnessesanensenes 535
58.1 The TableLayout and TableROW LayOUt VIEWS........ccceerirrieerireiieienieseesieesieeaeseeseeseeeseeeneeenseeneens 535

XVi



58.2 Creating the Database PrOjJECT.......cueiciieiiiecieeeciee ettt et e et e e ta e e saae e s bae e raeestbeeeaaeessreeeareens 537

58.3 Adding the TableLayout to the User INTErface ........cocuevierierierierie ettt 537
58.4 Configuring the TADIEROWS .....c.veieiiieiiieeiee ettt ettt et e et e et e e stbe e eaaeestaeeesaeestbeeeseeesareennseens 538
58.5 Adding the Button Bar t0 the LayOUL ......cccuieiiiiirieniete ettt st 539
58.6 Adjusting the LayOUTt IMarZiNS.......cceeecieeeiieeiireeeireeeiteeeeteeesteeeeseeesteeesseeessseessseesssseesssessseensseessseesseess 541
8.7 SUMIMAIY ittt ettt et e et e st e e rte e st e e e teeeabaeeasee e baeaseesabaeesaeesaeenseeeseeensneeseeannsensn 541
59. An Android SQLite Database TULOrIal ........ccccciiiieiiieiniseiisienisiinnenssinserssessses s ssssssassssnes 543
59.1 About the Database EXamMPIE .......ccueieeeiiiie ettt et e et e e et e e e s ta e e e eetbeeeeeasaeaeennaeas 543
59.2 Creating the Data MOAE] .......ccccviieieeiiie ettt e sar e et e e ra e e aaeenaseesaraennneens 544
59.3 Implementing the Data HandIEr.........ccc.uviiiiiiiie ettt et et e e te e e e ta e e e e 545
59.3.1 The Add HANAIEr MELROM .........cc.eeevuieeieieieeiieeeeeesie ettt ettt sie s te st siteesiteesseanas 547
59.3.2 The Query Handler MEtROG.............c.oecuiecieeiiieeieesiteete ettt e ste ettt ssiee st e s ssaestaeeseessaesiseaeas 548
59.3.3 The Delete HaNdler MEtROd .............c..oecueeevueeeiiiieieesiieeeie ettt ste e sve s sse e 549
59.4 Implementing the Activity Event Methods..........cocoviiiiiiiiiiiieec e 549
59.5 Testing the APPIICAtION.....ccccieictie ettt et e et e s re et e e s bb e e eaee e baeeeseeesbseesaseesaraennseens 552
5.6 SUMIMAIY ..ttt ettt st a e sh e s bt e bt et e et e s atesatesaeesheesbe e beeabeeabeeabesbaesbeesaeesaas 552
60. Understanding Android Content ProViders........cccceiiiinniiinssneiionssnnininsneiiinsssissssssssssisssssssssssssssssses 553
60.1 What is @ CONTENT PrOVIAEI? ....eiieieeiie ettt ettt ettt ste et e e s te e s te e s teesateesaseesnteesaneesntesesnennes 553
60.2 The CONTENT PrOVIET ..c.eiceeiceeeceeecieee ettt te ettt e et e st e e s ra e te e teessesnaesanessaesnaeseenseensens 553
YO e g0 =T =1 R 554
YO e 11 =1V OSSR 554
L0 X Y=T o 554
BO.2.4 UPAGLE().ceeeeeeeeeeeeee ettt e et e ettt e e e ettt e e ettt e e e e atta s e e aatsaaeetssaaeastssaessssaensseaaan 554
LT OI e =] =1 (=] S 554
L O N I=1 0 B o 1= TS SP 554
O TR B I T 0o a1 1Y o U U 554
60.4 The CONENT RESOIVET ....veiiiiieiie ettt st e et e s bt e st e e sbeesabeessbeesateeeseesnbeeenseenas 555
60.5 The <provider> Manifest EI@MENT.........cceiiiiiiieeiii ettt e ere e s reesbeeseaeesbeesneesabeesneenans 555
B0.0 SUMIMAIY ..ttt ettt ettt ettt et ea e s bt e s bt e sae e s bt et e eateeuteeb e e bt e beeabe e beeabeeatesatesaeesbeanbeenbeenbenn 556
61. Implementing an Android Content Provider in Android Studio.........ccccceerevericerrcrnnicnrcsesssenncsanennnns 557
61.1 Copying the Database PrOJECE ......c.ucciiiiiiecie ettt sttt te e re e e teesbeesbeesabeesaneesabeesneeenes
61.2 Adding the Content Provider PACKage........cocueeieiierierieeie ettt ettt ettt st et
61.3 Creating the Content ProVider Class ......c..ccuieiieeeieeiiieeeteescteeereescteesreesreeseveesseesbessseesasessnseesans
61.4 Constructing the Authority and Content URI
61.5 Implementing URI Matching in the Content Provider..........cueeveeiieeciiecciee e 561
61.6 Implementing the Content Provider onCreate() Method ........cceeceeeieeiiieeciee e 562
61.7 Implementing the Content Provider insert() Method..........cccccviiieeiiii i 563
61.8 Implementing the Content Provider query() Method..........ccecvveiiieriiieciee e 564



61.9 Implementing the Content Provider update() Method ..........cccceeiiieiiiecciie e 566

61.10 Implementing the Content Provider delete() Method ..........ccoverieiienieneenec e 567
61.11 Declaring the Content Provider in the Manifest File ..........cceeveeiiieeciieeciiecec e 568
61.12 Modifying the Database HandIEr ..........cocuieiiiiiiiinieeere ettt sttt n 569
D113 SUMMIAIY ..ueiiitiieeiieecieeeetee ettt eeteestteeetteestbeeeteeestbeeesseesabaeesseesasaessseesabeeasseessaesssessnssesateesassesssessseesnts 572
62. Accessing Cloud Storage using the Android Storage Access Framework ........cccccceeecverrcccenrecrcceneennee 573
62.1 The Storage ACCESS FramMEWOIK.......ccviiiiiieiiiiiieeeie ettt sae e s ae e e te e s aeesteesneesareesneeenes 573
62.2 Working with the Storage AcCess FrameWOIK..........cccuuiiieciiiiiiiiieeeeciieeeectee e eeveeeeeetee e eeetaeeeereeeeans 575
62.3 Filtering PICKEr File LISTINGS ..vveecveiiieeeeeeiieeeteestteee e e steesteestreestveestteesateeseseesaseesssaesnseesaseesnsessnseennns 575
62.4 HandliNg INtENT RESUILS.....eiieuiiie ettt ettt e et e e ettt e e e e bt e e eettae e e abeeeeentaeeeeensaeaeaarananans 576
62.5 Reading the Content Of @ File ....ccvieeiiiiiicce ettt re e s re e s te e s re e s nbe e sneeeaes 577
62.6 Writing CoONtENTT0 @ FIlE woovviieiiiciiecee ettt st sre e st e s re e st e e sabeesabeesbeenane 578
B2.7 DEIETING @ FIlE .eveeeeeeiie ettt ettt st e te st e e et e e s te e st e e sabeeeaseesateessteesnsaesabeesaseesnsassseennns 579
62.8 Gaining Persistent ACCESS t0 @ FlE ..c..iiuiiiiiiiiieieeeee ettt 579
B2.9 SUMIMAIY..cuiiiitii et et e ettt ettt esteestteeete e s tbeestee e taeeesseesataeasseesssaessseesssaeassaesasaesssessasaesnseesaseenssessnseesnss 579
63. An Android Storage Access Framework EXample........eiiieeiiinceniccnnenncssnensessessesssnessesssnssssssnsssssnes 581
63.1 About the Storage Access Framework EXample .......cocuveeiieiieeciee ettt s e e ree s 581
63.2 Creating the Storage Access Framework EXample ........coveoiviiiniinieneenienieee et 581
63.3 DESIgNING the USEr INTEITACE ....viiiuieeeeee ettt ettt et tbe e sre e s abe e s teesabeesabeesabeseneenans 581
63.4 DeClaring REQUEST COUES .....viiriiiiiiierieeitteeeee e st e eteesteesaeesteestseesbaeenseesnseessseesnsaessseesnseesnsessnseennns 582
63.5 Creating @ NEW STOrage Fill.....uii ettt ettt et e s e ebe e s ae e e abe e steesabeesabeesabessnneenans 583
63.6 The onACtiVityReSUIE() METNOM.......ccciiiiiieee ettt st ae e s te e s re e s are e sneeeaes 585
63.7 SaAVING 10 @ STOTAZE File...ueii ettt e et e e e e ette e e et e e e e eta e e e eensaeaeeabaeaaans 587
63.8 Opening and Reading @ Storage File .........occviiiieecie ettt ae e s s re e s be e s neeenns 589
63.9 Testing the Storage Access APPIICALION ....cccviiiiiiiiiiiieee e sae e 592
63,10 SUMMAIY ...eiitiieiieeieeecee ettt esee s e e st e e tbeestee e baeeesseesasaeasseessseessseesasaeasseesasaesasessnsaesntessnseennsessseennes 592
64. Implementing Video Playback on Android using the VideoView and MediaController Classes ....... 593
64.1 Introducing the Android Vid@OVIEW Class .........eecuieiieerieeiieenieesieesieesveesteesaeessseesseesseessseesnns 593
64.2 Introducing the Android MediaController Class..........cceveeeeecreieneeseereere e eee e 594
64.3 Testing VIde0 PIaybacK ......c..ieciiiiiiecee ettt et eete e s ae e s te e steesnteesbeesnbeesneennne 595
64.4 Creating the Video Playback EXAMPIE ......cccviiiiieeieeiie ettt ettt e et sve et e sveesbeesbeesabeesaneenans 595
64.5 Designing the VideoPIayer LAYOUL .......cc.eeiiriiiieiierieeieesie ettt sttt st st e e et et eaee s 595

64.6 Configuring the VideoView
64.7 Adding Internet Permission

64.8 Adding the MediaController to the VIde0o VIEW ........ccveeiieiieeeiiecieectee ettt enee s 599
64.9 Setting Up the ONPrePar@dLISTENE........cvve i cieecee ettt ere e s te e sreeebeesreesnreesseennns 600
B2.10 SUMIMAIY ..eiiiiiiiie et e ettt e eecte e e e et e e e ettt e e eebeeeesbeeaaesstaeaeassaaaeasssaaastaseeaassseesassasesansseseanssaaesassanaaans 601
65. Video Recording and Image Capture on Android using Camera Intents..........ccccceeeercerrcccenrecrcneneennns 603

XViii



65.1 Checking for Camera SUPPOIT......cueiiiiiiieeceeecteeeteesteeeteesreestreesteesaseesseesabeesnseesasessnseesnsessnseesnes 603

65.2 Calling the Video Capture INTENT .....cc.eiiiiieieriereere ettt sttt et et st st e bt e beenbeenbean 604
65.3 Calling the IMage Capture INTENT ....cc.veiiiieeiecceeecee ettt e ste e e b e e s reeeteesbeesabeesneesabessnseenans 605
65.4 Creating an Android Studio Video Recording ProjeCt.........cccvecierierienieenieenieerieeee et 605
65.5 Designing the User INterface LaYOUL .........ccuieiieeiieiiieeetee ettt ereesveeeaveeereesbeeeneesabeeeneeeans 606
65.6 Checking fOr the CamEra.......ccuiciieecie ettt et s e e e te e st e e st e e sbeesateesseesnbeeennenaes 606
65.7 Launching the Video Capture INTENT .........ccuiiiiieeiieccieeetee ettt sre e re e eteesbeesneesabeeeneenans 607
65.8 HaNdliNg the INTENT RETUIMN.......eiiiieeie ettt re e s e e st e e sare e saeesateesaneesateeeneeeaes 608
65.9 Testing the APPIICATION......cccuiie ettt e e et e e e et e e e e abeeeeetaeeeeeanaeeeensaeaans 609
O Lo TN 0 IEYU T o o =T o RPNt 609
66. Making Runtime Permission Requests in ANAroid .........cccccccerieinenininceniinnsnenisssnessssssnssssssssesssssssses 611
66.1 Understanding Normal and Dangerous PErMISSIONS........c.ceicueervieriieeniueesireesiieeesseesressssesssesssseesnns 611
66.2 Creating the Permissions EXample PrOJECT.......ceecviiiieeeiieiieecree st e ecreesreesreesreesreeeneestaesneeeaes 613
66.3 Checking fOr @ PEIrMISSION .......oiiiiiiieieeteete ettt sttt st st st sbe e b e bt 613
66.4 Requesting Permission at RUNTIME ........ciiiiiiiieecie ettt e re e ste s ve e sreesabeesaeesabaesneenans 615
66.5 Providing a Rationale for the Permission REQUEST ........cccueiiiiiiriinieieeeeee ettt 617
66.6 TeStiNg the PermMiSSIONS AP ..cuviiiieeeieeiieeeieeecreeeteesteeeteesteeetreesbeesabeesseesabeessseesnsessseesssesenseesnns 619
B6.7 SUMIMAIY ..euetitietieteete ettt sttt et et e et e eatesatesatesheesaeesaee bt enteeatess e e st e beesbeenbeensesaeesatesaeenseanseenseensenn 619
67. Android Audio Recording and Playback using MediaPlayer and MediaRecorder...........ccceeuvreuernnnes 621
O I o Y T o T Y T Lo PSRN 621
67.2 Recording Audio and Video using the MediaRecorder Class .........ccceevveeeiveeereeciieeciree e eree e 622
67.3 ADOUL the EXAaMPIE PrOJECT...cccuviiitieeiieeciie ettt e et ste et e e s te e s te e s te e st e e snteesntaesnneesnteeennenans 623
67.4 Creating the AUAIOAPD PrOJECT........oocc ettt et et e e e te e e e e ta e e e eaaaeeesaraeaaens 624
67.5 DesigNINg the USer INTEITACE ......ccveeeie ettt ettt et et re e e e s re e s re e steesabeesneesnteeeneenans 624
67.6 Checking for Microphone AVailability .......cccceeiieiiiiiiiieie e sree e 625
67.7 Performing the Activity INItialiZation .........cccueiiieeiiiice et e e e 625
67.8 Implementing the recordAudio() METhOd..........cooviiiiiiiiiiiieccee e 627
67.9 Implementing the stopAUdIO() MELNO ........ooiiieiiiicieece ettt sae e s be e sree e 628
67.10 Implementing the playAudio() Method............coiiiiiiiiiii e 629
67.11 Configuring and ReqUEStING PEIrMISSIONS ......ccueeiveeiiieeeiieiieeereeeireesireesreesreesreesareeeseesbeeenseesnns 629
67.12 Testing the APPICAtION......iiiiriee ettt ettt st et e et e s ee st e saeesaeesbeebeenbean 633
B7. 13 SUMMAIY «veeitiieiee ettt ettt eeteeeeteeestveeeteeestbeeeteeestbeeaseeesabeeasseesassessseesasaeasseesseesasassnseesntassseesstessseeanes 633
68. Working with the Google Maps Android APl in Android Studio .......ccccceviinnnrinissnninissenicsssnnnesssnenessens 635
68.1 The Elements of the Google Maps ANdroid APl .........c.cociieiieeiiieiieecee e e eteesreesre e sae e e e e esree e 635
68.2 Creating the GOOZIE MaPs PrOJECT ....uviiiieereecreeeie ettt ettt ete e ete e e re e s teeebeesbeesbeseneesabeseseenans 636
68.3 Obtaining YoUr DeVeloper SiBNatUre........cccuiiiieeeieeiieeeiee st e ssteeeveesreesveeeaeesbeesreesnseesneennns 636
68.4 Testing the APPIICATION......ccciieee e e ettt e e e et e e e e eate e e e abeeeeebaeeeseasaeaeensanaans 637
68.5 Understanding Geocoding and Reverse GEOCOAING......cccvevvueerieeriieeriieeeireesreesireesreesneesreesnneeans 638

