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ABSTRACT 
 
 
  This dissertation is concerned with the design and creation of an Artificial 
Intelligence Software Development Kit for use by computer game designers and 
programmers. It is intended to be used in the production of entertainment software 
which needs to display some form of artificial intelligence, especially agent path-
finding. 
 
  The introduction explains the background to game production, especially game 
engines, and tile-based games (the main target of the software). Chapter 2 goes into 
detail on the different search techniques which are in common use. Game engines and 
the reason for their use is explained in chapter 3. 
 
  Chapters 4 and 5 deal with the codes design and production, from the design of 
individual components to coding issues and testing. An example program is created 
using the completed artificial intelligence software development kit and this is 
examined in chapter 6, along with a discussion of the success of the project. 
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1  I NTRODUCTION 
 

 

1.1  Modern Software Production 

 

This dissertation is involved with the design and development of a software 

development kit to assist programmers in creating intelligent action in agents within 

computer games, in particular tile-based strategy games. 

 

The cost of producing any entertainment software is considerable, with 

competition being high. A major problem suffered by software developers is the length 

of time it takes to get a game onto the shelves were it can attempt to reclaim the 

money already put into it (or with a bit of luck, make a profit). The average length of 

time it takes to produce one game is around 12 to 18 months (more, sometimes far 

more, for something ground-breaking) (Kawick, 1999), and it comes as little surprise 

that what begins as an original project can end up being just ‘another one of those top-

down, real-time, resource-based, strategy games’ by the time it is released. No wonder 

computer game manufacturers have extremely strict rules regarding what can and 

cannot be disclosed by their staff. 

 

Code reusability is key to the success of many of the major software houses. 

Few games begin from scratch these days with code from previous software projects 

being reused whenever possible. These collections of code which allow easy 

programming of new titles, commonly called game engines, are used in most major 

releases. Programmers who used to produce code to do whatever the game designers 

asked are now producing tools that the game designers can use to build the games 

themselves. The programmers can now concentrate on refining and optimising the 

core technology of the game, while designers handle the game-play details. These 
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game engines are often marketable in their own right. One good example is the Quake 

engine (used for the well-known Quake game). A license for this engine costs in the 

order of US$500,000 to US$1,000,000…expensive, but it is considered a very good 

engine (Kawick, 1999). 

 

Obviously, this sort of software development tool is well out of the reach of 

most people who want to produce this type of software. Another option is tools like 

Microsoft® DirectX™. Basically, this is a library of additional functions that make 

screen, sound and input/output operations far easier by hiding the true complexities. 

Whilst DirectX (and its main competitor OpenGL™) are free, neither deal with 

artificial intelligence and it’s inclusion into games. 

 

This brings us to the basis of this project - to design and develop a tool to allow 

programmers to include artificial intelligence in their games (or any other application 

for that matter). In just the same way that the graphical tools previously mentioned 

allow the programmer to draw and animate on the screen without actually having to 

draw directly and perform the maths, this artificial intelligence tool should provide 

easy access to common AI functions. 
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1.2  Tile-Based Strategy Games 

 

Strategy games began soon after computers were first used for entertainment. 

Table-top war re-enactment has always been a popular pastime of games players and 

these computerised versions were simply an extension of that. This type of game is 

still hugely popular today (a good example is the massive success of the company 

Games Workshop who deal exclusively in fantasy games of this type). Chess was 

probably the first popular game in this genre and it is said that Russian generals used 

chess to improve their skills at war. War-gamers today regularly meet around the 

world for the various championships that take place. 

 

Whilst war games have been popular for very many years, they are not simple 

to play. To be a good armchair general requires an in-depth knowledge of all of your 

troops. This is not as simple as it sounds as each unit may have statistics for 

movement, range, damage which can be received and attacking and defending 

capabilities. Then comes the actual skill of being able to control all these units in order 

to overcome your enemies. Arguments over the often intricate and confusing rules of 

each particular game are common. 

 

There is a common bond between these games. Each has units under the 

player’s control, with their own abilities and characteristics. Each has a set of rules, 

either for the entire game or for each unit. Whilst this is a necessary part of the game, 

it is not the part that humans tend to be very good at, or enjoy performing. The 

calculations for damage received by a unit from another unit can be very complex, 

involving direction of the attack, awareness of the defender, movement of the attacker, 

attack strength of the attacker and defensive capabilities of the defender. On the other 

hand, this is just what computers are best at – keeping track of large amounts of data 

and performing rapid calculations so as to not slow down play right in the middle of an 

encounter. 

 

And so the Tile-Based Strategy Game was born. No setting up of the table and 

no knowledge of unit attack and defence required to play (this knowledge is fairly 
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necessary to win though!). Since the late 1980’s when these games first started 

appearing their complexity and diversity has increased as the capabilities of computers 

have grown. The term ‘tile-based’ comes from the fact that these games still operate 

using a grid of hidden tiles. Figure 1.1 shows a scene from the game WarCraft II. 

 

Figure 1.1 – A scene from the game WarCraft II (Images reproduced by kind permission of 

Blizzard Entertainment) 

 

This screen shot shows several buildings and characters from the game. What it 

does not make obvious is the fact that everything fits onto a hidden grid. In figure 1.2 a 

grid has been drawn over the same screenshot to show this. Whilst some of the graphic 

images overflow out of their tile, the character or building is still understood by the 

game to occupy the red region surrounding it. An area currently occupied by an entity 

cannot be entered by another entity.  



Introduction  9 

 
Jason Dyke  MSc Information Technology 

 

Figure 1.2 – WarCraft II with a grid superimposed over the landscape. 

 

The peon highlighted is currently moving to the right. As far as the game is 

concerned (and for the purposes of collision detection) he will occupy the red square 

even though his graphic is nearly out of the square. As soon as the graphic enters the 

next square the game registers that square as being occupied and the previous one as 

now been empty. As he can no longer move to the right the peon will now stop 

(actually, he will disappear to signify that he has entered the building). 

 

This representation of all the game units on a virtual grid structure is very 

important to the running of the game. Units are represented, as far as the internal 

structure of the game is concerned, as entities which inhabit one or more tiles on the 

game grid. This is never seen by the player. What the player sees is a graphical 

representation of the game grid held and updated by the program code. This graphical 

side to the game is not within the scope of this dissertation. What is important is the 

game grid itself as all movement is performed using calculations and readings from 

this grid. The game grid can be seen as a virtual world, one that a computer generated 

entity occupies and interacts with. If an entity wants to move to an adjoining tile, the 

game checks to see that the tile is available before allowing the action. Only then does 

it send an update instruction to the graphics code to ‘move’ the entity. Most artificial 

intelligence techniques are based on this technique of representing knowledge and the 
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state of the world in a form that the entity can use and manipulate. This is known as 

symbol processing (Bigus and Bigus, 1998). 

 

When computer strategy games began to get more and more complex one area 

of artificial intelligence became the most important – path-finding. This is true of 

many types of game, but particularly so with tile-based strategy games. Initially these 

games were turn based with each player moving each unit in turn, allowing accurate 

paths to be created by the player. In effect, the player was the path-finder. Now, 

however, these games are far more realistic and complex and usually in real-time; that 

is, the clock is constantly running and all units have to be controlled simultaneously. 

Obviously when taking over 50 units into battle controlling each one is not possible so 

each unit is asked to take over some of the responsibility for its own actions. Players 

indicate the unit they want to move and then where they want to move it to, the game 

then creates a path and moves the unit. 

 

It is easy to see how important path-finding is to this type of game (and almost 

all other games in fact). In order to attack an enemy, patrol a zone, collect resources, 

construct a building or just move, path-finding is necessary and is the component that 

the player sees as intelligent (or stupid if it is not so good!). When an entity is attacked 

the decision to either fight back or retreat is fairly simple based on it’s, and the 

attacker’s, strength. Most of the work comes once this decision has been made and 

again involves finding a good path to the desired place. 

 

In order to create a path, the game needs to access details concerning the 

terrain from the game map. There is little more annoying than sending two divisions of 

troops into battle only to find too late that one got stuck behind some trees and 

couldn’t make it to the battle-ground, whilst the other gets massacred by the now 

superior enemy. Obviously, getting to where you are supposed to go is a little more 

difficult than just heading in that general direction. 
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1.3  Artificial Intelligence in Games 

 

In 1950 Claude Shannon (the founder of information theory) proposed that 

possibly the best way to work on machine intelligence would be to develop a 

computerised chess player (Campbell, 1997). The whole point of this investigation of 

chess playing was to develop techniques that could be used for other applications in 

the field of machine intelligence. There are several good reasons for using chess, but 

one of the most important is the fact that the problem is well defined: 

 

�  Only certain moves are legal (the allowed operations) 

�  There is an ultimate goal state (Checkmate) 

 

Also, it was felt that a good result could be easily identified (i.e. the computer 

would win, or at least play well, against another chess player). The level of the 

opponent would also be a good measure of the ability of the computer. 

 

 Shannon’s work was based on the studies of John von Neumann and Oskar 

Morgenstern who devised the minimax algorithm for calculating the best move. There 

are two parts to this algorithm, an evaluation of the ‘goodness’ of any position on the 

chessboard and the minimax rule. The minimax rule is simply a way of using the 

evaluation to ensure that either White or Black takes the move that has the best 

‘goodness’ rating. For White this is the maximum evaluation value and for Black the 

minimum. 

 

Therefore, for each piece on the board, there are a certain number of legal 

moves. Using these moves the computer comes up with a series of potential states the 

piece could be placed in on the next move. Each of these states is then passed through 

the minimax algorithm in order to give a rating for each based on it’s relation to the 

goal state. The best rated move is the one which will be chosen. 

 

It is not difficult to see that the number of possible moves on a chess board is 

extremely high; when thinking ahead by several moves the total is well into the 
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trillions. For this reason the minimax algorithm is very inefficient as many of the 

moves which are evaluated would never even be considered by a human player. The 

alpha-beta pruning algorithm improves this situation by removing states that cannot 

effect the final outcome (alpha-beta pruning is discussed further in section 2.3.1). In 

the game of chess where several states can be achieved through different move 

sequences, any sequence which results in the same state is not considered unless it gets 

there in a better way. If a new sequence of moves has proved worse than an existing 

move sequence to get to the same state, there is no way the new sequence will improve 

with more moves so it may as well be discarded. In addition any further states 

spawned by this poor sequence are automatically discarded as there is no way they can 

be better than the best sequence so far. 

 

The minimax algorithm is basically a search algorithm, and since these 

techniques have been used search has been a heavily used tool in artificial intelligence. 

So far we have discussed chess and the techniques used to provide artificial 

intelligence to a computer player. The techniques used in modern computer games are 

little different, with the allowed moves and intended goals being the main change. 

 

The following is an example of the game Total Annihilation. As can be seen 

from the screenshot, the entity pointed to by the arrow has been instructed to move to 

the point marked by the cross. Moving straight to the left would be the simplest 

method, but this does not take into account the hill, which slows the robot down, or the 

buildings and trees, which stop the robot completely. 
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Figure 1.3 – A scene from Total Annihilation (Images reprinted with 

the kind permission of Cavedog Entertainment) 

 

  As a human it is easy to come up with a path that takes the robot around the 

hill, avoids the trees and buildings and gets to the goal. But it is this human 

intelligence that we are attempting to imitate so of course we can do it! For a computer 

it is a different matter altogether and this is where search comes in. As with chess, 

finding the best path is a well defined problem. There are a set of allowed movements 

for the entity (in this case 8 directions) and we have a goal state. Combining these with 

a search algorithm leads to the path illustrated in figure 1.4. 

 

Total Annihilation has a lot of very nice touches that make it appear to work in 

the absence of a game grid, like random orientation of buildings and characters 

capable of standing at any point on the map, not just moving from grid square to grid 

square. The grid overlay in figure 1.4 shows how, behind it all, it works in just the 

same way as the majority of these games. Pathing for characters always follows these 

tiles. 
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Figure 1.4 – The chosen path of the robot in Total Annihilation. 

 

An entities intelligence is inferred by its perceived ability to perform in this 

virtual world. Intelligent creatures do not bump into walls when told to go somewhere; 

instead they try to find a way around obstacles. An entity with ‘artificial’ intelligence 

will appear to make intelligent decisions as if solving problems as it comes across 

them. Of course, artificial intelligence is just that, artificial. A computer can still only 

follow set rules given to it by a programmer and is incapable of truly random acts 

(whether they are intelligent or not). 

 

  We can now be more specific with the design specification for this dissertation. 

There are two main components: 

 

�  Creation of a path-finding technique for game entities in circumstances such as 

those described previously. 

�  Providing this technique in a form which will allow game programmers to easily 

incorporate it into their own code. 

 

This type of software tool is commonly known as a Software Development Kit 

(SDK). 
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2  OBJECT AVOIDANCE AND PATH-F INDING 
 

 

2.1  Problem Solving Agents 

 

  Agent is a term often used in programming to describe an autonomous entity. 

Bigus and Bigus (1998) define intelligent agents and their abilities as follows: 

 

A software agent exhibits intelligence if it acts rationally. It uses knowledge, 

information and reasoning to take reasonable actions in pursuit of a goal or goals. 

 

In a computer game agents are often given commands and then expected to 

find a solution to the best of their ability. This is especially true in strategy games, 

where the controlling entity (whether it is a human player or a computer opponent) 

often acts as ‘general’ to the computer generated ‘troops’, giving orders and often 

leaving it to the software to decide exactly how to accomplish them. This is considered 

goal-based agent behaviour (Russell & Norvig, 1995) as the agent is given a desired 

final state as the goal which they then set about finding a solution to. 

 

2.1.1  Feeling a Way Around 

 

The main problem for any agent trying to solve the problem of getting around a 

game map is object avoidance. The simplest technique for moving about is to ignore 

these obstacles until you hit them. All that the agent needs to know is the start position 

and the goal state, together with some way of telling if the next position on the map is 

blocked (Stout, 1996). 

 



Object Avoidance and Path-finding  16 
 

 
Jason Dyke  MSc Information Technology 

Initially this sounds fairly simple (and compared to some of the techniques that 

will be discussed later it is!). It does suffer some major drawbacks however, the main 

one being that paths found through this technique can appear less than intelligent. 

Figure 2.1 is a good example of the lack of forethought that these techniques 

demonstrate. 

 

Figure 2.1 – Behaviour of obstacle-skirting agents 

 

If the game map contains many of these concave obstacles or is designed like a 

maze then the agent can take the most infuriating paths. It can also result in an 

inability to find a path at all on complex maps when the agent travels over the same 

spot again and again. 

 

It is very difficult for these techniques to find good paths on maps that have 

different terrain types. Unless different routes can be compared it is impossible to 

decide which is going to be the best to take. 

 

2.1.2  Using a Road Map 

 

  The fields of graph theory and AI have provided several techniques for dealing 

with the shortcomings of the step-taking methods, namely handling complex obstacles 

and different terrain types (Stout, 1996). These techniques involve changing between 

states or traversing the nodes of a graph and can easily be adapted to solve a variety of 

puzzles. In particular, for tile based games the state or graph node relates to an agent 

Initial State 

Goal State 

Agent’s Path 

Barrier 
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being in a particular position on the map - changing between states or moving to 

adjacent nodes the same as the agent moving on the map. 

 

  All of these techniques plan the route in advance of taking a step, unlike the 

step-taking methods which move more-or-less blindly in the general direction of the 

goal until they hit an obstacle. Of course this requires a good deal of knowledge on the 

part of the agent, namely a map of the game area. 

 

Each task assigned to the agent is accompanied by the information that will be 

used to decide on a course of action. In order to represent these basic elements of the 

problem, we need the following (Russell & Norvig, 1995): 

 

·  The initial state that the agent knows itself to be in. 

·  The actions that are available to the agent. 

 

These two points define the state space of the problem. This is the set of all the 

states available from the initial state by using the agent actions. All existing states can 

be reached using these two components. 

 

·  The goal test which can be used by the agent to determine when it has achieved the 

goal state. 

 

This point allows the agent to know when the goal state has been reached. This 

may not always be defined as a specific agent state, such as ‘go to this point’, but can 

also be represented by a more abstract definition which would cause several actions to 

achieve the same result, e.g. ‘destroy this character’. 

 

·  A path cost function (i.e. how ‘expensive’ is it to travel through a particular tile, 

usually in terms of time to pass through). 

 

This last point is not always important, but in the case of game characters it is 

likely to play a key role in intelligently choosing a path to take. 
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2.2  Path-Finding through Searching 

 

Path-finding is a well defined problem. We have an initial state (the starting 

point of the agent), a series of nodes which can be moved into (the surrounding tiles of 

the game grid) and a goal state (the agent standing at the desired destination). As 

previously mentioned we also (usually) have a path cost function which could 

represent the slow movement of an agent over rocky ground as opposed to rapid 

movement over a road. 

 

Search techniques are well established in the field of artificial intelligence, and 

can be used to solve a variety of problems. Similar techniques are used for finding the 

fastest data route in large computer networks and solutions to the Rubik’s Cube. Both 

problems can be described using the previously discussed elements: 

 

·  Initial State 

·  Operators (Actions available to the Agent) 

·  Goal State 

·  Path Cost 

 

These are the inputs to any function we may create to solve a specific search 

problem. An agent needs to know its initial state, the operators it has at its disposal and 

the goal state it is attempting to achieve with those operators. The requirement for a 

path cost is dependent on how the search is being performed and will be discussed in 

greater detail later. 

 

The following situation demonstrates the problem. Figure 2.2 shows a grid of 

two tiles by two tiles. Our agent begins at position 1,1 (top left). This is the initial 

state. The agent can move left, right, up or down (not diagonally in this particular 

example). These define our agent’s available actions or operators. The task for the 

agent is to reach the flag at 2, 2. Standing at tile 2, 2 will be our goal state. Path cost 

can be considered as zero for each tile, i.e. there is no difference in going in one 

direction over another in terms of speed. 
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Figure 2.2 – The map grid in its initial state 

 

The agent checks its current state against the goal state. This will prevent 

problems if the agent happens to already be at the goal state. As it is not the goal state 

the operators are applied to generate a new set of states, as shown in figure 2.3. 

 

Figure 2.3 – The expanded search showing the two newly generated states 

 

  Now there are two states which need to be checked against the goal state, 

neither of which proves positive. Again, the operators are applied to the new states to 

expand the search further: 

 

Figure 2.4 – Expanded set of state 2,1 

 

This set of states was created by expanding the position 2,1 state in figure 2.3. 

When the goal state check is made it will be discovered that the agent has achieved its 

1 

1 

2 

2 
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target and a path has been found (1,1 to 2,1 to 2,2). Expanding the state 1,2 would 

have given the same results, although the agent’s path is different (1,1 to 1,2 to 2,2). In 

this particular case it makes no difference which path is taken but this demonstrates 

how path cost may be important. Also, this expansion of the search has generated two 

states which are the same as a state already checked (1,1). Whether this state is 

actually checked against the goal state again or simply discarded will depend on the 

problem being solved. In this case it could simply be discarded, otherwise it may cause 

problems. 

 

  This search process can be represented as a search tree, constantly expanding 

and generating new nodes until the goal state is satisfied (figure 2.5). 

 

 

Figure 2.5 – Search tree for the flag finding agent 

 

The search tree begins with the root node, the initial state. This then expands 

into leaf nodes, each of which corresponds to a state that has either not yet been 

expanded, or is a member of the empty set (not the goal state). The search algorithm 

passes through these nodes methodically choosing which to expand further. 

 

Whilst the search tree is a representation of the state space, there is one 

important difference. The state space has a finite number of states, in this case four as 

there are four grid positions. The search tree could have an infinite number of nodes. If 

the search algorithm chose to only expand the left side of the tree then the path would 

become 1,1 to 2,1 to 1,1 to 2,1 to 1,1 to infinity. It is the job of the search algorithm to 

try to prevent this if required. The search tree is the technique used to keep track of the 

agents search through the state space for this particular problem (Russell & Norvig, 

1995). 

 

1,1 

2,1 1,2 

1,1 2,2 1,1 2,2 

Initial State 

First Expansion 

Second Expansion 



Object Avoidance and Path-finding  21 
 

 
Jason Dyke  MSc Information Technology 

2.3  Representing Search Trees 

 

Figure 2.5 demonstrated the basic layout of a search tree. There are several 

elements to this search tree (Russell & Norvig, 1995): 

 

·  The state to which the node corresponds in the state space 

·  The parent node 

·  The operator applied to generate the node 

·  The depth of the node (the number of nodes from the root to this node on the same 

path) 

 

and optionally: 

 

·  The path cost to this node from the root node 

 

With this information the search algorithm can build up a search tree that 

becomes a library of all the possible routes the agent can take. Actually locating the 

goal state gives little information to the agent on what route to take, it merely indicates 

that it is possible. The bulk of the information is gained from the act of actually getting 

there. In the case of figure 2.5, starting at the leaf node that represents the goal state 

(either one) and working backwards towards the root node (the initial state) gives the 

path that should be taken. Of course, this path is in reverse order. 

 

In addition the search needs to know which node to expand next. This 

information can be gained from the search tree but doing so can be computationally 

expensive – this type of storage structure is more suited to the entry of information 

rather than retrieval. Often an additional list of the nodes to be expanded is the 

simplest and most successful method. New nodes can be added to this list as they are 

discovered and removed once they are investigated and expanded. 

 

This helps to speed up search algorithms by removing costly searches when 

finding the next node to expand. There are several techniques used in path-finding to 
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optimise performance, especially in games where speed is so important. As discussed 

in section 2.2 it is important to discard bad choices before the algorithm goes to the 

expense of performing calculations on them. Search tree pruning is a common 

technique that performs this function. 

