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What You Will Learn in This Lecture AnIversitat

Part 1 — Course Overview

« What this course is about, how it works, and how you'’ll be graded
Part 2 - Programming Fundamentals

« Understand what programming is and why we use Java
« Learning about variables, data types, and operators

« Understand control structures (if/else, for, while)

Part 3 — Hands-On

« Set up and use IntelliJ IDEA

 First look at debugging and documentation (self-study)
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Course Objectives and Learning Outcomes

« Understand the challenges of modeling real world computationally
« Understand how GIS software works under the hood

« Learn the basics of object-oriented programming

« Develop small GIS programs and solve related problems

« Work in teams, communicate effectively and deliver under time

pressure.
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Some Highlights

You will learn how to:

* Implement OGC Simple Feature classes such as points, polylines,
and polygons

* Implement basic geostatistics, e.g., nearest neighbor analysis

* Implement basic algorithms for geo-data, e.g., convex hull for
home range estimation

* Implement a small map on-screen digitizing application

* Implement interactive graphical user interfaces (GUIs) and
animations (e.g., a geo-game)

« Read and write files

All this may be adjusted based on your interests

and the progress we make
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Examples From the Past
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A Few Things to Keep in Mind

 Read the schedule and syllabus

Thoodle

(may/will change during the course) https://moodle.univie.ac.at/course/view.php?id=465688

Available on Moodle and GitHub

« This is a course for beginners, but with a

steep learning curve

I.e.,.a Master’s level class

https://yingjinghuang.qgithub.io/290701-Conceptual-
Modelling-and-Programming/
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Preliminary Schedule

13.04.2026 — W1 Intro Data Types, Operators, and Control Statements
20.04.2026 - W2  Methods and Object Orientation |

27.04.2026 — W3  Methods and Object Orientation Il

04.05.2026 — W4  Inheritance and Polymorphism |

11.05.2026 — W5 Inheritance and Polymorphism Il

18.05.2026 -W6 MIDTERM EXAM

01.06.2026 — W7 GUI | and Action Listeners
08.06.2026 — W8 GUI, File Readers, and Model-View-Controller +

Complementary Assignment
15.06.2026 — W9  Ripley's K Worked Example
22.06.2026 — W10 External Libraries and Exceptions

29.06.2026 - W11 FINAL EXAM

Unfortunately, we cannot offer make-up exams, e.g., if you are traveling, working, etc.
Both the midterm and final exams require writing source code on paper.
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How This Course Works

| cannot teach you programming
You need to do it to learn how it works!

« Short theory; more hands-on exercises
« Learn by example: start with a problem, then figure
out the concepts

 Work in teams and on small (about 5-10) projects

Yingjing Huang 290701 VU: Lecture 1



Textbooks
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Many alternative textbooks,
but please pick at least one

OREILLY' S, | F

. S . A PRACTICAL
Think Java | § = o INTRODUCTION
How to Think Like a Computer ?cientist ¥ -~ TO DATA

G STRUCTURES
=+ 2% AND ALGORITHM
ST ANALYSS

\ 4 JAVA EDITION
, ’ ‘v \ - - -
Ry o ¥ o0
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% :

- David J. Eck
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Tools and Setup

Bring Your Own Device is highly recommended

IDEs are a matter of
personal preferences,
use IntelliJ IDEA for
as a fully-featured IDE

IntelliJ IDEA
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Write Your Own Code

« Al is good at coding — but you only learn by doing it
 One mandatory assignment (\Week 8)
* Weekly optional assignments — highly recommended,

they build on each other and prepare you for the exams
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Grading: Exams and Assignments len

40% | Mid-Term Exam

Date: 18.05.2026
Format: 60+ min, writing source code on paper.

40% | Final Exam

Date: 29.06.2026
Format: 60+ min, writing source code on paper.

10% | Mandatory Quiz/Assignment

Most weekly assignments build up on each other, not assigning
a grade does not imply that you should not do them.

10% | Active Participation

e.g., not just being present, asking questions, answering
questions, explaining code,...
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Programming Basics

Yingjing Huang 290701 VU: Lecture 1



What is Programming?

« Programming is the process (or art) of designing, developing,
debugging, maintaining, and documenting source code

« Source code is a collection (not necessarily a sequence) of
instructions formulated using a specific programming language

that is translated to machine code and executed on a computer
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Programming Languages

« A programming language provides the syntax and semantics to
communicate instructions to a computer

« Many languages exist with different designs, but most can
implement the same functionality

* No formal definition separates a "script" from a "program" —

scripts are typically smaller, specific-purpose programs
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Java in a Nutshell

« A general-purpose, object-oriented programming language

« “write once, run anywhere” — runs on all major platforms
(clients, servers, mobile, game consoles, etc.)

