Android Studio
Development




Android Studio Development
Essentials




Android Studio Development Essentials — Second Edition
© 2015 Neil Smyth. 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 2.0

—#.
= eBook






Table of Contents

O 14 o T oL ' 1
1.1 DOWNIOAAING the COUE SAMPIES ......iiiiiiiiie ittt st st e st et e e bt et e eat e s b te s bt e be e beeateeaeesaeesatesbeenbeenbeentesatesasesaeesaeenseenseenes 1
O =TT | o Y- T USSR 1
I o | - PSSR 1

2. Setting up an Android Studio Development ENVIFONMENT .......ccciiiiiiiniiinnniiiiieiiinniisistisisseisssseisisssssssstmsssssssssssssssssssssssssssnsss 3
2.1 SYSEEM REOGUITEIMENTS ... utiii et e et e eetee e e ettt e e e ettt eeeeetbeeeeetteeeeebaeeeassaeaaassseaeastasaeasssasaaaassaeeansseseassaeseaasasaeanssssesassaeeeansssaeanssaeesansens 3
2.2 Installing the Java DevelopmMENT Kit (JDK) ...icceeciee e ciieeciee st st ettt ste e et e e ste e e bt e e saeesaseesaseesaseesnseessseessseesasaeanseesatassnseesnsesenseeenses 3

2.2.1 WiINAOWS JDK INSEAIGLION ....ooeveeeeveeeieesiieeeiit sttt e e st s e st e et e st e st e s st e s ateasateaetea e st e easssasaaensesestaenstaesasaensssasnsasnsses 3
2.2.2 MAC OS X IDK INSTAIGLION. ....c..eeeeeieeeieeiieeee ettt ettt ettt ettt s e st s e st e et e et e e bt s e bte s st s esteastessaseensseenasaensnes 4
A L TU D [ Q[ a 1Sy =1 = 4 T o O USSR 4
2.4 Downloading the ANdroid STUAIO PACKAZE ......ceccveiiiiieeiie ettt et tee st e et e e te e et e e s abeestbeesaseesabeesssaesataeenseesataesnseesaseeenseeenses 5
AN L1 = T a YN g Yo e o I (U o T USSR 5
2.5.1 INSEANIGLION ON WINGOWS......coceeeeiieeieieiieeiet ettt sttt sttt e st e s e st e st esate e s beesaseesaseesabeesastesabessabaeaatessasaeestesnsseenssssnsteenseas 5
PRI 131 ][ 1 (oY Mo T 1Y o Toll O X SRR 6
2.5.3 INSEANGLION ON LINUX ..ttt ettt ettt ettt e s e st e st esate e s te e s ate e s aseesabe e sabeesateesassesabessabaaeassaesteestsensseenssesnsteesees 7
2.6 The ANdroid STUAIO SETUP WIZAI .....c..eiiiiiieieeie ettt ettt b et e b st st e sae e bt et e ea b e e s beeabesatesbeesbeenbeeabeeabeentesasessaanbeans 7
2.7 Installing the Latest ANAroid SDK PACKAZES......cccuiiirieiiiieeireeeieeeete ettt eeteeeetteeeteeesteeesaeestbeessseessseessseesasesssseesatasassestesaseestessseeenses 8
2.8 Making the Android SDK Tools Command-liNg ACCESSIDIE ..........oouiiiiiiiiiere ettt ettt ettt et 10
D AV 1o [0 PR UPUPROPPPPN 10
B A [ Lo Lo AR < O AU 11
2.8.3 LINUX <ottt ettt et e e ettt et e e e e uh et aeeeeeeeauaateeteeeeaauaaaeeeteeeee e nhanee et eeeaa hnneeeeeeeeannrareeaeeeaaaas 11
R 1V Lo Toll O A G ST PPPPUSP 12
2.9 Updating the ANdroid StUIO @Nd the SDK ........cc.iiiuiiiiiiciec ettt ettt ettt e et e e etee e s tbeeeaeeestbeeesaeessbeeesseesabeessseesabeessseesaseessseens 12
b K0 YW ' Y28 RS R 12

3. Creating an Example Android App in ANAroid STUCIO ......ciiiiieiiiiiieiiiiietiiineniinneissseesiessasssssssssssssssnsssssanssssssasssssssnsssessnsasssssnsassnnns 13
3.1 Creating @ NEW ANAIOid PrOJECT .......cii ittt e ettt ee e e e ettt e e e ette e e eetaeeeeetbeeeeaasaeeeasssaaesssaeeeansssaessssaeestasesessaaassasseaasansseaaanns 13
3.2 DefiniNg the ProjeCt and SDK SETEINGS ...eciiiieiciieiieeeiteecteesitee st e et esteeeteesbeeebee e baeessaeebaeessee e baeaseeessseessseesssaensseessseensssessseesnseees 14
3.3 CrEATING AN ACTIVITY .eeivriiitieiiee sttt et e st e st e s e e steesbeeebeesabeeeaseesateeaaseeeasaeansaeeabeeeaseeeaseeanseeenba e e seee s eeenseeeseeansaeensaeennreenas 15
3.4 Modifying the EXampPle APPIICATION. ......iiiiie ettt et e et e et e e ba e e ba e e baeeeaee e bae e saeessbeessseessseesseeessseensseesaseesnseens 16
3.5 Reviewing the Layout and RESOUICE FIlES......cuuiiiiiiiieiiieiieesieeesite et et te e et e et e e tae e beeesaae e bae e sae e seaessseesateassseesaseassseesaseassseesns 20
3.0 PrEVIEWING the LAYOUL...c..eiiieeceeeciee ettt e et e st e e st e e s be e e bee s bae e bee e baeenseeeabeeansaeebaeeasse e sseanseeesbseesseesasaeasseesasaessseesaseesnseesns 22
37 SUIMIMI@IY .ttt b et e a e eutesb e e sb e e s bt e beeaeeeateeae e bt e beea b e eabeeatesabesaeesae e et eabeeubeeateeabeeheeab e e beeabeeabeeatesheeebe e be e be e besatesaeas 23

4. A Tour of the AnNdroid StUIO USer INTErface........ccceieiiereiiciiirniiseiesnsiseiesnsssssessssssssssssssssssssssssasssssssssansssssssssnsssssnsssnassssssssnasesnns 25
R I o T V=Y [oo T TR Yol <1< o SRR 25
A I =N Y 1 TV T o SRS 26
0 B I o T e Yo MYV T Vo Lo 1YL TSRS 27
PN g Yo Lo T To IS (U Lo [ o I 1S3 oTe L= o B o) o (ol U1 £ UR 30
4.5 Switcher and RECENT FileS NAVIGATION ........cuieiuii ettt ettt e e st s e e e te e s teeeateesteeeateessseesasasasaeenseeesaeenseeeseeensesanssennssen 30
4.6 Changing the ANAroid STUGIO TREME.......iiiiieiei ettt ettt e s e et e e s te e ebe e s beeeabeesbeestbeesabeesasasesaeenbesesaeebesebaeenteeensseensseas 31
L YU T2 T T T V2SS 31

5. Creating an Android Virtual Device (AVD) in ANAroid STUAIO ......c.cceecererericserersenecsenensneessenssssnssssnsssssssssssessssssnssessssssnessssssssnssessssssnes 33
5.1 ADOUL ANAIOid VIFTUGI DEVICES ...veeuvieiieeiiiesieesitesiteesteesteesteessteesbeesseeebeeesseeessaeassaeesseeesseeessseasssesssaessseessseesseeessseessseessseesseesns 33
I O =T 4T =g T N =YY\ V0 USRS 34



5.3 StaArTING the EMUIGTON ..oeieiecieeceeece ettt e et e st e e s te e st e e e bee e ba e e bee e baeenbeeeabaeesaeebaeesseessaeensee e sseesseesasaeasseesaseennseesaseennseens 36

5.4 RUNNING the APPIICAtioN iNThe AVD ... ittt et sttt ettt eab e s bt e s bt e bt e sbeebeeatesatesbeesbeenbeeabeenbesasesaeas 36
5.5 RUN/DEDUE CONTIGUIALIONS . ..teeiveeciieecieectieecte e et e et e steesbeesbeeebeesabeeesee e baeeseeeataeensaeenbaseasseesseeasasesssesssesseeasseesaseensseessseensseeres 38
5.6 StOPPINg @ RUNNTING APPIICATION ... cotiiiieieeie ettt ettt ettt st e s ae e s bt et e et e eatesbtesaeesbeesbeenbeeneesatesseenbeanbeenbeenbesasesanas 39
5.7 AVD COMMANG-TINE CrEatiON . .cciviiiiieiieeiiie sttt sttt e st e st e s bt e s be e sbeesbeesbeesabeessbaesabeeebeeeabee e saeesseeenseeebeeenseeesnseessseessseenssnenns 41
5.8 Android Virtual Device CONFIGUIAtION FIlES.......co.ii ittt sttt ettt st e s e e s bt e sbeebe e bt eat e s st e sae e beenbeenbesasesaees 42
5.9 Moving and Renaming an ANAroid VIrtUAl DEVICE ........cuviiiuieiiiee e cireeeetee et e eeteeeeteeeeteeesbeeeeaeeestseeeseeessseessseessseensseesaseessseesaseesnseeses 42
LI 0 YW ' Y28 USRS 43
6. Testing Android Studio Apps on a Physical ANAroid DEVICE .......ccccuiieireeiiissniiiiineiiinsnnisssnsisissssiisssseisssssssssssssssssssssssssssssssssssssnns 45
6.1 An Overview of the Android DebUZ BridZ8 (ADB) .....cc.uuiieiiiieeeiiiee ettt e ettt e e ettt e ee ettt e e eetteeeeestbeeeeeataeeessaeaeesbesesassaaesasseeasaareeasanns 45
6.2 Enabling ADB 0N ANdroid 5.0 DASEA DEVICES........ccccueeiiieiiieeiieeeiteeeiteeeeteeesteeesteeeteesseeessseesseeessseesseeessseansseesasaessseesaseessseessseessseees 45
6.2.1 MAC OS X ADB CONFIQUITLION.......ccceeeeeeeeeeeeseeeeeeeee e ettt e e et tteeeeate e e e et aeettte s e eeatseaeeaassaaeatsssaaesassseeaasssaeasssaeassssaenssnaseassenaans 46
6.2.2 WiNAOWS ADB CONFIGUITLION .......ccceeeeeeeeeeeesieeeeetee e ettt e e ettt e e ettt e e e e e e esate e aeaasteaessssaaaasseeaaessesaeaasseasaasssasassesasnssnassassenanns 47
IR RN 110 Qe e | M OleTa] 1o 1V o L1 Lo ISR 49
(O R T (] Y= o T To | o L @e YV o =Tt o Yo FO PSR 50
Lo YU 34T o= o PSRRI 51
7. The Basics of the Android StUudio COAe EQItOr........cucviiiciiiniiiciiisninsniisensssssssensssnssssssssssssssssssssssssssssssssssssssassssasssssssssnssessasssnssasnasas 53
8 R B T=N Ve [ oY 1o Iy {0 e [T I X L1 o OSSPSR 53
7.2 SPILEING the EAITOr WINAOW ...eecuviiiiiecieeciee sttt ete et e st e s te e s ete e s ate e e tee e baeebeeeabaeebaesabaeaasseessseesee e sseeseeesseensseesasaensseesaseensseenes 55
7.3 COUE COMPIETION ...ttt sttt ettt ettt ettt bt st e sateeatesa e et e e st e eabesatesatesaeesaee et anteeateeateesee st e beenseenseeaeeeatesbeenseanteentesnbesasesanes 56
) 1 (=T g V=T oL ol @e Yy oY ] 1] 4 o ] o USRS 57
VA X 1= 10 a1 0Tl T oY o3 T o Yo OSSPSR 57
S @ oY LX< oY1 - 1o o TP 57
A0 Yo L= o] o 1o Y-SR 59
7.8 QUICK DOCUMENTATION LOOKUD .. uveeirieiitieietie et e ettt e eeteeeteeeteeeteeesteeebeeesaeebaeeeseeebaeesasesaeeasesessbeeasssessbeeesseesssaenseeesabeessseesaseesnseees 60
A Yo L=l 20 (o o 4 P o V-SSP 60
7. L0 SUMIMIAIY ...ttt ettt e ettt e eeet e e e ettt eeeeetteeeeetaaeeeatbeeeaaassesesassaaaeaatsseaassaseaansssaeensseaeaanssssaassssaesssasesanssaeeasssasansbasesasssseesassesasansenenanns 61
8. An Overview of the ANdroid ArChItECTUIE.......ccciiiviiiceiiiiiietiisrrsetreersssnesesessssnesesansssaesesassesassesaasssassassesesassesassesassesassesassssnssesasassass 63
8.1 The ANAroid SOTIWAIE STACK .....eevuieiiiiieiieiesteert ettt ettt te e te s ee st e s et e aeenseeneeensesseesseeseenseenseeneesneenseesseenseensennsesnsennnes 63
o A I (TN N 10D Q€= o o 1= IO TSP 64
8.3 ANArOid RUNTIME — ART ..eeiiiiieiesieeieeteete st e st e st e st e teseesseesaeesteesse e seesteeseesseesseesseasseenseenseensensseseesseenseenseaneeenseessenseenseensennsesnsesnens 64
o N a T [ oY o N oY= T =Y TSP 65
F R Oy L0 N o Ys Lo =X 3OO RSP 65
8.5 APPIICALION FrAamMEBWOIK ....eeiiiiiiieete ettt ettt h e b et e et e sate s aeesae e bt e abeeateeabeeabe s bt e bt e b e e abeeabeeateeaeesbe e beenbeenbesatesanes 66
o Ol Y oY o1 [Tor= 1 o) o TSRS 66
8.7 SUIMMIAIY ...ttt ettt et e bt e s bt e s bt e bt e et satesheesb e et e ea b e ea bt eabesabesaeesae e et eabeeueeeaeeeabeebeeabeenbeeabeeabesatesheesbe e be e beeabesabesaeas 66
9. The Anatomy of an ANdroid APPlICAtION.......cccceieeriiiiiicrecetrerrecceereseressnesesessssnesesaesesaesesassesassessasssassessesesassssnesssassesnesesassssnssesssassnss 67
LS00 Yo Lo Lo o Yo 4171 TSP 67
LS A N T [ oY o B 1Y =T o] PP 67
LSRR = e - o [or= 1oy [0 =T ) £SO 68
LR =T o o (o= 1o Lol T AV T S TRRRPRPR 68
LS Ve Lo e IR Vot <3 TP 68
0.6 CONTENT PrOVIOEIS. ..uveeieiieseeseeste et et et ette st e st e e te e tesseesaeeeseess e e seesseensesneesseesseesseesseenseenseensenseenseenseenseenseenseaneenseeseenseenseensesnsennnns 68
0.7 The APPICATION IMANI EST...eeiiiiiieeiiieee ettt e e ettt e e et e e e sttt e e e eeabeeeeetaeeeebseaeaaasaeaeasssaaeasseseaassaseeansssaeansbaseeassaeessssaaeanrenenanes 69
0.8 APPIICALION RESOUICES ...c.uveeiiieeireeitieeeteestteesiteestee sttt esteesseesataeaseesasaeasaeassaeanseeansasansaeessesensseessseenseeessseesseesasaeasseesnseessseessseennseesns 69
0.9 APPIICAION CONEEXE .. viiiiiiiii ettt et e e et e e e sttt e e ettt e e eetteee e e taeeaeastaeeeaasaaeeasssaaeaaasasseansssaesssaseaasssaseanssaasaastaseeanssaeesasssaasasseneeanns 69
0,00 SUMIMAIY ..c.uiiiitieiieeeteeste ettt e et esteestteestbeesseesateesssaesataeanseesatasanseesasseaaseeensaeenseeensaeansasenseeansee e sseansseesseensseessseenseeesnsaessseesseesnseees 69



10. Understanding Android Application and ActiVity LIfECYCI@S.......uiiireiiiirciiiiieiiicnnericneenscsnnenscsnessessenesssssnssssssnssssssanssssssnnssssssnsase 71

10.1 Android Applications and RESOUICE ManNageMENT.......cccuveevieiiieeereeiiteeereesteesreesiteesbeeseraestessseesbessseesstessssesstesenseeesesensesenses 71
O Y e [ oY e o o Lol T = o TP 71
10.2.1 FOr@GIOUNG PIrOCESS ....ccc.vveeeeieeeeeeeeeetteeeesttae e et ttaeeaaaa e e e tseaaaastaaeeaasssaaastsesaaassssaeaasssaaaassssaaanssasaeasssaseassssaaaastssaensssnassasseaaans 72
WO L ] = e ol =X USSP 72
J0.2.3 SEIVICE PIOCESS ...ttt et ettt e+ e ettt e e e 2 ettt e e e 2 e s st e e e e e e e s st e e e e e ea e ssssaeeeeeeeanastsneeeeeeeaassnneeeeens 72
WO 1o ol (o [0 T [ Yo B o e Yol XSSP 72
JO.2.5 EMPTY PIOCESS ...ttt et e tssete s et s s et et s s s s st s s s s s s s s s s s s s s s s s s s s s s s s s asssssssssssassssasssssssssssssssssssssssssssssssssasasssssssssasesesssssnsesnsssses 73
10.3 INTEr-ProCESS DEPENUENCIES .. .eeccviiictieeeiee ettt ettt e stteee et e steestteesaeestee e steessseesssaeasseesaseaasseessseeastessnsaeasseeanseeassesanseesnsessnseesnsesenseesnses 73
10.4 ThE ACHIVITY LIFEOYCIE ...t et e ettt e e et e e e ettt e e e et teeeeeataeeesabaeeaaabseseeassaeaeaabesaeanstasesasssseeantseeeansteeeensens 73
L0.5 THE ACTIVITY STACK.....uteiiteieiteeeitteceiee et e et e estt e e ette e st e e tee e s teeeeateesaseessseessseeasseessseesseesaseessseesnseeasseessseeassesanseessseeanseesntesanseesatessseesntes 73
L10.6 ACTIVITY STATES .oeeiiiiiieieiieeeeiee ettt e ettt e e ettt e e e ettt e e e e taeeeeetseeeeeateeeaasseaeeasseaa e ssseseansaeeeasseseaansseeeanssaeaeaasasaeansssseaasssaeeansesasenstasesnnsens 74
O 0o Yo = (U= Yo Y W@ o T == 75
O e ETaTe 1o T 1 L=l O o - V= USSP 75
L0.0 SUMIMAIY . ..ttiitie it eeiee e ee et e e st e e etee e tae e teeesbaeeasee e bseeesseesaseeasseessseassseesseeaaseesasaeansassasaeasseesasaeanteesnsaesnsessnseesnsasanseesntasanseeeaseseseeenses 75
11. Handling Android Activity State CRaANGES.......cccciiiiieeiiiireiicicereienneessssnetessanssesssnsssessasssssssnssssssnsssessasssssssnsssessnssssssanssssssnsssssssnsnse 77
L0.0 THE ACHIVIEY ClASS .ottt ettt ettt ettt ettt e bttt et e e ate s heesheesbe e bt eabeeabeeateeabeeb e e beeabeeabeeabeeabesateshe e bt anbeanbeeabesabesatesatas 77
11.2 DYNamIC STt VS. PEISISTENT STATE ...uviicuiiiiiiieiii et ceie ettt ettt e st e et e e stbeesabeesbeesabeesasaesateesasaesasaessseesstasanseesstessnseesntaseseeentes 79
11.3 The Android Activity LIfECYCIE METROAS ........ooueiieeeeeeee ettt ettt et sttt sat e s bt e bt et e e beeabesaaesaeas 79
R Vot V7 VA I =T = USRS 81
L5 SUMIMIAIY ettt et ettt ettt s bt s bt e be e be st e satesutesae et e en b e ea b e s ateeaeesaee saeesheen et emseeateeaseeateeh e e st e e a e e st easeeatesaeeeat e be et e e be e beenbesatenaeas 81
12. Android Activity State Changes by EXamPIe ....ccccceiiiieiiiiiiiiininiiinneiiinneiiisseisissiioiessiissseiissssisssssssssstsossssssessssssssssssssssssnsss 83
12.1 Creating the State Change EXAmMPIE PrOJECT ......iiiiiieie ettt ettt ettt et e s b e e et e e s teesabeeebeesabeesabaesabaseseeenteseseesabeseseesntes 83
12.2 DESIZNING ThE USEI INTEITACE ...eeeviiiitieeiie ettt ettt e s e et e e st e e et teesabeeeateesabeessteesasaesateesnseesaseeanseeassaeanseeanssesseesnseeeseennses 84
12.3 Overriding the ActiVity LIfECyCle MEEROTS . ........ii ettt et e e et e s be e s beesabeesabeeebeeeseeeabessseesabesenseesnses 86
N Y T g =l o= Y =T o T PR 88
12.5 RUNNING The APPIICATION ...ttt e ettt e ettt e e e et e e e eetaee e e et baeeeeasaeeessaaeaensbeaeassaeaeabesaaansaeeesassseesansseseensseeesnses 89
12.6 EXPerimenting WIth The ACTIVITY ....ccueecii ettt s et e st e et e e ste e st eesseesateesasaesateesasaesaseeanseesntaeansaesntessnseesaseeeseesntes 90
L2, 7 SUIMIMAIY ..eei ettt e ettt e ettt e e e ettt e e e e etaeeeeetteeeeatbeeeeessaeeeassaaaaasbasesassasesssssaeassssseansaeeeassesaaansssseaassaeseansaseeansssseaasssaeeansseseensseeesnnsens 91
13. Saving and Restoring the State of an ANdroid ACHIVItY ........cceciiiiiieiiiiininiinnnc s s saesnesanaas 93
TN T 1V oY= Y1 = oL Tol) - T SURPOTP 93
13.2 Default SaVINg Of USEr INTEITACE STAtE......ccuiicii e ceee ettt sttt st e et e st e e st e e s beesabeesabaesateesabeesaseesnbaesntasanseesntessseesaseseseennses 93
13.3 The Bundle Class