 

2.3.1  Alpha-Beta Pruning 

 

  The amount of states to be investigated can soon get out of hand when 

searching through a game grid. When a state is expanded using the allowed operators 

the previous state which has already been expanded is often one of the new states that 

is found (figure 2.4). Not only is this a wasteful technique, but it can quite easily cause 

infinite loops in the search tree.  

 

  As far as human intelligence is concerned, if we discover a possible answer to 

a problem that is surely bad we discard it and pay it no more attention. In this way we 

cut down our search tree to allow us to spend more time on those possible answers that 

are more likely to give results. This idea can be emulated in computer searches and is 

known as alpha-beta pruning. 

 

  The principle is as follows; when a fact is discovered about a given node, 

current knowledge about ancestor nodes should be checked. It may be that it would be 

pointless to work on any descendants of this node (Winston, 1993). This can be 

demonstrated in a simple example. In figure 2.6 (a) all new states are added to the 

queue to be investigated. This results in several of the states that were added to the 

queue at node 1 being added again at node 2. More importantly, node 1 is added to the 

queue again, even though it has already been expanded. It is easy to see that the 

situation would get even worse at and beyond node 3. 
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Figure 2.6 – Search with and without Alpha-Beta Pruning 

 

  For this sort of search problem alpha-beta pruning provides a simple but 

effective method of preventing this. New states are only added to the queue of states to 

be investigated once they are found to be better than the existing result for that state. 

Figure 2.6 (b) shows this in practice. Node 1 expands all of the eight states 

surrounding it. The fact that there is no knowledge about these states means anything 

we learn is better than the current knowledge, so they are added to the queue. As with 

figure 2.6 (a), 2 is the next node to be expanded. 2 still ‘looks’ at the eight surrounding 

states but only adds them to the queue if the knowledge it gains is better than that it 

already has. In the case of path-finding, better means a shorter path from the initial 

state. As a result, 2 only adds the three states to the east. Moving north would take two 

steps from the initial state (node 1) and the search has already found a path to that 

point that takes only one step (directly from node 1). 

 

Alpha-Beta pruning does not alter the actions of a search algorithm at all, its 

effect is on the queues used by the algorithm. Before any state is expanded it must be 

retrieved from the queue. This queue is commonly called the Open List and stores 

those states which have been discovered through the expansion of other states, but 

have not yet been investigated themselves. Unless a state is better than any previous 

information on that state it is not added to the open list and therefore is not retrieved 

for expansion by the algorithm. A second queue called the Closed List holds details of 

those states which have been expanded. Implementing a pruning technique is simply a 

case of managing these two queues and therefore controlling the information that the 

search algorithm can work with. 

1 2 3 1 2 3 

Added Once 

Added Twice 

(a) No Search Pruning (b) With Search Pruning 
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  Using alpha-beta pruning deals directly with the problem of adding nodes that 

have already been expanded. It also cuts down drastically the number of new states 

that are placed on the queue to be investigated. Another effect is usually only noticed 

on maze like maps where a node has already been expanded and another branch on the 

search tree finds itself passing over that same node. If the new branch is a shorter one 

the node will be added to the queue even though it has already been expanded. This 

effectively means that the original route is discarded in favour of the better route, 

ensuring that the best path is always found. 
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2.4  Uninformed Search Techniques 

 

  One obvious way to find a route on a game map is to try every available path 

until one achieves the goal state (Winston, 1993). Given enough time the search will 

find all available states in the state space, including the goal state if it can be reached 

from the initial state. 

 

This is known as uninformed or blind search. The search algorithm receives no 

information concerning the position of or distance to the goal state and simply expands 

all states it finds until the goal is reached. In many situations there may be no way of 

gaining any information about the goal state until it is achieved. As far as computer 

processing time is concerned uninformed search may have certain advantages as it has 

one less thing to keep track of. 

 

There are several different approaches to uninformed search: 

 

2.4.1  Breadth-First Search 

 

Breadth-first search begins at the root node and expands all of the nodes 

neighbours first (according to the agent’s operators). Once all of the adjoining nodes 

have been expanded and compared with the goal state the algorithm then expands 

those nodes that are two steps away. This expansion out from the root node continues 

until the goal state has been achieved (Russell & Norvig, 1995)(Stout, 1996). 

 

Implementing the algorithm requires an open list to be held in memory. This 

queue stores any newly generated states that require investigating and expanding. For 

breadth-first search the queue is of the type first-in-first-out (FIFO). This means that 

new states are added to the bottom of the open list and states to be expanded next are 

‘popped’ off the top. 
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  Due to its systematic approach to searching the state space, breadth-first search 

is guaranteed to find a path to the goal if one exists. As the algorithm examines all of 

the nodes at each length before moving on to the next expansion it will find the 

shortest possible path as long as all tiles have the same cost. This does have the 

disadvantage that the fringe of states being generated by the algorithm expands 

uniformly in all directions, not just the direction of the goal state. 

 

Figure 2.7 – Breadth-first search 

 

  The main problem with breadth-first search is storage of the search tree. The 

total number of paths in a tree with b branches and a depth from the initial state of d is 

bd. This demonstrates just how rapidly the search tree can grow and it is said to 

explode exponentially (Winston, 1993). 

 

2.4.1.1  Bi-directional Breadth-First Search 

This is a simple enhancement to the standard breadth-first search that runs two 

searches simultaneously. One begins at the initial state, the other begins at the goal 

state and both expand from their starting point. Where the two search trees meet 

defines the shortest path (ignoring path cost). 

 

This map is a representation of the sort of problem which an agent may face on a game map. Before 
making a move the breadth-first search technique is used to search in ever increasing ‘circles’ through 
the map (the state space for this example). This agent is also able to move diagonally. Once the goal 
state is detected the agent works back through the search tree to identify the path it should take. In this 
case there are two routes of the same length and it makes no difference which is taken. For an agent in 
a computer game it often makes better sense to continue in the same direction if possible, as this makes 
the animation sequences appear smoother and the agent more intelligent. 
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The potential decrease in the size of the search trees can be demonstrated with 

a simple example: 

 

On an infinitely large map the initial and goal nodes are 20 units apart. Using 

standard breadth-first search the area that the search tree will have to cover is 40 x 40, 

or 1600 nodes (assuming the worst case, that the goal state is not detected until the 

very end of the (depth = 20) search). With bi-directional search this becomes two 

search trees covering an area of 20 x 20 each, or a total area of 800 nodes - half the 

search area of the standard search technique.= 

 

2.4.2  Uniform-Cost Search 

 

This is a modification of the breadth-first search algorithm which takes account 

of the path costs and hence will find the shortest path on maps with differing terrain 

types. The technique was developed by E. Dijkstra for traversing graphs with edges of 

different weights and is often known as Dijkstra’s Algorithm (Stout, 1996). 

 

Uniform-cost search performs in much the same way as breadth-first search. A 

queue of nodes to be expanded is held in an open list as before, but this method always 

chooses the node with the shortest cost to expand first. Once the node has been 

expanded any new states to be investigated are added into the queue. As these path 

costs are cumulative, the search proceeds along low cost paths before expanding the 

higher cost routes. Of course, this assumes there are no negative path costs, which 

would completely destroy any advantage uniform-cost search has over breadth-first 

search. 

 

Implementation of uniform-cost search involves changing the operation of the 

open list to a priority queue rather than a FIFO queue (as used by breadth-first). Other 

than this the actual algorithm remains wholly unchanged when compared to breadth-

first search. 

                                                 
= The area searched is actually square and not circular on a map containing square tiles. This is due to 
the agents operators allowing diagonal movement. If diagonal movement were not allowed the search 
area would be more circular. 
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Figure 2.8 – Uniform cost search 

 

When the search achieves the goal state, it does not necessarily mean that this 

is the shortest path to it. To ensure other potentially shorter paths are also investigated, 

the state previously discovered is put back into the open list. This means it will not be 

looked at again by the algorithm until it is the lowest cost path. At this point it can be 

checked against the goal state. As long as the goal state check is made before each 

expansion and not after, uniform cost search is guaranteed to find the shortest possible 

path in a variable cost state space. If there was a shorter path, it would have had a 

higher priority on the open list and been checked by the search algorithm sooner. 

 

2.4.3  Depth-First Search 

 

This search is a compliment to breadth-first. Instead of expanding all the nodes 

at each depth before moving on to the next, the search expands one path on the search 

tree to it’s maximum depth before moving back and trying another path. 

 

Implementing the technique requires only a minor change to the algorithm, 

changing the FIFO queue of breadth-first to a last-in-first-out (LIFO) queue. Any new 

states that are created by expanding a node are placed on the top of the open list rather 
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than the bottom. That way, when the search pops off the next node to expand, the node 

to investigate will be the one that was most recently placed on the queue (Stout, 1996). 

 

This expansion along one path at a time can potentially achieve much faster 

results than breadth-first search, which must expand at least all of the states which are 

one depth below the goal state. It is a possibility that depth-first could locate the goal 

state on the first expansion. The probability of this decreases as the state space 

becomes larger, leading to the conclusion that depth-first search is better for searches 

on smaller game maps. 

 

There is also the possibility that a depth-first search will get caught expanding 

one path at the expense of all the others. In some cases the search tree can be 

extremely deep, and this sort of activity would seriously slow down an agent’s path-

finding ability. In terms of applying this algorithm to game agents, there needs to be a 

technique for marking all of the tiles passed through on the way out as ‘visited’ and 

then unmarking them on the way back to prevent the paths from twisting on 

themselves and getting into this potentially infinite loop. Even with this adaptation 

depth-first search can generate the strangest paths in its attempts to achieve the goal 

state (Stout, 1996). 

 

There are two techniques for improving a depth-first search: 

 

2.4.3.1  Depth-Limited Search 

To prevent the problem of this potentially infinite search a limit can be 

imposed on how deep the search can progress down any single path. The algorithm 

will then exhaust all of the states to a certain depth before expanding out further. If this 

depth limit is set to the total number of different states on a map (i.e. 9 on a 3 by 3 

map) then a solution is bound to be found and wasteful looping searches will 

eventually be aborted. 
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2.4.3.2  Iterative Deepening Search 

Whilst depth-limited search does prevent infinite search depth problems, it will 

not necessarily find the best path first. On a 3 by 3 tile grid it is easy to see that any tile 

can be reached from any other tile in at the most 4 moves (assuming no diagonal 

moves are allowed in the agents list of operators). Unfortunately we do not know the 

optimum distance to the goal until the problem has been solved. 

 

Iterative deepening solves this problem by carrying out depth-first search with 

an increasing depth limit. This limit begins at 0 (the root node or initial state) then 

expands to a depth cut-off of 1, then 2 and so on, until the goal state is achieved. This 

means that the algorithm will always find the shortest path and can even take into 

account the path cost for each tile by changing the depth from an indication of the 

number of tiles to the cumulative path cost. 
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2.5  Informed Search Techniques 

 

If an agent is expanding its search path in all directions it is obviously going to 

be inefficient when the goal is at a fixed location. However, if the agent can determine 

which of the currently known states are nearest to the goal it would make sense to 

investigate and expand these states first. This is known as informed or heuristic search. 

 

In terms of search algorithms a heuristic search is taken to mean any technique 

which attempts to improve the speed and accuracy of the search by providing an 

estimate of the solution. 

 

2.5.1  Heuristic Functions 

 

  The techniques shown so far prove successful for the majority of game map 

situations but they do have a tendency to be wasteful, even with the introduction of 

pruning. For example, breadth-first search expands the search tree equally in all 

directions and as the goal is usually only to be found in one this makes for unnecessary 

expansions. On a square grid with the usual eight directions of movement (vertical, 

horizontal and diagonal) each node which is expanded adds another 3 to 4 states to the 

queue. It is not difficult to see how this could soon add up, with a search for a goal 20 

tiles away investigating up to 1,600 nodes (a 40 x 40 area). 

 

Once again human intelligence reduces this problem by being able to estimate 

what is most likely to give the best results before actually doing anything. More often 

than not when trying to get to a location the first direction a human (or other intelligent 

creature) will search in is the general direction of the goal. These ‘rules of thumb’ are 

known as heuristics and are a major factor in the field of expert systems. They may 

help in finding a solution, but are not guaranteed in the way that an algorithm is 

guaranteed to find a solution (Giarratano & Riley, 1998). 

 

One advantage with tile based computer games is that the goal is easy to locate 

in relation to the position of the agent that is trying to find a path to it. Most often X 
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and Y co-ordinates are used to identify positions on the grid. Using these known co-

ordinates the straight line distance to the goal can be calculated. This is the best (and 

simplest to calculate) estimate we can provide (Russell & Norvig, 1995) and is the 

heuristic function most commonly used. A lower heuristic value indicates a better 

state, i.e. nearer to the goal. 

 

h(n) = straight-line distance from current node n to the goal state 

 

Where h is used to represent the heuristic function. 

 

  This is only half the story. Now we have a technique for deciding which states 

are better, and hence worthier of investigation, there is still a need to integrate this 

with the search algorithm. As with alpha-beta pruning, heuristic functions do not affect 

the operation of the search algorithm. Instead it is a management technique placed on 

the open list. 

 

Most uninformed search techniques that have been discussed so far decide 

which state on the open list should be expanded next either on a FIFO or LIFO basis. 

The heuristic function rates each state before adding it to the open list based on its 

heuristic value. When the next state is requested from the list the best node is passed to 

the search algorithm. This is known as a priority queue. 

 

In the majority of cases heuristic search techniques are faster and more 

efficient than the uniformed, non-heuristic methods. There are cases where this is not 

so, such as on some game maps which form mazes. This could mean that moving in 

the direction of the goal is actually the wrong way to go due to the complex structure 

of the landscape. However, once all the initial states in the direction of the goal have 

been expanded the search will eventually expand away from the goal and find a path 

around any blockage if it is possible to do so. 

 

This problem can be avoided by carefully designing landscapes in the game, 

and this is what game designers often do (Kawick, 1999). No matter what search 

22)( yxnh D+D=
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technique is used complex mazes take much longer to solve than the more standard 

landscape. This computation time is very precious to game designers and to the 

perceived quality of the game. 

 

2.5.1.1  Admissible Heuristics 

  The straight line distance that is used as the heuristic here is what is known as 

an admissible heuristic. Admissible heuristics are optimistic in that they never 

overestimate the distance to the goal state. On a game map the straight line distance is 

used as there is no quicker way to get to the goal. It may turn out that the actual 

distance is much farther due to blockages on the map. So long as h is admissible the 

shortest path will be found (Russell & Norvig, 1995). 

 

  Inadmissible heuristics (over-estimates) can result in a lower performance of 

the search. A bad over-estimate somewhere along the optimal path can cause the 

search to move away from that path permanently. Under-estimates cannot cause the 

correct path to be overlooked, it just means that they may be popped off the queue at 

an earlier point in the search (Winston, 1993).  

 

2.5.2  Best-First Search 

 

The uninformed search techniques discussed previously expand in all 

directions as they do not receive information regarding the goal state. With best-first 

search techniques, which state is expanded next depends entirely on which is 

considered the most promising direction to travel. 

 

There are two standard methods for implementing this technique (Russell & 

Norvig, 1995)(Stout, 1996): 

 

2.5.2.1  Greedy Search 

This uses the simplest heuristic function, the estimated distance from the 

current position to the goal. In most cases it is not possible to find the exact distance to 
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the goal (if we could it would remove the need for a search algorithm) so this heuristic 

is an estimate. 

 

This use of a heuristic results in a search that extends in the direction of the 

goal state, initially ignoring the directions which appear to hold least promise (figure 

2.9). If the current best choice proves to be a dead-end then the algorithm discards it 

and chooses the next best. This results in a ‘backing-up’ action of the search before it 

tries moving towards the goal in a different directionD. This is a good example of how 

the algorithm needs to learn from its mistakes by remembering where it has been and 

not searching in that direction again. Whilst these sort of traps will slow a search down 

it is probably more representative of human behaviour. Unless a map is provided it is 

quite likely that the general direction in which to travel will be known, but not the fact 

that to get there it would be best to head off at a tangent to begin with. 

 

 

Figure 2.9 – Greedy search 

 

 

Apart from the limitations of the search itself, greedy search does not take into 

account the cost of the path, being just as happy to find the shortest route over poor 

                                                 
D It is important to remember when visualising these search techniques that no actual movement is made 
by the agent until a path has been found. The search is invisible to the user of the software. 
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As in the uninformed search techniques, the algorithm still adds all the newly discovered states to the 
queue each time a node is expanded. The only difference is that the node with the lowest heuristic value 
is evaluated first, with any new states discovered being added to the queue. The green tiles show which 
nodes were actually expanded in this search. The other numbered tiles were added to the queue but did 
not need to be expanded. The blank tiles were not investigated at all, showing a marked improvement 
over breadth-first search. 
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terrain when a slightly longer but much faster route by road exists. The next technique 

attempts to deal with this shortcoming. 

 

2.5.2.2  A* Search 

As greedy search does not take into consideration the current path cost, an 

addition to the heuristic function can improve its performance regarding finding the 

optimal path. As initially described for the uniform-cost search, it is possible to sum 

the cost of the path to the current point. Adding this value to the estimated goal 

distance gives the heuristic estimate for A* (pronounced A Star): 

 

 

f(n) = Cost from initial state to node n + Straight-line cost from node n to goal state 

 

Where f(n) is the updated heuristic function. 

 

Now when the algorithm is deciding which node to expand next it does not 

simply pick the one which is closest to the goal state. Instead it will choose the node n 

through which the estimated cheapest solution passes (Russell & Norvig, 1995). This 

is a combining of uniform-cost search with a heuristic function. 

 

Figure 2.10 – A* Search 
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runs into the high cost tiles, but the lower is a clear route. Whilst not the shortest, it is the fastest. 
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2.5.3  Implementing Best-First Search Algorithms 

 

The main difference between all of the search algorithms (informed and 

uninformed) is the method that is used to get the next node to be expanded from the 

open list. This open list of unexpanded nodes is held in a stack. The stack is usually 

held in volatile memory to speed up the process of accessing the nodes. 

 

In uninformed search the stack can be simply held in a singly linked list. Both 

FIFO and LIFO stacks are fairly easy to implement and access. New nodes are only 

taken from the top and added to the top or bottom of the stack. Best-first search 

requires a slightly more sophisticated approach which is best described as best-in-first-

out. This is commonly called a priority queue (Stout, 1996). 

 

With a priority queue it is no longer possible to simply add new nodes to the 

top or bottom of the open list, they need to be stored in terms of their heuristic 

estimate (distance to the goal state). When a node is selected for expansion it should 

be the node with the current best heuristic estimate, which demonstrates just how 

much more complicated it is to create a priority queue which still allows fast access. 

Techniques for this will be discussed later. 
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3  THE ARTIFICIAL I NTELLIGENCE ENGINE 
 

 

Consideration of the algorithms available for path-finding is only half of the 

problem when creating the Artificial Intelligence Software Development Kit (AI 

SDK). It is also necessary to investigate the implementation of the selected technique 

(or techniques) that will be used in the final code. Several areas are discussed in this 

chapter – the first two sections cover the code itself and usability issues, the final 

sections discuss the implementation of the game entities (agents) and map. 

 

3.1  Code Reusability 

 

A game engine of any type is described as the core code that can be used to 

make a similar game in less time (Kawick, 1999). As was discussed in the 

introduction, code reusability is extremely important in game manufacture and enables 

software companies to produce games far more rapidly than if they began from scratch 

each time.  

 

The subject of this dissertation has similar requirements as it is aimed at 

allowing games producers to include artificial intelligence (AI) in their own work. In 

just the same way that game engines need to be reusable, the AI engine also needs to 

be easily introduced to as yet unwritten code. The code must be adaptable to different 

games with as few changes as possible. 

 

In the case of the AI engine it would be best if no changes at all needed to be 

made in order for the code to be easily implemented. It is worth bearing in mind that 

additions to the basic AI engine will be far easier than changing what is already there 

and this is the basis of reusability. 
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The components of a game that are exclusive to that game (artwork, sounds, 

game characters, etc.) are unlikely to be used in the following software. If it transpires 

that any of these components were ‘hardwired’ into the game engine it makes the job 

of using that game engine far more difficult. Major changes will have to be made to 

the core code before it can be used most effectively. The conclusion should be that the 

more general the code is, the more reusable it will be. 

 

There are several programming techniques that improve code reusability 

(Kawick, 1999): 

 

�  Object-oriented programming, in particular classes. Classes are reusable due to 

their very structure. All variables and functions are kept together in one file and 

access can be made from any code simply by creating a new instance of that class. 

�  Add all of the access routines that the class will need to the class. This will make 

the class more reusable and easier to work with for a programmer who did not 

have anything to do with writing the class in the first place. 

�  Inheritance can make a great deal of difference to a class’s usability. The children 

of a well-designed parent class are easier to get to grips with than several 

independent and disjointed classes. 

�  Generic classes (classes which perform the same function on different data types) 

are a useful technique for cutting down the size of the code whilst at the same time 

increasing its flexibility. 

�  Make file, class and function names obvious and relevant to the actual job they 

perform. 
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3.2  Scripting Languages 

 

Scripting languages are a technique which can be implemented by 

programmers to allow game producers who are not so adept at coding to write games 

using a much lower level language. The idea is that programmers can produce the 

game engine and tools needed to create a game and then pass this over to the script 

writers and game designers who are better at actually designing the game. 

