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1. Introduction

This paper will aim to study the evolution of computer gaming starting from 1947 which was believed to be the first year when a game was designed for playing on a CRT.  We will look at the technical aspects of computer gaming, the business models surrounding the marketing and distribution of games, audience communities, and development communities. We will also explore how technological advances in displays and processing power have shaped the development of games. We will concentrate on the history of gaming which will include the following categories: PC, consoles, single player, multiplayer games. We will also discuss the key games and game development houses that have revolutionized the gaming industry.
2. Arcades and Early Games

2.1. The First Electronic Games
The first electronic game to employ a Cathode-Ray Tube (CRT) was developed in 1947.  The system used eight vacuum tubes to create a missile firing simulation.  Knobs were used to adjust the curve and speed of the missile.  At the time, however, pixel graphics could not be drawn electronically so the targets were drawn on a simple overlay which was placed on top of the screen.  

In 1951, a computer designed specifically to play a game was produced by a UK based company, Ferranti. This machine was named Nimrod and was designed to run a game called NIM. The machine was based on the Ferranti Mark 1 computer and was designed over a period of 4 months. It was publicly in a science fair in London and was later put on display in Germany for a short period.

The original machine stood 9 feet by 12 feet by 5 feet. The display took most of this space while the electronics took up less than 2% of the total volume. It ran on six kilowatts, of which four were for the display lamps alone. Nimrod was designed to use directly-coupled voltage levels rather than clocked pulses, which enabled it to run as slow as the demonstrator wished. When run at full speed, it was driven by 10kc/s steps, which is equivalent to 10 kHz.

Nimrod was intended to be an eye catching exhibit and Ferranti did not follow up with other games. Nevertheless they invented the first computer game system.

Then in 1952, A.S. Douglas at the University of Cambridge developed a graphical tic-tac-toe game titled “OXO” to demonstrate his PhD thesis on human-computer interaction.  The game was programmed on the EDSAC computer which used vacuum tubes and a 35x16 pixel CRT for visual display.  The person played against the computer using a rotary dial.  Thus, the game also illustrated game logic and intelligence which could be construed as an extremely primitive example of the Artificial Intelligence that exists in today’s games.  OXO did not gain widespread popularity because the EDSAC computer was specific to Cambridge.

The first video game used by the public was called “Tennis for Two” and developed in 1958 by William Higinbotham.  It operated on an oscilloscope and was used to entertain and alleviate the boredom of visitors at the Brookhaven National Laboratory.  The game was only brought out twice, on “Visitor’s Day” at the Brookhaven National Laboratory, where William Higinbotham worked.  The game showed a simplified side view of a tennis court on an oscilloscope.  The ball was affected by gravity and the player would play the ball over the net using two box-shaped controllers.  Both controllers were equipped with a knob for trajectory control and a button to hit the ball.  

These first few video games were developed by researchers and scientists and were intended to be used by other researchers and scientists.  The intention of these games was not as much to entertain but more as proof-of-technology and demonstration of computer-human interactions.  The games types were simple and based on simple control operations.

2.2. Games on Computers and Mainframes

In 1961, students from MIT, including Steve Russell, created a game title “Spacewar!” for the DEC PDP-1.  This was one of the earliest games for a digital computer.  The game put two human players against each other.  Each player controlled a ship and fired missiles while at the same time avoiding the black hole in the center.  It turned out Spacewar was a good diagnostic of the PDP-1 computer and Type 30 Precision CRT Display.  As a result, DEC used it for factory testing and shipped PDP-1 computers with Spacewar loaded into the core memory.  The field representative would use Spacewar as a final test of the PDP-1 upon deployment.  

Then in 1966, Ralph Baer created a simple video game operated on a standard television set.  The game was title “Chase” and was the first game to run on a standard TV set.  His team also modifies a toy gun to distinguish different spots and colors on the TV screen.  This is the first creation of the “light gun” and was used in games such as table tennis and target shooting.

Shortly thereafter, in the early 1970s, games on mainframes took off.  Most of the games were created by students as a leisure activity for the benefit of the computing community.  During that time period the two main distribution networks were the PLATO and DECUS systems.  
In 1971, the game titled “Star Trek” was created by Mike Mayfield for the Sigma 7 minicomputer at MIT.   It was a text-only game that resulted in numerous variants and may have been one of the most ported computer games ever made.  The game being tied to the Star Trek subculture made it a popular choice among the computer expert and science fiction community.  
In 1972, Gregory Yob created a game titled “Hunt the Wumpus” for the PDP-10.  This was a hide-and-seek game and considered to the first text adventure game.

In 1974, “Maze War” and “Spasim” were the first 3D first person shooters.  “Maze War” offered first-person 3D perspective, avatars, level mapping, representation of player position on the 2d map.  Furthermore, it was also the first multiplayer networked game.  Since it was the first game to combine all these elements with source available it set prior art precedent.  Thus, thousands of later games were able to be developed without intellectual property concerns or disputes.
In 1977, Kelton Flinn and John Taylor developed a game titled “Air” which was a text-based air combat game.  In 1987, Kelton Finn and his company Kesmai created “Air Warrior” which was the first graphical online multi-player game.  “Air Warrior” ran on Apple Macintosh, Commodore Amiga, and Atari ST.

Also in 1977, the development of “Zork” began for the DEC PDP-10.  The authors, however, recognized the potential to develop these games onto new computers systems and founded text adventure publisher Infocom in 1979.  The company was later sold to Activision.

Initially these games were developed by individuals during idle time for free personal and community enjoyment but by the late 1970’s small game development houses got acquired by large companies who sold entire gaming solutions or computer systems.  The game types evolved from simple and abstract 2D games to role playing, flying simulations, and adventure games.  This is the first creation of genres and games that tried to immerse the player into a world of fantasy and intrigue or simulation.  
2.3. Arcade Games

Arcade games were not restricted to video games.  In the 1930s the first coin-operated pinball machines were created and used mechanics instead of electronics.  The electronic video game arcade began in 1971 when Nolan Bushnell and Ted Dabney created a coin operated version of Spacewar! and called it Computer Space.  The game was bought by a company called Nutting Associates who manufactured 1500 machines.  The game, however, was unsuccessful due to its difficulty.  
Bushnell and Dabney felt they received insufficient earnings by licensing to Nutting Associates and hence formed their own company Atari in 1972.  Their first successful arcade game was Pong in 1972.  Due to imitators Atari could hold a monopoly on the arcade video game industry.  