1314 SAVING T STAte ..ottt ettt ettt et e s a e e s heesheesbe e bt e bt eateeateeh b e e bt e bt e be e bt e bt et e eateehe e e bt e bt e beeabeeabeeatesatas
13.5 Restoring the State.....
13.6 TESHING the APPIICATION ...ttt ettt s a e s bt e bt et e e at e sae e euteebee s bt e bt e bt eabesatesaeesateebeebeenbeenbeenbesatesaeas 96
L3, 7 SUMIMAIY . ..tiietie et ettt ettt et e e etteeeteeeetbeeeteeesbeeeeteeeabbeeesseesabaeasseesssaesseesssaeasseesasaeassaesasaeasseesasaeaatassasaesatasensaeaatasansaesataseseesatesenseeentes 97
14. Understanding Android Views, View Groups and LAYOULS .........cccicccceiiiicneniisssneniesssssessssssesssnsssessnssssssnsssssssssssssnssssssnsssssssnsssssnssss 99
14.1 Designing for DIfferent ANAroid DEVICES ......cceiviieeeiiie et e ettt e eecte e e e sttt e e e e ta e e eearaeeesabeeeeebaeeeeassaeessatasaaestaeesasssseesnsseseanstesesnnsens 99
14.2 VIEWS QN0 VIEW GIOUPS ..eeuveeitieeiteeiitteeiteeeitteessteesseesseeessseaasseesssesassesssessssessssessssessssssssessnsessssessssessnsesssessssesanseesssessnseesssesensessses 99
14.3 ANArOid LAYOUL IMBNEAEETS ...ecvveeveeeteeeeteeeeteeeeteeestteeeteeestveeeteeestaeesseeessaeasseessbaeasseessbeeasseessaeaabessnsaesasessssaeasbasansaeenteseaseestesenseesntes 99
I TR Y AT T o 1T o] 1 SRR 100
14,5 Creating USer INTEITACES . .ccuveeeeiieee ettt e ettt e ettt e e ettt e e e ettt e e e sttt e e eeeataeeeeasaaaeabeeaeaassaseeassasaeesbaseaasssseeansasaaanssesseassaeessseaaaassseananns 102
LB SUIMIMAIY . ..teiiteeeieeeiteeectee et e e tte e tee e baeesee e baeessaeassaeesseeeasseessseansseaasesassseenseessseessseasseessseeanssenseeanseessseeanseessseensseessseennseesssaennsnenns 102
15. A Guide to the Android Studio DeSiZNEr TOOI .......ciiiireiiiiiciiiiirniiiiineiiensenisisneisssssssiessssssssssssssssssssssssnsassssanssssssassssssasssssssnsassssnns 103



15.1 The ANAroid STUTIO DESIZNE ........eiiieeiieecciiee ettt e e ettt eeetee e e st e e e et teeessaaeeestteeeaassaeeeasssaeesnsseseaansseseanssseeassseesennssssssnsseneansseennnes 103

15.2 DESIGN IMOTE. ...ttt ettt ettt ettt ettt e e at e s a b e sheesae e bt e ae e eae e eateeabeeh e e b e e b e ea b e e aeesht e eateehe e bt ea bt e ateeabeehteeheenaeenheenteeaee 103
LT B = 1V o o USSR 105
15,4 SEUEING PrOPEITIES . eeuvieitieeteetie sttt ettt sttt et et et et e st b e s atesaeesae e bt emtesaeeeat e bt e eb e e b e enbeensesaeesaeesaeanbeenbeenbeenteeatesatesaeenaeenseenseenee 105
ST Y/ o T 1Y, oY ¢ ] oY 1 V- P PUP PSRN 106
15.6 Creating @ CUSTOM DEVICE DEFINITION ....iiiiiiiiieieeieee ettt ettt e st sb e b e et e et e s atesaeesae e bt e beenbeentesatesaeesaeenaeenseenseenes 107
LD, 7 SUIMIMAIY ..ttt ettt e ettt e e et e e e et e e e e etteeeeetaeeeesateeeeesteseeaasasaaassssaeanssase s ssasaesassessaassasseansaaaeanssesesanssaeeansssaeassteeeaansasessnssenesansseenanes 107
16. Designing a User Interface using the Android Studio Designer TOON........ccccecieeieccrceiricsceereecseesessnessessnessssssesssssnsssessassssssnsnssssnns 109
16.1 An Android Studio DesigNer TOOI EXAMPIE ....c..uiiiieeiii ettt ettt st ettt s e e tee s tae e st eesaeestteesaseessseessseesnteesnseessseasnseesnseesnsnens 109
16.2 Creating @ NEW ACTIVITY ..oiiiciiiiiiiiee et ettt e et e e ettt e e e ettt e e e e teeeeeetteeeeeasaeaeabseeeeassaeeeassssasaasseseaasssseeansaseaansseseeassasesassesaaansseananes 109
16.3 DESIZNING ThE USEI INTEITACE ...eeiveiiiieciie et ettt sttt et e et e s teeesabeesse e sseassae e sseesaseessseeasseesssaeasseessteeanseessseesnseesnseennseesns 111
16.4 EQItiNG VIEW PrOPEITIES ..eiieuiieeeiiieeeeitieeeectte e e e ettt e e ettt e eeettteeestteeeeeaasaeeeassaaaeabssaeaassaseeassssaeaassesesassssseansssaaansseseeassasesasseaesansseananes 111
16.5 RUNNING the APPIICATION 1ouviiiiieciie ettt e et e et e et e e st e e s abeestseebae e sae e ssaessseessseaasse e sseeasseesssseasseesaseesnseessseennsenns 112
16.6 Manually Creating @n XIMIL LAY OUL ......cccuiiiieeiieteiieeeiteeesteesteeesteeesteeesaeessteeessseessseessseessseessseessssassseessseesssesssseessseessseessseesseesssessns 112
16.7 USING The HIBIArCRY VIBWET .....eecuieicieeetee ettt ettt ettt et e et e st e et e e abeestaeetae e sae e baeesassessseaasseessseeasseeasssensaeesaseennseesaseensseens 114
LB8.8 SUIMIMAIY . ..tiiitie it citee et e et et e e tee et e e e bt e e sbeeebeeebae e seeesseaesseeaasaeanseeeaseeeateesaeeessee e sseesseeanaseensseaanseessseeasseeasteannaeessseennseesnbaennsaenns 117
17. Creating an Android User Interface in JAVa COUe........cciviinninninnniniiniiniisiisiississsiisisiisnssssssssssssssssssssssssssssssssssssssssssssssssssssssns 119
17.1Java COAE VS. XIMIL LAYOUL FIlES .....veeieiiiiie ettt sttt ettt et eat e s bt e bt et e e abe s ae e sab e satesbe e bt eabeeateeabesatesaeesaeesaeeseenee
L17.2 CrEatING VIBWS ....veieeteeeieeeieectee et e e bt eeete e e steeeteeesbaeebeeeaaaeeeseeeasaeeabeeesseenseeesseesseeasseessbeeaaseessseasseessbaeasseessteeesseessseensseesstaennsanns
17.3 Properties and Layout Parameters
17.4 Creating the Example Project in ANAroid STUGIO ........oiiiiiii ettt ee e e e e et e e e ebae e e e bbeeeeeasaaeessseeeenssaeannnes 120
17.5 AAdING VIEWS 10 @N ACTIVILY ..eeiviiiiiieeie ittt ettt ettt et ste e st e et e et e eat e s bt esbe et e esbesaseeasesaeesae e beenteenteeatesasesasesaeesaeenseensesnes 121
17.6 SEUEING VIEW PrOPEITIES .oecuveiiiieeiee ettt eiee et e ettt e ette et eee bt e eeteeesbeeeeteeeeaseeesseessseeabaseasae e sbeeeaseeasseeasssessbeeasseensbeaesseeseseesnseesaseensseees 122
17.7 Adding Layout Parameters and RUIES ........cuiccuiiiiieciie ettt ettt e et e s e e et ve e s tae e s sbeesateessaeessse e saeessseessteeesseessseassseesssenanseesns 123
L7.8 USING VIEW IDS ....veiereeeieeeieecteeeteeeeteeeeteeesteeeeteeesbaeebeeeatbeessseeassseseeeasseessseasseesseaasseesseeasssenssseasseessbeeesseesabeeesseessseensseessseesnseens 124
17.9 Converting Density Independent Pixels (dp) 10 PIXEIS (PX) cvvieruerruieriieeiiieiteeiieeste e sttt e steestteeseeestaeesseessteessseessseessseessseessseesns 126
17,000 SUMIMIAIY ...ttt eete et e e e ettt e e e ette e e e etteeeestbeeeeaasteeeeaaseaaesasssaaanssasesssssaeasseseaassaseeassaaasanssesesanssaseasssaaesteseaansaeeeanssanasansseenanes 128
18. Using the Android GridLayout Manager in Android StUdio DESIGNET.......cccccccceiecereiriesceeieicseeeecseersesneessssasesssssnsesessasesssssnsassssnns 129
18.1 Introducing the Android GridLayout and SPACE ClasSES ....cc.uiiiuerrrieiieiiieeireesteesteesteesaeesaeesseesbeesseessteessseessseessseesseesseesns 129
18.2 The GridLayOUL EXAMPIE.....ciiciieeiieiiie e ctee ettt ettt s et e e et et e s at e e bt e e s saeeabae e sae e baeassseessseaasseesseaasseessteasnseessseasnseesssensnsnens 129
18.3 Creating the GridLayOUL PrOJECT .....ciiueeiiiecee ettt eciteectte e ste et e esteeetee e s teeesteeesaeestseessaeessseesaseeassseasseesssaessseessssassseessseensseesnsennnseesns 130
18.4 Creating the GridLayOUt INSTANCE ....cuuiiiiieciie ettt ettt ettt e se e et e e s te e st te e s aae e bbeesaseessteaasbeessseesaseessteassseessseassseesnseesnseens 130
18.5 Adding VIeWs 10 GridLAYOUL CeIIS.......ccceieiiieeiieeeiieeeciee st ettt eetteeetteestveesteeesaeestveessaeessseesaseessssessseesssaessseessseessseessseesssesssaessessns 131
18.6 Moving and Deleting ROWS @Nd COIUMNS ......c..ciiuiiiiiieiieeieeiie ettt ettt sb e s bt b e et e et e sat e satesbe e be e beebeeabesatesaeesaeenbeeeeeaee 132
18.7 Implementing Cell ROW and COlUMN SPANNING.......cciiiiiiieiii e ettt steeeteeseeestreestaeestaeesseessseessseessseessseessseessseessseessseesseenseeses 132
18.8 Changing the Gravity of @ GridLayoUt Child...........cc.ooiiiiiiiiiiee ettt ettt sttt ettt et st st saeenbe e e e 133
L8.0 SUMIMAIY . ..tiiitieeteeeitee ettt et e ettt et e e teeeeteeesteeebeeesbaeeesseeasseesseeasseenseeeassaesaseessseesseeasseesseeaasseasseeasseessbaeasseessssessseesssaesnseesasaennseens 136
19. Working with the Android GridLayout using XIVIL LayOut RESOUICES........ccccecrcereersenressnereesssesesssnesssssnssssssasesssssnssssssassssssansassssnns 137
19.1 GridLayouts iN XIML RESOUICE FIlES .....cccuuiiiieeiiiiiiieciee e st ettt stteeette e seeeett e e s taeestteessaeessseesaseessseeasseesssaassseessteasssesssseansseessseennsenans 137
19.2 Adding Child VIEWs t0 the GriOLAYOUL........cceiiiiitieiieieeieeie et ste ettt et e et et e s e et e e beestesaeesaeesae e seesseesseensesssessaesseesseenseenseanes 138
19.3 Declaring Cell Spanning, Gravity aNd IMTAIZINS........c.cecueeueriieriereereese et eteetesteesteesbe e seessessesaeesaeesseesseessesnsesnsesnsesseesseessesnsesnes 139
L0.2 SUMIMAIY . ..teiitie et eciee et e et e e teeeeteeeeteeeebeeesbaeebeeeebaeeesseesssaeasseeasssenseseaseeeesbeeesseesseeesss e sseeasssensbeeanseessseensseesabeessseessseennseesaseesnseens 141
20. An Overview and Example of Android EVent HandliNg..........ceceeieccieiiccreirecseisccsnessesnessessasesesssnsesessssessessnesssssasesssssnsssessasasssss 143
20.1UNderstanding ANAroid EVENTS.......cocveriierieeierieseesee st e st estesee st esteeste e e e seestesseesseesseesseesseenseensesnsesssesssesseensessesnsesnsesssenseensenns 143
20.2 Using the android:ONClICK RESOUICE .....cc.viiiiiiiiieeieeiieestee st et e st e st e st e e s teessbeesbeesbeeenbeesabeessseeessaeenbeeeseeesesesaeesesesseesssean 143
20.3 Event Listeners and Callback IMETNOMS ........cuiviiiieiiie ettt st e st e st et e et e e st e esaesseesseesseesseensesneesneesseenseensenns 144



20.4 AN EVENT HANAIING EXGMPIE .....uviiiiiecieeciee ettt ettt e et e s te e e te e s tbe e e bee s baeebeesabaeeaseesabaeansesenbaeansesenbaeeasesensaesasesessaeenseeensseeseees 144

20.5 DeSigNINg the USEr INTEITACE ...c..iiiiiieeteee ettt ettt st s ht e s bt e bt et e e bt eatesateshtesbeesbeebesbeeabesubesbaanbeans 145
20.6 The Event Listener and Callback METNOM ...........oiveiiiiiiei ettt s e s et e et e e st e s raesaeesaeesseesseensesnsesseenseensenns 146
20.7 CONSUMING EVENTS ...eoutieiieieiiesitestt et et et eitesttesttesteesue e et satesueesutessee st enbeenbesatesasesaeesaeesseenseanteensesatesstesatesaeesaeenseensesasesaeenseanseans 147
20.8 SUMIMAIY..c.utiiiiiieiieeette e et eetteeetteesbeesteesbeesaeestreesseesataeasseesabaaasseesataeassesaasasansasanbaeensesensaeansessbaeansesersaeenbesensaesseseseeensseessseensrens 148
21. Android Touch and Multi-touch EVENt HANAIING......c.cueeirireieicreirccceeesccseeseessnesscsssnesesssnesssssanesssssnsesessnsessssansassssanesssssnenssssnsassnne 151
R 1Y T o= o ] Y= o TW ol o TN AT N €TSS 151
21.2 The MOTIONEVENT ODJECE...c.uviiieieiiiecie et et et e ete e sttt e eteesbeeeabeesbeeebeesabeeaseesabaeaaseesasseanbesabaeansesesaeensesenbaeeasssessseenseeessseensees 151
RS W oo [Ty v=Ta Lo 1 Y= o0 el o 1Yot u o o -F0 TS 151
21.4 Handling IMUIIPIE TOUCKRES ......oii ittt ettt e ettt e e et e e e e et e e e eetaeeeeabeeeeaabaeeeessseeeaabasaeanssssesassaeesassaesenstseeaanssaaesseeaann 152
21.5 An Example MUlti-TOUCH APPIICATION ..eiuiiieieiiiee ettt sttt e et st eete e s beeste e e baeeabeesabaeeaseesasaeensesensaessaeensaeeseeesaeennreas 152
21.6 Designing the ACTIVITY USEI INTEITACE .....oii ettt e e e ettt e e e et e e e e eabeeeeeataeeeeeasaeaesabaeeeasteeeeasssaeeasreaann 153
21.7 Implementing the TOUCH EVENT LISTENEI....c..iiiiie ettt ctee et et e et e st e e e tee s beeeseeebaeebee e baeeasesenbaeesseessseensseeasseenseeessseesrens 154
21.8 RUNNING the EXAMPIE APPIICAtION ...iiiiiiiiiecieecee ettt e et e st e e e be e s beeebeesbeeenbeeessaeenbeeessaeeseeesaeeseeessseenseeas 157
20,9 SUMIMAIY .ccutiiitiieiie ettt e sttt estt e e ettt e s e e s teestteeeseesateeaaseesasaeasseesasaeasseesasaeassesansaeensasansasensesansaeanseseasaeansesensaeensesensaesnsesesseensseessseensres 157
22. Detecting Common Gestures using the Android Gesture Detector Class ........ccccivvceriiirneriiicneniiissnniesssnensesssssssssnsssssssssssssassssssens 159
22.1 Implementing ComMMON GESTUIE DETECTION ....c.viiicieeiieeeiee it eteeetee ettt e e etee s te e e beeesbaeebee e baeeses e baesaseeensaeeaseeessseenseeessseensees 159
22.2 Creating an Example Gesture DETECION PrOJECT ....cc.ui ittt ettt sttt ettt et s e e s bt e sbeesbeesbe s beebesatesaeesbeenbeans 160
22.3 IMPIeMENTING the LISTENEE CIASS ....ieiiveiiiieeieeiieeeteecteeeiteesteesteesteeeteesataeebasebaeebesenbaeensesabaeasesesaeenbesesaessesesaeesseesaseensrens 160
22.4 Creating the GestureDetectorCoOmMPAt INSTANCE .....cc.iiiiiiieie ettt sttt ettt e et esa e s bt e sbeesbeesbeebeetesatesaeesseanbeens 162
22.5 Implementing the oNTOUCKEVENT() IMETNOM........cccuiiiiieciee ettt ettt et e te e et e e be e e be e e beeebesebaeeeseeessaeenseeessaaesres 163
22.6 TESHING the APPIICATION c..eeeiiiie ettt sttt e bt e b e et e st e satesaeesaeesa e e bt enteenbeeatesstesbeenbeesaeeseensesasesaeanseenbeans 164
22,7 SUMIMAIY ..cutiiitteeiteeeteeeteesteeeeiteesreesiseeatteesseessseaaseesatasasseesasaesssaesasaeassesansssasesanbsssnsessabaeensessasseansesesseenbesesaessesensseensseessseensrens 164
23. Implementing Custom Gesture and Pinch Recognition on ANdroid...........ccceeececeieecsctrecsceniscssnesecssneesessnsesssssnesssssnesssssnessessnssssns 165
23.1 The Android Gesture BUIlder APPIICATION ......eiii ettt ettt ettt st st st s e et e et e et eentessaesaeesaeesaeenseensesnsesaeenseenseens 165
23.2 The GESTUIEOVETIAYVIEW ClaSS ..eiuriiiiiiiiieiiieesitesiteesteeeteesteesseesbeessseesbaeaseessbeesssessssaeassesssseeasseseseeanseseseesnsesenseeenseeessseessees 165
B B D cY Yo d o= T AU <T TS 165
23.4 1dENTIfYING SPECIIC GESTUIES ...eeiiiiiieeetiie e ettt e eettee e e ettt e eett e e e eeteeeeeebeeeeeessaeeeassaeasabseseaassasasasbasaaanssssesassaeeeaassaesasseeesanssaeesasseeann 165
23.5 Building and Running the Gesture Builder APPIICAtION ......cccveeeiiieiiieeieesieectee et ete e et e et e s te e et e estaeebeeesbaeesaeenbaeeseeesaneennreas 166
23.6 Creating @ GESTUIES FIlB ...iiiuiiiiiiiiiieiieeiie sttt e et s e st e s e e st e e s beeebee s beeeabeesabeeaaseesabaeenseeaabeeaaseeeasaeenseeeasaeesaeessseesaeessseenseean 166
23.7 Extracting the Gestures File from the SD Card ......c..ccueeeiieiiieeieee ettt etee st e et e s te e e bee e baeetesebaesnbesenbaesnsaeessaaenseeessseesses 167
23.8 Creating the EXAMIPIE PrOJECT ....cciiiiiiiiiiiesteeste e stte st e et e st e st e st e e e te e st e e e beesbaesabeesabaeenbeeaabaeanseeensaeenbeeensaeanseeesseensseessseensenas 168
23.9 Adding the GeStUres File t0 the PrOJECE.....cccii ettt e e st e et e e ta e e bee e baeebes e baeeebaeessaeenseeessaeenseeessaeenrens 168
23.10 DESIGNING ThE USEI INTEITACE ....eotiitieieete ettt ettt ettt b e b e e bt et e st e s ateshe e s bt e bt e s bt eabeeatesateshtesbeenbeebesabeeubeentesbaanbeans 168
P R o Y- Vo [T V= o T L= (U =T 1T PURRUSR 169
23.12 ReGiStEriNG the EVENT LISTENEN ...cutitiiieeiieiieeite sttt ettt ettt b e bt e bt et e st e s at e sheesbe e bt eabeeabeeatesaeesheesbeenbe e bt satesatesntesbaenbeans 170
23.13 Implementing the onGesturePerformed MEthOM .........c.viiiiieiie ettt e et e et e e s e e e bee e baeeebeeesbaeessseesaseesrens 170
P T T 4 Y= 1 TN Y o o] [T Lo o H OO RRTRRPRRPPRUR 172
23.15 Configuring the GeSTUIEOVEIIAYVIBW ......ccviiiiieeeieeciee ettt ete e et e st e e e te e s beeebee e baeebee e baeeateesabaeebesesaeeseeebaeenseeesaeensrens 172
23,16 INTEICEPTING GESTUIES ...eueeiiiereterttete et et ettt e st esteeste e bt e bt satesatesueesbeenbeenbesatesatesaeesaeesseenseenteenseeateesteaseenbeesaeeseensesasesasanseanbenns 172
23.17 DELECHING PINCH GESTUIES ...eevveetieeetieectte ettt eette e et e sttt eeteesbeeeteestbeeebeesabeeebeesabaeaaseesataaansesabaeaasesensaeenbesenbaeeseeeasaeenseeensseensees 173
23.18 A PINCh GESTUIE EXAMIPIE PrOJECT ..cuuviiiiieeieeciieeetee sttt e et et e et esteeete e s teeeaee s baeeaseeenbaeenseeaabaeansee e saeenseeansaeensesesaeensaeessseennseas 173
23,10 SUMMAIY ..utiiiteieitieeeire e ettt ettt e ettt esbeesteeetbeeeaeestbeeasseesabaeasseesabaaasseesataeasseesataeansasanbaesnsessabaeensesanbaesnsesesaeenbesensaeesesesaeensseesaseensrens 175
24. An Introduction t0 ANAroid FraBMENLS ..........eceieecrciiicieeiecssetesesneseessssesessssssssssnsesssssnesssssnssssssasesssssnsesessssessessnsassssasessssnnenssssasasssse 177
RV o T A T T o= Y40 1T o R RRPRSRPRN 177
24.2 Creating @ FraMENT ..o e eeteee ettt e e et e e e ettt e e e stteeeeetaaeeesetbeeaeaataeaeasesaeasssaaaassseseaassasesanbasaeansesseaassssaesassaaeanstesesnsssaeessanaenn 177
24.3 Adding a Fragment to an Activity UsSing the LaYOUT XIMIL FIlE ..c..ueiiiiieiee ettt ettt ettt e et saaeestae e aaeesnae e aaeenreas 178



