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Topic-1TheActivityLifecycleandManagingState

Abouttheactivitylifecycle

Theactivitylifecycleisthesetofstatesanactivitycanbeinduringitsentire
lifetime,from thetimeitisinitiallycreatedtowhenitisdestroyedandthesystem
reclaimsthatactivity'sresources.Astheuserinteractswithyourappandother
appsonthedevice,thedifferentactivitiesmoveintodifferentstates.

Forexample,whenyoustartanapp,theapp'smainactivity(Activity1)isstarted,
comestotheforeground,andreceivestheuserfocus.Whenyoustartasecond
activity(Activity2),thatnewactivityisalsocreatedandstarted,andthemain
activityisstopped.Whenyou'redonewiththesecondactivityandnavigateback,
thefirstactivityresumes.Thesecondactivitystopsandisnolongerneeded;ifthe
userdoesnotresumethesecondactivity,itiseventuallydestroyedbythesystem.

Activitystatesandlifecyclecallbackmethods

Whenanactivitytransitionsintoandoutofthedifferentlifecyclestatesasitruns,
theAndroidsystem callsseverallifecyclecallbackmethodsateachstage.Allof
thecallbackmethodsarehooksthatyoucanoverrideineachofyourActivity
classestodefinehowthatactivitybehaveswhentheuserleavesandre-entersthe
activity.Keepinmindthatthelifecyclestates(andcallbacks)areperactivity,not
perapp,andyoumayimplementdifferentbehavioratdifferentpointsinthe
lifecyclefordifferentactivitiesinyourapp.

Thisfigureshowseachoftheactivitystatesandthecallbackmethodsthatoccur
astheactivitytransitionsbetweendifferentstates:



Dependingonthecomplexityofyouractivity,youprobablydon'tneedtoimplement
allthelifecyclecallbackmethodsinyouractivities.However,it'simportantthat
youunderstandeachoneandimplementthosethatensureyourappbehavesthe
wayusersexpect.Managingthelifecycleofyouractivitiesbyimplementing
callbackmethodsiscrucialtodevelopingastrongandflexibleapplication.

Activitycreated(onCreate()method)

@Override
publicvoidonCreate(BundlesavedInstanceState){

super.onCreate(savedInstanceState);
//Theactivityisbeingcreated.

}
Youractivityentersintothecreatedstatewhenitisstartedforthefirsttime.When
anactivityisfirstcreatedthesystem callstheonCreate()methodtoinitializethat
activity.Forexample,whentheusertapsyourappiconfrom theHomescreento
startthatapp,thesystem callstheonCreate()methodfortheactivityinyourapp
thatyou'vedeclaredtobethe"launcher"or"main"activity.Inthiscasethemain
activity'sonCreate()methodisanalogoustothemain()methodinotherprograms.

Similarly,ifyourappstartsanotheractivitywithanintent(eitherexplicitorimplicit),
thesystem matchesyourintentrequestwithanactivityandcallsonCreate()for
thatnewactivity.

TheonCreate()methodistheonlyrequiredcallbackyoumustimplementinyour
activityclass.InyouronCreate()methodyouperform basicapplicationstartup
logicthatshouldhappenonlyonce,suchassettinguptheuserinterface,
assigningclass-scopevariables,orsettingupbackgroundtasks.

Createdisatransientstate;theactivityremainsinthecreatedstateonlyaslong
asittakestorunonCreate(),andthentheactivitymovestothestartedstate.

Activitystarted(onStart()method)



@Override
protectedvoidonStart(){

super.onStart();
//Theactivityisabouttobecomevisible.

}
AfteryouractivityisinitializedwithonCreate(),thesystem callstheonStart()
method,andtheactivityisinthestartedstate.TheonStart()methodisalsocalled
ifastoppedactivityreturnstotheforeground,suchaswhentheuserclicksthe
backorupbuttonstonavigatetothepreviousscreen.WhileonCreate()iscalled
onlyoncewhentheactivityiscreated,theonStart()methodmaybecalledmany
timesduringthelifecycleoftheactivityastheusernavigatesaroundyourapp.

Whenanactivityisinthestartedstateandvisibleonthescreen,theusercannot
interactwithituntilonResume()iscalled,theactivityisrunning,andtheactivityis
intheforeground.

TypicallyyouimplementonStart()inyouractivityasacounterparttotheonStop()
method.Forexample,ifyoureleasehardwareresources(suchasGPSorsensors)
whentheactivityisstopped,youcanre-registerthoseresourcesintheonStart()
method.

Started,likecreated,isatransientstate.Afterstartingtheactivitymovesintothe
resumed(running)state.

Activityresumed/running(onResume()method)

@Override
protectedvoidonResume(){

super.onResume();
//Theactivityhasbecomevisible(itisnow"resumed").

}
Youractivityisintheresumedstatewhenitisinitialized,visibleonscreen,and
readytouse.Theresumedstateisoftencalledtherunningstate,becauseitisin
thisstatethattheuserisactuallyinteractingwithyourapp.

Thefirsttimetheactivityisstartedthesystem callstheonResume()methodjust
afteronStart().TheonResume()methodmayalsobecalledmultipletimes,each
timetheappcomesbackfrom thepausedstate.

AswiththeonStart()andonStop()methods,whichareimplementedinpairs,you
typicallyonlyimplementonResume()asacounterparttoonPause().Forexample,
ifintheonPause()methodyouhaltanyonscreenanimations,youwouldstart
thoseanimationsagaininonResume().

Theactivityremainsintheresumedstateaslongastheactivityisinthe
foregroundandtheuserisinteractingwithit.From theresumedstatetheactivity
canmoveintothepausedstate.

Activitypaused(onPause()method)

@Override
protectedvoidonPause(){



super.onPause();
//Anotheractivityistakingfocus
//(thisactivityisabouttobe"paused").

}
Thepausedstatecanoccurinseveralsituations:

 Theactivityisgoingintothebackground,buthasnotyetbeenfullystopped.This
isthefirstindicationthattheuserisleavingyouractivity.

 Theactivityisonlypartiallyvisibleonthescreen,becauseadialogorother
transparentactivityisoverlaidontopofit.

 Inmulti-windoworsplitscreenmode(API24),theactivityisdisplayedonthe
screen,butsomeotheractivityhastheuserfocus.

Thesystem callstheonPause()methodwhentheactivitymovesintothepaused
state.BecausetheonPause()methodisthefirstindicationyougetthattheuser
maybeleavingtheactivity,youcanuseonPause()tostopanimationorvideo
playback,releaseanyhardware-intensiveresources,orcommitunsavedactivity
changes(suchasadraftemail).

TheonPause()methodshouldexecutequickly.Don'tuseonPause()forforCPU-
intensiveoperationssuchaswritingpersistentdatatoadatabase.Theappmay
stillbevisibleonscreenasitpassedthroughthepausedstate,andanydelaysin
executingonPause()canslowtheuser'stransitiontothenextactivity.Implement
anyheavy-loadoperationswhentheappisinthestoppedstateinstead.

Notethatinmulti-windowmode(API24),yourpausedactivitymaystillfullyvisible
onthescreen.Inthiscaseyoudonotwanttopauseanimationsorvideoplayback
asyouwouldforapartiallyvisibleactivity.YoucanusetheinMultiWindowMode()
methodintheActivityclasstotestwhetheryourappisrunninginmultiwindow
mode.

Youractivitycanmovefrom thepausedstateintotheresumedstate(iftheuser
returnstotheactivity)ortothestoppedstate(iftheuserleavestheactivity
altogether).

Activitystopped(onStop()method)

@Override
protectedvoidonStop(){

super.onStop();
//Theactivityisnolongervisible(itisnow"stopped")

}
Anactivityisinthestoppedstatewhenitisnolongervisibleonthescreenatall.
Thisisusuallybecausetheuserhasstartedanotheractivity,orreturnedtothe
homescreen.Thesystem retainstheactivityinstanceinthebackstack,andifthe
userreturnstothatactivityitisrestartedagain.Stoppedactivitiesmaybekilled
altogetherbytheAndroidsystem ifresourcesarelow.

Thesystem callstheonStop()methodwhentheactivitystops.Implementthe
onStop()methodtosaveanypersistentdataandreleaseanyremainingresources
youdidnotalreadyreleaseinonPause(),includingthoseoperationsthatmayhave



beentooheavyweightforonPause().

Activitydestroyed(onDestroy()method)

@Override
protectedvoidonDestroy(){

super.onDestroy();
//Theactivityisabouttobedestroyed.

}
Whenyouractivityisdestroyeditisshutdowncompletely,andtheActivity
instanceisreclaimedbythesystem.Thiscanhappeninseveralcases:

 Youcallfinish()inyouractivitytomanuallyshutitdown.
 Theusernavigatesbacktothepreviousactivity.
 Thedeviceisinalowmemorysituationwherethesystem reclaimsstopped

activitiestofreemoreresources.
 Adeviceconfigurationchangeoccurs.You'lllearnmoreaboutconfiguration

changeslaterinthischapter.

UseonDestroy()tofullycleanupafteryouractivitysothatnocomponent(suchas
athread)isrunningaftertheactivityisdestroyed.

Notethattherearesituationswherethesystem willsimplykilltheactivity's
hostingprocesswithoutcallingthismethod(oranyothers),soyoushouldnotrely
ononDestroy()tosaveanyrequireddataoractivitystate.UseonPause()or
onStop()instead.

Activityrestarted(onRestart()method)

@Override
protectedvoidonRestart(){

super.onRestart();
//Theactivityisabouttoberestarted.

}
Therestartedstateisatransientstatethatonlyoccursifastoppedactivityis
startedagain.InthiscasetheonRestart()methodiscalledinbetweenonStop()
andonStart().Ifyouhaveresourcesthatneedtobestoppedorstartedyou
typicallyimplementthatbehaviorinonStop()oronStart()ratherthanonRestart().

Configurationchangesandactivitystate

EarlierinthesectiononDestroy()youlearnedthatyouractivitiesmaybedestroyed
whentheusernavigatesback,byyouwiththefinish()method,orbythesystem
whenitneedstofreeresources.Thefourthtimeyouractivitiesaredestroyedis
whenthedeviceundergoesa configurationchange.

Configurationchangesoccuronthedevice,inruntime,andinvalidatethecurrent
layoutorotherresourcesinyouractivityThemostcommonform ofa
configurationchangeiswhenthedeviceisrotated.Whenthedevicerotatesfrom
portraittolandscape,orviceversa,thelayoutforyourappalsoneedstochange.
Thesystem recreatestheactivitytohelpthatactivityadapttothenew



configurationbyloadingalternativeresources(suchasalandscape-specific
layout).

