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Xenon 2 – Played on 1990 Saboteur II – Played on 1989

Prince of Persia 2 – Played around 1995 



What you will learn?

how real industrial-strength 
production game engines 

are architected;

how game development 
teams are organized and 
work in the real world;

which major subsystems and 
design patterns appear 

again and again in virtually 
every game engine;

the typical requirements for 
each major subsystem;

which subsystems are genre-
or game-agnostic, and which 
ones are typically designed 

explicitly for a specific genre 
or game;

where the engine normally 
ends and the game begins.



Structure of a Typical Game 
Engine



Five Common Disciplines

Engineers/Game programmers

Artists

Game designers

Producers/The Big Boss

and other management and support staff (marketing, 
legal, information technology/technical support, 
administrative, etc.)



What is a Game



Definition

• comprise two and three-dimensional virtual worlds with a small 
number of players (between one and 16 or thereabouts)

• our primary focus will be on game engines capable of producing first-
person shooters, third-person action/platform games, racing games, 
fighting games, and the like



What is a Game Engine



History

• Doom by ID software in mid 1990s
• Quake C and Unreal by the end of 1990s



Doom Engine



Quake Engine

Unreal Engine



From the book

Game Engine can be defined as:
“Software that is extensible and can be used as the foundation 

for many different games without major modification”



Engine Differences Across Genres



Introduction

• Game engines are typically somewhat genre specific. An engine 
designed for a two-person fighting game in a boxing ring will be very 
different from a massively multiplayer online game (MMOG) engine 
or a first-person shooter (FPS) engine or a real-time strategy (RTS) 
engine. 

• However, there is also a great deal of overlap—all 3D games, 
regardless of genre, require some form of low-level user input from 
the joypad, keyboard, and/or mouse, some form of 3D mesh 
rendering, some form of heads-up display (HUD) including text 
rendering in a variety of fonts, a powerful audio system, and the list 
goes on.



First Person Shooter (FPS)

Such as
- Quake
- Unreal Tournament
- Half-Life
- Counter-Strike
- Call of Duty





First Person Shooter (FPS)

• First-person games are typically some of the most technologically 
challenging to build, probably rivalled in complexity only by third-
person shooter/ action/platformer games and massively multiplayer 
games. 

• This is because first-person shooters aim to provide their players with 
the illusion of being immersed in a detailed, hyper realistic world. It is 
not surprising that many of the game industry’s big technological 
innovations arose out of the games in this genre.



First-person shooters typically focus on 
technologies, such as

efficient rendering of large 3D virtual worlds;

a responsive camera control/aiming mechanic;

high-fidelity animations of the player’s virtual arms and weapons;

a wide range of powerful hand-held weaponry;

a forgiving player character motion and collision model, which often gives these 
games a “floaty” feel;

high-fidelity animations and artificial intelligence for the non-player characters 
(the player’s enemies and allies);

small-scale online multiplayer capabilities (typically supporting up to 64 
simultaneous players), and the ubiquitous “death match” gameplay mode.



Platformers and Other Third-Person Games

• “ Platformer” is the term applied to third-person character-based 
action games where jumping from platform to platform is the primary 
gameplay mechanic.

• Typical games from the 2D era include Space Panic, Donkey Kong, 
Pitfall!, and Super Mario Brothers.

• The 3D era includes platformers like Super Mario 64, Crash Bandicoot, 
Rayman 2, Sonic the Hedgehog, the Jak and Daxter series (Figure 1.3), 
the Ratchet & Clank series, and more recently Super Mario Galaxy





typically focus on technologies, such as

moving platforms, ladders, ropes, trellises, and other interesting locomotion 
modes;

puzzle-like environmental elements; 

a third-person “follow camera ” which stays focused on the player character and 
whose rotation is typically controlled by the human player via the right joypad
stick (on a console) or the mouse (on a PC—note that while there are a number 
of popular third-person shooters on PC, the platformer genre exists almost 
exclusively on consoles);

a complex camera collision system for ensuring that the view point never “clips” 
through background geometry or dynamic foreground objects.



Fighting Games

• Fighting games are typically two-player games involving humanoid 
characters pummeling each other in a ring of some sort. 

• The genre is typified by games like Street Fighters, Soul Calibur and 
Tekken (see Figure 1.5).



typically focus on technologies, such as

a rich set of fighting animations;

accurate hit detection;

a user input system capable of detecting complex butt on and 
joystickcombinations;

crowds, but otherwise relatively static backgrounds.



