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“Interactive games have the potential to become much more expansive than even the most epic 

film. If games are to reach this potential then humans can no longer continue to function as the 

predominant content creators. [1]” Presently, most video game content is created with hundreds of 

thousands of man hours by artists painstakingly creating most interactions and every texture, model, 

animation, and sound. The product, while truly a work of art, is very brittle and usually offers very little 

replay. Moreover, the product can take years to develop. There is, however, an alternative to the 

traditional approach of content1 and asset2 creation. Procedural synthesis yields a very rigid product 

with potentially infinite replay value which can be developed within a fraction of the time frame 

allocated to a traditionally developed game. Further, utilizing procedural synthesis for video game 

content and asset creation allows for the final product to require generally less storage space and scale 

with hardware improvements. Additionally procedural synthesizing content and assets creates a game 

that provides unique experiences and real, dynamic interactions.

Today, many AAA3 games start off like movies. There is a script, concept art, story boarding, 

etc. Before anything manifests itself in the virtual game world, artists paint and draw their vision for 

the game. Then these drawings and paintings are laboriously turned into their virtual counterparts using 

many different 2D and 3D art applications. The output of these applications is then processed by tools 

specialized for the particular game engine used by the developer. Finally, the game engine can use the 

newly created asset and render it in the virtual world. 

Every time the game engine changes-- be it a customization, overhaul, or complete game engine 

change-- some, most, or all of the assets need to be re-created as well. Procedural synthesis, sometimes 

1 Content is story, unique interactions, etc.
2 An asset is a model, sound, texture, or animation which can be re-used throughout the game.
3 The term AAA is not formally defined for the field. However, it refers to top quality interactive titles which often are 

highly anticipated by the community.
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referred to as procedural generation, methods offer a much more agile1, rigid2, and potentially faster 

approach to game development. Procedural synthesis methods generate content on demand utilizing 

algorithms, executing at run-time, rather than manually creating them by a human artist. This allows for 

quick migration between different game engines. In addition, these procedural methods have the 

potential to allow the game assets to graphically scale with improvements to hardware with just code 

modification.

While artists generally command a lower salary than programmers or engineers, the amount of 

artists on a development team can sometimes dwarf the size of the programming team. If the majority 

of a game's assets are created manually by artists the costs soon begin to sky rocket. Additional levels, 

details, music, textures, etc. require either a greater number of artists [2] or longer development times. 

Average development costs for current-generation3 AAA titles are closing in on the production costs for 

modern blockbuster movies. For example, Grand Theft Auto IV cost $100m to make while The Dark 

Knight had a budget of $180m [17-18]. With games becoming larger and boasting longer game play 

development costs have the potential to surpass movie production costs and many studios may not be 

able to afford to compete with larger, big-name studios. However, the cost of utilizing procedural 

content can be much lower, especially so on larger content. Moreover, the results have the potential to 

be superior in quality to the results of the artist using traditional tools.

For example, take a very re-usable asset like a tree or fire-hydrant. Walking around a forest 

many trees share similarities, but they also have glaring differences. The same holds for fire-hydrants in 

the city. However, in most games today an artist will create one or a handful of trees or fire-hydrants 

and quickly the player will begin to see the same object over and over again [3]. Today's gamers 

demand an immersive experience. In real life every tree and every fire-hydrant, while looking similar, 

1 Agility in software development refers to quick development cycles and promotes development iterations, open 
collaboration, and process adaptability 

2 Rigidness refers to the code's ability to withstand changes to other parts of the code without causing any errors.
3 At the time of writing, current generation titles are those developed for Playston 3, Wii, and Xbox 360.
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exhibit stark differences. A traditionally created game can break immersion if too many objects which 

should be different look exactly the same. On the other hand, a game with procedurally synthesized 

assets can have these objects look different every time. 

