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1. What is a programming?



Program

* A sequence of instruction that specifies how to perform a computation

* computation
* something mathematical
* e.g., solving equations or finding the roots of a polynomial
» can also be symbolic computation
* e.g., searching and replacing text in a document or something graphical

* processing an image or playing a video



Concept of programming language

* Programming
* to command the computer to do what a human thinks

« all the work to create a program and also referred to as “development”

* Programming language
 a tool to create software (e.g. Excel, League of Legend, etc.) that operates on a computer,

using a language the computer can understand
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* Programmer

« a person who uses programming language to create software or apps (applications)



Programming language processing

« Machine language (machine code)
» only binary commands; can be processed by computer
« example

- 1010111 11100111 11101010 0001101 10101011 01111001 10101101 ...

Cc000 ORG ROM+5$0000 BEGIN MONITOR .7 RollerCoaster Tycoon
C000 BE 00 70 START LDS #STACK | { =

AR AR S S SR S RS S SRR AR RSttt

* FUNCTION: INITA - Initialize ACIA
* INPUT: none

» Assembly code * CALEA: Bome

* DESTROYS: acc A

M . » D I_I 0013 RESETA EQU %00010011

0011 CTLREG E %00010001
e use “Mnemonic” (L|2%!) symbols Qu

Cc003 86 13 INITA LDA A #RESETA RESET ACIA
Cc005 B7 80 04 STA A ACIA
c008 86 11 LDA A #CTLREG SET 8 BITS AND 2 STOP
COOA B7 80 04 STA A ACIA
COOD 7E CO F1 JMP SIGNON GO TO START OF MONITOR

AR A R e R R R R R R R R R R R R S R R R

* FUNCTION: INCH - Input character

* INPUT: none

* OUTPUT: char in acc A

* DESTROYS: acc A

* CALLS: none

* DESCRIPTION: Gets 1 character from terminal

C010 B6 80 04 INCH LDA A ACIA GET STATUS

Cco13 47 ASR A SHIFT RDRF FLAG INTO CARRY
C014 24 FA BCC INCH RECIEVE NOT READY

C016 B6 80 05 LDA A ACIA+1 GET CHAR

C019 84 7F AND A #S$7F MASK PARITY

CO01B 7E CO 79 JMP OUTCH ECHO & RTS




Programming language processing

Top Programming Languages 2023

Click a button to see a differently weighted ranking

m Jobs Trending

0.588

» High-level languages

» designed to be easily understood by human

Python

« example J
C++ 0.538
* X=@2*X+Z-Y)/5  E—
Javaseriot
ce
* various programming languages - E—
Typescript [IEEREA

* Java, C| C++, Python, etc_ Hm:.ﬂ?

Shell 0.1286

PHP
Ruby -
sas N
Swift -
Dart -
Rust -
Kotlin -
Matlab [
Scala -
Assembly [}
Perl .
Visual Basic .
Objective-C .

IEEE Spectrum: The Top Programming Languages 2023



Programming language processing

« Compile
« converting programming language into machine code that can be executed by computer

« Compiler

« a program that converts to machine language (e.g., Java compiler, gcc, etc.).

Understandable by
human

High-level languages

Assembly languages
Low-level
languages

Machine code

Binary code

Understandable
by machine




Programming language processing

Scripting/Interpreted languages

Perl, Python, Shell, Java

High/middle level languages

Compiling

C, C++, Java (What most malware is written in)

Assembly language

Intel x86, etc. (First layer of human readable code)

Machine code

Hexadecimal representations of binary code read by OS

Binary code

Read ony hardware, not human readable

Disassemble




Programming language processing

Java
if (i>0) {
i=i+1; 0101010101011101011 - Program
} 011010101010110101... (test.class)
System.out.printin(i);
Java code (test.java) VM
oS
C/C++ H/W
if (i>0) {
I=i+1; Compiler/ 0101010101011101011 Program
} Linker 011010101010110101... (test.exe)
cout<<i;
oS

C++ code (test.cpp)

H/W




Basic introduction of programming languages

» The details looks different in different languages, but a few basic instructions appear in just about every

language
* input: Get data from the keyboard, a file, the network, or some other device
» output: Display data on the screen, save it in a file, send it over the network, etc.
* math: Perform basic mathematical operations like addition and multiplication
« conditional execution: Check for certain conditions and run the appropriate code

» repetition: Perform some actions repeatedly, usually with some variations



Note: common knowledge in computer

Joystick | Headphones

INPUT DEVICES OUTPUT DEVICES
CPU
)
w
©
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- Level 2
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— ! =
] . :
Data Information = RAM Memory
©
z -

Mass Storage
(Hard Disk, etc.)