 

If the power of the game engine can be accessed in this simplified manner this 

will allow the game designers to do their job and the programmers to get on with 

programming (Huebner, 1997). The following is a hypothetical example of a game 

script: 

 

Monster1 MoveTo [20, 10] 
Monster2 Follow Monster1 
CloseDoor [Door5] 
Monster3 BuildStructure [house] At [30, 15] 
Monster1 Attack Monster3 
 

Whilst it is still not English, it’s pretty close and allows people to write games 

without the need to become experts at programming. Obviously the code behind each 

of these commands is extensive – moving a character to another position requires 

several extensive steps: 

 

�  Create a path from current position to destination 

�  Move along path 

�  Avoid unexpected obstacles 

�  Send message to indicate arrival at goal 

 

Each of these steps can also be expanded greatly until we get to the level of the 

source code itself. This demonstrates not only how a less knowledgeable individual 

could create a game fairly simply, but also how that individual need have no 

knowledge of how the entity actually creates a path. This is one of the primary 

considerations for the AI engine proposed by this dissertation. 
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Creating a true scripting language takes time far beyond that available for this 

project, but object-orientation, and classes in particular, provide a technique for 

introducing something of this style into the AI engine. Here is a similar example of a 

script written using classes: 

 

Monster1.CreatePath (20, 10); 
Monster1.FollowPath (FORWARDS); 
 

Not too dissimilar to the previous example. There is still no need for the user to 

know what CreatePath  actually does and the code can be read fairly easily by 

anyone. It is obvious (hopefully!) that Monster1  first creates a path to the position 

specified and then proceeds to follow that path forwards. 
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3.3  Character Representation 

 

 

Each of the entities in a game needs to be able to demonstrate some form of 

artificial intelligence. Therefore it is important to consider the way that each entity will 

be represented within the game. 

 

In a strategy game, characters can be performing a variety of actions. They 

could be moving to a specific location, constructing a building, attacking an enemy or 

simply be standing still awaiting orders. Path-finding algorithms can be thought of as 

the selection made by a high-level thought process (LaMothe, 1995), but the decision 

to make this selection is the result of some other process. In effect, path-finding is the 

motor operation. The entity is an agent that decides to make a path, not an algorithm 

that actually does it. Once the decision has been made all agents will use the same 

algorithm to actually find a route. 

 

To allow the maximum flexibility for the AI engine, each game entity needs to 

be autonomous – able to make decisions which reflect its own personal circumstances. 

To do this there is a need for agents to have rules to guide their actions and some form 

of memory to remember their past activities and future intentions. This will give us a 

thinking model that will be able to respond to events in the virtual game world and call 

upon the resources it needs (such as path-finding) in order to get the job done. The 

agent will be able to make all its own decisions independently of the rest of the game 

using the information it is provided with. 

 

Finite state machines are used to represent concepts or objects that have a 

number of fixed states that they can move between. As a result they are extremely 

useful when creating entities in computer games. 
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3.3.1  Finite State Machines 

 

Every state that an agent can be in also has associated actions that will move it 

into another state. The agent can only be in one state at any time, and inputs to the 

finite state machine may drive the agent into a different state (Giarratano & Riley, 

1998). Figure 3.1 shows an example finite state machine. At first it looks complicated 

and confusing, but the diagram represents a fairly simple agent. 

 

  To demonstrate how state machines work, imagine an agent that is currently 

standing idle, i.e. it is in the ‘Standing Idle’ state. If it is told to move to a certain 

position the ‘move to’ command causes it to create a route to take it to that position, so 

moving the agent into the ‘Route Created’ state. From here the agent can actually 

move along this new route by changing to the ‘Moving Forward On Path’ state. The 

agent cannot move directly into the ‘Moving Forward On Path’ state from the 

‘Standing Idle’ state. This should be fairly obvious as the agent cannot move anywhere 

until it has decided how to get there. Finite state machines are extremely useful in 

preventing agents from performing actions they are not currently capable of doing. 

 

Figure 3.1 – Finite state machine for an example game entity 

 

Most of the changing elements of games are finite state machines as they often 

use if..then  type statements to structure the actions that can be taken. This 

emulation of programming languages like C++ makes coding finite state machines a 

fairly straightforward affair (LaMothe, 1998). Finite state machines are created by: 
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�  creating a set of states that the agent (or other object) can be in. 

�  creating a set of rules that move the agent from state to state (transition rules). 

�  implementation within a class or similar programming structure. 
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3.4  Map Representation 

 

  The way the map is stored by the computer is extremely important to strategy 

games. The game map contains all of the information that is required by the agent to 

find a path to another map location. It also contains details of what is on each tile (the 

type of the tile together with any entities that may be occupying it at the moment) and 

is used in producing the graphical representation that the player sees on the screen. 

  

  Whilst the graphical display is not part of this project, it is an important 

element in the game and must be taken account of when developing a method of 

storing the map information. Should the map be capable of storing all the relevant 

information for path-finding but not be able to hold details of the graphics then it will 

be useless for a game. Fortunately, careful design of the game map will enable it to be 

expanded to suit any future requirements in addition to its role in path-finding. 

 

  Knowledge representation is key to the success of the path-finding algorithm. 

In most games the map is not simply a flat landscape but instead contains forests, 

mountains, lakes and rivers amongst other things. The AI engine is required to be as 

flexible as possible in accommodating the needs of different games and as a result 

cannot be too specific about what the map can and cannot contain. This causes 

difficulties when creating an algorithm to path through these as yet unknown lands. 

 

  Fortunately, the information required for path-finding is common to all games 

and can be separated from the data that is specific to any one game. For example, an 

agent does not really care what a tile is blocked by, just that it is blocked and therefore 

the agent will have to go around and not through it. As long as there is information 

stored with the tile on its ‘passability’ the path-finder can use this to ensure the agent 

can get to where it’s going. 

 

  The following knowledge is crucial to the path-finder and therefore must be 

held by the map: 
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�  Tile passability (blocked or clear) 

�  Tile cost 

�  Map size 

 

Specific requirements for individual games can easily expand on this basic 

structure to include information on areas such as tile graphics and tile resources. 
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4  SOFTWARE DESIGN 
 

 

4.1  A Note on Programming Languages 

 

When considering which programming language to develop the software in 

there were several important considerations to take into account: 

 

�  As the code is intended for computer games, speed is of the utmost importance 

�  The end user needs to be familiar with the language 

�  The software will need to interface easily with the end users existing code 

�  The software should be as easy to use and modify as possible 

 

Languages like BASIC are extremely useful tools for creating easy to 

understand code, but they are also extremely slow. As BASIC was originally created 

as a teaching language it still suffers from reduced capabilities when compared to 

languages like C. 

  

Programming languages like PROLOG and LISP have been specifically 

developed for use in the field of AI and Expert Systems and have a great advantage 

over standard programming languages when creating certain software. After 

investigating the abilities of these languages it was found that whilst they are very 

useful for certain aspects of AI the difficulties in writing software that could then be 

imported into a computer game are immense. Also, these languages had few 

advantages over the more common languages with regards to the AI techniques being 

used here (namely finite state machines and searching). Another major factor is the 

author’s complete lack of knowledge of these languages. 
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C and C++ are probably the most commonly used languages at the moment 

(most computer games are produced in C or C++ (Kawick, 1999)). This makes 

interfacing with the end users code much easier and also aids them in understanding 

the artificial intelligence engine should they wish to add to it. C and C++ are not the 

friendliest of languages but their flexibility allows fast and concise code. 

 

Java is one of the latest programming languages, taking up from where C++ 

leaves off. Much of the ‘bad’ points of C++ have been improved or hidden making 

Java a friendlier environment to program in whilst keeping the majority of the 

functionality. However, Java is an interpreted language (meaning it does not compile 

fully) due to its ability to run on many platforms. This slows the running of the code 

considerably and is Java’s one failing for games programming. 

 

The decision finally comes down to a choice between C and C++. For the most 

part this argument is unnecessary as much that the two languages contain is the same, 

but in this particular case C++ has the advantage of object-orientation. As discussed in 

section 3.3 each entity needs to be an autonomous unit, and classes provide just this 

ability. Whilst the structure in C also provides some of these abilities, classes are a 

good way of keeping all related data and functions together and protected from outside 

interference. In turn this should lead to more efficient and more easily understood 

code. 

 

4.1.1  The Programming Environment 

 

Several C++ compilers are available, some better than others. The source code 

and executable files developed for this project were created using Microsoft’s® Visual 

C++™ 6.0. The interface is very user friendly and makes keeping track of files much 

simpler. It also aids in maintaining and updating these files and producing very neat 

source code! The debugger is extremely useful and fairly intuitive (eventually!). 

 



Software Design  48 
 

 
Jason Dyke  MSc Information Technology 

4.2  Defining the Classes 

 

In object-oriented design it is important to define the objects that will be 

required in the software. This gives a basis for the actual code design. The actual 

construction of the software entails several distinct stages – analysis, design, coding, 

testing and integration (Fowler & Scott, 1997). The analysis for the design has been 

covered in the previous chapters. This chapter deals with the design, coding and 

testing of the software. 

 

It is only possible to design the smallest applications in one piece. More 

usually they are broken up into smaller components which are designed, coded and 

tested individually before being assimilated. C++ classes are used to produce software 

in just this way, with each class being self-contained and accessible from other classes 

that require its services. 

 

4.2.1  The Class Diagram 

 

  With object-oriented design the first stage is to identify the objects that are 

contained within the design. Figure 4.1 shows the class diagram for the AI SDK. Each 

objects associations with the other objects of the application are shown by the linking 

lines. Relationships between objects can be one to one (e.g. each map has one path-

finder) or one to many (e.g. each map has many entities). 

  

  The diagram also gives an initial idea of the attributes (variables) and 

operations (functions) of each class. It should be stressed that this design is not ‘cast in 

stone’ but it is a skeleton for the design of the code that follows. It is possible that 

changes will have to be made to successfully implement certain functions. 

 

  The class diagram is based on the Unified Modelling Language (UML), a 

successor to many of the early object-oriented analysis and design techniques (Fowler 

& Scott, 1997). The upper box of each class indicates the minimum attributes that the 
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class will require. The lower box shows the operations. How the class actually 

performs the operations or creates the attributes is not important at this stage. 

 

Figure 4.1 – Class diagram for the AI Software Development Kit 
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4.3  The Entities 

 

Figure 4.1 shows that many entities can be on the game map at any one time. 

This is necessary as games that only have one moving character tend to be very 

boring. As each character is an instance of the class they may all act independently by 

having their own set of attributes and operations. 

 

CreateEntity ( ) 

 

This function is used whenever the game calls for a new entity to be created 

ready for use. As many entities can be placed on the map it is necessary to have a list 

of them all in order to keep track and ensure that all entities get a chance to perform 

actions later on. A pseudo code layout for the function is as follows: 

 

 

As entities may have different characteristics (a tank is very different to a 

soldier) the details should not be stored in the code itself. This allows greater 

flexibility as different games can add different sets of characteristics. With the details 

being held in an external file the code can easily be altered to accommodate the 

requirements of the game. 

 

AddEntity ( )  

 

Once an entity has been created it is ready to be added to the game map. 

Class: Entity 
Operator: CreateEntity 
 
Inputs: External entity file name 
Returns: Pointer to entity object 
 
 
Read in the entities characteristics and initialise  the 
entities attributes. 
Initialise the entities current status (STANDING_ID LE). 
Add the new entity to the entity list. 
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RemoveEntity ( ) 

 

If an entity dies or needs to be removed from the map for any reason then this 

function deals with it. 

 

MoveEntity ( ) 

 

Most of the entities will want to move around the map. When requested, this 

function will deal with updating the map and the entities details. 

Class: Entity 
Operator: AddEntity 
 
Inputs: Pointer to entity object, Map co-ordinates 
Returns: True or false 
 
Check the status of the map co-ordinate. 
if (BLOCKED) then 
 Return (ERROR). 
else 

Update the relevant map square to point to the enti ty. 
Update the entities co-ordinates. 

Class: Entity 
Operator: RemoveEntity 
 
Inputs: Pointer to entity object 
Returns: True or false 
 
 
Locate the entity on the map. 
Remove the entity from this map co-ordinate. 
Remove entity from the list of entities. 
Destroy entity. 
 

Class: Entity 
Operator: MoveEntity 
 
Inputs: Pointer to entity object, new map co-ordina tes 
Returns: True or false 
 
 
Check the status of the new map co-ordinate. 
if (BLOCKED) 
 return (ERROR). 
else 
 Remove the entity from the current map position. 
 Add the entity to the new map co-ordinate. 
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SetCurrentPath ( ) 

 

Before an entity can set off towards a goal it must first know how to get there. 

The following function sets the path of the entity to a path previously created by the 

Path Manager (see section 4.6). 

 

4.3.1  Characteristics of the Finite State Machine 

 

Each entity has a set of states that it can be in. Each entity can only be in one 

state at any time, but events in the game can cause the entity to change its state. As 

discussed in section 3.3 this enables each agent to know what it is currently doing and 

from this to decide what to do next when given a task. Implementing a finite state 

machine in a computer game is fairly straight forward using standard C++ commands. 

The following list is an example of the states that an entity could be in: 

�  Inanimate 

�  Standing Idle 

�  Awaiting new instructions 

�  Creating a path 

�  Following Path 

�  Constructing a building 

�  Attacking an enemy 

�  Under attack 

�  Defending another entity 

�  Following an entity 

�  Moving randomly 

�  Blocked 

Class: Entity 
Operator: SetCurrentPath 
 
Inputs: Path details 
Returns: True or false 
 
 
if (CURRENT_PATH) then delete CURRENT_PATH. 
CURRENT_PATH = Path. 
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This list would depend heavily on the type of game being produced and the 

sort of abilities the entity needs to have. However, when creating a path-finder certain 

states will  be required to control an entity and make it appear intelligent. Following is 

an example pseudo code listing which demonstrates the use of finite state machines, in 

this case the entity has just been told to move forward towards a certain position: 

 

if (Entity1.State == BLOCKED) 
 Create path around blockage 
 Entity1.State = CREATING_PATH 
else 
 Get next step on current path 
 Entity1.State = FOLLOWING_PATH 

 

This is simple enough to understand and demonstrates how if .. then .. 

else  statements are central to this sort of design. These checks of an agents state can 

build up into complex and powerful methods of giving an entity some form of 

simulated intelligence. If it is blocked it will not bother trying to walk forwards, 

instead it creates a path around the obstacle. If an entity is ‘standing idle’ and is 

instructed to move somewhere it moves into the ‘creating path’ state before moving 

into the ‘following path’ state. This prevents errors and otherwise stupid actions on the 

part of the entity. 
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4.4  The Tiles 

 

The tile class is small and performs few actions. Essentially, a tile object is 

required for each tile type that is on the game map (i.e. grass, tree or rock). These 

objects can then be used many times over each to create a complete map whilst only 

needing the information on that tile type to be stored once. 

 

CreateTile ( ) 

 

As with entities, tile types differ from game to game and apart from the tiles 

passability and cost other information is not used directly by the path-finder. Therefore 

the pseudo code looks very similar to that for CreateEntity (). 

 

 

 

 

 

Class: Tile 
Operator: CreateTile 
 
Inputs: External tile file name 
Returns: Pointer to tile object 
 
 
Read in the tiles characteristics and initialise th e tiles 
attributes. 
Add tile type to list of available tiles for the ma p. 
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4.5  The Map 

 

The Map is the primary class. It is the class that creates objects of the type 

Entity, Tile and Path Manager and as a result is responsible for their management. 

Whilst the game can make direct calls to a particular entity it is the Map object that 

will be responsible for tracking where the entity currently is and what it can and 

cannot do regarding movement. 

 

ConstructMap ( ) 

 

As with entities and tiles, the specifics of maps are left to the actual game. The 

Path Manager class merely needs to know information on individual tiles and the size 

of the game area. As long as tiles are square and movement is 8 directional then other 

specifics of the game will not affect the Map or Path Manager’s performance 

 

 

DestroyMap ( ) 

 

Once the game has finished with the map it needs tidying up. It is very 

important to remove all of the created objects that are no longer required to prevent 

leaking of memory and eventual memory errors. 

Class: Map 
Operator: ConstructMap 
 
Inputs: External map file name 
Returns: Pointer to map object 
 
 
Read in the map characteristics and initialise the map’s 
attributes. 
Create the relevant map tile objects. 
Create the path manager object. 
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TileStatus ( ) 

 

The Path Manager needs to query the characteristics of tiles on a regular basis 

and this can be done through the Map class. 

 

EntityDetails ( ) 

 

Just as the tiles information is regularly required, details of the entity at a 

particular location are often required. As entities are stored in a list in no particular 

order trying to locate the entity that is stood at a particular location is more easily done 

through the map itself. 

Class: Map 
Operator: DeleteMap 
 
Inputs: Map object 
Returns: True of false 
 
 
Delete all Tile objects. 
Delete the Path Manager object. 
Delete the Map object. 
 

Class: Map 
Operator: TileStatus 
 
Inputs: Map co-ordinates: X, Y 
Returns: Tile passability, Tile Cost 
 
 
Identify the tile object at the referenced map co-o rdinates. 
Query the tile details. 
 
 

Class: Map 
Operator: EntityDetails 
 
Inputs: Map co-ordinates 
Returns: Pointer to entity 
 
 
if (Map co-ordinates contain an Entity) then 
 return (Entity). 
else 

return (ERROR). 
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4.5.1  The Map Array 

 

  The way the map is stored is important to the operation of the whole 

application. Each map holds details of the tiles and where the entities are currently 

positioned. The simplest technique for holding this information is an array, and 

simplicity often increases speed in programming. 

 

  A two dimensional array can be made to any size (memory allowing) and is 

already in the correct format for the map. Array indexing also allows easy access to 

map co-ordinates. For example, investigating map position 10, 20 would be translated 

in the code as GameMap [10][20]=. 

 

  Arrays can also be made of any variable type, including customised ones. As 

each position on the map needs to refer to both the tile and any entities that may be on 

it a simple method would be to create a structure to hold pointers to both of these: 

 

struct _GameMap 
{ 
 TILE  *ptrTile; 
 ENTITY *ptrEntity; 
}; 
 

 An array of this type can be declared as: 

 

_GameMap GameMap [100][80]; 

 

 With individual entities being accessed by: 

 

GameMap[X][Y].ptrEntity; 

                                                 
= Of course, this assumes that the top left position of the map is 0, 0 as arrays always begin at position 0. 
Should the map (as is more common) have a top left co-ordinate of 1, 1 then the way to index the array 
would be GameMap [X – 1][Y – 1]. 
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4.6  The Path-Finder 

 

Finally we come to the main component of the AI Software Development Kit, 

the path-finding algorithm. A study of the most common path-finding techniques was 

presented in chapter 2 presenting the advantages and shortcomings of each. A* is 

certainly the most complete algorithm available but until recently the speed of 

personal computers has meant that it’s use has been limited in games due to speed 

considerations. 

 

However, with the advent of much faster processors over recent years and 

powerful video cards taking much of the graphics work away from the main processor 

this has now changed. As a result, A* is the algorithm which will be used for path-

finding in the AI SDK. 

 

4.6.1  A* Implementation 

 

  The algorithm for A* is shown below in pseudo code format. The functions 

that pop and push nodes on the open and closed lists are shown separately, but for the 

algorithm to perform successfully all components need to work together. 
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4.6.1.1  The Open List 
 

The open list stores and sorts all of the nodes that are created by the A* 

algorithm until they are expanded. For this task a priority queue is required that will 

automatically put the best nodes at the top down to the worst at the bottom=. When the 

A* algorithm pops a new node the current best is automatically sent. A priority queue 

is often referred to as a heap and binary heaps are one such implementation of a 

priority queue. 

 

Binary heaps are implemented in C++ with a simple array and no pointers are 

necessary. They rely on the fact that an element at array position p has one child node 

at position 2p and one child at position (2p + 1) (Ignoring array position 0). Thus, 

array position 4 has child nodes at 8 and 9; position 5 has children at 10 and 11. Parent 

                                                 
= Best and worst nodes are in relation to their cost from the initial state. As shown in section 2.5.2.2 the 
cost for nodes with the A* algorithm is the sum of the path cost to that node and the straight-line 
distance to the goal state. 

Class: Path Manager 
Operator: CreatePath 
 
Inputs: Initial state, Goal state, Map details 
Returns: Path 
 
 
While (Open List is not empty) 
{ 
 Node = pop best Node from Open List. 
 
 if (Node is goal state) then 
  Construct a path. 
  End search. 
 else 
  Apply search operators to obtain Child Nodes. 
 
  if (Child Node passable) and 

   (Child Node NOT on Open or Closed List) then 
   Push Child Node on Open List. 
 
  if (Child Node already on Open or Closed List) an d 
     (Child Node better than existing node on List)  then 
   Overwrite Node on List with Child Node. 
  
 Add Node to Closed List. 
} 
 
Return (NO PATH). 
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nodes can also be identified by dividing the current array position by 2. As long as the 

value is absolute (the fractional component is dropped) the parent can be found 

(Weiss, 1994). 

 

This simplicity makes binary trees very fast on most computers. Ordering of 

the heap is performed whenever a new element is pushed on. It is placed in the current 

last position on the heap (i.e. if there are 20 elements on the heap, it is placed in 

position 21). The new node is then compared to its parent and if it is found to be better 

then the two swap positions. The new node is then compared to its new position and 

potentially swapped, and so on. 

 

This results in nodes ‘bubbling’ up through the heap. As a result, all parents are 

better than their children, with the root node being the best of all. It is this root node 

that is popped when a new node is requested by the search algorithm. This leaves a 

space and to fill this space the two children are compared. The best moves up into the 

gap. This continues (comparing the children of the vacated node) until the empty node 

is at the bottom of the heap where it can be discarded. 

 

In this way order can be maintained in the heap at all times. 

 

AddNode ( ) 

 

Called when a node is to be pushed on to the list. 

 

Class: Open List 
Operator: AddNode 
 
Inputs: Node Details, Node Cost 
Returns: True or False 
 
 
Increase size of heap by 1. 
Add New Node to heap at new position. 
While (New Node Tile Cost less than parent Tile Cos t) 
 Swap New Node with Parent Node. 
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GetMinimumNode ( ) 

 

 Called when the current best node is popped off the top of the heap. 