Video game arcades appeared in shopping malls and small "corner arcades" appeared in restaurants, grocery stores, bars and movie theaters.  Popular arcade games included Space Invaders (1978), Galaxian (1979), Pac-Man (1980), Battlezone (1980), and Donkey Kong (1981).  Fighting games such as Street Fighter were also very popular since they allowed for tournaments and face-to-face battles.
By the late-1980s, the arcade video game following began to decline.  Technologically this was because of advances in the home video game console technology.  Interestingly, however, another factor was the reputation of arcades as being seedy and unsafe places.  By 1996, 32-bit home video game consoles and computers with 3D accelerator cards provided as much power as arcade game equipment.  Arcade games advantage over older generations of home gaming systems was the arcade’s ability to customize the game controllers and use the latest graphics and sound chips.  Due to a decline in arcade sales volume this approach was no longer cost-effective.  Furthermore, the arcades also lost their status as release vehicle for new game releases. Between playing a game at an arcade approximately three or four times and renting the exact same game at about the same price for a video game console, the console was the clear winner. 

3. Video Game Consoles

The idea of using a computer specifically for the purpose of playing games developed very early in the history of computers. Some game enthusiasts had experimented with dedicated game machines as early as the late 50s. However these early computer game systems developers had no commercial aspirations and they developed the systems for personal entertainment purposes. These early systems like Nimrod were the forerunners of the console and arcade technologies.

3.1. Commercialization of Video Game Consoles

The idea for producing commercial game systems for home use was proposed as early as 1951. Ralph Baer while working on producing television sets at Loral suggested creating a game system to play games on televisions. However the company rejected the idea as being merit-less. 

Baer did not lose interest in his ideas and in 1966 while working for the Sander’s Associates designed a game system for the standard home television and prototyped a two-player block chase game. The company agreed to develop a ball and paddle game based on this design. With in a year they developed a hockey video game with dynamics of a real puck. The company tried to sell its video game to several manufacturers and eventually partnered with Magnavox in 1970. 

3.2. The First Computer Game Console: Odyssey

Based on Baer’s design, Sander’s Associates developed the first video game console to work with the standard home TV. The console was marketed by Magnavox in 1972 by the name of Odyssey and was an instant hit. The system was priced at about US $100 and played hockey, tennis and maze games.

The Odyssey was the first commercially sold computer game console and created the lucrative home game system market. Very quickly several other players were preparing to jump in to this business. 

3.3. Pong – The first commercially successful console game

Around the same time Nolan Bushnell, who graduated from the University of Utah and had been influenced by the Spacewar game that he had played on the DEC computers in his student years started a company,  Syzygy, to create a commercial version of this game. The company was later renamed to Atari. At this new company, Al Alcorn designed and developed a table tennis (ping-pong) game as a learning project and to test feasibility. The experiment went so well that Bushnell decided to market this game as a standalone arcade machine called “Pong”. This game was very well received and Atari sold over a 100,000 units and is considered the first commercially successful video game. Atari delivered a television version of its Pong game in 1973 which also sold over a 100,000 units over its lifetime and leapfrogged the company into the game console business.

3.4. Video Game Market Crash of 1977

Looking at the success of Pong, a number of other companies jumped in to get a share of the pie by launching their own Pong clones and variants. Even Magnavox produced a scaled down version of their Odyssey game system that played Pong. Other manufacturers included RCA and Fairchild. However, soon the market was flooded with these dedicated console systems, so much so that by 1977 manufacturers had to sell their consoles at a loss to clear stock. This forced most companies to abandon their console business leaving only Atari and Magnavox in the industry. 

3.5. Cartridge Based Consoles

The next shift in the market was consoles that ran on cartridges. Fairchild produced its VES console and Atari released the Atari 2600 in 1977 but sales were moderate.

3.6. Space Invaders

This was a hard time for the video game industry but things were soon to be changed by the Space Invaders. This game was originally developed in Japan as an arcade game in 1978 and was sold by Midway in the US. Space Invaders is considered one of the most influential video games of all time and is the forerunner of the modern video games. Atari licensed the game for home consoles and released a version of the game for its Atari 2600 system. The game was an instant success and the sales of Atari 2600 skyrocketed in 1980. Besides being a revolutionary game, the Space Invaders also started the trend of getting exclusive rights to produce Arcade titles and the theme of “bringing the arcade experience home”. A number of other companies produced their versions of the Space Invaders for their console but were not very successful. Sequels and variations of the game were being produced as late as the mid 90s. The game was such a big success because its science fiction based futuristic theme resonated with the masses in the midst of the Star Wars mania.

A lot of people bought Atari just to play Space Invaders and Atari dominated the game console market in the early 80s. Other console manufacturers around this time included Coleco with their ColecoVision and Gemini, Mattel with their Intellivision, General Consumer Electric, Magnavox (Odyssey 2) and Fairchild.

3.7. Video Game Market Crash of 1983

History repeated itself in 1983 as a large number of companies were jumping on to the video game bandwagon to make a quick buck. The market was flooded with a number of game consoles and poorly designed and implemented games. 

The growing number of home computers at the same time made the situation worse and the sales of video games and consoles plummeted. Retailers lost interest in the video game business because they thought the home computer had made the technology obsolete. This forced a number of manufacturers into bankruptcy and majority of game console businesses were discontinued. 

3.8. Nintendo

Nintendo of Japan produced its first color TV game system in 1977 which was fairly successful but up to this point Nintendo was mostly focused on their Arcade business and had produced a number of blockbuster arcade games through the 80s including donkey Kong and Mario Brothers which were ported to various game consoles and were fairly popular. In 1983 Nintendo released the Famicom game console in Japan which was later rebranded as the Nintendo Entertainment System (NES) for sale in the US in 1985. The console supported a 256x240 resolution in 16 colors and included two controllers, a Zapper gun and a ‘Robotic Operating Buddy’ robot and was priced at US $100. One of the groundbreaking features of the NES was its lockout chip that allowed Nintendo to control third party game developers by only shipping Nintendo approved games. This allowed Nintendo to control the quality of the games and restricted the number of games produced every year. The NES was a big success and helped revive the video game industry. 