Basic Architecture Of a Computer
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2. Computing thinking



Computing thinking

* A problem-solving process

* involving a set of skills and techniques computer scientists use to approach problems in a way that

could be implemented with a computer

» approach to solving problem; not just about programming

* Some key practices

« decomposition, pattern recognition, abstraction, algorithm design, etc,

14



Key practices

Decompositions

» breaking down complex problems into more manageable parts

Pattern recognition

* looking for similarities, or patterns, in and among problems

Abstraction

» focusing on the important information only, and ignoring irrelevant detail

Algorithm design

» developing a step-by-step solution to the problem, or the rules to follow to solve the problem

15



Real world examples

« Cooking a new recipe:

* you might break the process down into smaller steps like preparation, cooking, and serving

(decomposition)

 notices patterns in cooking times or ingredient combinations (pattern recognition)
« focus on the critical steps that will affect the dish’'s outcome (abstraction)

 follow a specific set of cooking instruction (algorithm design)

* Healthcare — increasing muscle definition and reducing body fat

16



In programming

* Problem: Determine the given number is a prime number or not
» decomposition:
* understanding what a prime number is
* a natural number greater than 1 that has no positive divisor other than 1 and itself
* identifying the steps needed to determine if a number is prime
* pattern recognition

* recognizing that no prime number greater than 2 is even, so can skip all even numbers (except 2)

when searching for primes
 abstraction

* organizing functions; takes a number as input and returns whether the number is prime



In programming

* Problem: Determine the given number is a prime number or not
 algorithm design

1. given number = 'n’

2. if 'n’ is 2 = prime number

3. if 'n’ is even =» no prime number

4. check divisibility from 3 to ‘'n’

« if any number divides ‘n’ without a remainder = no prime number

5. no divisor are found = ‘n’ is prime number

18



3. Introduction on OOP in Java



Concept of OOP

« Object-oriented programming (OOP)

Object

Relations

« A programming paradigm based on concept of “objects”

* Groups data and behaviors as objects

« What is an object?

* A thing, both tangible and intangible

Object

Relations

Object

* e.g., account, student, vehicle, product, delivery, order, lecture, smart phone, singer, etc.

20



Concept of procedural programming

* Procedural programming

* based on the concept of procedure

* programs are divided into procedures; as routines or functions

» diagram examples for the procedural programming

Wake up

Wash

Eat breakfast

A4

Get on the bus

Computer doesn’t work

Plugged in?

Plug in computer

Turn on monitor

21



OOP vs, procedural programming

* OOP diagrams

Wake up

Wash

Eat breakfast

A4

Get on the bus

Eat
Breakfast
Student Go
Get on
School

Bus

22



OOP vs, procedural programming

* OOP diagrams

Computer doesn’t work

Plugged in?

Plug in computer

Turn on monitor

Computer

Connect

Monitor

Plug in

Plug in

Turn on

Power button

Power socket

23



How to develop a program with OOP paradigm

 How to develop OOP?
« Define objects (after understanding problems and requirements)

« Design behaviors (methods/functions) for each object or relationships between them

» Example: Purchasing a product in an online shopping mall

* 1) log in as a member to an online shopping mall

2) search for product by navigating the website

3) select the product and add cart

4) checkout

5) enter shipping information and payment method



How to develop a program with OOP paradigm

« Example: Taking coffee in Starbucks
* 1) enter Starbucks
 2) choose your coffee
« 3) place your order
* 4) make payment
« 5) wait
« 6) pick up your order

« 7) enjoy your coffee



Why Java?

By James Gosling at Sun Microsystems in 1995

* A high-level, object-oriented programming language A sy S 716t 2RI 2204 ol
* inheritance, polymorphism, encapsulation
X} SA 02| BHEE SA0l 2= 24 U=

o272y 272K 2104

A 7t 2| AFgEE 22T o] F ShY

sy RIS XI5l DE BB Aaet 4 U=

o FHHM} 230 C C++1} el SALEH meoay =2 mEae obf

[3 1-1] XtHte| 7H8

Platform independent

« Java program can be executable in any platforms



Java applications

 Java applicationg| &3

+ 53 Ao ofZaAolx

« HEo| HFE Z2AM|A0M HElE|

rr
olo
opp
|l
ru
|

ru

« e.g., Ojc|o{ Z2f[o|of, BiAl T2 7

0=

, AT, POS X £ZEQ|o 5

% offZ2j3H|oxd

» ZEfo|UE ]| o5l uoliE|l= FEO[UE-MH LT EQo] F& =2 &Y
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+ 719 HHollN AZEQY| U SLEYof A[AT} M| A S AFGT
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=
o o o

# Java Update Checker

Java Update Available
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k

£ 2402 2507
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Java applications

 Java applicationg| &3
.+ ZH[Y offZ 2|30
+ ADLE ZoflA] CIfSH offZajHlo g Aldsts SE
* e.g., Google map &
. wiefo|e] 7|4
- L& At5F 22[E & Us HAFE F2AEM F2f5t= E4f ol EF2[AH|o|A 2|

AN

* e.g., Hadoop (5H§)

