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Objectives

_ Python
Client Browser/HTML/JavaScript (jQuery, React)
Desktop apps (PyQt5)

Android apps

i0OS apps
blue => course default
red => other option
Python
Server Python/Flask/Jinja2
Java/Servlets
Java/Spring/Mustache

JavaScript/Express/Mustache

SQLite
Database PostgreSQL




Objectives

. We will cover:
- Mobile programming
- Android mobile programming
- 10S mobile programming



Agenda

. Aside: Function def expressions
. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running



Function Def Exprs: JavaScript

With a function definition statement:

function comparelengths (wordl, word2) {
return wordl.length - word2.length;

}

words. sort (comparelLengths) ;

With a function definition expression:

words.sort (
function (wordl, word2) {
return wordl.length - word2.length;}

) ;




Function Def Exprs: JavaScript

With a function definition statement:

function comparelengths (wordl, word2) {
return wordl.length - word2.length;

}

words . sort (comparelLengths) ;

With a function definition expression:

words.sort (
(wordl ,word2) => wordl.length-word2.length) ;

Arrow functions are a syntactic shortcut 6



Function Def Exprs: Python

Lambda Expressions

Alonzo
Church




Function Def Exprs: Python

lambda paraml, param?2 ..: expression

- The keyword lambda

- (optionally) Parameters separated by
commas

- Acolon
- A single expression that uses the parameters



Function Def Exprs: Python

Without a lambda expression:

def compare lengths (wordl, word2):
return len(wordl) - len(word2)

words.sort (compare lengths)

With a lambda expression:

words.sort (
lambda wordl,word2: len (wordl)-len (word2))




Function Def Exprs: Java

. Java lambda expressions
- New to Java SE 8
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Function Def Exprs: Java

Without a lambda expression:

class LengthComparator implements Comparator<String>

{

public int compare (String wordl, String word2)

{
return wordl.length() - word2.length();

}
}

String[] words;

Arrays.sort (words, new LengthComparator())
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Function Def Exprs: Java

With a lambda expression:

String[] words;

Arrays.sort (words,
(String wordl, String word2) ->
wordl.length() - word2.length() )




Function Def Exprs: Java

With a lambda expression:

String[] words;

Arrays.sort (words,
(wordl, word2) -> wordl.length() - word2.length(()

) ;

Sometimes can omit parameter types
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Function Def Exprs: Java

. Functional interface
- An interface that declares a single method

. It's OK to use a lambda expression in lieu
of an object of a class that implements
a functional interface
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Function Def Exprs: Java

. Java lambda expression observations

- Function def expressions in a language that
doesn’t have functions!

- Hanady!
- Inelegant?
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Agenda

. Aside: Function def expressions

. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running
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Multithreaded Programming

. Recall spawning.py

$ python spawning.py
blue

blue

blue

blue

blue

blue thread terminated
red

red

red

red

red

red thread terminated
main thread terminated

S

S python spawning.py
blue

blue

blue

blue

red

red

red

red

red

red thread terminated
blue

main thread terminated
blue thread terminated

S
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Multithreaded Programming

. See Spawning1.java

$ java Spawningl $ java Spawningl

main thread terminated blue

blue blue

blue blue

blue blue

blue blue

blue main thread terminated
red red

red red

red red

red red

red red

red thread terminated red thread terminated
blue thread terminated blue thread terminated
$ S




Multithreaded Programming

. Problem:
- Java does not allow multiple inheritance

- What if class PrinterThread already inherits
from some class other than Thread?

. Solution: ...

19



Multithreaded Programming

. See Spawning2.java

$ java Spawning2 S java Spawning2

blue blue

blue blue

blue main thread terminated
blue red

blue red

main thread terminated red

red red

red red

red blue

red blue

red blue

blue thread terminated blue thread terminated
red thread terminated red thread terminated
$ S




Multithreaded Programming

. Note:

- bluePrinterRunnable is an object of a
class that implements an interface that
defines one method

- bluePrinterRunnable can be replaced
with a lambda expression

_ Same for redPrinterRunnable
. And so...
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Multithreaded Programming

. See Spawning3.java

$ java Spawning3

main thread terminated
blue

blue

blue

blue

blue

blue thread terminated
red

red

red

red

red

red thread terminated

S

$ java Spawning3

main thread terminated
blue

blue

blue

red

red

red

red

red

red thread terminated
blue

blue

blue thread terminated

S
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Agenda

. Aside: Function def expressions

. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running
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Mobile Programming

. Suppose you want your app to run on a
mobile device...