24.4 Adding and Managing FragmeENts iN COUE......cciuiiiiieiiieeeiieeiieeeiteesiteeeeteesteeesteesbeesseeesbaeesesabaeasesebaessesessseeasssessseenseeesssennseens 180

24.5 HanNdliNg FragmMeENt EVENTS. ... .coiuiiiiiieeiiete ettt sttt ettt et st sae et e e s bt e be e besabesatesaeesaeesbe e bt eabeeabeeateesbesbeenbeebeeabeeabesusesaeanbeanbeens 181
24.6 Implementing Fragment CoOMMUNICATION. ........cviiiiieiieeeitee it e ecteeetee e bt esbeeeebeesbeeeeseeesbaeesesebaeesesesaeensesessseeasseessaeenseeessseenssens 182
2.7 SUMIMAIY ...t iutietterteeteeteetestesteeateste e bt esteeuteeaeesseesseesaeesaeeseensesaeeeateseenbeenbeenbeeasesasesaeesaee st anseenteenbeeateeatesatenaeenbeensesateensesasenseansaans 183
25. Using Fragments in Android StUdio - AN EXamMPle......cocviiiiiiiiiiiinniiininniioneiiiiseiiimmstiomsesiessiismssisssssiosssssssssstsssssssssessssssssss 185
25.1 About the Example Fragment APPIICAtION........cueiccuieiieeciee et ecteeetee et e eteeeeteeebeeeteeesbaeebeeesbaeebesebaeenbesessseeesssessaeensseessseenseens 185
25.2 Creating the EXAMPIE PrOJECT ....cccuviiiieiiiee et cteeete et e et e st e et e e st e e esbe e s baeeaeeebaesaseesabaeenseeesaeenseeensaeenseeasaeenseeesseenseeessseensseas 185
25.3 Creating the First FragmMENnt LAYOUL ......cicuiiiiiee e e cee ettt e etee st e e teesteeeteesebeeebeeebeeebesesbaaessesanbaeansesessaeesesensaeesesensaeesesessseensrens 185
25.4 Creating the First FragmMENT Class ......ciiiciieccueeiiieeiteesteeeiteesteeeiteesteeebeesateeessaesbaeesessssaeenseeasaeassesassesnsesesaessesensaesseeessseansses 187
25.5 Creating the SECoNd FragmMENt LAYOUL ..........uii ittt ettt e e et e e e e tte e e e e tbbeeeetteeesaabasaaansaeeeeassaesesasaeeeasseeesassseeesasaeaann 188
25.6 AAding the FragmeENnts 10 The ACTIVITY ...ccvieccueiiiee e ccee ettt e et e st e e s ae e s teeebeeebaeeaseesbaesaseesnsaeenseeesaeesaeesaeeseeesaeennrens 190
25.7 Making the Toolbar Fragment Talk t0 the ACTIVITY ........oo it e e e et e e e et e e e etb e e e eeantaeesareaaan 192
25.8 Making the Activity Talk 10 The TEXE FragmMENt......ccueiiieiiiieiieecieeeceeectee st e ertee s teeete e steeebee e baeebee e baeenbesebaeeasseessaeensaeessseensses 196
AR A LT d g F= 4 =W Y o o] [oF: | o o PRSP 197
25,00 SUMIMIAIY . uteittieitteeitte e st estteesteestteesaeestseesseesaseesasaesasaeasseesasaeasseesasaeasseeansaeansaeansasansesansaeansesansaeansesensaeensesensaeensesensaeensseessseennres 197
26. An Android Studio Master/Detail FIOW TULOTIAN ....cccccccererreeiierirsneisenesssessssesssnesssssessnessssesssssssssesssssssssesssssssssesssssssssassssasssnsssssnsssns 199
26.1 THE MaStEI/DETAIl FIOW ...ecueevveieieiistisieeteettesteste st e s e estesee et et e stestesteetaeseessessessestesse et eessassessassesse st easeaseassessansesseasenseassessansansessnns 199
26.2 Creating @ Master/Detail FIOW ACHIVITY .....c.eccueiieiieieecie ettt et e te e teete s aaesaeesaeesbeebeesbeeabessaessaesssesseesseenseensesnsesseanseessenns 200
26.3 The Anatomy of the Master/Detail FIOW TeMPIAte .......c.ccvevieriririeiieeeeestes ettt e e s e se e s e s e b e s bestesseesaessesesseseens 202
26.4 Modifying the Master/Detail FIOW TEMPIALE .....ccviiiiieece ettt ettt ste st te e s te e be et e et e saaessaesbaesbeesbeenseenseensesssesseeseens 203
26.5 Changing the CONTENT IMIOUEN.......cceiciieieeiece ettt et e e e tesatesaeesaeesseesseenseesseastesssesssesaeeseesseansesnsenssenseensenns 203
26.6 Changing the DTl PANE.......ccuiiiiieiieiiiiece ettt et s e et e e st e e e tee st eeeaeesabaeeaseesataeenseeansaeensee e saeenseeansaessseessseenseeesaensees 204
26.7 Modifying the WebsiteDetailFragmeENT Class .......ccccceieeiuieieicieseieeeseeste e e stesaeseesree s e e teesteessesssessaesssesseeseessessesssesssesseensenns 205
26.8 AAdING MANIfESt PEIMISSIONS .....eevueertieiieieeiestesttestesteesteetestesatesteesteesseessessesasesaeesaeesseenseenseensesssesssesseesseessesnsessesnsesssesseensenns 207
26.9 RUNNING the APPICATION ..eeeiieieieeeceeieeeeee ettt rte et e st e st e st et e et e e teeatessaesaeesseesseanseasseessesssessaesseesseenseeseanseansenssenseensanns 207
26,00 SUMIMIAIY . utiiitiieiteeitie e st ettt e sttt e sttt este e sttt esseessteaasseesstaeasseesaseaasseesasaeasseeaasaeansaeansaeansesansaeanseeansaeansesansaeensesensaesnsesensaeensseessseannses 207
27. Creating and Managing Overflow Menus 0N ANAroid .........ccccciveeiiiiceiiiinntiiinneiiineiiiesiisssiestisssisenssessastsesssssssssssssssssns 209
27. 1 THE OVEITIOW IMBNU ...iiiitiiiiieiieesiit sttt s e e st e st e s e s abeesateesbeesabeeesseesabeeeaseesabeeaaseeeabaeenseeaabeeasseeansaeenseeeseeeseeessaeesaeensseanseeas 209
27.2 Creating an OVEITIOW IMENU .....ooiuiieiieeiieeeie st e et e st e e teesteesteestteeeseesateeesaesabaeeaseesasaeassesansaeansesansaesasesansaeenseseasaeensseesssensres 209
27.3 DisSPlaying @n OVEITIOW IMENU....cc.uviiiiiiiiieeieesieeeiteestee et e s e e s teesbeessbeesbaeebeesbaeaseesabaeesseeabaeassesensaeenbesensaeesesesseenseeessseensses 210
27.4 Responding t0 MENU [EEIM SEIBCTIONS .......ieiieiiieeeieecieeetee st e et e st eete e s beeebee s baesseeebaeanseesataeansessssaeensesesaeesesesaesseeesaeensrens 211
27.5 Creating CheCKable TEEM GrOUDPS .....icuiiiiieeieeiieeste e sttt etee st e s bt e sbeeebeesabeeebeesbaesseesabaeenseesabeeessesessaeensesensaessesesaeensseessseansees 211
27.6 Creating the EXAMPIE PrOJECT .....ccviiiieeiiee et e ettt e ectee et e et e s te e e beeste e e bee e baeebeesbaeeasesenbaeensesebaeansesersaeensesensaeesesesseensseessseensres 212
27.7 MOIfyiNg the IMENU DESCIIPTION. c..cetteteeteeiesttert ettt st et ettt sh e e bt e bt e beebeeabesateshee s bt esbeeabeeabeeatessbesutesbeenbeebesabesaeeentesbaanbaens 213
27.8 Modifying the onOptionsitemSelected() MELNOM .........ocuiiiiieeie ettt et et e et e et e e teeebeeesbaeebeeesraeessseesaneenreas 214
27.9 TeStING the APPIICALION ..ottt b e bttt e b e s ate s heesh e e she e bt eateeabeeaeeebaesbeesbeesbe e bt eabeeutesaeanbeanbeans 215
27,00 SUMIMAIY ..utiiittieiteeeire e ettt eeteeeeiteesbeesaeestbeesseestseessseesataeasseesasaaassaesasasasseesabseensasansaeensessasaeansesanbaeensesensaeensesensaeesesesaeensseessseenssens 215
28. Animating User Interfaces with the Android Transitions FrameWoOrK.........ccccccceieiiriiicnnenicnssennesssenscssnsesssssnesssssnesssssnsssessnssssnns 217
28.1 Introducing Android TranSitioNs @NA SCENES .......cccueeiiieeiiieiiieeiteestee et e steeesteesteeeteessbaeeseeassaeasesasaeesseeeseeessseesssesnseeesssennsses 217
28.2 Using INterpolators WIth TFraNSILIONS .......ccvccieiiieiieieese ettt ettt e e e e st e s ae s e e saeesteeseesseessessaesssesssesseeseensesnsesnsesseenseensenns 218
28.3 WOrKing With SCENE TraNSITIONS ..c..eevveeiieiieiesieiteeree st et ettt st e st e bt e e e bestesseesaeesaeesseesseenseenseensesstesseesaeeseensesnsesasesssenseensenns 218
28.4 Custom Transitions and TransSitioNSELS iN COUE .....ccuuiiieriieiieiieeeeseeseere e e stesteseesteesteesteesteesbesssessaesseesseeseeseasesssesseesseensenns 219
28.5 Custom Transitions and TranSitIONSELS iN XIMIL ......ccueereeriierireieneenteeseesiee e steseeseesaeesseesseesseessesssesssesseesseessesssesnsesnsesseessesnsenns 220
28.6 WOTrKIiNG WIth INTEIPOIATOIS «...oeiiiiiiie ettt eee e e ettt e e et e e e eettee e e etbeeeeaabaeeeesseeaeaabasaeansassesassaaeaassaesaasteeesansseaessenaann 221
28.7 Creating @ CUSTOM INTEIPOIATON .. ... iiccieeiiee et e et eete et et e s te e et e s e e etee s baeebeesbaesseeessaeenseeanbaeansee e saeenseeensaeenseeesaeeasseessseennreas 223
28.8 Using the beginDelayedTransition IMETNOM...........oii ittt e et e e e eette e e e sabeeeeebaeeeseasaeaesatbeeeessteeesenssaaesssnaann 224
28,9 SUMIMAIY ..cuieiitiieiieecte sttt e et e st esteestteesaeesateesbeesataeasseesasaaasseesasaeassesansaeaasassasaseasesansaeansesaasaeensesensaeensesensaesnsesesaeensseesaseensres 224

vi



29. An Android Transition Tutorial using beginDelayedTransition .........cccciciiiininiiinnsiieiineniinereeneesessnessesssssssssnssssssssssessnssssssns 225