* One of the most popular programming languages, with 9+ million
active developers (Oracle)

« Source code is compiled to bytecode that runs on the Java

Virtual Machine (JVM), independent of computer architecture
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Why Java?

TIOBE Programming Community Index

Source: www.tiobe.com

30
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g
5 15
= Sunday, Mar 1, 2026
e« » Java: 7.99%
10

I I I I I I I I I I I I I
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== Python s C == C++ e= Jaya == C# == JavaScript Visual Basic === SOL R Delphi/Object Pascal

« Java runs on all major server, desktop, and mobile platforms
« Java's syntax is very close to C, C++, and C# — learning one gives you
access to the whole family

« Java was designed from the ground up for object-oriented programming
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Variables

* Avariable in Java has a type, a name, and a value
« The value is variable - it can be changed

« Java is a strongly typed: every variable must have a declared type

// Declare and initialize
= 25;

= 48.2082;

= true;

// The value can be changed

= 26;
= 47.0707;
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Primitive Data Types (Overview)

DATA TYPES

8 primitive types, 4 categories

The most commonly used:

int, double, boolean

NT

e
Figure from:

https://logicmojo.com/data-types-in-java
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Integer Types

Type Size (bits) Min. value Max. value
byte 8 -128 127
short 16 -32,768 32,767
int 32 -2,147,483,648 2,147,483,647
long 64 -9,223,372,036,854,775,808 9,223,372,036,854,775,807

In practice, use int for most cases. Use long when int is not enough.

Yingjing Huang
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Why Should You Care? en

& ')‘\“w.cnn‘com‘ 114/12/03/showbiz/gananam-stvle-youtube/2cid=ob _articlesidebarall&iref=obnetwork

SETEDITION: US. INTERNATIONA MEXICO

NN en Espafiol HLN

Home TV & Video us World Politics Justice Entertainment Tech Health Living

'Gangnam Style' breaks YouTube

By Brandon Griggs CNN

updated 1:50 PM EST, Wad December 3, 2014

Rapper Psy brings 'Gangnam Style' to U.S.

STORY HIGHLIGHTS (CNN) -- The Internet is a vast and seemingly limitiess space, but
« “Gangnam Styke” tuss nmaxeg out €S NO match for PSY.
YouTube's original video-view

caunter "Gangnam Style,” the South Korean pop star's enduring video
* The cip, by South Koreanpop  phenomenon from 2012, has surpassed 2,147,483,647 views on
iP5V, het surpased YouTube, maxing out the site's original view counter.

2,147,483 647 views
e e cotre o vcpnse "We never thought a video would be watched in numbers greater
than a 32-bit integer (=2,147,483,647 views), but that was before
we met PSY," wrote Google, which owns YouTube, in a blog post
this week. " 'Gangnam Style' has been viewed so many times we

have to upgrade!”

For anyone who doesn't have an advanced degree in computing,
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Decimal Types

Type Size (bits) Precision Range
float 32 ~6-7 digits ~ +3.4e%8
double 64 ~15 digits ~ +1.7e308

* Use double by default — Java treats decimal literals (e.g., 3.14)
as double
« Do not use double for precise computations (e.g., currencies).

Use BigDecimal instead.
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The Binary system

1x2° 1x2° 0x2' 1x2° 1x2" 0x2° 1x2° 1x2°
1101.101 1
0.5 0.125 0.0625
Binary point

8+4+0+1+05+0+0.125+ 0.0625 = 13.6875 (Base 10)

« Computers store everything in binary (0Os and 1s)
« Left of the dot: powers of 2 (8, 4, 2, 1, ...)

* Right of the dot: fractions (1/2, 1/4, 1/8, ...)
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Decimal Numbers in Binary

Some decimals work perfectly:

13.6875 =1101.1011

Others don't:

0.1 =0.000110011... (repeats forever)

Doubles in Java are approximations — accuracy vs. storage

For exact precision (e.g., currencies), use BigDecimal
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Char and boolean

char

» char stores a single Unicode character (2 bytes)
» Uses single quotes: ‘A’, ‘7’, ‘@’

‘T’ (char) # 7 (int)
boolean

* Only two values: frue or false

* Used in every if, while, and loop condition
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Type Casting: Widening o niversitat

Type casting:
converting a value from one data type to another

Widening
« smaller type — larger type, done automatically
* byte — short — char — int —» long — float — double

 Example:

int 1 = 123;
long L = 1; // v widening, automatic
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Type Casting: Narrowing

Narrowing

« Larger type — smaller type, must cast explicitly
« Syntax: (targetType) value

 Example:

double d = 123.99;

int = (int) d; // 1 = 123, decimal part lost
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Operators - Overview
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Arithmetic Operators +-* /%
Assignment Operators = += -= *= [= U=
Unary Operator + - ++ -
Comparison Operators == 1= > < >=<=
Logical Operators && || !