SIxH X1de| M HE
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B 371 e z o
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4. Development environment setting



Java platform

 Java platform /3 2 4
« Java Development Kit (JDK)

» JavaollX A== FHE-§ 2fo|Ba{2|. AH[& Ho| ZE2f7tn US

« Java Runtime Environment (JRE)

« Java I 2J2Ho| AlSHE| = 317 8 07}A| B2 A|2=

« Java Virtual Machine (JVM)

- Java Mg ofile 2 = 2 D Ellof LRiE| = 25Q1 JREZ} /2|=[0] Qlofof ¢

X} 7 71E(JDK)

X1t HEL BHE(URE)

Xt 71k HAJIVM)
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Java platform

 Java Development Kit (JDK)
« Java application® FtE =0 AFRE|= AT E Qo] 7Ht 374
« Windows, MacOS, Solaris, Linux 5 CfSE 234|#|(OS)ol|A] JDK AfL-2 2|
« YT AREOl & ol/fe| IDK S AT £ £ QS (B 4% He)
- JDKe| EA
 JDKOo||&= Java Z 2 1843 245t of| Hagh & 1ef o|F Holist= JREZl Z 35
« Zujlaq, Java application AIgi7| So| L GI=

« * Compiler: JavaZ AfAJ=l 3 EE byte code BiZtGt



Java platform

 Java Runtime Environment (JRE)
« JRES|= runtime 2fo|H2{2|, A 2O, JVMo| TGt

« =>» Java program 4842 2|5H{A JREZ} HFEA| T QTF

« Java Virtual Machine (JVM)
« Byte code& machine code® HiZIG}
+ JVM2 JREQ| Y&
« Java compiler= JVM2 &3HA machine codeZ HiZt

« CIE m2ajdl odoj= EA A|AElof| CiSt machine code

=
=2

AHA
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Java platform

« Java program A3 3y

© TEIE AIBSI] AA @ javac.exe HHNZ O java.exe BHOIZ HIOIE
SME OHED IS Hello.java MYUE TS JA0i= Helsiof Xt
Hello java2 X{&t ZHml JUMO| U= 2E BRE | gp=a|zjopmM
% % E= ERI0IM A

Xt = m™E

Xttt Zimeay \ Q
oxpmr Xt

o
aAm OQ Amm TR
Hello.java Hello.class
N \
9%“5 © C|A30| Hlo|ETCE
Helloclass A med
0| HdE
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Java development environment setting

Java development environment tools

24 =2 My
Xidt 7o 2+ JDK Xt ZES Zhdste{™ X} 7Y =711 JDKIEIEA| HX|=|0 A0{0F BHCt.
q:% JQA-F =1 Ez 7:1 71 AI&H 2471 g 3 Jér A OIE %éb
=51 s 5124 olZA Xt ZEE £Hd5ta 01 HIASIH LFE ARG A3 2 2RI & e
}.

T EHAIDE)2ZM JHUXI0IA| 71 217| U= OIZEA(Eclipse)E MESHO HX[SHC.

« Integrated development environment (E%F 7%t 2H73)

- IDE7f glom?

- IDES| 3&F
« Visual studio: mainly for C/C++/C#
« Visual studio code (VS code), Jupyter Notebook: mainly for Python

* Eclipse: mainly for Java

* R Studio: mainly for R
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Step 1: Java JDK installation

 JDK download link

e https://www_oracle.com/java/technologies/downloads/

Java 19 Java 17

Java SE Development Kit 17.0.6 downloads

Thank you for downloading this release of the Java™ Platform, Standard Edition Development Kit (JDK™). The JDK is a development environment for building applications and
components using the Java programming language.

The JDK includes tools for developing and testing programs written in the Java programming language and running on the Java platform.

Linux macOS

Product/file description File size Download
x64 Compressed Archive 17211 MB https://download.oracle.com/java/17/1atest/jdk-17_windows-x64_bin.zip ( sha256)
x64 Installer 153.22 MB https://download.oracle.com/java/17/latest/jdk-17_windows-x64_bin.exe ( sha256)

x64 MS| Installer 152.01 MB https://download.oracle.com/java/17/latest/jdk-17_windows-x64_bin.msi ( sha256)


https://www.oracle.com/java/technologies/downloads/

Step 1: Java JDK installation

#5 Java(TM) SE Development Kit 17.0.6 (64-bit) - Progress -

* |nstalling...