 

FindDuplicateNode ( ) 

 

If a node is discovered to already be on the open list, but the path cost is not as 

good as the recently discovered node there is a need to remove it and replace it with 

this better version. If it is on the closed list then it needs to be removed as a better path 

through that location has now been found. Removing the node from the closed list 

allows the algorithm to expand this better node when it is next popped off the open 

list. 

 

 

Class: Open List 
Operator: GetMinimumNode 
 
Inputs: None 
Returns: Node Details 
 
 
Remove First Node on heap to leave an Empty Node. 
While (Empty Node is not at end of heap) 
{ 
 if (Child Node 1 better than Child Node 2) then 
  Swap Child Node 1 with Empty Node. 
 else 
  Swap Child Node 2 with Empty Node. 
} 
Decrease heap size by 1. 
Return First Node. 
 

Class: Open List 
Operator: FindDuplicateNode 
 
Inputs: Node Details, Node Cost 
Returns: True or False 
 
 
Search through heap until duplicate Node is located . 
 
if (Node is on Closed List) then 
 Remove Node from Closed List. 
 
Delete duplicate Node. 
Add New Node. 
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The search algorithm will only add nodes to the open list if they are not already 

present on the heap. To discover if a node is on the open list it would be necessary to 

search the whole list every time a node is added. Obviously this would waste an awful 

lot of computer clock cycles and considerably slow the search. 

 

A solution to this problem is to create an array which is the same size as the 

current map. This array will hold a flag to determine whether the node is already on 

the open list. Now when a new node is discovered it is only added to the open list if 

the open list flag in the relevant array position is set to false. As soon as the node is 

added to the open list the flag is set to true to indicate this. To expand this idea further, 

the array can also contain the best heuristic value found so far for each node. New 

nodes will now only be added to the open list if they are not already on or they are 

considered better (i.e. the heuristic for this tile is lower). 

 

As a result of this technique it proves rare for the open list to have to perform a 

search. Most nodes that are discovered to be already on the open list usually are no 

better than the one that is already there and can be discarded without the need to 

rearrange the open list at all. 

 

4.6.1.2  The Closed List 

 

In figure 4.1 the closed list is shown as another class of the AI SDK. After 

further consideration of the requirements of the search this is probably not the best 

format for the closed list to take. 

 

As with the open list, if a node is already on the closed list it can only be 

replaced if the new node is better. In actual fact the node is just removed from the 

closed list in readiness for its expansion when it is next popped off the open list. The 

other information that the closed list requires is the parent node. All of this information 

can be most simply added to the same array as that which holds the open list flag and 

current cost. 
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Another reason for this choice is the clean up once the search is complete. If a 

linked list were used to store the closed list removing all of the entries once the search 

is complete proves more difficult than simply deleting an array. 

 

4.6.2  Storing the Route 

 

Once the goal has been located the path to the goal needs to stored before the  

elements of the search are cleaned up. The array which holds the closed list contains 

all of the details necessary to produce a complete path. The location of the goal state is 

the place to start. This node has the details of the node from which it was reached (its 

parent node), stored as X and Y co-ordinates. In turn, the parent node has the details of 

its parent node and so on, right back to the entities start point. 

 

This route is in reverse, but re-ordering it at the same time as putting it into a 

linked list is not difficult. 

 

4.6.3  Avoiding Fixed Obstacles 

 

This is the minimum that the search algorithm should be able to do. Unless it is 

avoiding walls whilst creating a path to the goal state there is little point in searching 

at all. Object avoidance can be easily implemented at the stage when new nodes are 

being added to the open list. 

 

Currently, new states discovered by the expansion of a node are placed on the 

open list in order of their ‘goodness’. This technique can be expanded to include a 

check of the whether a tile is passable. If the tile is not passable by the entity then it is 

not placed on the open list at all, if it is passable then it is placed on the list in the usual 

way. As blocked tiles are never placed on the open list the algorithm will never 

investigate them as part of a potential path and as a result they will be avoided. 
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4.6.4  Avoiding Other Moving Entities 

 

Fixed objects are fairly easy to avoid, but problems arise when trying to avoid 

other moving entities on the game map (Patel, 1996). There are three possibilities: 

 

�  Ignore other moving entities altogether 

�  Treat moving entities as fixed blockages when path-finding 

�  Somewhere between the two 

 

As usual it is necessary to go somewhere between the two in order to create the 

look of intelligence. It is not possible, without a lot of processing, to predict where 

another entity is going to be or whether it will be in the way once you get to a certain 

point. With many entities on the map the calculations required would slow the game 

down considerably. Also, there is little point avoiding moving entities that are in the 

way whilst creating the path. Once our entity gets to that point they are likely to have 

moved anyway. There is one exception to this – the blocking entity is on the very first 

tile that the entity wants to use. As this is the next step it is unlikely that the blockage 

will have moved so it should be treated as if it were a wall or other immovable 

structure. The following pseudo code demonstrates this method: 

 

Using this technique when creating a path the entity will assume all entities 

will have time to get out of the way before it gets there, except for any entity that it is 

stood next to it on the map. 

 

 
While (Goal State not found) 
{ 
 if (Node contains a Moving Entity) 

and (Node adjoins Current Entities Position) then 
 Node Status = BLOCKED. 
else 
{ 
 if (Node contains a Fixed Obstacle) then 
  Node Status = BLOCKED. 
 else 
  Node Status = CLEAR. 
} 

} 
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This solves one problem, but as the other entities on the map will be moving 

around too there is a chance that this entity will run into one of them during the course 

of it’s movement and as a result get stuck (if the opposing entity is stood on the tile 

that our entity wishes to move to next). 

 

Whenever an entity cannot move to the next point on its pre-calculated path it 

moves into the BLOCKED state (see finite state machines, section 4.3.1). It would be 

possible to create a new path all the way to the goal every time an entity enters the 

BLOCKED state, but this wastes a lot of processor time when it may only be the next 

step that is blocked. 

 

A better technique would be to create a smaller path around the blockage, cut 

the bad part of the current path out and replace it with this new section. This technique 

is known as path splicing (Patel, 1996). 

 

4.6.4.1  Unexpected Blockages and Path Splicing 

 

Firstly, how does the entity know that it needs to create a new path around an 

obstacle? It may turn out that the blockage moves out of the way soon anyway, 

proceeding on its own path. If this is the case then creating a new path is a bit of a 

waste. 

 

One intelligent way to deal with this is for each entity to wait a while to see if 

the other entity moves. If, after a certain time, the blockage is still there then it is likely 

to stay there so a new path should be found. A situation where the next step for both 

entities is the tile that the other entity is on will not be cleared until one of the entities 

moves. 

 

To prevent both creating a new path the wait time should be different for each. 

This could be facilitated with a random wait time whenever an entity is blocked, but 

another technique which also attempts to pre-empt blockages could also be used. With 

this technique the agent checks the next n steps every t game updates. A game update 

is one round of actions for all the characters of the game. 
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Imagine both n and t are set to 10. This will mean that every 10 moves the 

entity will check the next 10 steps on its path to identify any previously unknown 

permanent blockages. If one is found then a path is found around it. This avoids 

changes in the landscape such as bridges being destroyed, walls being built, etc. 

Notice that it only checks for permanent blocks, not moving entities. Only the 

adjoining tile (i.e. the next step) is checked for other moving entities as others still 

have the chance to get out of the way before this entity arrives there. If our entity is 

blocked then the counter t still increments and after t moves (not physical moves, our 

agent is blocked) the entity performs its checks, finds that the next tile is blocked by 

another entity and takes measures to avoid it. 

 

Whilst this is not random, it often turns out that at the time the two entities got 

into the blocked situation they were at different stages on their t counter. If Entity A 

has already made 3 moves and Entity B has made 8 then Entity B’s counter will reach 

10 sooner than A’s. After 2 more game updates Entity B will make a new path and 

move around Entity A, leaving Entity A to continue on its original path. 

 

New paths are created in exactly the same way as the original path, using the 

A* search technique to find a route to the next unoccupied tile on the current path. 

This new path is then ‘spliced’ into the original and the old, blocked section is 

discarded. When the entity next looks at what its next move should be it will find the 

first step on the new path and move back into the FOLLOWING PATH state. 
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5  SOFTWARE CODING AND TESTING 
 

 

5.1  Programming Issues 

 

  Specific details concerning the design of the code were discussed in the 

preceding chapter, but several other considerations were made in the overall design of 

the software that require justification here. 

 

  All source code can be found in Appendix A and on the accompanying CD. 

 

5.1.1  External Files and Game Development Tools 

 

  It was mentioned briefly that specific details for the tiles, entities and game 

map are best held in an external file. This is true as it allows more flexibility in the 

code and for non-technical staff to create the game elements that they are best at. An 

example of this is the map itself. Programmers create the code that controls, runs and 

displays the map, but it is artists and game designers that create the maps themselves. 

Hard coding the details of the map into the game will mean that a programmer is 

needed to make changes and the artists have difficulty getting across what they want 

done. 

  

  This external storage allows programmers to get on with the code and let the 

artists and game designers do the rest. Obviously, what the game needs is still in a 

fairly technical format. Figure 5.1 is a printout of the game map file. This is a simple 

file that the AI SDK reads in when it creates the map. 
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Figure 5.1 – Text file containing map details 

 

What it contains are details of the map and the tiles that will be associated with 

each square. Specific details of each tile are in the files indicated at the top of the 

listing and these are read in and dealt with in a similar way. Few people would want to 

design a map in this manner, so the common solution is for the programmers to create 

design tools that are more user friendly (Kawick, 1999). The output from these tools is 

in the form of the text file shown and can be used directly by the AI SDK. An example 

of this sort of tool is shown in figure 5.2. 

 

Figure 5.2 – Example Map Editing Tool 

Hell 
3 
/C_Files/Project/Grass.txt 
/C_Files/Project/Swamp.txt 
/C_Files/Project/Rock.txt 
24 
24 
0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 0 0 0 
0 0 0 1 2 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 2 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 1 1 2 0 0 2 2 2 0 0 0 0 0 0 2 2 0 0 0 0 0 0 
1 1 0 0 2 2 2 2 2 2 0 0 0 0 0 0 2 2 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2 2 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 2 2 0 0 0 0 
0 0 0 0 0 0 2 2 0 0 0 1 1 1 1 0 0 0 2 2 2 0 0 0 
0 0 0 0 0 0 2 2 0 0 0 1 1 1 1 0 0 0 0 2 2 0 0 0 
0 0 0 0 0 2 2 2 2 0 0 1 1 1 1 0 0 0 0 2 2 0 0 0 
0 0 0 0 0 0 0 2 2 0 0 0 1 1 0 0 0 0 0 2 2 0 0 0 
0 0 0 0 0 0 2 2 2 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 
0 0 0 0 0 0 0 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 2 2 2 0 0 2 2 0 0 
0 0 2 2 2 0 0 0 0 0 0 0 0 0 2 2 0 0 0 2 2 2 1 1 
0 2 2 2 2 0 0 0 0 0 0 0 0 0 2 2 0 0 0 2 2 2 1 1 
0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 
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  The tools can be customised to the particular game being produced, but will 

produce code that fits with the requirements of the AI SDK. 

 

5.1.2  Array Indexing versus Pointer Arithmetic 

 

  Arrays are actually pointers in C++ and can be accessed in two ways. Array 

indexing is the most common way, using the format: 

 

NewArray [20]; 
 

  NewArray  is actually a pointer to the first element of the array when used 

without any index. Pointer arithmetic can be used instead of indexing: 

 

*ptr = NewArray // Set pointer (of same type as arr ay) to 
   // point to the first element of NewArray 
*(ptr + 19) 
 

  Both techniques point to the same element of the array (the first element is at 0 

so we only add 19), but pointer arithmetic is a little faster. This is because array 

indexing actually uses the same pointer technique to find the element by converting 

the source code at compile time (Schildt, C++…, 1998)(Kawick, 1999). With more 

complex array types this can result in the compiled code being less efficient and 

therefore slower than using pointer arithmetic directly. 

 

  Some C++ compilers now claim to be able to optimise array indexing during 

compilation and produce compiled code that is just as fast. Indeed, the argument over 

array indexing and pointer arithmetic rages over the programming newsgroups on the 

internet regularly. As the compiler that will be used in the future with the AI SDK 

relies on what is being used to produce the game (and may or may not be good at 

optimising) pointer arithmetic will be used throughout the code. 

 

This does make accessing 2 dimensional arrays slightly more difficult. The 

position [20][10] is actually (19 + (Max X Value * 9)). Whilst arrays may be accessed 
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in two dimensions they are stored in memory as one long array of length (Max X 

Value * Max Y Value) and can be referred to as such. 

 

5.1.3  Acceptable Heuristic Functions 

 

  So far the best heuristic for the A* algorithm has been the straight line distance 

to the goal. However, this heuristic has two problems. The first is an accuracy issue. 

Straight line distance on a game map which allows agents to move in eight directions 

(horizontal, vertical and diagonal) is almost always an underestimate as the agent 

cannot travel ‘as the crow flies’. 

 

Figure 5.3 – Straight line against actual shortest path 

 

  Whilst underestimates do not prevent the algorithm from finding the shortest 

path, they do make it less efficient. The time it takes to find the goal will take more 

searches. 

 

  The second problem with straight line distance concerns the speed of the 

application. Finding the straight line requires a square root function to be performed 

by the software which can take up to 70 clock cycles (Kawick, 1999). This is a big 

chunk when the calculation has to be performed every time a new node is added to the 

open list. 

 

  Calculating the actual shortest distance to the goal for an entity is fairly simple 

and removes both of the previous problems. A simple formula demonstrates how the 

minimum number of steps to the goal is derived (Patel, 1996): 

 

Straight Line 
Distance 

Shortest Path 
Agent Can Take 
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distance = ( Dx - Dy) + Dy 

 

  This assumes that Dx is greater than Dy. If this is not the case the x’s and y’s 

can be swapped around. Applying this to figure 5.3 gives (5 – 2) + 2 = 5. This is 

exactly the number of steps to the goal and requires no square root calculations, giving 

as accurate a heuristic as possible and making search times even lower. 
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5.2  Testing 

 

  Testing was performed throughout the development of the AI SDK. Unlike 

many applications, error trapping needs to be completely hidden. There is no point in 

the computer displaying a message halfway through a game to explain that Entity X 

has attempted to move onto a blocked tile, followed by the computer crashing. If any 

entity tries to perform an action that results in potentially corrupt or invalid data it 

needs to be dealt with internally and prevented. 

 

  Using the finite state machine model deals with a lot of these problems directly 

by not allowing agents to perform certain actions unless certain prerequisites are 

fulfilled. 

 

  This silent approach does cause problems in the coding stage as there is a need 

to know if the software is truly doing what was intended. Easily hidden debug 

statements and a test program were used to ensure all was well. 

 

5.2.1  Debug Statements 

 

  These are a common method of keeping track of the program at run-time and 

can report back on current variable values. To enable the statements to be turned on 

and off easily the following statement is placed as a pre-compiler instruction: 

 

DEBUG can now be used as a command and is replaced at compile-time by the 

actual C++ commands. If DEBUG_ON is 0 (as in this case) then all debug commands 

will be ignored at run-time. When set to 1 the commands will be processed and all 

output sent to the screen. In actual fact it is often more useful to redirect the output to a 

file for easier examination. 

#define DEBUG_ON 0 
 
#ifndef DEBUG 
#define DEBUG if (DEBUG_ON) cout << 
#endif 
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Several of the functions in the final code are not concerned with the AI SDK 

itself, but are purely for debugging functions. One of these functions is shown here: 

 

This function displays the characteristics stored at any particular node in the 

open and closed lists, useful for checking the algorithm’s calculations are correct. It 

uses the DEBUG statement to only display the information if debugging is set to on. 

 

5.2.2  Test Program 

 
  A complete (but simple) program was created to test the accuracy and stability 

of the AI SDK. It also demonstrates how easily the AI SDK can be integrated within 

other program code. The source code for this program is shown in Appendix B. 

 

  Using the example program it is possible to create entities and control the 

actions they perform. For example, two entities can be placed on a map and then 

deliberately told to go to a position that means they will collide. In this way the ability 

of the entities to avoid collisions can be tested. Output is received from the DEBUG 

statements and is usually sent to a file for investigation after the test has been 

performed. Hand calculations are used to check the validity of the search algorithms 

actions. 

void PATHMANAGER::DisplayNode (int X, int Y) 
{ 
 DEBUG "Node at " << X << ", " << Y << " :\n"; 
 
 DEBUG "Cost: " << (ClosedQueue + (Y-1) * MapSizeX + (X-1))->Cost  
  << "  Heur: " << (ClosedQueue + (Y-1) * MapSizeX + (X-1))->Heur 
  << "\nParentX: " << (ClosedQueue + (Y-1) * MapSiz eX + (X-1))->ParentX  
  << "  ParentY: " << (ClosedQueue + (Y-1) * MapSiz eX + (X-1))->ParentY 
  << "\nOn Open: " << (ClosedQueue + (Y-1) * MapSiz eX + (X-1))->OnOpen  
  << "  On Closed: " << (ClosedQueue + (Y-1) * MapS izeX + (X-1))->OnClosed  
  << "\n\n"; 
 
} 
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6  CONCLUSIONS 
 

 

6.1  Results 

 

  It would not be possible to claim that the AI SDK was successful without 

attempting to create a piece of software that makes use of it. Due to the limitations of 

time it is not possible to create a true game, but an example program that displays 

path-finding on a map has been created to demonstrate both the principle of path-

finding and the use of the AI SDK. 

 

6.1.1  AI SDK Demonstration 

 

  The source code for this example program is shown in Appendix C. It is also 

on the accompanying CD in source and executable format. The demonstration was 

written on the Windows® 98 platform, but should also work with 95 and NT. The file 

name is PathDemo.exe. 

 

  Entities can be added to and removed from the map by using the menu bar 

functions. The speed that the demonstration runs at can also be controlled from here. 

Entities are placed on a random tile and given another random tile to get to. From here 

they will use the AI functions to create a path and successfully get to it. Once they 

arrive at the goal a new random goal is selected and so on. Many entities can be added 

to demonstrate how they are capable of avoiding each other. 
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6.1.2  Incorporating the AI SDK into a game 

 

  The following code fragment is taken from the PathDemo program: 

 

  This is all that is required to introduce a new entity to the game. Initially the 

code creates a new object of the type ENTITY, pointed to by the pointer Monster. The 

next line adds Monster to the EntityList (the list of entities currently in the game). 

Following this, Monster’s ID is set to a value for future reference and finally the new 

ENTITY object is added to the game map at the specified location. 

 

  Compared to the work being done by the AI SDK behind the scenes this is 

fairly easy to understand. Most of the functions return TRUE or FALSE and this can 

be used to ensure that a command was executed successfully. 

 

  Moving the entity is also fairly simple: 

 

  A path is created by the CreatePath function (a member of the Map object). It 

receives the start and end positions (initial and goal state) and returns a pointer to the 

linked list that holds the path. An entities path can be set to this path using the SetPath 

function. Notice that a check is first made to ensure that a path was created 

successfully before assigning it to an entity. 

 

ENTITY *Monster; 
 
Monster = new ENTITY (Map); 
EntityList = Monster->CreateEntity(EntityList); 
Monster->ID = NUMENTS; 
Map->AddEntity(Monster, X1, Y1); 

_Path *ptrPath = Map->CreatePath (ptrEntity->GetX() , ptrEntity->GetY(), 
ToX1, ToY1); 

 
if (ptrPath) 

ptrEntity->SetPath (ptrPath); 
 
Map->FollowPath (ptrEntity, FORWARDS); 
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  FollowPath tells an entity to move to the next step on it’s currently assigned 

path in the direction specified. If a path is not assigned to the entity FALSE is returned 

which can be used to prevent errors. 

 

  All of the commonly used functions of the AI SDK are listed in Appendix D. 
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6.2  Discussion 

 

  The basis of this project was to show that a usable artificial intelligence 

software development kit could be successfully created and utilised within ‘foreign’ 

code, allowing the flexibility that game engines currently provide for graphics and 

other components of computer games. 

 

  On the whole I consider it to have been a success. A series of classes have been 

created that allow a fair degree of flexibility in what they can be used for. As long as 

entities and tiles contain the minimum amount of information required by the path-

finding algorithm then the software can deal with them. This requirement for the 

games programmer to conform to these rules should pose little problem, and I can see 

no other way of getting around this necessity. 

 

The following are the points initially presented as being important to the AI 

SDK and the final result: 

 

�  The AI SDK should be easily incorporated into the end users game code – The use 

of obvious class and function names makes using the software relatively easy. As 

shown in the previous section, the commands themselves can often be read as a 

‘pseudo’ English. 

�  The AI SDK should be usable by an end user that has little or no knowledge of AI 

or path-finding techniques – The techniques for creating a path, avoiding obstacles 

and getting out of blockage situations are completely hidden. A path is created and 

the entity is told to move along it. Any problems along the way are dealt with by 

the AI SDK automatically. 

�  The AI SDK should not slow the game – The PathDemo example program shows 

how the speed of execution can be increased to extremely fast levels with no 

perceivable pausing by any of the entities. A true test could only be performed in a 

full game. 
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There are areas of the AI SDK that do require further work. Whilst the game 

development tools discussed in section 5.1.1 would be the easiest way to create the 

text files required by the game there has not been enough time to produce them. A 

programming language like Visual Basic™ would be ideal as it is easy to create tools 

in and speed is not an issue.  

 

Also, in the final version the ENTITY class does not read entity details in from 

an external file, unlike what was originally suggested in the design. This is because 

different entity types are not used in this version (they are simply blocking or non-

blocking). This limits the flexibility of the AI SDK as most games require many 

different entities, and a lot more work could be done with the ENTITY class to 

increase its usefulness. 

