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Welcome!
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Tutorial 1: Introduction

® Initial Setups

o Gitand GitHub

o Code Editing and Markdown
e Basics of Modern JavaScript
® TypeScript, Node.js and Its Ecosystem
e 3D in WebGL and three.js

e Summary
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Minimum Environment

The minimum environment setup for the CG1 tutorials:
® git: https://git-scm.com/

e Node.js: https://nodejs.org/en/

@O git
We will explain them one by one. n ‘@d e
q’

e Visual Studio Code (recommended): https://code.visualstudio.com/

*Linux users should be able to setup the above environment without instructions.
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https://git-scm.com/
https://nodejs.org/en/
https://code.visualstudio.com/

Install Git (for macOS users)

Find terminal in the system (though Launchpad or Spotlight search)
Verify if the git command is already available in the system

If not, type xcode-select --install and follow the prompts, confirm
and wait until installation is finished

(Again) Verify if the git command is available from the terminal

[ N J [ teaching — -zsh — 80x24

Last login: Fri Apr 9 14:00:32 on ttys@12
teaching@changkun-air ~ % xcode-select ——installl

Q terminal

-]

Terminal

Find terminal Install development environment on macOS
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[teaching@changkun-air ~ % git

@ [ J [ teaching — -zsh — 80x47
Last login: Fri Apr 9 14:00:32 on ttys@12

usage: git [--version] [--help] [-C <path>] [-c <name>=<value>]
[--exec-path[=<path>]] [--html-path] [--man-path] [--info-path]
[-p | --paginate | -P | --no-pager] [--no-replace-objects] [--barel
[--git-dir=<path>] [--work-tree=<path>] [--namespace=<name>]
<command> [<args>]

These are common Git commands used in various situations:
start a working area (see also: git help tutorial)
clone Clone a repository into a new directory
init Create an empty Git repository or reinitialize an existing one

work on the current change (see also: git help everyday)

add Add file contents to the index

mv Move or rename a file, a directory, or a symlink
restore Restore working tree files

m Remove files from the working tree and from the index

examine the history and state (see also: git help revisions)

bisect Use binary search to find the commit that introduced a bug
diff Show changes between commits, commit and working tree, etc
grep Print lines matching a pattern

log Show commit logs

show Show various types of objects

status Show the working tree status

grow, mark and tweak your common history

branch List, create, or delete branches

commit Record changes to the repository

merge Join two or more development histories together

rebase Reapply commits on top of another base tip

reset Reset current HEAD to the specified state

switch Switch branches

tag Create, list, delete or verify a tag object signed with GPG
collaborate (see also: git help workflows)

fetch Download objects and refs from another repository

pull Fetch from and integrate with another repository or a local branch

push Update remote refs along with associated objects

'git help -a' and 'git help -g' list available subcommands and some
concept guides. See 'git help <command>' or 'git help <concept>'

to read about a specific subcommand or concept.

See 'git help git' for an overview of the system.
teaching@changkun-air ~ %

Verify availability of git



Install Git (for Window 10 users)

e Find a terminal (PowerShell) in the system
e \Verify if the git command is already available in the system
e If not, download and install git, confirm and wait until installation is finished

® (Again) Verify if the git command is available from the terminal

Git 2.31.1 Setup - X ‘

Installing

Please wait while Setup instals Gito| © ~ Ot 2:31.1 Setup -

Best match

Extracting fies... Completing the Git Setup Wizard a

C:\Program Files\Git\mingw64Vib\tcl
Setup has finished installing Git on your computer. The dpee

‘ application may be launched by selecting the installed £ PowerShell 7-preview (x64) >
shortcuts. 2 Windows PowerShell ISE >
Click Finish to exit Setup. 18 Powershell-7.20-previewd-vin- R
64msi -
[ Launch Git Bash £ Developer Powershell orVs 2019 > :
i £ Windows PowerShell (x36) 2 wershel
View Release Notes a ishel st
£ Windows PowerShell ISE (x36) > v
£ Debuggable Package Manager >

Search the web
O Powershell - see web resuits >
Documents (5+)

Only show new opf] Settings (3)

S e

Install Git on Windows Verify availability of git
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https://git-scm.com/downloads

Clone from GitHub

The first thing to get started is to download our GitHub

) mimuc/cgi-ss21: Computer G X =+

& C (¢ @ github.com/mimuc

Q Search or jump to... Pull requests Issues Marketplace Explore

repository. Use git to clone the repository in the terminal:

Unwatch ~

<> Code

$ git clone https://github.com/mimuc/cgl.git

main ~ P oo Go to file Add file ~ ¥ Code ~
Cloning into 'cgl'...
Q changkun all: add initial information Clone
remote: Enumerating objects: 25, done. o SIS
assignments s://github.com/mimuc/cgl-ss21.git
remote: Counting objects: 100% (25/25), done. tr

docs

remote: Compressing objects: 100% (18/18), done.

.gitignore
remote: Total 25 (delta 6), reused 18 (delta 3), LICENSE

README.md

pack-reused 0

Receiving objects: 100% (25/25), 54.13 KiB | 701.00 KiB/s, ReAOME md
done. . L:J

i Computer Graphics i1 -—
Resolving deltas: 100% (6/6), done.