« Next > Next > Close

* Check path
« C:/Program Files/Java/jdk-17/bin

» WPC » EZ 23 (C) » Program Files » Java » jdk-17

JE B ST LR
bin 2023-02-12 2%
dl conf 2023-02-12 2% 5:30
include 2023-02-12 2=
jmods 2023-02-12 2% 5:30
legal 2023-02-12 2% 5:30
. lib 2023-02-12 2%
" | ] LICENSE 2023-02-12 2= 5:30
pe | ] README 2023-02-12 2= 5:30
| ] release 2023-02-12 2=

40
ogt
L

S9N
2530

e LV

5:30

k

e 10

e L0

5:30

2N

k

- e v v v v v - -

e e Mo Mo pe pe me mpe mo

2N
22U

Status: Validating install
|
ﬁ Java(TM) SE Development Kit 17.0.6 (64-bit) - Complete X

Java(TM) SE Development Kit 17.0.6 (64-bit) Successfully Installed

Click Next Steps to access tutorials, API documentation, developer guides, release notes
and more to help you get started with the JDK.

Next Steps




Step 1: Java JDK installation

e Environment variables 4%l
* Add the Java compiler to your PATH variable

e 1) Select Start = Control Panel = Search control panel, for “environment”

=>» Edit the system environment variables -> Environment Variables

e 2) Under “System variables”, find the one named “Path”, Select Edit

« 3) Add location of bin folder in your system

« (example) C:/Program Files/Java/jdk-17/bin



Step 1: Java JDK installation

« Environment variables 4%

Recommend to make “JAVA_HOME” variable,
and add like “%JAVA_HOME%bin” in variable editing

G

o &

L]

O] pcojl st &A|

of

£ &

o

njy

g

In

dF HA3E

y

I e B
~
o
= b =2 e
o 2 EA |ABA0I0] AR E & s M EE EXA g HEE 0|2 3tEYO LS AN R
P | i
=A O] LS BZEsIE{E H2Xt2 2025408 LI
Me
ol pcel 015 BH7| S=
AlZt =20 Z2MAM 23, H22| A 3 7t B2
Windows AM2F
ofcld Windows 10 Pro yreT
k] 21H2 =2©
AR 2R 2020-01-19
[ol-1=4 19044.2486
X oam
3 Windows Feature Experience Pack 120.2212.4190.0 A"c K|' z=2 =
=i ArEAr 2010] 2HEE o9 ot 23
IS 7] #12 E= Windows BIH @120/
247
MHI20] HBE|E Microsoft AHI2 Aot 917] =20
Microsoft 2ZEQJ0f AtE = 27|
AlEH S ESR
o 43
P ALE AR AAE OF U OHZ BE
BitLocker M7
K AR
247
2 gaas =20
ANAE B2
23 A 2 e
ol pcel 01% BHP7I@a)
@ =32 87|
& o sy =0l H= HEMA)

C:#Program Filest¥Common FileswOraclew)ava®javapath
%SystemRootiewsystem32

%SystemRoot%

%SystemRoot?wSystem32#¥Wbem

%SYSTEMROOT:# System32%WindowsPowerShellsv1.0%

28 HEEE %
== OIE(N): JAVA_HOME I
Bl ZHV): C:#Program Fileswavawjdk-17] |
CIZE2| #0L27|(D)... | IHY FHOLEI|(F)... e A
87 s B X

ZOLE7|(B)...

AH(D)

SIZ2 0l=nn
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Step 1: Java JDK installation

* Test
« 1) win-key + R
e 2) type “ecmd”
« 3) type “java -version” (Please be care space between “java” and “-version”)

A

C:#¥Windowstsystem32#cmd.exe

java —version
= 0on “|w 0 | JU077=-10-18

) _E Runt ime Environment (build 13.0.1+10-21) |
Hut_;utLTHI E4-Bit Server YM (build 19.0.1+10-21, mixec , sharing)




Step 2: Eclipse IDE installation

» Eclipse download link

https://www._eclipse.org/downloads/

Projects Working Groups Members More~

(ECLIPSE

Projects  Working Group
R FOUNDATION
Download Eclipse Technology
that is right for you

Home / Downloads / Eclipse downloads - Select a mirror

All downloads are provided under the terms and conditions of the Eclipse Foundation Software User Agreement unless otherwise
specified.

The Eclipse Installer 2022-12 R now includes a JRE for macOS, Windows N -
and Linux. OpenJDK Runtimes

- b ¢
- TEMURIN Download from: Korea, Republic Of - Kakao Corp. (https)
Get Eclipse IDE 2022-12 The Eclipse Temurin™ project provides high-quality, TCK

certified OpenJDK runtimes and associated technology for

Instdl your favorite desktop IDE packliges use across the Java™ ecosystem

File: SHA-512

>> Select Another Mirror


https://www.eclipse.org/downloads/

Step 2: Eclipse IDE installation

* |nstalling...
« Don’t donate it

« Please select “Eclipse IDE for Java Developers”

oi'g LES MY OAMRATH !