Otherconfigurationchangescanincludeachangeinlocale(theuserchoosesa
differentsystem language),ortheuserentersmulti-windowmode(Android7).In
multi-windowmode,ifyouhaveconfiguredyourapptoberesizeable,Android
recreatesyouractivitiestousealayoutdefinitionforthenew,smalleractivitysize.

WhenaconfigurationchangeoccursAndroidsystem shutsdownyouractivity
(callingonPause(),onStop(),andonDestroy()),andthenstartsitoveragainfrom
thestart(callingonCreate(),onStart(),andonResume()).

Activityinstancestate

Whenanactivityisdestroyedandrecreated,thereareimplicationsfortheruntime
stateofthatactivity.Whenanactivityispausedorstopped,thestateofthe
activityisretainedbecausethatactivityisstillheldinmemory.Whenanactivityis
recreated,thestateoftheactivityandanyuserprogressinthatactivityislost,with
theseexceptions:

 Someactivitystateinformationisautomaticallysavedbydefault.Thestateof
viewsinyourlayoutwithauniqueID(asdefinedbytheandroid:idattributeinthe
layout)aresavedandrestoredwhenanactivityisrecreated.Inthiscase,theuser-
enteredvaluesinEditTextviewsareusuallyretainedwhentheactivityisrecreated.

 Theintentthatwasusedtostarttheactivity,andtheinformationstoredinthat
intent'sdataorextras,remainsavailabletothatactivitywhenitisrecreated.

Theactivitystateisstoredasasetofkey/valuepairsinaBundleobjectcalled
the activityinstancestate.Thesystem savesdefaultstateinformationtoinstance
statebundlejustbeforetheactivityisstopped,andpassesthatbundletothenew
activityinstancetorestore.

Youcanaddyourowninstancedatatotheinstancestatebundlebyoverridingthe
onSaveInstanceState()callback.ThestatebundleispassedtotheonCreate()
method,soyoucanrestorethatinstancestatedatawhenyouractivityiscreated.
ThereisalsoacorrespondingonRestoreInstanceState()callbackyoucanuseto
restorethestatedata.

Becausedevicerotationisacommonusecaseforyouapp,makesureyoutest
thatyouractivitybehavescorrectlyinresponsetothisconfigurationchange,and
implementinstancestateifyouneedto.

Note: Theactivityinstancestateisparticulartoaspecificinstanceofanactivity,
runninginasingletask.Iftheuserforce-quitstheapp,rebootsthedevice,orifthe
Androidsystem shutsdowntheentireappprocesstopreservememory,the
activityinstancestateislost.Tokeepstatechangesacrossappinstancesand
devicereboots,youneedtowritethatdatatosharedpreferences.You'lllearnmore
aboutsharedpreferencesinalaterchapter.

Savingactivityinstancestate

Tosaveinformationtotheinstancestatebundle,usetheonSaveInstanceState()



callback.Thisisnotalifecyclecallbackmethod,butitiscalledwhentheuseris
leavingyouractivity(sometimebeforetheonStop()method).

@Override
publicvoidonSaveInstanceState(BundlesavedInstanceState){

super.onSaveInstanceState(savedInstanceState);
//saveyourstatedatatotheinstancestatebundle

}
TheonSaveInstanceState()methodispassedaBundleobject(acollectionof
key/valuepairs)whenitiscalled.Thisistheinstancestatebundletowhichyou
willaddyourownactivitystateinformation.

Youlearnedaboutbundlesinapreviouschapterwhenyouaddedkeysandvalues
totheintentextras.Addinformationtotheinstancestatebundleinthesameway,
withkeysyoudefineandthevarious"put"methodsdefinedintheBundleclass:

@Override
publicvoidonSaveInstanceState(BundlesavedInstanceState){

super.onSaveInstanceState(savedInstanceState);

//Savetheuser'scurrentgamestate
savedInstanceState.putInt("score",mCurrentScore);
savedInstanceState.putInt("level",mCurrentLevel);

}
Don'tforgettocallthroughtothesuperclass,tomakesurethestateoftheview
hierarchyisalsosavedtothebundle.

Restoringactivityinstancestate

Onceyou'vesavedtheactivityinstancestate,youalsoneedtorestoreitwhenthe
activityisrecreated.Youcandothisoneoftwoplaces:

 TheonCreate()callbackmethod,whichiscalledwiththeinstancestatebundle
whentheactivityiscreated.

 TheonRestoreInstanceState()callback,whichiscalledafteronStart()afterthe
activityiscreated.

MostofthetimethebetterplacetorestoretheactivitystateisinonCreate(),to
ensurethatyouruserinterfaceincludingthestateisavailableassoonaspossible.

TorestorethesavedinstancesstateinonCreate(),testfortheexistenceofastate
bundlebeforeyoutrytogetdataoutofit.Whenyouractivityisstartedforthefirst
timetherewillbenostateandthebundlewillbenull.

@Override
protectedvoidonCreate(BundlesavedInstanceState){

super.onCreate(savedInstanceState);//Alwayscallthesuperclassfirst

//Checkwhetherwe'rerecreatingapreviouslydestroyedinstance
if(savedInstanceState!=null){

//Restorevalueofmembersfrom savedstate
mCurrentScore=savedInstanceState.getInt("score");



mCurrentLevel=savedInstanceState.getInt("level");
}else{

//Probablyinitializememberswithdefaultvaluesforanewinstance
}
...

}

Navigatingbetweenactivities

Anappislikelytoenterandexitanactivity,perhapsmanytimes,duringtheapp’s
lifetime.Forexample,theusermaytapthedevice’sBackbutton,ortheactivitymay
needtolaunchadifferentactivity.Thissectioncoverstopicsyouneedtoknow to
implementsuccessfulactivitytransitions.Thesetopicsincludestartinganactivity
from anotheractivity,savingactivitystate,andrestoringactivitystate.

Startingoneactivityfrom another

Anactivityoftenneedstostartanotheractivityatsomepoint.Thisneedarises,for
instance,whenanappneedstomovefrom thecurrentscreentoanewone.

Dependingonwhetheryouractivitywantsaresultbackfrom thenew activityit’s
about to start,you start the new activity using either the startActivity() or
the startActivityForResult() method.Ineithercase,youpassinan Intent object.

The Intent objectspecifieseithertheexactactivityyouwanttostartordescribesthe
typeofactionyouwanttoperform (andthesystem selectstheappropriateactivity
foryou,whichcanevenbefrom adifferentapplication).An Intent objectcanalso
carrysmallamountsofdatatobeusedbytheactivitythatisstarted.Formore
informationaboutthe Intent class,see IntentsandIntentFilters.

startActivity()

Ifthenewlystartedactivitydoesnotneedtoreturnaresult,thecurrentactivitycan
startitbycallingthestartActivity() method.

Whenworkingwithinyourownapplication,youoftenneedtosimplylaunchaknown
activity.Forexample,thefollowingcodesnippetshowshow tolaunchanactivity
called SignInActivity.

KOTLINJAVA
valintent=Intent(this,SignInActivity::class.java)
startActivity(intent)

Yourapplicationmightalsowanttoperform someaction,suchassendanemail,
textmessage,orstatusupdate,usingdatafrom youractivity.Inthiscase,your
applicationmightnothaveitsownactivitiestoperform suchactions,soyoucan



insteadleveragetheactivitiesprovidedbyotherapplicationsonthedevice,which
canperform theactionsforyou.Thisiswhereintentsarereallyvaluable:Youcan
createanintentthatdescribesanactionyouwanttoperform andthesystem
launchestheappropriateactivityfrom anotherapplication.Iftherearemultiple
activitiesthatcanhandletheintent,thentheusercanselectwhichonetouse.For
example,ifyouwanttoallowtheusertosendanemailmessage,youcancreatethe
followingintent:

KOTLINJAVA
valintent=Intent(Intent.ACTION_SEND).apply{
  putExtra(Intent.EXTRA_EMAIL,recipientArray)
}
startActivity(intent)

The EXTRA_EMAIL extraaddedtotheintentisastringarrayofemailaddressesto
whichtheemailshouldbesent.Whenanemailapplicationrespondstothisintent,it
readsthestringarrayprovidedintheextraandplacesthem inthe"to"fieldofthe
emailcompositionform.Inthissituation,theemailapplication'sactivitystartsand
whentheuserisdone,youractivityresumes.

startActivityForResult()

Sometimesyouwanttogetaresultbackfrom anactivitywhenitends.Forexample,
youmaystartanactivitythatletstheuserpickapersoninalistofcontacts;whenit
ends, it returns the person that was selected. To do this, you call
the startActivityForResult(Intent,int) method,wheretheintegerparameteridentifies
the call. This identifier is meant to disambiguate between multiple calls
to startActivityForResult(Intent,int)from thesameactivity.It'snotglobalidentifier
andisnotatriskofconflictingwithotherappsoractivities.Theresultcomesback
throughyour onActivityResult(int,int,Intent) method.

Whenachildactivityexits,itcancall setResult(int) toreturndatatoitsparent.The
child activity mustalways supply a resultcode,which can be the standard
results RESULT_CANCELED, RESULT_OK, or any custom values starting
at RESULT_FIRST_USER. In addition,the child activity can optionally return
an Intent objectcontaininganyadditionaldataitwants.Theparentactivityuses
the onActivityResult(int,int,Intent) method,along with the integeridentifierthe
parentactivityoriginallysupplied,toreceivetheinformation.

Ifachildactivityfailsforanyreason,suchascrashing,theparentactivityreceivesa
resultwiththecode RESULT_CANCELED.

KOTLINJAVA
classMyActivity:Activity(){
  //...

  overridefunonKeyDown(keyCode:Int,event:KeyEvent?):Boolean{
    if(keyCode==KeyEvent.KEYCODE_DPAD_CENTER){
      //Whentheusercenterpresses,letthem pickacontact.



      startActivityForResult(
          Intent(Intent.ACTION_PICK,Uri.parse("content://contacts")),
          PICK_CONTACT_REQUEST)
      returntrue
    }
    returnfalse
  }

  overridefunonActivityResult(requestCode:Int,resultCode:Int,intent:Intent?){
    when(requestCode){
      PICK_CONTACT_REQUEST->
        if(resultCode==RESULT_OK){
          startActivity(Intent(Intent.ACTION_VIEW,intent?.data))
        }
    }
  }

  companionobject{
    internalvalPICK_CONTACT_REQUEST=0
  }
}

Coordinatingactivities

Whenoneactivitystartsanother,theybothexperiencelifecycletransitions.Thefirst
activitystopsoperatingandentersthePausedorStoppedstate,whiletheother
activityiscreated.Incasetheseactivitiessharedatasavedtodiscorelsewhere,it's
importanttounderstandthatthefirstactivityisnotcompletelystoppedbeforethe
secondoneiscreated.Rather,theprocessofstartingthesecondoneoverlapswith
theprocessofstoppingthefirstone.