29.1 Creating the Android Studio TranSitioNDEMO PrOJECT......uciciieeirieiieeeireesteeeiteeeiteeeeteeesteeebeeesbaessteeessaeesesessaesssesessaeensseessseensses 225
29.2 Preparing the PrOJECT FIlES..... .o ittt ettt ettt sttt s bt e bt et e s te st e s aeesheesbe e bt enteenbeeatesstesbeenbeenbeeseeneesasesaeanseanbeans 225
29.3 Implementing beginDelayedTransition ANIMAtION .........ccieiiiieeiieiiieeecreeereeeeteeerteeeereeesbeeeeteeestaeeetesessaeeebesessaeeasesessseensseessseensrens 225
29.4 CUSTOMIZING the TIANSITION ..c.ueitiiieeie ettt ettt sttt et e s bt e b e et e s atesatesatesae e se e bt enteesseeatesstesbeenbeensesnseeneesasesaeenseanbeans 228
20,5 SUMIMAIY ..cuiietieecie ettt et ettt e et esbe e s teeebeesbeestbeesbee s beeasseesabaaasseesabaeassesanbasensasenbaesnseseabaeensesabaeensesesaeenbesenseeesesesseensseessseensrens 229
30. Implementing Android Scene TransitioNs — A TULOKIA] ...cc.cceeiieeiceieiiceirecsiereesseesessneseesneesessanesesssnsesessnsessssanesssssnsesssssnsssessasassns 231
30.1 An Overview of the SCENE TranSItioN PrOJECE ......cccciiiiieeiie ettt ettt e st e et e e e et e e bae e be e ebaeebeesbaeessaeessseenseeesssesnseas 231
30.2 Creating the Android Studio SCENETIANSItIONS PrOJECT........uiiiiiiieeeciiee ettt ettt eeet e e ettt e e e e stte e e e e raeeesabaeeeesbeeeeesnbaaessreeaan 231
30.3 Identifying and Preparing the ROOT CONTAINET .......c.ecciiieiiie et e ceeetee st e e rtee s teeere e st e e ebee e baeeseeebaeeaseeensaeensaeessaeenseeessseenses 231
30.4 DESIZNING the FIrST SCENE......eeiiieitiee ettt e ettt e et e e e et e e e e e beeeeeeaaeaeessaeaeasbaeeeaasaeeeasbasaeansseseeassaeesaasssesansteeesanssaaesssnaann 231
30.5 DESIZNING ThE SECONT SCENE ... .eiitiieeeeeciee ettt et s e et e st e e st e e steeebee s beeeseesabaeaaseesasaeanseeanbaeansesansaesnsesensaeensesensaeenseeenssensres 234
30.6 ENtEIING the FIrST SCONE...ciiutiiiii ettt sttt e et et e et e s e e st e e s be e e bee s beeeabeesabeeeabeesabaeenseeaabaeenseeeasaeenseeeabaeansaeesseeesaeesseenseen 235
O A o T 1o [Ta = Yol =Y o TN 2R 236
30.8 IMPIEMENTING the TraNSIHIONS. . .eiiuvieiiieiiieete st esee st e et e st e et e e st e e ebe e e beeebeeebaeesbeeeabaeenseeanbaeansesessaeensesesaeesesesseenseeessseenssns 236
IO Yo [ [TaY = d Yo = TR YY1 Ao o B ot = RSP RRUS 237
30.10 Loading and USING the TranSItIon SET .......ceueiieiiiiiiieeite ettt ettt et sttt st e s teebe et e eabeeatesbeesbeesbeesbe e bt sabesaeesaeenbeanbeens 237
30.11 Configuring AdditioNal TraNSITIONS ....cccvieeieeiieecite e et e etee st e et e st e e teesbeeebeeebaeebeeebaeessesanbaeaasesesaeesesensaeesesesaessesesseensrens 238
0. 12 SUMMI@IY ..ttt st ettt ettt e teeateshte s bt e s heesae e bt e atesateeae e bt embeeabe e beeabeeabesaeesheesae e st eabeeabeeabeeabeehtenheenbe e bt sabeeubeenbesbaenbean 239
31. An OVErview Of ANArOid INTENTS....cccoviiiiiiieiiiiiiniissiisiiesiessiessssissssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssssssessssssssnsssnsss 241
311 AN OVEIVIEW OF INTENTS ...viiuiieiieitiesietee e et e ee s te st et e st e steeeesae e s et e st e e teesteesseestesseesaeesseesseenseesseasseassesssesseenseesseenseanseansesseensennsenns 241
L2 EXPICTE INTENTS .eouvientieieeieiie sttt ettt ettt st e st e st este e s te e et satesaeesb e e bt enbeenbesabesatesaeesaee st emseenteeaseeateeatesatesaeebeensesatesaeesseessaenseans 241
31.3 Returning Data frOM @N ACHIVITY ....veeciieiiiieciee et cte et e et et e e teeeteeebeesebeeeebeeebaeebeeebaaesbesabasesesesaeensesesaeesesesaeeesseesaseensrens 242
O R Ty Yo [T Ll 4 =Y o PR 243
3L D USING INTENT FIlLEIS. ... vieieeiitti ettt ettt e et et e e et e st e e e te e s beeebeesbeeesbeesabeeeasaesabaeensesensseenbesenbaeeasesensaeeseseasseenseeessseenseeensneennrens 244
31.6 Checking INtENT AVAIADIIITY ....ccveeiiieeieecieece et e et e st e e e be e s beesbeesabaeessee e baeenseseasaeenseeensaeensesessseensseenssensres 244
L. 7 SUIMIMAIY ...tiie ettt ettt e e ettt e e ettt e e e etteeeeeataeeeeabeeaaeaataeeaasssaaesssseaaastsseeasssaeessaeasansssseassssesanbasaeanssasesassaaeesasseesanssseeeanssaeessseaann 245
32. Android Explicit Intents — A Worked EXamPIE ........occccceiecrieieicretieccseesecsneseessnessesssnesssssnssssssasesssssnsesessssesssssnsassssasessssnnssssssnsassne 247
32.1 Creating the Explicit Intent EXample APPICATION .....cc.uiiiiiiiiieciiesiecee ettt st e e e be e e ba e e be e sbaeebeeessteensaeessaaeseeas 247
32.2 Designing the User Interface LayOuUt fOr ACTIVITYA.........ooiieiiieeiieceeeee et etee et e e re e ete e e be e e taeete e e baeebeeebaeesaeessseessseesaneennseas 247
32.3 Creating the SECONT ACHIVITY ClaSS....ccutiiiieiieiiiiesieesite et et e et e st e e te e s beessbeessbaesbeesbeeesbeesbeaassesesaeensesesaeeseeensaeanseeessseansees 249
32.4 Designing the User Interface LayOout fOr ACTIVITYB.........ccciiiiiieeiieiieeeieeeieeesteeerteeeeteeeteeebesestaeeaeeestaeeseeesaeesesessseessseessseenssens 250
32.5 Reviewing the Application IMANITEST Fil@ .....c..ccciiiiiieeiieeciee sttt e st e et e e te e et e e beeebe e e baesabaeessaeenseeessaeenseeessseesrens 251
2.6 Creating the INTENT ..coeiiiee ettt et ettt h e e bt e bt et e e abesate s atesaeeeb e e bt eateeabeeateebtesatesaeesbe e bt eabesntesaeanbeanbaans
32.7 Extracting Intent Data
32.8 Launching ACtiVityB @S @ SUD-ACTIVILY .....eeuieieiieitieiteeie ettt ettt ettt st e s bt e bt et eab e ebtesatesaeesbeesbe e bt sabesaeesbeenbaenbaans 253
32.9 Returning Data from @ SUD-ACTIVITY .....eiiiieiiee ittt ettt et ete e e te e st eeebeeebeeebee e baeesbeesbaeeasesessaeebesesaeesesesaeesesesssaensrens 254
32. 10 TESTING ThE APPIICATION ..ttt ettt sttt e st e bt e b e et e s abesatesaeesaeesae e st enteenseeatesstesheenbeenseeseeneesasesaeenseenseans 255
2. 1L SUMIMIAIY .utiittieitreeetre e ettt eeteeeeteesbeesaeeetbeesaseesareessseesataeasseesabaaanseesasaeasseesabseansaseabaeanseseabaeanseeanbaeansesersaeenbesensaessesensaeensseessseensrens 255
33. Android Implicit Intents — A WOrked EXamPIe...... . icceeiicrieieecseeieccsneesesseesesssnessesssnesesssnssssssanssssssnsesessssesssssnssssssanesssssnsnssssasasssne 257
33.1 Creating the Android Studio Implicit INte@Nt EXaMPIE PrOJECT.......cccviieiieeeiieeiee ettt ettt et ete e et e e ete e e srveeeaeeestaeeeseeesaaeenreas 257
33.2 DESIGNING ThE USEI INTEITACE ...uviiiiiectieciee ettt e e st e e e et e e tee e baeeaeeeabaeessee e saeensee e saeenseeesaeenseeessseensseessseennseas 257
33.3 Creating the IMPIICIE INTENT......ooi ettt e e et et e e e tee e e e tbeeeeeabaeeeesseeeeaabasaeanssseesassaeeaaassaesenstseesansseaesssnaann 258
R Yo Lo [Ta Y- BT Tele) o Te LY F=1 ol Y 0= ot V7 1 Y AR 259
33.5 AddINg the WED VIEW tO The Ul......cooeeeeee ettt e e ettt e e e ettt e e e etta e e eaabeeaeesteseeeasaeeesabaaesenssseeeanssaaessreaaan 259
B N O @] o) =TT YT =d oY= [0} =T U 1 U S 260

vii



33.7 Modifying the MyWebView Project Manifest Fil@..........ccviiiieeiie ettt ettt ree et e et e e staeeebe e ebaeetee e sraeeeabeesaneenrens 261

33.8 Installing the MyWebView Package 0N @ DEVICE ....c.eiuiiiiiii ettt ettt sttt ettt et st e s bt e sbeesbeesbesbeebesatesaeesbeenbeans 263
33,9 TEStING ThE APPIICAION c..veitiiieee ettt et e st e e te e st e e e beesbeeebee s beeeabeesabaeeaseeeabaeensesenbaeensesensaeensesensaeensesessseenseeenssaesees 264
33,10 SUMMIAIY ..tittetteteete ettt sttt stt e bt et et e eutesbtesbeesaeesae e et eaeesaeesae e st e s been b e enbeeabesatesatesaeeseemteenseenbeeateeatesatenae e beenseeaeesatesnnenseenbaans 264
34. Android Broadcast Intents and Broadcast RECEIVEIS .......cccuiiviiiiveiisiiiisieiisieniniisseissiissenssssssssnsssssssssssssssssssssssssssssssesssssssssessssssns 265
34.1 An OVErvieW Of BroadCast INTENTS ......ecciieiiieiesieiieseese e sttt ete st e st et e e te e teetesseesreesreesseesseesseessesssesssesssesseesseenseensessseassensaensenns 265
34.2 AN OVErvieW Of BrOAdCaST RECEIVEIS ......cccuieierieitierieeite et ettt st e st et e e e tesatestesatesaeesseesseenseensesstesasesaeesaeenseensesnsesasesseenseensenns 266
34.3 Obtaining RESUILS frOmM @ BrO@OCaST .....civieeiiiiieecie ettt e etee et e et e et e e teesabeeebeeesbeeebeeebaeeabesabaeensesesaeesesesaeesesensaeesesensseennrens 267
BT ] Aol VA = o - Lo [oF: 1 [ 0] (=T | SRS 267
34.5 The BroadCast INTENT EXAMIPIE........ooi ettt e ettt e e e ette e e e etbeeeeebbeeeeasseeeeasbasaeensseseeassaeaeaassaeeasssseeanssaeesasseaann 267
34.6 Creating the EXamMPle APPIICATION ..eccveiiiiecie ettt ettt et e e te e st e e e bee s baeebeeeabaeeaseeanbaeenses e saeensesensaeesaeesaeeseeesnseennrens 268
34.7 Creating and Sending the BroadCast INTENT...........eiii ittt e e et e e ettt e e e sabe e e e etbeeeeeasaeasstbeeeeasteeeeenssaeessseaann 268
34.8 Creating the BroadCast RECEIVET .....ccciiiiieiieeiiee et e stee et e steeeteesteeebeesataeebesebaeeaseesssaeansesantaeanses e saeensesensaessesesaesnsseessseensses 269
34.9 Configuring a Broadcast Receiver in the Manifest FIlE .......iiiiiiiiiiiiecieciiie ettt st et sbae e sae s e baeenbae e ssaeenaeeas 270
34.10 Testing the BroadCast EXAMIPIE.......cc.eiiiieiieeiieecieectee et e st e et esteeete e sebeeebeeebaeeaseeeabaeansesaabaeansesesaeensesesaeesesesaesasseesaseenssens 271
34,11 Listening fOr SYStEM BrOatCastS . .uiiuiiiiieritieiiiesiteesteeeiteesteeeteesteeeteesateeesseesbaeasesssbaeasseesseeassesessaeenseseseesnseseseeenseeesssaensses 271
34,12 SUMIMAIY . ueiiitrieireeetreesteestteeebeesbeesseestreesseesssaeasseesasasasseesasaaasseesasaeasseesasaesnsesansasansesensaeansesansaeansesenseeeasesensaessesesaeensseessseensses 272
35. A Basic Overview of Android Threads and Thread Handlers...........ccciiviiiniiinnninnniinnnninniinniieiinimeiieimsimmimsissmsssssss 273
35.1 AN OVEIVIEW OF TRIEAUS ..e.evieeieieiesieeiee ettt ste st e st e st e ste et e st e s et e s s e e teesteesseestesseesaeesseesseesseenseenseassesssesseesseenseeseenseansenseenseansenns 273
35.2 The ApPlication Main TRFEAM ......cceiiiiiieiieieete ettt ettt ettt e st et e e besate st e sae e s bt e bt e s beenbesatesstesaeesaeenseesesateentesasesseensaens 273
K1 TR B I T =T To N o T Vo L= PSSR 273
35.4 A BasiC TRreading EXAMIPIE ... .coiuiiiiiieeieeieete sttt sttt ettt e st e s bt e b e e e e atesatesaeesae e be e bt enteenbesateestesbeenbeenbeeaseensesasesaeenseanbeans 273
35.5 Creating @ NEW TIIEAG .....cc.viiieeeiieeeie ettt eteeete e st e e te e s tbeeeabeesbeeebeesabeeeasaesabaeaasesebaeenbesabaeansesensaeenbesesaeenseeensseenseeessseesres 276
35.6 IMplementing @ ThrEad HANGAIEI..........ei ittt e e te e st e e te e s baeeae e s baeesseeaabaeensee e saeenseeesaeensaeesaeensseessseennsens 277
35.7 Passing @ MESSagE 10 the HANAIEE ........ccvi ettt ettt e et e et e e ete e e baeebee e baesabesessaeenbesebaeesesenbaeeseeesaseensrens 278
RIS TR e BT ¥ 0] 0= Y25 RS 280
36. An Overview of Android Started and BOUNd SErVICES .......cccceviiiieiisirisniisseninsniineisssnissensssisssnssssssssissssssssssssssssssssssssssssssessssssns 281
BT = [ C=Te Y=Y oV ol T PP 281
TSI 10 =T oY A Y=Y VT USROS 281
BTG = o 1U T o INT=T AV ol PP PRUS 282
36.4 The ANGTOMY Of @ SEIVICE ...uviiiiieiiiecte ettt e et e et e et e s teeete e s teesbe e st beeebeesaseeasaesasaeasseesasasansesanbaeansesensaesnsesansaesnsssenseeenseeersseesres 282
36.5 Controlling Destroyed SErvice RESTArt OPtioNS .....c.uiiiieiiiieiieeeieeitieeitee st e ssteesrteesreesbeeesbeessbaesbeeesaeebesebaesseeessseensseessseensees 283
36.6 Declaring a Service in the IManifEst FilE.......c.uiiiiii ettt e e st e e ete e e tae e be e e baeebe e e baeenbaeessaeensaeessaeenseeessaeenrens 283
36.7 Starting a Service RUNNING 0N SYSTEM STArtUP....cc.eiiiiieeie ittt ettt st ste e bt et et e satesbaesbeesbeesbeesbeebesatesaeesbeanbeens 284
30.8 SUMIMAIY ...uiiiiiieiieeeie e ettt e et e sttt e s teesbeesaeestteesbeesataeaaseesasaaasseesaseeassesansaeansasanbaeansesensaeanses eabaeanses e saeenbesensaessesesseensseesaseensrens 284
37. Implementing an Android Started Service — A Worked EXample........cicieiiiiieiiiinnneniinnneiiinneeiinnsesisssessesnsssssssnsssssssssssssnssssssans 285
37.1 Creating the EXAMIPIE PrOJECT ... .ciiiiiieieeteeieete sttt et sttt et e bt e b et e st e s atesaeesbe e et embeenbeeatesatesatesbeeseensesateensesasesseansaens 285
7.2 Creating the SEIVICE ClassS.....iccieeiiiieiieeeiiieiiteeeiteeeiteesteeeteesbeesseesabeeaseesabeeaseesabaeasseesasasansesabasansesessesnsesensaesasssessaeeaseeesssennsses 285
37.3 Adding the Service 10 the ManifeSt FilE........c.oiiiiiiiieee ettt ettt ea e s b tesatesaeesbe e bt eeesatesaeesseensaens 286
374 SEArtING ThE SEIVICE....uiiiieiitie ettt ettt et et e e et e s beeebeesabeeebeesbeeeabeesabaeeaseesabaeeseserbaeensesabaeeasesensaeenseseasaeenseeessseenseeensaeesrens 287
37.5 Testing the INTENTSEIVICE EXAMPIE .....eeiieiiecieeciee ettt etee sttt s e et e s e e e te e s baeebeeebaeeabeeaabaeesseeesaeenseeesaeeseeesaeesesessseenssens 288
7.6 USING the SEIVICE ClasS ..uveiiuriiieeeiiieeeieeeieeeite e ettt e eteesteesteestbeeeaseesbeeebeesabeeeaseesbaeaasesesseansesabasensesensaeensesesseeasseessseenseeensseesrens 288
7.7 Creating the NEW SEIVICE .....iiceieiiiecieeeie e et e st e et e s teesteesbeesse e st taeaseesateeaasaesasaeasseesasaeansesansasansesansaeensesansaeeseeessaeenseeerssensres 288
37.8 MOIfYING the USEr INTEITACE. ....cc ittt e et e e e et e e e e e tte e e e etbbeeeeaateeessabaeaeassesesassaeeesasseesanstaessanssaeessrenann 290
e I U YT a = d g T=0 Y] o] [ Tor=1 Lo o ISR 291
37.10 Creating @a NeW Thread fOr SEIVICE TAsKS ......cciuiii ettt ettt e e e ettt e e eeate e e e sataeaeebteeeeeasaeaesasbeeeaasteeeeensseaessanaann 291
00 YU T2 T 2o =T V2RSS 293

viii



38. Android Local Bound Services — A Worked EXamPIE........cccveiiiirciiiinseniensnniisssnensssssnesssssssssssssssssssnsssssssssssssanssssssnssssssssssssssnsassne 295

38.1 UNAErstanding BOUNG SEIVICES.......ccciueiiiieeieeiieeeiteesteeeiteeseteesteesteeeseesbaeasaseabaessesesasansesansssasesessaeesesesaesasesensasessseessseensres 295
38.2 BOUNd SErVICE INTEIACTION OPTIONS.....iitietieieriiestiertteste e st ettt st e ste e bt e be e beebesaeesatesaeesaeenseenteeasesatesstesatesaeenseensesneesasesseesseenseens 295
38.3 An Android Studio Local BOUNT SEIVICE EXAMPIE .....ccviiiiieiieecieccieeectee ettt et e et e te e e te e e beeebe s e baeeabesebaeebeeessaeenseeessaeesees 295
38.4 Adding @ BOUN SEIVICE 10 the PrOJECE ...ccuvieuiiiieitieiteee ettt sttt sttt ettt e e sat e s b e e satesaeesbeesesaeesaeesaeenbeenbeens 296
38,5 IMPIEMENTING ThE BINAEI ... .eiiceeecie ettt ste e et e st e e et e e s beeebee s beeebeesbeeeaseesabaeenbesebaeeasesensaeensesensaeeaseeessseenseeensseeseeas 296
1S N =TT a Lo [T a Y= d oY @ [T o o i o TR Y Vo] RS 298
38.7 COMPIELING The EXAMIPIE.....uiiiceieciie ettt ettt e st e et e e st eeeteesbeeebee s beeebeesabeeeaseesabaeensesabaeensesensaeenbessnbaeeaseeeasseenseeensseeseeas 300
TS e I =T g P d a YN Y o o] oF: o o SRS 302
380 SUMIMAIY ...ttt ettt ettt e e ettt e e e teeeeetbeeaeesabeeeeasseaeessseeaaastssaeaasssaeeassaaeaansssseassssesantasaeanssesesassaeeeaassaeeanssseeeanssaeessseeann 302
39. Android Remote Bound Services — A Worked EXample........ccocecceiecesceiiecssceneecseeeecssnessessnesssssasesssssasesessssessessnsassssasesssssnssssssasasssns 303
39.1 Client to Remote Service COMMUNICATION ......cccuiiieieereerte et ete et e st e st este e e eteseesaeesseesseesseesseenseessesssessessneessesnsesnsesnsesseensennsenns 303
39.2 Creating the EXamPle APPIICAION ..ecceiiiiieiieeiieeeie e see ettt et e et s e e be e s beeebeesbaeesbeesbeeesseeebeeenbeeensaeeseeesaeenseeessseenseeas 303
39.3 DESIGNING ThE USEI INTEITACE .. uviiiiieeieecie ettt ettt e et e st e e e be e e be e e bee e baesbee e baeensee e baeanses e saeensesensaesnsaeessseensseessseennrens 303
39.4 Implementing the REMOTE BOUNG SEIVICE.....ciiiiiiiieiiieeieeciee ettt e et et e et e st e st e e baeesbeesbaeebeeebaesbeeessteensaeesseeenseeessaeaseeas 304
39.5 Configuring a Remote Service in the Manifest FilE........cccuiiiiieiie ettt et e et e et e e teeebe e e baesebee e saeeesseesaneenreas 305
39.6 Launching and BiNdiNg t0 the REMOTE SEIVICE ......uiiuiiiiiiiiiit ettt sttt ettt et sat e s bt e sbeesbeesbe e bt e besatesaeesbeenbeans 306
39.7 Sending a Message tO the REMOTE SEIVICE.......c.uiccueiiieeeieecteeectteetee et este e e etee s beesbee e baeebee e baeebes e baeeabesessseensseessaeenseeessseesees 307
0.8 SUMIMAIY ...ttt sttt ettt et e a e s bt e s bt e s heesue e bt e atesateeae e bt e bt e be e b e eabeeabeeaeesh e e s bt e bt em bt ea b e eabeehbeeh e e ehe e bt e bt eabeeateeabeshaenbeen 308
40. An Overview of ANdroid SQLitE Databases .......c.cceveieeissessnssnssiesnsssnssessssissssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssnsss 309
40.1 Understanding Database TablesS.......cccueiiiieeiiiiiiieeciee ettt ette ettt e stveeetee e sbeesabeesabeestbeesaseeesbeesasaesabeesssaesabesansaesateesasesentesanseenntes 309
40.2 INtroducing Database SCREMA ... ..cc.iiiuiiiiiie ettt ettt et et e s a b e s bt e s b e e she e bt e et satesaeesaeesbeenbeenbeenbeenbesaaesaeas 309
0.3 COUMNS AN DALA TYPES «veeeureeereeiitieeiteeeiteeeireeesteeeeteeesteeeetesesteeeesesessssessssesssseasssesssseasssessseessseessseesssesssseesasesssseestessseesntessseesases 309
20.4 DALADASE ROWS ....eeeiieiieiieiiietteetiesteesteesteeteseesaeesueesaeesseesteenteensesatesaeesaeesseesseenseenseensesasessaeseenseenseenseensesaeesseesseenseentesnsesnsesnsesanes 310
0.5 INTrOdUCING PriMary KEYS.....cueeeeueeiiteeeiteeeiteeeiteeesteeeeteeesteeeeteeestseeesesessseessssesssseasssesssseasssessseesssesssseesssesssseesssessseestessasessntessnseesnses 310
0.6 WAt IS SQLITE? ... ueeiteeieeiieteetesttesteesteesteesteeeestesseesseesseasseesseessesssesseesseesseesseensesnseansesssesssesseensesssesnssensssnsesseessesnsesnsensennsesssesnees 310
40.7 Structured QUETY LANGUAEE (SQIL) ...veeeeeiiieeeeiieeeeceee e ettt e e ettt e e ettt e e e e bt e e eettaeeeetaeaeasbesaaassaseeaasaaaasasbasaeanssseessssaesasbasesassaeesannees 310
40.8 Trying SQLite on an ANdroid Virtual DEVICE (AVD) ....cccveeeueieiieeiieeieeeeteesiteesteesaeestseesseessseesseesasaesseesasessseesnseesssesssesansessnses 311
40.9 ANArOid SQLItE JAVA ClaSSES...ueeuviiiirieeireeiireeeiteesitteesteeesteesteeesteeestesesseeessesessseasseeessseessssesssesssseesssessssesssseesssesssseesssessssessssessnsessses 313
Z0.9.1 CUISOL .ttt et et e e e e et e e e e e s as et e e e e s s e et e e e e e et s e et e e e e e e st e e e e e e e e s ne e e e e e e et eeeeenaans 313