CLIPSE

oups Members Mo

UNDATION

+/ Downloads / Thank You for Downloading Eclipse

If the download doesn't start in a few seconds, please click here to start the download

Power the
with your donation

If you value Eclipse technologies, please consider making a donation. Contributions from users like you help fund the operations of the
Eclipse Foundation. All money donated to the Eclipse Foundation will be used to support the Eclipse Community.
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Step 3: “Hello World!” test

* Setup

Set the workspace by using “Browse...” button

Click Launch

= Eclipse IDE Launcher O
Select a directory as workspace
Eclipse IDE uses the workspace directory to store its preferences and development artifacts.
Workspace: ' C:#UserswUser)weclipse-workspace vu Browse...
[[] Use this as the default and do not ask again
» Recent Workspaces
Cancel

|| Launch ||

43



Step 3: “Hello World!” test

* Setup

 Language encoding setting

S Preferences ]
type filter text l Workspace =14 v
v General . See 'Startup and Shutdown' for workspace startup and shutdown preferences.
. Appearance
Compare/Patch [JRefresh usi R, "
- . Content Types Refresh using native hooks or polling
= eclipse-workspace - Eclipse IDE
, Editors Refresh on access
File Edit Source Refactor MNavigate Search Project Run Window Help Globalization [J Always close unrelated projects without prompt
it Bieit-0-Q-Q-® G~ New Window ¥ o w v | 2 E‘eyksH § Workspace save interval (in minutes): 5
ink Handlers
t Package Explorer X = 78 Editor % » Network Connection Window ti
B e 2 Appearance > Perspectives indow title
< 8 Project Natures [ Show workspace namg: [eclipse—workspace
_ i > i ]
There are no projects in your AR (S)umkhSearch [ show perspective name
workspace. Perspective > earct [ show full workspace path:  C:#UserswBJDJweclipse-workspace
To add a project: > Security
P Navigation > , Startup and Shutdow Show product name
22 Create 3 Java project UI Freeze Monitoring
. Preferences , User Storage Service
Create a project... ) L :
= == Web Browser Open referenced projects when a project is opened:  Prompt v
g Import projects...
- v Wogksf];;ace Report unknown project nature as: Warning v
ui
Linked Resources Report missing project enceding as: Warning v
Local History
» Ant
, Gradle Command for launching system explorer: Iexplorer /E /select=${selected_resource_loc}
» Help
> Install/Updat:
Jfoaa /Update Text file encoding New text file line delimiter
’ —mee i
, Language Servers = u ® Default (Windows)
» Maven @ Other: QO other: | Windows
» Oomph
2 Run/Debug 5 v Restore Defaults Apply
® ) ) |Apply and Close Cancel




Step 3: “Hello World!” test

* Create Java Project

S eclipse-workspace - Eclipse IDE
File Edit Source Refactor Navigate Search Project
New Alt=Shift+N

Open e
() Open Projects from File System...
Recent Files >

Close Editor Ctrl+W
Close All Editors Ctrl+Shift+W

ave Ctrl+S

[ )
i

ave As...
ve All Ctrl+Shift+S

W

Revert
Move...
Rename... F2
Refresh FS
Convert Line Delimiters To >

EO

Print... Ctrl+P

e  Import...
&y Export...
Properties Alt+Enter
Switch Workspace >

Restart
Exit

zEReQQe®

]
>

0 mogg @

‘S New Java Project

Create a Java Project

Discouraged module name. By convention, medule names usually start with a lowercase letter

Package

Class

Interface

Enum

Record
Annotation
Source Folder
Java Working Set
Folder

File

Untitled Text File
JUnit Test Case

Other... Ctrl+N

IBroject name: |Helloworld

Use default location

Location: | C:#UserswBIDJ#eclipse-workspacetHelloWorld

JRE
(® Use an execution environment JRE: JavaSE-18
(O Use a project specific JRE: jdk-19

(O Use default JRE 'jdk-19' and workspace compiler preferences

Project layout

(O Use project folder as root for sources and class files

(® Create separate folders for sources and class files

Working sets

Browse...

Configure JREs...

Configure default...

[JAdd project to working sets New...
Working sets Select...
Medule
Create module-info_java file
Module name:
Generate comments
module name will be "HelloWerld" (if ne medule is specified, then project name will be used as module name)
@ < Back Next > Cancel
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Step 3: “Hello World!” test

* Create Java Project = Create Package

v 122 Helloworld

> @ JRE System Library [JavaSE-18] 2
m > 22 Java Project

L P“\-I\“&\- \_IlulJ.l.

)

v

Go Into ™ Project...
Open in New Window I 4 Package I
Open Type Hierarchy F4 Class I Create a Java package
Show In Alt+Shift+W > € Interface
=] Copy Ctrl+C G Enum
2y Copy Qualified Name @ Record
[B Paste Ctrl+V @ SITEZLET
% Delete Delete &9 Source Folder
. 48 Java Working Set
Build Path > 3 Folder
Source Alt+Shift+S > . _
) [ File
Refactor Alt+Shift+T > = Untitled Text File
vy Import.. [E7 JUnit Test Case
5 Export.. i Other... Ctrl+N
o Refresh F5
Assign Working Sets...
@. Coverage As >
© RunAs >
%5 Debug As >
Restore from Local History...
Team >
Compare With >
Configure >
Properties Alt+Enter

S New Java Package a

Java Package

/1, Discouraged package name. By convention, package names usually start
with a lowercase letter

Creates folders corresponding to packages.