Theorderoflifecyclecallbacksiswelldefined,particularlywhenthetwoactivities
areinthesameprocess(app)andoneisstartingtheother.Here'stheorderof
operationsthatoccurwhenActivityAstartsActivityB:

1.ActivityA's onPause() methodexecutes.

2.ActivityB's onCreate(), onStart(),and onResume() methods execute in sequence.
(ActivityBnowhasuserfocus.)

3.Then,ifActivityAisnolongervisibleonscreen,its onStop() methodexecutes.

Thispredictablesequenceoflifecyclecallbacksallowsyoutomanagethetransition
ofinformationfrom oneactivitytoanother.

HandleActivityStateChanges

Differentevents,some user-triggered and some system-triggered,can cause
an Activity totransitionfrom onestatetoanother.Thisdocumentdescribessome
common cases in which such transitions happen,and how to handle those



transitions.

Formoreinformationaboutactivitystates,see UnderstandtheActivityLifecycle.To
learnabouthow the ViewModel classcanhelpyoumanagetheactivitylifecycle,
see UnderstandtheViewModelClass.

Configurationchangeoccurs

Thereareanumberofeventsthatcantriggeraconfigurationchange.Perhapsthe
mostprominentexampleisachangebetweenportraitandlandscapeorientations.
Othercasesthatcancauseconfigurationchangesincludechangestolanguageor
inputdevice.

Whenaconfigurationchangeoccurs,theactivityisdestroyedandrecreated.The
originalactivityinstancewillhavethe onPause(), onStop(),and onDestroy() callbacks
triggered. A new instance of the activity will be created and have
the onCreate(), onStart(),and onResume() callbackstriggered.

Use a combination ofViewModels,the onSaveInstanceState()method,and/or
persistentlocalstorage to preserve an activity’s UIstate acrossconfiguration
changes.Decidinghowtocombinetheseoptionsdependsonthecomplexityofyour
UIdata,usecasesforyourapp,andconsiderationofspeedofretrievalversus
memoryusage.FormoreinformationonsavingyouractivityUIstate,see SavingUI
States.

Handlingmulti-windowcases

Whenanappentersmulti-window mode,availableinAndroid7.0(APIlevel24)and
higher,thesystem notifiesthecurrentlyrunningactivityofaconfigurationchange,
thusgoingthroughthelifecycletransitionsdescribedabove.Thisbehavioralso
occursifanappalreadyinmulti-windowmodegetsresized.Youractivitycanhandle
theconfigurationchangeitself,oritcanallowthesystem todestroytheactivityand
recreateitwiththenewdimensions.

Formore information aboutthe multi-window lifecycle,see the Multi-Window
Lifecycle sectionofthe Multi-WindowSupport page.

Inmulti-windowmode,althoughtherearetwoappsthatarevisibletotheuser,only
theonewithwhichtheuserisinteractingisintheforegroundandhasfocus.That
activityisintheResumedstate,whiletheappintheotherwindowisinthePaused
state.

Whentheuserswitchesfrom appAtoappB,thesystem calls onPause() onappA,
and onResume() onappB.Itswitchesbetweenthesetwomethodseachtimethe
usertogglesbetweenapps.

Formoredetailaboutmulti-windowing,referto Multi-WindowSupport.



Topic-2Thread

A thread isathreadofexecutioninaprogram.TheJavaVirtualMachineallowsan
applicationtohavemultiplethreadsofexecutionrunningconcurrently.

Everythreadhasapriority.Threadswithhigherpriorityareexecutedinpreferenceto
threadswithlowerpriority.Eachthreadmayormaynotalsobemarkedasadaemon.
Whencoderunninginsomethreadcreatesanew Thread object,thenewthreadhas
itspriorityinitiallysetequaltothepriorityofthecreatingthread,andisadaemon
threadifandonlyifthecreatingthreadisadaemon.

WhenaJavaVirtualMachinestartsup,thereisusuallyasinglenon-daemonthread
(whichtypicallycallsthemethodnamed main ofsomedesignatedclass).TheJava
VirtualMachinecontinuestoexecutethreadsuntileitherofthefollowingoccurs:

 The exit methodofclass Runtime hasbeencalledandthesecuritymanagerhas
permittedtheexitoperationtotakeplace.

 Allthreadsthatarenotdaemonthreadshavedied,eitherbyreturningfrom thecallto
the run methodorbythrowinganexceptionthatpropagatesbeyondthe run method.

Therearetwowaystocreateanewthreadofexecution.Oneistodeclareaclassto
beasubclassof Thread.Thissubclassshouldoverridethe run methodof
class Thread.Aninstanceofthesubclasscanthenbeallocatedandstarted.For
example,athreadthatcomputesprimeslargerthanastatedvaluecouldbewritten
asfollows:

classPrimeThreadextendsThread{
longminPrime;
PrimeThread(longminPrime){

this.minPrime=minPrime;
}

publicvoidrun(){
//computeprimeslargerthanminPrime
 . . .

}
}

Thefollowingcodewouldthencreateathreadandstartitrunning:

PrimeThreadp=newPrimeThread(143);
p.start();

Theotherwaytocreateathreadistodeclareaclassthatimplements
the Runnable interface.Thatclassthenimplementsthe run method.Aninstanceof



theclasscanthenbeallocated,passedasanargumentwhencreating Thread,and
started.Thesameexampleinthisotherstylelookslikethefollowing:

classPrimeRunimplementsRunnable{
longminPrime;
PrimeRun(longminPrime){

this.minPrime=minPrime;
}

publicvoidrun(){
//computeprimeslargerthanminPrime
 . . .

}
}

Thefollowingcodewouldthencreateathreadandstartitrunning:

PrimeRunp=newPrimeRun(143);
newThread(p).start();

Everythreadhasanameforidentificationpurposes.Morethanonethreadmayhave
thesamename.Ifanameisnotspecifiedwhenathreadiscreated,anewnameis
generatedforit.

Unlessotherwisenoted,passinga null argumenttoaconstructorormethodinthis
classwillcausea NullPointerException tobethrown.Seealso:

 Runnable

 Runtime.exit(int)

 run()

 stop()

Constants

MAX_PRIORITY

Addedin APIlevel1

publicstaticfinalintMAX_PRIORITY



Themaximum prioritythatathreadcanhave.

ConstantValue:10(0x0000000a)

MIN_PRIORITY

Addedin APIlevel1

publicstaticfinalintMIN_PRIORITY

Theminimum prioritythatathreadcanhave.

ConstantValue:1(0x00000001)

NORM_PRIORITY

Addedin APIlevel1

publicstaticfinalintNORM_PRIORITY

Thedefaultprioritythatisassignedtoathread.

ConstantValue:5(0x00000005)

Publicconstructors

Thread

Addedin APIlevel1

publicThread()

Allocatesanew Thread object.Thisconstructorhasthesameeffectas Thread (null,
null,gname),where gname isanewlygeneratedname.Automaticallygenerated
namesareoftheform "Thread-"+n,where n isaninteger.

Thread

Addedin APIlevel1

publicThread(Runnabletarget)

Allocatesanew Thread object.Thisconstructorhasthesameeffectas Thread (null,
target,gname),where gname isanewlygeneratedname.Automaticallygenerated



namesareoftheform "Thread-"+n,where n isaninteger.

Parameters

targ
et

Runnable:theobjectwhose run methodisinvokedwhenthisthreadisstarted.If null,this
classes run methoddoesnothing.

Thread

Addedin APIlevel1

publicThread(ThreadGroupgroup,

Runnabletarget)

Allocatesanew Thread object.Thisconstructorhasthesameeffect
as Thread (group,target,gname),where gname isanewlygeneratedname.
Automaticallygeneratednamesareoftheform "Thread-"+n,where n isaninteger.

Parameters

group ThreadGroup:thethreadgroup.If null andthereisasecuritymanager,thegroupis
determinedby SecurityManager#getThreadGroup.Ifthereisnotasecuritymanager
or SecurityManager.getThreadGroup() returns null,thegroupissettothecurrentthread's
threadgroup.

target Runnable:theobjectwhose run methodisinvokedwhenthisthreadisstarted.If null,this
thread'srunmethodisinvoked.

Throws

SecurityExcepti
on

ifthecurrentthreadcannotcreateathreadinthespecifiedthreadgroup

Thread

Addedin APIlevel1

publicThread(Stringname)

Allocatesanew Thread object.Thisconstructorhasthesameeffectas Thread (null,
null,name).

Parameters



nam
e

String:thenameofthenewthread

Thread

Addedin APIlevel1

publicThread(ThreadGroupgroup,

Stringname)

Allocatesanew Thread object.Thisconstructorhasthesameeffect
as Thread (group,null,name).

Parameters

group ThreadGroup:thethreadgroup.If null andthereisasecuritymanager,thegroupis
determinedby SecurityManager#getThreadGroup.Ifthereisnotasecuritymanager
or SecurityManager.getThreadGroup() returns null,thegroupissettothecurrentthread's
threadgroup.

name String:thenameofthenewthread

Throws

SecurityExcepti
on

ifthecurrentthreadcannotcreateathreadinthespecifiedthreadgroup

Thread

Addedin APIlevel1

publicThread(Runnabletarget,

Stringname)

Allocatesanew Thread object.Thisconstructorhasthesameeffectas Thread (null,
target,name).

Parameters

targ
et

Runnable:theobjectwhose run methodisinvokedwhenthisthreadisstarted.If null,thisthread'srun
methodisinvoked.

nam String:thenameofthenewthread



e

Thread

Addedin APIlevel1

publicThread(ThreadGroupgroup,

Runnabletarget,

Stringname)

Allocatesanew Thread objectsothatithas target asitsrunobject,hasthe
specified name asitsname,andbelongstothethreadgroupreferredtoby group.

Ifthereisasecuritymanager,
its SecurityManager#checkAccess(ThreadGroup) methodisinvokedwiththe
ThreadGroupasitsargument.

Inaddition,its checkPermission methodisinvokedwith
the RuntimePermission("enableContextClassLoaderOverride") permissionwhen
invokeddirectlyorindirectlybytheconstructorofasubclasswhichoverrides
the getContextClassLoader or setContextClassLoadermethods.