Bitwise Operators

&|A>><<>>>~
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Operators — Arithmetic, Assignment & Unary

Arithmetic Operators +-*/%
Assignment Operators = += -= *= [= Up=
Unary Operator + - ++ -
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Operators — Comparison, Logical & Bitwise

Comparison Operators == |= > < >= <=
Logical Operators && || !
Bitwise Operators & | N >> << >>> ~

= 10;

== 10 // true
> 5 &8 x < 20 // true

e =|s assignment, == is comparison

« && (logical) vs & (bitwise) — don't confuse them

Yingjing Huang
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Java Keywords
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 These 61 keywords together with the syntax of operators and

separators define the Java programming language

 Keywords cannot be used as variable names

abstract | assert | boolean break byte | case

catch char | class const continue default

do double else enum exports extends

final finally ' float for goto if
implements | import instanceof int interface long

module native [ new ~open opens package
private protected provides public requires return

short static strictfp super switch synchronized
this throw ' throws to transient transitive

try uses | void volatile while | with

Table 1-1 The Java Keywords

Yingjing Huang
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Summing Up

» Declare: specify the type and name
 Initialize: assign a value

« Operate: use operators to compute and assign new values

// 1. Declare

// 2. Initialize
// 3. Operate
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Control Structures

« Sequence: code runs line by line, top to bottom

» Selection: choose a path based on a condition (if/else)

« lteration: repeat a block of code (for, while)

Every program is built from these three building blocks.

Sequence Selection Iteration
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Control Structures: Syntax

Selection
» if (condition) { } else if { } ) it elee
if ( > 40) {
else {} . . ("Anomaly!");
. } else {
e switch — compare one .out. ("Normal");
_ . }
value against many options
// for
. for (int ;1< 10; i++) {
Iteration .out. (1);
}
« for (init; condition; step) { } e
in = U;

while ( ; 5) {

« while (condition) { } )

« break — exit a loop early
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Methods in Java

Yingjing Huang

A reusable block of code that performs a specific task
Java has many built-in methods

e.g., System.out.printin("Hello World!")
Programming is largely about using methods defined by
Java, others, and yourself
Code runs line-by-line within a method, but not

necessarily across a whole program
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Hands-On

Tools and Practice
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The IntelliJ IDEA IDE in a Nutshell

|- " JETBRAINS

Intelli IDEA  JetBrains IDEs Coming in 20261 What's New Features v Resources Pricing Download

Windows macOS  Linux

¥ Intelld IDEA

The Leading IDE for Professional
Development in Java and Kotlin

Download .exe (Windows) w
Version: 2025.3.3 System requirements Other versions

Free — with a 30-day Ultimate subscription trial included Build: 253.31033.145
20 February 2028

Installation instructions  Third-party software

Voluntary Product
Accessibility Template

Intelli) IDEA is now a single, unified product.

Core Java and Kotlin features remain free, with even more functionality
available at no cost. When you need advanced tools, simply unlock them
with an Ultimate subscription — no switching editions, no extra setup.

Existing Ultimate users keep full access to all advanced features.

Learn more =

https://www.jetbrains.com/idea/download/?section=windows
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The IntelliJ IDEA IDE in a Nutshell {0 Diversitat

fu | IntelliJ IDEA

—-

Projects .
— Welcome to IntelliJ IDEA
Customize

Plugins

Learn

New Project Open Clone Repository
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The IntelliJ IDEA IDE in a Nutshell .wi\éﬁmitét

T

] New Project

Q

NEVE] . .
Location: ~\ldeaProjects

Kotlin

Groovy ) .
Create Git repository

e Python
C Empty Project Build system: IntelliJ W EVEN Gradle

JDK: 4, Download Oracle OpenJDK 25.0.2
Maven Archetype
» Spring Boot

¥ Add sample code
B8 JavaFx

#| Quarkus
> Advanced Settings

L Micronaut

A Jakarta EE
Ktor

& HTML

& React

ex Express
Angular CLI
Vue,j

¥ vite

Nuxt

> via plugins...

Create Cancel

Yingjing Huang 290701 VU: Lecture 1 39



The IntelliJ IDEA IDE in a Nutshell

= T testv Version Control v Current File v~

Project v %) Mainjava

v [ptest
)5 > [D.idea
» erc void main() {
% Mainjava ctrl || Period
@ .gitignore
B test.iml
> (h External Libraries

=" Scratches and Consoles for (int i = 1; i <= 5: i++) {
s :

i

FS

I0.printin("i = " + i);

@

I CRNG N

G Main.java
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The IntelliJ IDEA IDE in a Nutshell

T test v Version Control v Current File v

Project v Main.java

v [Btest
> [D.idea

N out

{
static void main(string[] H
System.out.println("Hell 1 );

production
test
ET]
src
Main
@ .gitignore
B test.iml
flb External Libraries
=% Scratches and Consoles

C:\Users\Yingjing\.jdks\openjdk-25.0.2\bin\java.exe "-javaagent:C:\Program Files\JetBrains\IntelliJ IDEA pg ormance
Hello world!