. So far:

- Mobile web apps

. Now:

- Native mobile apps
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Mobile Programming

. Which option (mobile web app vs native
mobile app) is right for you?

- Step 1: Consider whether you have an
option!
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Mobile Programming

. See https://whatwebcando.today/

. Examples: If you need
option?
- Offline mode: Yes
- Audio & video capture: Probably
- Proximity sensors: Probably not
- Contacts: No

do you have an

26


https://whatwebcando.today/

Mobile Programming

. Which option (mobile web app vs. native
mobile app) is right for you?

- Step 1. Consider whether you have an
option!
- Step 2: Consider the broader context...

27



Mobile Programming

Mobile Native

Desirable Factor Web App Mobile App
Easy discoverability v

Native look & feel v
Good performance (speed) v

Easy installation

Low development cost *

Low maintenance cost *

SN S

Few content restrictions,
easy approval process,
low/no fees

* May need multiple native mobile apps

https://www.nngroup.com/articles/mobile-native-apps/



Mobile Programming
Android vs. i0OS?

Mobile operating systems' market share worldwide

Android vs. iPhone Market Share Worldwide

® Android (%)  m iOS (%)

2024
2023
2022
2021

In 2024:
Android: 69.88%
i0S: 29.39%

2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010
2009

0 20 40 60 80 100

Lvankmycel

https://www.bankmycell.com/blog/android-vs-apple-market-share/
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Agenda

. Aside: Function def expressions

. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running
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PennyAndroid App: Defining

. Preliminary

- Deploy Pennydson server to
https://pennyjson.onrender.com

- S0 PennyAndroid client can access it

31


https://pennyjson.onrender.com

PennyAndroid App: Defining

5 $
I | I e 123: Kernighan: The Practice of Programming
234: Kernighan: The C Programming Language
O a | i
]

qwe r t qwer

als|djflglh]|jlk]] als|dlflalh]ijlk]]

& z x cvbnm@® & z x cvbnm@®

7123 , ®© . 2123 ., ©

v B v

An Android client for the PennyJson server 2



PennyAndroid App: Defining

. Download and install Android Studio

- Browse to
https://developer.android.com/studio/install.ht
ml

- Complete the wizard; use defaults

33


https://developer.android.com/studio/install.html
https://developer.android.com/studio/install.html

PennyAndroid App: Defining

Launch Android Studio; select Projects; click on New Project

00 Welcome to Android Studio

@ Android Studio

Projects

E Welcome to Android Studio
Plugins

Learn

New Project Open Get from VCS

More Actions v

34



PennyAndroid App: Defining

Select Phone and Tablet; select Empty Views Activity; click on
Next

New Project

Phone and Tablet
Wear OS
Television

Automotive

No Activity Empty Activity Gemini API Starter

< : <

Basic Views Activity Bottom Navigation Views Activity Empty Views Activity

)

35

Cancel




PennyAndroid App: Defining

For Name enter PennyAndroid; for Package Name enter
edu.Princeton.penny; for Save Location choose whatever
directory you want; for Language select Java; for Minimum SDK
choose whatever you want; for Build configuration language
choose Kotlin DSL; click on Finish

Empty Views Activity

Creates a new empty activity

Name

Package name

Save location

Language

Minimum SDK

Build configuration language

New Project

PennyAndroid

edu.Princeton.penny

/Users/rdondero/AndroidStudioProjects/PennyAndroid

NEVE]

API 24 ("Nougat"; Android 7.0)

¥ Your app will run on approximately 97.4% of devices.

Kotlin DSL (build.gradle.kts) [Recommended]

Cancel Previous

Finish
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PennyAndroid App: Defining

In left panel double click on app > res > layout >
activity _main.xml; at upper right, click on Split icon; copy
activity main.xml into editor

® PAl PennyAndroid v  Version control - [, Pixel 8 API 35 v appv € By =5 G 2 Q ©

3  Android v activity_main.xml MainActivity.java Runnable.class AndroidManifest.xml

S v C3app ] <?xml version="1. encoding ?> 144 A1
<g1dr*oidx.constraintlayout.widqet.Constr‘aintLayout xmlns:i

activity_main.xml v . &, [OPixelv =35+

manifests

1 | ©, W 0dp, S &

M AndroidManifest.xml

sainquy )