Thepriorityofthenewlycreatedthreadissetequaltothepriorityofthethread
creatingit,thatis,thecurrentlyrunningthread.Themethod setPriority maybeused
tochangetheprioritytoanewvalue.

Thenewlycreatedthreadisinitiallymarkedasbeingadaemonthreadifandonlyif
thethreadcreatingitiscurrentlymarkedasadaemonthread.The
method setDaemon maybeusedtochangewhetherornotathreadisadaemon.

Parameters

group ThreadGroup:thethreadgroup.If null andthereisasecuritymanager,thegroupis
determinedby SecurityManager#getThreadGroup.Ifthereisnotasecuritymanager
or SecurityManager.getThreadGroup() returns null,thegroupissettothecurrentthread's
threadgroup.

target Runnable:theobjectwhose run methodisinvokedwhenthisthreadisstarted.If null,this
thread'srunmethodisinvoked.

name String:thenameofthenewthread

Throws

SecurityExcepti ifthecurrentthreadcannotcreateathreadinthespecifiedthreadgrouporcannot



on overridethecontextclassloadermethods.

Thread

Addedin APIlevel1

publicThread(ThreadGroupgroup,

Runnabletarget,

Stringname,

longstackSize)

Allocatesanew Thread objectsothatithas target asitsrunobject,hasthe
specified name asitsname,andbelongstothethreadgroupreferredtoby group,
andhasthespecified stacksize.

Thisconstructorisidenticalto Thread(java.lang.ThreadGroup,java.lang.Runnable,
java.lang.String) withtheexceptionofthefactthatitallowsthethreadstacksizeto
bespecified.Thestacksizeistheapproximatenumberofbytesofaddressspace
thatthevirtualmachineistoallocateforthisthread'sstack. Theeffectof
the stackSize parameter,ifany,ishighlyplatform dependent.

Onsomeplatforms,specifyingahighervalueforthe stackSize parametermayallow
athreadtoachievegreaterrecursiondepthbeforethrowinga StackOverflowError.
Similarly,specifyingalowervaluemayallowagreaternumberofthreadstoexist
concurrentlywithoutthrowingan OutOfMemoryError (orotherinternalerror).The
detailsoftherelationshipbetweenthevalueofthe stackSize parameterandthe
maximum recursiondepthandconcurrencylevelareplatform-dependent. Onsome
platforms,thevalueofthestackSize parametermayhavenoeffectwhatsoever.

Thevirtualmachineisfreetotreatthe stackSize parameterasasuggestion.Ifthe
specifiedvalueisunreasonablylowfortheplatform,thevirtualmachinemayinstead
usesomeplatform-specificminimum value;ifthespecifiedvalueisunreasonably
high,thevirtualmachinemayinsteadusesomeplatform-specificmaximum.
Likewise,thevirtualmachineisfreetoroundthespecifiedvalueupordownasit
seesfit(ortoignoreitcompletely).

Specifyingavalueofzeroforthe stackSize parameterwillcausethisconstructorto
behaveexactlyliketheThread(ThreadGroup,Runnable,String) constructor.

Duetotheplatform-dependentnatureofthebehaviorofthisconstructor,extreme
careshouldbeexercisedinitsuse.Thethreadstacksizenecessarytoperform a
givencomputationwilllikelyvaryfrom oneJREimplementationtoanother.Inlightof
thisvariation,carefultuningofthestacksizeparametermayberequired,andthe
tuningmayneedtoberepeatedforeachJREimplementationonwhichan
applicationistorun.

Implementationnote:Javaplatform implementersareencouragedtodocumenttheir



implementation'sbehaviorwithrespecttothe stackSize parameter.

Parameters

group ThreadGroup:thethreadgroup.If null andthereisasecuritymanager,thegroupis
determinedby SecurityManager#getThreadGroup.Ifthereisnotasecuritymanager
or SecurityManager.getThreadGroup() returns null,thegroupissettothecurrentthread's
threadgroup.

target Runnable:theobjectwhose run methodisinvokedwhenthisthreadisstarted.If null,this
thread'srunmethodisinvoked.

name String:thenameofthenewthread

stackSize long:thedesiredstacksizeforthenewthread,orzerotoindicatethatthisparameteristo
beignored.

Throws

SecurityExcepti
on

ifthecurrentthreadcannotcreateathreadinthespecifiedthreadgroup

Topic-3AsyncTask

publicabstractclassAsyncTask 
extends Object 

java.lang.Object
   ↳android.os.AsyncTask<Params, Progress, Result>

AsyncTaskenablesproperandeasyuseoftheUIthread.Thisclassallowsyouto
perform backgroundoperationsandpublishresultsontheUIthreadwithouthaving
tomanipulatethreadsand/orhandlers.

AsyncTaskisdesignedtobeahelperclassaround Thread and Handler anddoesnot
constituteagenericthreadingframework.AsyncTasksshouldideallybeusedfor
shortoperations(afewsecondsatthemost.)Ifyouneedtokeepthreadsrunning
forlongperiodsoftime,itishighlyrecommendedyouusethevariousAPIsprovided
bythe java.util.concurrent packagesuch
as Executor, ThreadPoolExecutor and FutureTask.

Anasynchronoustaskisdefinedbyacomputationthatrunsonabackgroundthread
andwhoseresultispublishedontheUIthread.Anasynchronoustaskisdefinedby3
generictypes,called Params, Progress and Result,and4steps,
called onPreExecute, doInBackground, onProgressUpdate and onPostExecute.



DeveloperGuides

Formoreinformationaboutusingtasksandthreads,readthe Processesand
Threads developerguide.

Usage

AsyncTaskmustbesubclassedtobeused.Thesubclasswilloverrideatleastone
method(doInBackground(Params...)),andmostoftenwilloverrideasecondone
(onPostExecute(Result).)

Hereisanexampleofsubclassing:

 privateclassDownloadFilesTaskextendsAsyncTask<URL,Integer,Long>{
   protectedLongdoInBackground(URL...urls){
     intcount=urls.length;
     longtotalSize=0;
     for(inti=0;i<count;i++){
       totalSize+=Downloader.downloadFile(urls[i]);
       publishProgress((int)((i/(float)count)*100));
       //Escapeearlyifcancel()iscalled
       if(isCancelled())break;
     }
     returntotalSize;
   }

   protectedvoidonProgressUpdate(Integer...progress){
     setProgressPercent(progress[0]);
   }

   protectedvoidonPostExecute(Longresult){
     showDialog("Downloaded"+result+"bytes");
   }
 }
 

Oncecreated,ataskisexecutedverysimply:

 newDownloadFilesTask().execute(url1,url2,url3);
 

AsyncTask'sgenerictypes

Thethreetypesusedbyanasynchronoustaskarethefollowing:



1.Params,thetypeoftheparameterssenttothetaskuponexecution.

2.Progress,thetypeoftheprogressunitspublishedduringthebackground
computation.

3.Result,thetypeoftheresultofthebackgroundcomputation.

Notalltypesarealwaysusedbyanasynchronoustask.Tomarkatypeasunused,
simplyusethetype Void:

privateclassMyTaskextendsAsyncTask<Void,Void,Void>{...}

The4steps

Whenanasynchronoustaskisexecuted,thetaskgoesthrough4steps:

1.onPreExecute(),invokedontheUIthreadbeforethetaskisexecuted.Thisstepis
normallyusedtosetupthetask,forinstancebyshowingaprogressbarintheuser
interface.

2.doInBackground(Params...),invokedonthebackgroundthreadimmediately
after onPreExecute()finishesexecuting.Thisstepisusedtoperform background
computationthatcantakealongtime.Theparametersoftheasynchronoustaskare
passedtothisstep.Theresultofthecomputationmustbereturnedbythisstepand
willbepassedbacktothelaststep.Thisstepcanalso
use publishProgress(Progress...) topublishoneormoreunitsofprogress.These
valuesarepublishedontheUIthread,inthe onProgressUpdate(Progress...) step.

3.onProgressUpdate(Progress...),invokedontheUIthreadafteracall
to publishProgress(Progress...).Thetimingoftheexecutionisundefined.This
methodisusedtodisplayanyform ofprogressintheuserinterfacewhilethe
backgroundcomputationisstillexecuting.Forinstance,itcanbeusedtoanimatea
progressbarorshowlogsinatextfield.

4.onPostExecute(Result),invokedontheUIthreadafterthebackgroundcomputation
finishes.Theresultofthebackgroundcomputationispassedtothisstepasa
parameter.

Cancellingatask

Ataskcanbecancelledatanytimebyinvoking cancel(boolean).Invokingthis
methodwillcausesubsequentcallsto isCancelled() toreturntrue.Afterinvoking
thismethod, onCancelled(java.lang.Object),instead
of onPostExecute(java.lang.Object) willbeinvoked
after doInBackground(java.lang.Object[]) returns.Toensurethatataskiscancelled
asquicklyaspossible,youshouldalwayscheckthereturnvalue
of isCancelled() periodicallyfromdoInBackground(java.lang.Object[]),ifpossible
(insidealoopforinstance.)



Threadingrules

Thereareafewthreadingrulesthatmustbefollowedforthisclasstoworkproperly:

 TheAsyncTaskclassmustbeloadedontheUIthread.Thisisdoneautomaticallyas
of Build.VERSION_CODES.JELLY_BEAN.

 ThetaskinstancemustbecreatedontheUIthread.

 execute(Params...) mustbeinvokedontheUIthread.

 Donot
call onPreExecute(), onPostExecute(Result), doInBackground(Params...), onProgress
Update(Progress...) manually.

 Thetaskcanbeexecutedonlyonce(anexceptionwillbethrownifasecond
executionisattempted.)

Memoryobservability

AsyncTaskguaranteesthatallcallbackcallsaresynchronizedtoensurethe
followingwithoutexplicitsynchronizations.

 Thememoryeffectsof onPreExecute(),andanythingelseexecutedbeforethecall
to execute(Params...),includingtheconstructionoftheAsyncTaskobject,arevisible
to doInBackground(Params...).

 Thememoryeffectsof doInBackground(Params...) arevisible
to onPostExecute(Result).

 Anymemoryeffectsof doInBackground(Params...) precedingacall
to publishProgress(Progress...) arevisibletothe
corresponding onProgressUpdate(Progress...)call.
(But doInBackground(Params...) continuestorun,andcareneedstobetakenthat
laterupdatesin doInBackground(Params...) donotinterferewithanin-
progress onProgressUpdate(Progress...) call.)

