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Game Programming

 Game programming is the process of creating computer
software that controls the behavior and appearance of
video games.

e To program a game, you need to work with game
engines.
* These engines do the following tasks:
* rendering graphics,
* handling input from the player,
* managing game states.
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Types of game programming

e 2D game programming involves designing
and coding video games that use two-
dimensional graphics.

* 3D game programming involves designing
and coding video games that use three-
dimensional graphics.

* physics game programming involves Physics Game Al Games
designing and coding video games that ®
incorporate realistic or simulated physics 0*7-

into the gameplay. o 9 L | 1% '
* Al game programming involves designing y A T 3 ‘P’
and coding video games that incorporate ' "!l e é ‘-.

artificial intelligence into the gameplay. =l



Programming
languages used In
game development

e C++
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Types of Games

Arcade

Adventure

Fighting
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Puzzle Racing

Simulation Sports

Strategy Survival




Game Production Pipeline

Pre-production
* Pre-production :Create the game design document and
technical design document.
* Production:
« Implementing assets and creating game play
* building the game for release.

« Maintenance
* Fixing bugs and releasing patches
* Incremental functionality improvements

« Upgrade: Building and releasing new content such as
new levels, seasonal content, special release




xamples of popularvideo games
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Super Mario Bros. (1985, Nintendo Entertainment System):

* A platformer game that features the iconic character Mario and his
adventures through the Mushroom Kingdom.
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Tetris (1984, Various Platforms):

* A puzzle game where players must fit falling blocks together to create
complete lines and prevent the blocks from reaching the top of the
screen.
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Doom (1993, MS-DOS):

 Afirst-person shooter (FPS) game that helped popularize the genre and
establish the conventions of modern FPS games.
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The Legend of Zelda
(1986, Nintendo
Entertainment
System):

e An action-adventure
game that features the
hero Link as he battles
monsters, solves puzzles,

and explores a vast open
world.
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Minecraft (2011, Various Platforms):

* A sandbox game that allows players to build and explore their own virtual worlds,
with a focus on crafting and survival.



Grand Theft Auto V (2013, Various Platforms):

* An open-world action game that takes
place in a fictionalized version of Los
Angeles and allows players to engage in
various activities such as driving,
shooting, and heists.




Fortnite (2017, Various Platforms):

* A battle royale game
that pits 100 players
against each other on
an island and challenges
them to be the last
player standing.
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Pokemon Red and Blue
(1996, Game Boy):

* An Role-playing game (RPG) that
features the player's quest to
become a Pokemon master by
catching and training a variety of
creatures known as Pokemon.




Benefits of being a game
programmer

* You Can Make Your Own Games.

* You Can Do More Than Entertain.

* You Know You're In A Growing Industry.
* You Get Paid To Do What You Love.

* You Don't Need A Degree To Make Games.
* You Get To Work In A Casual Environment.
* You Get To Be Creative.
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Game design is the creation of
the rules and content of a game

What is a
game design

Games can be created for:

e Entertainment

e Education

e Exercise

e Experimental purposes




Game design consists -

of: C—
) -
« Gameplay, which is the interaction between j ‘

the player and the mechanics and systems
« Mechanics and systems, which are the ' &
rules and objects In the game ’

 Player experience, which is how users feel < '
when they're playing the game ~ ‘
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Gameplay

Gameplay is the specific way in which
players interact with a game.

Gameplay is the core component of most
video games.

Gameplay makes games enjoyable and
engaging for players.

Good gameplay is often characterized by a
balance between challenge and reward.

e Games that are too easy can quickly become boring



Mechanics and systems: Game rules

Rules are what differentiate games from other kinds of
play.

If you don't have rules you have free play, not a game.

Why are rules so important to games?

e Rules impose limits they force us to take specific paths to reach goals
e Ensure that all players take the same paths.

* They put us inside the game world by letting us know what is in and
out of bounds.




Why game designer needs to set game rules?
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Tic tac toe rules

1.Play occurs on a 3 by 3 grid of 9 empty
squares.

2.Two players take turns marking empty
squares where the first player places Xs and
the second player places Os.

3.1f one player places three of the same marks
In a row, that player wins.

4.1f the spaces are all filled and there is no
winner, the game Is over




Uno Card game

1. Each player gets 7 Uno cards to start.

Match one of your cards with the card
that's been placed from the draw pile.

3. The first player to finish his cards, he wins
the round.




Sprouts Game

1.Draw a line joining two spots, or a
single spot to itself.

2.The line must not cross another line or
pass through another spot.

3.Draw a spot on the new line.

4.No more than three lines can emerge
from any spot.

5.When no more joining are available,
the last one plays is the winner.