Computer Graphics @ LMU Munich Summer Semester 2021

* Homepage:
¢ Responsible Professor:

* Tutorial Instructor: Ch
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https://github.com/mimuc/cg1.git

Install Visual Studio Code (VSCode)

Download VSCode and install it to the system

Add code command to the terminal
In the terminal

e windows user:

$ code .\cgl-ss21)\
® macOS user:

$ code cgl-ss21

Then the entire workspace should be opened

Other code editor alternatives:
° Vim
° WebStorm

*VSCode configurations are already included and activated in the workspace configuration.
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Windows users

) File Edit ction View Go Run Terminal Help

iy -

OPEN EDITORS

> ouTunE
> TIMELINE
mysaL
> s
X Pmin O ®0A0

b Setup - Microsoft Visual Studio Code (User) -
Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would lie Setup to perform while installing Visual Studio Code, then dick
Next.

Additional icons:

[ create a desktop icon

Other:

Add "Open with Code" action to Windows Explorer file context menu

Add "Open with Code" action to Windows Explorer directory context menu
Register Code as an editor for supported file types

—> Add to PATH (requires shell restart)

<o ==

W ESlint & 0


https://code.visualstudio.com/
https://www.vim.org/
https://www.jetbrains.com/webstorm/

Markdown

Markdown is a lightweight markup tangtage-for creating formatted text, and widely used.

VSCode can rendering a Markdown file (.md), side by side:

README.md — cg1-ss21
EXPLORER README.md X

v OPEN EDITORS README.md > £ # Computer Graphics ![](https://changkun.de/urlstat?mode=github&repo=mimuc/cg1-ss21)
X README.md You, 3 days ago t Y

« C61-8521 src="./docs/teaser.png" alt="Image Credit: V. Pues" height="1600" ="right" style="margin:
5px; margin-bottom: 20px;"

> vscode

v @ assignments

m O1-transform

M 02-mesh

Computer Graphics @ LMU Munich Summer Semester 2021
# 03-camera

W 04-raster Homepage: [https://mimuc.de/cgl] (http://mimuc.de/cg)

M 05-material Responsible Professor: [Prof. Dr. Butz](https://www.medien.ifi.lmu.de/team/andreas.butz/)

i 06-illumination Tutorial Instructor: [Changkun Ou] (https://www.medien.ifi.lmu.de/team/changkun.ou/), [Florian

> i demo Lang] (https://www.um.informatik.uni-muenchen.de/personen/mitarbeiter/lang/index.html)

v i@ docs
§ index.html

README.md
& teaser.png We will introduce and use the following toolkits for this course:

® _gitignore .
[Node J(https://nodejs.org/en/): 14.16.0+
A LICENSE [TypeScript] (https://www.typescriptlang.org/): 4.2+
README.md [three.js] (https://threejs.org/): rl27+
[VSCode] (https://code.visualstudio.com/): latest download
[Blender] (https://www.blender.org/): 2.92+

It is recommended for you to install and take a glance at these tools beforehand.

Released on [LMU Moodle] (https://moodle.lmu.de/course/view.php?id=13999).




Markdown M3

Markdown is a lightweight markup tangtage for creating formatted text, and widely used.

VSCode can rendering a Markdown file (.md), side by side
= It is unnecessary to learn it systematically, instead: use it by looking at the provided examples in the README.md file

Install a plugin for displaying mathematics formula: Markdown All in One.

Preview README.md — cg1-ss21

@ EXPLORER README.mc Preview README.md X a0

v OPEN EDITORS README.md > [ # Computer Graphics ![](https://changkun.de/urlstat?mode=github&repo=mim..
GROUP 1 Computer Graphics v
README.md docs/teaser.png" alt="Image Credit: V. Pues

SROUP 2 height="100" "right" style="margin: 5px; marg : L% _
20px; " Computer Graphics @ LMU Munich Summer Semester
X E Preview README.md

2021
v CG1-5521 You, 3 day ut
> .vscode =t d ! X * Homepage:
v @ assignments : — * Responsible Professor:
> W 01-transform Computer Graphics @ LMU Munich Summer Semester 2021 : »_Tutorial Instructor: 2
> ® 02-mesh 6 2
> ml 03-camera Homepage: [https://mimuc.de/cgl] (http://mimuc.de/cg) Toolkits
> ol O4-raster CGEf e IIG Blhiapetlrs IR0 Dl Sl RS/ el il We will introduce and use the following toolkits for this course:
s ol 05 cal 1mu.de/team/andreas.butz/)
shatena Tutorial Instructor: [Changkun Ou](https://www.medien.ifi.lmu. . :14.16.0+
> ® 06-illumination de/team/changkun.ou/), [Florian Lang] (https://www.um.informatik. 5 4.2+
> ® demo uni-muenchen.de/personen/mitarbeiter/lang/index.html)
4] . 127+
v 0CS
‘E T . : latest download
index.htm!
. 1 2.92+
README.md
& teaser.png We will introduce and use the following toolkits for this course: It is recommended for you to install and take a glance at these tools beforehand.
® .gitignore .
R LICENSE [Node.js] (https://nodejs.org/en/): 14.16.0+ Lecture Materials
[Ty ript] (https://www.typescriptlang.org/): 4.2+
README.md Released on

