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Welcome to the lutorial!




Tutorial Overview

1.

2.

3.

4,

0.

A Brief Introduction to Android - Getting Oriented

Android App Fundamentals - Knowing Your Building Blocks

Our First Android App - A Quick Walkthrough

10 Minute Break - | ecture Over

Group Coding Sessions - Implementing some Android

Features!



A Few Quick Notes

¢ [his tutorial assumes no prior experience with Android, but does
assume some general programming knowledge

e Android development is a HUGE topic, entire courses are dedicated
to it! (Check out GMU’s CS-477 course)

e Today | will be giving an introduction and providing some instructions
related to popular features.

¢ [he Android developer documentation is typically excellent, and
there are lots of other tutorials and documentation that are a quick
Google Search away!




https://sagelab.io/android-dev-tutorial/
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What 1s Android?

® Mobile OS maintained by Google

® Runs on a plethora of hardware devices: phones, tablets, watches, TVs,

cars, refrigerators
e Based on Linux (kernel) and uses Java and Kotlin as dev languages
e The #1 overall OS in the world!
® Code is released as Open Source under the AOSP

® Fasier to customize, license, pirate, etc. than I0OS

11




Why Android!

® Android is open source,
highly modifiable, and tends
to fit well into a variety of

research topics.

e Android is the most popular

OS in the world with over 3

Billion active devices!
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History of Androic

13

e Started with ex-Apple veteran Andy Rubin and a

small company called Danger

credit: androidcentral.com
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History of Androic

14

® Rubin was ousted from Danger and started Android Inc.

® [his was a company focused on making standalone

mobile software for phones
® |n 2005, Android Inc. was acquired by Google

® |n 2008, the T-Mobile was G1 was released



Android Archrtecture

® Android OS provides
libraries and APIs for
many system features,
such as notifications,
camera, audio, phone,
etc.

® Android code is compiled
iINnto a special bytecode
format called Dalvik

15

Applications
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Application framework
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Version Distribution

* no data

e
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* no data

11

15

16

2.0

201
m21

2.2

2.3-232
W233-237

3.0

3.1
W32
m40-402
W403-404

41
w42
W43
W44
W50
W51

6.0
m70-7.1

Android version

Cupcake

Donut

Eclair

Eclair

Eclair

Froyo
Gingerbread
Gingerbread
Honeycomb
Honeycomb

Honeycomb

Ice Cream
Sandwich

Ice Cream
Sandwich

Jelly Bean
Jelly Bean
Jelly Bean
KitKat
Lollipop
Lollipop
Marshmallow

Nougat




The Kotlin Language

e Kotlin was developed by Jet Brains as an

alternative to Java.

® Java is an extremely verbose language, and
this was slowing down development time for
JetBrains, whose IDE, Intellid, was written

primarily in Java.

e Kotlin was unvelled in July 2011, in 2017, at
Google I/0O Google announced first-class

support for Kotlin on Android

17




ava's Verbosity...
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/%%

*/

}
/3K

*
*/

/%%

*/

}
/3%

*/

}
/%%

*/

}

Ve

*/

}

/*%

*/

}
/%%

*/

* @return the windows

HashMap-<String, DynWindow- getWindows() {
windows

* @param windows

the windows to set

setWindows (HashMap<String, DynWindow- windows) {
windows windows

* @return the deviceHelper

DeviceHelper getDeviceHelper() {
deviceHelper

* @param deviceHelper the deviceHelper to set

setDeviceHelper(DeviceHelper deviceHelper) {
deviceHelper = deviceHelper

* @return the dataFolder

String getDataFolder() {
dataFolder

* @param dataFolder the dataFolder to set

setDataFolder(String dataFolder) {
dataFolder = dataFolder

* @return the apkPath

String getApkPath() {
apkPath

* @param apkPath the apkPath to set

setApkPath(String apkPath) {
apkPath apkPath

/%%
* @return the scriptsPath
*/
String getScriptsPath() {
scriptsPath
}
/*%
* @param scriptsPath the scriptsPath to set
*/
setScriptsPath(String scriptsPath) {
scriptsPath = scriptsPath
}
/%%
* @return the uiDumpLocation
*/
String getUiDumpLocation() {
uiDumpLocation
}
/*%