XiX



68.6 Adding a Map t0 an APPIICALION ...veeceeeitieeeie ettt sre e str e e stbeeste e sbeesabeesbeesabeesnneeeans 640

68.7 Requesting Current LOCation PermiSSiON........ccceiiereereerieete et sete st ettt st st st e sae e e eneeeneeas 640
68.8 Displaying the User’s CUIreNnt LOCATION ......ccccivieeieeiieeeieeiteeereesteeetteesteeetreesereesbeesbeesabeesneennns 642
68.9 Changing the IMap TYPE ..ottt ettt ettt sttt e b et e e be s atesatesaeesaeenbeenbeentens 644
68.10 Displaying Map CoNtrols t0 the USEr.......ccuiiiiieciiiiieecee ettt sreesbe e sne e 645
68.11 Handling Map GeStUIre INTEractioN .........ccccueeiieerieeireeeiteesieesveesteesteesaeessseesaeesnteesseesnseesseennns 645
68.11.1 MQAP ZOOMUNG GESLUIES ...ueeeieeseieieieisiesesetesesesesssesssssssesssssssssssesessssssssssssssssssssssssssssssssseseses 646
68.11.2 Map Scrolling/PanNing GESTUIES ...........c.ccvevveeveereeireeieesseessssseesseeesseissessssssesisesssesssesssesssenns 646
68.11.3 MAPD Tilt GESTUIES ... e et e ettt e ettt e e ettt aeeetba s e e esssaaesatasaeassaseesassnaeasseaann 646
68.11.4 MAP ROLALION GEOSTUIES .....uvvevveeseeeseiiiiieeeeeeseesitteaeeesessstttee e e e s s s sessateaesessssssstaasassssssasseneees 647
68.12 Creating Map MarKerS... ..o ettt e ettt e e e et e e e eeata e e e tbeeeeetaeaeeensaeaeaasanaans 647
68.13 Controlling the Map CAmMEBIa ....ccveeeieeiiiieeie et eete e sreeete e steesreesteestaeesbeesaseesssaesnseesaseessseesseesnns 648
B8. 14 SUMMIAIY ...eiitiieiieeitieeste ettt e st e e sttt e ste e sttt esteeesbeeesseeesateeasseessseassseessseaasseesasaessseesnsaesnseesseesnsessnseennne 650
69. Printing with the Android Printing Framework...........cccoviiviiivinninnsnninnnnnnninnsnsssssssssennes 651
69.1 The Android Printing ArChIECTUIE.......eiiiieeeeecie ettt ettt ste e e te e sre e sbe e s beesabeesbeesabeesaneenans 651
69.2 The Print SEIVICE PIUGINS.......oiuiiiieieeiteieet ettt ettt ettt b ettt st st e bt e saeesbeebeeaeens 651
69.3 GOOEIE ClOUA PriNt....uiiiceecciieeeie ettt ettt stteeetee st eeeae e sreesabeesabeeeaseesaseessseesasaesabeesaseesnressseenans 652
69.4 Printing 10 GOOZIE DIIVE ..cueiiuiiieieieeie ettt sttt ettt ettt e s bt e b e be e besatesatesaeesaeenbeenbeensens 653
LTS IS I T V=T T o 0 TS 653
69.6 Printing from ANdrOid DEVICES.......ueeceiiiiiieeiieciie et e steeeteeste e s reesteestae e saeesaseesseesateesaseesnseesnseennns 653
69.7 Options for Building Print SUpport into ANAroid APPS ..cccveeeveeeieeiieeeieecreeecree e ereesreesbeeenee s 654
(X R 8 [ o o L= o/ |} o OO PP UPPP TP 655
69.7.2 Creating and Printing HTML CONTENT .............ueeeeceeeeeeieeeecieeeeeieeeeieeaeesteaeeesteaeesasnaeessseaaas 656
69.7.3 Printing @ WD PAQE..........ooeeeeeeeeeeieeeeeeeeeee e ettt e et ttee e sttt aeessstaaesansaaassasaaaesasteaesssseaessseanan 658
69.7.4 Printing G CUSTOM DOCUIMENT .........ueieieieieieieieieseieeeeeeeseseseseseseseseseseseseseeesesaseeeeeseeesseseassaseesesens 658
B9.8 SUMIMAIY ....uiiiiiieiieecte ettt e ete sttt e st e et e e s e e e s taeeetbeesabaeasbeesaseessseesssaeassaesasaessseesssaesnseesnseesssessnseesnes 659
70. An Android HTML and Web Content Printing EXample .........ccciiveiiiieniinneenicnnsenisnnsnensesssssssssnsssssnes 661
70.1 Creating the HTML Printing Example Application.......c..cccieiieeeiie ittt 661
70.2 Printing DYNamic HTIMIL CONEENT c...eiuviiiiiiieieciterie ettt ettt ettt st st st ae et s 661
70.3 Creating the Web Page Printing EXamMPIe ......cooviiiieiiiiecieece ettt sve et e v s teesneeenns 665
70.4 Removing the FIoating ACtioN BULLON......ccueviiiiiiieieeie ettt sttt 665
70.5 Designing the User INTErface LAYOUL .........cocviiiieeeieeiieeeiee st et e steeetveesteeetve e saeesbeesneesabeesnneennns 665
70.6 Loading the Web Page into the WEDBVIEW........c..eocviiiieeciieceeeee ettt sttt s be e e nee e 667
70.7 Adding the Print IMENU OPTION ....c.veeeeeeiiieeieeiiieeeeeesteeeaeesreesteesareessaeessaessteesseesnseesseesnseesseennns 668
70,8 SUMIMAIY ...c.uiiiitiieeee ettt eeee ettt eeteestteeetteestbeesteeessbeeesseesabaeasseesaseeesseesabaeasseesassessseesnssessseesaseensseesnseesnss 671
71. A Guide to Android Custom Document PrNEING ......ccccccceereccceeiierceniecsnenscsnesssssaessssssnessesssnsssssanensssnes 673
71.1 An Overview of Android Custom Document Printing......cccocveeriieerieeniiienieesiee e sre e seee e 673
71.1.7 CUSEOM Print AQQPLEIS ....ooeeeeveeeeeeeee et eete e et e st e e sttt e e e ettt e e ssaeaessateaasssteasansnassnnsesasnans 673

XX



71.2 Preparing the Custom Document Printing ProjECt.....c..ccvuiiivieeeiieeiiieecreeecteesreeeereesreesneesveesnee e 674

71.3 Creating the CUStOM Print AdQPTer ....couiiieeieee ettt ettt st e et 675
71.4 Implementing the onLayout() Callback Method ...........cocuviiiiiiiicc e 677
71.5 Implementing the onWrite() Callback Method ..........cccoeviiiiiiiniinieieeeeee e 680
71.6 Checking @ Page iS iN RANGE...cc.uiiiieeeiieeciieceieecctteecte e eteee e e steeeabeesbeesbeesbeesabeesnseesabessaseesatesenseenans 683
71.7 Drawing the Content 0N the Page CanVas........ccooueveereenieeieeiecteste sttt st e e enne s 684
T1.8 Starting the PriNtJOD ...cuei ittt ettt e e b e e s beesabeesabeeeabeseneesabeseneeeats 687
T71.9 Testing the APPIICAtION.....ccviecie ettt et e s ere e s e e steesabeesseesnteesneesnseeeneennns 688
T1.00 SUMMAIY oottt ettt e e ettt e e et e e e ettt eeesabeeeeeaataeeeeasaeeessseeaaassaseaesssaeeeastasasanssasesassseseansenaaans 689
72. An Android Fingerprint Authentication TUtorial.........ccccceeeeereirecrcireccrerrccee e s cseees e see e s e sneeeenns 691
72.1 An Overview of Fingerprint AUthentication ..........cccccevieriiei e 691
72.2 Creating the Fingerprint Authentication Project........ccccvviiiieiniieiiieeccee e 692
72.3 Configuring Device Fingerprint AUThentiCation .........cccccevveeiieieseesieseeree e 692
72.4 Adding the Fingerprint Permission to the Manifest File ........cccccvvvieeiiiiieesee e 693
72.5 Adding the FINGEIPriNT ICON.....iciiiieceeieeeee ettt e e te e teeneesaeesreesneesseenseensens
72.6 Designing the User Interface
72.7 Accessing the Keyguard and Fingerprint Manager SEIVICES........cuvvvereereereereeeieeeeeseeseeeseeeseeeens 695
72.8 Checking the SECUIitY SETINGS ...ccviieieiiiiecee ettt re e e s re e e be e st e e s abeesaeesnteesnnneeaes 695
72.9 Accessing the Android Keystore and KeYGENEIrator...........ccvuveeveeiieeciieeeiteeereeecreeereesreesveesnne e 697
72.10 GENEratiNg The KEY ...uieiieiieeieeieeeeeee ettt ettt et e s et e st e bt e beesesatesasessnesaeenseenseensenn 699
T72.11 INItAliZING The CIPREI . ..ei ittt ettt et s it e et e e ete e s be e s beesabeesabeesabeseseesnbeeeseeeats 701
72.12 Creating the CryptoObjeCt INSTANCE ...c..viieiie ettt sre e e e s be e e ae e s teesneeeaes 703
72.13 Implementing the Fingerprint Authentication Handler Class.........cccceecieeeeiiieeeciciiee e, 704
07 R Y ] Y= o o TN o oY =Tt RPNt 707
T2.15 SUMMAIY oottt e ettt e e ettt e e e etteeeesabeeeeeastaeeeaasaeeessseeaeastaseeanssaeeeastasaeanssesesassaeeeansenaaans 707
73. Handling Different Android Devices and DiSplays ......cccccevecerircnricsenissnnissnnsssnsssnnsesnssssnsesassssnssesassssnns 709
73.1 Handling Different DeVICe DiSPIays ......cicueeeuieriieerieeiieesieesiteesreesiseesteesseessseessseessessssessssessnsessnne 709
73.2 Creating a Layout for @ach DiSplay Size........eciveeciiiiieeeii ettt ae e sbeesnee e 709
73.3 Creating Layout Variants in ANdroid StUAIO .......cocoveeriiriiiiiiiiiieceeee et 710
73.4 ProViding DIifferEnt IMagES.....cuiiiieeeie ettt este e ste ettt ste e st e e s te e s teesbeesabaesnseesateesaseesntesenseenans 711
73.5 Checking for HardWare SUPPOIT......cc.eiieierieiieriterie ettt ettt sttt e sae et e st et e saeesbeenbeenbean 712
73.6 Providing Device Specific Application BiNAri€S .........cccueeevieiiireeieeiieecireeereeereesreesveesreeereeenee e 713
T3.7 SUMIMAIY .uveiiiieeeieeeeteeeeteeeeteeeeteeestaeeeteeestbeeesesessseeesseesabeeasseesaseeasseesaseeasseesassesasaesnseesssessseesssessnseesnes 713
74. Signing and Preparing an Android Application for Release........ccccceeeccerrecceerecrcernscseenecseenscssnessennns 715
74.1 The Release Preparation PrOCESS .......ccuiiicciieeeiiieeeeciteeeeecteeeesstteeeeetaeseeaaaseesaseeeeesssesesasssasesnsenasans 715
74.2 Changing the BUild Variant.........ccueeeieiiiiecieccieece sttt te e e e e s teesteesaeesateesaeesnsaesnnennns 715
T4.3 ENADIING PrOGUAIT. .....cceviii ettt et e e e e ettt e e ettt e e e etb e e e e e ataeeeeataaeeesbeeeeesseeesassaeeeanranaanns 716
T4.4 Creating @ KEYSTOIE Fil.. ..t iie ettt ettt ettt st e s te e s te e s teeste e st e e saseesataesneesnteessnennes 717

XXi



T4.5 GeNerating @ Private KEY ....c..uuii ittt e e et e e e s aae e e s at e e e e e ntaeeeennnaeeesnnaeeans 718

74.6 Creating the Application APK FIlE ....c..iiiiiiiiieeieceeieestese ettt st st sttt s 719
74.7 Register for a Google Play Developer Console ACCOUNT ........ccocveeeeiiiiieeciiee e e esveee e 720
74.8 Uploading New APK Versions to the Google Play Developer CONnsole.........ccooeveeercieneeneenieeniennnen. 721
T4.9 ANAIYZING ThEe APK FIlE .eeeeiieeeeeee ettt ettt ettt e et e stee e tre e eteeeabeesabeesabeesabaesabessnseesabessseennns 723
T4.00 SUMIMAIY ..uiiiitiieiieeiieecee ettt esteestteesteeestaeessaeessseeasseesssaeasseessseassseessseaasseesnssessseesnsaesnseesnseesnsessnseesnss 724
75. Integrating Google Play In-app Billing into an Android Application.........c.ccceevivicernierisersssensscensnnnne. 725
75.1 Installing the Google Play Billing LIDrary..........coocueiieeiiiee et ettt e e e earaee e 725
75.2 Creating the Example IN-app BilliNg ProJECT .......eecveiiieeeiie sttt sve e s ne e 726
75.3 Adding Billing Permission to the Manifest File ..........ccuvioiiii e 726
75.4 Adding the lInAppBillingService.aidl File to the Project .......cccccveeeeeieeieciie e 727
75.5 Adding the Utility Classes to the PrOJECT .......ciiuieriiiiiieiieesieectee et ste e ste e e s esae e sbe e saeeeane 729
75.6 Designing the UsSer INTEITACE .....cccvieeie ettt te e te e s ae e s be e s aeesabe e sabeesabeesneennns 730
75.7 Implementing the “Click ME” BUTEON .....coueiiiiiiiiieriieieee ettt s st 731
75.8 Google Play Developer Console and Google Wallet ACCOUNTS .......ceeecveeiieerieeiieecree e sree e eens 732
75.9 Obtaining the Public License Key for the Application..........cooceeierieiinieineeeeeeeeeseeeeee e 733
75.10 Setting Up Google Play Billing in the APPliCation ........cccveiieeeiieiieeciee et 734
75.11 Initiating a Google Play In-app Billing PUrChase........ccooviiiiiiiniinienieccseee e 735
75.12 Implementing the onActivityResult Method ............ceeeviiiiiiciiie et 736
75.13 Implementing the Purchase Finished LISTENET .........cccveriiriiiiiiniereesteseee et 737
75.14 Consuming the PUrChased [TEM .......ccuuiiieiiee ettt e et e e et e e e et e e e e nbaeesearaaeens 738
75.15 Releasing the [abHeIPer INSTANCE ......occuiieeiiicieece ettt s e s r e e s re e sneeenes 739
75.16 Modifying the SeCUrity.Java File ......ccc.uii ittt et e et e e eara e e e eareeaen 739
75.17 Testing the In-app Billing APPlICatioN .....cccviiiieeciee sttt re e re e s ae e 741
75.18 BUIlAING @ REICASE APK ... ittt e e et e e e tte e e e et e e e eaaae e s abeeesentaeaeeensaeaeansanaaans 741
75.19 Creating a NEW IN-aPP PrOQUCT......cccuiiiiiecieeiie e st et sreeereesreesaaeesaaeesabeesbaesabeesaseesnsessnseesnns 742
75.20 Publishing the Application to the Alpha Distribution Channel .........cccovcvveviieiiieencie e 743
75.21 Adding In-app BilliNg TEST ACCOUNTES ..ecvvieeirieiiieecieecireeetee e e e reesteeetteesteesaaeesseesabeesaseesnressneenans 743
75.22 Configuring GroUP TESTING.....cotirutiiieieeieeie ettt ettt et ettt e s bt e bt e be et st e st e saeesaeenbeebeeneens 745
75.23 Resolving Problems with IN-App PUFChASING .....ccc.eeiiiieiiieiieecie ettt snee e 745
75,24 SUMIMIAIY ...ttt ettt sttt ettt et eat e s bt e s bt e saeesbe e bt eaeesateeaeesbe e beeabeeabeebeeubesatesaeenbeanbeenbeenbens 746
76. An Overview of Gradle in ANdroid StUIO ......cceeciiruiisniisnnisinniiieineissinsissisnissssnsssssssesssssssssssssssssess 749
76.1 AN OVEIVIEW Of GradlB....ucceiiieeeieeiieiietee ettt ettt st e et e s et e e e teeaesaaesaaesseesneenseensennsens 749
76.2 Gradle and ANAroid STUTIO ......co.eereeriieiieiieieeie et sttt et e beste st e saeesaeenseenseeneens 749
76.2.1 S€NSIDIC DEFQUILS ..ottt e ettt e e e e ettt e e e et e e e staa e e e s ttasaeaatssaesssssaaesstssaenaes 750
A 0 =] = Lo (=] o Lol (=X PSR PRSR 750
VAR 1011 o Yo T Lo 1 R3PS 750
I Y Lo L Ty L= USSR 750
I Y Y o QY [0 [ 1 T N 751

XXii



76.2.6 PrOGUAIT SUDPOIT ...ttt e ettt e et e e et a e e et e e e aasaa e e s ssaaeesstasassasseaeesssssasnsseaannns 751

76.3 The Top-level Gradle BUild File........coeeiieiiriiiierie ettt st st et an 751
76.4 Module Level Gradle BUild FilES .......cuecvieierieiieiieseeseesie ettt e e seesaesee e e sne e eeenseennens 752
76.5 Configuring Signing Settings in the BUild File .........coccovieiiiiiiiineeeeeeee e 755
76.6 Running Gradle Tasks from the Command-liNe..........c.cccuiiiiiieiiii it 756
T0.7 SUIMIMAIY .uvieiitieeeteeeetteeeteeesteeestteesteeessaeessseesseeaasseesseesssaaasseessseessseesasesasseesseesssessnssesnsessnseesssessnseesnes 757
77. An Android Studio Gradle Build Variants EXample.........ccccccveiiennenininnneniinnneisisnsnssnsensossessossssssnes 759
77.1 Creating the Build Variant EXample ProjECt .......cccuiiiiieiiiiiieisiie sttt sree st e sveesbeesnnee e 759
77.2 Adding the Build Flavors to the Module Build File .........cccoeovvriirienieeereeeee e 760
77.3 Adding the Flavors to the Project StrUCTUI..........eiieiiie ettt e e 763
77.4 Adding Resource Files to the FIAVOrS........cccuiii ettt et e e aee e ee e 764
T7.5Testing the BUIlA FIAVOTS ......cociiiiieccieesie ettt ettt ettt e ste e s te e steesabe e saneesnbeeeseenane 765
77.6 Build Variants and Class FilES ........uecieiiireiirierieiie sttt ete et eesae e aeeeesneesreesseesseenseensens 765
77.7 Adding Packages to the Build FIAVOrsS.........cocueiiiiiiieinieeie ettt ettt 766
77.8 CuStoMIZING the ACEIVILY CIASSES ....eccuiiiiiieeeiiieiiieecieeecte ettt e steesre e s reesre e sveesebeesreesabeesneesatasssaeeans 766
T7.9 SUMIMAIY .ottt ettt sttt ettt et et e e a e e sh e e s bt e s aeesae e bt eabeeateeb b e bt enbeesbe e bt eabesatesatesaeesbeanbeenbeenbenn 768
3T L= 769

Xxiii






Chapter 1

1. Introduction

Fully updated for Android Studio 2.3 and Android 7, the goal of this book is to teach the skills
necessary to develop Android based applications using the Android Studio Integrated
Development Environment (IDE) and the Android 7 Software Development Kit (SDK).

Beginning with the basics, this book provides an outline of the steps necessary to set up an Android
development and testing environment. An overview of Android Studio is included covering areas such
as tool windows, the code editor and the Layout Editor tool. An introduction to the architecture of
Android is followed by an in-depth look at the design of Android applications and user interfaces using
the Android Studio environment. More advanced topics such as database management, content
providers and intents are also covered, as are touch screen handling, gesture recognition, camera
access and the playback and recording of both video and audio. This edition of the book also covers
printing, transitions and cloud-based file storage.

The concepts of material design are also covered in detail, including the use of floating action buttons,
Snackbars, tabbed interfaces, card views, navigation drawers and collapsing toolbars.

In addition to covering general Android development techniques, the book also includes Google Play
specific topics such as implementing maps using the Google Maps Android API, in-app billing and
submitting apps to the Google Play Developer Console.

The key new features of Android Studio and Android 7 are also covered in detail including the new
Layout Editor, the ConstraintLayout and ConstraintSet classes, constraint chains, direct reply
notifications, Firebase remote notifications and multi-window support.

Chapters also cover advanced features of Android Studio such as Gradle build configuration and the
implementation of build variants to target multiple Android device types from a single project code
base.

Assuming you already have some Java programming experience, are ready to download Android
Studio and the Android SDK, have access to a Windows, Mac or Linux system and ideas for some apps
to develop, you are ready to get started.

1.1 Downloading the Code Samples

The source code and Android Studio project files for the examples contained in this book are available
for download at:
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http://www.ebookfrenzy.com/direct/androidstudio23/index.php
The steps to load a project from the code samples into Android Studio are as follows:

1. From the Welcome to Android Studio dialog, select the Open an existing Android Studio project
option.

2. In the project selection dialog, navigate to and select the folder containing the project to be
imported and click on OK.

1.2 Feedback

We want you to be satisfied with your purchase of this book. If you find any errors in the book, or have
any comments, questions or concerns please contact us at feedback@ebookfrenzy.com.