 

The ability to easily include graphics would be a very useful addition to the 

ENTITY and TILE classes. This would make the task of creating different tiles and 

entities for the game much easier. The graphics themselves were never meant to be 

part of the AI SDK, but it does control the game map. This is the same map that will 

be used by the graphics components of the game to decide what to put on the screen. 

At the moment it would require additional components in both of these classes to keep 

track of what things actually look like. 

 

  In conclusion, I would certainly change some areas of the AI SDK were I to 

completely restart it, but I feel that what has been created is a truly useful skeleton 

program that can be expanded easily and allows AI techniques to be included in any 

software. 
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APPENDIX A 
 

AI SDK source code 
 
  The following are the complete listings of the source code for the Artificial 
Intelligence Software Development Kit. 
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/* 
** 
** AI header file 
** 
** Name:  AI.h 
** 
** Created: 9/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
// Required header files 
// 
#include <stdlib.h> 
#include <iostream.h> 
#include <fstream.h> 
 
#define FALSE 0 
#define TRUE 1 
#define DEBUG_ON 0 
 
// Debug stuff 
// 
#ifndef DEBUG 
#define DEBUG if (DEBUG_ON) cout << 
#endif 
 
// Macro 
// 
#define SQR(a) ((a) * (a)) 
 
const double SQR2 = 1.41422; 
 
 
// Entities attributes 
// 
enum {INANIMATE, STANDING_IDLE, MOVING_FORWARD, MOV ING_BACKWARD, BLOCKED, 
 PATHING, AT_GOAL, ATTACKING, ESCAPING, BUILDING, D YING}; 
 
// Direction specifiers 
// 
enum {NORTH, NORTHEAST, EAST, SOUTHEAST, SOUTH, SOU THWEST, WEST, NORTHWEST}; 
enum {FORWARDS, BACKWARDS}; 
enum {STRT, DIAG}; 
 
 
// Structure to contain all of the regularly access ed data 
// on the tile. 
// 
struct _Flags 
{ 
 unsigned BlockedLand : 1; 
 unsigned BlockedAir : 1; 
 unsigned BlockedSea : 1; 
 unsigned Buildable : 1; 
 unsigned Water :  1; 
 unsigned Resource : 1; 
 int Cost; 
}; 
 
// Structure of each node in paths 
// 
struct _Path 
{ 
 int  X; 
 int  Y; 
 _Path *NextStep; 
 _Path *LastStep; 
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 _Path () 
 { 
  X = Y = 0; 
  NextStep = NULL; 
  LastStep = NULL; 
 } 
}; 
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/* 
** 
** Map Class 
** 
** Name:  MapID.h 
** 
** Created: 5/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
#ifndef _AI_H_ 
#define _AI_H_ 
#include "/C_Files/Project/AI.h" 
#endif 
 
#include "/C_Files/Project/TileID.h" 
#include "/C_Files/Project/Entity.h" 
#include "/C_Files/Project/PathManager.h" 
 
 
 
//************************************************* *********************// 
// Class: MAPID 
// 
// Controls all functionality of the map 
// 
class MAPID 
{ 
 private: 
  // Store the size of the map 
  // 
  int MapSizeX; 
  int MapSizeY; 
 
  char MapName[255]; 
 
  // Structure to hold all map details 
  // 
  struct _GameMap 
  { 
   TILEID *pTile; 
   ENTITY *pEntity; 
  } *GameMap; 
 
  // Pointer to the pathmanager object for this map  
  // 
  PATHMANAGER *PathManager; 
 
  // Private members 
  // 
  int CutPath (_Path *FinalStep, int Direction); 
  int SplicePathForward (_Path *Blockage, _Path *Cl ear, _Path *NewPath); 
  int SplicePathBackward (_Path *Blockage, _Path *C lear, _Path *NewPath); 
  int CheckPath (ENTITY *Ent, int Direction); 
 
 public: 
  // Pointer to the array holding each type of tile  
  // 
  TILEID *TileList; 
 
  // Constructor 
  // 
  MAPID (char *MapFile); 
 
  // Destructor 
  // 
  ~MAPID () {delete [] GameMap; delete [] TileList; } 
 
  // Member functions 
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  // 
  // 
  int GetMapSizeX () {return MapSizeX;} 
  int GetMapSizeY () {return MapSizeY;} 
  int ChangeTile (int X, int Y, TILEID *NewTile); 
 
  PATHMANAGER *getPathManager () {return PathManage r;} 
 
  _Path* CreatePath (int FromX, int FromY,  
      int ToX, int ToY); 
  int FollowPath (ENTITY *Ent, int Direction); 
 
  ENTITY* GetEntity (int EntityNum, int X, int Y); 
  int AddEntity (ENTITY *Ent, int X, int Y); 
  int RemoveEntity (ENTITY *Ent); 
  int MoveEntity (ENTITY *Ent, int Direction); 
  int MoveEntity (ENTITY *Ent, int X, int Y); 
 
  int TileBlocked (int X, int Y); 
  int TileBlockedByEntity (int X, int Y); 
 
  int Buildable (int X, int Y) 
  {return (GameMap + ((Y - 1) * MapSizeX) + (X - 1) )->pTile->TileFlag.Buildable;} 
 
  int Water (int X, int Y) 
  {return (GameMap + ((Y - 1) * MapSizeX) + (X - 1) )->pTile->TileFlag.Water;} 
 
  int Resource (int X, int Y) 
  {return (GameMap + ((Y - 1) * MapSizeX) + (X - 1) )->pTile->TileFlag.Resource;} 
 
  int Cost (int X, int Y) 
  {return (GameMap + ((Y - 1) * MapSizeX) + (X - 1) )->pTile->TileFlag.Cost;} 
 
 
  void PathRoute (ENTITY *Ent); 
 
}; 
//************************************************* *********************// 
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/* 
** 
** Map Class cpp file 
** 
** Name:  MapID.cpp 
** 
** Created: 5/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
#include "/C_Files/Project/MapID.h" 
 
 
//************************************************* *********************// 
// Class: MAPID  Function: CONSTRUCTOR 
// 
// Constructor Function - Read in external map data , create 
// tiles. 
// 
MAPID::MAPID (char *MapFile) 
{ 
 // Local variables 
 // 
 int NumTiles; 
 char TileName[255]; 
 int TileType; 
 int Loop, xLoop, yLoop; 
 
 PathManager = new PATHMANAGER; 
 
 // Open map file for reading 
 // 
 ifstream InputMap (MapFile, ios::nocreate); 
 
 if (InputMap) 
 { 
  // Get relevant data from file 
  // 
  InputMap >> MapName; 
  InputMap >> NumTiles; 
 
  // Create array of tile objects 
  // 
  TileList = new TILEID[NumTiles] (); 
 
  // Populate each tile object from relevant file 
  // 
  for (Loop = 0; Loop <= NumTiles - 1; Loop++) 
  { 
   InputMap >> TileName; 
 
   TileList[Loop].CreateTile (TileName); 
  } 
 
  // Get map size and set up map array 
  // 
  InputMap >> MapSizeX; 
  InputMap >> MapSizeY; 
 
  GameMap = new _GameMap [MapSizeX * MapSizeY]; 
 
  // Set the pointer for each map location to the c orrect tile type 
  // 
  for (yLoop = 0; yLoop <= MapSizeY - 1; yLoop++) 
  { 
   for (xLoop = 0; xLoop <= MapSizeX - 1; xLoop++) 
   { 
    InputMap >> TileType; 
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    // GameMap pointers 
    // 
    (GameMap + (yLoop * MapSizeX) + xLoop)->pTile =  &TileList[TileType]; 
    (GameMap + (yLoop * MapSizeX) + xLoop)->pEntity  = NULL; 
   } 
  } 
 
  InputMap.close(); 
 } 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: ChangeTile 
// 
// Change the tile at a specific location 
// 
int MAPID::ChangeTile (int X, int Y, TILEID *NewTil e) 
{ 
 (GameMap + (Y-1) * MapSizeX + (X-1))->pTile = NewT ile; 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: AddEntity 
// 
// Add Entity to the map at the specified location 
// 
int MAPID::AddEntity (ENTITY *Ent, int X, int Y) 
{ 
 ENTITY *currentEnt, *lastEnt; 
 
 // Pointer to the relevant _GameMap details for th is particular tile 
 // 
 _GameMap *ptrEnt = (GameMap + (Y - 1) * MapSizeX +  (X - 1)); 
 
 Ent->SetPosition (X, Y); // Set the new position o f the entity 
 
 // If the list has no entries set this one 
 // as the first entry 
 // 
 if (ptrEnt->pEntity == NULL) 
 { 
  ptrEnt->pEntity = Ent; 
  return TRUE; 
 } 
 
 
 currentEnt = ptrEnt->pEntity->GetNextOnTile(); 
 lastEnt = ptrEnt->pEntity; 
 
 // Find the end of the list and attach this entity ; 
 // 
 while (currentEnt != NULL) 
 { 
  currentEnt = currentEnt->GetNextOnTile(); 
  lastEnt = lastEnt->GetNextOnTile(); 
 } 
 
 // Set pointers to include new entity 
 // 
 Ent->SetNextOnTile (currentEnt); 
 lastEnt->SetNextOnTile (Ent); 
 
 return TRUE; 
 
} 
//************************************************* *********************// 
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//************************************************* *********************// 
// Class: MAPID  Member Function: RemoveEntity 
// 
// Remove Entity from the map if it is on the map 
// 
int MAPID::RemoveEntity (ENTITY *Ent) 
{ 
 ENTITY *currentEnt, *lastEnt; 
 int loop = 1; 
 
 // Get the location of the entity to be removed 
 // 
 int X = Ent->GetX(); 
 int Y = Ent->GetY(); 
 
 // Get pointer to the first entity at that locatio n 
 // 
 currentEnt = GetEntity(loop, X, Y); 
 
 if (currentEnt == NULL) return FALSE; // If no ent ities 
 
 // If required entity is first, remove it 
 // 
 if (currentEnt == Ent) 
 { 
  (GameMap + (Y-1) * MapSizeX + (X-1))->pEntity = c urrentEnt->GetNextOnTile(); 
 
  // Make sure this no longer points to others 
  // 
  currentEnt->SetNextOnTile (NULL); 
  return TRUE; 
 } 
 
 // Cycle through the entities at that location unt il the correct 
 // one is located, or NULL is found 
 // 
 while (currentEnt != Ent) 
 { 
  loop++; 
 
  lastEnt = currentEnt; 
  currentEnt = GetEntity (loop, X, Y); 
 
  if (currentEnt == NULL) // Entity not found 
  { 
   return FALSE; 
  } 
 } 
 
 // Remove from list 
 // 
 lastEnt->SetNextOnTile (currentEnt->GetNextOnTile( )); 
  
 // Make sure this no longer points to others 
 // 
 currentEnt->SetNextOnTile (NULL); 
  
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: GetEntity (at pos ition) 
// 
// Return the requested entity from particular loca tion 
// Entities are referenced by their position in the  list 
// 
// Main use of the function is to cycle through all  of the  
// entities at any location 
// 
ENTITY *MAPID::GetEntity (int EntityNum, int X, int  Y) 
{ 
 
 // Set a pointer to the first entity at this map l ocation 
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 // 
 ENTITY *ptrEnt = (GameMap + (Y - 1) * MapSizeX + ( X - 1))->pEntity; 
 
 // If no entity return NULL 
 // 
 if (ptrEnt == NULL) return NULL; 
 
 // Loop through all the entities at this location until the requested 
 // one is found 
 // 
 for (int loop = 2; loop <= EntityNum; loop++) 
 { 
  ptrEnt = ptrEnt->GetNextOnTile(); 
  if (ptrEnt == NULL) return NULL; 
 } 
 
 return ptrEnt; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: TileBlocked 
// 
// Check if a tile is blocked by an immovable objec t 
//  
// 
int MAPID::TileBlocked (int X, int Y) 
{ 
 // If the tile is blocking 
 // 
 if ((GameMap + ((Y - 1) * MapSizeX) + (X - 1))->pT ile->TileFlag.BlockedLand) 
  return TRUE; 
 
 // If an entity on the tile is static and blocking  
 // 
 ENTITY *ptrEntity = (GameMap + ((Y - 1) * MapSizeX ) + (X - 1))->pEntity; 
 
 while (ptrEntity) 
 { 
  if (ptrEntity->STATIC && ptrEntity->BLOCKING) ret urn TRUE; 
  ptrEntity = ptrEntity->GetNextOnTile(); 
 } 
 
 return FALSE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: TileBlockedByEnti ty 
// 
// Check if a tile is blocked by an immovable objec t 
//  
// 
int MAPID::TileBlockedByEntity (int X, int Y) 
{ 
 ENTITY *ptrEntity = (GameMap + ((Y - 1) * MapSizeX ) + (X - 1))->pEntity; 
 
 while (ptrEntity) 
 { 
  if (!(ptrEntity->STATIC) && ptrEntity->BLOCKING) return TRUE; 
  ptrEntity = ptrEntity->GetNextOnTile (); 
 } 
 
 return FALSE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: CreatePath 
// 
// Invokes the current PathManager to create a new path 
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//  
// 
_Path *MAPID::CreatePath (int FromX, int FromY,  
        int ToX, int ToY) 
{ 
 _Path *Path = PathManager->CreatePath (this, FromX , FromY, ToX, ToY); 
 
 return Path; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: CheckPath 
// 
// Check the next ten steps on the path for obstruc tions 
//  
// 
int MAPID::CheckPath (ENTITY *Ent, int Direction) 
{ 
 int LastOK_X, LastOK_Y, NextOK_X, NextOK_Y; 
 _Path *Blockage, *Clear; 
 _Path *ThisStep = Ent->GetStep(); 
 _Path *NewPath; 
 
 DEBUG "\n\n\n\nChecking the next ten steps...."; 
 
 PathRoute (Ent); 
  
 // Set up the position pointers 
 // 
 LastOK_X = Ent->GetX(); 
 LastOK_Y = Ent->GetY(); 
 Blockage = ThisStep; 
 
 // Reset the move counter 
 // 
 Ent->MoveCounter = 0; 
 
 for (int loop1 = 1; loop1 <= 10; loop1++) 
 { 
  if (Direction == FORWARDS) 
   ThisStep = ThisStep->NextStep; 
  else 
   ThisStep = ThisStep->LastStep; 
 
  if (!ThisStep) 
  { 
   DEBUG "Clear\n"; 
   return TRUE; // Reached goal OK 
  } 
 
  // Check the status of the next tile. Very first tile checked for 
  // movable and immovable entities. Other tiles on ly checked for 
  // static blocks. 
  // 
  if (loop1 == 1) 
  { 
   if (TileBlockedByEntity (ThisStep->X, ThisStep-> Y) ||  
    TileBlocked (ThisStep->X, ThisStep->Y)) 
   { 
    DEBUG "found blockage at " << ThisStep->X << ",  " << ThisStep->Y <<  
     "\n"; 
    break; 
   } 
  } 
  else 
  { 
   if (TileBlocked (ThisStep->X, ThisStep->Y)) 
   { 
    DEBUG "found blockage at " << ThisStep->X << ",  " << ThisStep->Y <<  

"\n"; 
    break; 
   } 
  } 
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  // Update markers 
  // 
  LastOK_X = ThisStep->X; 
  LastOK_Y = ThisStep->Y; 
  Blockage = ThisStep; 
 } 
 
 if (loop1 >= 11) 
 { 
  DEBUG "Clear\n"; 
  return TRUE; 
 } 
 
  
 for (int loop2 = loop1; ; loop2++) 
 { 
  if (Direction == FORWARDS) 
   ThisStep = ThisStep->NextStep; 
  else 
   ThisStep = ThisStep->LastStep; 
 
  // Cut the path if the entity cannot get closer t o the goal 
  // 
  if (!ThisStep) 
  { 
   DEBUG "Can't get closer on this path\n"; 
   CutPath (Blockage, Direction); 
   return FALSE; // Near as we'll get on this path 
  } 
 
  // Update the markers 
  // 
  NextOK_X = ThisStep->X; 
  NextOK_Y = ThisStep->Y; 
  Clear = ThisStep; 
 
  // Find if this point on the path is clear 
  // 
  if (!(TileBlocked (ThisStep->X, ThisStep->Y) &&  
   TileBlockedByEntity (ThisStep->X, ThisStep->Y)))   
  { 
   DEBUG "Found clear land at " << ThisStep->X << " , " << ThisStep->Y << "\n"; 
   break; 
  } 
 } 
 
 // Create a new path to the tile after the blockag e 
 // 
 if (Direction == FORWARDS) 
  NewPath = CreatePath (LastOK_X, LastOK_Y, NextOK_ X, NextOK_Y); 
 else 
  NewPath = CreatePath (NextOK_X, NextOK_Y, LastOK_ X, LastOK_Y); 
 
 if (!NewPath)  // No path found 
 { 
  Ent->CURRENT_STATUS = BLOCKED; 
  return FALSE; 
 } 
 
 // Splice in the new path 
 // 
 if (Direction == FORWARDS) 
  SplicePathForward (Blockage, Clear, NewPath); 
 else 
  SplicePathBackward (Blockage, Clear, NewPath); 
 
 PathRoute (Ent); 
  
 PathManager->RemovePathFromList (NewPath); 
 
 return TRUE; 
} 
//************************************************* *********************// 
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//************************************************* *********************// 
// Class: MAPID  Member Function: FollowPath 
// 
// Move the agent along its current path 
//  
// 
int MAPID::FollowPath (ENTITY *Ent, int Direction) 
{ 
 _Path *ThisStep = Ent->GetStep(); 
 
 // Check the calling entity has a path to follow 
 // 
 if (!ThisStep)  
 { 
  Ent->CURRENT_STATUS = STANDING_IDLE; 
  return FALSE; 
 } 
 
 // Update the move counter 
 // 
 Ent->MoveCounter = Ent->MoveCounter + 1; 
 
 if (Ent->MoveCounter >= 10)  // Can a new path be found 
  if (!CheckPath (Ent, Direction)) return FALSE; 
 
 if (Direction == BACKWARDS) 
 { 
  DEBUG Ent->ID << " checking Backward..."; 
 
  // Check there is another tile after the current one 
  // then check it is not blocked 
  // 
  if (ThisStep->LastStep) 
  { 
   if (TileBlocked (ThisStep->LastStep->X, ThisStep ->LastStep->Y)) 
   { 
    Ent->CURRENT_STATUS = BLOCKED; 
    DEBUG "...blocked, backing up\n"; 
    return FALSE; 
   } 
   else if (TileBlockedByEntity(ThisStep->LastStep- >X, ThisStep->LastStep->Y)) 
   { 
    Ent->CURRENT_STATUS = BLOCKED; 
    DEBUG "...blocked by entity, stopping\n"; 
    return FALSE; 
   } 
  } 
 
  // Set the entities status to moving 
  // 
  Ent->CURRENT_STATUS = MOVING_BACKWARD; 
 
  // Get the last step on the entities path 
  // 
  ThisStep = Ent->GetLastStep (); 
 } 
 else 
 { 
  DEBUG Ent->ID << " checking Forward..."; 
 
  // Check there is another tile after the current one 
  // then check it is not blocked 
  // 
  if (ThisStep->NextStep) 
  { 
   if (TileBlocked (ThisStep->NextStep->X, ThisStep ->NextStep->Y)) 
   { 
    Ent->CURRENT_STATUS = BLOCKED; 
    DEBUG "...blocked by wall, stopping\n"; 
    return FALSE; 
   } 
   else if (TileBlockedByEntity(ThisStep->NextStep- >X, ThisStep->NextStep->Y)) 
   { 
    Ent->CURRENT_STATUS = BLOCKED; 
    DEBUG "...blocked by entity, stopping\n"; 
    return FALSE; 
   } 
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  } 
  
  // Set the entities status to moving 
  // 
  Ent->CURRENT_STATUS = MOVING_FORWARD; 
 
  // Get the next step on the entities path 
  // 
  ThisStep = Ent->GetNextStep (); 
 } 
 
 
 // No further steps 
 // 
 if (!ThisStep) 
 { 
  DEBUG "I have no path\n"; 
  Ent->CURRENT_STATUS = AT_GOAL; 
  return FALSE; 
 } 
 
 
 // If not off either end of the list 
 // 
 DEBUG "Got step " << ThisStep->X << ", " << ThisSt ep->Y << "\n"; 
 
 MoveEntity (Ent, ThisStep->X, ThisStep->Y); 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: CutPath 
// 
// Cut down the path to make this the final step 
// (Used when cannot get closer to goal) 
// 
int MAPID::CutPath (_Path *FinalStep, int Direction ) 
{ 
 _Path *tmpStep; 
 
 if (Direction == FORWARDS) 
 { 
  if (FinalStep->NextStep == NULL) return FALSE; 
 
  tmpStep = FinalStep->NextStep; 
  FinalStep->NextStep = NULL; 
  FinalStep = tmpStep; 
 
  while (FinalStep != NULL) 
  { 
   tmpStep = FinalStep->NextStep; 
   delete FinalStep; 
   FinalStep = tmpStep; 
  } 
  return TRUE; 
 } 
 else 
 { 
  if (FinalStep->LastStep == NULL) return FALSE; 
 
  tmpStep = FinalStep->LastStep; 
  FinalStep->LastStep = NULL; 
  FinalStep = tmpStep; 
 
  while (FinalStep != NULL) 
  { 
   tmpStep = FinalStep->LastStep; 
   delete FinalStep; 
   FinalStep = tmpStep; 
  } 
  return TRUE; 
 } 
} 
//************************************************* *********************// 
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//************************************************* *********************// 
// Class: MAPID  Member Function: SplicePathForward  
// 
// Navigate around a previously unknown blockage by   
// updating the entities current path 
// 
int MAPID::SplicePathForward (_Path *Blockage, _Pat h *Clear, _Path *NewPath)  
{ 
 DEBUG "\n\nStarted Splice\n"; 
 