* @param uiDumpLocation the uiDumplLocation to set
*/
setUiDumpLocation(String uiDumpLocation) {
uibDumpLocation uiDumpLocation

}

/%%

* @return the contextFeats

*/

ContextualFeatures getContextFeats() {
contextFeats

}

/%%

* @param contextFeats the contextFeats to set
*/

setContextFeats(ContextualFeatures contextFeats) {
contextFeats contextFeats

}
/*x

* @return the rootWindow

*/

DynGuiComponentV0 getRootWindow() {
rootWindow

}
/%%

* @param rootWindow the rootWindow to set

*/

setRootWindow(DynGuiComponentV0 rootWindow) {
rootWindow rootWindow
}




The Kotlin Language

o Kotlin runs on the JVM and is
fully interoperable with Java

code.

® Semicolons are optional!

® |s far less verbose than Java

19




Android Developer Tools

® Android Profiler: Provides real-time data to help you

understand how your app uses CPU, memory, network, and

battery resources.

Profiler android.com.java.profilertester (Google Pixel_... 1 o —
sssssss 2 + O 3 O®E >l
1:45 PM @ 4 < <
profilertester (Google Pixel_2_API... MainActivit... fragment.FragmentHost... MainActivity - ... fragment.FragmefptHostA... MainActivity

(28] N] m o] "

£y Java Method Sample Re... EJPL; 00:41.580

fragment.FragmentHostActivity - stopped - destroyed

1:32 PM 50
profilertester (Google Pixel_2_API... FragmentA - paused
: FragmentB - resumed

MEMORY 58.9 MB
5

NETWORK Sending: 0 B/s Receiving: 0 B/s

4 Bfs

ENERGY N

Medium

00000 30.000 35.000 40.000 45.000

20 https://developer.android.com/studio/profile/android-profiler



Android Developer lools

~ ™. 14 « W
Android Emulator - Nexus_5X_Edited_API_...
Android .‘ ﬂ m

app
«* Gradle Scripts

* build.gradle ect:

*> build.gradle (Module}
gradle-wrapper.prop|
gradle.properties (Pri

* settings.gradle (Projé
local.properties (SDK

+ 1: Project

| 7: Structure

where Double &

~» Captures

Android Profiler » e pa - 38

Google Nexus_5X_Edited_AF _ _ o »s.apps.topeka ' X O ® ® Liebl

activity SigninActivity

MEMORY
32MB

Build Variants

16

NETWORK
4B/S

2: Favorites

Jaio|dx3 3|14 ad1AaQ

15s

P, 4: Run “ TODO = 6:Logcat : Ve C 0: Messages Event Log & Gradle Console
[ ] Gradle build finished in 2s 285ms (a minute ago) Git: master + o

https://developer.android.com/studio/profile/android-profiler
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® Android Layout Editor: Allows you to quickly build Ul Layouts

by dragging elements into a visual design editor instead of

writing layout XML by hand.

P= MyApplication ) lrz app / I src ) I main ' Ii2res | Bl layout | & fragmer & app v | [ Pixel 2 XL API 28 (minSdk(API 29) > deviceSdk(API 28)) ¥ » %5 = D L Q
% A nav_graph.xml ‘A fragment_main.xml
Q
g — -
a 6 =1 B
-l
R Ppalette Q@ — © O 0OPixelv =28+v ©AppTheme @ Default (en-us) K} A Attributes 5 Q o —
5 Common Ab TextView @ W\ 0dp, JL 4 38 m I @@ my_button
g @B Button
c Text ) id my_button
z M ImageView
U n: o
8 ons != RecyclerView » Declared Attributes no=
3 .
g Widgets <> <fragment> ¥ Layout
Layouts W ScrollView X .
e ) Constraint Widget
Containers «® Switch
Google 0 -
Legacy
0 v 0 v
@ 1
2
Q
o
o 0 |+v
=)
o
>
3
] Component Tree a —
- i (4)
“\. constraint_layout > Constraints (4
bt " Cl
E @ my_button "button A layout_width wrap_content v
=
& layout_height wrap_content v
N )
=i visibility v
# visibility v
8
£ ¥ Common Attributes
8
& style v
* + statelListAnimator
2 7 onClick v
o0
2 .
K 1l elevation
S
= background ™M
2

backgroundTint V
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Android Ul Dev Research
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Androic