Source folder:

Name: | Chap1Helloworld| | |
[] Create package-info.java

Generate comments (configure templates and default value here)

| HelloWorld/src | Browse...

@ [| Einish ||| Cancel
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Step 3: “Hello World!” test

» Create Java Project = Create Package =» Create Class

S eclipse-workspace - Eclipse IDE

File Edit Source Refactor Navigate Search Project Run  Window Help
mif B0 - Q- Q- EG®y il
{2 Package Explorer X S 8§ =08

v 1= Helloworld
» @\, JRE System Library [J

> (22 Java Project
Go Into [ Project...

Open in New Window #7 Package

Open Type Hierarchy F4 I G Class I
Show In Alt=Shift+W > Intertace Create a Java class i

2 Copy ctlsc | & Enum
3 Copy Qualified Name @ Record
[ Paste Ctiey @ Annotation
¥ Delete Delete &9 Source Folder
48 Java Working Set
Build Path > €S Folder
Source Alt+Shift+S > [% File
Refactor Alt+Shift+T > % Untitled Text File
g Import.. [E7 JUnit Test Case
& Export.. I Other.. Ctrl=N
<" Refresh F5
Assign Working Sets...
@ Coverage As >
Q@ RunAs >
%5 Debug As >
Restore from Local History...
Team >
Compare With >
Configure >
Properties Alt+Enter

S New Java Class [m]
Java Class
{1, The use of the default package is discouraged.
Source folder: | HellowWorld/src | Browse...
Package: | | (default) Browse...
[JEnclosing type: Browse...
Name: | Chap1HelloWorld |
Modifiers: @ public O package private protected

[Jabstract | final static

® nong (O sealed non-sealed O final
Superclass: IjavaAIang,Object Browse...
Interfaces: Add...

Remove
Which method stubs would you like to create?
blic static void main(String[] ar

[J Constructors from superclass

Inherited abstract methods
Do you want to add comments? (Configure templates and default value here)

[[] Generate comments
® o ]| conce
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Java project structure

Java Project = Package =» Class

Project

. 7 HCHSEF T 2 A E
17He| gt =2 A E SalA(xj} If)

AHMO s = xl-A-l°|.7|

« Packages2| 1%

Package

« Class, Interface, Enum 5 Instance(QlAEIA)Q| 2|5}k

Class

 Function(§4), Method(HlAE) § o2 T 23



Java project structure

« Java projecte] 7| & 1 =X

I @ X} mp

.\ | 2folsiafa mel(s.jar)

- HIO|LH2] I (*. class)

.classpath
} OIS EAAM Z2NE M st

. project

package ChaplHelloWorld;
public class ChaplHelloWorld {

public static void main(String[] args) {

// TODO Auto-generated method stub
System.out.println("Hello World!");

System.out.println("Welcome to the Javal!");

&) Console X
<terminated> Chap1HelloWorld [Java Applicatic

Hello World!
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Java project structure

« Java projecte] 7| & 1 =X
+ Java 2132 5fLt ojfe] classE A%
« Ztclasse| =2 13 I C & HL 9| source fileof| A5t

7t source file™-S source fileo|| A 2|=l class®ia} =-AUTIA| 2| A af{of Tt

« B E Java source file2| Z2&fz}: java

AA njel(EHAE java)

7| x| N2 PRIE SafAc| g
Seh= ——————— ZHK[E HO{OIN TRIUS TS T
HIM= S35t Ziie Ligist sl mg

HelZHEHR) S XIAGhs B MY, 2 XME, HME 35 52| F=
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Java project structure

« ChaplHeeloWorld.java Ifde| 7| & L2

package ChaplHelloWorld;

public class ChaplHelloWorld {

public static void main(String[] args) {

// TODO Auto-generated method stub
System.out.println("Hello World!");
System.out.println("Welcome to the Javal!");
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Java project structure

» Package (T7|2|)
« 7|2 7|52 78IS 2 class§ /g5t H AR
* Package&: class?| #{%}t&|-= namespace
« Packages= AizFsHH o| & Ql= 7| package©]| class® g AAHE!

package I{7|X|&4;



Java project structure

e Class (Z2{A)
« class 7| E& AIE5lo] class& AlQiTt
* class®g2 CHEE A ZAP7L CERL2 A[2f
« A FHAL| L& SHET ({ })2roll Z3h=|ojoF &

* public 7| EF AFEoto] T7|2| 2 RofM S A0 T 7t

public class S22 Y {

o

. |=||_|'EA| _java I[|-E“:'5|I'_|- %—°|'5H0|:'5|-

L

9e AR

o O
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Java project structure

« main() method
* EE java ZE2 M| A[RFo|2t G
« 2, Java applicationo| A|2F= ojjojc}t 712 Hz| & & E&[= method