3.9. The Super Mario Brothers

The Mario Brothers was a success as an Arcade game and its sequel Super Mario Brothers was released for the NES in 1985. Super Mario Brothers is to Nintendo what Space Invaders was to Atari. A record number of copies of this game were sold (40.24 million worldwide) and changed the console market landscape by making Nintendo the market leader in unit sales. 

3.10. Sega and Nintendo war of the 80s & 90s

Sega also entered the game console business in the early 80s. Their first console system the SG 1000 was released in 1983 to a limited number of countries not including the US. Sega followed up with SG 1000 Mark II which was moderately successful but was overshadowed by the Famicom. In order to really compete with Nintendo Sega introduced the SG 1000 Mark III in 1985 in Japan that was rebranded and sold as the Sega Master System in the United States. Even though the Master System was technologically superior to the NES, it had an uphill battle against the Nintendo NES which had a strong hold in the US market. Some of Nintendo’s business practices also made it hard for third party game developers to develop games for any other platform. This resulted in moderate success for the Sega Master System. Nintendo also got sued by a number of game developers for its monopolistic business practices and was eventually forced to change its agreements with game developers. Sega and Nintendo were in stiff competition through the late 80s and 90s for market share. In 1989 Sega launched the Sega Mega Drive game console which was rebranded Sega Genesis for the US market. This console was a blockbuster product for Sega and Sega started chipping away at the Nintendo market share (90%+ at that time). Nintendo came up with its own new console in 1990, the Super Nintendo Entertainment System (SNES) but Sega continued to take market share. In 1993 Sega introduced the Sega Genesis 2 (Mega Drive 2 in Japan). This was the peak of Sega’s success and they boasted about 65% market share. Sega also shipped a number of add ons for it’s Genesis console including Sega CD and Sega 32x. In 1994-95 Sega released its next console the Sega Saturn while Nintendo introduced the Nintendo 64 (N64). 

Nintendo also introduced it’s handheld game console the GameBoy in the early 90s that was fairly successful. There were a number of other handheld devices introduced in the market around the same time like the Atari Lynx and the NEC TurboExpress but were not as successful. Rechargable battery technology was not mature at the time so most of these games consoles were heavy on power and hence not battery friendly. Gameboy had the advantage of low battery consumption due its small screen design and scaled down processor. Sega also introduced their handheld GameGear in the early 90s but it was also not very successful due to the same reasons. By the end of the decade Nintendo introduced successors to the GameBoy in the shape of GameBoy Color and GameBoy Advance to fight with renewed competition mainly from the Neo Geo Pocket Color. 

3.11. The End of Atari

While Sega and Nintendo were enjoying the bulk of the market video game console share, video game console pioneer Atari was having a hard time keeping up. Atari tried to weigh-in in the intense competition by introducing the Atari Jaguar which was not successful as it was more expensive than the NES and the Sega Genesis; Atari had hoped that the more powerful Jaguar will sweep the market but it lacked third party support. and Atari’s handheld console Lynx was a commercial failure as well and did not help improve Atari’s position in the market . Atari also had some internal organizational issues at this time as the owner family wanted to get out of the business. Atari was eventually bought by JTS Inc and soon disappeared from the market.

3.12. Sony Playstation and the End of Sega

The Sony Playstation, ironically, was the result of a joint venture between Nintendo and Sony to produce a CD based console system for the NES. The deal fell apart but Sony continued to invest in the system and eventually released the PlayStation in in 1994. The PlayStation was one of the best selling video game consoles of all times and Sony sold over a 100 million consoles. Sony also redesigned a smaller version of the PlaySation1 console that they sold in 2000 as PSOne.

This surprise entry and sweeping success of Sony completely changed the video game console business landscape. Nintendo and Sega that enjpyed the majority of the market share up to this point but now had a daunting challenge on their hands. Sega’s Saturn and Nintendo’s N64 competed fiercely for market share in the late 90s. The Sega Saturn failed to hold market share because of it was harder to program against. It had a dual chip architecture that made it powerful but it was hard to program the two chips in parallel. Sega also made a mistake by not providing good backward compatibility with it’s older systems and alienated users. In 1998-99 Sega produced its last console by the name of Dreamcast which was more powerful than the N64 and PlayStation but failed to succeed because consumers had lost faith in the brand. The Dreamcast was the first video game console that came with internet connectivity out of the box and some considered it ahead of its time. Sega discontinued its console business in 2001 and has since evolved into a third party game developer for other video game consoles.
3.13. Technology Trends of the 90s

The 90s were a hallmark of rapid technology advancement. The 80s cartridge based systems evolved in to CD based systems. There was also the ‘war of the bits’ as the manufacturers market their consoles as being 16 bit or 32 bit and claimed to be better based on this. The Sony PlayStation was a 32 bit machine while the N64 was a 64 bit machine and the Sega Dreamcast was a 128 bit machine. The evolution of the internet also had its impact on console gaming, Companies sold modem add-ons for their consoles and the Sega Dreamcast even shipped with one out of the box. There were hundreds of game titles shipped in the 90s for different consoles and the 3rd part game development business had evolved into a lucrative market by late 90s. 

3.14. Video Game Consoles of the new Millennium

Sony followed up with the PlayStation 2 in 2000  and reigned supreme until a couple of new consoles challenged it for market share. Microsoft got interested in the video game console business in the late 90s. For Microsoft this is a strategic investment in the multimedia business and they made a bet on the convergence of gaming and multimedia devices. Microsoft had already gained some experience in this field since Sega partnered with them to port Windows CE for the Dreamcast console. Microsofr XBox was released in late 2001 and was the most powerful console of its time. Xbox had stiff competition from the very successful Sony PlayStation 2 and Nintendo’s latest console the Game Cube.  XBox received a lot of 3rd party support and a number of successful titles were available for the XBox in short order. The blockbuster title for the XBox is Halo which helped boost its sales. Nintendo’s new console the Game Cube was also released in late 2001. Nintendo adopted a different strategy this time and opted to make a cheaper console albeit less powerful,  Microsoft, Sony and Nintendo are now the three big players in the console market with Sony having the biggest market share. 
The  handheld console market also saw advancements in the new millennium. Advancements in rechargeable battery technology meant that handhelds could now have a much richer interface and more processing power. Nintendo introduced the Game Boy Advance (GBA) in 2000 which was very successful and followed up with GBA SP and Nintendo DS in the following years. Other significant handheld consoles in the 2000s include the Game Park 32, Nokia N Gage and Sony PSP.
3.15. Current Trends and the Future
Fairly recently Microsoft released their latest console the XBox 360 while Sony has come out with the PlayStation 3. Nintendo has also released their latest console by the name of Wii, Nintendo has stuck with their strategy of cheaper and less powerful machine while Sony and Microsoft are opting for the higher end of the market. 