 Anymemoryeffectsprecedingacallto cancel(boolean) arevisibleafteracall
to isCancelled() thatreturnstrueasaresult,orduringandafteraresultingcall
to onCancelled().

Orderofexecution

Whenfirstintroduced,AsyncTaskswereexecutedseriallyonasinglebackground
thread.Startingwith Build.VERSION_CODES.DONUT,thiswaschangedtoapoolof
threadsallowingmultipletaskstooperateinparallel.Starting
with Build.VERSION_CODES.HONEYCOMB,tasksareexecutedonasinglethreadto
avoidcommonapplicationerrorscausedbyparallelexecution.



Ifyoutrulywantparallelexecution,youcan
invoke executeOnExecutor(java.util.concurrent.Executor,
java.lang.Object[]) with THREAD_POOL_EXECUTOR.

Topic-4AndroidService-LifeCycleandWorking|WithExample

A Service isanapplicationcomponentthatcanperform long-runningoperationsin
thebackground,anditdoesnotprovideauserinterface.Anotherapplication
componentcanstartaservice,anditcontinuestoruninthebackgroundevenifthe
userswitchestoanotherapplication.Additionally,acomponentcanbindtoaservice
tointeractwithitandevenperform interprocesscommunication(IPC).Forexample,
aservicecanhandlenetworktransactions,playmusic,perform fileI/O,orinteract
withacontentprovider,allfrom thebackground.

 ServiceisanAndroidComponentwithoutanUI
 Itisusedtoperform longrunningoperationsinbackground.Servicesrun

indefinitlyunlesstheyareexplicitlystoppedordestroyed
 Itcanbestartedbyanyotherapplicationcomponent.Componentscaneven

infactbindtoaservicetoperform Interprocess-Comminication
 Itcanstillberunningeveniftheapplicationiskilledunlessitstopsitselfby

calling stopself()orisstoppedbyaAndroidcomponentby
calling stopService().

 IfnotstoppeditgoesonrunningunlessisterminatedbyAndroiddueto
resourceshortage

 Theandroid.app.ServiceissubclassofContextWrapperclass.

Note:Servicealwaysrunsonthemainthreadbydefault.Whenthedocsays“long
runningprocessesinbackground”itmeansthatprocesseswithoutanUI.Soifyou
areperformingatimeconsumingtask youmustbecreatingabackgroundthreadin
theservice.

Asexplainedaboveservicecaneitherbestartedorbound.Youjustneedtocall
either startService()or bindService()from anyofyourandroidcomponents.Based
onhowyourservicewasstarteditwilleitherbe“started”or“bound”

 Started
Aserviceis started whenanapplicationcomponent,suchasanactivity,
startsitbycalling startService().Nowtheservicecanruninthebackground
indefinitely,evenifthecomponentthatstarteditisdestroyed.

 Bound
Aserviceis bound whenanapplicationcomponentbindstoitby
calling bindService().Aboundserviceoffersaclient-serverinterfacethat
allowscomponentstointeractwiththeservice,sendrequests,getresults,
andevendosoacrossprocesseswithinterprocesscommunication(IPC).

 

 



AndroidService
Lifecycle
Likeanyothercomponentsservicealsohascallbackmethods.Thesewillbeinvoked
whiletheserviceisrunningtoinform theapplicationofitsstate.Implementingthese
inyourcustom servicewouldhelpyouinperformingtherightoperationintheright
state.

Thereisalwaysonlyasingleinstanceofservicerunningintheapp.Ifyouarecalling
startService()forasingleservicemultipletimesinyourapplicationitjustinvokesthe
onStartCommand()onthatservice.Neitheristheservicerestartedmultipletimes
norareitsmultipleinstancescreated

 

 onCreate()

Thisisthefirstcallbackwhichwillbeinvokedwhenanycomponentstartsthe
service.Ifthesameserviceiscalledagainwhileitisstillrunningthismethodwont
beinvoked.Ideallyonetimesetupandintializingshouldbedoneinthiscallback.

onStartCommand()

Thiscallbackisinvokedwhenserviceisstartedbyanycomponentbycalling



startService().Itbasicallyindicatesthattheservicehasstartedandcannowrun
indefinetly.Nowitsyourresponsibiltytostoptheservice.Thiscallbackalsohas a
intreturntype.Thisreturntypedescribeswhathappenstotheserviceonceitis
destroyedbythesystem.Therearethreepossiblereturntypes

 START_STICKY
Returningthisindicatesthatoncetheserviceiskilledbythesystem itwillbe
recreatedandonStartCommandmethodwillbeinvokedagain.Butthe
 previousintentisnotredelivered.Instead onStartCommand iscalledwitha
nullintent

 START_NOT_STICKY
Returningthisindicatesthattheservicewontberecreatedifitiskilledbythe
system

 START_REDELIVER_INTENT
Returningthisindicatesthatoncetheserviceiskilledbythesystem itwillbe
recreatedand onStartCommand methodwillbeinvokedagain.Butherethe
originalintentisredeliveredagain.

onBind()

ThisisinvokedwhenanycomponentstartstheservicebycallingonBind.Basically
thecomponenthasnowbindedwiththeservice.Thismethodneedstoreturnyour
implementationofIBinderwhichwillbeusedforInterprocessCommunication.Ifyou
dontwantyourservicetobindwithanycomponentyoushouldjustreturnnull
neverthelessthismethodneedstobeimplemented

onUnbind()

Thisisinvokedwhenalltheclientsaredisconnectedfrom theservice.

onRebind()

Thisisinvokedwhennewclientsareconnectedtotheservice.Itiscalledafter
onUnbind

onDestroy()

Thisisafinalcleanupcallfrom thesystem.Thisisinvokedjustbeforetheserviceis
beingdestroyed.Couldbeveryusefultocleanupanyresourcessuchasthreads,
registeredlisteners,orreceivers.Butveryrarelyithappensthattheserviceis
destroyedwithonDestroynotbeinginvoked

Example:

Inthisexamplewewillcreateaservicewithrunsinbackgroundandprintslogsuntil



westopit. 

Step-1-CreateaCustom Service

AswehavealreadydiscussedServicedoesn’thaveaitsownlayouthencenoxmlfile
isrequired.

  RightclickonyourpackageandselectNew->JavaClass.Nameyourclassas
MyService.ThisshouldextendtheAndroid’sServiceclass.

 WewillbeusingaHandlerand Runnableimplemenationtoprintthelogs
every5secondsaslongastheserviceisrunning

Thenimplementallthecallbacksasshowninthecodesnippetbelow

1.publicclassMyServiceextendsService{

2.
3.//Declaringthehandler
4.privateHandlerhandler;
5.//DeclaringyourimplementationofRunnable
6.privateRunnerrunner;
7./*
8.Regardlessofwhetheryouwantyourservicetobebinded
9.ornotyoushouldalwaysimplementonBind.Youshouldreturnnullifyou
10.dontwantittobind
11.*/
12.@Nullable
13.@Override
14.publicIBinderonBind(Intentintent){
15.returnnull;
16.}
17./*
18.InitializationofHandlerandRunner
19.*/
20.publicvoidonCreate(){
21.super.onCreate();
22.
23.Toast.makeText(this,"ServiceStarted",Toast.LENGTH_LONG).show();
24.handler=newHandler();
25.runner=newRunner();
26.
27.}
28.//StartingtheRunnablewithhandler
29.publicintonStartCommand(Intentintent,intid,intstartID){
30.handler.post(runner);
31.returnSTART_STICKY;
32.}
33.//Removingthecallbacksfrom handleroncetheserviceisdestroyed



34.@Override
35.publicvoidonDestroy(){
36.super.onDestroy();
37.handler.removeCallbacks(runner);
38.Toast.makeText(this,"ServiceDestroyed",Toast.LENGTH_LONG).show();
39.}
40.
41./*
42.Arunnableclassdesignedinsuchawaythatitisrunsevery5seconds
43.*/
44.publicclassRunnerimplementsRunnable{
45.
46.@Override
47.publicvoidrun(){
48.
49.Log.d("AndroidClarified","Running");
50.handler.postDelayed(this,1000*5);
51.}
52.}
53.

54.}

 

Step-2DeclaringtheserviceinManifest

Asforeveryandroidcomponentwefirstneedtodeclareourserviceinsidethe
AndroidManifest.xml.Forthis youjustneedtoaddthebelowcodesnippetunderthe
<application>tag

1.<?xmlversion="1.0"encoding="utf-8"?>

2.<manifest
3.xmlns:android="http://schemas.android.com/apk/res/android"
4.package="com.example.androidclarified.serviceapp">
5.<application
6.android:allowBackup="true"
7.android:icon="@mipmap/ic_launcher"
8.android:label="@string/app_name"
9.android:roundIcon="@mipmap/ic_launcher_round"
10.android:supportsRtl="true"
11.android:theme="@style/AppTheme">
12.<activityandroid:name=".MainActivity">
13.<intent-filter>
14.<actionandroid:name="android.intent.action.MAIN"/>
15.<categoryandroid:name="android.intent.category.LAUNCHER"/>
16.</intent-filter>
17.</activity>
18.<serviceandroid:name=".MyService"/>



19.</application>

20.</manifest>

 

Step-3 -Startingtheservice

Sinceeveryserviceneedstobestartedfrom someotherAndroidcomponent.We
willfirstcreateaAndroidActivity(Ifyouarenotsurehowtocreateaactivity
read this ).YoucanjustrightclickonyourpackageandselectNew->Activity->Empty
Activity.ThiswillautomaticallycreateanActivityclassandalayoutfile.

 Weaddtwobuttonstothelayoutfileasshowninthesnippetbelow

1.<?xmlversion="1.0"encoding="utf-8"?>

2.<RelativeLayout
3.xmlns:android="http://schemas.android.com/apk/res/android"
4.xmlns:app="http://schemas.android.com/apk/res-auto"
5.xmlns:tools="http://schemas.android.com/tools"
6.android:layout_width="match_parent"
7.android:layout_height="match_parent"
8.tools:context="com.example.androidclarified.serviceapp.MainActivity">
9.<LinearLayout
10.android:layout_width="wrap_content"
11.android:layout_centerInParent="true"
12.android:layout_height="wrap_content"
13.android:orientation="horizontal">
14.<Button
15.android:id="@+id/start_button"
16.android:layout_margin="20dp"
17.android:text="StartService"
18.android:layout_width="wrap_content"
19.android:layout_height="wrap_content"/>
20.<Button
21.android:layout_width="wrap_content"
22.android:text="StopService"
23.android:layout_margin="20dp"
24.android:id="@+id/stop_button"
25.android:layout_height="wrap_content"/>
26.</LinearLayout>

27.</RelativeLayout>

 

 Nowwehavetoinitializeboththebuttonsandaddclicklisteners.Thisishow
ouractivityclasswilllooknow

 Startingtheserviceissimilartostartinganyotheractivity.Youjustneedto
createanIntentobjectspecifyingtheserviceandthencall startService() .