 _Path *tmpPath; 
 
 // Don't need first step of new path 
 // 
 tmpPath = NewPath; 
 NewPath = NewPath->NextStep; 
 tmpPath->NextStep = NULL; 
 
 // Attach it to the new path (need to store positi on on old path 
 // to allow us to get to it next) 
 // 
 tmpPath = Blockage->NextStep; 
 Blockage->NextStep = NewPath; 
 NewPath->LastStep = Blockage; 
 Blockage = tmpPath; 
 
 
 // Get to the end of the new path and remove last step 
 // 
 while (NewPath->NextStep) NewPath = NewPath->NextS tep; 
 tmpPath = NewPath; 
 NewPath = NewPath->LastStep; 
 delete tmpPath; 
 
 // Delete the now unused parts of the original pat h 
 // 
 while (Blockage != Clear) 
 { 
  tmpPath = Blockage; 
  Blockage = Blockage->NextStep; 
  delete tmpPath; 
 } 
 
 // Attach the new path to the rest of the old 
 // 
 
 Clear->LastStep = NewPath; 
 NewPath->NextStep = Clear; 
 
 DEBUG "Ended Slice\n\n"; 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: SplicePathBackwar d 
// 
// Navigate around a previously unknown blockage by   
// updating the entities current path. 
// 
// More complex than the travelling forward version  
// 
int MAPID::SplicePathBackward (_Path *Blockage, _Pa th *Clear, _Path *NewPath) 
{ 
 DEBUG "\n\nStarted Splice Backward\n"; 
 
 _Path *tmpPath; 
 
 // Remove the first step on the NewPath 
 // 
 tmpPath = NewPath; 
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 NewPath = NewPath->NextStep; 
 tmpPath->NextStep = NULL; 
 
 // Attach to the original path 
 // 
 tmpPath = Clear->NextStep; 
 Clear->NextStep = NewPath; 
 NewPath->LastStep = Clear; 
 Clear = tmpPath; 
 
 // Delete the now unused original steps; 
 // 
 while (Clear != Blockage) 
 { 
  tmpPath = Clear; 
  Clear = Clear->NextStep; 
  delete tmpPath; 
 } 
 
 // Goto end of new path and remove last step 
 // 
 while (NewPath->NextStep != NULL) NewPath = NewPat h->NextStep; 
 tmpPath = NewPath; 
 NewPath = NewPath->LastStep; 
 delete tmpPath; 
 
 Blockage->LastStep = NewPath; 
 NewPath->NextStep = Blockage; 
 
 DEBUG "Ended Splice backward\n\n"; 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: MoveEntity (X, Y)  
// 
// Change the location of the entity to the new loc ation 
// specified 
// 
int MAPID::MoveEntity (ENTITY *Ent, int X, int Y) 
{ 
 DEBUG "Moving to " << X << ", " << Y << "\n"; 
 
 if (TileBlocked (X, Y) || TileBlockedByEntity (X, Y)) return FALSE; 
 
 // Move the entity 
 // 
 RemoveEntity (Ent); 
 AddEntity (Ent, X, Y); 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: MoveEntity (Direc tion) 
// 
// Change the location of the entity to the new loc ation 
// specified 
// 
int MAPID::MoveEntity (ENTITY *Ent, int Direction) 
{ 
 int X = Ent->GetX(); 
 int Y = Ent->GetY(); 
 
 if (TileBlocked (X, Y) || TileBlockedByEntity (X, Y)) return FALSE; 
 
 RemoveEntity (Ent); 
 
 switch (Direction) 
 { 
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  case NORTH: 
   AddEntity (Ent, X, Y-1); 
   break; 
 
  case NORTHEAST: 
   AddEntity (Ent, X+1, Y-1); 
   break; 
 
  case EAST: 
   AddEntity (Ent, X+1, Y); 
   break; 
 
  case SOUTHEAST: 
   AddEntity (Ent, X+1, Y+1); 
   break; 
 
  case SOUTH: 
   AddEntity (Ent, X, Y+1); 
   break; 
 
  case SOUTHWEST: 
   AddEntity (Ent, X-1, Y+1); 
   break; 
 
  case WEST: 
   AddEntity (Ent, X-1, Y); 
   break; 
 
  case NORTHWEST: 
   AddEntity (Ent, X-1, Y-1); 
   break; 
 
  default: 
   AddEntity (Ent, X, Y); 
   return FALSE; 
   break; 
 } 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
//************************************************* *********************// 
// 
// 
// Member functions of PATHMANAGER. 
// 
// Require access to MAPID functions 
// 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: TileCost 
// 
// Retrieve the cost of an individual tile  
//  
// 
double PATHMANAGER::TileCost (int X, int Y) 
{ 
 DEBUG "Tile " << X << ", " << Y << " cost: " << Ma p->Cost(X,Y) << "\n"; 
 return Map->Cost (X, Y); 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: TileBlocked 
// 
// Detect if a tile is impassable  
//  
// 
int PATHMANAGER::TileBlocked (int StartX, int Start Y,  
         int X, int Y) 
{ 
 // If entity is looking at one of the squares surr ounding the start point 
 // then look for static and moving blockages, else  ignore blockages caused 
 // by moving entities 
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 // 
 if (abs(X - StartX) <= 1 && abs(Y - StartY) <= 1) 
 { 
  if (Map->TileBlockedByEntity (X, Y) || Map->TileB locked (X, Y)) 
   return TRUE; 
 } 
 
 DEBUG "Tile Blocked? " << X << ", " << Y << " : " << Map->TileBlocked(X, Y) <<  

"\n"; 
return Map->TileBlocked (X, Y); 

} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: CreatePath 
// 
// Find the best path from the start node to the go al state 
//  
// 
_Path* PATHMANAGER::CreatePath (MAPID *CurrentMap, 
        int FromX, int FromY,  
        int ToX, int ToY) 
{ 
 DEBUG "Started Create Path...from " << FromX << ",  " << FromY << " to " << ToX <<  

", " << ToY << "\n"; 
Map = CurrentMap; 

 
 MapSizeX = Map->GetMapSizeX(); 
 MapSizeY = Map->GetMapSizeY(); 
 
 int CurrentX = FromX; 
 int CurrentY = FromY; 
 double Heur = 0, Cost = 0; 
 _Tile Tile; 
  
 // Check we are not already at the goal 
 // 
 if (GoalAchieved(CurrentX, CurrentY, ToX, ToY)) 
 { 
  DEBUG "Already at goal\n"; 
  return NULL; 
 } 
 
 // Create and initialise the Closed Queue 
 // 
 ClosedQueue = new _ClosedQueue[MapSizeX * MapSizeY ]; 
 
 for (int loop = 0; loop <= (MapSizeX * MapSizeY) -  1; loop++) 
 { 
  (ClosedQueue + loop)->OnOpen = FALSE; 
  (ClosedQueue + loop)->OnClosed = FALSE; 
  (ClosedQueue + loop)->ParentX = 0; 
  (ClosedQueue + loop)->ParentY = 0; 
  (ClosedQueue + loop)->Cost = 0; 
  (ClosedQueue + loop)->Heur = 0; 
 } 
 
 // Create the open queue 
 // 
 OpenQueue = new OPENQUEUE<double, _Tile> (60); // MAY NEED TO CHANGE SIZE 
 
 // Add start node to closed queue 
 // 
 (ClosedQueue + (CurrentY-1) * MapSizeX + (CurrentX -1))->OnClosed = TRUE; 
 (ClosedQueue + (CurrentY-1) * MapSizeX + (CurrentX -1))->Cost = Cost 
  = TileCost(CurrentX, CurrentY); 
 (ClosedQueue + (CurrentY-1) * MapSizeX + (CurrentX -1))->Heur  
  = GoalDistance (CurrentX, CurrentY, ToX, ToY); 
 
 DisplayNode (CurrentY, CurrentX); 
 DisplayClosed (); 
 
 // Until the goal is found 
 // 
 while (!GoalAchieved (CurrentX, CurrentY, ToX, ToY )) 
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 { 
  DEBUG "Searching around " << CurrentX << ", " << CurrentY << "------\n"; 
 
  // Add the surrounding nodes to the open queue 
  // 
  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX, CurrentY-1, ToX, ToY,  

Cost, STRT, Heur); 
  

  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX+1, CurrentY-1, ToX,  
ToY, Cost, DIAG, Heur); 

 
  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX+1, CurrentY, ToX, ToY,  

Cost, STRT, Heur); 
 

  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX+1, CurrentY+1, ToX,  
ToY, Cost, DIAG, Heur); 

 
  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX, CurrentY+1, ToX, ToY,  

Cost, STRT, Heur); 
 

  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX-1, CurrentY+1, ToX,  
ToY, Cost, DIAG, Heur); 

 
  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX-1, CurrentY, ToX, ToY,  

Cost, STRT, Heur); 
 

  UpdateQueues (FromX, FromY, CurrentX, CurrentY, C urrentX-1, CurrentY-1, ToX,  
ToY, Cost, DIAG, Heur); 

 
  DEBUG "Finished Searching around " << CurrentX <<  ", " << CurrentY << "--\n\n"; 
 
  // Check there are still entries in the open list  before 
  // popping the next from the heap. 
  // 
  if (OpenQueue->QueueEmpty()) 
  { 
   DEBUG "Could not find a route master...\n"; 
   DisplayClosed (); 
   return NULL; 
  } 
 
  Tile = OpenQueue->FindMin (); 
  OpenQueue->DeleteMin(); 
 
  DEBUG "Got next tile: " << Tile.X << ", " << Tile .Y << "\n\n"; 
 
  // Retrieve the nodes details 
  // 
  CurrentX = Tile.X; 
  CurrentY = Tile.Y; 
  Cost = Tile.Cost; 
  Heur = Tile.Heur; 
 
  // Place on the closed queue 
  // 
  (ClosedQueue + (CurrentY-1) * MapSizeX + (Current X-1))->OnClosed = FALSE; 
 } 
 
 DEBUG "Found my destiny, Master....Here's how I di d it:\n\n"; 
 DisplayClosed (); 
 
 _Path *ThisPath = GetRoute (FromX, FromY, ToX, ToY ); 
 
 return ThisPath; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// 
// 
// Member functions of ENTITY. 
// 
// Require access to MAPID functions 
// 
//************************************************* *********************// 
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// Class: ENTITY  Member Function: DestroyPath 
// 
// Remove the current path from the agents list and  the path list 
// 
int ENTITY::DestroyPath () 
{ 
 PATHMANAGER *ptrPathManager = Map->getPathManager( ); 
 ptrPathManager->RemovePathFromList (CurrentPath); 
 
 CurrentPath = NULL; 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: ENTITY  Member Function: GetNextStep 
// 
// Return the next step on the current path 
// 
_Path* ENTITY::GetNextStep () 
{ 
 // If still moving to the next tile 
 // 
 if (Map->Cost(ThisStep->X, ThisStep->Y) > CostCoun ter) 
 { 
  CostCounter ++; 
  return ThisStep; 
 } 
 
 CostCounter = 1; 
 
 // Set the pointer to the next step and return it 
 // 
 if (CurrentPath && ThisStep->NextStep) 
 { 
  ThisStep = ThisStep->NextStep; 
 
  DEBUG "Returning step " << ThisStep->X << ", " <<  ThisStep->Y << "\n"; 
 
  return ThisStep; // Next step 
 } 
  
 // If no path or at the end of the list 
 // 
 DEBUG "no forward path\n"; 
 CURRENT_STATUS = AT_GOAL; 
 MoveCounter = 0; 
 return NULL; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: ENTITY  Member Function: GetLastStep 
// 
// Return the last step on the current path 
// 
_Path* ENTITY::GetLastStep () 
{ 
 // If still moving to the next tile 
 // 
 if (Map->Cost(ThisStep->X, ThisStep->Y) > CostCoun ter) 
 { 
  CostCounter ++; 
  return ThisStep; 
 } 
 
 CostCounter = 1; 
 
 // Set the pointer to the next step and return it 
 // 
 if (CurrentPath && ThisStep->LastStep) 
 { 
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  ThisStep = ThisStep->LastStep; 
 
  DEBUG "Returning step " << ThisStep->X << ", " <<  ThisStep->Y << "\n"; 
 
  return ThisStep; // Next step 
 } 
 
 // If no path or at the end of the list 
 // 
 DEBUG "no backward path\n"; 
 CURRENT_STATUS = AT_GOAL; 
 MoveCounter = 0; 
 return NULL; 
 
} 
//************************************************* *********************// 
 
 
 
 
 
 
//************************************************* *********************// 
// Class: MAPID  Member Function: PathRoute 
// 
// DEBUG FUNCTION... 
// 
void MAPID::PathRoute (ENTITY *Ent) 
{ 
 _Path *ThisPath = Ent->GetPath (); 
 
 DEBUG "\nMonster " << Ent->ID << "'s path:\n"; 
 
 while (ThisPath != NULL) 
 { 
  DEBUG ThisPath->X << ", " << ThisPath->Y << "\n";  
  ThisPath = ThisPath->NextStep; 
 } 
 DEBUG "\n"; 
} 
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/* 
** 
** Entity Class 
** 
** Name:  Entity.h 
** 
** Created: 9/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
#ifndef _AI_H_ 
#define _AI_H_ 
#include "/C_Files/Project/AI.h" 
#endif 
 
class MAPID; 
class PATHMANAGER; 
 
 
//************************************************* *********************// 
// Class: ENTITY 
// 
// Controls all functionality of the various entiti es 
// which can be placed on the map 
// 
class ENTITY 
{ 
 private: 
  // Pointers to enable movement on the path 
  // 
  _Path *CurrentPath; // The currently assigned pat h 
  _Path *ThisStep; // Current position on current p ath 
 
  // Pointer to next entity on lists 
  // 
  ENTITY *NextList; // Next entity on the games lis t of live entities 
  ENTITY *NextDead; // Next entity on the games lis t of dead entities 
  ENTITY *NextMap; // Next entity on this entities map position 
 
  // X and Y positions on game map 
  // 
  int PosX, PosY; 
 
  // Offsets from the center of the tile 
  // 
  int OffsetX, OffsetY; 
 
  // Pointer to the gamemap 
  // 
  MAPID *Map; 
 
 public: 
  // Destination details 
  // 
  int ToX, ToY; 
 
  // Entities Details 
  // 
  int ID; 
  int CURRENT_STATUS; 
  unsigned BLOCKING:   1; 
  unsigned STATIC:   1; 
  int CostCounter; 
  int BlockedCounter; 
  int MoveCounter; 
 
  // Member Functions 
  // 
  // Constructor 
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  // 
  ENTITY (MAPID *ptrMap)  
  { 
   Map = ptrMap; 
 
   // Set the defaults for the entity 
   // 
   NextList = NextDead = NextMap = NULL; 
   CurrentPath = NULL; 
   ThisStep = CurrentPath; 
   CURRENT_STATUS = STANDING_IDLE; 
   BLOCKING = TRUE; 
   STATIC = FALSE; 
   MoveCounter = 0; 
   BlockedCounter = 0; 
   CostCounter = 1; 
   PosX = PosY = 0; 
  } 
 
  // Destructor 
  // 
  ~ENTITY () {RemoveEntity (this);} 
 
  // Get and set position of entity on map 
  // 
  void SetPosition (int X, int Y) {PosX = X; PosY =  Y;} 
  int GetX () {return PosX;} 
  int GetY () {return PosY;} 
 
  double GetOffsetX () {return OffsetX;} 
  double GetOffsetY () {return OffsetY;} 
 
  // Set the path for this entity 
  // 
  int SetPath (_Path *ptrPath); 
 
  // Get the current path and step of the entity 
  // 
  _Path* GetPath () {return CurrentPath;} 
  _Path* GetStep () {return ThisStep;} 
 
  // Get the next and previous step on the path 
  // 
  _Path* GetNextStep (); 
  _Path* GetLastStep (); 
 
  // Get and Set the next entity in the list (relat ive to 
  // this one) 
  // 
  ENTITY* GetNextEntity () {return NextList;} 
  void SetNextEntity (ENTITY *Ent) {NextList = Ent; } 
  ENTITY* GetNextOnTile () {return NextMap;} 
  void SetNextOnTile (ENTITY *Ent) {NextMap = Ent;}  
  ENTITY* GetNextDead () {return NextDead;} 
  void SetNextDead (ENTITY *Ent) {NextDead = Ent;} 
 
  // Create and destroy an entity 
  // 
  ENTITY* CreateEntity (ENTITY *List); 
  ENTITY* RemoveEntity (ENTITY *List); 
 
  // Destroy this entities current path 
  // 
  int DestroyPath (); 
 
}; 
//************************************************* *********************// 
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/* 
** 
** Entity class cpp file 
** 
** Name:  Entity.cpp 
** 
** Created: 9/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
#include "/C_Files/Project/Entity.h" 
 
 
//************************************************* *********************// 
// Class: ENTITY  Member Function: CreateEntity 
// 
// Create THIS Entity and add it to the entity list  
// 
ENTITY* ENTITY::CreateEntity (ENTITY *List) 
{ 
 ENTITY *currentEnt, *lastEnt; 
 
 // If the list has no entries return this one 
 // as the first entry 
 // 
 if (List == NULL) return this; 
 
 currentEnt = List->NextList; 
 lastEnt = List; 
 
 // Find the end of the list and attach this entity ; 
 // 
 while (currentEnt != NULL) 
 { 
  currentEnt = currentEnt->NextList; 
  lastEnt = lastEnt->NextList; 
 } 
 
 // Adjust the pointers to add this entity to the e nd of the list 
 // 
 this->NextList = currentEnt; 
 lastEnt->NextList = this; 
 
 return List; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: ENTITY  Member Function: RemoveEntity 
// 
// Remove THIS Entity from the list 
// 
ENTITY* ENTITY::RemoveEntity (ENTITY *List) 
{ 
 ENTITY *currentEnt, *lastEnt; 
 
 if (List == NULL) return NULL; // If list empty 
 
 if (List == this) // If this is first 
 { 
  // Stop it pointing to others before returning NU LL 
  // 
  this->NextList = NULL; 
  return NextList; 
 } 
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 currentEnt = List->NextList; 
 lastEnt = List; 
 
 // Find this entity and remove it from the list 
 // 
 while (currentEnt != this) 
 { 
  if (currentEnt == NULL) return NULL; 
 
  currentEnt = currentEnt->NextList; 
  lastEnt = lastEnt->NextList; 
 } 
 
 lastEnt->NextList = currentEnt->NextList; 
 
 // Stop it pointing to others and return updated l ist 
 // 
 currentEnt->NextList = NULL; 
 
 return List; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: ENTITY  Member Function: SetPath 
// 
// Set the current path that the entity should foll ow 
// 
int ENTITY::SetPath (_Path *ptrPath) 
{ 
 if (CurrentPath) DestroyPath(); 
 
 if (!ptrPath)  // No path 
 { 
  CURRENT_STATUS = STANDING_IDLE; 
  return FALSE; 
 } 
 
 CURRENT_STATUS = PATHING;  
 CurrentPath = ptrPath;  
 ThisStep = CurrentPath; 
 
 while (ptrPath->NextStep) 
  ptrPath = ptrPath->NextStep; 
 
 ToX = ptrPath->X; 
 ToY = ptrPath->Y; 
 
 return TRUE; 
} 
//************************************************* *********************// 
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/* 
** 
** Tile Class 
** 
** Name:  TileID.h 
** 
** Created: 5/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
#ifndef _AI_H_ 
#define _AI_H_ 
#include "/C_Files/Project/AI.h" 
#endif 
 
 
 
//************************************************* *********************// 
// Class: TILEID 
// 
// Creates the tiles which will be used by the map 
// 
class TILEID 
{ 
 private: 
  // Graphic for tile 
  // Not yet implemented 
  // 
  //GRAPHIC* TileGraphic 
 
 public: 
  // Public flags makes access faster and easier 
  // 
  _Flags TileFlag; 
 
  // Constructor 
  // 
  TILEID () {} 
 
  // Destructor 
  // 
  ~TILEID () {} 
 
  int CreateTile (char *TileFile); 
 
  // Not yet implemented 
  // 
  //void DrawTile (int PosX, int PosY): 
 
}; 
//************************************************* *********************// 
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/* 
** 
** Tile Class cpp file 
** 
** Name:  TileID.cpp 
** 
** Created: 5/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
#include "/C_Files/Project/TileID.h" 
 
 
//************************************************* *********************// 
// Class: TILEID  Member Function: CreateTile 
// 
// Read in the external data on the tile and set it  up 
// 
int TILEID::CreateTile (char *TileFile) 
{ 
 int tmpData; 
 
 // Open tile file for reading 
 // 
 ifstream TileInput (TileFile); 
 
 if (TileInput) 
 { 
  // Read in the tiles details 
  // 
  TileInput >> tmpData; 
  TileFlag.BlockedLand = tmpData; 
 
  TileInput >> tmpData; 
  TileFlag.BlockedAir = tmpData; 
 
  TileInput >> tmpData; 
  TileFlag.BlockedSea = tmpData; 
 
  TileInput >> tmpData; 
  TileFlag.Buildable = tmpData; 
 
  TileInput >> tmpData; 
  TileFlag.Water = tmpData; 
 
  TileInput >> tmpData; 
  TileFlag.Resource = tmpData; 
 
  TileInput >> tmpData; 
  TileFlag.Cost = tmpData; 
  
  TileInput.close(); 
 
  return TRUE; 
 } 
 else 
  return FALSE; 
} 
//************************************************* *********************// 
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/* 
** 
** PathManager Class 
** 
** Name:  PathManager.h 
** 
** Created: 11/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
class MAPID; 
 
