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ABSTRACT


Computer artificial intelligence is an ever growing field. As computers grow faster and more powerful the types of tasks and jobs that can be assigned to AI increases. Yet, many fields of science do not use AI to help them. This project was designed to show that even in a very limited environment it is possible to produce AIs that all perform different tasks, in a hope to show that the only thing limiting the jobs an AI can perform is the imagination and skill of its programmer.

INTRODUCTION


This project was undertaken as a way to better understand how computer AI works. AI has been a field of interests for many years, but outside of a few fields, like computer science, AIs aren't used very much. The hope was that by gaining understanding and showing how AI can work it would allow others to see the potential of AIs in fields other than just computer science. 


To accomplish this goal a copy of Quake 2 was acquired along with a preprogrammed bot called 3ZB2. The first objective was to learn and understand how 3ZB2 operated. The second objective was to alter 3ZB2 to perform different functions or its own functions in a different manner. The hope was that by creating this bots that act differently in the environment of Quake 2 it would show that the only limitation of artificial intelligence is the imagination and skill of the one that programs it.

BACKGROUND


Artificial intelligence is idea that arose when computer were still in their infant stage. The hope was that one day computers could be made to be as intelligent as humans. Normally a computer can only take data given to it and perform instructions given to it. Artificial intelligence is taking it a step further. With AI computers would be able to take data and then make a decision based of it. Since computers are much faster than humans in terms of calculating speed, the hope is that a computer could be given any problem and then come out with the best solution. It is a field that has been slow to develop however since it not only requires very strong coding skills, but more often then not the computer itself needs to be very powerful.


Quake 2 is a 1997 first person shooter computer game. Developed by id Software, it is a well known and respected 'old school' game. The game has both an single player and multiplayer experience. The game does not come with any prebuilt bots; however, many bots are available online with their source code provided. It was chosen as the environment for the AI for numerous reasons. The first reason is that using a precompiled environment as a base would save the time of having to build one for scratch. Steam, a digital distribution network, sells the game for $10 online. Also once one has purchased a copy of the game they are capable of downloading the full source code of the game. This would allow better research into how AIs can be integrated into the game. Finally the game is old. This means it is relatively small in size which would allow mapping out code for the game and the bots to be much easier than a more modern day game. [1]
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Bots are computer controlled players essentially. Their purpose is to replace human players in multiplayer games, with the hope that they are as good as the player that they are replacing. 3ZB2 was the bot acquired to experiment on for the project. Created by Ponpoko, an internet handle name, and his hosted on his site: http://ponpoko.tri6.net/3zb2/. The bot operates by gathering data on the world around it, and then making a series to decisions off the data, such as going for health or shooting an enemy. The bot has almost no planning in its decision structure, and instead operates game frame by game frame; however, since the environment is so simple this type of thinking leads to a bot that very strong and can compete well against most human players.

PROJECT

The main purpose of this project was to focus on the altering of the bot, but before that could begin understanding how 3ZB2 operated and integrated into the game was required. So much of the first few weeks was devoted to that. Unfortunately it was not until alteration began that true understanding of how the code worked began. Despite that, the project moved forward strongly, and six different bots were created to show off. A seventh bot was intended, but never managed to be completed. The seventh bot however, give did give better insight into how the bot functions.

Integration


The first step to developing a bot is to understand how it is to be integrated into the game. This is necessary so that when the alterations begin, everything needed will be acquired or added to the bot during that process. For Quake 2 when building a bot or even a mod, it is actually necessary to have all the game code. Instead of trying to integrate the bots into the game files that have been precompiled, one compiles the bots information beside and inside of the files. When the game is run a command is given to use the game code compiled with the bot code instead of the regular game. This means it is possible to make the game work with the bot as opposed to the bot work with the game. Not a huge difference, but it can make integration much easier.

Packrat


The first bot created was packrat. Packrat was designed to handle inventory and combat readiness in a different way. Normally these or mostly two different functions. Inventory for battle purposes is usually kept to a simple check of if the bot has the item at the ready to use against its opponent. With packrat though, the bot attempts to first gather as many items as it can before attacking any opponent. The logic looks similar to the following:
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The purpose of this bot was to show that bots can use information it has in new ways to perform different results. For presentation purposes, since the bot can take a very long time to gather everything, the amount required was dropped to low numbers.

Santabot


Santabot was an alteration of the bots combat state. Normally upon seeing an enemy, the bot will enter a combat state. This combat state prepares it to shoot at and dodge enemy attacks. For Santa bot this state has been altered so that the firing commands are never called. Instead the bot calls up drop item functions and drops weapons in front of an enemy. In essence, it helps the player build up an arsenal.
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The purpose of this bot was to show that although normally 3ZB2 can only recognize players as enemies or allies this can be changed as well. With some heavier alterations, players could be assigned states by the bot so how much it drops is dependent on its 'feelings' for the player. 

Teleport / Backwards


Teleport and Backwards are two bots born from opposite logic patters. For these two instead of trying to come up with elaborate codes like the two previous bots, these were created by changing variables already present in the code. More specifically they are modified speeds for the bot. Teleport is a bot that has been sped up by tenfold, while Backwards is a bot that has had its movement multiplied by negative one.