[three.js] (https://threejs.org/): rl27+

] (https://code.visualstudio.com/): latest download . .
r1(https://www.blender.org/): 2.92+ Tutorial Materials

Changkun (



https://github.com/yzhang-gh/vscode-markdown

Tutorial 1: Introduction

e Initial Setups
o  Browser execution environment
o  Programming building blocks
e TypeScript, Node.js and Its Ecosystem
e 3D in WebGL and three.js

e Summary
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JavaScript

JavaScript is a programming language that is originally designed for manipulating elements on a web page

L

1 — |

Load a web page css ™
| N |

; HTML fil . .
| e (.css, .js, .png, .obj etc.)
Browser Server
(local) (remote)
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Open JavaScript Console (in Chrome)

Chrome Beta File Edit View History Bookmarks Profiles Tab Window Help

Keyboard shortcuts for opening a JS console: ®© ) mimuee AMaYe Show Bookmars

Always Show Toolbar in Full Screen
& C @ @& ¢ Aways ShowFull URLs

e macOS: alttcommand+] O oo i

Reload This Page ssues Marketplace Explore

Enter Full Screen
e Windows: Ctrl+Shift+) mimuc/cgl-s Acua s =R

Zoom Out
<> Code

(Same shortcut in Firefox) cast..

Developer > View Source
main ~ 1 oo Developer Tools
Inspect elements
JavaScript Console
Allow JavaScript from Apple Events

Computer Gray

Q changkun dot: include default code editing configs

.vscode

assignments

Try to type:

demo

docs

console.log('Hello mimuc/cgl-ss21')

.gitignore
LICENSE Releases

README.md

See if the same result can be reproduced. o R

® top

A [Deprecation] ::-webkit-details-marker pseudo element selector is deprecated. Please use ::marker instead. See https://c
more details.

The console is helpful for debugging and we can see what

Hello mimuc/cgl-ss21

< undefined

went wrong.

Some Browsers act differently. If you get an error, try a different browser first.
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Basic JavaScript Concepts

® constant: immutable data
const ¢ = 3.14; // cannot be changed later
® variable: mutable data
let v = 0; // can be changed later
® function: a code block maps a list of parameters to a list of return values

function Foo(pl, p2, p3) { .. } (normal function)
const Bar = (pl, p2, p3) => { .. } (arrow function)

Q: What are the differences?

e flow control: i f/else/switch/for statements (in almost every-language)

const a = 1; let difficulty = 'myth';
const b = 2; switch (difficulty) {
if (a > b) { case 'easy':

console.log(a); console.log('CGl is very easy');
} else { break;

console.log(b); // prints default:
} console.log('I do not know!');

break;
}
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for (let i = 0; i < 10; i++) {
console.log("CGS${i}");

}
// Prints:

// CGO
// CG1

/]
// CG9
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Data Types

boolean: true | false

number: 3.1415

string: "Hello CG1!'

array. [1, 2, 3, 4]

object: {course: '"MIMUC/CG1l', year: 2021, difficulty: 'ultra-easy'}

Special values in JavaScript: null, undefined (Advise: just use null)
let unknown = null;
Type inspection: typeof

typeof(3.1415) // "number"
typeof (true) // "boolean"
typeof('CG1') // "string"
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Error Handling

A error can stop JavaScript from execution. Handling errors can prevent the interruption.
® Try block: the main code for execution
e Catch block: be executed when there is an error
e Finally block: executes always

Example:

try {
console. log('works'); // prints 'works'
throw new Error('throw an error!');
console.log('not work'); // will not be printed
} catch(err) {
console.log(err); // prints throwed value: "throw an error"
} finally {
console.log(always work'); // always prints 'always work'
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Breakout: Try JavaScript in A Browser

® Open the JavaScript console cee [T +

= o G & moodle.Imu.de/course/view.php?id=13999

= I;‘ HOME DASHBOARD HELP ~ A9

e Write some code using these concepts that we

just covered:

@) Va rl a b I e Home > My courses Sommersemester 2021 CG1
[x E’ Elements Console Sources Network Performance Memory Application Security Lighthouse AdBlock
@) constant B O top v © Default levels v

const a=1+2+3;

>

< undefined

> console.log(a);
6

- undefined

o function

o flow control
o data types
o error handling
e Search and explain why there is an "undefined"

output in the console using Google.
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https://www.google.de/?hl=de

Downside of JavaScript

Consider a naive function: function foo(a, b) { .. }

This can be confusing!
As a user/caller:
e Whatis the type of the parameters | am supposed to pass to the function?
e What does this function return to me?
e What will happen if | do not provide the expected parameters?
[ J
As an implementer:
e How will the caller use this function?
e How should | handle invalid inputs? Throw an error? Return a default result? Something else?

e How should | document the behavior of the function? What if | don't?
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Tutorial 1: Introduction

e Initial Setups

e Basics of Modern JavaScript

e TypeScript, Node.js and Its Ecosystem

e WebGL and three.js

e Summary
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TypeScript

TypeScript is a superset of JavaScript, or a statically typed JavaScript
e |t cannot be executed directly in a browser but will be compiled to JavaScript, automatically
® (Almost) everything that works in JavaScript also works in TypeScript
® But: TypeScript forces us to think about the type = increases readability and debuggability
e Key supplies beyond JavaScript:
o  Static and strong typing
o Interface

o} etc.
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Dynamic vs. Static Typing
Types