The technology of the video game consoles has shifted to be based on PC like architecture. XBox was the first console that had an internal hard disk, In fact some people have been able to run Linux on hacked XBox’es. Online gaming has also become very important in recent years. Microsoft were the pioneers in this area with their XBox live online service that lets gamers compete with each other online. 

The business model has also evolved in recent years. Companies seem to be moving away from making money from the console hardware and they are now focusing more on games and online subscriptions. In fact Microsoft incurred a loss on every XBox they sold and planned to make up for it in game sales and XBox live subscription fees.
The handheld consoles also saw a lot of advancements due to better battery technology. Most new handheld consoles provide a very rich interface with bigger and brighter displays. The concept of networking has also crept into the handheld market and most handhelds allow you to play with other players in the vicinity.
The future of the console game industry seems to be headed the direction of integrated multimedia devices. The latest versions of the consoles have added support for HDTV and both XBox and Sony PlayStation can be used to play DVDs and listen to music. XBox can also be used with their Windows Media Center as an extender for a complete home entertainment solution. The handheld devices are also moving towards a single device multiple usage model. New cell phones are bundling games, cameras, GPS navigation and the like in one device.  

The future of video game console indeed promises a lot of exciting new things for the consumers. 

4. PC Games

4.1. Early History of PC Games
Steve Russell, a young computer programmer from MIT, led the team that created the first computer game in 1962.  It took the team around 200 man-hours to write the first version of Spacewar.  This game was written on a PDP-1, and early DEC interactive mini computer which used a CRT type display and keyboard input.  The computer was a donation to MIT from DEC.  Later DEC provided the game as a diagnostic program for their customers.

The PDP-1’s operating system was the first to allow multiple users to share computer simultaneously.  This was perfect for playing Spacewar, which was a two-player game involving warring spaceships firing photon torpedoes.  Steve Russell later transferred to Stanford University, where he introduced computer game programming to an engineering student called Nolan Bushnell.  Bushnell went on to write the first coin-operated computer arcade game and start Atari Computers.
As early as 1984, a PC games market had also become established following the release of affordable and programmable home computers by Commodore.  By the end of the decade these were replaced by the growing use of IBM-compatible PCs in the home and cheaper and more games-oriented Atari ST and Commodore Amiga range of computers.  PC gaming industry unlike video gaming industry was never affected by cyclical downturns, mainly due to continual hardware evolution and on the other hand a lot of platforms came in and become out of fashion as they were unable to evolve at the same rate as the PC.  This caused other computer games platform to give up their market share to PC during late 80s and early 90s, and eventually by 1994 PC became the leading computer games platform.

4.2. New Trends Affecting PC Gaming Industry
Within the last decade we have emergence of some new trends affecting the PC gaming industry.  Some of these trends are discussed as below:

4.2.1. Storage Media

The standard software storage media for video games made a significant step change during the period from the silicon-filled ROM cartridges of the MegaDrive and SNES days to compact dics.  With the ability to store order of magnitudes more data than the largest cartridges at significantly lower price, CDs represented not only a major technological step forward but also changed the dynamics of games publishing.  The dramatic reduction in inventory risk that CD-ROMS represented made publishers far less susceptible to market swings such as that experienced in 1994 when many distributors and publishers had to write off vast quantities of expensive, unsold stock and some went under as a result.

The late 90s saw the introduction of DVD technology in the games industry.  High profile console games like PlayStation 2, XBOX and Game Cube all used DVD technology or some variation of it.  The PC gaming industry is also slowly following suit.  DVDs can store around 6 times the amount of a CD-ROM.

4.2.2. Costs and Prices
The wide-spread adoption of CD-ROM enabled more storage-intensive content such as video, CD-Audio quality sound, and pre-rendered computer images and animations to be included in games titles.  This trend give rise to productions costs, as developers tried to outshine competitors with cinematic style plot development and time and money intensive pre-rendered cut scenes.  Typical development costs per title rose 300% during late 90s and by the end of 2001 it reached between $1m to $2m.

In contrast to rising costs of CD and DVD-ROM based games, there was intense retail price competition during the cycle but margin pressure has been taken by retailers, and has had little impact on wholesale prices for publishers.

4.2.3. Software Technology
Rapid developments in computer graphics hardware and software also impacted PC gaming industry.  The emphasis of all games changed from 2D to 3D, as 3D accelerator cards became an integral part of newly sold PCs.  The period also saw the rise of licensing and the increased importance of game brands and franchises, such as Electronic Arts' EA Sports range of games. These have become a critical part of games publishers' growth strategies because not only do licenses have broader appeal but they tend to be cheaper to exploit on an ongoing basis and have more predictable (and often longer) sales profiles. 

4.2.4. Rise of the Internet
Internet is the biggest factor that has affected PC games industry a lot recently.  Despite the rapidity with which the internet rose to prominence, online games communities were amongst the first established and internet multiplayer gaming support quickly became a standard feature of all new PC games.  This also helped reduced the testing cost for companies developing games by releasing limited demos of titles, then adapting the games according to the feedback they receive.
The internet has also allowed developers and publishers to provide more efficient technical support and to circulate updates and patches (bug-fixing software) more effectively.  Most importantly though, the internet has begun to introduce new business models, games genres and supply chains. Massively multiplayer games which feature 24/7 persistent game universes and are capable of supporting hundreds of thousands of players have proven particularly successful with their subscription-based revenue model and disintermediation of physical distribution and retail. 
4.3. Genres
Role playing games and strategy games are one of the most popular genres of PC games today.  The best approach to see how these genres have evolved over time is to go though the releases of some ground-breaking games that have defined these categories.

4.3.1. Evolution of Real-time Strategy (RTS) Games
This genre of computer games can be defined by being a wargame that takes place in real-time, where resource gathering, base building, technology development and direct control over individual units are key components.  Unlike turn-based strategy this genre of games does not involve turns, rather game time progresses in real-time.  It is continuous rather than turn-by-turn, and all players may give orders to their troops at any time.  Due to this aspect these games are generally faster paced in nature, which has caused this genre to become more popular than turn-based strategy games. 