» method¥2 CHEE LFATR AR

e GILIQ| Java X 2 J2Ho||= main() method£ 712l class?| HEEA| Z2f{glof Gt

public static void main(String[] args) {

by
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Useful Shortcut

* Frequently used shortcut keys
(1) Ctrl + F11: Compile & Run
(2) Ctrl + /: Single line comment & Remove comment
(3) Ctrl + Shift + W: Multiple lines comment
(4) Ctrl + Shift + /: Remove block comment

(5) Ctrl + 1 (i): Code sorting
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5. Basic data representation in computer



Data representation

* Data
* symbol that represent people, events, things, and ideas

* e.g., a name, a number, colors, in a photograph, notes in musical composition, etc,

 How to represent data in computer?
» a form in which data is stored, processed, and transmitted

 device (PC or smart phone, etc.) stores data in digital formats that can be handled by electronic

circuitry
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Primary ways data represented in computers

¢ Binary numbers (or binary codes)
* the most basic form of data representation
« all data is represented as sequences of bits (0s or 1s)

* numbers, characters, and even executable instructions can be encoded in binary

* Hexadecimal numbers
* a more compact form of binary representation

 four bits are represented by a single hexadecimal digit (0-9 and A-F)

e ASCIl code (The American Standard Code for Information Interchange)

* a character encoding standard used to represent text in computer



Bit and byte

« Bit
» the smallest unit of data in computer for a single binary value; either 0 or 1
* can represent a range of different meanings

« e.g., 1/0, on/off, true/false, or any other two-state system

Bit Width Unsigned Range Signed Range
8-bit 0to28 — 1 —2"t027 — 1
16-bit 0to216 —1 —21 021 — 1
32-bit 0to2%2 — 1 —23 40231 — 1
64-bit 0to204 — 1 —206340263 — 1

» Byte
* a unit of digital information that most commonly consists of 8 bits

« can represent 256 different values (from 0 to 255 in decimal)
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Number system conversion

» Binary-decimal conversion

Decimal (BASE 10) |0 1 2 3 4 5 8 10
Binary (BASE 2) 0 1 10 11 100 101 1000 1010
* binary to decimal conversion
Binary to Decimal
Binary Point
1x2=1x1=1 l
0!1101,
0x2%0x4=0 YT T
> 1x2L1x8=8 1 X2 =0.0625
> 1x251x16=16 0X23 =0
> 0x2=0x32=0 1 X272 =025
> 1x2%1x64=64 1X21 =05
> 1x2=1x128=128
= 0.81251

1+2+8+16+64+128=219
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Number system conversion

* Binary-decimal conversion
» decimal to binary conversion
* integer part: divide this number repeatedly by 2 until the quotient becomes 0
» fractional part: multiply the fractional part repeatedly by 2 until it becomes 0

« example: 47.375 (decimal) to binary conversion

Decimal to Binary

47 < 2 = 23 Remainder 1 » fractional part: 0.375
23 <+ 2 = 11 Remainder 1
11 <+ 2 5 Remainder 1 0.375 x 2 =0.750

5«2 2 Remainder 1 _
2 =2 1 Remainder 0 0.750 x 2 = 1.500
1 I 2 0 Remainder 1 —l \ 0500 X 2 = 1000

Divide by 2 stops
as quotient reaches 0

(47). = (101111)

10

2

= 3101111.011 (binary)
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Number system conversion

e Other number systems
* Octal numbers: 0~7

« Hexadecimal number: 0~9, A~F

* How to convert
* hexadecimal to decimal nhumber
* e.g., AB1 (hexa) = ? (decimal)
» octal to binary number

* e.g., 1071 (octal) = ? (binary)

Decimal

10

12

13

14

15

Binary
0000
0001
0010
0011
0100
0101
0110
oM
1000
1001
1010
1011
1100
1101
1110

11

Octal

10

1

12

13

14

15

16

17

Hexadecimal
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Number system conversion

* e.g., AB1 (hexa) = ? (decimal)

A *16% =10 =256 = 2560
B x16' =11 *16 = 176
1x16=1=x1=1
2560+ 176 +1 = 2737

* e.g., 1071 (octal) =» ? (binary)

1> (001),
0 > (000),
7> (111),
1> (001),
(001 000 111 001),
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Text representation