1.3 Errata

While we make every effort to ensure the accuracy of the content of this book, it is inevitable that a
book covering a subject area of this size and complexity may include some errors and oversights. Any
known issues with the book will be outlined, together with solutions, at the following URL:

http://www.ebookfrenzy.com/errata/androidstudio23.html|

In the event that you find an error not listed in the errata, please let us know by emailing our technical
support team at feedback@ebookfrenzy.com. They are there to help you and will work to resolve any
problems you may encounter.


http://www.ebookfrenzy.com/direct/androidstudio23/index.php
mailto:feedback@ebookfrenzy.com
http://www.ebookfrenzy.com/errata/androidstudio23.html
mailto:feedback@ebookfrenzy.com

Chapter 2

2. Setting up an Android Studio
Development Environment

Before any work can begin on the development of an Android application, the first step is to
configure a computer system to act as the development platform. This involves a number of steps
consisting of installing the Java Development Kit (JDK) and the Android Studio Integrated Development
Environment (IDE) which also includes the Android Software Development Kit (SDK).

This chapter will cover the steps necessary to install the requisite components for Android application
development on Windows, Mac OS X and Linux based systems.

2.1 System Requirements
Android application development may be performed on any of the following system types:

e Windows 7/8/10 (32-bit or 64-bit)

e Mac OS X 10.10 or later (Intel based systems only)

e Linux systems with version 2.19 or later of GNU C Library (glibc)
e Minimum of 2GB of RAM (8GB is preferred)

e Approximately 4GB of available disk space

e 1280 x 800 minimum screen resolution

2.2 Installing the Java Development Kit (JDK)

The Android SDK was developed using the Java programming language. Similarly, Android applications
are also developed using Java. As a result, the Java Development Kit (JDK) is the first component that
must be installed.

Android Studio development requires the installation of version 8 of the Standard Edition of the Java
Platform Development Kit. Java is provided in both development (JDK) and runtime (JRE) packages.
For the purposes of Android development, the JDK must be installed.

2.2.1 Windows JDK Installation

For Windows systems, the JDK may be obtained from Oracle Corporation’s website using the following
URL:
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http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html

Assuming that a suitable JDK is not already installed on your system, download version 8 of the JDK
package that matches the destination computer system. Once downloaded, launch the installation
executable and follow the on screen instructions to complete the installation process.

2.2.2 Mac OS X JDK Installation

Java is not installed by default on recent versions of Mac OS X. To confirm the presence or otherwise

of Java, open a Terminal window and enter the following command:

java -version

Assuming that Java is currently installed, output similar to the following will appear in the terminal
window:

java version "1.8.0 77"
Java(TM) SE Runtime Environment (build 1.8.0 77-b03)
Java HotSpot (TM) 64-Bit Server VM (build 25.77-b03, mixed mode)

In the event that Java is not installed, issuing the “java” command in the terminal window will result
in the appearance of a message which reads as follows together with a dialog on the desktop providing
a More Info button which, when clicked will display the Oracle Java web page:

No Java runtime present, requesting install

On the Oracle Java web page, locate and download the Java SE 8 JDK installation package for Mac OS
X.

Open the downloaded disk image (.dmg file) and double-click on the icon to install the Java package
(Figure 2-1):

JDK 8 Update 77

Java Development Kit

Double-click on icon to install

JDK 8 Update 77.pkg

Figure 2-1


http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
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The Java for OS X installer window will appear and take you through the steps involved in installing the
JDK. Once the installation is complete, return to the Terminal window and run the following command,
at which point the previously outlined Java version information should appear:

java -version

2.3 Linux JDK Installation

First, if the chosen development system is running the 64-bit version of Ubuntu then it is essential that
a 32-bit library support package be installed:

sudo apt-get install 1ib32stdc++6

As with Windows based JDK installation, it is possible to install the JDK on Linux by downloading the
appropriate package from the Oracle web site, the URL for which is as follows:

http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html|

Packages are provided by Oracle in RPM format (for installation on Red Hat Linux based systems such
as Red Hat Enterprise Linux, Fedora and CentOS) and as a tar archive for other Linux distributions such
as Ubuntu.

On Red Hat based Linux systems, download the .rpm JDK file from the Oracle web site and perform
the installation using the rom command in a terminal window. Assuming, for example, that the
downloaded JDK file was named jdk-8u77-linux-x64.rpom, the commands to perform the installation
would read as follows:

su
rpm —ihv jdk-8u77-linux-x64.rpm

To install using the compressed tar package (tar.gz) perform the following steps:

1. Create the directory into which the JDK is to be installed (for the purposes of this example we will
assume /home/demo/java).

2. Download the appropriate tar.gz package from the Oracle web site into the directory.

3. Execute the following command (where <jdk-file> is replaced by the name of the downloaded JDK
file):

tar xvfz <jdk-file>.tar.gz
4. Remove the downloaded tar.gz file.

5. Add the path to the bin directory of the JDK installation to your SPATH variable. For example,
assuming that the JDK ultimately installed into /home/demo/java/jdk1.8.0_77 the following would
need to be added to your SPATH environment variable:


http://www.oracle.com/technetwork/java/javase/downloads/jdk8-downloads-2133151.html
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/home/demo/java/jdkl.8.0 77/bin

This can typically be achieved by adding a command to the .bashrc file in your home directory (specifics
may differ depending on the particular Linux distribution in use). For example, change directory to
your home directory, edit the .bashrc file contained therein and add the following line at the end of
the file (modifying the path to match the location of the JDK on your system):

export PATH=/home/demo/java/jdkl.8.0 77/bin:$PATH

Having saved the change, future terminal sessions will include the JDK in the SPATH environment
variable.

2.4 Downloading the Android Studio Package

Most of the work involved in developing applications for Android will be performed using the Android
Studio environment. The content and examples in this book were created based on Android Studio
version 2.3.

Android Studio is subject to frequent updates and it is possible, therefore, that a more recent release
of Android Studio is now available. For the purposes of compatibility with the tutorials and examples,
however, it is recommended that this book be used with Android Studio version 2.3 which may be
downloaded from the following web page:

http://tools.android.com/download/studio/builds/2-3-0

From this page, select and download the appropriate package for your platform and operating system.

2.5 Installing Android Studio

Once downloaded, the exact steps to install Android Studio differ depending on the operating system
on which the installation is being performed.

2.5.1 Installation on Windows

Locate the downloaded Android Studio installation executable file (named android-studio-bundle-
<version>.exe) in a Windows Explorer window and double-click on it to start the installation process,
clicking the Yes button in the User Account Control dialog if it appears.

Once the Android Studio setup wizard appears, work through the various screens to configure the
installation to meet your requirements in terms of the file system location into which Android Studio
should be installed and whether or not it should be made available to other users of the system. When
prompted to select the components to install, make sure that the Android Studio, Android SDK and
Android Virtual Device options are all selected.

Although there are no strict rules on where Android Studio should be installed on the system, the
remainder of this book will assume that the installation was performed into C:\Program
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Files\Android\Android Studio and that the Android SDK packages have been installed into the user’s
AppData\Local\Android\sdk sub-folder. Once the options have been configured, click on the Install
button to begin the installation process.

On versions of Windows with a Start menu, the newly installed Android Studio can be launched from
the entry added to that menu during the installation. The executable may be pinned to the task bar
for easy access by navigating to the Android Studio\bin directory, right-clicking on the executable and
selecting the Pin to Taskbar menu option. Note that the executable is provided in 32-bit (studio) and
64-bit (studio64) executable versions. If you are running a 32-bit system be sure to use the studio
executable.

2.5.2 Installation on Mac 0S X

Android Studio for Mac OS X is downloaded in the form of a disk image (.dmg) file. Once the android-
studio-ide-<version>.dmg file has been downloaded, locate it in a Finder window and double-click on
it to open it as shown in Figure 2-2:

®ne = Android Studio 2.0

£ > Android
X Studio

® o

- 3

Android Studio Applications

Figure 2-2

To install the package, simply drag the Android Studio icon and drop it onto the Applications folder.
The Android Studio package will then be installed into the Applications folder of the system, a process
which will typically take a few minutes to complete.

To launch Android Studio, locate the executable in the Applications folder using a Finder window and
double-click on it. When attempting to launch Android Studio, an error dialog may appear indicating
that the JVM cannot be found. If this error occurs, it will be necessary to download and install the Mac
OS X Java 6 JRE package on the system. This can be downloaded from Apple using the following link:

http://support.apple.com/kb/DL1572

Once the Java for OS X package has been installed, Android Studio should launch without any
problemes.


http://support.apple.com/kb/DL1572

Setting up an Android Studio Development Environment

For future easier access to the tool, drag the Android Studio icon from the Finder window and drop it
onto the dock.

2.5.3 Installation on Linux

Having downloaded the Linux Android Studio package, open a terminal window, change directory to
the location where Android Studio is to be installed and execute the following command:

unzip /<path to package>/android-studio-ide-<version>-linux.zip

Note that the Android Studio bundle will be installed into a sub-directory named android-studio.
Assuming, therefore, that the above command was executed in /home/demo, the software packages
will be unpacked into /home/demo/android-studio.

To launch Android Studio, open a terminal window, change directory to the android-studio/bin sub-
directory and execute the following command:

./studio.sh

On Linux it may also be necessary to specify the location of the Java Development Kit using the
following steps:

Launch Android Studio and create a new project.

Select the File -> Other Settings -> Default Project Structure... menu option.

Enter the full path to the directory containing the JDK into the JDK Location field.
Click Apply followed by OK.

A wnN e

2.6 The Android Studio Setup Wizard

The first time that Android Studio is launched after being installed, a dialog will appear providing the
option to import settings from a previous Android Studio version. If you have settings from a previous
version and would like to import them into the latest installation, select the appropriate option and
location. Alternatively, indicate that you do not need to import any previous settings and click on the
OK button to proceed.

Next, the setup wizard may appear as shown in Figure 2-3 though this dialog does not appear on all
platforms:
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£ > Welcome

H} Android Studio

Welcome! This wizard will set up your development environment for Android Studio.
Additionally, the wizard will help port existing Android apps into Android Studio
or create a new Android application project.

"oo =N

Cancel Previous ﬁ Finish

Figure 2-3

If the wizard appears, click on the Next button, choose the Standard installation option and click on
Next once again.

Android Studio will proceed to download and configure the latest Android SDK and some additional
components and packages. Once this process has completed, click on the Finish button in the
Downloading Components dialog at which point the Welcome to Android Studio screen should then

appear:

® Welcome to Android Studio — b4

o

Android Studio

Version 2.3

1% Start a new Android Studio project

1 Open an existing Android Studie project
¥ Check out project from Version Control ~
Lif Import project (Eclipse ADT, Gradle, etc.)

LY Import an Android code sample

#* Configure = GetHelp +

Figure 2-4

2.7 Installing Additional Android SDK Packages

The steps performed so far have installed Java, the Android Studio IDE and the current set of default
Android SDK packages. Before proceeding, it is worth taking some time to verify which packages are
installed and to install any missing or updated packages.
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This task can be performed using the Android SDK Settings screen, which may be launched from within
the Android Studio tool by selecting the Configure -> SDK Manager option from within the Android
Studio welcome dialog. Once invoked, the Android SDK screen of the default settings dialog will appear
as shown in Figure 2-5:

¥ Default Settings *
@ )| Appearance & Behavior > System Settings > Andraid SDK
Appearance & Behavior Manager for the Android SDK and Tools used by Android Studio
Appearance Android SDK Location: | C:\Users\Neil\AppData\Local\Andreid\5dk Edit

e Tl SDK Platforms | SDK Tools | SDK Update Sites

System Settings Each Android SDK Platform package includes the Android platform and sources pertaining to an AP level by

Passwords default. Once installed, Android Studic will automatically check for updates. Check "show package details" to

HTTP Prony display individual SDK components.

Name AP Level Revision Status
Updates Android 7.1.1 (Nougat) 25 3 Installed
Usage Statistics Android 7.0 (Mougat) 24 2 Installed
— Android N Preview N 3 Partially installed
Andrid 60 (Marshmalow) 2 ; Installed
i [ Android 5.1 (Lellipop) 2 2 Not installed
D Android 5.0 (Lollipop) 21 2 Partially installed
Quick Lists () Android 4.4W (KitKat Wear) 20 2 Not installed
Path Variables [ Android 4.4 (KitKat) 19 4 Not installed
[CJ Android 4.3 (Jelly Bean) 18 2 Not installed
Keymap 1 Andrnid 4.7 (lalhe Raan 17 a Nt inctallad
Editor [ Show Package Details
Plugins

| o« IR || Hep |

Figure 2-5

Immediately after installing Android Studio for the first time it is likely that only the latest released
version of the Android SDK has been installed. To install preview or older versions of the Android SDK
simply select the checkboxes corresponding to the versions and click on the Apply button.

It is also possible that updates will be listed as being available for the latest SDK. To access detailed
information about the packages that are available for update, enable the Show Package Details option
located in the lower right-hand corner of the screen. This will display information similar to that shown

in Figure 2-6:
Name APl Level | Revision Status
[=] Android 6.0
Android 6.0 Platform 23 1 Installed
[ Android TV ARM EABI v7a System Image 23 2 Mat installed
[ Android TV Intel %36 Atom System Image 23 2 Mot installed
[] ARMEABI vTa System Image 23 3 Mot installed
[ Intel x86 Atom Systemn Image 23 4 Mot installed
[ Intel x86 Atom_64 System Image 23 4 ::x
=] Google Apis, Android 23 23 1 Update Available: 1
[ Google APls ARM EABI vTa Systemn Image 23 7 i
Google APls Intel x86 Atom System Image 23 8 Installed
[ Google APls Intel x86 Atormn_64 System Image 23 8 Mot installed
_ Sources for Android 23 23 1 Installed
Figure 2-6

The above figure highlights the availability of an update. To install the updates, enable the checkbox
to the left of the item name and click on the Apply button.
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In addition to the Android SDK packages, a number of tools are also installed for building Android

applications. To view the currently installed packages and check for updates, remain within the SDK

settings screen and select the SDK Tools tab as shown in Figure 2-7:

»

| 1z ~

(Q ) App e & Behavior » System Settings > Android SDK
| Appearance & Behavior Manager for the Android SDK and Tools used by Android Studio
Appearance Android 5DK Location: | G\Users\Neil\AppData\Local\Android\Sdk Edit

Menus and Toolbars SDK Platforms{__SDK Tuuls)‘ SDK Update Sites

| System Settings Below are the available SDK developer tools, Once installed, Android Studio will automatically check for updates,

Passwords Check "show package details” to display available versions of an SDK Toal.
HTTP Proxy Name Version Status
Android SDK Build-Tools Installed
Updates ["] GPU Debugging tools Not Installed
Usage Statistics [ CMake Mot Installed
— [ LLDB Mot Installed
] Android Aute API Simulators 1 Mot installed
Motifications () Android Auto Desktop Head Unit emulator 11 Mot installed
o Android Emulator 2331 Installed
Quick Lists Android SDK Platform-Tools 25.0.3 2503 Installed
Path Variables Android SDK Tools 253.1 Installed
Documentation for Android SDK 1 Installed
Keymap [] Google Play APK Expansion library 1 Not installed
Editor Google Play Billing Library 5 Installed
["1 Gonale Plav licensina | ihrans 1 Mot installed
Plugins

D Show Package Details
Build, Execution, Deployment

m ‘ Cancel | ‘ | ‘ Help

Figure 2-7

Within the Android SDK Tools screen, make sure that the following packages are listed as Installed in

the Status column:

Android SDK Build-tools

Android SDK Tools

Android SDK Platform-tools

Android Emulator

Android Support Repository

ConstraintLayout for Android

Solver for ConstraintLayout

Google Repository

Google USB Driver (Windows only)

Intel x86 Emulator Accelerator (HAXM installer)

In the event that any of the above packages are listed as Not Installed or requiring an update, simply

select the checkboxes next to those packages and click on the Apply button to initiate the installation

process.

Once the installation is complete, review the package list and make sure that the selected packages

are now listed as Installed in the Status column. If any are listed as Not installed, make sure they are

selected and click on the Apply button again.
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2.8 Making the Android SDK Tools Command-line Accessible

Most of the time, the underlying tools of the Android SDK will be accessed from within the Android
Studio environment. That being said, however, there will also be instances where it will be useful to
be able to invoke those tools from a command prompt or terminal window. In order for the operating
system on which you are developing to be able to find these tools, it will be necessary to add them to
the system’s PATH environment variable.

Regardless of operating system, the PATH variable needs to be configured to include the following
paths (where <path_to_android_sdk_installation> represents the file system location into which the
Android SDK was installed):

<path to android sdk installation>/sdk/tools
<path to android sdk installation>/sdk/tools/bin
<path to android sdk installation>/sdk/platform-tools

The location of the SDK on your system can be identified by launching the Standalone SDK Manager
and referring to the Android SDK Location: field located at the top of the settings panel as highlighted
in Figure 2-8:

Appearance 8 Behavior » System Settings > Android SDK

Manager for the Android 5DK and Tools used by Android Studio

Android SDK Loclifion: | Ch\Users\Neil\AppDatatLocal\Androidisdk ___: Edit

SDK Platforms | SDK Tools | SDK Update Sites |

Each Android SDK Platform package includes the Android platform and sources pertaining to an AP| level by
default. Once installed, Android Studio will autematically check for updates. Check "show package details” to
display individual SDK components.

Figure 2-8

Once the location of the SDK has been identified, the steps to add this to the PATH variable are
operating system dependent:

2.8.1 Windows 7

1. Right-click on Computer in the desktop start menu and select Properties from the resulting
menu.

2. Inthe properties panel, select the Advanced System Settings link and, in the resulting dialog,
click on the Environment Variables... button.

3. Inthe Environment Variables dialog, locate the Path variable in the System variables list, select it
and click on Edit.... Locate the end of the current variable value string and append the path to
the Android platform tools to the end, using a semicolon to separate the path from the
preceding values. For example, assuming the Android SDK was installed into
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C:\Users\demo\AppData\Local\Android\sdk, the following would be appended to the end of the
current Path value:

;C:\Users\demo\AppData\Local\Android\sdk\platform-tools;
C:\Users\demo\AppData\Local\Android\sdk\tools;
C:\Users\demo\AppData\Local\Android\sdk\tools\bin

4. Click on OK in each dialog box and close the system properties control panel.

Once the above steps are complete, verify that the path is correctly set by opening a Command Prompt
window (Start -> All Programs -> Accessories -> Command Prompt) and at the prompt enter:

echo %Path%

The returned path variable value should include the paths to the Android SDK platform tools folders.
Verify that the platform-tools value is correct by attempting to run the adb tool as follows:

adb

The tool should output a list of command line options when executed.

Similarly, check the tools path setting by attempting to launch the SDK Manager command line tool:
avdmanager

Inthe event that a message similar to the following message appears for one or both of the commands,
it is most likely that an incorrect path was appended to the Path environment variable:

'adb' is not recognized as an internal or external command,

operable program or batch file.

2.8.2 Windows 8.1

1. Onthe start screen, move the mouse to the bottom right-hand corner of the screen and select
Search from the resulting menu. In the search box, enter Control Panel. When the Control Panel
icon appears in the results area, click on it to launch the tool on the desktop.