Advanced technologies, such as

high-definition character graphics, including realistic skin shaders with 
subsurface scattering and sweat effects;

high-fidelity character animations;

physics-based cloth and hair simulations for the characters.



Racing Games

• The racing genre encompasses all games whose primary task is driving a 
car or other vehicle on some kind of track. The genre has many 
subcategories.

• Simulation-focused racing games (“sims”) aim to provide a driving experience that is 
as realistic as possible (e.g., Gran Turismo). Arcade racers favor over-the-top fun over 
realism (e.g., San Francisco Rush, Cruisin’ USA, Hydro Thunder). 

• A relatively new subgenre explores the subculture of street racing with tricked out 
consumer vehicles (e.g., Need for Speed, Juiced). 

• Kart racing is a subcategory in which popular characters from platformer games or 
cartoon characters from TV are re-cast as the drivers of whacky vehicles (e.g., Mario 
Kart, Jak X, Freaky Flyers). 

• “Racing” games need not always involve time-based competition. Some 
kart racing games, for example, offer modes in which players shoot at one 
another, collect loot, or engage in a variety of other timed and untimed 
tasks.





typically focus on technologies, such as

Various “tricks” are used when rendering distant background elements, such as 
employing two-dimensional cards for trees, hills, and mountains.

The track is oft en broken down into relatively simple two-dimensional regions 
called “sectors.” These data structures are used to optimize rendering and 
visibility determination, to aid in artificial intelligence and path finding for non-
human-controlled vehicles, and to solve many other technical problems.



typically focus on technologies, such as 
(continue)

The camera typically follows behind the vehicle for a third-person perspective, 
or is sometimes situated inside the cockpit first-person style.

When the track involves tunnels and other “tight” spaces, a good deal of effort 
is oft en put into ensuring that the camera does not collide with background 
geometry.



Real-Time Strategy

• The modern real-time strategy (RTS) genre was arguably defined by 
Dune II: The Building of a Dynasty (1992). Other games in this genre 
include Warcraft , Command & Conquer, Age of Empires, and 
Starcraft . 

• In this genre, the player deploys the battle units in his or her arsenal 
strategically across a large playing field in an attempt to overwhelm 
his or her opponent. 

• The game world is typically displayed at an oblique top-down viewing 
angle.





typically focus on technologies, such as

Each unit is relatively low-res, so that the game can support large numbers of 
them on-screen at once.

Height-field terrain is usually the canvas upon which the game is designed and 
played.

The player is often allowed to build new structures on the terrain in addition to 
deploying his or her forces.

User interaction is typically via single-click and area-based selection of units, plus 
menus or toolbars containing commands, equipment, unit types, building types, 
etc.



Massively Multiplayer Online Games (MMOG)

• The massively multiplayer online game (MMOG) genre is typifi ed by games 
like Neverwinter Nights, EverQuest, World of Warcraft , and Star Wars 
Galaxies, to name a few. 

• An MMOG is defined as any game that supports huge numbers of 
simultaneous players (from thousands to hundreds of thousands), usually 
all playing in one very large, persistent virtual world (i.e., a world whose 
internal state persists for very long periods of time, far beyond that of any 
one player’s gameplay session). 

• Otherwise, the gameplay experience of an MMOG is oft en similar to that 
of their small-scale multiplayer counterparts. Subcategories of this genre 
include MMO role-playing games (MMORPG), MMO real-time strategy 
games (MMORTS), and MMO fi rst-person shooters (MMOFPS).



Ragnarok Online
Ragnarök Online (Korean: 라그나로크온라인, alternatively 
subtitled The Final Destiny of the Gods), often referred to as RO, 
is a Korean massive multiplayer online role-playing game or 
MMORPG created by GRAVITY Co., Ltd. based on 
the manhwa Ragnarok by Lee Myung-jin. It was first released 
in South Korea on 31 August 2002 for Microsoft Windows and has 
since been released in many other locales around the world. The 
game has spawned an animated series, Ragnarok the Animation, 
and a sequel game, Ragnarok Online 2: Legend of the Second. 
Player characters exist in a world with a player environment that 
gradually changes with the passage of time. Major changes in the 
features and history of the world take place as episodes in the RO 
timeline. Player characters interact in a 3D environment but are 
represented by 2D character sprites for front, back, side and 
diagonal facings. The major types of server-supported gameplay 
are Player vs Environment, Guild vs Guild, Player vs Player. Also 
supported by the game server are Group vs Group, Arena Combat, 
Player vs Monster, Player vs All, and various other specific 
scenarios at designated instance locations in the game world. 
NPC-run challenges and contests are also available with prizes, 
awards, and/or in a specific hall of fame listing.
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Risk Your Life 2