Chutes and ladders

Everyone spins the spinner.
The player with the highest number goes first.

Play proceeds to the left.
Move your pawn, square by square, the number shown on the spinne|
Going Up or Down a Chute or Ladder: '

* |f the pawn at the bottom of a ladder, that pawn must climb up.
* |f the pawn at the top of a chute, that pawn must slide down.
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* If your counts reaches square with number 100.




Tetris,RuIes

Play on a grid of 19 by 10 squares.

2. The player can move the currently falling block left, right,
or rotate.

3. The blocks fall slowly but you can speed their falling.

The goal is to fill all the empty space in a line at the bottom
of the screen so each row can disappear,

5.  The more blocks you destroy, the more score you get.
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Games feelings to the player

Sensation: Game as sense-pleasure
Fantasy. Game as make-believe
Narrative: Game as drama

Challenge: Game as obstacle course
Fellowship: Game as social framework

Discovery: Game as unexplored place

Expression: Game as self-discovery
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Developers need to know physics

Video games use laws of physics, so objects "behave" as they do in the normal world.

Programmers need to know the physical science equations to apply them accurately
and appropriately to the game code.

Modern video games use physics to achieve realistic behavior and special effects.

Everything from billiard balls, to flying debris, to tactical fighter jets is simulated in
games using fundamental principles of physics.




The main parts of game physics include:

Collision Detection
Rigid Body Dynamics
Fluid dynamics

Cloth simulation

Physics Engines
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Optimization



1. Collision detection:

This refers to the process of determining
when two objects in the game world
have come into contact with each other.
It is essential for creating realistic
interactions between objects.




Collision examples

* a game of billiards, where two billiard balls collide
with each other on a table.

 When one ball strikes another, they transfer
momentum and kinetic energy to each other,
causing the struck ball to move and the striking ball
to slow down or stop.

* The angle and speed of the collision between the
two balls will determine the direction and speed of
each ball




Collision examples

e a car crash. When two vehicles collide, their
momentum and kinetic energy transfer to each other, !
causing damage to the vehicles and potentially
injuring the passengers.

* The speed, angle, and mass of each vehicle will
determine the severity of the collision and the
resulting damage.

* The force of the collision can cause the cars to
crumple and deform, while the passengers may be
thrown around inside the car or even ejected from
the vehicle.




Collision examples

* Another example of two objects colliding is
a football. When a player kicks the ball, the
ball collides with another player.

* The collision between the ball and another
object is governed by the laws of physics,
including the mass, velocity, and angle of
the objects involved.

» football is a popular sport around the world,
and the collisions between the players and
the ball are an essential part of the game's
excitement and dynamics.




2.Rigid body dynamics:

* It is the simulating the motion of
solid objects in a game, taking into
account factors such as mass,
velocity, and acceleration.



Three fundamental laws of rigid body dynamics:

* Newton's first law of motion: Everybody continues in its state of rest or of uniform
motion in a straight line, unless it is compelled to change that state by external forces
acting on it.

* Newton's second law of motion: The acceleration of a body is directly proportional to the
net force acting on the body, and inversely proportional to its mass. Mathematically:
* F=ma, where F is the net force acting on the body, m is its mass, and a is its
acceleration.
* Suppose you have a body with m=10kg, and moving with a=20s, so F=10*20=200N
e Suppose m=5kg, and F=10N, then a=10/5= 2s.

* Newton's third law of motion: For every action, there is an equal and opposite reaction.
This means that when one body exerts a force on another body, the second body exerts
an equal and opposite force on the first body.



Example of Newton's first [aw of motion :

'j Imagine a book resting on a table. According to Newton's first law, the
I‘/“ book will remain at rest until an external force is applied to it. If you push
the book gently, it will start to move.

Another example is a car parked on a flat road. The car will remain at rest
._i}.« until an external force, such as a person pressing on the accelerator
pedal, is applied.
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es of Newton's
law of motion :

* |In a rocket launch, the engines generate a large
amount of force to accelerate the rocket off the
launch pad and into space. The mass of the
rocket affects the amount of force required to
accelerate it to a certain speed.

 When a car accelerates from a stop, the force
generated by the engine pushes the car
forward, causing it to accelerate. The mass of
the car affects how quickly it can accelerate



Reaction Action

Exa m p I eS Of N eWtO n 'S Recoil force of the gun Accelerating force of the bullet
third law of motion: a—r_—

 When you shoot a gun, the bullet is propelled
forward by the explosion of the gunpowder.
At the same time, the gun recoils backward,

exerting an equal and opposite force on your
hand.

 When you jump off a diving board, your feet Action
push down on the board, and the board

pushes up on your feet, propelling you into
the air.