2. Within the Control Panel, use the Category menu to change the display to Large Icons. From the
list of icons select the one labeled System.

3. Follow the steps outlined for Windows 7 starting from step 2 through to step 4.

Open the command prompt window (move the mouse to the bottom right-hand corner of the
screen, select the Search option and enter cmd into the search box). Select Command Prompt from
the search results.

Within the Command Prompt window, enter:

echo %$Path%
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The returned path variable value should include the paths to the Android SDK platform tools folders.
Verify that the platform-tools value is correct by attempting to run the adb tool as follows:

adb
The tool should output a list of command line options when executed.

Similarly, check the tools path setting by attempting to run the AVD Manager command line tool:

avdmanager

Inthe event that a message similar to the following message appears for one or both of the commands,
it is most likely that an incorrect path was appended to the Path environment variable:

'adb' is not recognized as an internal or external command,

operable program or batch file.

2.8.3 Windows 10

Right-click on the Start menu, select System from the resulting menu and click on the Advanced system
settings option in the System window. Follow the steps outlined for Windows 7 starting from step 2
through to step 4.

2.8.4 Linux

On Linux this will involve once again editing the .bashrc file. Assuming that the Android SDK bundle
package was installed into /home/demo/Android/sdk, the export line in the .bashrc file would now
read as follows (allowing for differences in the JDK path):

export
PATH=/home/demo/java/jdkl.8.0/bin:/home/demo/Android/sdk/platform-
tools:/home/demo/Android/sdk/tools: /home/demo/Android/sdk/tools/bin:/h
ome/demo/android-studio/bin:$SPATH

Note also that the above command adds the android-studio/bin directory to the PATH variable. This
will enable the studio.sh script to be executed regardless of the current directory within a terminal
window.

2.8.5 MacO0S X

A number of techniques may be employed to modify the SPATH environment variable on Mac OS X.
Arguably the cleanest method is to add a new file in the /etc/paths.d directory containing the paths to
be added to SPATH. Assuming an Android SDK installation location of
/Users/demo/Library/Android/sdk, the path may be configured by creating a new file named android-
sdk in the /etc/paths.d directory containing the following lines:

/Users/demo/Library/Android/sdk/tools
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/Users/demo/Library/Android/sdk/tools/bin
/Users/demo/Library/Android/sdk/platform-tools

Note that since this is a system directory it will be necessary to use the sudo command when creating
the file. For example:

sudo vi /etc/paths.d/android-sdk

2.9 Updating the Android Studio and the SDK

From time to time new versions of Android Studio and the Android SDK are released. New versions of
the SDK are installed using the Android SDK Manager. Android Studio will typically notify you when an
update is ready to be installed.

To manually check for Android Studio updates, click on the Configure -> Check for Updates menu
option within the Android Studio welcome screen, or use the Help -> Check for Update menu option
accessible from within the Android Studio main window.

2.10 Summary

Prior to beginning the development of Android based applications, the first step is to set up a suitable
development environment. This consists of the Java Development Kit (JDK), Android SDKs, and Android
Studio IDE. In this chapter, we have covered the steps necessary to install these packages on Windows,
Mac OS X and Linux.
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Chapter 3

3. Creating an Example Android App in
Android Studio

he preceding chapters of this book have covered the steps necessary to configure an environment
Tsuitable for the development of Android applications using the Android Studio IDE. Before moving
on to slightly more advanced topics, now is a good time to validate that all of the required
development packages are installed and functioning correctly. The best way to achieve this goal is to
create an Android application and compile and run it. This chapter will cover the creation of a simple
Android application project using Android Studio. Once the project has been created, a later chapter
will explore the use of the Android emulator environment to perform a test run of the application.

3.1 Creating a New Android Project

The first step in the application development process is to create a new project within the Android
Studio environment. Begin, therefore, by launching Android Studio so that the “Welcome to Android
Studio” screen appears as illustrated in Figure 3-1:

# Welcome to Android Studio — x

)

Android Studio

Start a new Android Studio project

Open an existing Android Studio project
¥ Check out project from Version Control +

Import project (Eclipse ADT, Gradle, etc.)

Import an Android code sample
4 Configure ~  Get Help ~

Figure 3-1
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Once this window appears, Android Studio is ready for a new project to be created. To create the new
project, simply click on the Start a new Android Studio project option to display the first screen of the
New Project wizard as shown in Figure 3-2:

® Creste New Project >

) New Project
Android Studio

Configure your new project

Application name: | My Application] ]

Company Domain: | chaokrenzy.com ]

Packagename  com.ebookfrenzy.myapplication Edit

Project location: | C:\Users\Ne S WORK\MyApplication I

(o) I (] ]
Figure 3-2
3.2 Defining the Project and SDK Settings

In the New Project window, set the Application name field to AndroidSample. The application name is
the name by which the application will be referenced and identified within Android Studio and is also
the name that will be used when the completed application goes on sale in the Google Play store.

The Package Name is used to uniquely identify the application within the Android application
ecosystem. Although this can be set to any string that uniquely identifies your app, it is traditionally
based on the reversed URL of your domain name followed by the name of the application. For example,
if your domain is www.mycompany.com, and the application has been named AndroidSample, then
the package name might be specified as follows:

com.mycompany.androidsample

If you do not have a domain name you can enter any other string into the Company Domain field, or
you may use ebookfrenzy.com for the purposes of testing, though this will need to be changed before
an application can be published:

com.ebookfrenzy.androidsample

18



Creating an Example Android App in Android Studio

The Project location setting will default to a location in the folder named AndroidStudioProjects located
in your home directory and may be changed by clicking on the button to the right of the text field
containing the current path setting.

Click Next to proceed. On the form factors screen, enable the Phone and Tablet option and set the
minimum SDK setting to APl 14: Android 4.0 (IceCreamSandwich). The reason for selecting an older
SDK release is that this ensures that the finished application will be able to run on the widest possible
range of Android devices. The higher the minimum SDK selection, the more the application will be
restricted to newer Android devices. A useful chart (Figure 3-3) can be viewed by clicking on the Help
me choose link. This outlines the various SDK versions and API levels available for use and the
percentage of Android devices in the marketplace on which the application will run if that SDK is used
as the minimum level. In general it should only be necessary to select a more recent SDK when that
release contains a specific feature that is required for your application.

To help in the decision process, selecting an API level from the chart will display the features that are
supported at that level.

® Android PlatformAP| Version Distribution

ANDROID PLATFORM APILEVEL CUMULATIVE

VFRSION DISTRIBUTION
97.3%

4.0 18 94.8%
44 1 86.0%

47 I oy 4 Click each Android Version/AP! level for more information.
/ 74.3%

T 709

44 1 9
35.4%
5.0 21 s

1.3%

51 22

Figure 3-3

Since the project is not intended for Google TV, Android Auto or wearable devices, leave the remaining
options disabled before clicking Next.

3.3 Creating an Activity

The next step is to define the type of initial activity that is to be created for the application. A range of
different activity types is available when developing Android applications. The Empty, Master/Detail
Flow, Google Maps and Navigation Drawer options will be covered extensively in later chapters. For
the purposes of this example, however, simply select the option to create a Basic Activity. The Basic
Activity option creates a template user interface consisting of an app bar, menu, content area and a
single floating action button.
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) Create New Project

7* Add an Activity to Mobile

Add No Activity
Basic Activity Bottom Navigation Activity
Empty Activity Fullscreen Activity Google AdMob Ads Activity

Previous Cancel | [ Finisn

Figure 3-4
With the Basic Activity option selected, click Next. On the final screen (Figure 3-5) name the activity
and title AndroidSampleActivity. The activity will consist of a single user interface screen layout which,
for the purposes of this example, should be named activity_android_sample as shown in Figure 3-5
and with a menu resource named menu_android_sample:

® Create New Project X

7_,( Customize the Activity

Creates a new blank activity with an app bar

« :
_ Activity Name: | AndroidsampleActivity ]

Layout Name: | activity_endroid_sample |

Title: | Androidsampleactivity |

Menu Resource Name: | menu_android_sample |

Use a Fragment
g

Blank Activity

The name of the activity class to create

Figure 3-5

Finally, click on Finish to initiate the project creation process.
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3.4 Modifying the Example Application

At this point, Android Studio has created a minimal example application project and opened the main
window.

] = Studo 23 - AT - lapp] - ape . andici_sample.zml - Android Stucko 2.3 Beta 2 - B x

Ble Edt Yiew Nevgate Code Anbge Befactor Buld Run Jook VCS Window Help

DHD & oo a € AlGepp-/PF + -G8 L F A7

2 AndrobtSampled ) Eapp C s ) £ main | B3 res ) [ ayout ) 8 content_andreid sampdeamt
& Aot <|@ & # 1m | & AvdodSempleAciviypve ¥ | B content_smirosd sempt

£ wid- mi25- ©Nerdiorts @ianguage- K- operties QB+ 1 |5
- -

Bl I- OmEHEd 0

Dasign | Tea

6 pmesnges [ Temna  § § dndrMonter 2 10DO

5] Grale i e n 155 696ms £ marntes gl

Figure 3-6

The newly created project and references to associated files are listed in the Project tool window
located on the left-hand side of the main project window. The Project tool window has a number of
modes in which information can be displayed. By default, this panel will be in Android mode. This
setting is controlled by the menu at the top of the panel as highlighted in Figure 3-7. If the panel is not
currently in Android mode, use the menu to switch mode:

DHO ¢« 0o QR

+ AndroidSam Ele ]
i Android

|

Project

Packages

= 1 Pr

Scratche

e idsample

Project Files idsample

Problems idsample

04 It Structuga,

Production
Tests
Tests

Android Instrumentation Tests

Captures

Figure 3-7

The example project created for us when we selected the option to create an activity consists of a user
interface containing a label that will read “Hello World!” when the application is executed.
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The next step in this tutorial is to modify the user interface of our application so that it displays a larger
text view object with a different message to the one provided for us by Android Studio.

The user interface design for our activity is stored in a file named activity_android_sample.xml which,
in turn, is located under app -> res -> layout in the project file hierarchy. This layout file includes the
app bar (also known as an action bar) that appears across the top of the device screen (marked A in
Figure 3-8) and the floating action button (the email button marked B). In addition to these items, the
activity_android_sample.xml layout file contains a reference to a second file containing the content
layout (marked C):

@0

< o [m}

Figure 3-8

By default, the content layout is contained within a file named content_android_sample.xml and it is
within this file that changes to the layout of the activity are made. Using the Project tool window,
locate this file as illustrated in Figure 3-9:

3 | | ProjectFiles | = Problems b @ s | % I~

app
manifests

jave
Hres

drawable
layout
S activity_android_samplexmi
menu
mipmap
values

= Gradle Scripts

Figure 3-9

Once located, double-click on the file to load it into the user interface Layout Editor tool which will
appear in the center panel of the Android Studio main window:
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© AndroidSampleActivityjava * | = content_android_samplexml %

Palette Q #- 1 |[B Al &~ [Onewss- mbzs- @noactionsar EHianguage~ - s P
o Tt AIEFITE 0T omomas o [ |
Widgets oK Button
Text ] ToggleButton 0 100 2m Eul am Lol 60 7m0 am w0 1000 1100 layout_width |mat:h,parsnt -
Layouts CheckBox

layout_height | match_parent
Containers @® RadioButton Rt
Images i CheckedTextView a

Date = Spinner
Transitions C ProgressBar
Advanced = ProgressBar (Horizontal)

200

Ex)

am

Companent Tree -2

¥ @ ConstraintLayout

AD TextView

500

&0

70

=0

0

1000

View all properties =

1o

Design | Text

Figure 3-10

In the toolbar across the top of the Layout Editor window is a menu (currently set to Nexus 5 in the
above figure) which is reflected in the visual representation of the device within the Layout Editor
panel. A wide range of other device options are available for selection by clicking on this menu.

To change the orientation of the device representation between landscape and portrait simply use the

drop down menu immediately to the right of the device selection menu showing the o icon.

As can be seen in the device screen, the content layout already includes a label that displays a “Hello
World!” message. Running down the left-hand side of the panel is a palette containing different
categories of user interface components that may be used to construct a user interface, such as
buttons, labels and text fields. It should be noted, however, that not all user interface components are
obviously visible to the user. One such category consists of layouts. Android supports a variety of
layouts that provide different levels of control over how visual user interface components are
positioned and managed on the screen. Though it is difficult to tell from looking at the visual
representation of the user interface, the current design has been created using a ConstraintLayout.
This can be confirmed by reviewing the information in the Component Tree panel which, by default, is
located in the lower left-hand corner of the Layout Editor panel and is shown in Figure 3-11:
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Component Tree 8- I+

i ConstraintLayout
Ab TextView

Figure 3-11

As we can see from the component tree hierarchy, the user interface layout consists of a
ConstraintLayout parent with a single child in the form of a TextView object.

Before proceeding, check that the Layout Editor’s Autoconnect mode is enabled. This means that as
components are added to the layout, the Layout Editor will automatically add constraints to make sure
the components are correctly positioned for different screen sizes and device orientations (a topic that
will be covered in much greater detail in future chapters). The Autoconnect button appears in the
Layout Editor toolbar and is represented by a magnet icon. When disabled the magnet appears with a
diagonal line through it (Figure 3-12). If necessary, re-enable Autoconnect mode by clicking on this
button.

@ g %
Figure 3-12

The next step in modifying the application is to delete the TextView component from the design. Begin
by clicking on the TextView object within the user interface view so that it appears with a blue border
around it. Once selected, press the Delete key on the keyboard to remove the object from the layout.

The Palette panel consists of two columns with the left-hand column containing a list of view
component categories. The right-hand column lists the components contained within the currently
selected category. The area immediately beneath the two columns serves as a preview area where a
rendering of the currently selected view type is displayed. In Figure 3-13, for example, the Button view
is currently selected within the Widgets category:
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Palette Q &1+
All Ab TextView
Widgets @ Button |
Text [ A ToggleButton
Layouts CheckBox
Containers ® RadioButton
Images ‘v CheckedTextView
Date = Spinner
Transitions o ProgressBar
Advanced == ProgressBar (Horizontal)
Google -*- SeckBar
Design —#- SeekBar (Discrete)
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Figure 3-13

Click and drag the Button object (either from the Widgets list, or the preview area) and drop it in the
center of the user interface design when the marker lines appear indicating the center of the display:

BUTTON

< O O

Figure 3-14

The next step is to change the text that is currently displayed by the Button component. The panel
located to the right of the design area is the Properties panel. This panel displays the attributes
assigned to the currently selected component in the layout. Within this panel, locate the text property
and change the current value from “Button” to “Demo” as shown in Figure 3-15:

25



Creating an Example Android App in Android Studio

Button

style

background wwable/btn_default_mate
backgroundTint

stateListAnirmator ton_state_list_anim_mate
elevation

visibility none n
onClick
TextView -

text ( | Demo _!

et

Figure 3-15

A useful shortcut to changing the text property of a component is to double-click on it in the layout.
This will automatically locate the attribute in the properties panel and select it ready for editing.

The second text property with a wrench next to it allows a text property to be set which only appears
within the Layout Editor tool but is not shown at runtime. This is useful for testing the way in which a
visual component and the layout will behave with different settings without having to run the app
repeatedly.

At this point it is important to explain the red button located in the top right-hand corner of the Layout
Editor tool as indicated in Figure 3-16. Obviously, this is indicating potential problems with the layout.
For details on any problems, click on the button:

Osx®HE B

Figure 3-16

When clicked, a panel (Figure 3-17) will appear describing the nature of the problems and offering
some possible corrective measures:
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Figure 3-17

Currently, the only warning listed reads as follows:

Warning: [I18N] Hardcoded string “Demo”, should use ‘@string’ resource

This 118N message is informing us that a potential issue exists with regard to the future
internationalization of the project (“I18N” comes from the fact that the word “internationalization”

“« IM

begins with an “I”, ends with an “N” and has 18 letters in between). The warning is reminding us that
when developing Android applications, attributes and values such as text strings should be stored in
the form of resources wherever possible. Doing so enables changes to the appearance of the
application to be made by modifying resource files instead of changing the application source code.
This can be especially valuable when translating a user interface to a different spoken language. If all
of the text in a user interface is contained in a single resource file, for example, that file can be given
to a translator who will then perform the translation work and return the translated file for inclusion
in the application. This enables multiple languages to be targeted without the necessity for any source
code changes to be made. In this instance, we are going to create a new resource named demostring

and assign to it the string “Demo”.

Click on the Extract string resource link in the Issue Explanation panel to display the Extract Resource
panel (Figure 3-18). Within this panel, change the resource name field to demostring and leave the
resource value set to Demo before clicking on the OK button.
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Figure 3-18

It is also worth noting that the string could also have been assigned to a resource when it was entered
into the Properties panel. This involves clicking on the button displaying three dots to the right of the
property field in the Properties panel and selecting the Add new resource -> New String Value... menu
option from the resulting Resources dialog. In practice, however, it is often quicker to simply set values
directly into the Properties panel fields for any widgets in the layout, then work sequentially through
the list in the warnings dialog to extract any necessary resources when the layout is complete.

3.5 Reviewing the Layout and Resource Files

Before moving on to the next chapter, we are going to look at some of the internal aspects of user
interface design and resource handling. In the previous section, we made some changes to the user
interface by modifying the content_android_sample.xml file using the Layout Editor tool. In fact, all
that the Layout Editor was doing was providing a user-friendly way to edit the underlying XML content
of the file. In practice, there is no reason why you cannot modify the XML directly in order to make
user interface changes and, in some instances, this may actually be quicker than using the Layout
Editor tool. At the bottom of the Layout Editor panel are two tabs labeled Design and Text respectively.
To switch to the XML view simply select the Text tab as shown in Figure 3-19:
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Figure 3-19

As can be seen from the structure of the XML file, the user interface consists of the ConstraintLayout
component, which in turn, is the parent of the Button object. We can also see that the text property
of the Button is set to our demostring resource. Although varying in complexity and content, all user
interface layouts are structured in this hierarchical, XML based way.

One of the more powerful features of Android Studio can be found to the right-hand side of the XML
editing panel. If the panel is not visible, display it by selecting the Preview button located along the
right-hand edge of the Android Studio window. This is the Preview panel and shows the current visual
state of the layout. As changes are made to the XML layout, these will be reflected in the preview
panel. The layout may also be modified visually from within the Preview panel with the changes
appearing in the XML listing. To see this in action, modify the XML layout to change the background
color of the ConstraintLayout to a shade of red as follows:

<?xml version="1.0" encoding="utf-8"?>
<android.support.constraint.ConstraintLayout
xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:app="http://schemas.android.com/apk/res-auto"
xmlns:tools="http://schemas.android.com/tools"
android:layout width="match parent"
android:layout height="match parent"
app:layout behavior="@string/appbar scrolling view behavior"
tools:context="com.ebookfrenzy.androidsample.AndroidSampleActivity"
tools:showIn="@layout/activity android sample"
android:background="#££2438" >

</android.support.constraint.ConstraintLayout>
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Note that the color of the preview changes in real-time to match the new setting in the XML file. Note
also that a small red square appears in the left-hand margin (also referred to as the gutter) of the XML
editor next to the line containing the color setting. This is a visual cue to the fact that the color red has
been set on a property. Change the color value to #a0ff28 and note that both the small square in the
margin and the preview change to green.