) xmlns:t
JEVE] .
. ayout_width
v [23 edu.Princeton.penny id:layout_height
MainActivity Ls:context

> [&J edu.Princeton.penny

> [33 edu.Princeton.penny <LinearlLayout

IEVE] layout_width
v [2res d layout_height
> [] drawable orientation
v [2 layout tools:layout_editor_absoluteX

activity_main.xml yls:layout_editor_absoluteY

> [ mipmap

<EditText
> [ values oo
> [ xml
[2res

> (&7 Gradle Scripts

:id

:layout_width

d:layout_height="y

id
:layout_width
ayout_height

I8 Ccomponent Tree

2l inannl aviands




PennyAndroid App: Defining

. Suggestion:
- Experiment with the graphical editor
- Look at resulting XML code
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PennyAndroid App: Defining

In left panel, double-click on app > java > edu.Princeton.edu >
MainActivity; copy MainActivity.java into editor

PA PennyAndroid v Version control v [, Pixel 8 API 35 v = appv IC

Android v activity_main.xml MainActivity.java Runnable.class AndroidManifest.xml

v C3app
¥ manifests
[M AndroidManifest.xml
JEVE]
= BN sdu Brincetatupenty package edu.Princeton.penny;
MainActivity

> [ edu.Princeton.penny import android.widget.EditText;

> [23 edu.Princeton.penny import android.app.Activity;
JEVE] import android.os.Bundle;
v [2res mport android.text.method.ScrollingMovementMethod;
> [ drawable import android.widget.TextView;
v [ layout mport android.text.TextWatcher;

activity_main.xml import android.text.Editable;

> (23 mipmap
import java.io.BufferedReader;
> [ values
> [E xml
(2res

> (&7 Gradle Scripts

import java.io.IOException;

import java.io.InputStreamReader;

import java.net.URL;

import javax.net.ssl.HttpsURLConnection;
import java.util.Timer;

import java.util.TimerTask;

import org.json.JSONObject;
import org.json.JSONArray;

public class MainActivity extends Activity

{




PennyAndroid App: Defining

. Android design constraint 1

- Main/GUI thread is not allowed to do
networking

. Implications

- Main/GUI thread must spawn a child/worker
thread

- Child/worker thread must comm with
PennyJson

40



PennyAndroid App: Defining

. Android design constraint 2

- Main/GUI thread must remain responsive

- Main/GUI thread laggy => typing/tapping fast
generates “App is unresponsive” messages

. Implications

- Main/GUI thread cannot wait for child/worker
thread to finish

- Main/GUI thread and child/worker thread
must run concurrently

41



PennyAndroid App: Defining

. Android design constraint 3

- Child/worker thread is not allowed to update
GUI

. Implications

- Child/worker thread must send changes to
main/GUI thread, and ask main/GUI thread to
update the GUI

42



PennyAndroid App: Defining

. MainActivity.java
- Informal overview:

- onCreate () Instantiates MyTextWatcher object,
and installs it as the listener for the EditText
object

— When user enters text into EditText object, Android
calls afterTextChanged () method in
MyTextWatcher object

43



PennyAndroid App: Defining

. MainActivity.java
- Informal overview:

- afterTextChanged () method handles
debouncing via Timer and MyTimerTask objects

- MyTimerTask object spawns & starts new
AuthorSearch thread

. AuthorSearch thread sends author to server,
receives JSON response from server, calls
runOnUiThread () to tell main/GUI thread to
update GUI

- main/GUI thread updates GUI

44



PennyAndroid App: Defining

In left panel double-click on app > manifests >
AndroidManifest.xml; copy text from AndroidManifest.xml into
editor

) @ PA PennyAndroid - Version control v [& Pixel 8 API 35 ~ = appv G

3 Android

S» v CBapp
N manifests
(M) AndroidManifest.xml
JEVE!
» 23 edu.Princeton.penny
MainActivity
> [2] edu.Princeton.penny
> [3) edu.Princeton.penny
JEVED
v [2res
> [ drawable
v [ layout
activity_main.xml
> [ mipmap
> [ values
> [ xml
C2res
> (&7 Gradle Scripts

activity_main.xml MainActivity.java

<?xml version="1.0" encoding
<manifest xmlns:an

package

<uses-permission a

<uses-permission a

<application
d:allowBackup
con="
:label
:roundIcon
:supportsRtl
iroid:theme

<activity a name

<intent-filter>

<action

<category a
</intent-filter>
</activity>
</application>

</manifest>

intent-filter

Merged Manifest

Runnable.class

[ AndroidManifest.xml

exported




PennyAndroid App: Defining

. AndroidManifest.xml

- <uses-permission> elements give app
permission to access Internet
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Agenda