1.publicclassMainActivityextendsAppCompatActivityimplements
View.OnClickListener{

2.
3.privateButtonstartButton,stopButton;
4.
5.@Override
6.protectedvoidonCreate(BundlesavedInstanceState){
7.super.onCreate(savedInstanceState);
8.setContentView(R.layout.activity_main);
9.
10.startButton=(Button)findViewById(R.id.start_button);
11.stopButton=(Button)findViewById(R.id.stop_button);
12.
13.startButton.setOnClickListener(this);
14.stopButton.setOnClickListener(this);
15.}
16.
17.@Override
18.publicvoidonClick(Viewv){
19.
20.Intentintent=newIntent(this,MyService.class);
21.
22.switch(v.getId()){
23.caseR.id.start_button:
24.startService(intent);
25.break;
26.caseR.id.stop_button:
27.stopService(intent);
28.break;
29.
30.}
31.
32.}

33.}

Topic-5Broadcastreceiver

Definition

A broadcastreceiver (receiver)isanAndroidcomponentwhichallowsyoutoregister
forsystem orapplicationevents.Allregisteredreceiversforaneventarenotifiedby
theAndroidruntimeoncethiseventhappens.

Forexample,applicationscanregisterforthe ACTION_BOOT_COMPLETED system
eventwhichisfiredoncetheAndroidsystem hascompletedthebootprocess.

Implementation



Areceivercanberegisteredviathe AndroidManifest.xml file.

Alternativelytothisstaticregistration,youcanalsoregisterareceiverdynamicallyvia
theContext.registerReceiver() method.

Theimplementingclassforareceiverextendsthe BroadcastReceiver class.

Iftheeventforwhichthebroadcastreceiverhasregisteredhappens,
the onReceive() methodofthereceiveriscalledbytheAndroidsystem.

Lifecycleofabroadcastreceiver

Afterthe onReceive() ofthereceiverclasshasfinished,theAndroidsystem is
allowedtorecyclethereceiver.

Asynchronousprocessing

BeforeAPIlevel11,youcouldnotperform anyasynchronousoperationin
the onReceive()method,becauseoncethe onReceive() methodhadbeenfinished,the
Androidsystem wasallowedtorecyclethatcomponent.Ifyouhavepotentiallylong
runningoperations,youshouldtriggeraserviceinstead.

SinceAndroidAPI11youcancallthe goAsync() method.Thismethodreturnsan
objectofthePendingResult type.TheAndroidsystem considersthereceiverasalive
untilyoucallthePendingResult.finish() onthisobject.Withthisoptionyoucantrigger
asynchronousprocessinginareceiver.Assoonasthatthreadhascompleted,its
taskcalls finish() toindicatetotheAndroidsystem thatthiscomponentcanbe
recycled.

Restrictionsfordefiningbroadcastreceiver

AsofAndroid3.1theAndroidsystem excludesallreceiverfrom receivingintentsby
defaultifthecorrespondingapplicationhasneverbeenstartedbytheuserorifthe
userexplicitlystoppedtheapplicationviatheAndroidmenu(in Manage  Application ).

Thisisanadditionalsecurityfeatureastheusercanbesurethatonlythe
applicationshestartedwillreceivebroadcast intents.

Thisdoesnotmeantheuserhastostarttheapplicationagainafterareboot.TheAndroid
system remembersthattheuseralreadystartedit.Onlyonestartisrequiredwithoutaforced
stopbytheuser.

Sendthebroadcasttoyourapplicationfortesting

Youcanusethefollowingcommandfrom theadbcommandlinetool.Theclass
nameandpackagenameswhicharetargetedviathecommandlinetoolneedtobe
asdefinedinthemanifest.Youshouldsendtheintentyougeneratedtoyourspecific
component,forexampleifyousendageneralACTION_BOOT_COMPLETED
broadcast,thiswilltriggeralotofthingsinanAndroidsystem.



#triggerabroadcastanddeliverittoacomponent
adbshellam activity/service/broadcast-aACTION-cCATEGORY-nNAME

#forexample(thisgoesintooneline)

adbshellam broadcast-a
android.intent.action.BOOT_COMPLETED-candroid.intent.category.HOME-n
package_name/class_name

PendingIntent

A pendingintent isatokenthatyougivetoanotherapplication.Forexample,the
notificationmanager,alarm managerorother3rdpartyapplications).Thisallowsthe
otherapplicationtorestorethepermissionsofyourapplicationtoexecutea
predefinedpieceofcode.

Toperform abroadcastviaapendingintent,geta PendingIntent via
the getBroadcast()methodofthe PendingIntent class.Toperform anactivityviaa
pendingintent,youreceivetheactivityvia PendingIntent.getActivity().

System broadcasts

Severalsystem eventsaredefinedasfinalstaticfieldsinthe Intent class.Other
Androidsystem classesalsodefineevents,e.g.,the TelephonyManager defines
eventsforthechangeofthephonestate.

Thefollowingtablelistsafewimportantsystem events.

Table1.System Events

Event Description

Intent.ACTION_BOOT_COMPLETED Bootcompleted.Requires
the android.permission.RECEIVE_BOOT_COMPLETED permissi
on

Intent.ACTION_POWER_CONNECTED Powergotconnectedtothedevice.

Intent.ACTION_POWER_DISCONNECTED Powergotdisconnectedtothedevice.

Intent.ACTION_BATTERY_LOW Triggeredonlowbattery.Typicallyusedtoreduceactivitiesin
yourappwhichconsumepower.

Intent.ACTION_BATTERY_OKAY Batterystatusgoodagain.

AutomaticallystartingServicesfrom aReceivers

Acommonrequirementistoautomaticallystartaserviceafterasystem reboot,i.e.,
forsynchronizingdata.Forthisyoucanregisterareceiverfor
theandroid.intent.action.BOOT_COMPLETED system event.Thisrequires



theandroid.permission.RECEIVE_BOOT_COMPLETED permission.

Thefollowingexampledemonstratestheregistrationfor
the BOOT_COMPLETED eventintheAndroidmanifestfile.

<?xmlversion="1.0"encoding="utf-8"?>
<manifestxmlns:android="http://schemas.android.com/apk/res/android"

package="de.vogella.android.ownservice.local"
android:versionCode="1"
android:versionName="1.0">

<uses-sdkandroid:minSdkVersion="10"/>

<uses-permission
android:name="android.permission.RECEIVE_BOOT_COMPLETED"/>

<application
android:icon="@drawable/icon"
android:label="@string/app_name">
<activity

android:name=".ServiceConsumerActivity"
android:label="@string/app_name">
<intent-filter>

<actionandroid:name="android.intent.action.MAIN"/>

<categoryandroid:name="android.intent.category.LAUNCHER"/>
</intent-filter>

</activity>

<receiverandroid:name="MyScheduleReceiver">
<intent-filter>

<actionandroid:name="android.intent.action.BOOT_COMPLETED"/>
</intent-filter>

</receiver>
<receiverandroid:name="MyStartServiceReceiver">
</receiver>

</application>

</manifest>

Thereceivewouldstarttheserviceasdemonstratedinthefollowingexamplecode.

importandroid.content.BroadcastReceiver;
importandroid.content.Context;
importandroid.content.Intent;

publicclassMyReceiverextendsBroadcastReceiver{

@Override
publicvoidonReceive(Contextcontext,Intentintent){



//assumesWordServiceisaregisteredservice
Intentintent=newIntent(context,WordService.class);
context.startService(intent);

}
}

IfyourapplicationisinstalledontheSDcard,thenitisnotavailableafter
theandroid.intent.action.BOOT_COMPLETED event.Inthiscaseregisteritforthe
àndroid.intent.action.ACTION_EXTERNAL_APPLICATIONS_AVAILABLÈ event.

RememberthatasofAndroidAPIlevel11theuserneedstohavestartedtheapplicationat
leastoncebeforeyourapplicationcan
receiveandroid.intent.action.BOOT_COMPLETED events.

Exercise:Registerareceiverforincomingphonecalls

Target

Inthisexerciseyoudefineabroadcastreceiverwhichlistenstotelephonestate
changes.Ifthephonereceivesaphonecall,thenourreceiverwillbenotifiedandlog
amessage.

Createproject

Createanewprojectcalled de.vogella.android.receiver.phone.Alsocreateanactivity.

TIP:Rememberthatyourreceiverisonlycallediftheuserstarteditonce.This
requiresanactivity.

Implementreceiverforthephoneevent

Createthe MyPhoneReceiver class.

packagede.vogella.android.receiver.phone;

importandroid.content.BroadcastReceiver;
importandroid.content.Context;
importandroid.content.Intent;
importandroid.os.Bundle;
importandroid.telephony.TelephonyManager;
importandroid.util.Log;

publicclassMyPhoneReceiverextendsBroadcastReceiver{

@Override
publicvoidonReceive(Contextcontext,Intentintent){

Bundleextras=intent.getExtras();
if(extras!=null){

Stringstate=extras.getString(TelephonyManager.EXTRA_STATE);
Log.w("MY_DEBUG_TAG",state);
if(state.equals(TelephonyManager.EXTRA_STATE_RINGING)){



StringphoneNumber=extras
.getString(TelephonyManager.EXTRA_INCOMING_NUMBER);

Log.w("MY_DEBUG_TAG",phoneNumber);
}

}
}

}

Requestpermission

Addthe android.permission.READ_PHONE_STATE permissiontoyourmanifestfile
whichallowsyoutolistentostatechangesinyourreceiver.AlsoRegisteryour
receiverinyourmanifestfile.Theresultingmanifestshouldbesimilartothe
followinglisting.

<?xmlversion="1.0"encoding="utf-8"?>
<manifestxmlns:android="http://schemas.android.com/apk/res/android"

package="de.vogella.android.receiver.phone"
android:versionCode="1"
android:versionName="1.0">

<uses-sdkandroid:minSdkVersion="15"/>

<uses-permissionandroid:name="android.permission.READ_PHONE_STATE">
</uses-permission>

<application
android:icon="@drawable/icon"
android:label="@string/app_name">

<activity
android:name=".MainActivity"
android:label="@string/title_activity_main">
<intent-filter>

<actionandroid:name="android.intent.action.MAIN"/>

<categoryandroid:name="android.intent.category.LAUNCHER"/>
</intent-filter>

</activity>

<receiverandroid:name="MyPhoneReceiver">
<intent-filter>

<actionandroid:name="android.intent.action.PHONE_STATE">
</action>

</intent-filter>
</receiver>

</application>

</manifest>



Validateimplementations

Installyourapplicationandsimulateaphonecallviatheemulatorcontrols.Validate
thatyourreceiveriscalledandlogsamessagetothe LogCat view.