Reaction
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Example of Rigid body
dynamics

* a see-saw: When two people sit on
opposite ends of a see-saw and begin
to move up and down, the see-saw
rotates around a fixed axis.

* As one person moves up, they gain
potential energy, which is converted
into kinetic energy as they move
down. At the same time, the other
person moves down, losing potential
energy and gaining kinetic energy.



Example of Rigid body dynamics

A pendulum is a rigid object that swings
back and forth under the influence of
gravity.

The motion of a pendulum can be
described using the concept of the center
of mass and moment of unchanging.
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3. Fluid dynamics:

* This is the simulation of the movement and behavior of liquids and
gases in the game world, such as water or air.



Examples of Fluid
dynamics:




4.Cloth
simulation:

1.This involves simulating the
movement and behavior of
fabrics and other flexible
materials in the game world.

2.The cloth simulation in games
helps to create a more realistic
and immersive experience for the
player.







5. Physics

engines:

e Unity Physics.
e Havok Physics.
Bullet Physics.
NVIDIA PhysX.
Box2D.




6. Optimization:

* Game physics can be computationally expensive, so it is important to optimize the
physics calculations to ensure that the game runs smoothly on a variety of hardware
platforms.
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LEFIELD2042



the infroduction

st-person shooter video game developed by Digital

, is the seventeenth installment in the Battlefield

|t was released on No 19, 2021 on PlayStation 4, PlayStation 5,
box One, Xbox Series X and Series S, and Microsoft Windows.
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y of playing

as this sequel is set in the near future, it features
h as deployable turrets and drones, as well as



'he way of playing

2 vehicle airdrop to any location. The game also
hat allows players to customize their weapons
reformed the caste system
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the way of playing
of a "specialist” operator who falls within the
1 the Battlefield series: Assault, Engineer,

an use all the weapons and items that
' thelr own unique skills and tools.
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of playing

equipped with a wing suit, while another is
with a healing gun
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y of playing

ith 10 "specialized" agents. The map variables and
is known for are returning, including extreme
nd sandstorms that can lift players into a
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the way of playing

modes. Total War includes Hack and Conquest, two main modes in the series.
for control points. Once control points in a sector are captured, the team
one team must try to capture another team's control points, while
an be played with and against the Al The PlayStation 5, Xbox

' dows for 128 players, while the PlayStation 4 and Xbox One
port only 64 players Other modes included in the game include Danger Zone mode, cooperative

multiplayer mode, and a third mode developed by Danger Close Games
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Development

edish company Digital lllusions CE, with assistance from Danger
iterion Games. With these studios, Battlefield 2042 has the
st development team ev e series' history, and Criterion Studios had to halt

nt of the next Need for Speed game in order to help Digital lllusions CE. Unlike the
allments in the series, the game will not contain a story phase. This allowed Digital
0 devote more resources to multiplayer development, which was the company's

area of expertise
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Programming Games

Minecraft
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Game Programming

Lecture 4: Game Graphics -3
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Pixels: A pixel is the smallest unit of a digital image or
display.

It is a tiny square or dot that contains a specific color value

When combined with other pixels, they create an image

Basics of

Each pixel is represented by a binary code that stores its

gra ph |CS: PlXEIS color information.

This code is often represented in the RGB (Red, Green,
Blue)

Each pixel is assigned a value for its intensity of red, green,
and blue light.

These values typically range from 0 to 255. O representing
no color while 255 maximum color intensity




pixel wi
(255, 0, 0) would contain maximum
intensity of red light and no green or

A black pixel would have an RGB value
of (0, 0, 0), representing the absence of
all colors,

While a white pixel would have an RGB
value of (255, 255, 255), representing
the maximum intensity of all colors.

A Green Pixel = (0, 255, 0)

A Blue Pixel = (0, 0, 255)



RGB color

« The red, green and blue use 8 bits each, which have
integer values from 0O to 255.

* This makes 256*256*256=16777216 possible colors.

« Each pixel in the monitor displays by combination of
red, green and blue.

» Any value between 0-255 sets the pixel to partial color.

* In the picture, blue is chosen (0,0,255). If | want the light
blue color, then keep blue =255, and change green to
204, and red =153.

« Same if | want a light red, we fix red=255, and change
in blue=153 and green=153.

Hex: #
Red:
Green:

Blue:

0000FF
0
0

255




Resolution

Resolution: refers to the number of pixels that are displayed on an image or
screen.

The resolution of an image is determined by the number of pixels it contains.
Resolution is typically measured in terms of horizontal and vertical pixel counts.
such as 1920 x 1080 (also known as 1080p) or 3840 x 2160 (also known as 4K).