Finally, use the Project view to locate the app -> res -> values -> strings.xml file and double-click on it
to load it into the editor. Currently the XML should read as follows:

<resources>
<string name="app name">AndroidSample</string>
<string name="action settings">Settings</string>
<string name="demostring">Demo</string>
</resources>

As a demonstration of resources in action, change the string value currently assigned to the demostring
resource to “Hello” and then return to the Layout Editor tool by selecting the tab for the layout file in
the editor panel. Note that the layout has picked up the new resource value for the welcome string.

There is also a quick way to access the value of a resource referenced in an XML file. With the Layout
Editor tool in Text mode, click on the “@string/demostring” property setting so that it highlights and
then press Ctrl+B on the keyboard. Android Studio will subsequently open the strings.xml file and take
you to the line in that file where this resource is declared. Use this opportunity to revert the string
resource back to the original “Demo” text.

Resource strings may also be edited using the Android Studio Translations Editor. To open this editor,
right-click on the app -> res -> values -> strings.xml file and select the Open Editor menu option. This
will display the Translation Editor in the main panel of the Android Studio window:

' AndroidSampleActivityjava % | © content_android_samplexml x | & stringsxml % | &) Translations Editor
+ — @ [] Show only keys needing translations 7 Order a translation...

Key Untr Default Value
action_settings Settings

pp_name AndroidSample

Hello

ooo

demostring

Key: | action_settings

Default Value: | Settings

®

£

Translation:
Figure 3-20

This editor allows the strings assigned to resource keys to be edited and for translations for multiple
languages to be managed. The Order a translation... link may also be used to order a translation of the
strings contained within the application to other languages. The cost of the translations will vary
depending on the number of strings involved.
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3.6 Summary

While not excessively complex, a number of steps are involved in setting up an Android development
environment. Having performed those steps, it is worth working through a simple example to make
sure the environment is correctly installed and configured. In this chapter, we have created a simple
application and then used the Android Studio Layout Editor tool to modify the user interface layout.
In doing so, we explored the importance of using resources wherever possible, particularly in the case
of string values, and briefly touched on the topic of layouts. Finally, we looked at the underlying XML
that is used to store the user interface designs of Android applications.

While it is useful to be able to preview a layout from within the Android Studio Layout Editor tool,
there is no substitute for testing an application by compiling and running it. In a later chapter entitled
Creating an Android Virtual Device (AVD) in Android Studio, the steps necessary to set up an emulator
for testing purposes will be covered in detail. Before running the application, however, the next
chapter will take a small detour to provide a guided tour of the Android Studio user interface.
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Chapter 4

4. A Tour of the Android Studio User
Interface

While it is tempting to plunge into running the example application created in the previous
chapter, doing so involves using aspects of the Android Studio user interface which are best
described in advance.

Android Studio is a powerful and feature rich development environment that is, to a large extent,
intuitive to use. That being said, taking the time now to gain familiarity with the layout and
organization of the Android Studio user interface will considerably shorten the learning curve in later
chapters of the book. With this in mind, this chapter will provide an initial overview of the various
areas and components that make up the Android Studio environment.

4.1 The Welcome Screen

The welcome screen (Figure 4-1) is displayed any time that Android Studio is running with no projects
currently open (open projects can be closed at any time by selecting the File -> Close Project menu
option). If Android Studio was previously exited while a project was still open, the tool will by-pass the
welcome screen next time it is launched, automatically opening the previously active project.

¥ Welcome to Android Studio - x

o

o=

Android Studio

AndroidSample

~\Documents\Books...ORK\AndroidSample

Start a new Android Studio project

Open an existing Android Studio project
¥ Checkout project from Version Control «
L.“ Import project (Eclipse ADT, Gradle, etc.)

[t Import an Android code sample

% Configure Get Help +

Figure 4-1
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In addition to a list of recent projects, the Quick Start menu provides a range of options for performing
tasks such as opening, creating and importing projects along with access to projects currently under
version control. In addition, the Configure menu at the bottom of the window provides access to the
SDK Manager along with a vast array of settings and configuration options. A review of these options
will quickly reveal that there is almost no aspect of Android Studio that cannot be configured and
tailored to your specific needs.

The Configure menu also includes an option to check if updates to Android Studio are available for
download.

4.2 The Main Window

When a new project is created, or an existing one opened, the Android Studio main window will
appear. When multiple projects are open simultaneously, each will be assigned its own main window.
The precise configuration of the window will vary depending on which tools and panels were displayed
the last time the project was open, but will typically resemble that of Figure 4-2.

® AndroidSample - [C:\Users\Neil\ Doc droid Studio 2.3 - ATWORK - [app] - .\app\src\main\java\com\ebookfrenz\androidsam...  — O X
File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help
oEo Xoao ¢ AGmIPr /S0 EE S0 A ? (5] Q
AndroidSample  [iapp  [1sre - [ main  [java 1 com < ctivity
o ' Android ~ @ = | - I~ | © AndroidSampleActivityjava % | & content_android_samplexml % | & stringsxml * | & Translations Editor * >
g Gam
= manifests vis
. package com.ebookfrenzy.androidsample;
i java
o com.ebookirenzy.androidsample import ...
= @ & AndroidSampleActivity
b= com.ebookfrenzy.androidsample (4 public class Andr ivity extends ehctivity |
! com.ebockfrenzy.androidsample (¢ o
e of protected void onCreate (Sundle savedInstancestate) |
8 < Gradle Seripts super.onCreate (savedInstanceState) ;
2  build.gradle (Project: AndroidSample setContentView(R.layout.activity android sample);
5] & build.gradle (Modu Toolbar toolbar = (Toolbar) findViewById(R.id.toelbar):
® 7l gradie-wrapper.properties (Grad setSupportActionBar {teelbar) :
= proguard-rules.pro (ProGuard Rules for
FloatingActionButton fab = (FloatingActionButton) findViewByld(R.id.fab):
‘\”9’“‘3""’5"‘“‘“‘ L fab.setOnClickListener( (view) — [
< settings.gradle (Pr 2 Snackbar.make(view, "Replace with your own action", Snackbar.LENGTH LONG)
4l local.properties (SDK Location) .setAction{"Action”, null).show():
s
@ )
al
S
=
£
f &
s H
&f =
& g
S
4Run  BTODO & Android Monitor Terminal [ 0 Messages 0l Eventlog  [Z] Gradle Console
= = =]
[ Session ‘app': Error Installing APK (2 minutes ago) 11 CRLF: UTF-8¢ W 8

Figure 4-2
The various elements of the main window can be summarized as follows:

A - Menu Bar — Contains a range of menus for performing tasks within the Android Studio
environment.

B — Toolbar — A selection of shortcuts to frequently performed actions. The toolbar buttons provide
quicker access to a select group of menu bar actions. The toolbar can be customized by right-clicking
on the bar and selecting the Customize Menus and Toolbars... menu option.
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C — Navigation Bar — The navigation bar provides a convenient way to move around the files and
folders that make up the project. Clicking on an element in the navigation bar will drop down a menu
listing the subfolders and files at that location ready for selection. This provides an alternative to the
Project tool window.

D - Editor Window — The editor window displays the content of the file on which the developer is
currently working. What gets displayed in this location, however, is subject to context. When editing
code, for example, the code editor will appear. When working on a user interface layout file, on the
other hand, the user interface Layout Editor tool will appear. When multiple files are open, each file is
represented by a tab located along the top edge of the editor as shown in Figure 4-3.

@ content_android_samplexml x C AndroidSampleActivity.java

package com.ebookfrenzy.androidsample; v

import ...

< public class AndroidSamplelctivity extends AppCompatictivity |

Figure 4-3

E — Status Bar — The status bar displays informational messages about the project and the activities of
Android Studio together with the tools menu button located in the far left corner. Hovering over items
in the status bar will provide a description of that field. Many fields are interactive, allowing the user
to click to perform tasks or obtain more detailed status information.

F - Project Tool Window — The project tool window provides a hierarchical overview of the project file
structure allowing navigation to specific files and folders to be performed. The toolbar can be used to
display the project in a number of different ways. The default setting is the Android view which is the
mode primarily used in the remainder of this book.

The project tool window is just one of a number of tool windows available within the Android Studio
environment.

4.3 The Tool Windows

In addition to the project view tool window, Android Studio also includes a number of other windows
which, when enabled, are displayed along the bottom and sides of the main window. The tool window
quick access menu can be accessed by hovering the mouse pointer over the button located in the far
left-hand corner of the status bar (Figure 4-4) without clicking the mouse button.
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Figure 4-4

Selecting an item from the quick access menu will cause the corresponding tool window to appear
within the main window.

Alternatively, a set of tool window bars can be displayed by clicking on the quick access menuicon in
the status bar. These bars appear along the left, right and bottom edges of the main window (as
indicated by the arrows in Figure 4-5) and contain buttons for showing and hiding each of the tool
windows. When the tool window bars are displayed, a second click on the button in the status bar will
hide them.

.. Andreidsample - [C\Users\Meil\Documents'Books\Android Studio 2.3 - AZVWORK\AndroidSample] - .. — [m] x
File Edit View MNavigate Code Analyze Refactor Build Run Tools VCS Window Help

DHD ¢4 %000 QAR ¢ D> A([Eape > +$ 350 KM
"% AndroidSample  "Zapp  [src [ main - Cljava B com [ E1 i | AndroidSampleAc

B|PEID (o)

[C3 Captures '3: F:Structure # 1: Projec

A Build Variants

[BPOW PIOIPUY Sx

P 2Run  =TODO  of & Android Monitor Terminal =] 0: Messages @) Eventlog  [E] Gradle Console
Session 'app": Error Installing APK (& minutes ago) nfa n/a Context: <no context> w ¥

Figure 4-5
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Clicking on a button will display the corresponding tool window while a second click will hide the
window. Buttons prefixed with a number (for example 1: Project) indicate that the tool window may
also be displayed by pressing the Alt key on the keyboard (or the Command key for Mac OS X) together
with the corresponding number.

The location of a button in a tool window bar indicates the side of the window against which the
window will appear when displayed. These positions can be changed by clicking and dragging the
buttons to different locations in other window tool bars.

Each tool window has its own toolbar along the top edge. The buttons within these toolbars vary from
one tool to the next, though all tool windows contain a settings option, represented by the cog icon,
which allows various aspects of the window to be changed. Figure 4-6 shows the settings menu for the
project view tool window. Options are available, for example, to undock a window and to allow it to
float outside of the boundaries of the Android Studio main window and to move and resize the tool
panel.

'W' Android M| O = Flatten Packages

e v Compact Empty Middle Packages
manifests

. Show Members
java
Autoscroll to Source
i res
Autoscroll from Source
drawable
layout Sort by Type

@ activity_android_samplexml W i e

& content_android_samplexml V' Pinned Mode

menu v Docked Mode
mipmap Floating Mode
values Windowed Mode
& Gradle Scripts Split Mode
Remove from Sidebar
v Group Tabs
Move to 4
Resize »
Figure 4-6

All of the windows also include a far right button on the toolbar providing an additional way to hide
the tool window from view. A search of the items within a tool window can be performed simply by
giving that window focus by clicking in it and then typing the search term (for example the name of a
file in the Project tool window). A search box will appear in the window’s tool bar and items matching
the search highlighted.

Android Studio offers a wide range of window tool windows, the most commonly used of which are as
follows:

Project — The project view provides an overview of the file structure that makes up the project allowing
for quick navigation between files. Generally, double-clicking on a file in the project view will cause
that file to be loaded into the appropriate editing tool.
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Structure — The structure tool provides a high level view of the structure of the source file currently
displayed in the editor. This information includes a list of items such as classes, methods and variables
in the file. Selecting an item from the structure list will take you to that location in the source file in
the editor window.

Captures — The captures tool window provides access to performance data files that have been
generated by the monitoring tools contained within the Android Monitor tool window.

Favorites — A variety of project items can be added to the favorites list. Right-clicking on a file in the
project view, for example, provides access to an Add to Favorites menu option. Similarly, a method in
a source file can be added as a favorite by right-clicking on it in the Structure tool window. Anything
added to a Favorites list can be accessed through this Favorites tool window.

Build Variants — The build variants tool window provides a quick way to configure different build
targets for the current application project (for example different builds for debugging and release
versions of the application, or multiple builds to target different device categories).

TODO — As the name suggests, this tool provides a place to review items that have yet to be completed
on the project. Android Studio compiles this list by scanning the source files that make up the project
to look for comments that match specified TODO patterns. These patterns can be reviewed and
changed by selecting the File -> Settings... menu option and navigating to the TODO page listed under
Editor.

Messages — The messages tool window records output from the Gradle build system (Gradle is the
underlying system used by Android Studio for building the various parts of projects into runnable
applications) and can be useful for identifying the causes of build problems when compiling application
projects.

Android Monitor — The Android Monitor tool window provides access to the Android debugging
system. Within this window tasks such as monitoring log output from a running application, taking
screenshots and videos of the application, stopping a process and performing basic debugging tasks
can be performed. The tool also includes real-time GPU, networking, memory and CPU usage monitors.

Android Model — The Android Model tool window provides a single location in which to view an
exhaustive list of the different options and settings configured within the project. These can range
from the more obvious settings such as the target Android SDK version to more obscure values such
as build configuration rules.

Terminal — Provides access to a terminal window on the system on which Android Studio is running.
On Windows systems this is the Command Prompt interface, while on Linux and Mac OS X systems this
takes the form of a Terminal prompt.

Run — The run tool window becomes available when an application is currently running and provides
a view of the results of the run together with options to stop or restart a running process. If an
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application is failing to install and run on a device or emulator, this window will typically provide
diagnostic information relating to the problem.

Event Log — The event log window displays messages relating to events and activities performed within
Android Studio. The successful build of a project, for example, or the fact that an application is now
running will be reported within this tool window.

Gradle Console — The Gradle console is used to display all output from the Gradle system as projects
are built from within Android Studio. This will include information about the success or otherwise of
the build process together with details of any errors or warnings.

Gradle — The Gradle tool window provides a view onto the Gradle tasks that make up the project build
configuration. The window lists the tasks that are involved in compiling the various elements of the
project into an executable application. Right-click on a top level Gradle task and select the Open Gradle
Config menu option to load the Gradle build file for the current project into the editor. Gradle will be
covered in greater detail later in this book.

4.4 Android Studio Keyboard Shortcuts

Android Studio includes an abundance of keyboard shortcuts designed to save time when performing
common tasks. A full keyboard shortcut keymap listing can be viewed and printed from within the
Android Studio project window by selecting the Help -> Keymap Reference menu option.

4.5 Switcher and Recent Files Navigation

Another useful mechanism for navigating within the Android Studio main window involves the use of
the Switcher. Accessed via the Ctrl-Tab keyboard shortcut, the switcher appears as a panel listing both
the tool windows and currently open files (Figure 4-7).

Switcher

® 1: Project C AndreidSamplelctivity java
71 2 Favorites ") Translations Editor

‘% 3 Android Model @ content_android_samplexml
P 4 Run © AndroidSampleActivity java
" 3 Build Variants S AndroidSamplectivity java
% & Android Monitor = content_android_samplexml

v T: Structure
® g Captures
4: Event Log
& A Gradle
[=l B: Gradle Console
[E C: Terminal
=0 D: TODO

_\Android I WORK) I Aapphsrcimaintres)

Figure 4-7

Once displayed, the switcher will remain visible for as long as the Ctrl key remains depressed.
Repeatedly tapping the Tab key while holding down the Ctrl key will cycle through the various selection
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options, while releasing the Ctrl key causes the currently highlighted item to be selected and displayed

within the main window.

In addition to the switcher, navigation to recently opened files is provided by the Recent Files panel
(Figure 4-8). This can be accessed using the Ctrl-E keyboard shortcut (Cmd-E on Mac OS X). Once
displayed, either the mouse pointer can be used to select an option or, alternatively, the keyboard
arrow keys can be used to scroll through the file name and tool window options. Pressing the Enter

key will select the currently highlighted item.

Recent Files

= "
= Messages £ content_android_samplexml

% Project £ AndroidSamplefctivity.java

¢ Favorites 3 Translations Editor
& Android Model
P Run
% Build Variants
& Android Menitor
7 Structure
o Captures

Event Log
& Gradle
[E Gradle Conscle
= Terminal
8 TODO

—\A i L WORIKA i \applsrc\mainires\l

Figure 4-8

4.6 Changing the Android Studio Theme

The overall theme of the Android Studio environment may be changed either from the welcome screen
using the Configure -> Settings option, or via the File -> Settings... menu option of the main window.

Once the settings dialog is displayed, select the Appearance option in the left-hand panel and then
change the setting of the Theme menu before clicking on the Apply button. The themes currently
available consist of IntelliJ, Windows and Darcula. Figure 4-9 shows an example of the main window

with the Darcula theme selected:
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® AndroidSample - [C:\Users\Neil\Documents\Books\Android Studio 2.3 - ATWORKY - [app] - ..\apphsrc f\content_android_samplexml - Android Studio 2.3 Bet.. — a X

Figure 4-9
4.7 Summary

The primary elements of the Android Studio environment consist of the welcome screen and main
window. Each open project is assigned its own main window which, in turn, consists of a menu bar,
toolbar, editing and design area, status bar and a collection of tool windows. Tool windows appear on
the sides and bottom edges of the main window and can be accessed either using the quick access
menu located in the status bar, or via the optional tool window bars.

There are very few actions within Android Studio which cannot be triggered via a keyboard shortcut.
A keymap of default keyboard shortcuts can be accessed at any time from within the Android Studio
main window.
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Chapter 5

5. Creating an Android Virtual Device
(AVD) in Android Studio

n the course of developing Android apps in Android Studio it will be necessary to compile and run
Ian application multiple times. An Android application may be tested by installing and running it
either on a physical device or in an Android Virtual Device (AVD) emulator environment. Before an AVD
can be used, it must first be created and configured to match the specification of a particular device
model. The goal of this chapter, therefore, is to work through the steps involved in creating such a
virtual device using the Nexus 9 tablet as a reference example.