The assets can look different every time, but it is not necessary that they do. For example, 

.kkrieger, a showcase for procedural synthesis in games, looks virtually the same every time it is 

played. The game is entirely procedural and takes up a mere 96kB of space on a storage device while 

procedurally generating hundreds of megabytes of data on the fly and in real-time [4]. The entire game 

essentially uses less storage space than a JPEG1 compressed screenshot of the game. This is made 

possible utilizing .werkkzeug3, a procedural content creation and management tool, to create all the 

textures, materials, levels, characters, animations, and meshes [5]. .kkrieger proves video games can be 

entirely procedurally generated without losing the artists touch. According to Introversion Software, 

“procedural content generation [is not new] – in fact, most of the early video games used procedural 

generation as it was the only way to fit the vast amounts of data onto the relatively small mediums 

available at the time. [6]” So why are procedural generation methods not more widespread in the 

industry?

Perhaps the best response is the need for procedural synthesis methods is not readily apparent. 

After some further analysis the difficulty of shifting industry norms materializes. It is simply much 

easier to follow current standards than to do something quasi-radically different. Moreover, it is a lot 

more difficult to procure algorithms to generate textures, models, animations, and sound. Additionally 

developing new software, intended for use by artists and designers, in order to create these algorithms 

can be a colossal undertaking. However, utilizing procedural synthesis can create a significantly better 

product and developers are left no choice but to use procedural synthesis.

Games like Mario Bros., The Legend of Zelda, Elite, and Frontier made heavy use of procedural 
1 JPEG, developed by Joint Photographic Experts Group, is a commonly used method of compression for photographic 

images. 
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synthesis in order to fit their rather expansive games on the limited distribution mediums available. 

While space limitations may not be much of a concern today, Natural Motion affirms the modern 

gaming audience demands “[true] next-generation experiences to justify the cash outlay for hardware 

and software. [7]” These next-generation experiences contain unique experiences that are “not pre-

produced, scripted, or necessarily planned. [7]” Essentially, next-generation content needs to provide 

the player with experiences generated utilizing procedural synthesis. 

Many modern games already use some procedural synthesis: Diablo and Diablo II utilize 

procedural synthesis for level and dungeon generation [8]; Grand Theft Auto IV utilizes Natural 

Motion's  euphoria system for procedural character animation and interaction; Darwinia creates its 

maps with procedural synthesis [6]; Oblivion utilizes procedural generation for tree and forest 

generation; Spore moderately utilizes procedural generation for the creation of models, textures, 

environments, and animations[6]; and plethora of games utilize procedural synthesis for motion and 

animation with regards to physics. Even some hardware, like the Xbox 360, utilizes procedural 

generation techniques [3]. The pattern is pretty clear: game developers have resorted to pigeon hole 

procedural synthesis to throw-away1 content and environment, map, or terrain generation.

The reasoning for using procedural synthesis exclusively for throw-away content or terrain 

generation is eluding; especially when procedural synthesis can be utilized to generate virtually 

everything in the game world. Cities, containing buildings with navigable floor-plans, roads with 

deformations like pot holes and erosion, etc., can be generated on demand and in real-time [9-11]. The 

traffic on these roads can be redirected dynamically when obstacles or other restrictions arise [11]. The 

city's historic brown-stone buildings can be generated with realistic looking vine growing on them [13]. 

Even a realistic sky, day or night, can be generated on-the-fly and in real-time [12]. Outside of the city 

can be a realistic mountain range complete with rivers [14]. Rivers can even be added to random terrain 

1 Throw-away content or assets is something the player sees only once or twice throughout the entire game.
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or throughout the city at the whim of the developer [15]. All of this is possible on-the-fly and mostly in 

real-time. 

Utilizing procedural synthesis, as opposed to traditional techniques, more complex scenes can 

be created with the same amount of raw hardware power. For example, the Xbox 360 hardware allows 

for procedural generations of models and textures as well as deformations and interactions of those 

models and textures from simple meta data. This method of generation and deformation allows for less 

data to be sent across the bus1 between the CPU2, GPU3, and memory [3]. Since there is less data sent 

across the bus, more bandwidth is available for other assets allowing much more complex scenes. 