E R B Y O N1 D e (o ] e o k-SSR 313
40.9.3 SQLILEOPENHEIDEN ...ttt ettt ettt ettt st ettt e sat e et e e st e e s ateasaseesateesaseeste e aseesabeesasessateanaseesaseenaseens 313

E R N 00T (1 (=1 g F AV | [V =X SRS 314
20,00 SUMIMAIY..c.utiiiiieeiteeiiteeeireesteeeteeeeteeeeteeestaeeseeabaeaasssessssesssaasseessssasseesssessseeasseeasssesssessseesseesnseesasaeasseesasesanseesasessnsessnsesansesnnses 314
41. An Android TableLayout and TableROW TULOFIAL .....cciiireiiiiiieiiiietiiinneniicneresseessessnessssssnesssssnssssssasssssssnsssessnsasssssnssssssnsssessasassne 315
41.1 The TableLayout and TabIEROW LAYOUL VIEWS........coouiiiiiiieieeieieie ettt ettt ettt sttt s bt e be e be st st e st e saeesbe e bt e beeabeeabesatesaeas 315
41.2 Creating the Database PrOJECT.......cuiiiiiiieeecieeectee ettt eette ettt e ette et e estveeetbeeebeeeabeesassessbeesaseessbeasssaesataeansaesabesansaesateesseeentesanseenntes 317
41.3 Adding the TableLayout to the USEr INTEITACE .......ccooiiriiieeieeie ettt sttt ettt st st sae e bt e sbe e be e be e besaaesaeas 317
41.4 Adding and Configuring the TabIEROWS.......ccuiiii ettt e et e e et e e e e bt e e e ettt e e esbaee e e tbaeeeessaeesssaeeesssaeeeasteeesnnsens 317
41.5 Adding the BUTLON Bar 10 The LAYOUL.......cueieiiiieciiecieecciee et ettt ettt e e tae et b e e sateestteesaaeessteesaseessseeanseesntesanseesnteesaseesnsesanseesnses 318
41.6 AdJUSTING The LAYOUL IMIAIINS ....veiiieieieieeieeeeieeeetee ettt estteeeteeeeteeeeteeesteeestbeesaseessbeesaseeasseessseessseesasaesataesnsaesabeesnseesateesseesntesenseeentes 319
I A U oo 4 = 2SS 322
42. An Android SQLite Database TULOrial.......ccccieiviiirieiiniiinsiinninnissniineissnnsseissssssssnsssssssssnssssssesssssssssessssssassssssssssssssssssssssssssssssnsssssnsss 323
42.1 ADOUL the Database EXAMPIE .....eiiiiieiiiciee et ectee ettt rtte et e e stee et e e tee et seesaaeesaseesaseessseessseessseeeaseesasaeansaesataeanseessteeenseesnsaeaseennses 323
42.2 Creating the DAta IMOTE] ..........eeii ittt e et e e et e e e e bt e e e e tteeeeeabaeeeaabbeaeeaasaseeassaae e sbasaeansaseeansssaeeasbaeeeassaeesansees 323
42.3 IMplementing the Data HaNGIB .......ocvei ettt e ee et e e s e e st e e st e e s taeesaae e abeesaseesataeanseesateeanseesateesnseesntaeanseennses 325



0 3 N I Y00 Vo o l 2 [ 1 Lo [ LTl 1Y/ =41 ¢ Lo Yo USSR 326

42.3.2 The QUErY HANAIEE MEEROM..........cc..oeueeiieeeeeee ettt ettt ettt sttt ettt et e e et e s bt e sae e st e st eatesatasasasaeesaeesees 327
42.3.3 The Delete HANGIEr METROM .........cc.c.oeevuveeeiiiesiieeiiieeie ettt ettt e sttt ste e sttt e s teesate e sateesateesasaesateasasassateasasessatessasessaseessess 327
42.4 Implementing the Activity EVENT IMETROUS .........coiiiieeeee ettt st st st s ae e bt et et e e saaesaeas 328
42,5 TeStING The APPICATION c..eveiitiectee ettt e et e ettt estaeeeteeestbeeateeesabeeabseessseeeabeesasaesabaessbeesabeeanseesabeesaseesatessnseenates 330
2.6 SUMIMAIY ...eiiiieiite ittt ettt ete e bt ettesute st e e bt etestesatesatesseasseenbeenbeenbesasesaeesaeesaee st aneeenteeateeaseeseebeeahe e seenseeatesaeesaeenbeenbeanbeenbeenbesnsesanes 330
43. Understanding Android CONEENt Providers........ccccciiiiieiiiiineiiiinnniioneiiiisneiiissiiomssiiisssisissssissstsssssssiosssssssesssssssssssssesssnsssess 331
B TV oY T Y 0o o1 =Y o A o o1V T =T o TR 331
B N o T e o =T o A 0 1Y/ T [T PRSPPI 331
43.2.0 ONCIEALE()..c...veeeeeeee e et e et e ettt e ettt e e ettt e e ettt a e ettt s e e aats s e eaasssaeets s s e eaassaaeaasssaaeasssaaeastsaaeeasssaaeastssaensssaesasssaaeassesesases 331

E I e [V =1 0 Y U 331
B3.2.30MS@IE() .ottt e et e ettt ettt e e ettt e e ettt —aeeitb——eeatbtaeaa——aaeatbtaeaattateaatataeaatteaaeaatteteeataaaeatesaeaatsaaeeatranaeaatbeaeeane 331

E I Voo o =3 f S 332
3. 2.5 AEICLE() .ttt ettt e e e e et — e e at—— e e e ——a e e ettt aaaatbateaaa—aaaatbaaeaattbaeaataaaeatbtaeaattbaeeabeaaeaatteaaeanes 332
I X =1 Y/ =L TSRS 332
e B I TN e o1 1= o L 11 OSSP 332
B I o TN e 0 =T L A Y=Y o =T PR 332
43.5 The <provider> ManifeSt EIRMENT........uiiiiiiii ettt e st e e st e e s aeesateesabeesateeasbeesateeesseesateeanseesnseeaseennses 333
3.0 SUMIMIAIY ..eeutieiieeeteeiteeeteesbeeetee e taeebeeabaeeaseeabaeesseeasse e sseesseensesasseeeasseessseeasseessseesseessseessaesnseesaseeanseesasessnseesatesssessntasanseesntes 333
44. Implementing an Android Content Provider in ANdroid StUIO ........cccceiiiiiiiiiineniinneeiccceenrcsnesrecsnesesssnnesesssnessssnesssssanesessanessens 335
44.1 CopYiNg the Database PrOJECT .....ccccuieiiiiiee ettt ettt e e e st e e e et e e e e eabaeeeeatbeeeaasaeesessaae e staseaanssaeesnssaeeassseseessseesnnsees 335
44.2 Adding the CoNteNt Provider PACKAEE .....covviiiiiiieteeee ettt et ettt st s bt e bt e b e be e ae st e st e saeesbeenbeenbesntesntesaaesanes 335
44,3 Creating the CoONTENT ProVIer Class........iiiiieiiiieeiieeeieeeeieeeeee ettt esteeeeteeesteeeetbeesabeestseessseessseesaseesssessssaesabessnseesateesseesaressnseesnses 336
44.4 Constructing the Authority and CONTENT URL.......cccuiiiiieiieeciie et ste et steerite e seeestae e saeesabeesabeesataessseesasesanseesnteesseesnseesnseesases 337
44.5 Implementing URI Matching in the CONTENT PrOVIAEN .......ccuuiiiiiiieeccee ettt e e et e e e e ta e e e e aaae e esataeeeentaeeennees 338
44.6 Implementing the Content Provider onCreate() METNOM.........cccuviiiieiiiieciecee ettt e e ae e s be e e be e s ateeeneeeares 339
44.7 Implementing the Content Provider inSert() MEthod ............oo ittt e et et e e e e e e e at e e e eeaneas 340
44.8 Implementing the Content Provider qUEry() METNOM ..........coviiiiiiiiie ettt e e st e s re e s e e s ae e s te e sreesaraeenneeeanes 341
44.9 Implementing the Content Provider update() MEethod ...........ooouviiieiiii ettt e e et e e e e e et e e e e eannas 342
44.10 Implementing the Content Provider delete() MEthOd ........c..oouii ettt e b e st eeneeears 343
44.11 Declaring the Content Provider in the Manifest FIlE ......cuiiii ittt st e st esbe e s baeeaeeeares 344
44,12 Modifying the Database HANGIET ..........ccuveeiieiiieeciee ettt rte et e st e e st e e sbeestbeesaaeeeabeasaseesataesnseesaseesnseesaseesaseesasasaseennres 345
Y I YT o T | V2SS 346
45. Accessing Cloud Storage using the Android Storage Access FrameWOrK .......ccciiiiireiiiiiniiinnseniinsnnicnssnenicssnesssssnesssssnsssessnssssne 349
45.1 The StOrage ACCESS FIraMEWOTK ........iii ettt e et e e et e e et e e e e ate e e e st taeeesasteeeastaeeesnssaee e staseaanssaeesnssaeeasseeeeansseeesnnnees 349
45.2 Working with the Storage ACCESS FramMEWOIK .........ooiiiiiiiiieie ettt ettt be e bt e b et e e besaaesaeas 350
45,3 FIEIING PICKET FIlE LISTINES .. vveeiteiiitieeiteeiiteeeitee e cteeeeteeesteeeeteeeeteeeteeestaeestseesaseeesseesssseasseessseessbaesaseesaseeassaesaseessseeaateseseesatessnseesntes 350
5.4 HaNAIING INTENT RESUIES. ....eeutieieeeiestieiteete ettt ettt ettt et eateste s tesaeesae e st e es et eateeatesaseeabesseesbeenbeensesaeesaeesaeesaeenbeenbeenbeentesatesaees 351
45.5 Reading the CONENT OF @ FIlE ...uvii ittt e e et e e et e e e e s ta e e e s bt e e e eataeeessaaee e staseeansaseesnssaesassaeseasseeesnnsees 352
45.6 WIItING CONTENT L0 @ FIlE 1.nniiiiiieiieetieteete ettt sttt st s a e sttt et e eat e s bt e s s eesbe e b e e b e enaesatesaeesaee st e bt e beenbeentesanesaeas 353
A5, 7 DIETING @ FIlB . nueeiie et ceee ettt ettt e e et e e e e bt e e e e e teee e e tseeeeaabaeeeassesaeeassaaaeansseeeassaseeansaaaeessbasaeanssseeensssaeestaeeeanstaeesnnsees 353
45.8 GaiNiNg PersisteNt ACCESS 10 @ FlE ...cc.viiiiieciei ettt et e e st e st e e s tt e e saae e s abeesabeessteeanseesateeanseesateesaseesnsaeeseennses 353
5,9 SUMIMIAIY .eeetteeiteeeiee et e et e e teeebeeeeteeeebeeeeteeebeseebaeeasseeasseeseseasse e beseasseesseesaseeasbeesassensseeasseeesseeanseesatesanseesabeesnseesabeesseeentesenseeentes 354
46. An Android Storage Access FrameWOorK EXaMPIE......cccciiecciceirciiseeieccseteccsnesecssnessessnsesesssnessessnssssssasesssssnsssessnsssssssneassssnsssessasassne 355
46.1 About the Storage Access FrameWOrk EXGMPIE ........iiiieeiiiieiiecie ettt steeste e steesta e e seae e s beesbeesabeessseesateesaseesnteesseesnsesenseenases 355
46.2 Creating the Storage Access FrameWOrK EXAMPIE ........iii ittt ettt e ettt e e e e ett e e e e s be e e eetaeeeeabaeeesnbaeeeeasteeesennes 355
46.3 DESIZNING The USEI INTEITACE ..c.uviiiiieciee ettt r e et e s tae e st b e e s aeeeabeesabeestseessseesstaesaseesataeanseesateesnseesaseeeseesntasanseennses 355



46.4 DEClaring REQUEST COUBS ......uveiieiitieeieeiitee ettt eiteeeeteeesteeeeteeestaeeteeessseessseessseeasseeasssessseasseessteesaseesaseessseesssesssseesteesseesntesanseesases 357

46.5 Creating @ NEW STOTABE FIle.... .ottt st st sb e ettt eat e s bt e e b e e s bt e s be e be e bt eabesatesbeesbeenbe e beenbeeabesaaesaeas 358
46.6 The ONACHIVIEYRESUIL() IMIEENOM. .......eieiiicieecee ettt ettt s te e et e e s b e e s tbeesabeeeabeesabeesabaesabeesabeesasaesabeesaseeenteeenseenates 359
A6.7 SAVING 10 @ SEOTAZE FlB ...ttt ettt sttt st e s a e e st e et e e ateeat e s a e e eatesb e e bt e b e enaesatesaeesaeesaeenbeenbeenbeentesanesanas 360
46.8 Opening and REAdING @ STOIAZE FIlE ... .uiiiiieiiiiieeeiee ettt ettt e ee et e e tee et e e e abeestbeesabeeesbeesabeessbaessbaesabeesnsaesabeesaseesateesseesases 363
46.9 Testing the Storage ACCESS APPICATION ...covviiiiiii ittt ettt et et ettt st e s bt e s bt e beebe s st e eatesatesbeenbeenbeenbeensesanesanes 365
28,00 SUMIMAIY..c.utiiitieeieeiiteeeiteeseteeeeteeeeteeeeteeeetaeeseseabaeesssessssessseasseeseseasseesssessseeasseesssseasseessseeesseesaseesabaeanseesabessnseesateesaseesntesenseesntes 365
47. Implementing Video Playback on Android using the VideoView and MediaController Classes .......cccccccerrerrereecrnereccsneenensaeenenns 367
47.1 Introducing the ANdroid VIdEOVIEW Class ........ccueeiueiiiieiiieeeieeesieesteestteesaeestteesaseessteesseessseesseessseessseesssesansessnsessssessnsessnsessnses 367
47.2 Introducing the Android MediaCoNntroller Class .........ccueiecciiie ittt e et e e e etr e e e e etaeeeestbeeeeeabaeeeesseaaesasaeseessseeesennees 368
e R Y ] Y=V Ao 1Yo T o =1V o - ol USSR 368
47.4 Creating the Video Playback EXAMIPIE .......oo ittt et e e et e e et a e e e e ta e e e e tbeeeeeataeeeessaeeessbaseeansaeaeennnees 368
47.5 DesigNiNg the VIAEOPIAYEI LAYOUL ......cccuiiieieiiie it e ectteesete e e st e e et e e s st e e e e saaaeeeessteeeessaeeesnsaeeaasstasesanssaeesnsssesasseeesanssesesnnsees 368
47.6 CONFIGUINNEG the VIAEOVIEW ....eeiuiiiiiiiciee ettt ettt et e et e e rta e e st et e st e e e bt e e sateebeeassaeesateesabeessteesabeesateeasseesabeesaseesateeanseenases 369
L o Lo LT = 1Y €= g o Tyl =Y o 3 0T E1] o] o TSRS 370
47.8 Adding the MediaController t0 the VIAEO VIEW ....c.uiiiiiiii ettt sttt sae st e st e e s e e sabe e sa e e s aeesbeesbeesabaesnseesnses 371
47.9 Setting UP the ONPIrEPar@dLISTENE ........iciieecieeecteecieeectee ettt erte et e s teeeste e e s taeesabeesabeessseessseeesbeessseeaataessseesaseeanseesateesaseesatasanseesntes 372
A7.10 SUMIMAIY ..ttt ittt ettt et et eatesttesbeesbe e be e et satesueesueaeb e e bt aabeeabesaeesaeesheesae e bt ea bt eateeabeeateeb e e bt eabe e be e bt eateeatesheesbeanbeenbeenbeenbesatesatas 373
48. Video Recording and Image Capture on Android using Camera INteNnts.......c.cccveveiivninieiisninsseinnninnisesse e sssaenene 375
48.1 CheCKing fOr CAmEIa SUPPOIT...cc.ueiieitterteerteeite et e stestte st e te e beebesatesatesaeesueesaeas st enseeatesasessaeseesheeseenseensesaeesaeesbeenseebeenbeenbesasesanas 375
48.2 Calling the VIidE0 CAptUre INTENT .....eiciiiiiieeiee et ectee ettt e e et e e steeeeteeeebeestbeesabeesabeessseeesbeesasaesabaesnbaesaseeanssesateesaseesnteseseesntes 375
48.3 Calling the IMage CaptUre INTENT.....coiuiiieieete ettt ettt sttt e st e e ste e bt e teeatesatessae bt esbeesbeensesaeesaeesaeesbeenbeenteenbeenbesneesanas 377
48.4 Creating an Android Studio Video RECOIAING PrOJECT......cc.uiiiiiieee ettt cte ettt et e veesteesbeestbeesabeesbeesabeesabeesabeesaseesnteseseeenses 377
48.5 Designing the USEr INTEIFACE LAYOUL .....cccveeiiiiiiiecieeccee ettt ettt stee st e s tee et b e e sateesateessseessteesaseessseeanseesaseeanseesaseesaseesnseeaseennses 377
8.6 CheCKING FOr the CamMEBIa ..ccccueeeieietieeieeectee ettt eetee et e e tee e te e e eteeeteeesteeesteeesaseeasseeessseasssessseesabeasaseesabeesaseesabeessseesabeeeaseesatessnseesates 378
48.7 Launching the Vi Caplure INTENT.......ccviiiiieceecee ettt ete e stee et e st e e tt e e steesateesaseessbeesaseeassaeasseesaseeanseesaseesnseesnsessnseennses 379
48.8 HAaNAIING The INTENT RETUIN ... ..eeiii ettt ettt e e ettt e e ettt e e e e bbeeeettaeeeeasaeeeaatseseassasaeaassaaeesbasaaaasaseeansssaeeanbaneeasseeesansees 380
Fr SR I YT Y=o oYY Vo o] [1oF 1 4o USSR 381
8. 10 SUMIMAIY .. utiieeiiieeeeieee e ettt e e ettt e eeittee e e tbeeeeetaeeeatasaaaaaataseeaasssaesassaaaaasbssaaassseeeansasasansseseaassaseeanssaaessbasaeanssseeesssaesassaeeeanssseesansens 381
49. Android Audio Recording and Playback using MediaPlayer and MediaRecoOrder ...........ccoeererisinsvinssnsssinsnnsnnsesssesssnnsssssssnsas 383
R I o =NV Y= U o T YRS 383
49.2 Recording Audio and Video using the MediaRECOIAEr Class......ccviiuiiiiierieiiiieiieesiee st e steesreesteesbeesbeeesaeesbeessbeesbeesseesnses 384
49.3 ADOUL the EXAMPIE PrOJECT.....ccveiiiieeieeccteeeteeeette et e erte e et e e stee e teeestaeestaeesaaeeasseessseesssessseesabeesasaesataessseesabeessseesnteesnseesntaeanseesases 384
49.4 Creating the AUGIOADD PrOJECT ... .ottt ettt ettt et ettt s atesh e e bt e bt eat e ehtesbe e bt e beesbe e bt eabesatesaeesbeenbeenbeenbeenbesaeesaees 385
9.5 DESIZNING the USEI INTEITACE ...uveiiiieciee ettt ettt ettt et e et e s v e e e tbe e s beestbeesabeesaseesaseeasbaesaseesataeanseesateesnseesateseseesntaeanseesnses 385
49.6 Checking for Microphone AVailabiliTy ..........eeiirierieeeee ettt e b e ettt st st saeesbe e bt e beeabeeabesaaesaeas 386
49.7 Performing the ACtiVity INIIAliZAtioN .......cveeiiiicieecee ettt st e et e st e e s tb e e sabeeeabeesabeesabeesabeesabesenseesabeesabeesateseseesnses 386
49.8 Implementing the recordAUdIO() IMETNOM .......coui ittt b e et st st st e saeesbe e be e be e besaaesaees 388
49.9 Implementing the StOPAUAIO() IMETNOM ......c..eiiiiiciee ettt et et e st e e s be e s beesabeesabeesabeesabeeenbeesabeesseesntasenseesnses 388
49.10 Implementing the PlayAUdio() METROT ......ccui ittt et st st st e saeesbe e be e be e besaaesaeas 389
49.11 Configuring Permissions in the ManifeSt FIlE .......cuiiiiieiii ettt ettt etre e s be e sbeesabeesabeesabeesabeesabeesseesabessnseesates 389
L A =T g T g L=V o] o] ot o Y USSR 390
219,13 SUMIMAIY..c.utiiitieeteeiiteeeiteeeeteeeteeeeteeeebeeeataeebesebaesasseeassseseseassseseseasseesssessseeasseesassensseeasseeasseesnseesabaeanseesabesanseesateesnseesnteseseesntes 390
50. Working with the Google Maps Android APl in ANAroid StUCIO ........cceeeeciricrceiiiiretrecseenrcseeeeessaeesesssnessessneessssanesssssnsesessnsssssnnns 391
50.1 The Elements of the Google Maps ANArOid APl .......c..uieiiieiieeceeecee et stee e stee st eete e s beeestee e beeebe e e baessesesaeesaeessseenseeessseensses 391
50.2 Creating the GOOZIE IMAPS PrOJECT....cccuviieeiiee ettt e ettt e ettt e e ettt e e e ettt eeeetteeeeetbeeeeebbeeeeassaeesasbasaaansseseeassaeaesassaesasseeesnsssaeessseaann 392
50.3 Obtaining YOUr DEVEIOPET SIGNATUIE ....c..viecieeiiee et e et e et e st e et esteeeteesteesbeesbaesbeeebaeensesansaeassesssaeensesesaessesesaesseeesaeennsens 392