Ul Dev Research

Data Mining & Dynamic Analysis

Target Software Platform

@ Repository,
Bitbucket e Web, aﬂd
App Store

Mining

source

‘ ch Source h Automated | —
/“b ‘1=:='\ -1¥44444445244444J'..’ Code i GUI- o |
Cooglepay  WWW | || Exploration | \ /
\ - 4 é :

(@ GUI-Component Detection

GUI- Mockups Computer Vision

- Unlabeld Atomic
GUI-Components

a

Contour
Bounding
Boxes

Mock-Up Artifact
Meta-Data
Parsing

[ < o]
Canny Dilation

-
i
o
—

<node1 ,_-

)8cmo Ly e

<node2
bounds=...

GUI-Metadata
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GUI-Hierarchies, Screenshots,
and Labeled Widget Images

B Button
C
Image
Fama|
Imade Image
9 n Button
Button E]
mage

@ Convolutional Neural Net
Classifier

Backpropagation
Classification of GUI-Components

i Classified —
i Atomic GUI
—

‘Components

ProgressBar - 5% :
ImageButton - 80%:
EditText - 1%

(®) Application Generation

Classified Atomic
GUI Components

Hierarchy Construction via
K-Nearest Neighbor Similarity

& Mined Hierarchies

Classified

GUI-Hierarchy GUI-Code

Generation

Color
Quantization
& Histogram

Analsis

Functional
Prototype
Application
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https://www.android-dev-tools.com/redraw

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. #, NO. #, 2018

Machine Learning-Based Prototyping of
Graphical User Interfaces for Mobile Apps

Kevin Moran, Student Member, IEEE, Carlos Bernal-Cardenas, Student Member, IEEE,
Michael Curcio, Student Member, IEEE, Richard Bonett, Student Member, |IEEE,
and Denys Poshyvanyk, Member, IEEE

Abstract—It is common practice for developers of user-facing software to transform a mock-up of a graphical user interface (GUI) into
code. This process takes place both at an application’s inception and in an evolutionary context as GUI changes keep pace with
evolving features. Unfortunately, this practice is challenging and time-consuming. In this paper, we present an approach that automates
this process by enabling accurate prototyping of GUIs via three tasks: detection, classification, and assembly. First, logical components
of a GUI are detected from a mock-up artifact using either computer vision techniques or mock-up metadata. Then, software repository
mining, automated dynamic analysis, and deep convolutional neural networks are utilized to accurately classify GUI-components into
domain-specific types (e.g., toggle-button). Finally, a data-driven, K-nearest-neighbors algorithm generates a suitable hierarchical GUI
structure from which a prototype application can be automatically assembled. We implemented this approach for Android in a system
called ReEDraw. Our evaluation illustrates that REDrAw achieves an average GUI-component classification accuracy of 91% and
assembles prototype applications that closely mirror target mock-ups in terms of visual affinity while exhibiting reasonable code
structure. Interviews with industrial practitioners illustrate ReDraw’s potential to improve real development workflows.

Index Terms—GUI, CNN, Mobile, Prototyping, Machine-Learning, Mining Software Repositories.
+
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® Android Layout Inspector: Allows you to compare your app

with design mockups, and examine runtime details of your Ul

layout to help with testing and validation.

Layout Inspector

Component Tree o ]

26
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Android Developer Tools

Run Tools VCS Window Help e Cocol G ®
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Android Developer Tools
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® Fspresso Ul Test Cases: Allows you to write and run Ul test

cases 1o test your application and avoid regressions

28
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Android lesting Research

® Jesting Android Apps is hard work. | have worked on several

research projects that aim to improve this!