4.3.1.1. Dune II (1992)

This game is considered the father of real-time strategy games, as it end up setting many of the standards for RTS games.  Its predecessor was a fairly standard adventure game, but the sequel defined a new genre of its own something that happens very rarely in video gaming.  Some of the basic RTS characteristics that we even see in today’s RTS games are defined by Dune II.  Some of these basic conventions included building your own base from ground up, sending mining units out to gather resources which could be spent on more buildings or attack units created from those buildings, creating an army that can destroy the base of opposing players.  The concept of mini-map to view the entire field of battle was also first originated by this game.  

4.3.1.2. Command and Conquer (1995)
This was another release from Westwood, which had originally created Dune II.  This game featured a full-motion, live-action video introduction and cut scenes, which have become a standard for RTS gaming now.  The graphics were greatly improved from its predecessor and had a stronger isometric arrangement, and units had more frames of animation.  It greatly enhanced game play features to make things easier for players, like grouping of multiple units, stacking of orders on your barracks and factories, etc.  But the thing that really led to success of this game was its multiplayer support.  This game can be played by multiple players over local area network or dial-up modem.  This game became extremely popular and its sequel C&C: Red Alert sold over two million copies within a year of its release.

4.3.1.3. WarCraft II (1996)
This game was Blizzard’s equivalent of Dune II and C&C.  The original game came out between these two titles but it was this game which made Blizzard a notable player in RTS gaming industry.  This game featured both single player campaigns that can be played as an Orc or Human, and a multi-player gaming experience over local area network or dial-up modem.  The move to SVGA made units much clearer and more detailed, and small touches like having the units complain if you clicked on them too many times in a row enhanced the overall game play.  A new concept introduced by Blizzard in this game was it’s “Fog of War” feature.  This added a new dimension to strategy as now exploring an area with a single unit no longer causes it to be visible at all times.  You had to maintain a presence of a friendly scout unit in that area to see enemy troops movement.  This game features two races Humans and Orcs which has different looking units but has basically equivalent capabilities.

4.3.1.4. Total Annihilation (1997)
This was the first RTS game to render all of its units in 3D.  This allowed them to introduce another dimension to RTS games, that now elevation within terrains also became important for units.  Units on higher grounds have more attack power firing on units below them.  This game also introduced the concept of special units called commander, a master unit that cannot be destroyed without losing the game and has certain special features.  

This game was very successful in developing a huge community, which has survived to this day even though the original maker, Cavedog Entertainment, did not.

4.3.1.5. StarCraft (1998)
This is considered to be the most popular strategy games of all times.  It was so popular that even after almost a decade since its release, its still widely played all over the World, especially in South Korea.  

Blizzard completely re-wrote its RTS engine for this game.  The main feature of this game was three completely different races Terrans, Zergs, and Protoss.  For the first time in RTS games the units from these races did not mirror each other but had very different capabilities.  It was this aspect of the game that made it extremely popular.  Later an expansion, Brood War, added more units and balanced the sides still further.

4.3.1.6. WarCraft III (2002)
This is Blizzards first attempt at 3D rendering of its units.  They allowed zooming in to a particular unit, however full camera freedom was not implemented.  In this game they continued the storyline of WarCraft II, and extended it by adding two new races the Undead and Night Elves.  

The significant game play change was the addition of heroes, special units with extra stamina and skills, who could gain experience and use special items. This was a fusion of role playing elements into the traditional RTS genre, and the reaction of the gaming public was generally favorable. Warcraft III would go on to sell over five million copies, and inspire the creation of a massively multiplayer game based on its world and story.

4.3.2. Evolution of Massive Multiplayer Online Role-Playing Games (MMORPG)
The term MMORPG (Massive Multiplayer Online Role-Playing Game) was coined in 1998 by Verant Interactive, 989 Studios and Sony Online Entertainment to describe their new joint game offering, EverQuest.  MMORPG is an online computer role-playing game in which a large number of players interact with one another in a virtual World.  MMORPG currently are the most popular genre of PC games throughout the World.  In 2006 the combined global membership of subscription and non-subscription games exceeding 15 million players.  World of WarCraft alone has 7 million subscribers.

4.3.2.1. Multi-User Dungeons (1978)
The earlier MMORPG games were textual based, the first text based MMORPG was Multi-User Dungeons (MUDs).  These games ran on private servers, usually at a university.  Players would typically connect to the games using a Telnet client, and gameplay was similar to RPG such as Dungeons & Dragons.  By typing commands into a parser, players would enter a dungeon, fight monsters, gain experience, and acquire loot.

Many MUDs are still active and a number of influential MMORPG designers began as MUD developers and/or players.

4.3.2.2. 3.2.2. Habitat (1986)
This game was an early experiment in online gaming from the folks at Lucasfilm Games. Using the QuantumLink online service (which would eventually become America On-Line), users of Commodore 64 computers could dial up using their 300 baud modems and connect to a virtual world.  This game was around for only a few, but it provided the infrastructure used by later MMORPG games.

4.3.2.3. Meridian 59 (1996)
This turned out to be a groundbreaking development in MMORPG, as this was the first to feature a world rendered with 3D graphics.  Many of the MMORPG features which are now standards in MMORPG, were originally designed in this game like NPCs that bought and sold items and offered quests, the concept of ‘karma’ which means that your actions in the world affected how others saw you, and the idea of increasing separate ‘skills’ in various aspects of fighting and spell casting.

4.3.2.4. 3.2.4. Ultima Online (1997)
Apart from the graphics department where the World was rendered in 2D view, it made tremendous advances in almost every other aspect of MMORPG and introduced some new ground-breaking concepts that now are an integral part on MMORPG genre now.  It was the first MMORPG to break into the mainstream, selling over a million copies.  

Some new ideas introduced in this game were completely dynamic economy and monster population, crafting of your own clothes, armor and weapons.  The social aspects of Ultima Online were the most significant advance in the genre.  While the game has lost popularity to its newer competitors over the last few years, it still retains a core base of players. 
4.3.2.5. Everquest (1999)
This was Sony’s venture into MMORPG, which turned out to be very successful.  The game rendered in full 3D with hardware acceleration, creating the best looking MMORPG environment at the time.  Everquest had a simpler mode of character development, something similar to Dungeons & Dragons idea of gaining experience points by killing monsters to gain new level.  It featured both PvP combat and PvE mode for players who enjoy different kind of gaming.