50.4 TeStING The APPIICATION 1 .eiieiieeeeecie ettt ettt e st e et e e st e e s b e e s beeebee s beeebeesabaesasesersseensesanbaeansesenbaeensesensaeensseensseesseessaeensees 393

50.5 Understanding Geocoding and REVEIrSE GEOCOMING ......covuieuiriiriiniienieeieeste ettt et sttt ettt et eatesatesbeesbeesbeesbesatesateeneesbeenbaens 394
50.6 Adding @ IMap t0 @N APPIICALION ...vviiiiiiiiecie ettt et et e et esteeete e sabeeeebeeebaeesesebaeenbeesabaeesesesaeenbesesaeesesesaeensseessseensrens 396
50.7 Displaying the User’s CUIMTENT LOCATION ......ecuiiieiieiieiieeitt ettt ettt sttt st sttt e s bt e bt e teeabesatesatesatesaeesaeenseeneesasesaeenseenseens 396
50.8 ChangiNg the IMIAP TYPE .ueeiurieceeeitieeeteeeteeetee sttt esiteesbeesbeestbeeesseesbeeasseesataeanseesabaeanseessseansesabasansesensaesasesensaeensesessaeenseeessaeensres 396
50.9 Displaying Map CONLIOIS 10 the USEI ......iiiiiieieieiieteee ettt ettt sttt st e st e e bt et e eat e satesatesaeesbeesbeesesneesaeesseanseenseens 397
50.10 Handling IMap GeSTUIE INTEIACTION .....ccvieeeieiieeeieecteeeteesetee e bt e steeebeesabeeebeeesbaeesesebaeensesabaeanseseasaeesesesaeesesensaeensesesseensrens 398
50.10.1 MQP ZOOMING GEOSTUIES .....coveveeeurieiieeseeeseiiiieeeeeesessiatteeeeessesustteteaesessssststesesesssassatesesssssssssstsasssssssssstsasssssssssnsssnanassssnans 398
50.10.2 Map SCrolling/PONNING GESTUIES ..........cccuveeeeeeeerereieeeeeeeeteestseesseesssesssessseeesssessesesssesssessssessssssssssssssssssesssanssesssssnssess 398
O O, Lo B B 1L L=y 1] =X PR 399
YO O 1Y, Lo ] ol ato) (o (0] ¢ I CT= AT [ =X SN 399
50.11 Creating IMAP IMATKEIS....c..viecveecieeeteeete e st esteeetee s teesseessteessseesasaeasseesasaeansassasaeanseesnsaeansesanbasansesansaesnsesensaeeseeensseenseeerssensses 399
50.12 CoNtrolling the IMaP CAMEIaA .......ueieeeiiieeeciie e ettt e e e ettt e eetteeesetteeeeetteeeeeessseeeasbaeaaabssseaassaseeasbasaaansseseaassaseesassaesassesseanssaeessseaann 400
50,13 SUMIMIAIY . utiittiectreeitteeste ettt eeteesbeesteestbeeeaeesaseesaseesataeasseesasaeasseesasaeasseesasaeansasansaeeasesansaeansesansaeensesensaeensesensaeensesensaaensseessseennres 401
51. Printing with the Android Printing FrameWOrK..........ceiiiieiiiiieiiineenicnesiisnnesssnsnessssnsssessanssssssnsssssssssssssanssssssanssssssnsssessnsassne 403
51.1 The Android Printing ArCRITECIUIE. . cc.viiiiieeie ettt e et e st e e e e st e e e bee s bae s beeeabeeenbeesabeeessee e saeenbeeensaeeseeesaeeseeessseasseas 403
B51.2 The HP Print SEIVICES PIUGIN ..ouvieiiiieiieecieeeie ettt e et e st e steesteesteestbeesbeesabaesasaesabaesasessabaeansesanbaeansesensaesnsesenbaeeseseasaeenseeersseesees 403
51.3 GOO0GIE ClOUT PriNt...cceieieiieeie sttt ettt sttt ettt ettt e at e sh e e bt e bt e s besabesabeeatesatesbe e bt aateeabeeateehbesabesaeesbe e bt eabeeatesaeanbeanbaans 404
Lo I e T oY = (o o Yo =TT DT 1V TR 405
LR LT F o 0 PSS 405
51.6 Printing from ANAIOid DEVICES.......vveciveeiieeeiee et eeteesteeeiteeseteeeteesbeeebee e baeeesesebaeeseesbaeensessabaeesesesaesbesesaessesesaeensseessseensrens 405
51.7 Options for Building Print SUPPOIrt iNtO ANArOid APPS ..ceveeeiiiiiiirtierieeieete et ste st st e st ettt et e satesatesatesaeesbeesesneesaeesaeesseenseens 406
N B B [ 0T [o T30 4 1 T [T U PPN 407
51.7.2 Creating and Printing HTIMIL CONEENT ..........coeeeuueeeeeeeeeeeceteeeeesitteeeetea e s stee e e e tte e e e eaataeeaattaasssteaesasseaassastsassasseaesassenssnasteassases 407
51.7.3 PrINtiNG G WED PAGE......cccc.eeeeeeeeeeeeeee et e ettt e ettt e ettt e e ettt e e e et e e e e tta e e e atsaaeaassaaaeassssaaastssaeasssaaestesaeansssaseasssnaeassesenases 409
51.7.4 Printing @ CUSTOM DOCUIMENT ..........ueveieeeeeiiieeee e eeseeiiittee e e e se sttt e e e e s ssssasttteaesesssaasbateaessssassssttaasssssssssstaassssssssssstsnasassssnans 409
B8 SUMIMAIY ..cuiiiiee ettt ettt e ettt ettt e et e sbeeeteestbeeebeestbeeeabeesabaeasseesabaaasseesabaaassesanbaeensasenbaesasessabaeensesebaeensesensaeenbesensaeesesesseensseessseensrens 410
52. An Android HTML and Web Content Printing EXaMPIE ........cciieciciiecisceiiecseereesseesessnessesnesssssasesssssnsesessssessessnssssssasesssssnssssssasasssns 411
52.1 Creating the HTML Printing EXample APPlICatiON .........iii ettt e ettt e ettt e e e st e e e et e e e eeasae e e abaeeeeateeeeeasbaaesaseeeaan 411
52.2 Printing DYNAmMIC HTIMIL CONTENT ....cccuveiiiiecie et e sttt e etee st eete e s teeeteesataeesaeebaesaseeensaeenseeaabaeansesensaeensesensaessaeesaeesseessneennseas 411
52.3 Creating the Web Page Printing EXAMPIE ..c.uii ittt sttt ettt e st s s ba e et e s baesbe e ebaeenbaeessaeensaeesseeenseeensaeanseeas 415
52.4 Designing the USer INTEITACE LAYOUL ....c...eeciiiiiiecieecieeeiee st e et e steeeteesteesteesbaeesessabaeensesantaeansesssaeensesesaessesesaesseeesaeennsens 415
52.5 Loading the Web Page iNto the WEDVIEW...........uiciieeecee ettt st s e e ta e et e e ba e s te e e baeebe e essaeensaeessaeensaeessaeeneeas 417
52.6 AddIng the Print IMENU OPLION ...couiiiiiiieiieieeite ettt et ettt ettt et e bt et e s be s atesheesbe e bt eabeeabeeatesatesatesbeenbeebesabesatesntesbaanbeens 418
D 2.7 SUMIMAIY ..c.utieitieeiteeette e st eetteeetteesbeesaeestbeesaseesateeaaseesataesaseesasaeasseesasaeassesansaeensasansaeansesensaeensesanbaeensesersaeenbesensaeeseseseeensseesaseensres 420
53. A Guide to Android Custom DOCUMENT PrINEING ....cciiiiieiiiiiieiiiirniiiiinntiesseesssssnessssssnssesssnssssssanssssssnssssssnssssssanssssssanssesssnssssssnsassse 421
53.1 An Overview of Android CUStOM DOCUMENT PrINTING ....cccuieiiiieeirie et ctee et et e et e eteeetee e beeeeteeesbaeebeeebaeebeeesbaeessseesaseensrens 421
53.1.7 CUSEOM PIINt AGGDLELS ...ttt ettt ettt et ettt e at e ettt e at e et e st e e at e e at e e st e e nateesateasaneesaneananeens 421
53.2 Preparing the Custom DOCUMENT PrINtING PrOJECE .....vviiiiieiiieeieeciee ettt ettt eete e eteeete e estaeebee e taeebeeebaeebeeessaeessseesaseensrens 422
53.3 Creating the CUSTOM Print AG@PTET ....ooiiiieeiecte ettt ettt sttt e sae e s bt e bt e st e eatesatesatesatesaeesbeebesaeesaeesaeesseenseans 424
53.4 Implementing the onLayout() Callback IMETNOM...........oocviiiiieei ettt et et e et e e be e eebeeeebeeesabeeeseeesaaeeneees 425
53.5 Implementing the onWrite() Callback IMETNOM.........cc.uviiiiiiiieeeecee et et e e b e et ae e erae e s raeessaeesraeenees 427
53.6 CheCKiNg @ PAE IS IN RANEE ...ccuveiiuviecieeeiieecte ettt e eteesteeeteesbeeebeesabeeebeesabaeaseesbaeaaseesataaansesabaeeasesesaeensesenbaessesessseenseeensseensees 430
53.7 Drawing the Content 0N the PABE CANVaSs ........c.ecccueeiiieeiieeiieeeiteesiteeeteesteeesaeesteessesessaeesesasasesesesaessesessseessssesssssssssesssesnssens 431
538 StartiNg the PriNT JOD oottt et e e e ettt e e e sttt e e eeebaee e e tbeeaeaatbeseaassaeeeaabasaeanseeseaassaeaesasbeeeasteeeeasssaeessanaann 433
L e N =T TPl d <NV o o] oF: | o SR 434
3.0 SUMIMAIY ..ottt ettt e e ettt e e ettt e e e etteeeeetbeeeeetbeeeaesataeeeasssaaessssaaaassasasasssaesssaseaanssaseassasssssasaeansssseeassasaesasseesansseeeeanssaaessseeann 435

xii



54. Handling Different Android Devices and DiSPIays .......cccccecrceiiiircniiiissntienssnsissssnenssssssssesssnsssssssssssssnsssssssssssssanssssssanssssssnssssssnsasssne 437

54.1 Handling Different DEVICE DiSPIaysS....c.cuiiiiciiieiiiiee e ettt e eetee e sttt e e e ste e e seteeeeesateeesstaeeeaassaeesstaeaassstesesassaeeesssseesassesesanssesesnssenen 437
54.2 Creating @ Layout fOr @aCh DISPIAY SIZE ......eeueiieiieiiieieesie ettt ettt sttt st st e st e st e e e et e eatesatesatesaeesaeenaeentesnsesasesseenseens 437
54,3 ProViding DiffErENT IMaZES ...ecccveeiiiiecieeeiee et ettt et esteeeteesbeeebeestbeeebeesabeeeseesbaeanseesabasansesabasansesesaesnbesenbeesnssseasseensseessseensses 438
54.4 Checking fOr HAardWare SUPPOIT .....ciiii ettt st ste ettt st e ste e bt e be e bt ebesatesaeesaee s st eneeenteenbeeatesasesaeesaeenseensesneesasesasesseensaans 438
54.5 Providing Device Specific APPlICAtION BINATIES ......cccciiiiiiiiiie ettt e e e et e e eette e e e sataeaeebaeeeeeasaeessasseesensteeeeanssaeessenaann 439
Lo YW 0 0 = Y25 RS 439
55. Signing and Preparing an Android Application for REIEASE .......c.ccevviiiiiiiiiiiiiiisiiiniinensensenssesssssssessssssssssssssssssssasesessnsssns 441
55.1 The RElEASE Preparation PrOCESS. .....cccciiiiiciieeeciieeeeiteeeeettee e sttt eeesteeeeeisesaeeaasaeaeatssseaassaeesassasaaasseseeassaeseaassaesassesesanssaeesassenann 441
55.2 Changing the BUIld VAriant........ccciieiiiiiiiecie ettt e st s e e s te e st e e e te e s teesaeesbaeeaseesabaeensaeanbaeensesensaesnsesensaeensaeessseenseeessensees 441
5.3 CrEating @ KEYSTOIE FIlE ....eiieeeieeeiiee ettt ettt ettt e eet e e e et e e e e et e e e eeaeeeesaseeeeasbaeeeaassaeeeasbasaeansesseaassaeeassbaseestesesanssaaesssnaann 442
55.4 GENEIAtING @ PriIVAtE KEY ..ouuviicieiiiiie ettt ste et s e st e st e e st e e s teeeaee s teeaaseesabaeeaseesasaeanseeansaeansesenbaesasesensaeeseeensseenseeesseenres 443
55.5 Creating the APPIICAtioN APK FilE ....ccuiiiiiiiieiiiiecie et e ettt e st e e e e s e e e tee s baesbeesbaeesbeesabeeenbeeessaeensesensaeesesensaeeseeessseensseas 444
55.6 Register for a Google Play Developer CONSOIE ACCOUNT ........iicciiiiiiecieeceeecteeetee et e et e et e s teesae e e taeebeeesbaeesee e baeesaeesaneenrens 445
55.7 Uploading New APK Versions to the Google Play Developer CONSOIE.........icciiiiiiicieeiiieciie ettt s estee st s e saeesaae e saaeeaee s 446
D58 SUMIMAIY ....uiiiiiieitieeeite e ettt ettt e ettt e sttt e s teestbeesseesabeesaseesebaeaaseesasaeasseesasaeassesansaeensasanbaeanseseabaeansesaabaeensesensaeenbesensaessesesaeensseesaseesrens 447
56. Integrating Google Play In-app Billing into an Android AppliCation........cccciiiiiceiiiinniiiinnnniinreticnnnesscsnesssssnesssssnesssssnsssessnsasssne 449
56.1 Installing the GO0gIe Play BilliNg LIDIary......c.coiuiiicieeiieeeieesieeeiteestee et e st e s teeste e eteesbaeesbeesbaessseeesaeeseeessaeensaeessaeensseessseessens 449
56.2 Creating the Example IN-app BilliNG PrOJECT ...c..uiiiiiiiie ettt st e e st e e et e et e esae st aesaeesaeesseeseenseensesneesseansenns 450
56.3 Adding Billing Permission to the ManifeSt FIlE ......c..ciuiiiiiiiiieciecie ettt ettt e s rte e et s s taeebe e sbaeeeaaeesaaeensaeessaeenees 450
56.4 Adding the IInAppBillingService.aidl File t0 the PrOJECE .....ccicciieiieiecieiee ettt e e te et eete e e e e e saeesaeeseesneesraesraenseens 450
56.5 Adding the Utility Classes t0 The PrOJECT ......eiiuiieciieiiieeiiecieeeteestte et e st e etee s teesteeebaeebeeebaessseeasaeenseeessaeensseessseenseeesssenssens 452
56.6 DeSIZNING the USEI INTEITACE ...ecuvicieieeecieee ettt ettt e e e et e s atesaeesaee st e esseesteesseessesssesssesseesseensesnsesnsesssenseansenns 452
56.7 Implementing the “CliICk IME” BUTEON .......iiciiiiiiecteecieeetee s ee et e st e et e st e e aee s beesbeesbaeenseesbeeenseesnsaeenseeensaeeseeesaeeseeesaeennseas 454
56.8 Google Play Developer Console and Google Wallet ACCOUNTS .......c.eeecueeeiieeiiecieeeeieeeetee e esteeete e esteeeteeesaveeeaeeesaaeeeseeesaneenneas 455
56.9 Obtaining the Public License Key for the APPliCatioNn ........cociieeiie ettt et e et e sbae e ere e e baeeeaseesaaeenres 455
56.10 Setting Up Google Play Billing in the APPIICAtION ........oooouiiiiieeeece ettt et e et e e e e st e e e e eara e e eeantaeesnreaaan 456
56.11 Initiating a Google Play IN-app BilliNg PUICRASE..........iiiiieiieeciee sttt sttt st e et e e te e e te e e taeebeeebaeetesessaeenseeessneennees 457
56.12 Implementing the oNACtIVItYRESUIT IMETNOM .......oooeeiiiicee ettt e e et e e e et e e e e eara e e e ateeeeesabeeeeeanbeaesaseeaaan 458
56.13 Implementing the PUrchase FINISNEA LISTENET .......ccviieiiieiiieciee ettt etee et e et e s te e e te e e taeetee e baeeabeesbaessaeessaeensseessseesres 459
56.14 CoNSUMING the PUICHASEA TEEM ....ecuiiiiiiicieeiie et ee ettt et e st e e te e st e e e bee e baeebee e beeesbeesabeeenseeessaeenbeeenbaeanseeesaeesseessseensseas 459
56.15 Releasing the [abHEIPEI INSTANCE ......eiiiee ettt e e te e st e e ebe e e baeebe e e baeebee s baeansee e saeenseeesaeeseeesaesseeessneesrens 460
56.16 MOdifying the SECUIITY.JAVA FIlE ..viiiiiiiiiiiiiecieecee ettt e et e st e e s be e s baeebeesbeeenbee e baeenbeeesaeebeeesaeaseeesssaeseeas 460
56.17 Testing the IN-app BilliNg APPIICATION .....ecciiiiieecie ettt e et e e re e s be e e be e e baeebee e baeeabeesabaeenbeeesaeeseeesaeesesesaeenrens 462
56.18 BUIIAING @ REIEASE APK ...ttt ettt ettt sttt ettt ettt sh e e s h e e s bt e b e e beeabesatesatesaeesbe e bt aabeeabeeateehaesbeeabeesbeenbeeabeeusesaeanbeabeans 462
56.19 Creating @ NEW IN-aPP PrOQUCT......c.ctiiiieeieeciee et et e et e s teeeiteesteeeteesabeeebassbaessesesbaeensesaabasansesesaeensesensaessesesaeeasseesaseensrens 463
56.20 Publishing the Application to the Alpha Distribution Channel ........cc.coouiiiiiiiiii et 463
56.21 Adding IN-aPP BilliNG TEST ACCOUNTS ..eeuvieireeiieeeieeiteeeteeseteeeiteesteeeteesbeesseessbaeesesebaeesessbaeasesssaessesensaesasesesaeensesensasenssens 464
56.22 CONFIGUINEG GrOUDP TOSTING .. eeiutirtteteeiieteeiesttestte st e st e ste s bt sutesueesteesbe e beesbesatesaeesaeesaeesseenseenteenseeatesstesseenbeenbeeaseensesasesaeanseanseans 465
56.23 Resolving Problems With IN-App PUICESING .....cccuviiiiiiiee ettt ettt ete e steeeete e e baeebeeesbeeebesebaeeesaeessaeenseeessseensees 466
D8, 22 SUMIMIAIY .. eiiiiieitieeette e sttt ettt e st e sttt este e st beesaaeesateasaseesateeasseesaseeasseesasaeasseeaaseeensaeansaeanseeansaeanseeansaeanseeensaeenseeensaesnsesesaeensaeessseennses 467
57. An Overview of Gradle in ANdroid STUIO .......cceviiiiiiiiiiiiiiiiitiininr s sas s sas s sassss s sssasssssasssassssssnssssssssanssnns 469
57.1 AN OVEINVIEW Of GIratl€....veieiiiiiiiiiieiieesit e st ste st s e st e st e s beesbe e e beesabeesabeesabeesaseeeabeeenbeesabeeenbeesasaeenbeesseeeseeensseenseeenseeeseean 469
57.2 Gradle and ANArOid STUTIO ... ..eeueirieriieieeiieieste e st seeste et e seee st esteeste e be e e sstesseesseesaeesseeseenseenseessesssesseenseesesnsesnsesnsesseensennsenns 469
57.2.0 SENSIDIE DEFQUILS ...ttt e e e e ettt e e et e e ettt e e e aats e e e e tssa e e asssaeaatsaaessssaaeastssaenasssaseasssnaeassesanses 469
Y 2 L1 =1 Lo =T Yot =X U S 469
Yl 2 V1 o Y o Ta 1o o1 X USSP 470