&

Process finished with exit code ©

T O N @

7:2 LF UTF-8 (& 4 space
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Debugging in Intellid IDEA

-+ Debugging: finding and resolving defects in m IntelliJ IDEA

your code Keyboard Shortcut Cheat Sheet
« Breakpoint: pause execution at a specific Navigating the Editor _ Editing Code
||ne Find a class Reformat code
. . Find a file Optimize imports
. -
Watch & Inspect: examine variable values oo St ibe
forward or selecton
at ru nt|me Recent files Delete current line
Alt usages (Ctrl+Shift+1] Move line up/down
Code Generation Searching
constructor,
getter, setter, etc.) Find in current file
Override methods Replace in current file
Implement methods
’ , Other Useful Shortcuts
Running and Debuggi
Basiccogie
Rii completion
i Smart cod
Debug Ctrl+ Shift+Space comrflplg)ioi
_’I‘//ld bletap) | Search
Step over e everywhere
Step into Show method

parameter info
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Documenting your Code

R

//Compute the Euclidean distance between pl and p2
double distance;

Math.sm
. Returns the correclly rounded pOSiIi\'E square root of a double value.
dista e sandouniea):doubte -math T e

e Ifthe argumentis NaN or less than zero, then the result is NaN. .
SySte « [fthe argument is positive infinity, then the result is positive .StanCE) ’
infinity.
} « [fthe argument is positive zero or negative zero, then the result is
the same as the argument.

otherwise, the result is the double value closest to the true
mathematical square root of the argument value.

Parameters:
1 aavalue. |
o Javadoc [&. Declaration Returns: g B 2 & =
. q | the positive square root of a. If the argument is NaN or less than ©
iclideanDistance [Java Appli zero, the result is NaN.
re at :(10.9,19.9) an Press 'Ctrl=5pace’ to show Template Proposals

ween the two points is:is.izoe49viso1wo1s

« Without documentation, you wouldn't know how to use Java's built-in
classes — or anyone else's code

» After a few weeks, you may not even understand your own code

« Java has a built-in tool called JavaDoc to help you create

documentation
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The IntelliJ IDEA IDE in a Nutshell Igersnat

You can explore more on your own....

And don’t forget to obtain your student pack

@ JETBRAINS Student Pack

All-in-one dev toolkit
for study and job prep

Access free JetBrains IDEs, Al tools, plugins, and courses
for the full duration of your studies.

Look inside your free Student Pack

https://www.jetbrains.com/academy/student-pack/
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Assignment

Reading
» Read about Variables & Control Statements (a typical chapter
1+2) in your favorite textbook.
* Be able to describe what a for loop and if statement is in your own

words.
Coding

« Compute the Euclidean distance between two points in a 2D
Cartesian coordinate system (hint: Math.sqrt() and Math.pow())

» Define a polyline and a polygon and compute their shortest
distance between both using their vertices (hint: you can use
separate variables for each point)

« Optional: check whether the polygon is closed.

Submission

« Upload a zip file [FirstNameLastNameW1.zip] with the *.java files
* Deadline: Sundays at 5:00 PM (Vienna Time) (The day before our
Monday lectures).
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package

ek 1 - Intr ion to Jav output, arithmetic, variables,
*f

public class Weekl {
public static void (String[]

Section 1: Output and basic a
("Discrete Mathe

addition: 1+1 = 2
+ (1 + 1));

Without parenthes performs string concatenation: "Same here:
e here: " + 1+ 1);

= 1 (no decimal places)

Integer division: 18/10
c 5 /1000 y + (10 / 10));

("1000

vision by zero thr ithmeticException and 5 program!
line to see it in
/ System.out.println("42/0 yields:

Floating-point division by zero does NOT c it returns Infinity instead
This is ause IEEE 754 floating-point ndard de s division by zero as Infinity.
. 42.0/0 yields: + (42.0 / 0));

/ Floating-point precision: 0.1 + 0.1 = 0.2 (exact)
("0.1+0.1 yields: + (0.1 + 8.1));

NOT exactly 0.3 due to floating-point representation!
ds: " + (0.1 + 0.1 + 0.1));

// --- Sect
double
/1 sign a value er
double B Declare and initialize in one step

// Math.max re
A H
1/ defined below)

( N

/1 Section 3: Loops Math functions
// Print the square of each number from @ to 9 using Math.pow(
for {int ; 1< 105 i++) {

( (1, 2));

ditionals (uncomment to try) ---
int count
if t ==42){
2m.out.println("THE answer!");

s 1 to the input value.
1e and call a static method.

public static double (double ) {
return 3 oilg

}
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