. Aside: Function def expressions

. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running
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PennyAndroid App: Running

. To run an Android app...
. Option 1:

- Use an Android device

- Pro: Fast

. Option 2:
_ Create an Android virtual device

- Run it (on any computer) using the Android
emulator

- Pro: Convenient

48



PennyAndroid App: Running

. To run on an Android emulator...

49



PennyAndroid App: Running

. Create an Android virtual device
- In Android Studio

From the menu bar click Tools
- Click DeviceManager
- In the Device Manager panel,
. Click the “+” button
. Click Create Virtual Device
- Click Pixel 8; click Next
. Click API 35; click Next
. Use the default PIXEL 8 APl 35 name
. Click Finish

50



PennyAndroid App: Running

Select the Pixel 8 API 35 emulator; click run button; type an author!

PA PennyAndroid Version control v [ Pixel 8 API 35 v Nappv IE e ‘?D (‘L
Android activity_main.xml MainActivity.java AndroidManifest. 3 running Devices [% Pixel 8 API 35

v [Qapp : 2 O PP A O 0 @I
manifests
(M AndroidManifest.xml
java

3 edu.Princeton.penny [123: Kernighan: The Practice of Programming

edu.Princeton.penny; 234: Kernighan: The C Programming Language
MainActivity
> 3 edu.Princeton.penny t android.widget.EditText;
[53 edu.Princeton.penny port android.app.Activity;
java import android.os.Bundle;
res import android.text.method.ScrollingMovementMethod;
> [ drawable import android.widget.TextView;
[ layout ort android.text.TextWatcher;

activity_main.xml| t android.text.Editable;

> [ mipmap
> (] values
> B xml t java.io.InputStreamReader;
C2res
= t java.net.URL;
> &7 Gradle Scripts import javax.net.ssl.HttpsURLConnection;
java.util.Timer;

t java.io.BufferedReader;
java.io.IOException;

java.util.TimerTask;
8 ker kernighan let

org.json.JSONObject; q‘ W2 e: r4 ts ya UT ie
org.json.JSONArray;

als|d|flg|h]]]|k
ss MainActivity extends Activity
o8 z x c v b/ n mge
EditText edi
TextView tex 'H 2123 ®
AuthorSearchRunnable

e Timer timer

2024-08-19 17:22:23: Launching app on 'Pixel 8 API 35'.
Starting: Intent { act=android.intent.action.MAIN cat=[android.intent.category.LAUNCHER] cmp=edu.Princeton.penny/.MainActivity }

Connected to process 12185 on device 'Pixel_8_API_35 [emulator-5554]'.

> edu > Princetor




PennyAndroid App: Running

. To run on your Android phone...
- Attach your Android phone to your
computer’'s USB port

- Respond to messages on your phone

- Make sure your computer can access files stored
on your phone

52



PennyAndroid App: Running

Select your phone; click on run button; type an author!

PA PennyAndroid v~ Version control v [J samsung SAMSUNG-SM-J32... v = appv EH £ [:‘2

Android v activity_main.xml MainActivity.java Runnable.class AndroidManifest.xml

import org.json.JSONArray;
v [3app

v manifests : . 2 o ey
B public class MainActivity extends Activity
M AndroidManifest.xml {
java private EditText editText;
v [23 edu.Princeton.penny private TextView textView;
MainActivity private AuthorSearchRunnable authorSearchRunnable = null;
> [2] edu.Princeton.penny private Timer timer = null;
> [23 edu.Princeton.penny
java
Cares
> [ drawable

v [ layout

private class AuthorSearchRunnable implements Runnable

{

.. . private String author;
activity_main.xml 5 : S e :
private boolean shouldStop = false;

> [ mipmap
> [ values AuthorSearchRunnable(String author)
> [ xml i
[2res this.author = author;
&7 Gradle Scripts

public void setShouldStop()
i

shouldStop = true;

public void run()

{




PennyAndroid App: Running

. To learn more about Android
programming:

- https://developer.android.com/quide
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https://developer.android.com/guide

Agenda

. Aside: Function def expressions

. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running
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Thanks to
Katie DiPaola ('20)...