This is much better for both implementer and user: )/l\

function add(a: string, b: string): string { .. }

The definition of the function already tells a lot of information:

It adds two strings and returns the resulting string

Source Code Compile time Target Code Runtime
TS Js
Compile -
Check types here Check types here
= Static Typing = Dynamic Typing
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Weak vs. Strong Typing

® There is no precise technical definition regarding weak, loosely or strong typing
e We commonly agree that JavaScript is a weakly typed language, and TypeScript is strongly typed

® |nJavaScript:

+

'2') // 42
'2') // 8

console. log(4

>*

console. log(4
® |In TypeScript:

console.log(4 + '2') // not allowed
console.log(4 * '2') // not allowed

e Weakly typed languages are convenient when coding but can lead to unexpected behavior:

console.log(l === '1') // 22?2
console.log(l == '1") // 22?2

We never know the answer until we run it

® Advise: use TypeScript to add more restrictions but bring a lot more convenience for the future

*Aside: Java is a strongly typed language
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Class in TypeScript

class: a special "function" with a constructor () which is auto-executed when a new object of that class is created

class MyClass {
pl: string;
p2: number;

pn: object[];

constructor(pl: string, p2: number, ...pn: object[]) {

this.pl = pl;
this.p2 = p2;
this.pn = [...pn];
}
O {
console.log(this.pl, this.p2, this.pn);
}
}
const m = new MyClass('1l', 2, 1, 2);
m.f()y; // '1', 2, [1, 2]
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Interface in TypeScript

Interface: declares a shape of an object:

interface User {
name: string;
id: numbers;
}
class UserAccount {
name: stringj
id: number;
constructor(name: string, id: number) {
this.name = name;
this.id = 1id;
}
}
const user: User = new UserAccount('Murphy', 1);

console.log(user); // UserAccount {name: "Murphy", 1id: 1}
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Data Types in TypeScript

Declare types:

const b: boolean = false;

const n: number = 3.1415;

const s: string = 'Hello CG1l';

const a: Array<number> = [1, 2, 3, 4];

const o: object = {course: 'mimuc/cgl', year: 2021, difficulty: 'ultra-easy'};

With the function typeof, a parameter can accept multiple different types of arguments:
[ *x
* elements counts the number of elements of a given argument.
* @param s is either a string or an array of string
* @returns the number of character elements of the given string or array.
*/
function elements(s: string | string[]) {
if (typeof s === 'string') {
return s.length;
}
let sum = 0;
for (let i = 0; i < s.length; i++) {
sum += s[i].length;
}
return sum;
}
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Core Concepts in .~ Every Programming Language

e (Constant

e \Variable

e Function

e Flow control

e Class and interface
e Types

e Error handling

That's it. That's all we need to know about using JavaScript/TypeScript uust 1% of the whole language)

for graphics programming in CG1. The remaining key question is:

What do we need to use TypeScript?
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Install Node.js

Download and install the stable version:

https://nodejs.org/en/

After the installation, verify if the following two

commands are available from the terminal:

$ node -v
v1l4.16.1
$ npm -v

v6.14.12

Introduction
Licence
Destination Select
Installation Type
Installation

® Summary

nudc

& Install Node.js

The installation was completed successfully.

This package has installed:

Node.js v14.16.1 to /usr/local/bin/node
npmv6.14.12to /usr/local/bin/npm

Make sure that /usr/local/bin isin your

[ teaching — -zsh — 80x24

Last login: Fri Apr 9 14:00:57 on ttys@12
teaching@changkun-air ~ % node -v

# Node,js Setup

v14.16.1
teaching@changkun-air ~ % npm -v
REATHL ié:ééﬁg@changkun—air ~ %
Cl
|
X

nede

Completed the Node.js Setup Wizard

Click the Finish button to exit the Setup Wizard.

Node.js has been successfully installed.

B¥ C\Users\Changkun Ou eE

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Try the new cross-platform PowerShell https://aka.ms/pscoreé

at in ~ [10:40:47 PM]

in ~ [10:48:49 PM]

in ~ [10:48:54 PM]
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https://nodejs.org/en/

NodelS and NPM

e \What are those?

o JavaScript is a (standardized) language, and Node.js is an implementation/runtime.

e \We need them to:

@)

Generate files automatically and compile TypeScript to JavaScript for execution

Start a local server to serve all the files (like a server on the internet)

(@)

Better coding experience, e.g., automatically refresh the page when the code has changed

(@)

O

Better engineering practices, e.g., dependency management
o
e NPM manages declared dependencies in package.json, and saves dependencies in node_modules folder.

® Basic usage:
$ npm i install everything we need for coding (required inside the folder with file package. json)

$ npm start start command of a project (in the CG1 provided code skeletons, it also compiles TypeScript)
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Breakout: Setup (Enhanced) Coding Environment

e Install ESLint plugin and activate it in VSCode

D cvren 72N = [ Extension: ESLint X

eslint e

e Navigate to folder e——

~ Integrates ESLint JavaScrip...
1o Dirk Baeumer

Prettier ESLint 2.1.0

O Windows: cd demos\@l-intro\l-setup L5 AvesiSudo aendent

ESLint dbaeumervscode-esiint
Dirk Baeumer | < 13847570 | kkk k% | |
cgratcc Dol lovaloniztintn VS Code.