4.3.2.6. World of WarCraft (2004)
This is Blizzards attempt to move into the MMORPG arena, that turned out to be very successful.  It has quickly become the most popular world in MMORPG and now has over 7 million subscribers.  Blizzard used their experience from previous RTS games and lot of their defining features from those games can be seen in this one too, like great story line, amazing graphics, variety in characters, balancing different factions in the game, etc.  They also took good parts of Ultima Online and Everquest and merged it into this game.  This game is designed so both the casual player and serious addicts can find things to do in the virtual world to keep them interested.  This is the biggest factor contributing to their recent success.
4.4. Future of PC Gaming
PC gaming has definitely come a long way since its humble beginnings in 1960s.  New genres of games have emerged to fulfill demands for different kind of players, graphics had advanced quite significantly, and developers have made use of every improvement in computing to improve gameplay for their players.  Despite all that according to NPD sales data, the US PC games retail market fell 14% in 2005 to $953m.  This represents the sixth consecutive year of decline and has left the market at exactly half the size it reached at its peak in 1999 and back at a level last seen in 1993.  Although these numbers suggests PC gaming industry is in a very bad shape, but if you look closely you will find that retail sales for PC games is not the only stream of revenue for this industry anymore.  PC gaming industry is more moving towards subscription based model to retain a sustained revenue stream from their games.  As a result NPD Group also from next years onward will be launching its new definition of the US PC game market which will include a combination of sales from retail, downloads, and both casual and MMO subscription revenues.  This is expected to add significant dollars to the PC game market size.

It is generally believed that dynamic growth in MMOG market and digital subscription distribution of PC games can offset or even exceed this ‘lost’ revenue in PC game industry.  But these assertions are yet to be backed up by any facts.
The continued growth of console gaming has undoubtedly contributed to the migration of some gamers away from the PC. However the data suggests that the number of PC gamers in Europe and North America has nowhere declined at the same rate retail market for PC games has declined in the last 6 years.  The main thing is new business models have emerged in PC games industry to generate sustained revenue streams and there are only a few publishers out there who fully understand the dynamics that is shaping the market currently.

PC gamers are already concentrating on a smaller number of games, spending more time playing them and buying fewer new games as a result. The average subscription period for an MMOG is around 9 months during which time the game will dominate players' gaming time. However, it is not just MMOGs that elicit this sort of concentration. Limited player online games (LPOGs) such as the Counter-Strike and Battlefield series have become huge devourers of players' gaming time. At any stage of the day, over 300,000 players in the West are participating in LPOG tournaments managed through GameSpy alone. Add in other service providers and the figure could easily top 500,000 concurrent players, a number that is similar to the number of concurrent Western MMOG players online at any one time and yet this vast LPOG playing time still represents a cost-base only, not a revenue stream.
Another thing is if you look at the most popular games of the last 5 years, you will notice that most of them contain an amazing level of complexity.  Most of the MMORPG and RTS titles have very steep learning curves and demand immersive play.  Most of these games are not designed with casual gamers in mind, and this is where the console gaming industry is generating most of their revenue from casual gamers.  So in the coming years we might see more focused games for casual players on PC.  MMOG and LPOG will also be accommodating the casual gamers to expand their share in PC gaming industry. 

5. Impact of the GPU and 3D APIs on computer games and their development
This section will discuss the various advances made specifically in the area of GPU (Graphics Processing Unit) advances.  Note that the game experience is also influenced and helped by the CPU design and system memory, however the GPU is the main driver for rendering graphics and for the purposes of this paper, this will be limited to the discussing the history of the GPU. Also discussed will be the major 3D graphics APIs (OpenGL and Direct3D) that have allowed for game programmers to utilize the GPU to its fullest capabilities.

5.1. The GPU

The key to the advances in computer gaming is mostly attributed to the GPU located on the video card.  The GPU (Graphics Processing Unit) is a microprocessor dedicated to manipulating and rendering graphics according to the instructions received from the computer's operating system and the software being used.  It includes functions for manipulating two-dimensional graphics, such as blitting, generating and manipulating three-dimensional graphics elements, rendering objects with shading, lighting, texture mapping and other visual effects.  Video cards have their own separate onboard memory, referred to as video RAM (VRAM) which stores the display image, as well as textures, buffers and other elements. VRAM typically runs at higher speeds than desktop RAM.    

5.2. Graphics Fundamentals

There are number of fundamental graphic operations and concepts that are essential to computer gaming. This section will focus on a few of these which will provide background on the GPU advances discussed below.

5.2.1. Blitting

Blitting is the operation of combining two bitmap patterns using a "raster operator".  Basically this involves moving the same types of patterns about the screen and does so by writing into the same memory as the rest of the display. So the overall effect of blitting is that it quickly writes a pattern to the screen and can basically display anything on the screen, even text. A fast GPU can handle blitting very fast which is key in video game performance.

5.2.2. Sprites

A sprite is a two-dimensional image or animation that is integrated into a larger scene. Sprites were originally invented as a method of quickly compositing several images together in two-dimensional video games using special hardware.  As computer performance improved, this optimization became unnecessary and the term evolved to refer specifically to the two dimensional images themselves that were integrated into a scene. 

5.2.3. Display List

A display list is a series of graphics commands that define an output image. The image is created or rendered by executing the commands.  A display list can represent both two- and three-dimensional scenes.

5.2.4. Graphics Primitives

A primitive can either be a point, a line or a polygon. Primitives are used to create figures during runtime when to replace a sprite, or because this figure is not static (a meta-ball, for example). In three dimensions, triangles are used to render models. It is common word to say that a model which apparently lacks details (appears blocky or triangular) is low poly, or simply lacks polygons. 

5.2.5. Shaders

A shader is a computer program used in 3D computer graphics to determine the final surface properties of an object or image. This often includes arbitrarily complex descriptions of texture mapping, light absorption, diffusion, reflection, refraction, shadowing, surface displacement and post-processing effects. There are two types of shader, pixel and vertex. Vertex shaders are applied for each vertex and run on a programmable vertex processor. Vertex shaders define a method to compute vector space transformations and other linearizable computations. Pixel shaders are used to compute properties which, most of the time, are recognized as pixel colors and are applied for each pixel. 

5.2.6. Texture mapping

Texture mapping is a method of adding detail, surface texture, or colour to a computer-generated graphic or 3D model. A texture map is then applied or mapped to the surface of a shape. 