5.1 About Android Virtual Devices

AVDs are essentially emulators that allow Android applications to be tested without the necessity to
install the application on a physical Android based device. An AVD may be configured to emulate a
variety of hardware features including options such as screen size, memory capacity and the presence
or otherwise of features such as a camera, GPS navigation support or an accelerometer. As part of the
standard Android Studio installation, a number of emulator templates are installed allowing AVDs to
be configured for a range of different devices. Additional templates may be loaded or custom
configurations created to match any physical Android device by specifying properties such as processor
type, memory capacity and the size and pixel density of the screen. Check the online developer
documentation for your device to find out if emulator definitions are available for download and
installation into the AVD environment.

When launched, an AVD will appear as a window containing an emulated Android device environment.
Figure 5-1, for example, shows an AVD session configured to emulate the Google Nexus 9 model.

New AVDs are created and managed using the Android Virtual Device Manager, which may be used
either in command-line mode or with a more user-friendly graphical user interface.
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Figure 5-1
5.2 Creating a New AVD

In order to test the behavior of an application in the absence of a physical device, it will be necessary
to create an AVD for a specific Android device configuration.

To create a new AVD, the first step is to launch the AVD Manager. This can be achieved from within
the Android Studio environment by selecting the Tools -> Android -> AVD Manager menu option from
within the main window. Alternatively, the tool may be launched from a terminal or command-line
prompt using the following command:

android avd

Once launched, the tool will appear as outlined in Figure 5-2. Assuming a new Android Studio
installation, only a Nexus 5 AVD will currently be listed:

® Android Virtual Device Manager - [m] X

&

Your Virtual Devices
M] Android Studio

Type Name Resolution APL Target CPU/ABI Size on Disk Actions

E Nexus 5API23x86 1080 x 1920: xxh. 23 Google APIs x86 750 MB | a4
+ Create Virtual Devic.. | 53
Figure 5-2
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To add an additional AVD, begin by clicking on the Create Virtual Device button in order to invoke the

Virtual Device Configuration dialog:

#® Virtual Device Configuration X
‘ Select Hardware
H) Choose a device definition
@ / [] Nexus5
Categor Mame - size Resolution Density
Tablet Nexus One N 480x800 hdpi —
Size normal
" Ratio: notlong
Wear Nexus 6P 57 14402560 S60dpi Denaityohep
™ Nexus 6 596" 14402560 S60dpi FEC [
Nesus 5% 52" 10801920 £20dpi
Nexus 4 a7 766¢1280 shdpi
Golaxy Nexus 465" 7201280 xhdpi
54" FUVGA 5.4 4304854 mdpi
New Hardware Profile | | Import Harcuware Profiles 73 Clone Device... |
Previous | m Cancel | [ Finich |
Figure 5-3

Within the dialog, perform the following steps to create a Nexus 9 compatible emulator:

1.

5.

From the Category panel, select the Tablet option to display the list of available Android tablet
AVD templates.

Select the Nexus 9 device option and click Next.

On the System Image screen, select the latest version of Android (at time of writing this is
Nougat, APl level 25, Android 7.1.1 with Google APIs) for the x86_64 ABI. Note that if the system
image has not yet been installed a Download link will be provided next to the Release Name.
Click this link to download and install the system image before selecting it. If the image you need
is not listed, click on the x86 images and Other images tabs to view alternative lists.

Click Next to proceed and enter a descriptive name (for example Nexus 9 AP/ 25) into the name
field or simply accept the default name.

Click Finish to create the AVD.

With the AVD created, the AVD Manager may now be closed. If future modifications to the AVD are
necessary, simply re-open the AVD Manager, select the AVD from the list and click on the pencil icon
in the Actions column of the device row in the AVD Manager.

5.3 Starting the Emulator

To perform a test run of the newly created AVD emulator, simply select the emulator from the AVD
Manager and click on the launch button (the green triangle in the Actions column). The emulator will
appear in a new window and, after a short period of time, the “android” logo will appear in the center
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of the screen. The amount of time it takes for the emulator to start will depend on the configuration
of both the AVD and the system on which it is running. In the event that the startup time on your
system is considerable, do not hesitate to leave the emulator running. The system will detect that it is
already running and attach to it when applications are launched, thereby saving considerable amounts
of startup time.

The emulator probably defaulted to appearing in landscape orientation. It is useful to be aware that
this and other default options can be changed. Within the AVD Manager, select the new Nexus 9 entry
and click on the pencil icon in the Actions column of the device row. In the configuration screen locate
the Startup and orientation section and change the orientation setting. Exit and restart the emulator
session to see this change take effect. More details on the emulator are covered in the next chapter
(Using and Configuring the Android Studio AVD Emulator).

To save time in the next section of this chapter, leave the emulator running before proceeding.

5.4 Running the Application in the AVD

With an AVD emulator configured, the example AndroidSample application created in the earlier
chapter now can be compiled and run. With the AndroidSample project loaded into Android Studio,
simply click on the run button represented by a green triangle located in the Android Studio toolbar
as shown in Figure 5-4 below, select the Run -> Run... menu option or use the Shift+F10 keyboard
shortcut:

Fun Tools YC5 Window |

| app v | P+ 4

layo! Run 'app’ (Shift+F10) 1_san

Figure 5-4

By default, Android Studio will respond to the run request by displaying the Select Deployment Target
dialog. This provides the option to execute the application on an AVD instance that is already running,
or to launch a new AVD session specifically for this application. Figure 5-5 lists the previously created
Nexus 9 AVD as a running device as a result of the steps performed in the preceding section. With this
device selected in the dialog, click on OK to install and run the application on the emulator.
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) Select Deployrnent Target ot

Connected Devices

Mexus 9 APl 25 (Android 7.1, API 23)

Available Virtual Devices

[ Nexus 5% API 2586

| Create New Virtual Device Don't see your device?
D Use same selection for future launches m | Cancel |
Figure 5-5

Once the application is installed and running, the user interface for the AndroidSampleActivity class

will appear within the emulator:
[} 4l W 251

AndroidSample

@

q o) o
Figure 5-6

In the event that the activity does not automatically launch, check to see if the launch icon has
appeared among the apps on the emulator. If it has, simply click on it to launch the application. Once
the run process begins, the Run and Android Monitor tool windows will become available. The Run
tool window will display diagnostic information as the application package is installed and launched.
Figure 5-7 shows the Run tool window output from a successful application launch:
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ndroidSample\app\build\outputs\spk\app-debug. apk
droidsample

okfrenzy.androidsample™

oy LATNCHER) cop=co le/.AndroidSampleActivi

PPON PIOIPUY 4e

Pigun 2 TODO
[Z] Gradie build finished in 155 146ms (5 minutes ago) 151

# & Android Monitor

Figure 5-7
If problems are encountered during the launch process, the Run tool will provide information that will

hopefully help to isolate the cause of the problem.

Assuming that the application loads into the emulator and runs as expected, we have safely verified
that the Android development environment is correctly installed and configured.

5.5 Run/Debug Configurations

A particular project can be configured such that a specific device or emulator is used automatically
each time it is run from within Android Studio. This avoids the necessity to make a selection from the
device chooser each time the application is executed. To review and modify the Run/Debug
configuration, click on the button to the left of the run button in the Android Studio toolbar and select
the Edit Configurations... option from the resulting menu:

2 N |[Zapp=]| P & > W
res fl  ~ Edit Configurations... mplexml

Androidsa [ app ent_andro
tte Q# - EHEA ¢

Figure 5-8

In the Run/Debug Configurations dialog, the application may be configured to always use a preferred
emulator by selecting Emulator from the Target menu located in the Deployment Target Options
section and selecting the emulator from the drop down menu. Figure 5-9, for example, shows the
AndroidSample application configured to run by default on the previously created Nexus 9 emulator:
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#® Run/Debug Configurations X
+ -0y !
- Module: app ﬂ
'®' Android Application
';'EPP Installation Options
'?f'Defauhs
Deploy: | Default APK n
Install Flags:

Launch Options
Launch: | Default Activity n

Launch Flags:

Deployment Target Options

Target: | Emulator n
Prefer Android Virtual Device: | Nexus 9 n o
~ Before launch: Gradle-aware Make
+ -7

-ﬁ' Gradle-aware Make

["] Show this page || Activate tool window

m | Cancel ‘ ‘ Apply | | Help ‘

Figure 5-9

Be sure to switch the Target menu setting back to "Show Device Chooser Dialog" mode before moving
on to the next chapter of the book.

5.6 Stopping a Running Application
To stop a running application, simply click on stop button located in the main toolbar as shown in
Figure 5-10:
.4 &> G &
ntent_android) Stop ‘app’ (Ctri+F2)
Figure 5-10

An app may also be terminated using the Android Monitor. Begin by displaying the Android Monitor
tool window either using the window bar button, or via the quick access menu (invoked by moving the
mouse pointer over the button in the left-hand corner of the status bar as shown in Figure 5-11).
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W Android Model
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Figure 5-11

Once the Android tool window appears, select the androidsample app menu highlighted in Figure 5-12
below:

Android Monitor R L

| 5 Emulator Nexws_9_APL 24 Android 1, 471 24 @ommaummmle 4519) j

| i logat | Monitors =" \Verbose n Q- ) B Regex | Show enly selected app\i:at\onn
W ——ur=Ie 1ersIriv.95Z sele-gele/CO TTenzy. T - T ~EDDC o T T
c?i]- W 07-16 14:51:19.954 4619-4619/com.ebookfrenzy.androidsample W/art: Class android.support.v4.util.LruCache failed lock verification and will run slower.
07-16 14:51:19.959 4619-4619/com.ebockfirenzy.androidsample W/art: Class android.suppert.v4.content.ContextCompat failed lock verification and will run slower
[x] 07-16 14:51:19.980 4619-4619/com.ebockfrenzy.androidsample W/art: Class android.support.v4.util.SimpleArrayMap failed lock verification and will run slower.
t 07-16 14:51:20.115 4619-4656/com.ebookfrenzy.androidsample I/CpenGLRenderer: Initialized EGL, version 1.4
@ 07-16 14:51:20.115 4619-4656/com.ebockfrenzy.androidsample D/ ;LRenderer: Swap behavior 1
» | o
P.2Run 2 TODO | & & Android Monitor | 0: Messages  [E] Terminal Eventlog (5] Gradle Console

Figure 5-12
With the process selected, stop it by clicking on the red Terminate Application button in the vertical

toolbar to the left of the process list indicated by the arrow in the above figure.

An alternative to using the Android tool window is to open the Android Device Monitor. This can be
launched via the Tools -> Android -> Android Device Monitor menu option. Once launched, the process
may be selected from the list (Figure 5-13) and terminated by clicking on the red Stop button located
in the toolbar above the list.
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Figure 5-13

5.7 AVD Command-line Creation
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As previously discussed, in addition to the graphical user interface it is also possible to create a new
AVD directly from the command-line. This is achieved using the android tool in conjunction with some
command-line options. Once initiated, the tool will prompt for additional information before creating

the new AVD.

Assuming that the system has been configured such that the Android SDK tools directory is included
in the PATH environment variable, a list of available targets for the new AVD may be obtained by

issuing the following command in a terminal or command window:

android list targets

The resulting output from the above command will contain a list of Android SDK versions that are

available on the system. For example:

Available Android targets:

id: 1 or "Google Inc.:Google APIs:23"
Name: Google APIs
Type: Add-On
Vendor: Google Inc.
Revision: 1
Description: Android + Google APIs
Based on Android 6.0 (API level 23)
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Libraries:
* com.google.android.media.effects (effects.jar)
Collection of video effects
* com.android. future.usb.accessory (usb.jar)
API for USB Accessories
* com.google.android.maps (maps.jar)
API for Google Maps
Skins: HVGA, QVGA, WQVGA400, WQVGA432, WSVGA, WVGAB800 (default),
WVGA854, WXGA720, WXGA800, WXGA800-7in
Tag/ABIs : google apis/x86
id: 2 or "android-25"
Name: Android 7.1.1
Type: Platform
API level: 25
Revision: 3
Skins: HVGA, QVGA, WQVGA400, WQVGA432, WSVGA, WVGA800 (default),
WVGA854, WXGA720, WXGA800, WXGA800-7in
Tag/ABIs : no ABIs.

The syntax for AVD creation is as follows:

android create avd -n <name> -t <targetID> [-<option> <value>]

For example, to create a new AVD named Nexus9 using the target ID for the Android API level 25 device
(in this case ID 2) using the default x86_64 ABI, the following command may be used:

android create avd -n Nexus9 -t 2 --abi "default/x86 64"

The android tool will create the new AVD to the specifications required for a basic Android 7 device,
also providing the option to create a custom configuration to match the specification of a specific
device if required. Once a new AVD has been created from the command line, it may not show up in
the Android Device Manager tool until the Refresh button is clicked.

In addition to the creation of new AVDs, a number of other tasks may be performed from the command
line. For example, a list of currently available AVDs may be obtained using the list avd command line
arguments:

android list avd

Available Android Virtual Devices:
Name: Nexus9
Path: C:\Users\Neil\.android\avd\demotest.avd
Target: Android 7.1 (API level 25)
Tag/ABI: default/x86 64
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Skin: WVGA800

Name: Nexus 9 API 25
Device: Nexus 9 (Google)
Path: C:\Users\Neil\.android\avd\Nexus 9 API 25.avd
Target: Android 7.1 (API level 25)
Tag/ABI: default/x86 64
Skin: nexus 9
Sdcard: 100M

Similarly, to delete an existing AVD, simply use the delete option as follows:

android delete avd -n <avd name>

5.8 Android Virtual Device Configuration Files

By default, the files associated with an AVD are stored in the .android/avd sub-directory of the user’s
home directory, the structure of which is as follows (where <avd name> is replaced by the name
assigned to the AVD):

<avd name>.avd/config.ini
<avd name>.avd/userdata.img
<avd name>.ini

The config.ini file contains the device configuration settings such as display dimensions and memory
specified during the AVD creation process. These settings may be changed directly within the
configuration file and will be adopted by the AVD when it is next invoked.

The <avd name>.ini file contains a reference to the target Android SDK and the path to the AVD files.
Note that a change to the image.sysdir value in the config.ini file will also need to be reflected in the
target value of this file.

5.9 Moving and Renaming an Android Virtual Device

The current name or the location of the AVD files may be altered from the command line using the
android tool’s move avd argument. For example, to rename an AVD named Nexus9 to Nexus9B, the
following command may be executed:

android move avd -n Nexus9 -r Nexus9B

To physically relocate the files associated with the AVD, the following command syntax should be used:
android move avd -n <avd name> -p <path to new location>

For example, to move an AVD from its current file system location to /tmp/Nexus9Test:

android move avd -n Nexus9 -p /tmp/Nexus9Test
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Note that the destination directory must not already exist prior to executing the command to move
an AVD.

5.10 Summary

A typical application development process follows a cycle of coding, compiling and running in a test
environment. Android applications may be tested on either a physical Android device or using an
Android Virtual Device (AVD) emulator. AVDs are created and managed using the Android AVD
Manager tool which may be used either as a command line tool or using a graphical user interface.
When creating an AVD to simulate a specific Android device model it is important that the virtual
device be configured with a hardware specification that matches that of the physical device.
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Chapter 6

6. Using and Configuring the Android
Studio AVD Emulator

The Android Virtual Device (AVD) emulator environment bundled with Android Studio 1.x was an
uncharacteristically weak point in an otherwise reputable application development environment.
Regarded by many developers as slow, inflexible and unreliable, the emulator was long overdue for an
overhaul. Fortunately, Android Studio 2 introduced an enhanced emulator environment providing
significant improvements in terms of configuration flexibility and overall performance. According to
the Android Studio team at Google, launching an app on the new emulator is now faster than running
on a physical Android device. Not only does the emulator contain many new configuration options,
these changes can be made in real-time while the application is running.

Before the next chapter explores testing on physical Android devices, this chapter will take some time
to provide an overview of the Android Studio AVD emulator and highlight many of the configuration
features that are available to customize the environment.

6.1 The Emulator Environment

When launched, the emulator displays an initial splash screen during the loading process as illustrated
in Figure 6-1:

Android Emulater

1

Figure 6-1

Once loaded, the main emulator window appears containing a representation of the chosen device
type (in the case of Figure 6-2 this is a Nexus 5X device):
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U 25

Figure 6-2
Positioned along the right-hand edge of the window is the toolbar providing quick access to the
emulator controls and configuration options.
6.2 The Emulator Toolbar Options

The emulator toolbar (Figure 6-3) provides access to a range of options relating to the appearance and

behavior of the emulator environment.
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Figure 6-3

Each button in the toolbar has associated with it a keyboard accelerator which can be identified either

by hovering the mouse pointer over the button and waiting for the tooltip to appear, or via the help

option of the extended controls panel.

Though many of the options contained within the toolbar are self-explanatory, each option will be

covered for the sake of completeness:

Exit / Minimize — The uppermost ‘x’ button in the toolbar exits the emulator session when selected
while the ‘- option minimizes the entire window.

Power — The Power button simulates the hardware power button on a physical Android device.
Clicking and releasing this button will lock the device and turn off the screen. Clicking and holding
this button will initiate the device “Power off” request sequence.

Volume Up / Down — Two buttons that control the audio volume of playback within the simulator
environment.

Rotate Left/Right — Rotates the emulated device between portrait and landscape orientations.
Screenshot — Takes a screenshot of the content currently displayed on the device screen. The
captured image is stored at the location specified in the Settings screen of the extended controls
panel as outlined later in this chapter.

Zoom Mode — This button toggles in and out of zoom mode, details of which will be covered later
in this chapter.
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e Back —Simulates selection of the standard Android “Back” button. As with the Home and Overview
buttons outlined below, the same results can be achieved by selecting the actual buttons on the
emulator screen.

o Home — Simulates selection of the standard Android “Home” button.

e Overview — Simulates selection of the standard Android “Overview” button which displays the
currently running apps on the device.

e Extended Controls — Displays the extended controls panel, allowing for the configuration of
options such as simulated location and telephony activity, battery strength, cellular network type
and fingerprint identification.

6.3 Working in Zoom Mode

The zoom button located in the emulator toolbar switches in and out of zoom mode. When zoom
mode is active the toolbar button is depressed and the mouse pointer appears as a magnifying glass
when hovering over the device screen. Clicking the left mouse button will cause the display to zoom
in relative to the selected point on the screen, with repeated clicking increasing the zoom level.
Conversely, clicking the right mouse button decreases the zoom level. Toggling the zoom button off
reverts the display to the default size.

Clicking and dragging while in zoom mode will define a rectangular area into which the view will zoom
when the mouse button is released.

While in zoom mode the visible area of the screen may be panned using the horizontal and vertical
scrollbars located within the emulator window.

6.4 Resizing the Emulator Window

The size of the emulator window (and the corresponding representation of the device) can be changed
at any time by clicking and dragging on any of the corners or sides of the window.