#ifndef _AI_H_ 
#define _AI_H_ 
#include "/C_Files/Project/AI.h" 
#endif 
 
#include "/C_Files/Project/OpenQueue.h" 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER 
// 
// Responsible for the creation and management of a ll 
// paths around the map 
// 
class PATHMANAGER 
{ 
 private: 
 
  // Closed Queue for storing path details 
  // Also manages details of both the open and clos ed queues 
  // 
  struct _ClosedQueue 
  { 
   unsigned OnOpen : 1; 
   unsigned OnClosed : 1; 
   int ParentX; 
   int ParentY; 
   double Cost; 
   double Heur; 
  }; 
 
  // Contains all the paths that have been stored 
  // 
  struct _PathList 
  { 
   _Path  *Path; 
   _PathList *NextPath; 
 
   _PathList () {Path = NULL; NextPath = NULL;} 
   ~_PathList ()  
   { 
    while (Path) 
    { 
     _Path *Next = Path->NextStep; 
     delete Path; 
     Path = Next; 
    } 
   } 
  }*StartOfList; 
 
  // Used to pass details to the Open Queue; 
  // 
  struct _Tile 
  { 
   int X; 
   int Y; 
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   double Cost; 
   double Heur; 
  }; 
 
  MAPID *Map; // Pointer to the current game map 
  int MapSizeX, MapSizeY; 
 
  // Pointers to the open and closed queues 
  // 
  _ClosedQueue *ClosedQueue; 
  OPENQUEUE<double, _Tile> *OpenQueue; 
 
  // Private member functions 
  // 
  _Path* GetRoute (int FromX, int FromY,  
       int ToX, int ToY); 
 
  int AddPathToList (_Path *CurrentPath); 
 
  double GoalDistance (int FromX, int FromY,  
       int ToX, int ToY); 
 
  double TileCost (int X, int Y); 
 
  int TileBlocked (int StartX, int StartY,  
       int X, int Y); 
 
  int TileValid (int X, int Y); 
 
  int GoalAchieved (int CurrentX, int CurrentY,  
       int ToX, int ToY); 
 
  int UpdateQueues (int StartX, int StartY,  
       int CurrentX, int CurrentY,  
       int NextX, int NextY,  
       int ToX, int ToY,  
       double Cost, int Dir, double Heur); 
 
 public: 
  
  // Constructor 
  // 
  PATHMANAGER ()  
  { 
   DEBUG "Created Pathmanager\n\n";  
 
   // Create the first empty entry in the path list  
   // 
   StartOfList = new _PathList(); 
  } 
 
  // Destructor 
  // 
  ~PATHMANAGER () 
  { 
   DEBUG "Destroying Pathmanager\n"; 
 
   delete ClosedQueue; 
   delete OpenQueue; 
   delete StartOfList; 
  } 
 
  _Path* CreatePath (MAPID *CurrentMap, 
       int FromX, int FromY,  
       int ToX, int ToY); 
 
  int RemovePathFromList (_Path *ThisPath); 
 
  // Test functions 
  // 
  void DisplayNode (int X, int Y); 
  void DisplayClosed (); 
}; 
//************************************************* *********************// 
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/* 
** 
** PathManager Class cpp file 
** 
** Name:  PathManager.cpp 
** 
** Created: 11/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** 
** 
** 
** 
*/ 
 
 
#include "/C_Files/Project/PathManager.h" 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: AddPathToList 
// 
// Add paths which have been created to the list of   
// available paths 
// 
int PATHMANAGER::AddPathToList (_Path *CurrentPath)  
{ 
 // Create a new entry on the list of paths 
 // 
 _PathList *NewPath = new _PathList(); 
 _PathList *ptrPathList = StartOfList; 
 
 if (StartOfList->Path == NULL) // If this is the f irst 
 { 
  StartOfList->Path = CurrentPath; 
  StartOfList->NextPath = NewPath; 
 
  return TRUE; 
 } 
 
 // Get to the end and add this one on 
 // 
 while (ptrPathList->NextPath != NULL) ptrPathList = ptrPathList->NextPath; 
 
 ptrPathList->Path = CurrentPath; 
 ptrPathList->NextPath = NewPath; 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: RemovePathFromList  
// 
// Remove paths which have been created from the li st of  
// available paths 
// 
int PATHMANAGER::RemovePathFromList (_Path *ThisPat h) 
{ 
 _PathList *ptrLastPath = StartOfList; 
 _PathList *ptrCurrentPath = StartOfList; 
 _PathList *ptrNextPath = ptrCurrentPath->NextPath;  
 
 DEBUG "Asked to delete path..."; 
 
 if (ptrCurrentPath->Path == ThisPath) // First ele ment 
 { 
  DEBUG "is first path on list\n"; 
 
  StartOfList = StartOfList->NextPath; 
  delete ptrCurrentPath; 
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  return TRUE; 
 } 
 
 ptrCurrentPath = ptrCurrentPath->NextPath; 
 ptrNextPath = ptrNextPath->NextPath; 
 
 // Search through list 
 // 
 while (ptrCurrentPath->Path != ThisPath && ptrNext Path != NULL) 
 { 
  ptrLastPath = ptrLastPath->NextPath; 
  ptrCurrentPath = ptrCurrentPath->NextPath; 
  ptrNextPath = ptrNextPath->NextPath; 
 } 
 
 // Re-arrange the pointers to cut out selected pat h and delete 
 // 
 if (ptrCurrentPath->Path == ThisPath) 
 { 
  DEBUG "found path, but not first\n"; 
 
  ptrLastPath->NextPath = ptrNextPath; 
  delete ptrCurrentPath; 
  return TRUE; 
 } 
  
 DEBUG "couldn't find path\n"; 
 
 return FALSE; // Not found 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: TileValid 
// 
// Check a node is not out of the bounds of the gam e map 
//  
// 
inline int PATHMANAGER::TileValid (int X, int Y) 
{ 
 if ((X <= 0 || X > MapSizeX || Y <= 0 || Y > MapSi zeY)) 
 { 
  DEBUG "Tile " << X << ", " << Y << " out of bound s.\n"; 
  return FALSE; 
 } 
 else 
 { 
  DEBUG "Tile " << X << ", " << Y << " in bounds.\n "; 
  return TRUE; 
 } 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: GoalDistance 
// 
// Return the distance to the goal state from the r eferenced 
// node 
// 
double PATHMANAGER::GoalDistance (int FromX, int Fr omY,  
              int ToX, int ToY) 
{ 
 int X = abs (FromX - ToX); 
 int Y = abs (FromY - ToY); 
 
 // Calculate the heuristic estimate of the distanc e to the goal 
 // 
 if (X < Y) 
 { 
  DEBUG "Tile Heuristic..." << ((X * SQR2) + (Y-X))  << "\n"; 
  return ((X * SQR2) + (Y-X)); 
 } 
 else 
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 { 
  DEBUG "Tile Heuristic..." << ((Y * SQR2) + (X-Y))  << "\n"; 
  return ((Y * SQR2) + (X-Y)); 
 } 
 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: GoalAchieved 
// 
// Detect when the goal state has been acheived, or  if this 
// is as near as the search can get 
// 
int PATHMANAGER::GoalAchieved (int CurrentX, int Cu rrentY,  
          int ToX, int ToY) 
{ 
 // This function will eventually check to see if w e are as close as 
 // were gonna get to the goal 
 // 
 if (CurrentX == ToX && CurrentY == ToY) 
  return TRUE; 
 else 
  return FALSE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: GetRoute 
// 
// Find the best route from the search and save it 
//  
// 
_Path *PATHMANAGER::GetRoute (int FromX, int FromY,   
         int ToX, int ToY) 
{ 
 // Pointers to allow manipulation 
 // 
 _Path *NewStep, *CurrentStep; 
 int X = ToX; 
 int Y = ToY; 
 
 DEBUG "From " << FromX << ", " << FromY; 
 DEBUG " To " << ToX << ", " << ToY << "\n"; 
 
 // Create new _Path structure to hold the last ste p details 
 // 
 CurrentStep = new _Path; 
 
 CurrentStep->X = X; 
 CurrentStep->Y = Y; 
 CurrentStep->NextStep = NULL; 
 
 DEBUG "Created the last step at " << X << ", " << Y << "\n"; 
 
 do 
 { 
  NewStep = new _Path; 
 
  CurrentStep->LastStep = NewStep; //Arrange the po inters 
  NewStep->NextStep = CurrentStep; 
 
  NewStep->X = (ClosedQueue + (Y-1) * MapSizeX + (X -1))->ParentX; 
  NewStep->Y = (ClosedQueue + (Y-1) * MapSizeX + (X -1))->ParentY; 
 
  CurrentStep = NewStep; 
 
  DEBUG "Created step for " << NewStep->X << ", " < < NewStep->Y << "\n"; 
 
  X = CurrentStep->X; 
  Y = CurrentStep->Y; 
 
 } while ((X != FromX) || (Y != FromY)); 
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 CurrentStep->LastStep = NULL; 
 
 DEBUG "......First step at " << X << ", " << Y << "\n"; 
 
 AddPathToList (CurrentStep); 
 
 DEBUG "Added path to list\n"; 
 
 return CurrentStep; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER  Function: UpdateQueues 
// 
// Add to and update the Open and Closed Queues 
//  
// 
int PATHMANAGER::UpdateQueues (int StartX, int Star tY,  
          int CurrentX, int CurrentY,  
          int NextX, int NextY,  
          int ToX, int ToY,  
          double Cost, int Dir, double Heur) 
{ 
 double tmpHeur, tmpCost; 
 _Tile Tile; 
 
 DEBUG "\nAdding Node " << NextX << ", " << NextY < < " :****************\n"; 
 
 // If the tile is on the map AND is NOT blocked...  
 // 
 if (TileValid(NextX, NextY) && !TileBlocked(StartX , StartY, NextX, NextY)) 
 { 
  DEBUG "Valid Tile - Open: "  
   << (ClosedQueue + (NextY-1) * MapSizeX + (NextX- 1))->OnOpen 
   << "  Closed: " << (ClosedQueue +(NextY-1) * Map SizeX+ (NextX-1)->OnClosed 
   << "\n"; 
 
  DisplayNode (NextX, NextY); 
 
  // Add the cost of the parent tile (which is cumu lative) to the  
  // cost of this tile. 'Dir' is a modifier for dia gonal movement (root 2) 
  // 
  if (Dir == STRT) 
   tmpCost = Cost + (TileCost(NextX, NextY)); 
  else 
   tmpCost = Cost + (TileCost(NextX, NextY) * SQR2) ; 
 
  // Get the distance of this tile to the goal 
  // 
  tmpHeur = GoalDistance (NextX, NextY, ToX, ToY); 
   
  // If the node is NOT on the Open or Closed Queue s 
  // 
  if (!(ClosedQueue + (NextY-1) * MapSizeX + (NextX -1))->OnOpen 
   && !(ClosedQueue + (NextY-1) * MapSizeX + (NextX -1))->OnClosed) 
  { 
   // Populate the Tile structure 
   // 
   Tile.X = NextX; 
   Tile.Y = NextY; 
   Tile.Cost = tmpCost; 
   Tile.Heur = tmpHeur; 
 
   // Put the tile in the correct place in the open  queue 
   // 
   OpenQueue->InsertNode (Tile.Cost + Tile.Heur, Ti le); 
 
   DEBUG "Tile " << Tile.X << ", " << Tile.Y << " n ow set to " << Tile.Cost <<  

", "<< Tile.Heur << "\n"; 
 
 

   // Set the details of the Closed/Open Queue mana ger 
   // 
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   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->OnOpen = TRUE; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->OnClosed = FALSE; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->Cost = Tile.Cost; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->Heur = Tile.Heur; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->ParentX = CurrentX; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->ParentY = CurrentY; 
 
   DEBUG "Tile not on queues....added************** *********\n"; 
 
   return TRUE; 
  } 
 
  // If the node is better than the one on the open  or closed queue 
  // 
  if (((ClosedQueue + (NextY-1) * MapSizeX + (NextX -1))->Cost +  
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->Heur) 
   > tmpCost + tmpHeur) 
  { 
   // Populate the Tile structure 
   // 
   Tile.X = NextX; 
   Tile.Y = NextY; 
   Tile.Cost = tmpCost; 
   Tile.Heur = tmpHeur; 
 
   // Overwrite the current entry in the Open Queue  
   // 
   OpenQueue->OverWrite (Tile.Cost + Tile.Heur, Til e); 
 
   // Set the details of the Closed/Open Queue mana ger 
   // 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->OnOpen = TRUE; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->OnClosed = FALSE; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->Cost = Tile.Cost; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->Heur = Tile.Heur; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->ParentX = CurrentX; 
   (ClosedQueue + (NextY-1) * MapSizeX + (NextX-1)) ->ParentY = CurrentY; 
 
   DEBUG "Tile on queues....better found*********** ***********\n"; 
 
   return TRUE; 
  } 
   
 } 
 DEBUG "Tile not added***********************\n"; 
 
 return FALSE; // Didn't add a node 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: PATHMANAGER 
// 
// FOLLOWING ARE DEBUG FUNCTIONS 
// 
void PATHMANAGER::DisplayNode (int X, int Y) 
{ 
 DEBUG "Node at " << X << ", " << Y << " :\n"; 
 
 DEBUG "Cost: " << (ClosedQueue + (Y-1) * MapSizeX + (X-1))->Cost  
  << "  Heur: " << (ClosedQueue + (Y-1) * MapSizeX + (X-1))->Heur 
  << "\nParentX: " << (ClosedQueue + (Y-1) * MapSiz eX + (X-1))->ParentX  
  << "  ParentY: " << (ClosedQueue + (Y-1) * MapSiz eX + (X-1))->ParentY 
  << "\nOn Open: " << (ClosedQueue + (Y-1) * MapSiz eX + (X-1))->OnOpen  
  << "  On Closed: " << (ClosedQueue + (Y-1) * MapS izeX + (X-1))->OnClosed  
  << "\n\n"; 
 
} 
 
void PATHMANAGER::DisplayClosed () 
{ 
 int loop1, loop2; 
 
 for (loop1 = 0; loop1 <= MapSizeY - 1; loop1++) 
 { 
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  for (loop2 = 0; loop2 <= MapSizeX - 1; loop2++) 
  { 
  DEBUG "C:" << (ClosedQueue + (loop1) * MapSizeX +  (loop2))->Cost  
   << "H:" << (ClosedQueue + (loop1) * MapSizeX + ( loop2))->Heur 
   << "X:" << (ClosedQueue + (loop1) * MapSizeX + ( loop2))->ParentX  
   << "Y:" << (ClosedQueue + (loop1) * MapSizeX + ( loop2))->ParentY 
   << "O:" << (ClosedQueue + (loop1) * MapSizeX + ( loop2))->OnOpen  
   << "C:" << (ClosedQueue + (loop1) * MapSizeX + ( loop2))->OnClosed  
   << "  "; 
  } 
  DEBUG "\n"; 
 } 
 DEBUG "\n"; 
} 
// 
//************************************************* *********************// 
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/* 
** 
** Priority Queue Class 
** 
** Name:  OpenQueue.h 
** 
** Created: 2/7/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** Modified: 
** 
** 2/7/99 Standard array indexing changed to pointe r arithmetic 
**   to allow faster manipulation 
** 
** 
** 
*/ 
 
#ifndef _AI_H_ 
#define _AI_H_ 
#include "/C_Files/Project/AI.h" 
#endif 
 
 
 
//************************************************* *********************// 
// Class: OPENQUEUE 
// 
// Responsible for the creation and management of a  
// priority queue 
// 
template <class CostType, class TileType> 
class OPENQUEUE 
{ 
 private: 
  // Create a structure to hold each tiles details 
  // 
  struct _Nodes 
  { 
   CostType Cost; 
   TileType Tile; 
  }*pNodeArray; // Pointer to queue array 
 
  int Size;  // Current size of queue 
  int MaxSize; // Maximum capacity of queue 
 
 public: 
  // Constructor 
  // 
  OPENQUEUE (int ArraySize); 
 
  // Destructor 
  // 
  ~OPENQUEUE () {delete [] pNodeArray;} 
 
  // Member Functions 
  // 
  void EmptyQueue () {Size = 0;} 
  int QueueEmpty () {return Size == 0;} 
  int QueueFull () {return Size == MaxSize;} 
  int getQueueSize () {return Size;} 
 
  int InsertNode (const CostType &Cost, const TileT ype &Tile); 
  int OverWrite (const CostType &Cost, const TileTy pe &Tile); 
 
  TileType FindMin (); 
  int DeleteMin (); 
 
  char* Display (); 
 
}; 
//************************************************* *********************// 
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//************************************************* *********************// 
// Class: OPENQUEUE  Function: CONSTRUCTOR 
// 
// Set up the array to be used in storing the prior ity  
// queue 
// 
template <class CostType, class TileType> 
OPENQUEUE<CostType, TileType>::OPENQUEUE (int Array Size) 
{ 
 Size = 0;    // Set current size to 0 
 MaxSize = ArraySize; // Caller defines maximum siz e of array 
 
 // Create a new array of the type required 
 // 
 pNodeArray = new _Nodes [MaxSize + 1]; 
 
 if (pNodeArray == NULL) 
  exit(0); 
 
 // Won't work for all 
 // 
 pNodeArray->Cost = NULL; 
 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: OPENQUEUE  Function: InsertNode 
// 
// Insert a node into the heap at the correct locat ion  
//  
// 
template <class CostType, class TileType> 
int OPENQUEUE<CostType, TileType>::InsertNode (cons t CostType &Cost,  
             const TileType &Tile) 
{ 
 if (QueueFull ()) return FALSE; 
 
 Size++;  // Increase the size of the working array  by one 
 
 int QueueSize = Size; // Holds current point in he ap 
 
 // Create a gap at the correct place in the heap 
 // 
 while ((pNodeArray + QueueSize/2)->Cost > Cost) 
 { 
  (pNodeArray + QueueSize)->Cost = (pNodeArray + Qu eueSize/2)->Cost; 
  (pNodeArray + QueueSize)->Tile = (pNodeArray + Qu eueSize/2)->Tile; 
 
  QueueSize = QueueSize / 2; 
 } 
 
 (pNodeArray + QueueSize)->Cost = Cost; // Put new node cost in heap 
 (pNodeArray + QueueSize)->Tile = Tile; // Put new node tile details in heap 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: OPENQUEUE  Function: OverWrite 
// 
// Overwrite a node when a better one is found 
//  
// 
template <class CostType, class TileType> 
int OPENQUEUE<CostType, TileType>::OverWrite (const  CostType &Cost,  
            const TileType &Tile) 
{ 
 int ChildNode;   // Holds location of child nodes 
 
 // Find the node 
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 // 
 for (int loop = 0; loop <= Size; loop++) 
 { 
  if ((pNodeArray + loop)->Tile.X == Tile.X && (pNo deArray + loop)->Tile.Y ==  

Tile.Y) 
  { 
   DEBUG "Found Match\n"; 
 
   // Percolate upwards to fill  gap 
   // 
   for (; loop * 2 <= Size; loop = ChildNode) 
   { 
    ChildNode = loop * 2; 
 
    // Check node has two children (last node may n ot have) 
    // 
    if (ChildNode != Size) 
    { 
     // Select the lowest child 
     // 
     if ((pNodeArray + ChildNode)->Cost  
      > (pNodeArray + ChildNode + 1)->Cost) 
     { 
      ChildNode = ChildNode + 1; 
     } 
    } 
 
    // Move selected child up to fill the gap 
    // 
    (pNodeArray + loop)->Cost = (pNodeArray + Child Node)->Cost; 
    (pNodeArray + loop)->Tile = (pNodeArray + Child Node)->Tile; 
   } 
 
   // Makethe array smaller and then insert the new  node 
   // 
   Size--; 
   InsertNode (Cost, Tile); 
 
   return TRUE; // Did it 
  } 
 } 
 DEBUG "Couldn't replace\n"; 
 
 return FALSE; // Couldn't do it 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: OPENQUEUE  Function: FindMin 
// 
// Pop the next node from the top of the heap 
//  
// 
template <class CostType, class TileType> 
TileType OPENQUEUE<CostType, TileType>::FindMin () 
{ 
 return (pNodeArray + 1)->Tile; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: OPENQUEUE  Function: DeleteMin 
// 
// Remove the top of the queue and shuffle the rest  up 
// to maintain order 
// 
template <class CostType, class TileType> 
int OPENQUEUE<CostType, TileType>::DeleteMin () 
{ 
 int ChildNode;       // Holds location of child no des 
 CostType LastCost = (pNodeArray + Size)->Cost; // Put last node cost in storage 
 TileType LastTile = (pNodeArray + Size)->Tile; // Put last tile details cost in  
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              // storage 
 
 Size--;  // Decrease the working size of the array  
 
 if (QueueEmpty ()) 
 { 
  // No queue to delete from 
  // 
  return FALSE; 
 
 } 
 
 // Percolate upwards to fill minimum node gap 
 // 
 for (int Current = 1; Current * 2 <= Size; Current  = ChildNode) 
 { 
  ChildNode = Current * 2; 
 
  // Check node has two children (last node may not  have) 
  // 
  if (ChildNode != Size) 
  { 
   // Select the lowest child 
   // 
   if ((pNodeArray + ChildNode)->Cost > (pNodeArray  + ChildNode + 1)->Cost) 
   { 
    ChildNode = ChildNode + 1; 
   } 
  } 
 
  // Move selected child up until can fit last node  in gap 
  // 
  if ((pNodeArray + ChildNode)->Cost < LastCost) 
  { 
   (pNodeArray + Current)->Cost = (pNodeArray + Chi ldNode)->Cost; 
   (pNodeArray + Current)->Tile = (pNodeArray + Chi ldNode)->Tile; 
  } 
   
  else 
   break; 
 } 
 
 (pNodeArray + Current)->Cost = LastCost; // Put la st node in new gap 
 (pNodeArray + Current)->Tile = LastTile; // Put la st node in new gap 
 
 return TRUE; 
} 
//************************************************* *********************// 
 
 
 
//************************************************* *********************// 
// Class: OPENQUEUE  Function: Display 
// 
// Debug function, returns the node tree 
//  
// 
template <class CostType, class TileType> 
char* OPENQUEUE<CostType, TileType>::Display () 
{ 
 int count1 = 1, count2; 
 char strTemp[10]; 
 
 // Declare new character string big enough for tre e 
 // and initialise it 
 // 
 char *pQueueTree = new char[10 * (Size + 1)]; 
 strcpy (pQueueTree, ""); 
 
 // Return a representation of the current OpenQueu e tree 
 // 
 while (count1 <= Size) 
 { 
  count2 = count1; 
  count1 = count1 * 2; 
 
  // Cost for each node is added to the tree (pQueu eTree) 
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  // All costs are stored as the equivalent float v alues 
  // 
  for (; count2 < count1 && count2 <= Size; count2+ +) 
  { 
   sprintf (strTemp, "%.2f    ", (float)(pNodeArray  + count2)->Cost); 
   strcat (pQueueTree, strTemp); 
  } 
 
  strcat (pQueueTree, "\n"); 
 } 
 
 strcat (pQueueTree, "\n\n\0"); 
 
 return pQueueTree; 
} 
//************************************************* *********************// 
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APPENDIX B 
 

AI SDK Debugging Program 
 
  The following source code is the program used to test the AI SDK. The code is 
freely changeable to test different characteristics of the application and this listing 
represents one such test. 
 