LN X J Extension: ESLint — cg1-ss21

Disable ~ Uninstall v <O 48 This extension is enabled gic

Rebecca Vest Install v This extension is recommended b: sed on the files you recent

sslint-disable-sni... 130
B:v timple snippets for disable ...

O macO0S: cd demos/01-1intro/1-setup

BBN | omentvour EsLiv ies1. VS Code ESLint extension
Gabriel McAdams Install v

e Install all dependencies using npm 1 and run the project using npm start 4 A s RRTE

WooodHead Install

Details Feature Contributions Changelog

Integrates into VS Code. If you are new to ESLint check the

°® D 0 u b | e C h e C k if th ese fe at u res WO r ks : PG . : The extension uses the FSLint librarv installed in the. nbi:e:: ;Z::‘Tya:

LMU Munich Computer Graphi- X +

€ 5 & N ® locahost8080 @

(@) A U tO CO m p | et | 0 n OK | Hello Computer Graphics 1 using TypeScript? |
Hello mimuc.de/cg1! Your input is: OK
Hello mimuc.de/cg1! Your input is: OK

o  AutoFix on save

Hello mimuc.de/cg1! Your input is: OK

o See if the provided code gets executed o - s

12 »(2) [1, 2]

» UserAccount {name " phy", id: 1}

false 3.1415 "Hello CG1" » (4) [1, 2, 3, 4] » {c : "m /cgl", 2 2021, difficulty: "ultra— )
® Read the COde and comments i elo course: "mimuc/cgl®, year ifficulty: "ultra-easy

35

[WDS] Live Reloading enabled.
Hello mimuc/cgl from console!

e Answer the question (with help from Google): e o
o  What does this mean? In src/main.ts, line 9:
import './others';
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install.

trc configurat

~ommand in a te
jy then run . \nc

pux and Mac.

pments. For a de
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1s/01-intro/1-
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https://github.com/mimuc/cg1-ss21/blob/746bdb2123c9b58d4bbdbb5dd236606442706a64/demos/01-intro/1-setup/src/main.ts#L9

Feature: AutoCompletion

® Prompts regarding variables, function, class methods, etc

e Show documents about how to use a function/method etc

000 others.ts — cg1-ss21
LD EXPLORER main.ts others.ts 3 @ N «© ® @
1
PEN EDITOR 5 b
\ ol ORS 1 UNSAVED demos > 01-intro > 1-setup > src > TS others.ts > ... oee® others.ts — cg1-ss21
/() main.ts demos/01-intro/... 65 * @param s is either a string or an array of string
® 75 others.ts demos/0... 3 66 « @returns the number of character elements of the given r_f‘l EXPLORER main.ts others.ts 2 ® R «© ® O
1
v CG1-5521 array. \ OPEN EDITORS 1 UNSAVED demos > 01-intro > 1-setup > src > others.ts > ...
i} « & vscode G x/ - = e e R L s
- vseode 68  function elements(s: string | string[1) { 0 el e DEILEAY 61
{} settings.json 69 if (typeof s === 'string') { ® 75 others.ts demos/0... 2 62 [ %%
ﬂ'> > W assignments 70 return s.length; v CG1-S521 63 * elements counts the number of elements of a given argument.
v &l demos 71 & 29 « & wscode 64 x =
o « & Ol-intro/1-setup 72 let sum =6 ) ; 0 e 65 * (%param s is either a Strjﬂg or an array of string
H5 73 for (let i = 05 i < s.length; i++) { 66 * @returns the number of character elements of the given string or
> 8 node_modules 74 sum += s[4].length; ﬁ'> > Ml assignments array. 25
v @ src 75 i v @l demos 67 */ A
C‘@ main.ts 76 return sum; BJD v & 01-intro/1-setup (1] function elements(s: string | string[]) {
others.ts 3 L } > m node_modules 69 if (typeof s === 'string') {
® _eslintignore 28 % 70 return s.length;
’ . g‘ 79 console.}d L—‘ v & src 7n }
® .eslintrc.json 80 @ log (method) Console.log(...data: | =@ main.ts 72 let sum = 0;
- . 5 73 f let i =05 i < H i d :
> OUTLINE gnmel.ig GEERS 2 - or ( f 1[‘]0{ i i elements(s: string | _string[]): number
Console ¢ _eslintignore SUmESES L. Cne L. By .
> TIMELINE e tapeed ) : 75 0 is either a string or an array of string
> NPM SCRIPTS ) ¢ _eslintrc.json . X
@ profile s . 76 return sum; elements counts the number of elements of a given argument.
MYSQL rofileEnd 77 }
{"‘:‘ 2 s @ g > OUTLINE 78 @returns — the number of character elements of the given string or array. ™|
2iSVN ZAIIMECINE 79 console. log(elements|()|)
X Pmain O ®2A1 Ln79,Col 11 Spaces:2 UTF-8 LF TypeScript 4.23 E > NPM SCRIPTS 0 2208
5:;‘} > MYSQL
> SVN
X PPmain O ®2A0 4 You, secondsago Ln79,Col22 Spaces:2 UTF-8 LF TypeScript 4.2.3 ./ ESLint  Prettier & (3
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Feature: AutoFix

Fix code format automatically when we save the file (ctrl+s or cmd+s)

We use widely accepted Google TypeScript Style Guide

With this feature enabled, we don't need worry anything about how we should place spaces, tabs, or

others. JUST SAVE THE CODE and the tool will do everything else for us

&
0

8 B ¥ «

&%

X

EXPLORER

 OPEN EDITORS |1 UNSAVED

main.ts demos/01-introf...