5.2.7. Rasterization

Rasterization or rasterisation is the task of taking an image described in a vector graphics format (shapes) and converting it into a raster image (pixels or dots) for output on a video display or printer.

5.2.8. Rendering pipeline

Rendering pipeline refers to the current state of the art method of rasterization-based rendering and typically accepts some representation of a three-dimensional scene as an input and results in a 2D raster image as output. 

5.3. GPU Advances and History
The key driver to the development and optimization of computer games was based on advances in the GPU through the decades. The following will discuss the history of the GPU and how they influenced game development and the user experience.  Also included will be examples of games that were instrumental in utilizing these specific advances.

5.3.1. 1980s

It was only until the late 1970s and early 1980s that GPUs were used for computer gaming.  GPUs designed during this period were generally monolithic in design and had limited features. Blitting support was minimal and could run several operations in a display list. These processors could also use direct memory access to reduce the load on the main processor. Examples are the ANTIC co-processor used in the Atari 800 and Atari 5200. 

Later in the decade, high-speed, general-purpose microprocessors became popular for implementing high-end GPUs. The Commodore Amiga was the first mass-market computer to include a specialized blitter in its video hardware.  IBM's 8514 graphics system was one of the first PC video cards to implement 2D primitives in hardware. It had a full video accelerator and basically offloaded video functions to hardware instead of software.

There were a few applications that used digital signal processors on GPUs for 3D support, such as Atari Games' Hard Drivin'.  Hard Drivin’ was an arcade game that allowed players to test drive a high-powered sports car on a stunt course. The game used 3D support on the GPU and was one of the first games to do this.  This game used polygons to simulate the racing course which was only possible and performant using the GPU.

5.3.2. 1990s
In 1991, S3 Graphics introduced the first single-chip 2D accelerator, the S3 86C911. By 1995, all major PC graphics chip makers had added 2D acceleration support to their chips. By this time, Windows accelerators had surpassed expensive general-purpose graphics coprocessors in Windows performance, and these coprocessors faded away from the PC market.

Throughout the 1990s, 2D GUI acceleration continued to evolve. As manufacturing capabilities improved, so did the level of integration of graphics chips.  In the early and mid-1990s, real-time 3D graphics were becoming increasingly common in computer and console games and subsequently led to an increase in demand for hardware-accelerated 3D graphics.  Examples of such 3D graphics hardware can be found in video game consoles such as PlayStation and Nintendo 64.  There were some failures as well for low cost 3D chips such as the ATI Rage and Matrox Mystique which were 2D accelerators with 3D features ‘bolted’ on.

During this period, DirectX became one of the leading 3D graphics programming interface (discussed in a later section), 3D accelerators took off in terms of features and performance.  Direct3D 7.0 introduced support for hardware-accelerated transform and lighting and 3D accelerators moved beyond of being just simple rasterizers to add another significant hardware stage to the 3D rendering pipeline. The nVidia GeForce 256 was the first card on the market with this capability.  Hardware transform and lighting set the precedent for later pixel shader and vertex shader units which were far more flexible and programmable than their predecessors.

Doom was released in 1994 and was a revolutionary game in terms of first-person shooters. The Doom engine used full texture mapping and varying light levels. It use of 3D accelerators was apparent in the performance of the game. Apparently this game was thought to be installed on more machines than Windows 95 and was hugely popular in part due to its intelligent use of the 3D accelerator which allowed for a lot of detail and smooth movement of the characters in the game.

Another popular game, Myst, was released in 1993 and was an adventure, puzzle-solving game. It used StrataVision 3D which was a comprehensive 3D computer graphics software package by Strata.  Features include primitives-based modeling with texturising,  keyframe animation, and raytracing . By using 3D graphics via StrataVision, the developers of Myst created an engaging and realistic environment for the user to navigate through. This games was revolutionary in its use of graphics and plot and was the best-selling games of all time until the release of The Sims in the late 1990’s.

5.3.3. 2000s
This decade marked the dominance of DirectX and OpenGL as the dominant players of graphics programming apis. GPUs now have added programmable shading to their capabilities.  The GeForce 3 and the ATI Radeon 9700 were the first cards to surpass the processing power of CPUs. Each pixel could now be processed by a short program that could include additional image textures as inputs, and each geometric vertex could likewise be processed by a short program before it was projected onto the screen. Pixel and vertex shaders could now implement looping and floating point math, and were quickly becoming as flexible as CPUs. 

This period is also considered the era of major advances in console game systems such as Sony PlayStation 3 (released recently), the Nintendo Wii and the Xbox360. These are custom built machines designed to focus solely on game performance and are stripped down to a barebones system that have minimal functionality for their filesystem and networking stack. The PlayStation 3 (PS 3) GPU is the based on the NVIDIA G70 architecture, which focuses on maximizing per-pixel computation in favor of raw pixel output. The GPU makes use of 256 MiB GDDR3 VRAM clocked at 700 MHz. Given this raw power, the PS3 can render high-definition graphics which is major win for the customer experience with HD TVs. Noteworthy games that make extensive use of the GPU processing power include Half Life 2 and Call of Duty 3.

The PS3’s main competitor is the Xbox360 which features uses a chip designed by ATI called Xenos. Xenos contains 48 unified shader units, which are capable of both vertex and pixel shading operations. This is in contrast to older graphics processor designs which utilize separate specialized units for these tasks. The GPU package contains two separate silicon dies (rectangular slice of the silicon wafer), each on a 90 nm chip with a clock speed of 500 MHz. The Xenos can do z-buffering and alpha blending with no appreciable performance penalty on the GPU.  The GPU also houses additional capabilities typically separated into a motherboard chipset in PC systems. The Xenos is so powerful that a separate aluminium heat sink is required implemented to cool the GPU! Noteworthy games that make extensive use of the GPU processing power include Call of Duty 2 and Project Gotham Racing 4.

The Nintendo Wii released in April 2006 is another major contender. There was not much information available on its GPU capabilities, however, many user forums have contended that the graphics performance of this unit is not as performant as the Xbox 360 and the PS3. 