Risk Your Life is one of the few MMORPGs 
(Massively Multiplayer Online Role-Playing 
Game) that bring you an online Virtual Reality 
atmosphere that is both completely interactive 
and immersive. RYL is a well-balanced 
MMORPG developed under a 3D environment 
that allows players to create their own 
character, define its role, do battle with it, and 
much more in a virtual world. No longer do 
players have to face monotonous individual 
games but they can now interact with 
hundreds or thousands of other players from 
all over the world and undertake the adventure 
of a lifetime together.



World of Warcraft
World of Warcraft (WoW) is a massively multiplayer online role-playing 
game (MMORPG) created in 2004 by Blizzard Entertainment. It is the fourth 
released game set in the fantasy Warcraft universe, which was first introduced 
by Warcraft: Orcs & Humans in 1994.[4] World of Warcraft takes place within 
the Warcraft world of Azeroth, approximately four years after the events at the 
conclusion of Blizzard's previous Warcraft release,Warcraft III: The Frozen 
Throne.[5] Blizzard Entertainment announced World of Warcraft on September 
2, 2001.[6] The game was released on November 23, 2004, on the 10th 
anniversary of the Warcraft franchise.
The first expansion set of the game, The Burning Crusade, was released on 
January 16, 2007.[7] The second expansion set, Wrath of the Lich King, was 
released on November 13, 2008.[8] The third expansion set, Cataclysm, was 
released on December 7, 2010. The fourth expansion set, Mists of Pandaria, 
was released on September 25, 2012.[9] The fifth expansion set, Warlords of 
Draenor, was announced at BlizzCon 2013.[10]

With almost seven million subscribers as of August 2014,[11] World of 
Warcraft is currently the world's most-subscribed MMORPG,[8][12] and holds 
the Guinness World Record for the most popular MMORPG by 
subscribers.[13][14][15][16] Having grossed over 10 billion dollars USD as of July 
2012, it is also the highest grossing video game of all time, surpassing Call of 
Duty: Black Ops at 1.5 billion dollars.[17] In January 2014 it was announced 
that more than 100 million accounts had been created over the game's 
lifetime.[18]
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(Cont.)

• At the heart of all MMOGs is a very powerful set of servers. These servers 
maintain the authoritative state of the game world, manage users signing 
in and out of the game, provide inter-user chat or voice-over-IP (VoIP) 
services, etc. 

• Almost all MMOGs require users to pay some kind of regular subscription 
fee in order to play, and they may offer micro-transactions within the game 
world or out-of-game as well. Hence, perhaps the most important role of 
the central server is to handle the billing and micro-transactions which 
serve as the game developer’s primary source of revenue.

• Graphics fidelity in an MMOG is almost always lower than its non-massively 
multiplayer counterparts, as a result of the huge world sizes and extremely 
large numbers of users supported by these kinds of games.



Other Genres

• sports, with subgenres for each major sport (football, baseball, soccer,
• golf, etc.);
• role-playing games (RPG);
• God games, like Populus and Black & White;
• environmental/social simulation games, like SimCity or The Sims;
• puzzle games like Tetris;
• conversions of non-electronic games, like chess, card games, go, etc.;
• web-based games, such as those offered at Electronic Arts’ Pogo site;
• and the list goes on.



Game Engine Survey



The Quake Family of Engines

• Quake I II (Id);
• Sin (Ritual);
• F.A.K.K. 2 (Ritual);
• Medal of Honor: Allied Assault (2015 & Dreamworks Interactive);
• Medal of Honor: Pacific Assault (Electronic Arts, Los Angeles).



The Unreal Family of Engines

• Epic Games Inc. burst onto the FPS scene in 1998 with its legendary 
game Unreal.

• Since then, the Unreal Engine has become a major competitor to 
Quake technology in the FPS space. Unreal Engine 2 (UE2) is the basis 
for Unreal Tournament 2004 (UT2004) and has been used for 
countless “mods,” university projects, and commercial games. 