Introduction

Y B Y Lo T =2y o (11 =X SRSt 470
57.2.5 APK SIGNUNG ...ttt ettt e ettt e e ettt et et e e e bhtt et e et ee e bttt e e et e e e e bbbt e ae e e e e e e hbttaateeeeaanntaaeaaeeeaaas 470
57.2.6 PrOGUAIT SUPPOI ...t eeeeee et e e ettt e ettt e e e ettt e e e e tae e e e asaeaaetsesaeasssaaeaasssaaassssaaansseaesassaaaastssaeanssssesasssnaeassasennes 470
57.3The TOP-18VEl Gradle BUIlA FIlE ....c.eiiiiiieiieieeiiecte ettt ettt ettt ettt s e st e s et e s bt e be e st e e st e satesatesaeesaeenbeensesaeesnsesnsesseenseens 470
57.4 Module LEVEI Gradle BUild FIlES .....iiiiiiiiiiriiiiieisiee sttt sttt s e st sste e s be e s be e sbaeebeesabeeebeesbeesabeesbaesbaesbaeensseessseensenas 471
57.5 Configuring Signing Settings in the BUild File .........coeoiiiiiii ittt ettt sttt sbe e bt e sa e et st e saeesbeenbeens 473
57.6 Running Gradle Tasks from the ComMmMand-liN@..........cuveeiiiiiieeiie ettt ettt et e e ete e st e e te s e teeebeseebaeeteeessaeeeseeessneeseees 475

L W 00 = 25 SRS 476
58. An Android Studio Gradle Build Variants EXamPple .........ccciieviiiiiiiiiiiiiiniiiinieisisssssssssssnssnssssnsssssssssssssssssssssssssssssssssssssns 477
58.1 Creating the Build Variant EXamPIE PrOJECT.........uii it ettt e ettt e e et e e e et e e e sateeaeebteeeeessaeessatbeeeensteeeeesssaeesseeaann 477
58.2 Adding the Build Flavors to the Module BUild FilE ........ccceeiiieeiieiieeeiee ettt eestee et e e aae et e e baeenee e naeessseesaneenneas 477
58.3 Adding the FIavors 10 the ProjECT STIUCTUIE .........iiieeeiee ettt e ettt e e ettt e e e ettt e e e sabaeaeebbeeesessaeeeaasseeeeasteeesansbeeesseeaann 480
58.4 Adding RESOUICE Fil@S 10 The FIAVOTS....cuviecieiiieeciee sttt ettt e e s te e s te e e beesbe e ebaeebeesabaeeabeesbaeeaseeesaeesee e saasseeersaeenrens 481
58.5 TESHING ThE BUIIA FIAVOIS....utiiiiiiitiiiiieeiieesie st e et s e st e sttt e st e e s beeebee s beessbeesabeeeabeesabaeenseeaabaeanseeensaeenseeenbaeesaeessseenseeenssaenseen 482
58.6 BUIld Variants aNd Class FIlS .......cccuerieriieriieierieiiesteste st estestesseesseesteesseesesssesssesseesseesseesseensesnsesssesssesssessesssesssesnsessesssessesssenns 482
58.7 Adding Packages t0 the BUIIA FIAVOTS .......cicuiiiiiiiiieiiiesiee sttt sttt e st e st e st s s be e e beesbeeesbeessbaeenbeeensaeebeeeseaesesensaeeseeas 482
58.8 CUSTOMIZING the ACHIVITY ClaSSES....uiiiiueeiiieiieeiieesiteesteeeiteeseteeeiteesteeebeesbaeebaeebaesseseabaeensesabesansesesseensesesaessesesaeeasseesaseensres 483
D80 SUMIMAIY ...ttt ettt ettt s h e s b e s he e s ae e ste et e satesae e bt e b e e bt e beeabeeatesateshe e bt e bt emteenbeeabeehbeehtenhe e bt e bt eabeeabeeabeshaenbeen 484
INAEX ceeriiiineiiinineniiisntiiisssneiesssnetiesssstesssssenessssnssssssssssssssssssssssssessssssssssssssesssssssssssssssssssssesssssssosssssssssssstosssssssossssssssssssssesssssssssssssesssssssssssnns 485

Xiv



Chapter 1

1. Introduction

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 5 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 Designer
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.

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.

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:
http://www.ebookfrenzy.com/direct/androidstudio/index.php

The steps to load a project from the code samples into Android Studio are as follows:

From the Welcome to Android Studio dialog, select the Import Non-Android Studio project option.

In the project selection dialog, navigate to and select the folder containing the project to be imported and click on OK.
Click on OK in the Sync Android SDKs dialog.

Click Yes in the Language Level Changed dialog if it appears.

R

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

Whilst 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/androidstudio.html|


http://www.ebookfrenzy.com/direct/androidstudio/index.php
mailto:feedback@ebookfrenzy.com
http://www.ebookfrenzy.com/errata/androidstudio.html
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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.
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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 2003 (32-bit or 64-bit)

e Windows Vista (32-bit or 64-bit)

e Windows 7 (32-bit or 64-bit)

e Windows 8 / Windows 8.1

e Mac OS X 10.8.5 or later (Intel based systems only)

e Linux systems with version 2.11 or later of GNU C Library (glibc)
e  Minimum of 2GB of RAM (4GB is preferred)

e 1.5GB of available disk space

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 development requires the installation of either version 6 or 7 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:
http://www.oracle.com/technetwork/java/javase/downloads/index.html|

Assuming that a suitable JDK is not already installed on your system, download the latest 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.


http://www.oracle.com/technetwork/java/javase/downloads/index.html
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2.2.2 Mac 0S 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 "1.7.0 71"
Java (TM) SE Runtime Environment (build 1.7.0 71-bl4)
Java HotSpot (TM) 64-Bit Server VM (build 24.71-b01, 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 7 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 7 Update 71

Java Development Kit

Double-click on icon to install

JDK 7 Update 71.pkg

Figure 2-1

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

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

sudo apt-get install ia32-1ibs

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/index.htm|

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.

4


http://www.oracle.com/technetwork/java/javase/downloads/index.html

Setting up an Android Studio Development Environment

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-7u71-linux-x64.rpm,
the commands to perform the installation would read as follows:

su
rpm —ihv jdk-7u7l-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/jdk1.7.0_71 the following would need to be added to your SPATH environment variable:
/home/demo/java/jdkl.7.0 71/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.7.0 71/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.
Android Studio may be downloaded from the following web page:

http://developer.android.com/sdk/index.html|

From this page, either click on the download button if it lists the correct platform (for example on a Windows based web browser
the button will read “Download Android Studio for Windows”), or select the “Other Download Options” link to manually select
the appropriate package for your platform and operating system. On the subsequent screen, accept the terms and conditions
to initiate the download.

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.


http://developer.android.com/sdk/index.html
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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. 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 a sub-folder of the user’s home
directory named android-studio. 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. On Windows 8, the executable can 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 0OS 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:

[ NON ] \— Android Studio 1.0.1

£ Android
X Studio

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 compl ete.

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 problems.

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


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

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.

After Android Studio has finished loading, the setup wizard will appear as shown in Figure 2-3.

£ Setup Wizard - Welcome

,‘&) Android Studio

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

§"oo =N

Cancel Previous Finish

Figure 2-3

Click on the Next button, choose the Standard installation option and click on Next once again. On the license agreement screen,
select and accept each of the licenses listed before clicking on Finish to complete the setup process. The Welcome to Android
Studio screen should then appear:
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r Android Studio Setup - o

z-‘/ Welcome to Android Studio

Recent Projects Cuick Start

=his Start a new Android Studic project

—m—  Open an existing Android Studie project
|

Sl

E“K/ Import an Andreid code sample

‘ Check out project from Versien Control

Sl

Pb Import Mon-Android Studic project

= Configure

FE Docs and How-Tos

Android Studic 1.0.1 Build 1351641136, Check for updates now.
Figure 2-4

2.7 Installing the Latest 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 packages.

This task can be performed using the Android SDK Manager, 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 SDK Manager

tool will appear as illustrated in Figure 2-5:



Setting up an Android Studio Development Environment

Android SDK Manager o E
Packages Tools
SDK Path: C:\Users\Meil\AppData\Local\Android\sdk

Packages
i Mame AP| Rev.  Status o)
a [l | Tools
O Android SDK Tools 2401 [ Installed
[[]+* Android SDK Platform-toals 21 [ Installed
O Android SDK Build-tools 21.1.2 [ Installed
O Android SDK Build-tools 2111 Not installed
O Android SDK Build-tools 211 Not installed
[+ Android SDK Build-tools 21.02 Not installed
[+ Android SDK Build-tools 21.0.1 Not installed
[[]+* Android SDK Build-tools 21 Not installed
O Android SDK Build-tools 20 Not installed
O Android SDK Build-tools 9.7 Not installed
O Android SDK Build-tools 19.0.3 Not installed
[+ Android SDK Build-tools 19.02 Not installed
[ +* Android SDK Build-tools 1901 Not installed
[[]+* Android SDK Build-tools 19 Not installed
O Android SDK Build-tools 1811 Not installed
O Android SDK Build-tools 181 Not installed
O Android SDK Build-tools 1801 Not installed
[+ Android SDK Build-tools 17 Not installed
4 [ Android 5.0.1 (API 21)
[] [@ Documentation for Android SDK 21 1 [ Installed
[11 SDK Platform 21 2 [ Installed
[14 Samples for SDK 21 4 Not installed
Android TV ARM EABI v7a System Image 21 1 Not installed
Android TV Intel x86 Atom System Image 21 1 Not installed
Android Wear ARM EABI v7a System Image 21 1 Not installed
Android Wear Intel x86 Atom System Image 21 1 Not installed
ARM EABI v7a System Image 21 1 Not installed
Intel x86 Atom_64 System Image 21 1 Not installed
[¥] BE Intel x86 Atom System Image 21 1 Not installed v
Show: [¥] Updates/New Installed  Select New or Updates Install 9 packages...
[] Obsolete Deselect All

Done loading packages.

Figure 2-5

Within the Android SDK Manager, make sure that the following packages are listed as Installed in the Status column:

e Tools > Android SDK Tools

e Tools > Android SDK Platform-tools

e Tools > Android SDK Build-tools

e SDK Platform (most recent version) > SDK Platform

e  SDK Platform (most recent version) > ARM EABI v7a System Image
e Extras > Android Support Repository

e  Extras > Android Support Library

e  Extras > Google Repository

e Extras > Google USB Driver (Required on Windows systems only)
e  Extras > Intel x86 Emulator Accelerator (HAXM installer)

In the event that any of the above packages are listed as Not Installed, simply select the checkboxes next to those packages and
click on the Install packages button to initiate the installation process. In the resulting dialog, accept the license agreements
before clicking on the Install button. The SDK Manager will then begin to download and install the designated packages. As the
installation proceeds, a progress bar will appear at the bottom of the manager window indicating the status of the installation.

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 Install packages... button
again.



Setting up an Android Studio Development Environment

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/platform-tools

The location of the SDK on your system can be identified by launching the SDK Manager and referring to the SDK Path: field
located at the top of the manager window as highlighted in Figure 2-6:

Android SDK Manager = B
Packages Tools
SDK Path: C:\Users\Neil\AppData'Lecal’ inclr@
Packages
Name API Rev.  Status 63
[+ Android SDK Build-tools 21.0.2 Not installed
[]+" Android SDK Build-tools 21.0.1 Not installed
O Android SDK Build-tools 21 Net installed
[+ Android SDK Build-tools 20 Not installed
— Ao Adenid TP Delld dnnl- 4 Blet fmetmllad
Figure 2-6

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.

In the 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 Android Studio was installed into
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

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.

10
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Similarly, check the tools path setting by attempting to launch the Android SDK Manager:

android
In the 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. On the 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%

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 Android SDK Manager:

android

In the 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 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:

export PATH=/home/demo/java/jdkl.7.0 10/bin:/home/demo/Android/sdk/platform-
tools: /home/demo/Android/sdk/tools: /home/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.

11
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2.8.4 Mac OS 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
/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 Check for updates now link located at the bottom of 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.

12



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 suitable for the
Tdevelopment 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:

Android Studio -

t’ Welcome to Android Studio

Recent Projects Quick Start

Start a new Android Studio project

1 ¥l

5 Open an existing Android Studio project
E‘.:; Import an Android code sample

Check out project from Version Control

—

E\R‘ Impart Non-Android Studio project

& coniigure
—

l_:f Docs and How-Tos
‘Android Studio 1.0.1 Build 1351641136 Check for updates now.
Figure 3-1

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:
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® Create New Project

New Project
H Android Studio

Configure your new project

Application name: [ MyAppIi(ation‘ ]

LCompany Domain: | ebookfrenzy.com |

Package name: com.ebookfrenzy.myapplication Edit

Project location: ChUsers\Neil\AndroidStudioProjects\MyApplication ”:\

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. It should be 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 may also use ebookfrenzy.com for the purposes of testing, though this will need to be
changed before an application can be published:

com.ebookfrenzy.androidsample

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 API
8: Android 2.2 (Froyo). 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
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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.

L]

APILEVEL CUMULATIVE
DISTRIBUTION

2.2

Gingerbread

Ice Cream Sandwich

Jelly Bean

Jelly Bean

Lollipop

The minimum SDK version determines the lowest level of Android that your app will run on.
You typically want to target as many users as possible, 5o you would ideally want to support
everyone - with a minimum SDK version of 1. However, that has some disadvantages, such

a5 lack of features, and very few people use devices that old anymore.

Your choice of minimum SDK level should be a tradeoff between the distribution of users
you wish to target and the features that your application will need.

Click on an AP level for more information.

Figure 3-3

Since the project is not intended for Google TV, Google Glass 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 Master/Detail Flow option will be covered in a later chapter. For the
purposes of this example, however, simply select the option to create a Blank Activity.

] Create New Project

Add an activity to Mobile

Add Mo Activity

f—————

- —

Blank Activity Blank Activity with Fragment

Y

. ¥

Figure 3-4
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With the Blank 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:

Lo Create New Project

Choose options for your new file

Creates a new blank activity with an action bar.

{ . AAAAAA
Activity Name: |AndroidSamp\aActivity |
Layout Mame: | activity_android_sample |
Title: [ AndroidsampleActivity |
Menu Resource Name: | menu_android_sample l
Blank Activity

The name of the resource file to create for the menu items

| Previous ‘ ‘ Mext | | Cancel ‘ m

Figure 3-5

Finally, click on Finish to initiate the project creation process.

3.4 Modifying the Example Application

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

L] AndroidSample - [CA\Users\Neil\tmp\MyApplication] - [app] - ..\app\src\mainires\layoutiactivity_android_sample.xml - Android Studio 1.0.2 = =
Eile Edit View Navigate Code Anahge Befoctor Bubd Fun Tooks VCS Window Help

oH O ¥ @ Y P KR ¥E FLAES 7 Q
"4 MyApplication  "3app [Jsrc [main Cdres [ layout @ actwity_sndroi

© @ 1| © AndroidSampleActivityjvs x amplesml x =
oy e " androidsample- @)~ IE e Ei
3
H
&
3 Gradle Scripts
Froperties ?HY
leyout-height mateh._parert
i
£ O
£
H focusabienTouchMode (]
2 guavity i
:
HTamnal & EAndid B QMesagss 21000 Eertlon (¥l Gradle Coniose b Memory Moitor
(2] Gradle build finizhed in 26 sec (moments sgo) B

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,
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this panel will be in Android mode. This setting is controlled by the drop down menu at the top of the panel as highlighted in
Figure 3-6. If the panel is not currently in Android mode, click on this menu and switch to Android mode:

AndroidSample [ app | Jsrc 0 L0 main o LZres 0]

& Android ) N2
g [ Project
=) 5
. Packages
Android

Scopes
able

t
ctivity_android_samplexml

* Project Files

Problems

«Q 10 Structure
L]

* Production

* Tests B

¥ Gradle Scripts

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.

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. Using the Project tool window, locate this file as illustrated in Figure 3-8:

i Android v| D = | &% I

ject

app
manifests

'+ 1 Pro

java
4 res
drawable

layout

activity_android_samplexml

=] 7: Structure

menu
values
& Gradle Scripts

Figure 3-8

Once located, double click on the file to load it into the User Interface Designer tool which will appear in the center panel of the

Android Studio main window:
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 AndroidSampleActivityjava % | 9 activity_android_samplesml % |

Palette #-1° [L MNexsar [“j- DappTheme "~ Androidsampler @+ 1R121+ Component Tree B A
EllCeyone =l B @aapp @] §ocesce
[C] FrameLayout RelativeLayout

[T7] LinearLayout (Herizontal)
[~ LinearLayout (Vertical)
[l TableLayout

[BE] TextView - @string/hella_warld

i TableRow
[7] GridLayout
: 5:0
Relativelayout ¥ A 5:00
[ Widgets Hello world!
[BE] Plain TextView
[Ab| Large Text
(b Medium Text
[BE] Small Text
ok Button
oF Small Button
(®) RadioButton
[¥] CheckBax Properties ? 57
o Switch
~ ToggleButton
B ImageButton layout:height match_parent
& ImageView style
== ProgressBar (Large) accessibilityLiveRegion
== ProgressBar (Normal)
algha
== ProgressBar (Small)
== ProgressBar (Horizontal) background
101 SeekBar backgroundTint
# RatingBar backgroundTintMede
= Spinner clickable O
@ WebView centDeserint
contentDescription
[27 Text Fields 4
1| Plain Text elevation
7] Person Name focusable O
1| Password focusableinTouchMode (]
i Password (Numeric) gravity 1
E-mail
mai "
] Phene
] Postal Address ignoreGravity
| Multiline Text importantForAccessibilit
Design  Text

Figure 3-9

Inthe toolbar across the top of Designer window is a menu currently set to Nexus 4 which is reflected in the visual representation
of the device within the Designer 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

o
I:I-v

immediately to the right of the device selection menu showing the icon.