 
 
 



Appendix B  121 
 

 
Jason Dyke  MSc Information Technology 

/* 
** 
** Monster.cpp 
** 
** Name:  Monster.cpp 
** 
** Created: 1/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** This file was created in order to test the capab ilities 
** of the AI SDK classes. 
** 
** 
** 
** 
*/ 
 
#include <stdlib.h> 
#include <iostream.h> 
#include <conio.h> 
 
// Include the AI SDK 
// 
#include "/C_Files/Project/MAPID.h" 
 
// Create a pointer to a MAPID object 
// 
MAPID *Map; 
 
// Create the Entity Lists 
// These will be used to store all the entities in the game 
// 
ENTITY *EntityList = NULL; 
ENTITY *DeadList = NULL; 
ENTITY *ptrEntity; // A pointer to an ENTITY object  
 
// Test functions 
// 
void ShowMap (MAPID *Map); 
void ShowGrid (MAPID *Map); 
void ListEntities (); 
 
 
int main () 
{ 
 int X1 = 0, Y1 = 0; 
 int ToX1 = 0, ToY1 = 0; 
 int EntID = 1; 
 ENTITY *Monster; // Pointer to an ENTITY object 
 
 DEBUG "Started Program\n\n"; 
 
 // Create the map 
 // 
 Map = new MAPID ("/C_Files/Project/Map.txt"); 
 
 // Create a random number (not actually random, bu t this 
 // allows repeatable results 
 // 
 srand ((unsigned) 7); 
 
 // Add 20 entities to the game map 
 // 
 for (int NumEnts = 1; NumEnts <= 20; NumEnts++) 
 { 
  do 
  { 
   X1 = (rand() % 5) + 1; 
   Y1 = (rand() % 5) + 1; 
  } while (Map->TileBlocked (X1, Y1) && Map->TileBl ockedByEntity (X1, Y1)); 
 
 
  Monster = new ENTITY (Map); 
  EntityList = Monster->CreateEntity(EntityList); 
  Monster->ID = EntID++; 
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  Monster->BLOCKING = TRUE; 
  Map->AddEntity(Monster, X1, Y1); 
 } 
 
 
 ptrEntity = EntityList; // Set the entity pointer to the first entity in the  
        // list 
 
 // Infinite loop 
 // 
 while (TRUE) 
 { 
  // If the entity is stood still or at the goal cr eate a new path to 
  // a random point (again, not actually random) 
  // 
  if (ptrEntity->CURRENT_STATUS == STANDING_IDLE ||   
   ptrEntity->CURRENT_STATUS == AT_GOAL) 
  { 
   do 
   { 
    ToX1 = (rand() % 5) + 1; 
    ToY1 = (rand() % 5) + 1; 
   } while (Map->TileBlocked(ToX1, ToY1) && Map->Ti leBlockedByEntity(X1, Y1)); 
   cout << "Got " << ToX1 << ", " << ToY1 << "\n"; 
 
   ptrEntity->SetPath (Map->CreatePath (ptrEntity-> GetX(), ptrEntity->GetY(), 
            ToX1, ToY1)); 
  } 
   
  // Otherwise, follow the current path assigned to  
  // 
  Map->FollowPath (ptrEntity, FORWARDS); 
 
  // Loop repeatedly through all the entities in tu rn 
  // giving all a chance to perform one action 
  // 
  if (ptrEntity->GetNextEntity ()) 
   ptrEntity = ptrEntity->GetNextEntity (); 
  else 
  { 
   ptrEntity = EntityList; 
   ShowGrid (Map); 
  } 
   
 } 
 
 // Will never get this far 
 // 
 cout << "\nProgram completed successfully\n"; 
 
 return TRUE; 
} 
 
// This function displays what entities are on what  tiles 
// Used to identify where each entity is 
// 
void ShowMap (MAPID *Map) 
{ 
 int t; 
 int x, y; 
 ENTITY *ptrEntity; 
 
 DEBUG "\nMap Display:\n\n"; 
 
 // Loop through the game map array pulling out inf ormation 
 // on each tile and any entities on the tile 
 // 
 for (y = 1; y <= Map->GetMapSizeY(); y++) 
 { 
  for (x = 1; x <= Map->GetMapSizeX(); x++) 
  { 
   cout << "Map Position " << x << ", " << y << " :  "; 
    
   t = 1; 
 
   ptrEntity = Map->GetEntity (t, x, y); 
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   while (ptrEntity) 
   { 
    cout << ptrEntity->ID << " | "; 
    ptrEntity = Map->GetEntity (++t, x, y); 
   } 
 
   cout << "\n"; 
  } 
 } 
 cout << "\n\n"; 
} 
 
 
// This function displays a text representation of the game map 
// Blocked and high cost tiles are shown along with  all entities 
// 
void ShowGrid (MAPID *Map) 
{ 
 int x, y; 
 ENTITY *ptrEntity; 
 
 DEBUG "\nGrid Display:\n\n"; 
 
 // Loop through the game map array pulling out inf ormation 
 // on each tile and any entities on the tile. 
 // Display this information. 
 // 
 for (y = 1; y <= Map->GetMapSizeY(); y++) 
 { 
  for (x = 1; x <= Map->GetMapSizeX(); x++) 
  { 
   ptrEntity = Map->GetEntity (1, x, y); 
 
   if (ptrEntity) cout << ptrEntity->ID << "  "; 
 
   else if (Map->TileBlocked(x, y)) cout << "O  "; 
 
   else if (Map->Cost(x, y) > 1) cout << "~  "; 
    
   else cout << ".  "; 
  } 
 
  cout << "\n"; 
 } 
 
 cout << "\n\n"; 
} 
 
 
// List all the entities currently on the EntityLis t 
// 
void ListEntities () 
{ 
 ENTITY *ptrEntity; 
 ptrEntity = EntityList; 
 
 DEBUG "Entity List: \n"; 
  
 while (ptrEntity) 
 { 
  cout << ptrEntity->ID << "\n"; 
 
  ptrEntity = ptrEntity->GetNextEntity(); 
 } 
 cout << "\n\n"; 
} 
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APPENDIX C 
 

Example Program using the AI SDK 
 
  This program was created to demonstrate pathfinding and the use of the AI 
SDK. 
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/* 
** 
** Example Windows Program 
** 
** Name:  PathDemo.cpp 
** 
** Created: 25/8/99 
** 
** Author:  Jason Dyke 
** 
** 
** 
** This program was created to demonstrate the 
** use and capabilities of the AI SDK 
** 
** 
*/ 
 
// Include the relevant files 
// 
#include <windows.h> 
#include <time.h> 
#include "PathDemo.h" 
#include "/C_Files/Project/MapID.h" 
 
 
LRESULT CALLBACK WindowFunc(HWND, UINT, WPARAM, LPA RAM); 
int SetupGame (); 
int AddEntity (); 
int RemoveEntity (); 
int GameLoop (); 
void ShowGrid (MAPID *Map, HDC hdc); 
 
ENTITY *EntityList = NULL; 
ENTITY *DeadList = NULL; 
 
char szWinName[] = "AI SDK"; // Name of window clas s 
int NUMENTS = 0; 
int Timer = 400; 
 
MAPID *Map = new MAPID ("./Map.txt"); 
 
int WINAPI WinMain (HINSTANCE hThisInst, HINSTANCE hPrevInst,  
     LPSTR lpszArgs, int nWinMode) 
{ 
 HWND hwnd; 
 MSG msg; 
 WNDCLASSEX wcl; 
 
 // Define a Window Class 
 // 
 wcl.cbSize = sizeof(WNDCLASSEX); 
 
 wcl.hInstance = hThisInst;  // Handle to this inst ance 
 wcl.lpszClassName = szWinName; // Window class nam e 
 wcl.lpfnWndProc = WindowFunc; // Window function 
 wcl.style = 0;     // Default style 
 
 wcl.hIcon = LoadIcon(NULL, IDI_APPLICATION); // st andard icon 
 wcl.hIconSm = LoadIcon(NULL, IDI_WINLOGO);  // sma ll icon 
 wcl.hCursor = LoadCursor(NULL, IDC_ARROW);  // cur sor style 
 
 wcl.lpszMenuName = "GAMEMENU"; // menu 
 wcl.cbClsExtra = 0;   // no extra information need ed 
 wcl.cbWndExtra = 0;   // no extra information need ed 
 
 // Make the window background white 
 // 
 wcl.hbrBackground = (HBRUSH) GetStockObject(WHITE_ BRUSH); 
 
 // Register the window class 
 // 
 if (!RegisterClassEx(&wcl)) return 0; 
 
 // Now can create window 
 // 
 hwnd = CreateWindow 
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 ( 
  szWinName,    /* Name of the Window Class */ 
  "AI SDK",    /* Title */ 
  WS_OVERLAPPEDWINDOW, /* Window Style - Normal */ 
  CW_USEDEFAULT,   /* X coordinate - let windows de cide */ 
  CW_USEDEFAULT,   /* Y coordinate - let windows de cide */ 
  CW_USEDEFAULT,   /* Width - let windows decide */  
  CW_USEDEFAULT,   /* Height - let windows decide * / 
  HWND_DESKTOP,   /* No parent window */ 
  NULL,     /* No menu */ 
  hThisInst,    /* Handle of this instance of the p rogram */ 
  NULL,     /* no additional arguments */ 
 ); 
 
 // Display the window 
 // 
 ShowWindow(hwnd, nWinMode); 
 UpdateWindow(hwnd); 
 
 // Set the timer 
 // 
 SetTimer (hwnd, 1, Timer, NULL); 
 
 UpdateWindow (hwnd); 
 
 // Create the message loop 
 // 
 while(GetMessage(&msg, NULL, 0, 0)) 
 { 
  TranslateMessage(&msg); // Translate keyboard mes sage 
  DispatchMessage(&msg);  // Return control to wind ows 98 
 } 
 
 KillTimer (hwnd, 1); 
 
 return msg.wParam; 
} 
 
// This function is called by windows 98 and is pas sed messages from the message queue 
// 
LRESULT CALLBACK WindowFunc (HWND hwnd, UINT messag e, WPARAM wParam, LPARAM lParam) 
{ 
 HDC hdc; 
 
 switch(message) 
 { 
  case WM_CREATE: 
   // Setup the map ready for use 
   // 
   SetupGame (); 
   break; 
 
  case WM_TIMER: 
   // This is the game loop 
   // 
   hdc = GetDC (hwnd); 
   GameLoop (); 
   ShowGrid (Map, hdc); 
 
   ReleaseDC (hwnd, hdc); 
   break; 
 
  case WM_DESTROY: // Terminate the program 
   PostQuitMessage(0); 
   break; 
 
  case WM_COMMAND: 
 
   switch (LOWORD (wParam)) 
   { 
    case IDM_ADD_ENTITY: 
     AddEntity (); 
     break; 
 
    case IDM_REMOVE_ENTITY: 
     RemoveEntity (); 
     break; 
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    case IDM_SPEED_UP: 
     Timer = Timer - 50; 
     if (Timer <= 0) Timer = 0; 
     SetTimer (hwnd, 1, Timer, NULL); 
     break; 
 
    case IDM_SLOW_DOWN: 
     Timer = Timer + 50; 
     SetTimer (hwnd, 1, Timer, NULL); 
     break; 
   } 
   break; 
 
  default: 
   // Let windows 98 deal with it 
   // 
   return DefWindowProc (hwnd, message, wParam, lPa ram); 
 } 
 
 return 0; 
} 
 
//************************************************* *********************// 
// 
int SetupGame() 
{ 
 // Seed the random number generator 
 // 
 srand ((unsigned) time (NULL)); 
 
 return TRUE; 
} 
 
//************************************************* *********************// 
// 
int AddEntity() 
{ 
 int X1 = 0, Y1 = 0; 
 ENTITY *Monster; 
 
 // Place a new entity at a random point on the map  
 // 
 do 
 { 
  X1 = (rand() % 24) + 1; 
  Y1 = (rand() % 24) + 1; 
 
  // Avoid placing on blocked tiles 
  // 
 } while (Map->TileBlocked (X1, Y1) || Map->TileBlo ckedByEntity (X1, Y1)); 
 
 
 Monster = new ENTITY (Map);      // Create new obj ect 
 EntityList = Monster->CreateEntity(EntityList); //  Add entity to list 
 Monster->ID = NUMENTS;        // Give entity an ID  
 Map->AddEntity(Monster, X1, Y1);     // Place enti ty on map 
 
 NUMENTS++; 
 
 return TRUE; 
} 
 
//************************************************* *********************// 
// 
int RemoveEntity() 
{ 
 ENTITY *ThisEntity = EntityList; 
 
 NUMENTS--; 
 
 // Find the entity in the EntityList and remove it  from the game 
 // 
 while (ThisEntity) 
 { 
  if (ThisEntity->ID == NUMENTS) 
  { 
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   Map->RemoveEntity (ThisEntity); 
   EntityList = ThisEntity->RemoveEntity (EntityLis t); 
   delete ThisEntity; 
   return TRUE; 
  } 
 
  ThisEntity = ThisEntity->GetNextEntity(); 
 } 
 
 return FALSE; 
} 
 
//************************************************* *********************// 
// 
// Main loop of program 
// Called every time the timer fires and allows all  entities to perform 
// actions 
// 
int GameLoop () 
{ 
 int ToX1 = 0, ToY1 = 0; 
 
 ENTITY *ptrEntity = NULL; 
 ptrEntity = EntityList; 
 
 // Loop through each entity in turn and perform it 's requested action 
 // 
 while (ptrEntity != NULL) 
 { 
  if (ptrEntity->CURRENT_STATUS == STANDING_IDLE ||   
   ptrEntity->CURRENT_STATUS == AT_GOAL) 
  { 
   do 
   { 
    ToX1 = (rand() % 24) + 1; 
    ToY1 = (rand() % 24) + 1; 
   } while (Map->TileBlocked (ToX1, ToY1)  
    || Map->TileBlockedByEntity (ToX1, ToY1)); 
 
   // Create a new path 
   // 
   _Path *ptrPath = Map->CreatePath (ptrEntity->Get X(), ptrEntity->GetY(),  

ToX1, ToY1); 
 
   // If it was created OK set entities path to new  path 
   // 
   if (ptrPath) 
    ptrEntity->SetPath (ptrPath); 
  } 
 
  Map->FollowPath (ptrEntity, FORWARDS); // Follow the current path forwards 
 
  ptrEntity = ptrEntity->GetNextEntity(); // Get th e next entity 
 } 
 
 return TRUE; 
} 
 
 
//************************************************* *********************// 
// 
// Graphics component of the game 
// 
void ShowGrid (MAPID *Map, HDC hdc) 
{ 
 int x, y; 
 char str[50], pos[5]; 
 ENTITY *ptrEntity; 
 
 // Display the map layout on the screen 
 // overwriting the previous display 
 // 
 for (y = 1; y <= Map->GetMapSizeY(); y++) 
 { 
  for (x = 1; x <= Map->GetMapSizeX(); x++) 
  { 
   ptrEntity = Map->GetEntity (1, x, y); 
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   if (ptrEntity)  
   { 
    char Num[1]; 
    itoa (ptrEntity->ID, Num, 10); 
    TextOut (hdc, x*16, y*16, Num, strlen(Num)); 
   } 
 
   else if (Map->TileBlocked(x, y)) TextOut (hdc, x *16, y*16, "O   ", 4); 
 
   else if (Map->Cost(x, y) > 1) TextOut (hdc, x*16 , y*16, "#   ", 4); 
    
   else TextOut (hdc, x*16, y*16, "    ", 4); 
  } 
 
 } 
 
 x = 12; 
 y = 16; 
 
 for (int loop = 0; loop <= Map->GetMapSizeY(); loo p++) 
 { 
  MoveToEx (hdc, x + loop * 16, y, NULL); 
  LineTo (hdc, x + loop * 16, y + Map->GetMapSizeY( ) * 16); 
 } 
 
 for (loop = 0; loop <= Map->GetMapSizeX(); loop++)  
 { 
  MoveToEx (hdc, x, y + loop * 16, NULL); 
  LineTo (hdc, x + Map->GetMapSizeX() * 16, y + loo p * 16); 
 } 
  
 
 ptrEntity = EntityList; 
 x = 450; 
 y = 20; 
 loop = 0; 
  
 // Display the readout of what the entities curren t state is 
 // 
 while (ptrEntity && loop < 20) 
 { 
  loop++; 
 
  TextOut (hdc, x, y, "                                                  ", 50); 
 
  itoa (ptrEntity->ID, pos, 10); 
  strcpy (str, pos); 
  TextOut (hdc, x - 20, y, str, strlen(str)); 
 
  if (ptrEntity->GetPath()) 
  { 
   strcpy (str, "to "); 
   itoa (ptrEntity->ToX, pos, 10); 
   strcat (str, pos); 
   strcat (str, ", "); 
   itoa (ptrEntity->ToY, pos, 10); 
   strcat (str, pos); 
   TextOut (hdc, x + 150, y, str, strlen(str)); 
  } 
 
  switch (ptrEntity->CURRENT_STATUS) 
  { 
   case STANDING_IDLE: 
    TextOut (hdc, x, y, "Standing Idle", 13); 
    break; 
 
   case AT_GOAL: 
    TextOut (hdc, x, y, "At Goal", 7); 
    break; 
 
   case MOVING_FORWARD: 
    TextOut (hdc, x, y, "Moving Forward", 14); 
    break; 
 
   case PATHING: 
    TextOut (hdc, x, y, "Pathing", 7); 
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    break; 
 
   case BLOCKED: 
    TextOut (hdc, x, y, "Blocked", 7); 
    break; 
 
   case INANIMATE: 
    TextOut (hdc, x, y, "Inanimate", 9); 
    break; 
 
   default: 
    TextOut (hdc, x, y, "Unknown", 7); 
    break; 
  } 
 
  y = y + 20; 
 
  ptrEntity = ptrEntity->GetNextEntity(); 
 } 
} 
 

 



Appendix D  131 
 

 
Jason Dyke  MSc Information Technology 

APPENDIX D 
 

AI SDK Function List  
 
  The intention of this appendix is to show the format that the common functions 
of the AI SDK should take when utilised in a software application. 
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* ENTITY ENTITY::ENTITY (*Map) 
 
Receives a pointer to the current game map. Returns a pointer to the entity created. 
 
 
*EntityList ENTITY::CreateEntity (*EntityList) 
 
Receives a pointer to the relevant list of entities. Updates the list by adding this entity 
and returns the updated list. 
 
 
*EntityList ENTITY::RemoveEntity (*EntityList) 
 
Receives a pointer to the relevant list of entities. Updates the list by removing this 
entity and returns the updated list. 
 
 
*ENTITY ENTITY::GetNextEntity () 
 
Get the entity on the entity list that is directly after the calling entity. returns a pointer 
to this entity. Used mainly for moving through all the entities on the entity list. 
 
 
int ENTITY::SetPath (*Path) 
 
Set the path of the calling entity to that path pointed to by the received pointer. Returns 
a TRUE/FALSE response to indicate success. 
 
 
int MAPID::AddEntity (*ENTITY, X_Position, Y_Positi on) 
 
Receives a pointer to the entity to be added and the co-ordinates that it should be 
placed at. Returns a TRUE/FALSE response to indicate success. 
 
 
int MAPID::RemoveEntity (*ENTITY) 
 
Receives a pointer to an entity that is then removed from the current game map. 
Returns a TRUE/FALSE response to indicate success. 
 
 
*Path MAP::CreatePath (FromX, FromY, ToX, ToY) 
 
Receives details of the start and end point of the intended path. Returns a pointer to the 
path or NULL if no path could be created. 
 
 
 
 
 



Appendix D  133 
 

 
Jason Dyke  MSc Information Technology 

 
int MAP::FollowPath (*Entity, Direction) 
 
Causes the received entity to get the next step on its current path. Direction can be 
FORWARDS or BACKWARDS. Returns a TRUE/FALSE response to indicate 
success. 
 
 
int MAPID::TileBlocked (X, Y) 
 
Receives map co-ordinates and returns TRUE/FALSE response to indicate if the tile is 
blocked by an unmoving object. 
 
 
int MAPID::TileBlockedByEntity (X, Y) 
 
Receives map co-ordinates and returns TRUE/FALSE response to indicate if the tile is 
blocked by a potentially moving object. 
 
 