College of William & Ma
{kpmoran, mlinarev, cebernal, cvendom

specific to A
fragmentation
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Android App Basics

® Fach Android application exists in its own

security sandbox.

e Android is essentially a multi-user Linux operating

system, where each app is its own “user”

® Each user has access to certain set of

permissions granted by the user

® Each process is run in its own virtual machine or
VM

® Every app runs in it’s own Linux process

e Fach app has a main “Ul Thread” that handles
general processing

31

android

https://developer.android.com/guide/components/fundamentals
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dlication Com

DoNnents

® Activities (Fragments): Entry point for interacting with a user,

representing a single screen with a user interface.

® Services: General Purpose entry point for keeping an app running in the

background.

® Broadcast Receivers: Allows an app to respond to system-wide

broadcast announcements

® Content Providers: Manages a shared set of app data that you can store

in the file system, in a SQLite database, or on the web.

32




Android Activities

® Represents a single screen with a user

Interface
e Keeps track of what is currently on the screen

® Helps the app handle when its process gets
killed, and allows the user to return to

previous states

® Provides a way to implement user flows

between various screens

33

o
TodolList
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Activity Lifecycle

® [he Activity lifecycle dictates
the various states that an
activity could find itself in, and
helps developers plan how

each case should be handled.

-or Instance, what should

nappen if the app process is

Killed? or what should happen
if user navigates away from

the activity and it is paused”?

Activity
launched

—

onCreate()
onStart() <+ onRestart()

User navigates

to the activity onResume()

' Appprocess | ‘ Activity
\ killed \ running

=

Another activity comes

nto the foreground
g User returns

+ to the activity

Apps with higher priority | T
need memory onPause()

I
The activity is
no longer visible .
g User navigates
* to the activity
-]
onStop()

I
The activity is finishing or
being destroyed by the system

v

onDestroy()

y

‘ Activity
shutdown




Android Services

® Provides a mechanism for keeping an app running in the

background for different purposes.
® Does not provide a user interface

® Once started, a service can continue running for some time,

even after the user switches to another app.

® Example Use Cases:

® Playing music in the background, handling network transactions,

performing file /0O, interacting with other apps

35




Android Services

® Three Different Service Types:

® [Foreground: performs an operation

that Is noticeable to the user

® Background: performs an operation

that is not noticeable by the user

® Bound: Offers a client-service

=—=

Interface that allows other app
components to interact with the

service

36




Android Services

® Using a Service vs. Using a Thread:

® Services are only meant to be used

when work needs to be done when

the user Is not interacting with your
app

® |[f you need to do some work outside
the main Ul thread of your application
you should typically use a Thread.

37




Android Broadcast Recelvers

® Fnables the system to deliver events to the app outside of a regular user
flow allowing the app to respond to system wide broadcast

announcements.

® Many broadcasts come from the system: screen turning off, battery

getting low, picture was captured, etc.
® Apps can also initiate broadcasts
® NoO user interface, but broadcasts can create a status bar notification

® Jypically used as gateways to other components and they should not do

a lot of work

38




Android Content Providers

® \Manages a shared set of app data that you can store in

the file system, in a SQLite database, or any other

persistent storage solution

® Other apps can query or modify data through the content

provider - however the app must have proper permissions

® One example of this iIs managing a user’s contacts

® Data is typically defined by a URI scheme

39
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Your application

Your content
provider
implementation

Alternative
Storage storage
migration

Other applications




Activating Components

41

® Activities, Services, and Broadcast Receivers can be

activated through asynchronous messages called intents.

® [hey essentially serve as messengers that request actions

from other components

e Created with an Intent object, and can be implicit or explicit

e Content Providers are activated by ContentResolvers and

not intents.