Exercise:System servicesandreceiver

Target

InthischapterwewillscheduleareceiverviatheAndroidalertmanagersystem
service.Oncecalled,itusestheAndroidvibratormanagerandapopupmessage
(Toast)tonotifytheuser.

Implementproject

Createanewprojectcalled de.vogella.android.alarm withtheactivity
called AlarmActivity.

Createthefollowinglayout.

<?xmlversion="1.0"encoding="utf-8"?>
<LinearLayoutxmlns:android="http://schemas.android.com/apk/res/android"

android:layout_width="match_parent"
android:layout_height="match_parent"
android:orientation="vertical">

<EditText
android:id="@+id/time"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:hint="Numberofseconds"
android:inputType="numberDecimal">

</EditText>

<Button
android:id="@+id/ok"
android:layout_width="wrap_content"
android:layout_height="wrap_content"
android:onClick="startAlert"
android:text="StartCounter">

</Button>

</LinearLayout>

Createthefollowingbroadcastreceiverclass.Thisclasswillgetthevibratorservice.

packagede.vogella.android.alarm;

importandroid.content.BroadcastReceiver;
importandroid.content.Context;
importandroid.content.Intent;



importandroid.os.Vibrator;
importandroid.widget.Toast;

publicclassMyBroadcastReceiverextendsBroadcastReceiver{
@Override
publicvoidonReceive(Contextcontext,Intentintent){

Toast.makeText(context,"Don'tpanikbutyourtimeisup!!!!.",
Toast.LENGTH_LONG).show();

//Vibratethemobilephone
Vibratorvibrator=(Vibrator)

context.getSystemService(Context.VIBRATOR_SERVICE);
vibrator.vibrate(2000);

}

}

Registerthisclassasabroadcastreceiverin AndroidManifest.xml andrequest
authorizationtovibratethephone.

<?xmlversion="1.0"encoding="utf-8"?>
<manifestxmlns:android="http://schemas.android.com/apk/res/android"

package="de.vogella.android.alarm"
android:versionCode="1"
android:versionName="1.0">

<uses-sdkandroid:minSdkVersion="15"/>

<uses-permissionandroid:name="android.permission.VIBRATE">
</uses-permission>

<application
android:icon="@drawable/icon"
android:label="@string/app_name">
<activity

android:name=".AlarmActivity"
android:label="@string/app_name">
<intent-filter>

<actionandroid:name="android.intent.action.MAIN"/>

<categoryandroid:name="android.intent.category.LAUNCHER"/>
</intent-filter>

</activity>

<receiverandroid:name="MyBroadcastReceiver">
</receiver>

</application>

</manifest>

Changethecodeofyour AlarmActivity classtothefollowing.Thisactivitycreatesan



intenttostartthereceiverandregisterthisintentwiththealarm managerservice.

packagede.vogella.android.alarm;

importandroid.app.Activity;
importandroid.app.AlarmManager;
importandroid.app.PendingIntent;
importandroid.content.Intent;
importandroid.os.Bundle;
importandroid.view.View;
importandroid.widget.EditText;
importandroid.widget.Toast;

publicclassAlarmActivityextendsActivity{
/**Calledwhentheactivityisfirstcreated.*/
@Override
publicvoidonCreate(BundlesavedInstanceState){

super.onCreate(savedInstanceState);
setContentView(R.layout.main);

}

publicvoidstartAlert(Viewview){
EditTexttext=(EditText)findViewById(R.id.time);
inti=Integer.parseInt(text.getText().toString());
Intentintent=newIntent(this,MyBroadcastReceiver.class);
PendingIntentpendingIntent=PendingIntent.getBroadcast(

this.getApplicationContext(),234324243,intent,0);
AlarmManageralarmManager=(AlarmManager)

getSystemService(ALARM_SERVICE);
alarmManager.set(AlarmManager.RTC_WAKEUP,System.currentTimeMillis()

+(i*1000),pendingIntent);
Toast.makeText(this,"Alarm setin"+i+"seconds",

Toast.LENGTH_LONG).show();
}

}

Validateimplementation

Runyourapplicationonthedevice.Setyourtimeandstartthealarm.Afterthe
definednumberofsecondsa Toast shouldbedisplayed.Keepinmindthatthe
vibrationalarm doesnotworkontheAndroidemulator.



Dynamicbroadcastreceiverregistration

Dynamicallyregisteredreceiver

ReceivercanberegisteredviatheAndroidmanifestfile.Youcanalsoregisterand
unregisterareceiveratruntimevia
the Context.registerReceiver() andContext.unregisterReceiver() methods.

Donotforgettounregisteradynamicallyregistered receiver by
using Context.unregisterReceiver() method.Ifyouforgetthis,theAndroidsystem reports
a leakedbroadcastreceiver error.Forinstance,ifyouregisteredareceive
in onResume() methodsofyouractivity,youshouldunregisteritinthe onPause() method.

Usingthepackagemanagertodisablestaticreceivers

Youcanusethe PackageManager classtoenableordisablereceiversregisteredin
yourAndroidManifest.xml file.

ComponentNamereceiver=newComponentName(context,myReceiver.class);
PackageManagerpm =context.getPackageManager();

pm.setComponentEnabledSetting(receiver,
PackageManager.COMPONENT_ENABLED_STATE_ENABLED,



PackageManager.DONT_KILL_APP);

Sticky(broadcast)intents

Anintenttotriggerareceiver( broadcastintent )isnotavailableanymoreafteritwas
sentandprocessedbythesystem.Ifyouuse
the sendStickyBroadcast(Intent) method,thecorresponding intent issticky,meaning
theintentyouaresendingstaysaroundafterthebroadcastiscomplete.

TheAndroidsystem usesstickybroadcastforcertainsystem information.For
example,thebatterystatusissendasstickyintentandcangetreceivedatanytime.
Thefollowingexampledemonstratesthat.

//Registerforthebatterychangedevent
IntentFilterfilter=newIntentFilter(Intent.ACTION_BATTERY_CHANGED);

/Intentisstickysousingnullasreceiverworksfine
//returnvaluecontainsthestatus
IntentbatteryStatus=this.registerReceiver(null,filter);

//Arewecharging/charged?
intstatus=batteryStatus.getIntExtra(BatteryManager.EXTRA_STATUS,-1);
booleanisCharging=status==BatteryManager.BATTERY_STATUS_CHARGING

||status==BatteryManager.BATTERY_STATUS_FULL;

booleanisFull=status==BatteryManager.BATTERY_STATUS_FULL;

//Howarewecharging?
intchargePlug=batteryStatus.getIntExtra(BatteryManager.EXTRA_PLUGGED,-1);
booleanusbCharge=chargePlug==BatteryManager.BATTERY_PLUGGED_USB;
booleanacCharge=chargePlug==BatteryManager.BATTERY_PLUGGED_AC;

Youcanretrievethatdatathroughthereturnvalue
of registerReceiver(BroadcastReceiver,IntentFilter)̀.Thisalsoworksforanull
B̀roadcastReceiver.

Inallotherways,thisbehavesjustas sendBroadcast(Intent).

Stickybroadcastintentstypicallyrequirespecialpermissions.

Topic-6Contentproviders

Contentproviderscanhelpanapplicationmanageaccesstodatastoredbyitself,
storedbyotherapps,andprovideawaytosharedatawithotherapps.They
encapsulatethedata,andprovidemechanismsfordefiningdatasecurity.Content
providersarethestandardinterfacethatconnectsdatainoneprocesswithcode
runninginanotherprocess.Implementingacontentproviderhasmanyadvantages.
Mostimportantlyyoucanconfigureacontentprovidertoallowotherapplicationsto
securelyaccessandmodifyyourappdataasillustratedinfigure1.



Figure1. Overviewdiagram ofhowcontentprovidersmanageaccesstostorage.

Usecontentprovidersifyouplantosharedata.Ifyoudon’tplantosharedata,you
maystillusethem becausetheyprovideaniceabstraction,butyoudon’thaveto.
Thisabstractionallowsyoutomakemodificationstoyourapplicationdatastorage
implementationwithoutaffectingotherexistingapplicationsthatrelyonaccessto
yourdata.Inthisscenarioonlyyourcontentproviderisaffectedandnotthe
applicationsthataccessit.Forexample,youmightswapoutaSQLitedatabasefor
alternativestorageasillustratedinfigure2.



Figure2. Illustrationofmigratingcontentproviderstorage.

Anumberofotherclassesrelyonthe ContentProvider class:

 AbstractThreadedSyncAdapter

 CursorAdapter

 CursorLoader

Ifyouaremakinguseofanyoftheseclassesyoualsoneedtoimplementacontent
providerinyourapplication.Notethatwhenworkingwiththesyncadapter
frameworkyoucanalsocreateastubcontentproviderasanalternative.Formore
informationaboutthistopic,see Creatingastubcontentprovider.Inaddition,you
needyourowncontentproviderinthefollowingcases:

 Youwanttoimplementcustom searchsuggestionsinyourapplication

 Youneedtouseacontentprovidertoexposeyourapplicationdatatowidgets

 Youwanttocopyandpastecomplexdataorfilesfrom yourapplicationtoother
applications

TheAndroidframeworkincludescontentprovidersthatmanagedatasuchasaudio,
video,images,andpersonalcontactinformation.Youcanseesomeofthem listedin
thereferencedocumentationfortheandroid.provider package.Withsome
restrictions,theseprovidersareaccessibletoanyAndroidapplication.

Acontentprovidercanbeusedtomanageaccesstoavarietyofdatastorage
sources,includingbothstructureddata,suchasaSQLiterelationaldatabase,or
unstructureddatasuchasimagefiles.Formoreinformationonthetypesofstorage



availableonAndroid,see Storageoptions,aswellas Designingdatastorage.

Advantagesofcontentproviders

Contentprovidersoffergranularcontroloverthepermissionsforaccessingdata.
Youcanchoosetorestrictaccesstoacontentproviderfrom solelywithinyour
application,grantblanketpermissiontoaccessdatafrom otherapplications,or
configuredifferentpermissionsforreadingandwritingdata.Formoreinformation
onusingcontentproviderssecurely,see Securitytipsforstoringdata,aswell
as Contentproviderpermissions.