® 75 others.ts demos/0... 6
v €61-s521
v & vscode
{} settings.json
> ® assignments
\ &l demos
v &l 0%-intro/1-setup
> m® node_modules
v @ src
main.ts
others.ts 6
® _eslintignore
® _eslintrc.json
> OUTLNE
> TIMELINE
> NPM SCRIPTS
> MysaL
> SVN
Pmain O ®6A0

others.ts — cgl-ss21

main.ts others.ts 6 @ T «© ® O
demos > 01-intro > 1-setup > src > TS others.ts > @ elements

65 « @param s is either a string or an array of string

66 * @returns the number of character elements of the given string or

array.

67 /

68| function elements((s:

69 string | string

70 a

7 if (typeof s === 'string') {

72 return s.length;

73 3

74 let sum = 0;

75

76

77

78 ]
79

80 s[i].length;

81

82 return sum;

83 }

84

85  console.log(elements('Hello CG1!'));

console. log(elements(['Hello CG1!', 'Awesome Computer Graphics'l));
Ln70,Col4 Spaces:2 UTF-8 LF TypeScript 423 ./ ESlint ./ Prettier & (2
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Fix Code
Format

—

|o
Jo

5%

X

EXPLORER

 OPEN EDITORS

main.ts demos/01-intro]...
X 75 others.ts demos/01-intr...

v C61-s521
v & wvscode
{} settings.json
> Wl assignments
v & demos
~ & 01-intro/1-setup
> w8 node_modules
v @ src
main.ts
others.ts
® _eslintignore
® _eslintrc.json
> OUTLINE
> TIMELINE
> NPM SCRIPTS
> MysaL
> SVN
fman O ®0AO

main.ts

demos > 01-intro > 1-setup > src >

64
65
66

others.ts — cgl-ss21

others.ts X

* @param s is either a string or

% @returns the number of character elements of the g

array

others.ts > @ elements

an array of strir

function elementsl(s: string | string[lf] {

if (typeof s 'string') {
return s.length;
{0

let sum = 0;

for (let i = 03 i < s.length; i++) {

sum += s[i].length;
L
return sum;

}

console.log(elements('Hello CG1!'));

console. log(elements(['Hello CG1!'

, 'Awesome Computer Graphics']));

$ You,anhourago Ln68,Col39 Spaces:2 UTF-8 LF TypeScript 4.23 ESLint . Pretier & (3
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https://google.github.io/styleguide/tsguide.html

Aside: How does the code skeleton work?

Traditionally, we need to work on ,.css, and .js files together, and resolve every detail separately.
In modern world (2021), front-end web development had moved on from that and switched to pure JavaScript based development, or even
better - TypeScript based development: Write everything in TypeScript, and use tools to organize and generate all other files automatically.

Our code skeleton can generates/transpiles all files (using Webpack) for us, then serves it in a browser.

*Conveniently: refresh the page automatically whenever we made changes to the code so we don't have to refresh it by hand

/ We only work on .ts and .gls/ (later) files

file.js
HTML
npm start
.Obj file.css
is Generates
J Automatically
filel.obj, file2.png,
Files in the code skeleton Executed in a browser
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https://webpack.js.org/

Ecosystem

e JavaScript and TypeScript are not limited to manipulate elements on a
web page, they also can:
o Create desktop application using Electron
o Create mobile application using
o Create modern progressive web application using or Vue
o Create backend server using (although we have better choices )
o ...even create immersive XR application with WebXR
o Check out W3C standards and see more possibilities there
e But those would be another story beyond CG1 ==

e We will focus on WebGL and the library three.js build on top of it

Changkun Ou, Florian Lang, Prof. Butz | LMU Munich CG1 SS21 | mimuc.de/cgl
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https://www.electronjs.org/
https://reactnative.dev/
https://reactjs.org/
https://vuejs.org/
https://expressjs.com/
https://immersiveweb.dev/
https://www.w3.org/standards/
https://www.khronos.org/webgl/

Tutorial 1: Introduction

e Initial Setups
e Basics of Modern JavaScript

e TypeScript, Node.js and Its Ecosystem

e WebGL and three.js

e Summary
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WebGL

WebGL is a web standard based on OpenGL ES (and OpenGL is a legacy graphics standard) for
creating 2D and 3D graphics on the web

Check whether a browser supports WebGL: https://webglreport.com/

Documents: https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API

But, we are still not going to discuss WebGL directly from Day 1 because:
e The APl design is too complicated for "getting started" purpose
® APIs are too difficulty to use, and breaks in between WebGL and WebGL2

® There is already a fantastic library which reduces the complexity of using WebGL

Is there a better choice?