5.3.4. Looking forward

The gameplaying experience has also moved in terms of how many graphics cards you have installed on your machine and how many monitors you have. ATI recently introduced Crossfire which allows a pair of video cards on a single computer. This greatly increased graphics performance and subsequently the game playing experience for most games. NVidia also recently released the SLI (Scalable Link Interface) which links two graphics cards to produce a single output. This roughly doubles the graphics throughput for a given computer and is also a major performance gain for the discerning gamer. Both technologies are still new enough to not have much performance and user data on them, but these and quad card support is expected to become more widely adopted in the near future. Another major advantage of this is that it easier to drive multiple monitors with a single machine and this has proved very popular with gamers who would like to play games like World of Warcraft spanning several monitors.

The future may also bring more parallel GPU experience where we have multi-core GPUs and more parallelism in rendering and performing graphics operations. These are mostly experimental in nature, but given the availability of dual and multi-core CPUs on the market, this is close to becoming a reality and should soon be available to the general public.

5.4. 3D Graphics APIs

This section will discuss the graphics APIs developed in the 90’s which is when 3D gaming became popular and available to the gamer market. These APIs are central to game development and have directly affected the ‘gamer’ experience and complexity of games. While there have been many APIs released, the top two graphics APIs that have dominated the market are OpenGL and Direct3d (a subset of Direct X).

5.4.1. Open GL

Developed by Silicon Graphics (SGI), OpenGL is more of a specification that describes a set of functions to be implemented, which is similar to an abstract class or a set of interfaces that must be met. Hardware manufacturers implement libraries specific to their video cards which are then used by games developers to create games. The OpenGL specification is owned by the OpenGL Architecture Review Board (ARB), which was formed in 1992. This board includes 3D hardware manufacturers SGI, 3Dlabs, ATI Technologies, NVIDIA and Intel, and computer manufacturers IBM, Apple Computer, Dell, and Sun Microsystems.  OpenGL is used primarily on the MacOS and Unix and has limited adoption by Windows.

Open GL is considered a low-level, procedural API which requires the programmer to determine the exact steps to render a scene for example. This is unlike Direct3D which provides the programmer more functionality in defining and rendering a scene. Open GL 1.0 evolved from SGI’s IrisGL programming APIs and was designed primarily for standardized access to hardware. This allowed for device drivers to all use the same interfaces and was a big win for game developers as well as increasing the quality of games. OpenGL 2.0 was created by 3D Labs and enabled  the programmer to replace the vertex and fragment pipelines with shaders. This specification was quite ambitious in the features it supported and did not restrict itself to the current feature. 

The latest version of OpenGL v2.1 was released on August, 2006. It includes some revisions and minor updates that did not differ much from v2.0. World of Warcraft using 2.1 and has started using multi-threaded functionality of OpenGL. This is specific for the Macintosh and apparently can double the performance of World of Warcraft. The Build engine used by Duke Nukem 3D games also uses OpenGL.

Many games in general can be implemented in OpenGL or Direct3D. However, note that this is also dependent on the OS for the target. In general Direct3D games have been more popular due to the market share of the Windows operating system and the new functionality available in the Direct3D 10 which was released in Windows Vista.

5.4.2. Direct3D
Direct3D is part of Microsoft's DirectX API and is only available for Microsoft's various Windows operating systems and is the base for the graphics API on the XBox and XBox 360 console systems. Direct3D uses hardware acceleration if it is available on the graphic board and has a rich set of libraries for 3D rendering. Direct3D also offers full vertex software emulation but no pixel software emulation for features not available in hardware, i.e. the hardware takes precedence in terms of feature availability.

Microsoft released the first version of Direct3D that shipped in DirectX 2.0 and DirectX 3.0. The first version of Direct3D immediate mode was based on an "execute buffer" programming model that Microsoft hoped hardware vendors would support directly. These buffers were intended to be allocated in hardware memory and parsed by the hardware in order to perform the 3D rendering. They were apparently awkward to program and hindered adoption of the new API. However, Microsoft did not adopt OpenGL as the 3D rendering API for games and chose to continue improving Direct3D. This was done to be competitive with OpenGL and to compete more effectively with proprietary APIs such as 3Dfx's Glide. There many more releases of Direct3D, the more noteworthy are discussed below.

Direct3D 7.0 introduced a new texture format (.dds) and added support for transform and lighting hardware acceleration, as well as the ability to allocate vertex buffers in hardware memory. Hardware vertex buffers represent the first substantive improvement over OpenGL in DirectX history. 

Direct3D 8.0 introduced programmability in the form of vertex and pixel shaders, enabling developers to write code without worrying about superfluous hardware state. They wrote shaders to do simple tasks or more complicated shaders to do more complex tasks. The display driver then compiled these shaders to instructions that could be understood by the hardware. Direct3D 8.0 and its programmable shading capabilities were the first major departure from an OpenGL-style fixed-function architecture, where drawing is controlled by a complicated state machine.  Direct3D 8 contained many powerful 3D graphics features, such as vertex shaders, pixel shaders, fog, bump mapping and texture mapping.

Direct3D 10.0 (included with Windows Vista), was the next major release and is considered to be one of the most dramatic in terms of features and performance. This release was defined to work on newer hardware that conforms to the WDDM driver model. This version contained many new features such as fully programmable pipelines and virtualization of the graphics hardware which allows multiple threads or processes to use it. Paging of graphics memory is another feature which allows data to be loaded to Video RAM when needed and move it out when not needed. This also enables usage of the system memory to hold graphics data, such as textures, thereby allowing use of more and higher resolution textures in games.  Texture arrays enable swapping of textures in GPU without CPU intervention.  

The majority of games in the game market have a Direct3D implementation many of which have been discussed in this section. These include the default games in the Windows Vista operating system, World of Warcraft, Half Life 2, Halo 2, etc.

5.4.3. Conclusion
Both OpenGL and Direct3D have their pros and cons.  Direct3D has a wider adoption based on the market share of the Windows operating system.  D3D is also more optimized for modern hardware and is supposed to be more efficient for the games programmer to create code faster.  On the other hand, OpenGL gives the programmer more control in terms of direct access to graphic buffers and constructs allowing a higher level of control. The fact that the specification of Direct3D is owned by a large corporation has a substantial number of users against this API especially since OpenGL is controlled by a consortium of vendors and is considered more ‘open’. In terms of performance, statistics have shown that Direct3D 10 is more performant in terms of rendering 3D graphics than the latest release of OpenGL (2.1). However, benchmark tests are still not conclusive and are potentially more biased as these statistics were made available on a Microsoft website. In any case, it is likely that both standards will continue to thrive as both have generated many games for the gamer market and implementations in each API exist for many games to serve both the MacOS and Windows. 
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