6.5 Extended Control Options

The extended controls toolbar button displays the panel illustrated in Figure 6-4. By default, the
location settings will be displayed. Selecting a different category from the left-hand panel will display
the corresponding group of controls:
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Extended controls
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Figure 6-4

6.5.1 Location

The location controls allow simulated location information to be sent to the emulator in the form of
decimal or sexigesimal coordinates. Location information can take the form of a single location, or a
sequence of points representing movement of the device, the latter being provided via a file in either
GPS Exchange (GPX) or Keyhole Markup Language (KML) format.

A single location is transmitted to the emulator when the Send button is clicked. The transmission of
GPS data points begins once the “play” button located beneath the data table is selected. The speed
at which the GPS data points are fed to the emulator can be controlled using the speed menu adjacent
to the play button.

6.5.2 Cellular

The type of cellular connection being simulated can be changed within the cellular settings screen.
Options are available to simulate different network types (CSM, EDGE, HSDPA etc) in addition to a
range of voice and data scenarios such as roaming and denied access.

6.5.3 Battery

A variety of simulated battery state and charging conditions can be simulated on this panel of the
extended controls screen, including battery charge level, battery health and whether the AC charger
is currently connected.

6.5.4 Phone

The phone extended controls provide two very simple but useful simulations within the emulator. The
first option allows for the simulation of an incoming call from a designated phone number. This can be
of particular use when testing the way in which an app handles high level interrupts of this nature.

59



Using and Configuring the Android Studio AVD Emulator

The second option allows the receipt of text messages to be simulated within the emulator session. As
inthe real world, these messages appear within the Message app and trigger the standard notifications
within the emulator.

6.5.5 Directional Pad

A directional pad (D-Pad) is an additional set of controls either built into an Android device or
connected externally (such as a game controller) that provides directional controls (left, right, up,
down). The directional pad settings allow D-Pad interaction to be simulated within the emulator.

6.5.6 Fingerprint

Many Android devices are now supplied with built-in fingerprint detection hardware. The AVD
emulator makes it possible to test fingerprint authentication without the need to test apps on a
physical device containing a fingerprint sensor. Details on how to configure fingerprint testing within
the emulator will be covered in detail later in this chapter.

6.5.7 Virtual Sensors

The virtual sensors option allows the accelerometer and magnetometer to be simulated to emulate
the effects of the physical motion of a device such as rotation, movement and tilting through yaw,
pitch and roll settings.

6.5.8 Settings

The settings panel provides a small group of configuration options. Use this panel to choose a darker
theme for the toolbar and extended controls panel, specify a file system location into which
screenshots are to be saved, and to configure the emulator window to appear on top of other windows
on the desktop.

6.5.9 Help

The Help screen contains three sub-panels containing a list of keyboard shortcuts, links to access the
emulator online documentation, file bugs and send feedback, and emulator version information.

6.6 Drag and Drop Support

An Android application is packaged into an APK file when it is built. When Android Studio built and ran
the AndroidSample app created earlier in this book, for example, the application was compiled and
packaged into an APK file. That APK file was then transferred to the emulator and launched.

The Android Studio emulator also supports installation of apps by dragging and dropping the
corresponding APK file onto the emulator window. To experience this in action, start the emulator,
open Settings and select the Apps option. Within the list of installed apps, locate and select the
AndroidSample app and, in the app detail screen, uninstall the app from the emulator.
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Open the file system navigation tool for your operating system (e.g. Windows Explorer for Windows
or Finder for Mac OS X) and navigate to the folder containing the AndroidSample project. Within this
folder locate the app/build/outputs/apk subfolder. This folder should contain two APK files named
app-debug.apk and app-debug-unaligned.apk. Drag the app-debug.apk file and drop it onto the
emulator window. The dialog shown in (Figure 6-5) will subsequently appear as the APK file is installed.

7 APK Installer ? >

Installing APK. ..

|

Figure 6-5
Once the APK file installation has completed, locate the app on the device and click on it to launch it.

In addition to APK files, any other type of file such as image, video or data files can be installed onto
the emulator using this drag and drop feature. Such files are added to the SD card storage area of the
emulator where they may subsequently be accessed from within app code.

6.7 Configuring Fingerprint Emulation

The emulator allows up to 10 simulated fingerprints to be configured and used to test fingerprint
authentication within Android apps. To configure simulated fingerprints begin by launching the
emulator, opening the Settings app and selecting the Security option.

Within the Security settings screen, select the Use fingerprint option. On the resulting information
screen click on the Next button to proceed to the Fingerprint setup screen. Before fingerprint security
can be enabled a backup screen unlocking method (such as a PIN number) must be configured. Click
on the Fingerprint + PIN button, enter and confirm a suitable PIN number and complete the PIN entry
process.

Proceed through the remaining screens until the Settings app requests a fingerprint on the sensor. At
this point display the extended controls dialog, select the Fingerprint category in the left-hand panel
and make sure that Finger 1 is selected in the main settings panel:
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Figure 6-6

Click on the Touch Sensor button to simulate Finger 1 touching the fingerprint sensor. The emulator
will report the successful addition of the fingerprint:

Fingerprint added!

‘Whenever you see this icon, you can use your
fingerprint for identification or te authorize a
purchase,

Add anothe [ vone |

Figure 6-7

To add additional fingerprints click on the Add Another button and select another finger from the
extended controls panel menu before clicking on the Touch Sensor button once again. The topic of
building fingerprint authentication into an Android app is covered in detail in the chapter entitled An
Android Fingerprint Authentication Tutorial.

6.8 Summary

Android Studio 2 contains a new and improved Android Virtual Device emulator environment designed
to make it easier to test applications without the need to run on a physical Android device. This chapter
has provided a brief tour of the emulator and highlighted key features that are available to configure
and customize the environment to simulate different testing conditions.
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7. Testing Android Studio Apps on a
Physical Android Device

Whilst much can be achieved by testing applications using an Android Virtual Device (AVD), there
is no substitute for performing real world application testing on a physical Android device and
there are a number of Android features that are only available on physical Android devices.

Communication with both AVD instances and connected Android devices is handled by the Android
Debug Bridge (ADB). In this chapter we will work through the steps to configure the adb environment
to enable application testing on a physical Android device with Mac OS X, Windows and Linux based
systems.

7.1 An Overview of the Android Debug Bridge (ADB)

The primary purpose of the ADB is to facilitate interaction between a development system, in this case
Android Studio, and both AVD emulators and physical Android devices for the purposes of running and
debugging applications.

The ADB consists of a client, a server process running in the background on the development system
and a daemon background process running in either AVDs or real Android devices such as phones and
tablets.

The ADB client can take a variety of forms. For example, a client is provided in the form of a command-
line tool named adb located in the Android SDK platform-tools sub-directory. Similarly, Android Studio
also has a built-in client.

A variety of tasks may be performed using the adb command-line tool. For example, a listing of
currently active virtual or physical devices may be obtained using the devices command-line argument.
The following command output indicates the presence of an AVD on the system but no physical
devices:

$ adb devices
List of devices attached
emulator-5554 device
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7.2 Enabling ADB on Android based Devices

Before ADB can connect to an Android device, that device must first be configured to allow the
connection. On phone and tablet devices running Android 6.0 or later, the steps to achieve this are as
follows:

1. Open the Settings app on the device and select the About tablet or About phone option.
2. Onthe About screen, scroll down to the Build number field (Figure 7-1) and tap on it seven times
until a message appears indicating that developer mode has been enabled.

Kernel version

3.10.103-ge912bb7
android-build@wped26.hot.corp.google.com #1
Fri Oct 21 17:15:52 UTC 2016

Build number
N4F26M

Figure 7-1

3. Return to the main Settings screen and note the appearance of a new option titled Developer
options. Select this option and locate the setting on the developer screen entitled USB debugging.
Enable the switch next to this item as illustrated in Figure 7-2:

Debugging

USB debugging .
Debug mode when USB is connected

Figure 7-2

4. Swipe downward from the top of the screen to display the notifications panel (Figure 7-3) and
note that the device is currently connected for debugging.

USB debugging connected
Touch to disable USB debugging.

Figure 7-3

At this point, the device is now configured to accept debugging connections from adb on the
development system. All that remains is to configure the development system to detect the device
when it is attached. While this is a relatively straightforward process, the steps involved differ
depending on whether the development system is running Windows, Mac OS X or Linux. Note that the
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following steps assume that the Android SDK platform-tools directory is included in the operating
system PATH environment variable as described in the chapter entitled Setting up an Android Studio
Development Environment.

7.2.1 Mac OS X ADB Configuration

In order to configure the ADB environment on a Mac OS X system, connect the device to the computer
system using a USB cable, open a terminal window and execute the following command:

android update adb
Next, restart the adb server by issuing the following commands in the terminal window:

$ adb kill-server

$ adb start-server

* daemon not running. starting it now on port 5037 *
* daemon started successfully *

Once the server is successfully running, execute the following command to verify that the device has
been detected:

$ adb devices
List of devices attached
74CE000600000001 offline

If the device is listed as offline, go to the Android device and check for the presence of the dialog shown
in Figure 7-4 seeking permission to Allow USB debugging. Enable the checkbox next to the option that
reads Always allow from this computer, before clicking on OK. Repeating the adb devices command
should now list the device as being available:

List of devices attached
015d41d4454bf80c device

In the event that the device is not listed, try logging out and then back in to the Mac OS X desktop and,
if the problem persists, rebooting the system.

7.2.2 Windows ADB Configuration

The first step in configuring a Windows based development system to connect to an Android device
using ADB is to install the appropriate USB drivers on the system. The USB drivers to install will depend
on the model of Android Device. If you have a Google Nexus device, then it will be necessary to install
and configure the Google USB Driver package on your Windows system. Detailed steps to achieve this
are outlined on the following web page:

http://developer.android.com/sdk/win-usb.html|

65


http://developer.android.com/sdk/win-usb.html

Testing Android Studio Apps on a Physical Android Device

For Android devices not supported by the Google USB driver, it will be necessary to download the
drivers provided by the device manufacturer. A listing of drivers together with download and
installation information can be obtained online at:

http://developer.android.com/tools/extras/oem-usb.html

With the drivers installed and the device now being recognized as the correct device type, open a
Command Prompt window and execute the following command:

adb devices
This command should output information about the connected device similar to the following:

List of devices attached
HT4CTJT01906 offline

If the device is listed as offline or unauthorized, go to the device display and check for the dialog shown
in Figure 7-4 seeking permission to Allow USB debugging.

Allow USB debugging?
The computer's RSA key fingerprint is:
6E:BF:56:13:95:F8:9B:7E:12:CF:C5:67

|:| Always allow from this computer

CANCEL OK

Figure 7-4

Enable the checkbox next to the option that reads Always allow from this computer, before clicking on
OK. Repeating the adb devices command should now list the device as being ready:

List of devices attached
HT4CTJT01906 device

In the event that the device is not listed, execute the following commands to restart the ADB server:

adb kill-server
adb start-server

If the device is still not listed, try executing the following command:

android update adb

Note that it may also be necessary to reboot the system.
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7.2.3 Linux adb Configuration

For the purposes of this chapter, we will once again use Ubuntu Linux as a reference example in terms
of configuring adb on Linux to connect to a physical Android device for application testing.

Begin by attaching the Android device to a USB port on the Ubuntu Linux system. Once connected,
open a Terminal window and execute the Linux Isusb command to list currently available USB devices:

~$ lsusb
Bus 001 Device 003: ID 18dl:4e44 asus Nexus 7 [9999]
Bus 001 Device 001: ID 1d6b:0001 Linux Foundation 1.1 root hub

Each USB device detected on the system will be listed along with a vendor ID and product ID. A list of
vendor IDs can be found online at http://developer.android.com/tools/device.html#Vendorlds. The
above output shows that a Google Nexus 7 device has been detected. Make a note of the vendor and
product ID numbers displayed for your particular device (in the above case these are 18D1 and 4E44
respectively).

Use the sudo command to edit the 51-android.rules file located in the /etc/udev/rules.d directory. For
example:

sudo gedit /etc/udev/rules.d/51-android.rules

Within the editor, add the appropriate entry for the Android device, replacing <vendor_id> and
<product_id> with the vendor and product IDs returned previously by the /susb command:

SUBSYSTEM=="usb", ATTR{idVendor}=="<vendor id>",
ATTRS{idProduct }=="<product id>", MODE="0660", OWNER="root",
GROUP="androidadb", SYMLINK+="android%n"

Once the entry has been added, save the file and exit from the editor.
Next, use an editor to modify (or create if it does not yet exist) the adb_usb.ini file:
gedit ~/.android/adb usb.ini

Once the file is loaded into the editor, add the following lines (once again replacing <vendor_id> and
<product_id> with the vendor and product IDs returned previously by the Isusb command) before
saving the file and exiting:

Ox<vendor id>
Ox<product id>

Using the above syntax, the entries for the Nexus 7 would, for example, read:
0x18d1

Ox4ed4
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The final task is to create the androidadb user group and add your user account to it. To achieve this,
execute the following commands making sure to replace <user name> with your Ubuntu user account
name:

sudo addgroup --system androidadb
sudo adduser <username> androidadb

Once the above changes have been made, reboot the Ubuntu system. Once the system has restarted,
open a Terminal window, start the adb server and check the list of attached devices:

$ adb start-server

* daemon not running. starting it now on port 5037 *
* daemon started successfully *

$ adb devices

List of devices attached

015d41d4454bf80c offline

If the device is listed as offline or unauthorized, go to the Android device and check for the dialog
shown in Figure 7-4 seeking permission to Allow USB debugging.

7.3 Testing the adb Connection

Assuming that the adb configuration has been successful on your chosen development platform, the
next step is to try running the test application created in the chapter entitled Creating an Example
Android App in Android Studio on the device.

Launch Android Studio, open the AndroidSample project and, once the project has loaded, click on the
run button located in the Android Studio toolbar (Figure 7-5).

Build Run Tools VC5 Window Help

‘Q app « " [ [;
£ layout & = conthid_sample.xml
idroidSamplefctivity.java * T®=2 content_androi
Figure 7-5

Assuming that the project has not previously been configured to run automatically in an emulator
environment, the deployment target selection dialog will appear with the connected Android device
listed as a currently running device. Figure 7-6, for example, lists a Nexus 9 device as a suitable target
for installing and executing the application.
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% Select Deployment Target d

Connected Devices

HTC Mexus 9 (Android 7.1.1, API 25)

Available Virtual Devices

[0 Nexus 5X API 25 x86
[ Mexus 9 API 25

| Create New Virtual Device Don't see your device?
[:] Use same selection for future launches m | Cancel |
Figure 7-6

To make this the default device for testing, enable the Use same device for future launches option.
With the device selected, click on the OK button to install and run the application on the device. As
with the emulator environment, diagnostic output relating to the installation and launch of the
application on the device will be logged in the Run tool window.

7.4 Summary

While the Android Virtual Device emulator provides an excellent testing environment, it is important
to keep in mind that there is no real substitute for making sure an application functions correctly on a
physical Android device. This, after all, is where the application will be used in the real world.

By default, however, the Android Studio environment is not configured to detect Android devices as a
target testing device. It is necessary, therefore, to perform some steps in order to be able to load
applications directly onto an Android device from within the Android Studio development
environment. The exact steps to achieve this goal differ depending on the development platform being
used. In this chapter, we have covered those steps for Linux, Mac OS X and Windows based platforms.
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Chapter 8

8. The Basics of the Android Studio
Code Editor

Developing applications for Android involves a considerable amount of programming work which,
by definition, involves typing, reviewing and modifying lines of code. It should come as no surprise
that the majority of a developer’s time spent using Android Studio will typically involve editing code
within the editor window.

The modern code editor needs to go far beyond the original basics of typing, deleting, cutting and
pasting. Today the usefulness of a code editor is generally gauged by factors such as the amount by
which it reduces the typing required by the programmer, ease of navigation through large source code
files and the editor’s ability to detect and highlight programming errors in real-time as the code is
being written. As will become evident in this chapter, these are just a few of the areas in which the
Android Studio editor excels.

While not an exhaustive overview of the features of the Android Studio editor, this chapter aims to
provide a guide to the key features of the tool. Experienced programmers will find that some of these
features are common to most code editors available today, while a number are unique to this
particular editing environment.

8.1 The Android Studio Editor

The Android Studio editor appears in the center of the main window when a Java, XML or other text
based file is selected for editing. Figure 8-1, for example, shows a typical editor session with a Java
source code file loaded:
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S content_android_ssmplexml X | © menu_android_samplexml % | & activity_android_samplexml % | (€ AndroidSampleActivity.java % o

package com.ebookfrenzy.androidsample;
import ...

@ public class AndroidSampleRctivity extends AppCompatActivity |

onCreate (Bundles savedInstanceState) {

super.onCreate (savedInstanceState) ;

setContentView (R.layout.activity android sample);
Toolbar toolbar = {Toolbar) findViewById(R.id.toolbar):
setSupporthActionBar (toolbar) ;

FloatingActionButton fab = (FloatingActionButton) findViewById(R.id.fab); e
&l fab.setOnClickListener{(view) — | @

Snackbar.make(view, "Replace with your own action”, Snackbar.LENGTH LONG)
.setkction("Action”, mull).show():

Boverride
&1 public boolean onCreateCptionsMenu (Menu menu) {

getMenuInflater() .inflate (R.menu.menu_android sample, menu);
return true;

}

Boverride
&l public boolean onCptionsItemSelected(Menultem item) {
[T Cannot resolve symbol 'Bundles’ 1336 CRLF: UTF-8+ W 8 W

Figure 8-1
The elements that comprise the editor window can be summarized as follows:

A - Document Tabs — Android Studio is capable of holding multiple files open for editing at any one
time. As each file is opened, it is assigned a document tab displaying the file name in the tab bar located
along the top edge of the editor window. A small dropdown menu will appear in the far right-hand
corner of the tab bar when there is insufficient room to display all of the tabs. Clicking on this menu
will drop down a list of additional open files. A wavy red line underneath a file name in a tab indicates
that the code in the file contains one or more errors that need to be addressed before the project can
be compiled and run.

Switching between files is simply a matter of clicking on the corresponding tab or using the Alt-Left
and Alt-Right keyboard shortcuts. Navigation between files may also be performed using the Switcher
mechanism (accessible via the Ctrl-Tab keyboard shortcut).

To detach an editor panel from the Android Studio main window so that it appears in a separate
window, click on the tab and drag it to an area on the desktop outside of the main window. To return
the editor to the main window, click on the file tab in the separated editor window and drag and drop
it onto the original editor tab bar in the main window.

B — The Editor Gutter Area - The gutter area is used by the editor to display informational icons and
controls. Some typical items, among others, which appear in this gutter area are debugging breakpoint
markers, controls to fold and unfold blocks of code, bookmarks, change markers and line numbers.
Line numbers are switched off by default but may be enabled by right-clicking in the gutter and
selecting the Show Line Numbers menu option.