Changkun Ou, Florian Lang, Prof. Butz | LMU Munich CG1 SS21 | mimuc.de/cgl
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https://webglreport.com/
https://developer.mozilla.org/en-US/docs/Web/API/WebGL_API

three.js: A JavaScript 3D Library

three.js|

arn
documentation
examples

editor

ity
questions
discord
forum
slack

twitter
EDUCATION

github
download

devtools

Three.js Fundamentals
Three.js Journey
Learn Three.js \' ] s

SHUTDOWN
GALLI

HHTOThree. js ERY

Merch
T-Shirts

WEB I
I CRAPHIC
EXPERIMENTS IS

- s

(!l‘{lb ‘I

«,[l‘kL

Changkun Ou, Florian Lang, Prof. Butz | LMU Munich CG1 SS21 | mimuc.de/cgl 36


https://threejs.org

three.js

The core concepts in three.js are:
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Renderer
Scene
Camera
Mesh
Geometry
Material

Light

Scene Camera

: ! !

|
Object3D MeshJ [ Group ] [ Light ]
| !

| —

Fﬁn
r.-_

TAxtiira

Texture
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https://threejs.org

Renderer and Scene

A Renderer is created by WebGLRenderer, and renders a scene in the browser.

HTML manages everything using DOM tree. Therefore it is necessary to add a renderer DOM element to the

document.body.
(Don't pay too much attention to how DOM works) Q: What happens if we don't pass the {antialias: true} to the renderer? Try it out in the breakout.
constructor() {

const container = document.body;

// Create renderer and add to the container
this.renderer = new WebGLRenderer({antialias: true}l);
this.renderer.setPixelRatio(window.devicePixelRatio);

container.appendChild(this.renderer.domElement);

A Scene is created by Scene, and represents a graph of the whole scene

// Create scene
this.scene = new Scene();
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Camera and OrbitControl

There are many different types of camera, which we will discuss later. The most frequently used camera is

PerspectiveCamera

this.camera = new PerspectiveCamera(
cameraParam. fov, // field of view
cameraParam.aspect, // screen width / screen height
cameraParam.near, // near plane
cameraParam. far // far plane

)5

this.camera.position.copy(cameraParam.position); // camera position

this.camera.lookAt(cameraParam. lookAt) ; // look at specific point

OrbitControl allows us to rotate the camera view using a mouse

this.controls = new OrbitControls(this.camera, this.renderer.domElement);

Near Frustum

Field of View
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Animation Frames and Render Loop

An animation is a series of rendered images, requestAnimationFrame is arequest to the browser that we want
animate something.
The animate callback will be executed by the browser if anything is updated (loop occurs).

The render() draws the scene according to the camera's definition.

// The render loop
render () { <
this.renderer.setSize(window.innerWidth, window.innerHeight);

this.controls.update();
this.renderer.render(this.scene, this.camera);

window. requestAnimationFrame(() => this.render());
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What we have so far...

See code example from demos/01-intro/2-basic, line 24 - 91:

class SimpleWorld {
// A WebGLRenderer for rendering the world

renderer: WebGLRenderer;

constructor() {

const container = document.body;

}
// The render loop

render () {

window.requestAnimationFrame(() => this.render());

These code are very repetitive and almost the same in every project.

We just need focus on writing core part of a project: managing geometric objects and handle their actions.
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41


https://github.com/mimuc/cg1-ss21/blob/main/demos/01-intro/2-basic/src/main.ts#L24-L91

Breakout: Create A Simple 3D Scene(withoutknowinggraphics)

Enter folder demos/01-intro/2-basic
e Windows: cd demos\0@l-intro\2-basic

o macOS:z:cd%—"demesfel—"’lntrofz—baS'rc — =

- Read the code and understand how the code is executed
| Find - comments in the src/mam o —
~Activate the four pieces (uncomment one by one)

1. Create aGridPlane

2. Create an AxresHelper
3. Load and render a bunny from bunny .obj file

4. Create a PointLi ghtr

Changkun Ou, Florian Lang, Prof. Butz |
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https://github.com/mimuc/cg1-ss21/tree/main/demos/01-intro/2-basic
https://github.com/mimuc/cg1-ss21/blob/main/demos/01-intro/2-basic/src/main.ts

Step 0: Run the Project

npm -

added 1164 packages, and audited 1165 packages in 8s
found 0 vulnerabilities
npm start

> cgl-demo@l.0.0 start

> npx webpack serve
W lwds): Project is running at http://localhost:8080/

webpack 5.31.2 compiled successfully in 3622 ms
B "wdmj: Compiled successfully.