Android Project Structure

* AndroidManifest.xml
» Overall project config and settings

* src/javal...
» Source Code for your Java Classes

* res/...
* drawable/ = images
* layout/ = descriptions of GUI layout
* menu/ = overall app menu options
» values/ = constant values and arrays

- strings/ = localization data

42

- styles/ = general appearance styling

* Gradle

* a build/compile management

system

* build.gradle = main build config file

E3 Code ' Egapp B3 src ' B3 main

¥® 1: Project

«J 7: Structure

©- Captures

i Android v
v Clapp
v [ manifests
@AndroidManifest.xml
v Bjava
» [dcsci435.csci435_odbr
» [dcsci435.csci435 odbr
» [dcsci435.csci435_odbr
v E2res
» [Eddrawable
» [dlayout
» EImenu
» Edmipmap
» [dvalues
v (2 Gradle Scripts
(2, build.gradle
(& build.gradle
(& build.gradle

AndroidManifest.xml

O = | % b

D proguard-rules.pro
ml gradle.properties
(& settings.gradle

ml )cal.prope



Android User Interface

PXs5s3E BN GG i @ N @ 1:58

Partial GUI Hierarchy

< Kygo Radio b -
for the Pandora Application

Relative
Layout

TextView TextView Linear

m Layout

CLouUDP NINE
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<?xml version="1.08" encoding="utf-8"?7>
<LinearlLayout xmlns:android="http://schemas.android
android:layout_width="match_parent”
android:layout_height="match_parent”
android:orientation="vertical" >
<TextView android:id="@+id/text"
android:layout_width="wrap_content"”
android:layout_height="wrap_content”
android:text="Hello, I am a TextView"
<Button android:id="@+id/button”
android:layout_width="wrap_content”
android:layout_height="wrap_content”
android:text="Hello, I am a Button" />
</LinearlLayout>

.com/apk/res/android”
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€< My First App
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Creating a New Project

Welcome to Android Studio

My First Message App
~/Desktop/Test...irstMessageApp

My First App
~|Desktop/Test-App/MyFirstApp

reproducing_script_project
~[Dropbox/Docu..._script_project

ket Android Studio

~{Dropbox/Doc...e/ODBR/Project
Version 4.2.1
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~/Desktop/Te...App/REMAUI-App

GitLab.app
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=+ Create New Project

= Open an Existing Project
Android-UlAutomator-Server

~/Dropbox/Docu...tomator-Server I# Get from Version Control
Code
~[Dropbox/Do...code/ODBR/Code ¥ Profile or Debug APK
ODB-App ? . .

t | | ADT, etc.
~/Dropbox/Doc...-2016/0DB-App ¥ Import Project (Gradle, Eclipse etc.)
SensoRNG o Import an Android Code Sample

~/Dropbox/Do...oRNG/SensoRNG
__ Code

£ Configure v Get Help v
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& 33 - fe3r 2 QR Bn—L0 4Nk Ee E__fmm3nA © &8 BI) # 3 X @ Tueduns 2:48:56 AM

Empty Activity

Creates a new empty activity

Name | My Message App |

Package name | edu.sagelab.mymessageapp |

Save location | [Users/KevinMoran/Desktop/Test-App/MyMessageApp = |
Language I Kotlin v I
Minimum SDK I API 24: Android 7.0 (Nougat) v I

© Your app will run on approximately 73.7% of devices.
Help me choose

|| Use legacy android.support libraries (2

Using legacy android.support libraries will prevent you from using
the latest Play Services and Jetpack libraries
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Building a Simple User Interface

@ gemu-system-i386 T & 33 o lere 2 358 % % aonae En & ¢ 13%A © ¢ B ) 3 N R TueJun8 2:49:33 AM
= H S ¢« & app v [}, Nexus 5 API 24 ¥ 7 5 & Le = 0Q 2
MyMessageApp = app = src = main @ java = edu = sagelab = mymessageapp ¢ MainActivity onCreate(savedInstanceState: Bundle?)
© & Android v D = £ — A activity_mainxml = MainActivity.kt -
= -
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.a Q
= > manifests - @
- e
N JEVE] -
13 5
5 v M edu.sagelab.mymessageapp ﬂ ﬂ 1:49
o .
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L
= > o edu.sagelab.mymessageapp onCreate(savedInstanceState: Bundle?) { My Message App
5}
5 > Em edu.sagelab.mymessageapp .onCreate(savedInstanceState)
2
;‘é 2 setContentView(R.layout. ) @
A > 10 F
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& Launch succeeded K
i= TODO © 6: Problems B Terminal A, Build = Logcat (7 Profiler £ Database Inspector P, 4'Run Q Event Log I3 Layout Inspector
LD Launch succeeded (moments ago) 10:6 LF UTF-8 4spaces ‘&
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50