56



PennyAndroid App: Defining

. Preliminary

- Deploy Pennydson server to
https://pennyjson.onrender.com

- So Pennylos client can access it

57


https://pennyjson.onrender.com

Pennylos App: Defining

T iPhone 16 Pro I iPhone 16 Pro
h e ® i0S 18.1 L i0S 18.1

]
g O a I - Welcome to Penny 10S Welcome to Penny 10S

Author Search Author Search

Please enter an author name: Please enter an author name:

Q. Ker

123: The Practice of Programming
Kernighan

234: The C Programming Language
Kernighan

An iOS client for the PennyJson server
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Pennylos App: Defining

. Download and install XCode
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Pennylos App: Defining

Launch XCode; select Create New Project...

Xcode

Version 16.1

Create New Project...

[;JQ] Clone Git Repository...

= Open Existing Project...

60



pur new project:

macOS  watchOS

Document App
B @
oo
Sticker Pack App iMessage App

Framework & Library

(=5 il

Framework Static Library

tvOS  visionOS  DriverKit  Other

©

Augmented
Reality App

)

Safari Extension

N

Metal Library

App Playground

Previous

Pennylos App: Defining

Select iOS, App; click on Next
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Pennylos App: Defining

For Product Name enter PennyIos; click on Next
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Pennylos App: Defining

Name a directory in which the app should be stored; click on Create

L) my (B~ 3 Pennylos Q Ssearch

3 _Pennylos
53 Penny
Pennylos
T PennylOS_3Tier.zip
B3 Pennylos_v1
[ PennySwift
[l Screenshot...at 4.52.562PM
[l Screenshot...at 4.53.42PM
1 Screenshot...at 4.56.54 PM
£ Screenshot...at 4.57.56 PM
1 Screenshot...at 4.59.39 PM

B cihmit rdandarnt P

Source Control:  Create Git repository on my Mac
Xcode will place your project under source control

New Folder Hide Options Cancel




Pennylos App: Defining

Click on PennylosApp; examine the generated code

ece [ | 4

& K 0 Q A o g DB &8 <

Pennylos ) & Pennylos ) 3 PennylosApp ) No Selection

v B Pennylos
v @@ Pennylos
> @ Preview Content
(@) Assets
3 ContentView
v @ PennylosTests
3 PennylosTests
v @ PennylosUITests
3 PennylosUITests
3 PennylosUITestsLaunchTests

+ G Filter ®

Pennylos ) [ iPhone Finished running Pennylos on iPhone 16 Pro

3 ContentView 3 PennylosApp

1

//

// PennyIlosApp.swift

// Pennylos

il

// Created by rdondero on 11/8/24.
//

import SwiftUI

@main
struct PennylIosApp: App {
var body: some Scene {
WindowGroup {
ContentView()

¥

Auto ¢

© & + (B

RN
&

Ul
/N
)
v B

Line: 1 Col: 1 (<

(R
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Pennylos App: Defining

Click on ContentView; copy/paste the given code

[©] @ ﬂ:] B Pennylos B ) [] iPhone  Finished running Pennylos on iPhone 16 Pro @ e ar Dﬂ
] N Q A © & D g8 < 3 ContentView & Pennylos o=
: A = i i
o Pennylos Pennylos ) @& Pennylos ) 3 ContentView ) No Selection Q>
v @ Pennylos /1 ) )
= . // ContentView.swift
> @ Preview Content // Penny
G Assets //
N ContentView // Created by Katie DiPaola on 10/27/24.
3 PennylosApp /1
v @ PennylosTests import SwiftUI
3 PennylosTests import Combine
v @@ PennylosUITests . .
struct ContentView: View {
3 PennylosUITests
3 PennylosUITestsLaunchTests // Note: @State means that a variable will listen for changes
and change within the view
// search results
15 @State private var books: [Book] = [] @ Cannot find type 'Book’ i...
// input text
@State var searchText: String = ""
// timer
@State private var cancellable: AnyCancellable?
P Lirg: 72 Col: 1 | (&
+ (G Filter @F Autoc ® (MR
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Pennylos App: Defining

Create new file SearchBar; copy/paste the given code

o e [J =3 Pennylos ) [ iPhone  Finished running Pennylos on iPhone 16Pro @ &  + B
] N aQ A © & D g8 < 3 ContentView 3 SearchBar 2=
o Pennylos Pennylos ) & Pennylos ) 3 SearchBar ) B SearchBar Q>
v @ Pennylos /7 )
= . 2 // SearchBar.swift
> mm Preview Content 3 // Penny
) Assets //
3 ContentView 5 // Created by Katie DiPaola on 10/27/24.