As can be seen in the device screen, the 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 different
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 RelativelLayout. This can be confirmed by reviewing the information in the Component Tree panel which, by
default, is located in the upper right hand corner of the Designer panel and is shown in Figure 3-10:
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#-

JHl
Ml

Component Tree

Device Screen

v iE Relativelayout

[AE] TextView - @string/hello_world

Figure 3-10

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

The first 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.

In the Palette panel, locate the Widgets category. Click and drag the Large Text object and drop it in the center of the user
interface design when the green marker lines appear to indicate the center of the display:

Figure 3-11

The Android Studio Designer tool also provides an alternative to dragging and dropping components from the palette on to the
design layout. Components may also be added by selecting the required object from the palette and then simply clicking on the
layout at the location where the component is to be placed.
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The next step is to change the text that is currently displayed by the TextView component. Double click on the object in the
design layout to display the text and id editing panel as illustrated in Figure 3-12. Within the panel, change the text property
from “Large Text” to “Welcome to Android Studio”.

e (B [||

Figure 3-12

At this point it is important to explain the light bulb next to the TextView object in the layout. This indicates a possible problem
and provides some recommended solutions. Clicking on the icon in this instance informs us that the problem is as follows:

[I18N] Hardcoded string “Welcome to Android Studio”, should use @string resource

This 118N message is informing us that a potential issue exists with regard to the future internationalization of the project

“

(“1218N” comes from the fact that the word “internationalization” begins with an “1”, 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
forinclusionin 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 welcomestring and assign to it the string “Welcome

to Android Studio”.

Click on the arrow to the right of the warning message to display the menu of possible solutions (Figure 3-13).

L
-2 —m‘eicom-efo-&ndfofﬂ-s-mﬂi-q- = I
| ¢ [118N] Hardceded string "Welcome to Android Studio”, should use @string resource ®

2 Disable inspection
;“ Edit 'Hardcoded text’ inspection settings
Suppress with @SuppressLint {Java) or tools:iignore (XML)

Figure 3-13

From the menu, select the Extract string resource option to display the Extract Resource dialog. In this dialog, enter
welcomestring into the Resource name: field before clicking on OK. The string is now stored as a resource in the app -> res ->
values -> strings.xml file.

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 activity_android_sample.xml
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file using the Ul Designer tool. In fact, all that the Designer 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 Designer tool. At the bottom of the Designer panel
are two tabs labeled Design and Text respectively. To switch to the XML view simply select the Text tab as shown in Figure 3-14:

© AndroidSampleActivityjava X | & activity_android_samplexml X | @ stringsxml % Preview k- A |

) E<Relativelayout xmlns:android="http://schemas.android.com/apk/res/android” ]
smlns: tools="http://schemas.android.con/tools" android:layout width="match parent"

L- [ENewsa~ [~ (WappTheme ~ Androidsample~ @~ Ifi21+

android:layout height="match parent” android:paddingleft="16dp"
android:paddingRight="16dp"

android:paddingTop="16dp"

android:paddingBottom="16dp" tools:context=".AndroidSampleActivity">

=] <TextView

android:layout width="wrap_content"

android:layout height="wrap_content"

android: texthAppearance="?android:attr/textAppearancelarge"
android: text="@string/welcomestring"
android:id="@+id/textView"

android:layout centerVertical="true"

=] android:layout centerHorizontal="true" />
C1¢/Relativelayout>

Welcome to Android Studio

| Design | Text
Figure 3-14

As can be seen from the structure of the XML file, the user interface consists of the RelativeLayout component, which in turn,
is the parent of the TextView object. We can also see that the text property of the TextView is set to our welcomestring 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. 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. To see this in action, modify the XML layout to change the background color of the RelativeLayout to a
shade of red as follows:

<Relativelayout xmlns:android="http://schemas.android.com/apk/res/android"
xmlns:tools="http://schemas.android.com/tools"
android:layout width="match parent"
android:layout height="match parent"
android:paddingLeft="@dimen/activity horizontal margin"
android:paddingRight="@dimen/activity horizontal margin"
android:paddingTop="€dimen/activity vertical margin"
android:paddingBottom="@dimen/activity vertical margin"
tools:context=".AndroidSampleActivity"
android:background="#££2438">

<TextView
android:layout width="wrap content"
android:layout height="wrap content"
android:textAppearance="?android:attr/textAppearancelarge"
android:text="@string/welcomestring"
android:id="@+id/textView"
android:layout centerVertical="true"
android:layout centerHorizontal="true" />
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</RelativeLayout>

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:

<?xml version="1.0" encoding="utf-8"?>
<resources>

<string name="app name">AndroidSample</string>

<string name="hello world">Hello world!</string>

<string name="action settings">Settings</string>

<string name="welcomestring">Welcome to Android Studio</string>

</resources>

As a demonstration of resources in action, change the string value currently assigned to the welcomestring resource and then
return to the Designer 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 Designer tool in Text mode, click
on the “@string/welcomestring” 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 “Welcome to Android Studio” text.

3.6 Previewing the Layout

So far in this chapter, the layout has only been previewed on a representation of the Nexus 4 device. As previously discussed,
the layout can be tested for other devices by making selections from the device menu in the toolbar across the top edge of the
Designer panel. Another useful option provided by this menu is Preview All Screen Sizes which, when selected, shows the layout
in all currently configured device configurations as demonstrated in Figure 3-15:

22



Creating an Example Android App in Android Studio

[1- @NexusOnev ﬁv @AppTheme =Anflroiusamplev ev 'i'21v

E- EE Baacapg =

f
v
! Nexus 4 Nexus S (4.0")

Galaxy Nexus (4.7") Nexus 5 (5.0 MNexus 6 (6.0")

Mexus 7 (7.0")

Mexus 9(8.9")

H - v

Figure 3-15

To revert to a single preview layout, select the device menu once again, this time choosing the Remove Previews option.

3.7 Summary

Whilst 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 Ul Designer 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.

Whilst it is useful to be able to preview a layout from within the Android Studio Designer 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

Whilst 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.

¢ Android Studio -

? Welcome to Android Studio

Recent Projects Quick Start
AndroidSample
~AAndrcidStudicPrajecs\AndroidSampls ) Start a new Android Studio project
=[»= Open an existing Andreid Studio project

1
E“R’ Import an Android code sample
Check out project from Version Control

%, Imeort Non-Android Studio project

A2 Configure

P )
I;ﬂ Docs and How-Tos

Android Studio 1.0.1 Build 1351641136, Check for updates now.
Figure 4-1

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 option
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.

Finally, the status bar along the bottom edge of the window provides information about the version of Android Studio currently
running, along with a link to check if updates are available for download.
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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

® AndroidSample - [C:\Users\Neil\AndroidStudioProjects\AndroidSample] - [app] - ..\app\src\main\java\com\ebookfrenzy\myapplication\AndroidSampleActivityj.. — =
File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help
== ) *Od AR & Yi[Rap-| P % B ¥ FELE & ? @ Q
AndroidSample ' [“Zapp ' [ src - 1 main ' [java ' 51 com : 1 ebookfrenzy | 21 myapplication ' € AndraidSampleActivity
# Android ¥ € = | #- |- | (© AndroidSampleActivityjava X | [ activity_android_samplexm| X | © stringsaml X -
B app package com.ebookErenzy.myapplication; LIS
A manifests ]
- java Bimport ... EH
" Hres b
5
g drawable & public class AndroidSamplelecivity extends ActionBarletivicy | m
s layout =
L5 S activity_android_samplexml Goverride 5
v menu al ©  protected void onCreate (Sundle savedInstanceState) { S
values super.onCreate (savedlnstanceState) =t
dimensaml (2 setContentView (R.1ayout.activity android sample); -
i - [£ 3
& strings.ml o]
S stylesxml @ 2
2 Gradle Scripts goverride z
ol I public boolean onCreateQpticnsMenu (Menu menu) {
getMenuInflater () .inflate (R.menu.menn_android sample, menu):
return true;
[S ¥
ol public boolean onlpticnsItemSelected(Menultem item) {
? S -
[S
if (id == R.id.actian settings) {
2 return true:
= )
£
= return super.onCptionsItenSelected (item);
& e
1
H
"
&
Z2T0DO W G Android [ Terminal Eventlog  [E] Gradle Console 4 Memory Monitor
] @ 11 (CRLF 3 (UTF-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.

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 Designer 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.
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@ activity_android_samplexml| X C AndroidSamplefctivity.java % @ stylesxml X

package com.ebockfrenzy.androidsample;
import Soc

< Epublic class Endroid3amplelctivity extends ActicnBarlctivity |

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 drop-down menu in 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.

[Z] Terminal

Event Log
¥t Favorites
[Z] Gradle Console
& Build Vaniants
&+ Android
# Gradle
&5 TODO
W Structure
® Commander
M Maven Projects
D Project

= )
Memory Monitor [ [E Terminal

O
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 menu icon 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.
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[® [C\Users\Neil i jects\AndroidSample] - Android Studic 1.0.1 - olEH|
File Edit View Mavigate Code Analge Refactor Build Ryn Tecls VC§ Mindow Help
DHG ¢4 X000 QA & M@~ b kR FR SLEH ? Q

«f I:Structure 1: Project
skl U 3 JspuRmUG)

ape

o 2 Favorites @ Build Variants

 Eventlog (¥ Gradie Console b Memory Monitor

BTODO & g Android B Terminal
we |n @

Figure 4-5

Clicking on a button will display the corresponding tool window whilst 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.

F--Y . =5 - B
¥ Andioi - | O +| & Flatten Packages
. Ei gmaniﬂsis W Compact Empty Middle Packages
> [java Show Members
. v Cires Autoscroll to Source
E b [ drawable Autoscroll from Socurce
E v [E1layout Sort by Type
= & activity_android_sampleaml V' Folders Always on Top
v » [ menu %' Pinned Mode
v [ values v Docked Mode
+ E7 dimensaml (2) Floating Mode
& strings.xml Split Mode
@ stulesaxml

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:
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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.

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.

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 itin 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 IDE Settings.

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 — The Android 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.

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, whilst 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 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 window tool.

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.

Maven Projects — Maven is a project management and build system designed to ease the development of complex Java based
projects and overlaps in many areas with the functionality provided by Gradle. Google has chosen Gradle as the underlying build
system for Android development, so unless you are already familiar with Maven or have existing Maven projects to import, your
time will be better spent learning and adopting Gradle for your projects. The Maven projects tool window can be used to add,
manage and import Maven based projects within Android Studio.

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-
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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.

Commander — The Commander window tool can best be described as a combination of the Project and Structure tool windows,
allowing the file hierarchy of the project to be traversed and for the various elements that make up classes to be inspected and
loaded into the editor or designer windows.

Memory Monitor — Connects to running Android applications and monitors memory usage statistics in the form of a real-time

graph.

Designer — Available when the Ul Designer is active, this tool window provides access to the designer’s Component Tree and

Properties panels.

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 -> Default 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

= [ Messages &1 strings.xml
D 1: Project @ activity_android_samplexml
0 2 Favorites
M 4 Memory Monitor
5: Event Log
% g TODO
v T: Structure
& 8: Android
-1 8% Commander
[E A: Terminal
& B: Build Variants
S C: Gradle
M D: Maven Projects

Figure 4-7

Once displayed, the switcher will remain visible for as long as the Ctrl key remains depressed. Repeatedly tapping the Tab key
whilst holding down the Ctrl key will cycle through the various selection options, whilst 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.
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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:

# AndroidSample - [C:\Users\Neil\AndroidStudioProjects\AndroidSample] - [app] - ..\app\src\main\res\menu\menu_android_samplexml - Androi.. = =]

] Terminal

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
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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 an application multiple
Itimes. 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 7 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 7 device.

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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5554:Nexus_7_2012_AP| 21 - - IEH

Figure 5-1
5.2 Creating a New AVD

In order to test the behavior of an application, 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 SDK installation, no AVDs will currently
be listed:
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| =—
Virtual devices allow you to test your application without having to
own the physical devices.
To prioritize which devices to test your application on, visit the
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Figure 5-2

Begin the AVD creation process by clicking on the Create a virtual device button in order to invoke the Virtual Device

Configuration dialog:

L]

Select Hardware

Choose a device definition

Virtual Device Configuration ﬂ

I Resolution
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Wear Mexus 6 596"
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[Prevows | | nex | [[ancel ] [ Finicn |

Figure 5-3

Within the dialog, perform the following steps to create a first generation Nexus 7 compatible emulator:

4.
5.

From the Category panel, select the Tablet option to display the list of available Android tablet AVD templates.
Select the Nexus 7 (2012) device option and click Next.
On the System Image screen, select the latest version of Android (at time of writing this is Android 5.0.1, Lollipop API level
21) for the armeabi-v7a ABI. Click Next to proceed.
Enter a descriptive name (for example Nexus 7) into the name field.

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.
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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) followed by Launch in the resulting Launch Options dialog. The emulator
will appear in a new window and, after a short period of time, the “android” logo will appear in the center of the screen. The
first time the emulator is run, it can take up to 10 minutes for the emulator to fully load and start. On subsequent invocations,
this will typically reduce to a few minutes. In the event that the startup time on your system is considerable, d o 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.

Another option when using the emulator is to enable the Snapshot option in the AVD settings screen. This option, which can
only be used when the Use Host GPU option is disabled, enables the state of an AVD instance to be saved and reloaded next
time it is launched. This can result in an emulator startup time of just a few seconds.

To enable snapshots, edit the settings for the AVD configuration and click on the Show Advanced Settings button. In the
Emulated Performance section of the advanced settings panel, disable the Use Host GPU option and enable the Store a snapshot
for faster startup as outlined in Figure 5-4:

Startup size

and Scale: Auto
orientation

Emulated [ Use Host GPU
Performance

vl Storea snapshot for faster starty

Yourca orsnapshots

Figure 5-4

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 5-5 below, select the Run -> Run... menu option or use the
Shift+F10 keyboard shortcut:

Build Run pyn app’ (Shift+F10) v Help

i [ app ~ |_ﬂ W 0 % @

Figure 5-5

By default, Android Studio will respond to the run request by displaying the Choose Device 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 5-6 lists the previously created Nexus7 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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Figure 5-6

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

4 w356
AndroidSample H

emulator:

Welcome to Android Studio

Figure 5-7

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 tool
windows will become available. The Run tool window will display diagnostic information as the application package is installed

and launched. Figure 5-8 shows the Run tool window output from a successful application launch:
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Figure 5-8

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:

Build Run Teools WC5 Window Help

b mapp x| D ¥ B 3 $E 8 » 7
‘e -8 | Edit Configurations...
- A = app exml ¥ | =5 stringsxml %

Tl wersion="1.0" encoding="utf-8"7>
Figure 5-9

In the Run/Debug Configurations dialog, the application may be configured to always use a preferred emulator by enabling the
Emulator option listed in the Target Device section and selecting the emulator from the drop down menu. Figure 5-10, for
example, shows the AndroidSample application configured to run by default on the previously created Nexus 7 emulator:
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Figure 5-10

When building and running an application for testing purposes, each time a new revision of the application is compiled and run,
the previous instance of the application running on the device or emulator will be terminated automatically and replaced with
the new version. It is also possible, however, to manually stop a running application from within Android Studio.

To stop a running application, begin by displaying

the Android 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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[E Terminal i :
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= application: com.ebc
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[0 Gradle build finished in 19 sec (9 minutes ago)

Figure 5-11

Once the Android tool window appears, make sure that the Devices | ADB Logs tab is selected, and that the Nexus 7 emulator
entry is selected in the Devices panel. From the list of processes located beneath the device name, find and select the

androidsample process as outlined in Figure 5-12:
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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:
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Figure 5-13

An alternative to using the Android tool window is to open the Android Debug 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 5-14) and
terminated by clicking on the red Stop button located in the toolbar above the list.
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Figure 5-14

5.7 AVD Command-line Creation

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 "android-21"

Name: Android 5.0.1

Type: Platform

API level: 21

Revision: 2

Skins: HVGA, QVGA, WQVGA400, WQVGA432, WSVGA, WVGA800 (default), WVGA854, WXGA720,
WXGA800, WXGA800-7in

Tag/ABIs : default/armeabi-v7a

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 Nexus7 using the target id for the Android 4.4 API level 19 device (in this case id 1),
the following command may be used:

android create avd -n Nexus7 -t 1
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The android tool will create the new AVD to the specifications required for a basic Android 5.0.1 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 /ist avd command line arguments:

android list avd

Available Android Virtual Devices:
Name: GenericAVD
Path: C:\Users\Neil\.android\avd\GenericAVD.avd
Target: Android 5.0.1 (API level 21)
Tag/ABI: default/armeabi-v7a
Skin: WVGAB800

Name: Nexus 7 2012 API 21
Device: Nexus 7 (Google)
Path: C:\Users\Neil\.android\avd\Nexus 7 2012 API 21.avd
Target: Android 5.0.1 (API level 21)
Tag/ABI: default/armeabi-v7a
Skin: nexus 7
Sdcard: C:\Users\Neil\.android\avd\Nexus 7 2012 API 21.avd\sdcard.img
Snapshot: yes

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 Nexus7 to Nexus7B, the following command may be executed:

android move avd -n Nexus7 -r Nexus7B

To physically relocate the files associated with the AVD, the following command syntax should be used:
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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/Nexus7Test:

android move avd -n Nexus7 -p /tmp/Nexus7Test

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. 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.

6.1 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.

Avariety 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

6.2 Enabling ADB on Android 5.0 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 5.0 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. On the About screen, scroll down to the Build number field (Figure 6-1) and tap on it seven times until a message appears
indicating that developer mode has been enabled.
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Kernel version

3.1.10-g6ff7a51
android-build@vpbs1.mtv.corp.google.com #1
Wed Dec 10 19:55:59 UTC 2014

Build number
LRX22G

Figure 6-1

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 checkbox next to this item as illustrated
in Figure 6-2 to enable the adb debugging connection.

Debugging

USB debugging
Debug mode when USB is connected
Figure 6-2

4. Swipe downward from the top of the screen to display the notifications panel (Figure 6-3) and note that the device is
currently connected as a media device.

Connected as a media device
Touch for other USB options.

Figure 6-3

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. Whilst 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 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.

6.2.1 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 *
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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 6-8 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.

6.2.2 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. In the case of some devices, the Google USB Driver must be installed (a full listing of
devices supported by the Google USB driver can be found online at http://developer.android.com/sdk/win-usb.html).

To install this driver, perform the following steps:

1. Launch Android Studio and open the Android SDK Manager, either by selecting Configure -> SDK Manager from the
Welcome screen, or using the Tools -> Android -> SDK Manager menu option when working on an existing project.

2. Scroll down to the Extras section and check the status of the Google USB Driver package to make sure that it is listed as
Installed.

3. If the driver is not installed, select it and click on the Install packages button to initiate the installation.

4. Once installation is complete, close the Android SDK Manager.

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 and download information can be obtained online at
http://developer.android.com/tools/extras/oem-usb.html.

When an Android device is attached to a Windows system it is configured as a Portable Device. In order for the device to connect
to ADB it must be configured as an Android ADB Composite Device.

First, connect the Android device to the computer system if it is not currently connected. Next, display the Control Panel and
select Device Manager. In the resulting dialog, check for a category entitled Other Devices. Unfold this category and check to
see if the Android device is listed (in the case of Figure 6-4, a Nexus 7 has been detected):

a - |15 Other devices
bl Nexus 7
e i PCI Modem

Figure 6-4

Right-click on the device name and select Update Driver Software from the menu. Select the option to Browse my computer for
driver software and in the next dialog, keep the Include subfolder option selected and click on the Browse... button. Navigate to
the location into which the USB drivers were installed. In the case of the Google USB driver, this will be in the
sdk\extras\google\usb_driver subfolder of the Android Studio installation directory (the location of which can be found in the
SDK Manager). Once located, click on OK to select the driver folder followed by Next to initiate the installation.
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