The initial screen is black.
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Step 1: Create GridPlane

// B 1. create a GridHelper then add it to the scene.

const gh = new GridHelper(gridParam.size, gridParam.divisions);

this.scene.add(gh);

Changkun Ou, Florian Lang, Prof. Butz |
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Step 2: Create AxesHelper

// I 2. create a AxesHelper then add it to the scene.
const ah = new AxesHelper(10);

this.scene.add(ah);

Changkun Ou, Florian Lang, Prof. Butz |

45



Step 3: Load and Create the Bunny

// - 3. Create an OBJ Loader and use the loader to load bunny.obj file.
const loader = new OBJLoader();

loader.load('assets/bunny.obj', model => {

Changkun Ou, Florian Lang, Prof. Butz |
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Step 4: Create PointLight

// B 4. create a PointLight and add to the group, then
// create a PointLightHelper and also adds to the light group.
const light = new PointLight(

lightParams.color

11ght pos1t1on copy(11ghtParams pos1t1on), ,7—7';‘ T- ;Vi'Frf == "ff? = ":j}j = ’*:Vi‘iA —— ‘
'; g add(lnght), . }if,,ﬁ, fjA’<—7{ — ';;wf = :,f 1 i ;7'71*’A7 = = ,*i‘7¢1~ = fw“ :,1;f— =

7—’¢o'ns/tﬁ helper —=-new Pointlightielper (Iight; 0.3 — 7/ /] — |1 T N\~ ST
"g[add(helper);;:' e B N ,,,Aff;r'll"' — ) )

Vﬁhis.ééeﬁe.add(g);
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Awesome! Did | just learned everything about graphics?

Apparently: No!

What else would be expected to learn?

e Using a library is just a matter of reading a document, understand fundamental principles helps us live longer and

will not limit the skill to that specific library/engine

e By the end of the course, these questions can be easily answered:

o

O

o

What does .obj mean? How was the bunny . obj created? How to move the bunny in the scene?
How to put colors on the ground and the bunny?

What exactly is a point light and how does its parameters change the rendering result?

How exactly did three.js convert a bunny.obj file and rendered it in a browser?

Why are there no shadows and how can | create them?

How to make the scene more photo-realistic and pleasing?

What else do | need in order to create a character, animation, or even build a 3A-level game?
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"JavaScript is a joke!"

Why didn't we use XYZ? unity @

" e [r H "
I don't like TypeScript! UNREAL

"Unity is more popular!" ENGINE

"Unreal Engine 5 is awesome!"

"I don't want write programs!" pen G L ©

Microsoft®
e OpenGL/WebGL/Vulkan are cross platform standards o

e DirectX is dedicated for Microsoft, and Metal is only for Apple D I re CtX
e Unity, Unreal, three.js ... are engines/library build on top of them h

We minimize the setup cost and learn graphics fundamentals, thus we use

Changkun Ou, Florian Lang, Prof. Butz | LMU Munich CG1 SS21 | mimuc.de/cgl 49

three.js to get started but the final goal is to avoid using APIs.

(you will see what that means :)




Why might 3D programming be non-trivial?
e Math is absolutely important, and not an easy task for most of people
® Geometric imagination and graphics creation are sometimes not easy, i.e. viewing 3D through 2D
e Tweaking is (super) time consuming and tedious, e.g. create an eyeball that is not just a sphere
e |[f there is a mistake, even a tiny arithmetic error, it is very likely to just get a black screen
o WARNING: this is very frustrated sometimes :(
o Debugging/testing are also not easy, and most of the time need a person to "see" what went Wrong (e.. "game tester’
e Different platforms with different APIs (DirectX v.s. Metal), and massive API breaking changes over time

e Interdisciplinary. Knowledge in physics, biology, and more might be needed

Don't panic! (£
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Tutorial 1: Introduction

e Initial Setups

e Basics of Modern JavaScript

e TypeScript, Node.js and Its Ecosystem
e WebGL and three.js
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Summary

e \We covered:
o How to setup modern JavaScript/TypeScript programming environment with Git, GitHub, Markdown, and Node.js
o How TypeScript code-skeleton get executed in a browser
o How graphics programming could look like and how to create objects step by step

e Overwhelmed? Don't worry, we will repeat and practice them more
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Resources

e Helpful short introduction courses (for CG1)

(@)

O

O

O

O

(@)

(@)

Git in 10 minutes: https://guides.github.com/introduction/git-handbook/

GitHub in 5 minutes: https://guides.github.com/introduction/flow/

Markdown in 3 minutes: https://guides.github.com/features/mastering-markdown/

TypeScript in 5 minutes: https://www.typescriptlang.org/docs/handbook/typescript-in-5-minutes.html
VSCode in 30 minutes: https://code.visualstudio.com/docs/getstarted/introvideos

More? Check this: https://learnxinyminutes.com/

Search on YouTube if the documents are still tedious to read

e (Lifetime) Systematic References

(@)

O

O

O

The Modern JavaScript Tutorial https://javascript.info/
The TypeScript Handbook https://www.typescriptlang.org/assets/typescript-handbook.pdf
Pro Git https://git-scm.com/book/en/v2

Documentation for Visual Studio Code https://code.visualstudio.com/docs
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https://guides.github.com/introduction/git-handbook/
https://guides.github.com/introduction/flow/
https://guides.github.com/features/mastering-markdown/
https://www.typescriptlang.org/docs/handbook/typescript-in-5-minutes.html
https://code.visualstudio.com/docs/getstarted/introvideos
https://learnxinyminutes.com/
https://www.youtube.com/
https://javascript.info/
https://www.typescriptlang.org/assets/typescript-handbook.pdf
https://git-scm.com/book/en/v2
https://code.visualstudio.com/docs

Next

Transformation
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