« ASCII ASCII TABLE

Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char
0 0 [NULL] 32 20 [SPACE] L84 40 Q £0
; ; ;31 ;; ] ITss a A [ 61 a ]
[ L] 3 3 35 23 67 43 C 99 63 c
 one of the earliest character encoding schemes used by computer D A S A N
s S LR O A R
_ _ — PR | SO S 117 B
10 A 42 2A 74 4A J 106 6A ]
* uses 7 bits to represent 128 unique characters 1 0 ® om o+ |mw x woe k
13 D 45 2D v 77 4D M 109 6D m
14 E 46 2E . 78 4E N 110 6E n
15 F a7 2F / 79 4F o 111 6F o
16 10 48 30 0 80 50 P 112 70 P
M 17 11 49 31 1 81 51 Q 113 71 q
* Unicode . O |
20 14 52 34 4 84 4 T 116 74 t
21 15 53 35 5 85 55 U 117 75 u
22 16 54 36 6 86 6 v 118 76 v
: : : - R A T T - 2.
l x
* a comprehensive character encoding standard designed 5B oo A R R A R
27 18 [ES 59 3B 91 8 I 123 78 {
_ _ , - . O
30 1E (RE 3E > 94 SE - 126 7E ~
to support text written in most of the world's writing systems Roow or s kF T e

» can represent over 143,000 characters across multiple symbol sets

« UTF-8 (8-bit Unicode Transformation Format)
» one of several encoding schemes for representing Unicode characters

» designed to be backward compatible with ASCIlI and to minimize the file size
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Complement (H.4)

* What is complement?
* a concept of number representation, especially negative numbers
» to simplify the operations of subtraction
* to perform arithmetic operations on negative numbers

* to facilitate error detection and correction

* simple thoughts

» for 4-bits; we can represent the decimal numbers 0 to 16

* how can we represent the negative numbers?

Decimal

© 0o N o g p w N =+ O

- — — — -
EN w N = o

ey
(&

Binary (4-bit)
0000
0001
0010
oo
0100
0101
0110
oM
1000
1001
1010
101
100
101
1110

M
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Signed magnitude

» |dea to represent negative number

* the first bit is reserved for “sign”

0 = positive, 1 = negative

» possible range +7 to -7

Sign bit
Positive Negative
Magnitude Magnitude

Sign (1-bit) Magnitude (7-bits)

Y - w
0]o[1]0[1][1]0]1
L J

.
Word (8-bit)

Sign (1-bit) Magnitude (7-bits)

[aa¥ . w
1010110 1
L J

.
Word (8-bit)

45

— 45

Decimal

+7

+6

+5

+4

+3

+2

+

+0

Signed Magnitude
oM
0110
0101
0100
0011
0010
0001
0000
0000
1001
1010
1011
1100
1101
1110

1M
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1’'s complement

 |dea of 1's complement

* the first bit is reserved for “sign”

0 = positive, 1 = negative

invert all the bits in the number

» converting all 1s =» Os and all Os = 1s

for negative number representation

* e.g.,, 1011001 =>» 0100110

Decimal

+7

+6

+5

+4

+3

+2

+1

+0

Signed Magnitude
o111
0110
0101
0100
oof1
0010
0001
0000
1000
1001
1010
1011
1100
1101
1110
1111

N/A

Signed 1's Complement
o111
0110
0101
0100
oo
0010
0001
0000
1M
1110
1101
1100
1011
1010
1001
1000

N/A
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2’s complement

 |dea of 2's complement
* the first bit is reserved for “sign”

0 = positive, 1 = negative

* invert all the bits in the number

» converting all 1s =» Os and all Os = 1s

for negative number representation

« add 1 to the 1's complement of a number

* e.g., 1011001 =>» 0100110 =>» 0100111

Decimal

+7

+6

+5

+4

+3

+2

+

+0

Signed Magnitude
oM
0110
0101
0100
0011
0010
0001
0000
1000
1001
1010
1011
1100
1101
1110

M

Signed 1's Complement
oM
0110
0101
0100
00T1
0010
0001
0000
1111
1110
1101
1100
1011
1010
1001

1000

Signed 2's Complement
oM

0110

0101

0100

0011

0010

0001

0000

1M
1110
1101
1100
1011
1010
1001

1000
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Summary

Sign-Magnitude

1111
1111

1111 (-127)
1110 (-126)

001 (-1)
0000 (-0)

Increasing

binary
value

1111 (+127)
1110 (+126)

0001 (+1):

0000 (+0)!
Wrap
around

1’s complement

19111 1111 (+127);
10111 1110 (+126);

' ..... ...'
! 1

|
10000 0001  (+1);
10000 0000  (+0):
1111 1111 (-0)
1111 1110  (-1)

1000 0001 (- 126)
1000 0000 (-127)

2’s complement

0111 1111 (+127);
'9111 1110 (+126):

10000 0001 (+1).
'0000 0000  (+0):
1111 1111  (-1)
1111 1110

(-2)

1000 0001 (- 127)
1000 0000 (-128)
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Summary

* Range of the numbers by bit length for unsigned and signed

Bit Length Unsigned Range
8 bits 0to2% — 1

16 bits 0to2!6 — 1

32 bits 0to232 — 1

64 bits 0to26¢4 — 1

Signed Range
—27t027 — 1
—25021 — 1
—23110231 — 1

26340263 — 1
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End of slide