Youcanuseacontentprovidertoabstractawaythedetailsforaccessingdifferent
datasourcesinyourapplication.Forexample,yourapplicationmightstore
structuredrecordsinaSQLitedatabase,aswellasvideoandaudiofiles.Youcan
useacontentprovidertoaccessallofthisdata,ifyouimplementthisdevelopment
patterninyourapplication.

Alsonotethat CursorLoader objectsrelyoncontentproviderstorunasynchronous
queriesandthenreturntheresultstotheUIlayerinyourapplication.Formore
informationonusingaCursorLoadertoloaddatainthebackground,see Runninga
querywithaCursorLoader.

Topic-7NotificationsOverview

AnotificationisamessagethatAndroiddisplaysoutsideyourapp'sUItoprovidethe
userwithreminders,communicationfrom otherpeople,orothertimelyinformation
from yourapp.Userscantapthenotificationtoopenyourapportakeanaction
directlyfrom thenotification.

Thispageprovidesanoverviewofwherenotificationsappearandtheavailable
features.Ifyouwanttostartbuildingyournotifications,insteadread Createa
Notification.

Formoreinformationaboutthedesignandinteractionpatterns,seethe Notifications
designguide.Additionally,seethe AndroidNotificationsSample forademonstration
ofbestpracticesinusingthe Notification.Style APIinbothmobileandwearable
apps.

Appearancesonadevice

Notificationsappeartousersindifferentlocationsandformats,suchasaniconin
thestatusbar,amoredetailedentryinthenotificationdrawer,asabadgeonthe
app'sicon,andonpairedwearablesautomatically.



Statusbarandnotificationdrawer

Whenyouissueanotification,itfirstappearsasaniconinthestatusbar.

Figure1. Notificationiconsappearontheleftsideofthestatusbar

Userscanswipedownonthestatusbartoopenthenotificationdrawer,wherethey
canviewmoredetailsandtakeactionswiththenotification.

Figure2. Notificationsinthenotificationdrawer

Userscandragdownonanotificationinthedrawertorevealtheexpandedview,
whichshowsadditionalcontentandactionbuttons,ifprovided.

Anotificationremainsvisibleinthenotificationdraweruntildismissedbytheappor
theuser.

Heads-upnotification

BeginningwithAndroid5.0,notificationscanbrieflyappearinafloatingwindow



calleda heads-upnotification.Thisbehaviorisnormallyforimportantnotifications
thattheusershouldknowaboutimmediately,anditappearsonlyifthedeviceis
unlocked.

Figure3. Aheads-upnotificationappearsinfrontoftheforegroundapp

Theheads-upnotificationappearsthemomentyourappissuesthenotificationand
itdisappearsafteramoment,butremainsvisibleinthenotificationdrawerasusual.

Exampleconditionsthatmighttriggerheads-upnotificationsincludethefollowing:

 Theuser'sactivityisinfullscreenmode(theappuses fullScreenIntent).

 Thenotificationhashighpriorityandusesringtonesorvibrationsondevicesrunning
Android7.1(APIlevel25)andlower.

 ThenotificationchannelhashighimportanceondevicesrunningAndroid8.0(API
level26)andhigher.

Lockscreen

BeginningwithAndroid5.0,notificationscanappearonthelockscreen.

Youcanprogrammaticallysetthelevelofdetailvisibleinnotificationspostedby
yourapponasecurelockscreen,orevenwhetherthenotificationwillshowonthe
lockscreenatall.

Userscanusethesystem settingstochoosethelevelofdetailvisibleinlockscreen
notifications,includingtheoptiontodisablealllockscreennotifications.Starting
withAndroid8.0,userscanchoosetodisableorenablelockscreennotificationsfor
each notificationchannel.



Figure4. Notificationsonthelockscreenwithsensitivecontenthidden

Tolearnmore,seehowto Setlockscreenvisibility.

Appiconbadge

InsupportedlaunchersondevicesrunningAndroid8.0(APIlevel26)andhigher,app
iconsindicatenewnotificationswithacolored"badge"(alsoknownasa"notification
dot")onthecorrespondingapplaunchericon.

Userscanlong-pressonanappicontoseethenotificationsforthatapp.Userscan
thendismissoractonnotificationsfrom thatmenu,similartothenotification
drawer.



Figure5. Notificationbadgesandthelong-pressmenu

Tolearnmoreabouthowbadgeswork,read Notificationbadges.

WearOSdevices

IftheuserhasapairedWearOSdevice,allyournotificationsappearthere
automatically,includingexpandabledetailandactionbuttons.

Youcanalsoenhancetheexperiencebycustomizingsomeappearancesforthe
notificationonwearablesandprovidedifferentactions,includingsuggestedreplies
andvoiceinputreplies.Formoreinformation,seehowtoaddwearable-specific
featurestoyournotification.



Figure6. NotificationsautomaticallyappearonapairedWearOSdevice

Notificationanatomy

Thedesignofanotificationisdeterminedbysystem templates—yourappsimply
definesthecontentsforeachportionofthetemplate.Somedetailsofthe
notificationappearonlyintheexpandedview.

Figure7. Anotificationwithbasicdetails

Themostcommonpartsofanotificationareindicatedinfigure7asfollows:

1.Smallicon:Thisisrequiredandsetwith setSmallIcon().

2.Appname:Thisisprovidedbythesystem.

3.Timestamp:Thisisprovidedbythesystem butyoucanoverride
with setWhen() orhideitwith setShowWhen(false).

4.Largeicon:Thisisoptional(usuallyusedonlyforcontactphotos;donotuseit
foryourappicon)andsetwithsetLargeIcon().

5.Title:Thisisoptionalandsetwith setContentTitle().

6.Text:Thisisoptionalandsetwith setContentText().

Formoreinformationabouthowtocreateanotificationwiththesefeaturesand
more,read CreateaNotification.



Notificationactions

Althoughit'snotrequired,everynotificationshouldopenanappropriateappactivity
whentapped.Inadditiontothisdefaultnotificationaction,youcanaddaction
buttonsthatcompleteanapp-relatedtaskfrom thenotification(oftenwithout
openinganactivity),asshowninfigure9.

Figure9. Anotificationwithactionbuttons

StartinginAndroid7.0(APIlevel24),youcanalsoaddanactiontoreplyto
messagesorenterothertextdirectlyfrom thenotification.

Addingactionbuttonsisexplainedfurtherin CreateaNotification.

Expandablenotification

Bydefault,thenotification'stextcontentistruncatedtofitononeline.Ifyouwant
yournotificationtobelonger,youcanenablealargertextareathat'sexpandableby
applyinganadditionaltemplate,asshowninfigure8.



Figure8. Anexpandablenotificationforlargetext

Youcanalsocreateanexpandablenotificationwithanimage,ininboxstyle,achat
conversation,ormediaplaybackcontrols.Formoreinformation,read Createan
ExpandableNotification.

Andalthoughwerecommendyoualwaysusethesetemplatestoensureproper
designcompatibilityonalldevices,ifnecessary,youcanalso createacustom
notificationlayout.

Notificationupdatesandgroups

Toavoidbombardingyouruserswithmultipleorredundantnotificationswhenyou
haveadditionalupdates,youshouldconsider updatinganexistingnotification rather
thanissuinganewone,orconsiderusingthe inbox-stylenotification toshow
conversationupdates.

However,ifit'snecessarytodelivermultiplenotifications,youshouldconsider
groupingthoseseparatenotificationsintoagroup(availableonAndroid7.0and
higher).Anotificationgroupallowsyoutocollapsemultiplenotificationsintojust
onepostinthenotificationdrawer,withasummary.Theusercanthenexpandthe
notificationtorevealthedetailsforeachindividualnotification.

Theusercanprogressivelyexpandthenotificationgroupandeachnotification
withinitformoredetails.



Figure10. Acollapsedandexpandednotificationgroup

Tolearnhowtoaddnotificationstoagroup,see CreateaGroupofNotifications.

Note: Ifthesameappsendsfourormorenotificationsanddoesnotspecifya

grouping,thesystem automaticallygroupsthem together.

Notificationchannels

StartinginAndroid8.0(APIlevel26),allnotificationsmustbeassignedtoachannel
oritwillnotappear.Bycategorizingnotificationsintochannels,userscandisable
specificnotificationchannelsforyourapp(insteadofdisabling all yournotifications),
anduserscancontrolthevisualandauditoryoptionsforeachchannel—allfrom the
Androidsystem settings(figure11).Userscanalsolong-pressanotificationto
changebehaviorsfortheassociatedchannel.

OndevicesrunningAndroid7.1(APIlevel25)andlower,userscanmanage
notificationsonaper-appbasisonly(effectivelyeachapponlyhasonechannelon
Android7.1andlower).



Figure11. NotificationsettingsforClockappandoneofitschannels

Note: Theuserinterfacereferstochannelsas"categories."

Oneappcanhavemultiplenotificationchannels—aseparatechannelforeachtype
ofnotificationtheappissues.Anappcanalsocreatenotificationchannelsin
responsetochoicesmadebyusersofyourapp.Forexample,youmaysetup
separatenotificationchannelsforeachconversationgroupcreatedbyauserina
messagingapp.

Thechannelisalsowhereyouspecifythe importancelevel foryournotificationson
Android8.0andhigher.Soallnotificationspostedtothesamenotificationchannel
havethesamebehavior.

Formoreinformation,see CreateandManageNotificationChannels.

Notificationimportance



Androidusesthe importance ofanotificationtodeterminehowmuchthe
notificationshouldinterrupttheuser(visuallyandaudibly).Thehigherthe
importanceofanotification,themoreinterruptivethenotificationwillbe.

OnAndroid8.0(APIlevel26)andabove,importanceofanotificationisdetermined
bythe importance ofthechannelthenotificationwaspostedto.Userscanchange
theimportanceofanotificationchannelinthesystem settings(figure12).On
Android7.1(APIlevel25)andbelow,importanceofeachnotificationisdetermined
bythenotification's priority.





Figure12. UserscanchangetheimportanceofeachchannelonAndroid8.0and
higher

Thepossibleimportancelevelsarethefollowing:

 Urgent:Makesasoundandappearsasaheads-upnotification.

 High:Makesasound.

 Medium:Nosound.

 Low:Nosoundanddoesnotappearinthestatusbar.

Allnotifications,regardlessofimportance,appearinnon-interruptivesystem UI
locations,suchasinthenotificationdrawerandasabadgeonthelaunchericon
(thoughyoucan modifytheappearanceofthenotificationbadge).