These were created to see the result of messed up calculations the bot normally does. If the results were drastic enough, it would prove that even small changes in the code are capable of creating new and unique bots. Speed for the bot is normally used in calculations that include movement and aiming. Originally it was assumed that the bot did not use the speed for actual movement speed, but just for movement calculations. Testing proved otherwise, and the bots proved to behave quite differently.


Teleport creates a bot that moves so fast that it appears to be teleporting most of the time.  What is interesting about the bot though, is that the bot has the tendency to act chaotically.  It does this because the bot can rarely get to where it wants to go. Instead of going where bot wants, it overshoots the destination, and then must calculate a new spot it wants to be since the world around it has, to it, changed so much. As more opponents are added to the game though this chaotic tendency fades as it has more around it to interact with that takes a priority over movement.


Backwards behaves almost in a normal behavior. Unlike Teleport, backwards is able to get its calculations much closer to the original answer so tends to move smoother and aims better. However moving backwards causes many problems for the bot. Particularly, the bot is known to get stuck against walls and is unable to get away since moving away actually moves it closer to them.

EnemiesAbound / GhostsAbound


EnemiesAbound and GhostsAbound continue with simple changes to the code. In the case of these two bots, the change comes from the seeking enemies function. The seeking enemies function tells the bot if it can see any enemies. This data is later used for the combat readiness function. For EnemiesAbound this data always says that an enemy can be seen; meanwhile, GhostsAbound always returns false.


EnemiesAbound behaves uniquely with the way it reacts. Normally once a bot can no longer see an enemy it untargets them. Then if the route it's currently on leads them back to the enemy it then retargets. Instead this bot continues to hunt the player down. This can lead the bot to attacking from areas it would normally ignore the enemy player, such as a ledge above the player after the bot and player take different paths. The bot can also use the environment more effectively in this state, such as using corners to lead players into traps. This behavior though can get drowned out by adding more players since the enemy seeking function does no prioritize a target, it simply tells if one can be seen.


GhostsAbound on the other hand can never see an opponent. Even when being shot at the bot cannot fire at an opponent since it doesn't know where it is. This is different than even packrat because even packrat will return lite fire if attacked. This state for the bot could easily be used to create enemies that can't attack until key events have happened, or require certain items to see opponents.

Guardbot


Guardbot was the final bot being worked on during the project. The hope was to create a bot that seeks out a particular item on the field then instead of collecting it, the bot stands near it and guards it from other players. Because of the complex moving logic in the bot, the code used to do this had the bot reverse its course of action after every movement once it was a certain distance from the item. The logic looked like this:
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This logic however only created bots that had numerous glitches in them that didn't seem related to the event that was trying to be created. Several modifications were made for the code, and after those attempts didn't work, hours of work were spent studying how the movement code worked. It seemed that movement did not work the same as originally thought.


Movement is caused by numerous logic paths working together. The first logic path is item searching. The bot comes up with an item that it wants and then attempts to move in that direction. At the same time the bot is trying to move along prerecorded routes, that are saved in a different file, to get to a targeted destination. To accommodate both types of movement the bot tries to adjust what route it is currently on so that that it works to the advantage of both movements. These routes however most likely have items on them that are not currently targeted by the item searching function. This allows the bot to get everything it needs faster without the messiness of getting one item it is searching for and ignoring everything on the way there.


This logic is then copied and modified to take into account other actions the bot is doing and the environment. For example, team movement for capture the flag looks like this:[2]
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and water movement starts out:[1]
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These two examples are where most of the changes to the code between movement is located, afterwards it tends to degenerate back into the same sort of logic. [2]
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This means that this type of bot is viable, but it would require quite a bit of alteration to the bot code. Also it would be necessary to acquire the routing information stored in already compiled files, which is quite difficult. The bot most likely would need to pick a spot on the map to guard as opposed to an item, though this could looks the same to enemies. Then a radius would have to be built saying where the bot could and could not go. This would probably entail building new routes though not necessary.


Due to time constraints though this bot was not completed. Regardless the amount of information gained by trying to build the bot is vast, and it is a project that can be considered for the future.

FUTURE IDEAS


As a whole, I would say this is as far as I would take the project in Quake 2. If this project was to go further into that route, more drastic changes would have to be made for 3ZB2, or a new stronger bot would have to be examined. Optimally though this project would really succeed by creating a bot from scratch that has stronger logic patterns and possibly the ability to plan ahead. Outside of Quake 2 though is another option worth considering. Quake 2 was created in 1997, and was designed for hardware during that period. Games like Half-Life 2 would give many of the same benefits as Quake 2, and be better updated for the times. This is most likely where I would take the project from here.

CONCLUSION


The results of this project are quite numerable. The goal was to show that AI can be used in a number of fields. Hopefully by showing the modified bots this objective has been achieved. Keep in mind, what the bots were capable of, were limited by two things. The first limitation was the environment Quake 2. They could do nothing that Quake 2 itself wouldn't understand. The second limitation was 3ZB2. Although 3ZB2 was a wonderful base to build off of, all the bots created had to work off of the understandings of the environment, and logic patterns that 3ZB2 already had implemented. Working beyond those bounds could cause errors with both the bot and the game.


I also gained some benefits by working on the code. I now have a much greater concept of how computer AI functions as a whole. In addition I've gained some great c programming lessons, that I can take out into the programming field, and I can now have some enough experience to begin modding Quake 2. I also had a great deal of fun working with the code.
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