• Unreal Engine 4 (UE4) is the next evolutionary step, boasting some of 
the best tools and richest engine feature sets in the industry, 
including a convenient and powerful graphical user interface for 
creating shaders and a graphical user interface for game logic 
programming called Kismet.



(Cont.)

• The Unreal Engine has become known for its extensive feature set 
and cohesive, easy-to-use tools. The Unreal Engine is not perfect, and 
most developers modify it in various ways to run their game optimally 
on a particular hardware platform. However, Unreal is an incredibly 
powerful prototyping tool and commercial game development 
platform, and it can be used to build virtually any 3D fi rst-person or 
third-person game (not to mention games in other genres as well).



The Half-Life Source Engine

• Source is the game engine that drives the smash hit Half-Life 2 and its 
sequels HL2: Episode One, HL2: Episode Two, Team Fortress 2, and 
Portal (shipped together under the title The Orange Box). 

• Source is a high-quality engine, rivaling Unreal Engine in terms of 
graphics capabilities and tool set.



Microsoft’s XNA Game Studio

• Microsoft ’s XNA Game Studio is an easy-to-use and highly accessible 
game development platform aimed at encouraging players to create 
their own games and share them with the online gaming community, 
much as YouTube encourages the creation and sharing of home-made 
videos.

• XNA is based on Microsoft ’s C# language and the Common Language 
Runtime (CLR). The primary development environment is Visual 
Studio or its free counterpart, Visual Studio Express. Everything from 
source code to game art assets are managed within Visual Studio. 



Other Commercial Engines

• There are lots of other commercial game engines out there. Although 
indie developers may not have the budget to purchase an engine, 
many of these products have great online documentation and/or 
wikis that can serve as a great source of information about game 
engines and game programming in general. 

• For example, check out the C4 Engine by Terathon Soft ware (http:// 
www.terathon.com), a company founded by Eric Lengyel in 2001. 
Documentation for the C4 Engine can be found on Terathon’s website, 
with additional details on the C4.



Runtime Engine Architecture



Introduction

• A game engine generally consists of a tool suite and a runtime component.
• Figure 1.11 shows all of the major runtime components that make up a 

typical 3D game engine.
• Like all software systems, game engines are built in layers. Normally upper 

layers depend on lower layers, but not vice versa. When a lower layer 
depends upon a higher layer, we call this a circular dependency.

• Dependency cycles are to be avoided in any soft ware system, because they 
lead to undesirable coupling between systems, make the soft ware 
untestable, and inhibit code reuse. 

• This is especially true for a large-scale system like a game engine.









Tools and the Asset Pipeline





Some Approaches to Tool Architecture

• A game engine’s tool suite may be architected in any number of ways. 
• Some tools might be standalone pieces of soft ware, as shown in 

Figure 1.32. Some tools may be built on top of some of the lower 
layers used by the runtime engine, as Figure 1.33 illustrates. 

• Some tools might be built into the game itself. For example, Quake -
and Unreal-based games both boast an in-game console that permits 
developers and “modders” to type debugging and configuration 
commands while running the game.






	Chapter 1 - Introduction
	Slide Number 2
	What you will learn?
	Structure of a Typical Game Engine
	Five Common Disciplines
	What is a Game
	Definition
	What is a Game Engine
	History
	Slide Number 10
	Slide Number 11
	From the book
	Engine Differences Across Genres
	Introduction
	First Person Shooter (FPS)
	Slide Number 16
	First Person Shooter (FPS)
	First-person shooters typically focus on technologies, such as
	Platformers and Other Third-Person Games
	Slide Number 20
	typically focus on technologies, such as
	Fighting Games
	typically focus on technologies, such as
	Advanced technologies, such as
	Racing Games
	Slide Number 26
	typically focus on technologies, such as
	typically focus on technologies, such as (continue)
	Real-Time Strategy
	Slide Number 30
	typically focus on technologies, such as
	Massively Multiplayer Online Games (MMOG)
	Ragnarok Online
	Risk Your Life 2
	World of Warcraft
	(Cont.)
	Other Genres
	Game Engine Survey
	The Quake Family of Engines
	The Unreal Family of Engines
	(Cont.)
	The Half-Life Source Engine
	Microsoft’s XNA Game Studio
	Other Commercial Engines
	Runtime Engine Architecture
	Introduction
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Tools and the Asset Pipeline
	Slide Number 51
	Some Approaches to Tool Architecture
	Slide Number 53
	Slide Number 54