To calculate the resolution of an image, simply multiply the number of horizontal
pixels by the number of vertical pixels:

If we have 1920 x 1080 pixels, its total resolution would be 2,073,600 pixels.



Aspect Ratio

* Aspect ratio refers to the proportional relationship between the width and height of an
image, such as 16:9 or 4:3.

* The first number in the ratio represents the width, while the second number represents
the height.
* Here are a few common aspect ratios and their typical uses:

* 16:9: This is a popular aspect ratio for modern widescreen displays and video
content, including HDTV, Blu-ray discs.

* 4:3: This was a common aspect ratio for older television sets and computer monitors

e 1:1: This square aspect ratio is common in some social media platforms like
Instagram

e 21:9: This ultrawide aspect ratio is becoming more common in some high-end
monitors and gaming displays



To be cont...

* If you know that the height of a 1:1 image is 1000 pixels, then the width would also be
1000 pixels since the aspect ratiois 1:1

* If you know that the width of a 1:1 image is 500 pixels, then the height would also be 500
pixels since the aspect ratio is still 1:1.

* If you know that the width of a 4:3 image is 3000 pixels, then the height would be
3000/(4/3)=2300 pixels.

* In general, to calculate the size of an image with a specific aspect ratio, you can use the
following formula:
* width = height x aspect ratio
* height = width / aspect ratio



To be conti...

* For example, if you have an image with a height of 1000 pixels and an aspect ratio of
16:9, you can calculate the width as follows:

 aspect ratio = 16:9, which means (16/9)
* width = height x aspect ratio
e width = 1000 x (16/9) width = 1777.778 (rounded to nearest pixel)

* So the width of the image would be approximately 1778 pixels.

* Example of calculating height:
e an image with a width of 1920 pixels and an aspect ratio of 4:3
* height = width / aspect ratio
* height =1920/ (4/3) height = 1920/ 1.333 height = 1440
* So the height of the image would be 1440 pixels.



Basics of graphics: color models

RGB (Red, Green, Blue): RGB is an additive color model that is used for digital
displays such as computer monitors, TVs, and projectors.

CMYK (Cyan, Magenta, Yellow, Black): CMYK is a subtractive color model that is used
in printing.

HSV (Hue, Saturation, Value): HSV is like HSL, but uses value instead of lightness. Used in image editing
software such as Adobe Photoshop.

LAB (Lightness, A, B): LAB is a color model that defines colors by their perceived color differences. It is
used in applications such as color matching and color correction.
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Sprite Sheets in 2D graphics: RER £
* Sprite sheet is an image that consists of several x 'f ”,, i f

smaller images (sprites). ' |
LIEZ

* Sprite sheets are commonly used in 2D gaming

* Sprite sheet might contain images for walking,
jumping, attacking, and other actions.
* sprite sheets can help:
* reduce file size.
* improve performance.
* manage and organize the sprites.




2D texture
Mapping

Texture mapping is used to
add detail to a flat surface,
such as a polygon or shape

Texture Mapping

Object

Texture
Mapped
Object




2D texture

Ll

3D texturing

2D texture " droped”
l over 30 object

* In 3D graphics, texturing is
the process of adding a 2D
image, called a texture
map, to the surface of a
3D object.




. . . * In 3D graphics, lighting is the process of simulating the way light
3D gra ph ICS Ilghtl NEg interacts with objects in a 3D scene.

* Lights bring focus on important parts that you want player to see.




Keyframe animation: example sprit sheet.

Motion capture: example actor in Avatar

3D graphics
animation
techniques.

Physics-based animation: football player kicking a ball.

Procedural animation: moving water, fire, or clouds.

Morph targets: moving face and lips.

Rigging: moving human skeleton



Keyframe
animation

* Keyframe animation: example spirit sheet where you
make sprite movement.



Motion capture:

recording the movements of real actors or objects using motion capture sensors or
cameras



Physics-based animation:

* This technique uses physics simulations to create realistic movement and
interactions between objects.




Procedural
animation

This technique involves
using mathematical
algorithms to create
animations.




Ray tracing.

Rasterization.

Global illumination.



Ray tracing

* |s a technique used to simulate the behavior
of light in a scene.

* Ray tracing produces highly realistic images,
with accurate:
e Shadows,
e Reflections, and
e Refractions
e Ray tracing now widely used in a variety of
applications, including
* video games,
 films, and
 architectural visualization




Rasterization

* Rasterization: is the task
of taking shapes and
converting them into a
raster image (a series of
pixels, dots or lines).




Global illumination

* |s a system that models how light
is bounced off of surfaces onto
other surfaces.

* There are several algorithms
used for global illumination,
including:

* Ray tracing,
e Radiosity, and
* Photon mapping
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