PennvIosApp
3 SearchBar } import SwiftUI

v @ PennylosTests
// re-used this code from my app

3 PennylosTests =
struct SearchBar: View {

v @ PennylosUITests 2

3 PennylosUITests // Note: @Binding means that the source of this variable is
3 PennylosUITestsLaunchTests // elsewhere - it's a parameter of the view
// input text

@Binding var text: String

// when input is being edited

@State private var isEditing = false

Line: 12 Col: 1 | (&

+ (@ Filter OF Auoc ® (BRW)
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Pennylos App: Defining

Create new file Database; copy/paste the given code

@] e [J B Pennylos ) [ iPhone  Finished running Pennylos on iPhone 16 Pro @ & + (6]
= R QA A © & D B < 3 ContentView 3 Database 2=
. Pennylos Pennylos ) & Pennylos ) 3 Database ) No Selection <>
v @ Pennylos AR/ =
S i 2 // Database.swift
@ Preview Content // Penny
(@) Assets //

S ContentView // Created by Katie DiPaola on 10/27/24.

3\ PennylosApp import Foundation
3 SearchBar
v & PennylosTests class Database {

3\ PennylosTests 12 let url = "https://pennyjson.onrender.com/searchresults?author="

v @ PennylosUITests
3 PennylosUITests // get books where author starts with text in author
// completion is used for async functions to notify when the
3 PennylosUITestsLaunchTests 77 Function: returns with data
func fetchBooks(author: String,
18 completion: Qescaping ([Bookl) —> ()) { © Cannot find type...
// exit function if author is empty
if author.isEmpty {

- et Col: 1| (&)

+ (&> Filter @F Autos S) o0
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Pennylos App: Definin

Create new file Book; copy/paste the given code

eoce [@J =3 Pennylos ) [ iPhone  Finished running Pennylos on iPhone 16 Pro @ &  + (B
= d a A © & D BR | < 3 ContentView 3 Book 2= @
o Pennylos Pennylos ) & Pennylos ) 3\ Book ) No Selection <0>
v @ Pennylos j; -
. . : ook.swi
> @ Preview Content 3 // Penny
(G Assets //
N Book // Created by Katie DiPaola on 10/28/24.
X //
3 ContentView
3 Database import Foundation
3 PennylosApp
S\ SearchBar // book struct
- struct Book: Codable, Hashable {
v @ PennylosTests let isbn: String
3 PennylosTests let author: String
v @ PennylosUITests . let title: String
3\ PennylosUITests =
3 PennylosUITestsLaunchTests
e Line: 16 Col: 1 | ()

+ (G Filter @OF Auto: ® (BRN)




Agenda

. Aside: Function def expressions

. Aside: Multithreaded programming
. Mobile programming

. PennyAndroid app: defining

. PennyAndroid app: running

. Pennylos app: defining

. Pennylos app: running
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Pennylos App: Running

Click on the Build/Run button

eve [ 3 Pennylos Pennylos ) [J iPhone 16 Pro Pennylos: Ready | Today at 5:09PM @4 & + B
= QR a A © & D B |/ < 3 ContentView 3 SearchBar 3 Database 2 Book 20 ® D O 6® =
Pennylos 3 Pennylos ) & Pennylos ) i Book )} No Selection <O>
v @ Pennylos 2
e 3 //  Book.swift
> @ Preview Content // Penny
) Assets /1
3\ Book // Created by Katie DiPaola on 10/28/24.
= //
3 ContentView
3\ Database import Foundation

3 PennylosApp
S SearchBar // book struct
= struct Book: Codable, Hashable {
v @@ PennylosTests let isbn: String
3\ PennylosTests let author: String
v @ PennylosUITests let title: String
3 PennylosUITests

3 PennylosUITestsLaunchTests

}
16 pprettier—

No Selection

+ G Filter OH = - Line: 16 Col: 1 (&



Pennylos App

iPhone 16 Pro
® i0S 18.1

Welcome to Penny 10S

Author Search

Please enter an author name:

. Running

iPhone 16 Pro

i0S 18.1

Welcome to Penny 10S

Author Search

Please enter an author name:

Q Ker

123: The Practice of Programming
Kernighan

234: The C Programming Language

Kernighan
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Additional Resources

. Swift Basics Guide
- https://quides.codepath.com/ios/Swift-Basics

. Uploading to the iOS App Store
- https://christinesun.notion.site/christinesun/How-to-ge
t-your-app-onto-the-iOS-app-store- 018bcd0de643487
8acb81ch527f2efcb7

Our thanks go to Katie DiPaola ('26) for contributing
the Pennylos application, and to Christine Sun ('24)
for contributing a prior (now outdated) version
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Summary

. We have covered:

- Mobile programming

- Android mobile programming
- 10S mobile programming

. See also:

- Appendix 1: Java Multithreaded
Programming

- Appendix 2: Cross-Platform Frameworks
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Java Multithreaded Programming

. Recall race.py

S python race.py
1

2

3

4

5

6

7

8

9

10

8

6

4

2

0

Final balance: 0
$

python race.py

S
1
2
3
4

Final balance: 10

S

python race.py

O N B B> Oy O 0 Jo) O b W DN WO
(@)

|
N

Final balance: -2

S
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Java Multithreaded Programming

. See Race.java

O J oy U b W DN - U

10

S

java Race

Final balance: 10

O O J o U W NP »n

-2

Final balance: -10

S

java Race
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Java Multithreaded Programming

. Recall lockinuser.py

python lockinuser.py python lockinuser.py

(@)
I
(@)

inal balance: 0O Final balance: 0

S

N ODN PS> OO P O 00 Joy Ui W DN B U
I
(@)




Java Multithreaded Programming

. See LockInUser.java

java LockInUser

0

$
1
2
3
4
5
6
7
8
9
1
8
6
4
2
0
Final balance: 0
$

$ java LockInUser
1

inal balance: 0

vr o O N W O 0O O O J o U b W N
O

’r7



Java Multithreaded Programming

. Recall_lockinresource.py

Ur 0 O DN PSS OO O 00 Joy U s W DN B WU
(@)

python lockinresource.py

inal balance: O

S
1
2
3

Fi
S

python lockinresource.py

nal balance: 0

/8



Java Multithreaded Programming

. See LockIinResource.java

java LockInResource

0

$
1
2
3
4
5
6
7
8
9
1
8
6
4
2
0
Final balance: 0
$

$ java LockInResource
1

inal balance: 0

vr o O N W O 0O O O J o U b W N
O
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Java Multithreaded Programming

. Recall conditions.py

S python conditions.py S python conditions.py
1 1

2 2

3 3

4 4

5 5

6 3

7 1

8 2

9 3

10 4

8 5

6 6

4 4

2 2

0 0

Final balance: 0 Final balance: 0
$ $
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Java Multithreaded Programming

. See Conditions.java

java Conditions java Conditions

O

inal balance: 10 inal balance: 0

vr I O N D OO D LWDNDEEODN D WDN R O

g O DN PS> OO O 00 Joy U W DN B U




Java Multithreaded Programming

. Multithreaded programming across
languages

Language | Library
Support Support

Python no yes
C no yes
Java yes yes
JavaScript no no
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Appendix 2;
Cross-Platform Frameworks



Cross-Platform Frameworks

. Observations:

- A native Android app works only on Android
devices

- A native 10S app works only on iOS devices

. Problem:

- Develop for one kind of device => limit users

- Develop both kinds of devices => develop &
maintain two code bases

. Solution:

- Cross-platform frameworks
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Cross-Platform Frameworks

Development Developer Kinds of Apps
Language

Flutter Google Android, iOS, web, desktop
React Native JavaScript Facebook, now Android, iOS

Meta Platforms
Kotlin Kotlin Jet Brains Android, iOS, web, desktop, server-side
Multiplatform
lonic JavaScript Drifty Co. Android, iOS, Windows, web, desktop
.NET C# Microsoft Android, iOS, macOS, Windows
Multi-Platform
App Ul
NativeScript JavaScript Telerik Android, iOS

Progress Software

Each runs on an emulator, which runs on the Android or iOS device
React Native is not native!
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