@ Android Studio  File

—

I 1: Project

> Resource Manager

Structure

2

2: Favorites

K Build Variants

H S

Edit View Navigate

€« & app ¥

Code

Analyze Refactor

[l Nexus 5 APl 24

® [ Nexus_5_API_24

MyMessageApp = app = src = main = res = layout A
=B activity_main.xml = MainActivity.kt
Palette Q & — 3 S
Common @B Button ® U 16dp, S /
Text 23 ImageBu...
& ChipGroup
@ Chip
Wilgets  CheckBox
Layouts ® RadioGroup
Containers @® RadioBu...
Helpers (9 ToggleB...
=® Switch
Google
© Floating...
Legacy
Component Tree o —
“\. ConstraintLayout
Ab editText A
@ button A
iZ TODO @ 6: Problems B Terminal 4 Build = Logcat
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Failed to start monitoring emulator-5554 (2 minutes ago)
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X
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Making the Text Box Size Flexible
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® Android Studio File Edit View Navigate Code Analyze Refactor Bulld Run Tools VCS Window Help @ 33 - fe3 2z (i v 12%A © Y4 ) B N
o200 My Message App - MainActivity.kt [My_Message_App.app]
= H S « A | ®mapp v || [LNexus5API24 v | P & & 5 & Lo = 0Q N
MyMessageApp = app = src ' main  java = edu sagelab = mymessageapp = ffgx MainActivity.kt + Gg MainActivity = @ sendMessage(view: View)
8 & Android ¥ D = B — A& activity_mainxml % MainActivity.kt 8 strings.xml @ Translations Editor -
g v Ik app package edu.sagelab.mymessageapp 1A1T VY1 A v g
: > I manifests @
v [ java import android.content.Intent
5 v B edu.sagelab.mymessageapp import androidx.appcompat.app.AppCompatActivity
2 it MainActivity.kt import android.os.Bundle
= > M edu.sagelab.mymessageapp (android Test) import android.view.View
3] (P (toct) . 2 2 N
3 > Bm edu.sagelab.myn geapp (test) import android.widget.EditText
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[+ 4
e v Beres const val EXTRA_MESSAGE = "com.example.myfirstapp.MESSAGE"
> EE drawable
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“mm Ip P o override fun onCreate(savedInstanceState: Bundle?) {
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- super.onCreate(savedInstanceState)
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> & Gradle Scripts /** Called when the user taps the Send button */
fun sendMessage( ¢ View) {
// Send Intent to new Activity on Button Press b
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val intent = Intent( pack this, ::class.java).apply { t
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o000 My M ge App - DisplayM geActivity.kt [My_Message_App.app]
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2 activity_main.xml °
> BN mipmap il = // Capture the layout's TextView and set the string as its text
& [l val w = findViewById<TextView>(R.id.textView).apply {
2 colors.xml text = message —
4 strings.xml I
> [l themes (2)
res (gen d) }
> @ Gradle Scripts }
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[0 Gradle sync finished in 1s 324 ms (2 minutes ago) 1572 LF UTF-8 4spaces




|0 Minute Break

55




REU & NRT Tutorial will start in:

Android App

Development
Jutorial

10:00

George Mason
M University

Say Hi in the Chat!

Instructor:
Dr. Kevin Moran



REU & NRT Tutorial will start in:

Android App

Development
Jutorial

10:00

George Mason
M University

Say Hi in the Chat!

Instructor:
Dr. Kevin Moran



Android Dev lutorial

® Breakout Rooms

e Different options:

e \Nork independently, but share information
® (One person shares screen, work collaboratively

® Follow the tutorial on https://sagelab.io/android-dev-tutorial/

® You can refer to the GitHub project if you get stuck!
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https://sagelab.io/android-dev-tutorial/

Acknowledgements

® https.//developer.android.com/training/basics/
firstapp

® Nhitps://developer.android.com
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