C — The Status Bar — Though the status bar is actually part of the main window, as opposed to the
editor, it does contain some information about the currently active editing session. This information
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includes the current position of the cursor in terms of lines and characters and the encoding format of
the file (UTF-8, ASCII etc.). Clicking on these values in the status bar allows the corresponding setting
to be changed. Clicking on the line number, for example, displays the Go to Line dialog.

D — The Editor Area — This is the main area where the code is displayed, entered and edited by the
user. Later sections of this chapter will cover the key features of the editing area in detail.

E — The Validation and Marker Sidebar — Android Studio incorporates a feature referred to as “on-
the-fly code analysis”. What this essentially means is that as you are typing code, the editor is analyzing
the code to check for warnings and syntax errors. The indicator at the top of the validation sidebar will
change from a green check mark (no warnings or errors detected) to a yellow square (warnings
detected) or red alert icon (errors have been detected). Clicking on this indicator will display a popup
containing a summary of the issues found with the code in the editor as illustrated in Figure 8-2:

Analysis completed

)

| 2 errors found
3 warnings found

n) findViewById(R.id.fab);

Figure 8-2

The sidebar also displays markers at the locations where issues have been detected using the same
color coding. Hovering the mouse pointer over a marker when the line of code is visible in the editor
area will display a popup containing a description of the issue (Figure 8-3):

Field 'my5String’ is never used

Figure 8-3

Hovering the mouse pointer over a marker for a line of code which is currently scrolled out of the
viewing area of the editor will display a “lens” overlay containing the block of code where the problem
is located (Figure 8-4) allowing it to be viewed without the necessity to scroll to that location in the
editor:
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1

L] public class AndroidSampleActivity extends AppCompatActivity {

String myString; |Field 'my3cring' is mewer used |

Boverride —

protected void onCreate(Bundles savedInstanceState) [ |Method 'onCreate(Bundles)' is never used || Cannot resolve symbol 'Bun|
super.onCreate (savedInstanceState) 7 | renCzeate (andreid.os.Bundle) ' in 'andreid.suppert.vl.app.AppCompathetivity’ cannot be

getContentView(R.layout.activity android sample);
Toolbar toolbar = (Toolbar) findViewById(R.id.toolbar);

Figure 8-4

It is also worth noting that the lens overlay is not limited to warnings and errors in the sidebar.
Hovering over any part of the sidebar will result in a lens appearing containing the code present at that
location within the source file.

Having provided an overview of the elements that comprise the Android Studio editor, the remainder
of this chapter will explore the key features of the editing environment in more detail.

8.2 Splitting the Editor Window

By default, the editor will display a single panel showing the content of the currently selected file. A
particularly useful feature when working simultaneously with multiple source code files is the ability
to split the editor into multiple panes. To split the editor, right-click on a file tab within the editor
window and select either the Split Vertically or Split Horizontally menu option. Figure 8-5, for example,
shows the splitter in action with the editor split into three panels:

% content_andreid_samplexml| x =3 €' AndroidSampleActivity java *
<?qml version="1.0" encoding="utf-8"27> v package com.ebookfrenzy.androidsample; v
c <Relativelayout xmlns:android="http://schemas.andro]

mmlns:tools="http://schemas.android.com/tools" import android.os.Bundle;
xmlns:app="http://schemas.android.com/apk/res-ai import android.support.design.widget.FloatingActionButtons
android:layout height="match parent" android:pas import android.support.design.widget.Snackbar;
android:paddingRight="1&dp" import android.support.vw7.app.ApplompatActivity;
android:paddingTop="16dp" import android.support.v7.widget.Toolbar;
android:paddingBottom="16dp" import android.view.View;
app:layout_behavior="android.support.design.widd import android.view.Menu;
tools:showIn="@layout/activity android sample" import android.view.Menultem;
tools:context=".AndroidSampleActivity"
android:background="#a0ff28"> <« public class AndroidSampleRActivity extends AppCompatActivity
<TextView Afrarride

android:layout width="wrap_ content”
android:layout_height="wrap content”
android: textAppearance="?android:attr/texthy
android: text="Welcome to Android Studio"
android:id="g+id/textView" ol
android:layout_centerVertical="true"
android:layout centerHorizontal="true" />
</RelativeLayout>

n

AndroidSampleActivity java *

} v
@override

public boolean ocnOpticnsItemSelected(Menultem item) |

int id = item.getItemId({);

Design | Text
Figure 8-5

The orientation of a split panel may be changed at any time by right-clicking on the corresponding tab
and selecting the Change Splitter Orientation menu option. Repeat these steps to unsplit a single
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panel, this time selecting the Unsplit option from the menu. All of the split panels may be removed by
right-clicking on any tab and selecting the Unsplit All menu option.

Window splitting may be used to display different files, or to provide multiple windows onto the same
file, allowing different areas of the same file to be viewed and edited concurrently.

8.3 Code Completion

The Android Studio editor has a considerable amount of built-in knowledge of Java programming
syntax and the classes and methods that make up the Android SDK, as well as knowledge of your own
code base. As code is typed, the editor scans what is being typed and, where appropriate, makes
suggestions with regard to what might be needed to complete a statement or reference. When a
completion suggestion is detected by the editor, a panel will appear containing a list of suggestions. In
Figure 8-6, for example, the editor is suggesting possibilities for the beginning of a String declaration:

public class AndroidSampleActivity extends AppCompatActivity |

sty
.C String (java.lang) ¢
- ingTokenizer
ictMach
ingBuffer
ingBuilder
- ingIndexOutlfBoundsException

eamHandler

& eamCorruptedException R.id.fab);
eamTokenizer
ingCharacterIterator ckbar. LENGTH

1

e

i
Figure 8-6

If none of the auto completion suggestions are correct, simply keep typing and the editor will continue
to refine the suggestions where appropriate. To accept the top most suggestion, simply press the Enter
or Tab key on the keyboard. To select a different suggestion, use the arrow keys to move up and down
the list, once again using the Enter or Tab key to select the highlighted item.

Completion suggestions can be manually invoked using the Ctrl-Space keyboard sequence. This can be
useful when changing a word or declaration in the editor. When the cursor is positioned over a word
in the editor, that word will automatically highlight. Pressing Ctrl-Space will display a list of alternate
suggestions. To replace the current word with the currently highlighted item in the suggestion list,
simply press the Tab key.

In addition to the real-time auto completion feature, the Android Studio editor also offers a system
referred to as Smart Completion. Smart completion is invoked using the Shift-Ctrl-Space keyboard
sequence and, when selected, will provide more detailed suggestions based on the current context of
the code. Pressing the Shift-Ctrl-Space shortcut sequence a second time will provide more suggestions
from a wider range of possibilities.
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Code completion can be a matter of personal preference for many programmers. In recognition of this
fact, Android Studio provides a high level of control over the auto completion settings. These can be
viewed and modified by selecting the File -> Settings... menu option and choosing Editor -> General ->
Code Completion from the settings panel as shown in Figure 8-7:

) Settings X
T = " "
( ) Editor > General > Code Completion
Appearance & Behavior e
Appearance
A Case sensitive completion: First letter [ - |
System Settings Auto-insert when only one choice on:
File Colors &

Basic Completion ( Ctrl+Space )
Scopes

Notifications Smart Type Completion ( Ctrl+ Shift+Space )
Quick Lists
Keymap

[ Sort lookup items lexicographically

Fditor Autopopup code completion
General [ Insert selected variant by typing dot, space, etc.
Smart Keys
Appearance Autopopup documentation in (ms): 1000
Editor Tabs For explicitly invoked completion
Code Folding
Aute Import Autopopup in (ms): | 1000

Postfix Completion

Console Folding [C] Show full signatures

o« RN g
Figure 8-7
8.4 Statement Completion

Another form of auto completion provided by the Android Studio editor is statement completion. This
can be used to automatically fill out the parentheses and braces for items such as methods and loop
statements. Statement completion is invoked using the Shift-Ctrl-Enter (Shift-Cmd-Enter on Mac OS X)
keyboard sequence. Consider for example the following code:

protected void myMethod ()

Having typed this code into the editor, triggering statement completion will cause the editor to
automatically add the braces to the method:

protected void myMethod () {

}

8.5 Parameter Information

It is also possible to ask the editor to provide information about the argument parameters accepted
by a method. With the cursor positioned between the brackets of a method call, the Ctrl-P (Cmd-P on
Mac OS X) keyboard sequence will display the parameters known to be accepted by that method, with
the most likely suggestion highlighted in bold:
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String myButtonText = m‘gstring.replaceﬁllgb

String regularExpression, 5tring replacement

Figure 8-8
8.6 Code Generation

In addition to completing code as it is typed the editor can, under certain conditions, also generate
code for you. The list of available code generation options shown in Figure 8-9 can be accessed using
the Alt-Insert keyboard shortcut when the cursor is at the location in the file where the code is to be
generated.

Generate

toString()

Override Methods..,  Ctrl+0
Delegate Methods...

Super Method Call
Copyright

App Indexing APl Code

Figure 8-9

For the purposes of an example, consider a situation where we want to be notified when an Activity
in our project is about to be destroyed by the operating system. As will be outlined in a later chapter
of this book, this can be achieved by overriding the onStop() lifecycle method of the Activity superclass.
To have Android Studio generate a stub method for this, simply select the Override Methods... option
from the code generation list and select the onStop() method from the resulting list of available
methods:

= Select Methods to Override/Implement H

weElE = =
€ android.suppert.vT.app.ActionBarActivity
m b ActionBarActivity()
getSupportActionBar():ActionBar
getMenulnflater(:Menulnflater
setContentView(layoutReslDiint):void
setContentView(view:View):void
setContentViewlview:View, params:LayoutParam
addContentView(view:View, params:LayoutParan
enCenfigurationChanged (newConfig:Configurat
7 onStop():void
enPostResume(iveid
onCreatePanelView(featureld:int):View

onTitleChanged(title:CharSequence, colorintlvo

pp )tboc
supportinvalidateOptionsMenu(:void
onSupportActionModeStarted(mode:ActionMod
onSupportActionMedeFinished (mode:ActionMo
startSupportActionMode(callback Callback):Actic
ont

RN N T W VR N VE W] ) [N R T N VD

onPreparePanel(featureldint, view:View, menu:N/

[ Copy JavaDoc

¥ Insert @Override m Cancel |

Figure 8-10
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Having selected the method to override, clicking on OK will generate the stub method at the current
cursor location in the Java source file as follows:

@Override
protected void onStop () {
super.onStop () ;

}
8.7 Code Folding

Once a source code file reaches a certain size, even the most carefully formatted and well organized
code can become overwhelming and difficult to navigate. Android Studio takes the view that it is not
always necessary to have the content of every code block visible at all times. Code navigation can be
made easier through the use of the code folding feature of the Android Studio editor. Code folding is
controlled using markers appearing in the editor gutter at the beginning and end of each block of code
in a source file. Figure 8-11, for example, highlights the start and end markers for a method declaration
which is not currently folded:

_'-;-.'e::ijel

§ public boolean onCreatelptionsMenu(Menu menu) |

getMenuInflater().inflate (R.menu.android sample, menu);
return true;

Clicking on either of these markers will fold the statement such that only the signature line is visible
as shown in Figure 8-12:

La)
H
i
i

Figure 8-11

& S
WL gl i il e

&) public boolean onCreatelptionsMenu{Menu menu) [...}

Figure 8-12

To unfold a collapsed section of code, simply click on the ‘+' marker in the editor gutter. To see the
hidden code without unfolding it, hover the mouse pointer over the “{...}” indicator as shown in Figure
8-13. The editor will then display the lens overlay containing the folded code block:
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\/

i public boolean on{reatelptionsMenu(Menu menu) {...}

i public boolean on{reatelptionsMenu(Menu menu) {

getMenuInflater() .inflate (R.menu. android sample, menu);
return true;

INt 1d = 1tem.gecltemld(] s
if (id == R.id.action settings) {

Figure 8-13

All of the code blocks in a file may be folded or unfolded using the Ctrl-Shift-Plus and Ctrl-Shift-Minus

keyboard sequences.

By default, the Android Studio editor will automatically fold some code when a source file is opened.

To configure the conditions under which this happens, select File -> Settings... and choose the Editor -

> General -> Code Folding entry in the resulting settings panel (Figure 8-14):

® Settings X
@ ) Editor > General > Code Folding
Appearance & Behavior Show cade folding outline
LTy Collapse by default:
Editor
General File header

Smart Keys Imports

Appearance ] Documentation comments

Editor Tabs

= [T Method bodies
Code Folding

Code Completion [ Custom folding regions

Auto Import
Eolhls [ XML tags

Postfix Completion
HTML 'style’ attribute

Console Folding

Colors & Fonts :
[ Inline parameter names for literal call arguments

Code Style =
Inspections e One-line methods
File and Code Templates [ Simple property accessors
File Encodings = (] Inner classes
Live Templates [ Anonymous classes
File Types
P [ Annotations
Copyright E
Emmet "Closures” (anonymous classes implementing one method, before Java 8)
Images Generic constructor and method parameters

m | cancel | | || Hel |
Figure 8-14

8.8 Quick Documentation Lookup

Context sensitive Java and Android documentation can be accessed by placing the cursor over the

declaration for which documentation is required and pressing the Ctr/-Q keyboard shortcut (Ctrl-J on

Mac OS X). This will display a popup containing the relevant reference documentation for the item.

Figure 8-15, for example, shows the documentation for the Android Menu class.
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FloatingActionButton fab = (FloatingActionButton) findViewById(R.id.f

fab Documentation for FloatingActionButton >
B ] il design-23.1.0 %
android.support.design.widget r.

puklic class FloatingActionButton
extends android.widget.ImageButton

Floating action buttons are used for a special type of promoted action.
They are distinguished by a circled icon floating above the UI and have
| special motion behaviors related to morphing, lunching, and the

Figure 8-15

Once displayed, the documentation popup can be moved around the screen as needed. Clicking on
the push pin icon located in the right-hand corner of the popup title bar will ensure that the popup
remains visible once focus moves back to the editor, leaving the documentation visible as a reference
while typing code.

8.9 Code Reformatting

In general, the Android Studio editor will automatically format code in terms of indenting, spacing and
nesting of statements and code blocks as they are added. In situations where lines of code need to be
reformatted (a common occurrence, for example, when cutting and pasting sample code from a web
site), the editor provides a source code reformatting feature which, when selected, will automatically
reformat code to match the prevailing code style.

To reformat source code, press the Ctrl-Alt-L keyboard shortcut sequence. To display the Reformat
Code dialog (Figure 8-16) use the Ctrl-Alt-Shift-L. This dialog provides the option to reformat only the
currently selected code, the entire source file currently active in the editor or only code that has
changed as the result of a source code control update.

¥ Reformat File: AndroidSampleActivity.java *
Scope: Optienal:
_ [ Optimize imports
] Rearrange code

© Wholefile

m | Cancel | | Help |

Figure 8-16

The full range of code style preferences can be changed from within the project settings dialog. Select
the File -> Settings menu option and choose Code Style in the left-hand panel to access a list of
supported programming and markup languages. Selecting a language will provide access to a vast array
of formatting style options, all of which may be modified from the Android Studio default to match
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your preferred code style. To configure the settings for the Rearrange code option in the above dialog,
for example, unfold the Code Style section, select Java and, from the Java settings, select the
Arrangement tab.

8.10 Finding Sample Code

The Android Studio editor provides a way to access sample code relating to the currently highlighted
entry within the code listing. This feature can be useful is learning how a particular Android class or
method is used. To find sample code, highlight a method or class name in the editor, right-click on it
and select the Find Sample Code menu option. The Find Sample Code panel (Figure 8-17) will appear
beneath the editor with a list of matching samples. Selecting a sample from the list will load the
corresponding code into the right-hand panel:

Find Sample Code - T
e Symbol 48 public boolean onOptionsItemSelected (Memultem item) {
a Activity.onOptionsitemSelected &L switch (item.getltemld(]) {
Found results 50 case R.id.action_info:
@ Ancroid Develapers st new AlertDialeg.Builder (this)
= 52 .setMessage (R.string.intro_message)
android-PdfRendererBasic 53 setPositiveButton (android.R.string.ok, mull)
51 show ()3
android-NavigationDrawer 55 return true;
"2 NavigationDrawerActivityjava *E i
google-api-java- client-samples 3; return super.onOptionsltemSelected (item);
F? CloudNetesActivityjava j; ) !
7 TasksSample java &0
# CalendarSampleActivity.java 61
yt-direct-lite-android
=3 MainActivihs iaua
Figure 8-17

8.11 Summary

The Android Studio editor goes to great length to reduce the amount of typing needed to write code
and to make that code easier to read and navigate. In this chapter we have covered a number of the
key editor features including code completion, code generation, editor window splitting, code folding,
reformatting and documentation lookup.
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Chapter 9

9. An Overview of the Android
Architecture

So far in this book, steps have been taken to set up an environment suitable for the development
of Android applications using Android Studio. An initial step has also been taken into the process
of application development through the creation of a simple Android Studio application project.

Before delving further into the practical matters of Android application development, however, it is
important to gain an understanding of some of the more abstract concepts of both the Android SDK
and Android development in general. Gaining a clear understanding of these concepts now will provide
a sound foundation on which to build further knowledge.

Starting with an overview of the Android architecture in this chapter, and continuing in the next few
chapters of this book, the goal is to provide a detailed overview of the fundamentals of Android
development.

9.1 The Android Software Stack

Android is structured in the form of a software stack comprising applications, an operating system,
run-time environment, middleware, services and libraries. This architecture can, perhaps, best be
represented visually as outlined in Figure 9-1. Each layer of the stack, and the corresponding elements
within each layer, are tightly integrated and carefully tuned to provide the optimal application
development and execution environment for mobile devices.

The remainder of this chapter will work through the different layers of the Android stack, starting at
the bottom with the Linux Kernel.
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Figure 9-1

9.2 The Linux Kernel

Positioned at the bottom of the Android software stack, the Linux Kernel provides a level of abstraction
between the device hardware and the upper layers of the Android software stack. Based on Linux
version 2.6, the kernel provides preemptive multitasking, low-level core system services such as
memory, process and power management in addition to providing a network stack and device drivers
for hardware such as the device display, Wi-Fi and audio.

The original Linux kernel was developed in 1991 by Linus Torvalds and was combined with a set of
tools, utilities and compilers developed by Richard Stallman at the Free Software Foundation to create
a full operating system referred to as GNU/Linux. Various Linux distributions have been derived from
these basic underpinnings such as Ubuntu and Red Hat Enterprise Linux.

It is important to note, however, that Android uses only the Linux kernel. That said, it is worth noting
that the Linux kernel was originally developed for use in traditional computers in the form of desktops
and servers. In fact, Linux is now most widely deployed in mission critical enterprise server
environments. It is a testament to both the power of today’s mobile devices and the efficiency and
performance of the Linux kernel that we find this software at the heart of the Android software stack.
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