Using the ubiquitous forest example: a forest created with traditional methods will be rendered with a 

hundred or so trees, while a procedurally synthesized forest can be rendered with hundreds or 

thousands of trees utilizing the same amount of bus bandwidth. Procedurally synthesis techniques allow 

for much more complex, realistic, and visually appealing scenery while using generally the same 

hardware as traditional techniques. This is especially possible with architecture improvements like 

CUDA4 on NVidia cards allowing generally arbitrary software to run directly on the GPU instead of on 

the CPU. 

Procedural synthesis is not without downsides. Procedurally generated content can be 

predictable, lack uniqueness, and games using this content may take much longer to load than 

traditionally created games [6]. However, utilizing tools like .werkkzeug3, the tools created by Natural 

Motion for its animation engine euphoria, and the tools used by M.Ashikhmin in his project for 

synthesizing natural textures; predictability and lack of uniqueness can easily be averted. Moreover, 

with processors becoming more and more powerful by the quarter and multi-core CPUs quickly 

1 A subsystem that transfers data between computer components inside a computer or between computers.
2 The Central Processing Unit provides virtually all the processing for any computer.
3 The Graphics Processing Unit takes care of rendering 2-D and 3-D images instead of the CPU.
4 Compute Unified Device Architecture is a C compiler and set of development tools that allow programmers to use the C 

programming language to code algorithms for execution on the GPU. 
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becoming the norm both in consoles and PCs long load times and gameplay smoothness interruptions 

can be minimized as well. Introversion Software argues that procedurally generated environments can 

provide gameplay difficulties. Some may simply not be fun at all so utilizing more traditional 

approaches may be necessary [6]. For instance, a naïve algorithm for procedurally generating a map or 

level may create similar spaces on multiple levels, place obstacles in places which do not make any 

sense to a designer or player, or even generate unreachable places.  However, .kkrieger seems to 

disproves the notion that procedurally synthesized game spaces cannot be fun as the game space in it is 

very similar to any other FPS on the market (alluding that the game space is just as fun to play in as any 

other FPS game space), but entirely procedurally generated. Procedural synthesis does not have to be 

limited to game spaces, textures, models, and animations; virtually everything can be procedurally 

synthesized, including sound.

While procedural synthesis can be used for generating music and sound, generating realistic 

sound and composer quality music seems to be currently unattainable. Many games today use 

procedurally generated sound and music like Spore, .kkrieger, Asheron's Call, and Dungeons and 

Dragons: Online [20]. However, the music pales in comparison to the soundtracks of World of  

Warcraft, Halo, Diablo, and many other games whose music is composed and orchestrated. For games 

such as Halo 3 studios have sound engineers on staff to create sound effects or record real-life sound 

effects for their games [16]. Such sound quality has yet to be achieved with procedural generation 

effects. Further, realistic and fluid sounding speech has yet to be achieved by even the top researchers. 

This is clearly seen by using any modern text-to-speech software. Until software algorithms are 

developed which can accurately generate sound and music on par with the quality of their human 

counterparts, it is, perhaps, better to continue allowing humans to be the primary creators of this type of 

content.

Despite all the drawback to utilize procedural synthesis methods as primary content and game 
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asset creators, it is still very feasible. procedural synthesis methods can be used to generate immense 

and unique worlds, characters, sounds, and animations. Further, the utilization of these methods 

decrease the overall storage footprint of games and allow for scaling of games with newer hardware by 

only code modification instead of code and asset modification. Moreover, procedurally generating 

content and assets allows for faster and more agile development cycles as well as much more rigid 

software while allowing for lower development costs. Not only are procedural synthesis methods for 

generating assets and content feasible, their heavy use is almost inevitable.
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