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1 Introduction
Pac-Man is a very old game, originally released by Namco in 1980. The second version of the game 
was called Ms. Pac-Man and came with a number of updates, the most prominent one being the 
semi-random movement of the ghost. This meant an increased level of difficulty and the use of 
movement patterns could no longer be used to beat the game. I intend to look into the matter of 
developing a controller for both Ms. Pac-Man and the Ghosts using the influence map technique 
and compete in the CIG Ms. Pac-Man competition that is held yearly since 2008 [1]. The main 
difficulty of the competition is that all Ms. Pac-Man competing controllers are tested against the 
Ghost competing controllers [2]. This resulting in a much harder trial since the Ms. Pac-Man 
controller have no insight in how the Ghost controller operate and vice versa. In the original Ms. 
Pac-Man each Ghost had a certain set of behaviours that could be used to Ms. Pac-Mans advantage. 
But in the competition all entries have a different implementation so a more general implementation 
of the controllers is needed in order to have some success in the competition.

Fig 1. Ms. Pac-Man in the first map of the game.
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1.1 Background
The area that I will be covering is the one of Artificial Intelligence or rather Computer Intelligence.
But developing an CI for a quite basic game is more difficult than when first thought of it. The idea 
behind the attempt to use influence map [3]. This technique have been used before in 2008 by Wirth 
and Gallagher [4]. Their purposed method was influence maps, but despite the title they used the 
technique called potential fields. The difference between the techniques will be explained later. 
Other techniques that have been tried to solve this was done by Koza [5]. He used a genetic 
approach in order to exploit the movement of the Ghosts. Bell et al. used a tree search algorithm to 
determine the possible paths the ghosts could take and also used pre-calculated paths to quickly find 
the paths for Pac-Man [6].  Martin et al. proposed generic algorithms based on artificial ant solution 
to optimize the parameters of the ants [7]. Robles and Lucas used a tree-based search reaching a 
depth of 40 moves ahead in the search, which showed to be deep enough to get very good scores 
[8]. But returning to the problem at hand, since there have not been any real attempts to create a CI 
with the use of influence map there are problems that are unsolved such as performance of the CI, 
will it be enough memory since there is a limit of 512 MB. 

1.1.1 Difference between influence maps and potential fields.
Both techniques are quite similar in there use of  attracting and repelling points on the map that 
propagate out from each of those points. Using the distance from its source the effect fades off. The 
potential fields technique uses only the Euclidian distance to determine the strength of the attractive 
or repelling effect and don't take into account that a wall is in the way of the source and the target. 
Illustrated in Fig. 3. While influence maps finds the path around the wall and finds the actual 
distance to the target. The cost of this a higher computational is needed to calculate the real distance 
illustrated in Fig. 2.

Fig 2. Influence map                                       Fig 3. Potential field
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1.2 Goal and purpose 
The goal for this thesis is to again explore the possibility to use the influence map technique in the 
game of Ms. Pac-Man but this time implement it as it should be. This study will increase the areas 
in which influential fields are used and also maybe give idea to other areas where it might be used 
and also to prove Wirth and Gallagher wrong.

1.3 Research questions
Can influence map be used for Ms. Pac-Man and the Ghosts and reach a respectable degree of 
success? Is it possible to use the same influence map for multiple objects? Will there be an 
performance issue due to the increased amount of calculations? These are the questions I am asking 
and intend to find the answer for.

1.4 Methods
To find the answers I acquired the game from the competition website along with examples of Ms. 
Pac-Man and Ghost controllers. The game is implemented in Java and have a rich set of methods to 
get information about the current state of the game, with easy instructions about how the game 
works. 

2 Controllers
2.1 The Ms. Pac-Man Controller
The Ms. Pac-Man controller is implemented with 5 main parameters that can alter the behaviour of 
Ms. Pac-Man and they are also the fields that influence propagate out from. Ms. Pac-Man decides 
witch way to go depending how attractive the current closest nodes are. Each node have a attractive 
and a repelling value. Both values are positive but when subtracting the repelling value from the 
attractive value we get the current influence of that node and the closest node with the highest value 
will be the node Ms. Pac-Man moves to. The attractive and repelling fields are as follows:

2.1.1 The field of Pills
In order to complete a map Ms. Pac-Man must eat all pills on the map and each pill sends out an 
attractive influence to Ms. Pac-Man so Ms. Pac-Man know the directions of all pills on the map. 
Each pill have a value of 4 and each node further away from the source degreases the value by 0.95. 
So the there will always be small influencing force on Ms. Pac-Man wherever Ms. Pac-Man current 
position.

I(lap, pill) = 4 * 0.95^dA*(lap,pill)

I is the influence from the pill to the current closest node. d is the calculated distance using A star, 
each node has a distance of 1 and its 5 nodes between the pills.

2.1.2 The Field of Ghosts
The Field of Ghosts is the most important field in the simulation. Avoiding the ghosts is the most 
vital part for Ms. Pac-Man since the ghosts is the only thing that can end the game. The field that 



4

the ghost emit is a negative repelling field that Ms. Pac-Man want to move away from. Each ghost 
emits a negative value 90, with a multiplier of 0.95^distance. 
I = 90 * 0.95^d. The ghosts have a limited distance that they influence. The distance that they 
influence are 90/v were v is a changeable value and its only the highest negative value that 
influence Ms. Pac-Man.

2.1.3 The Field of Power Pills
The Power Pills emits a positive influence when the combined value of all 4 ghosts distance is 
lower then value d and emits a negative influence when the ghosts are far away so Ms. Pac-Man do 
not eat the Power Pills when the ghosts are out of reach. Eating all 4 ghosts yield 3000 points and 
only 200 for eating 1 during the Power Pill effect. 

2.1.4 The Field of Freedom of Choice
When Ms. Pac-Man is being cornered by 2 ghosts or more Ms. Pac-Man wants to find the nearest 
junction to escape the ghosts. Ms. Pac-Man measures the values from the 2 adjacent nodes and if 
those nodes negative value combined is above a certain value the nearest junction starts emit a 
positive influence. 

2.1.5 The Field of Edible Ghosts
When Ms. Pac-Man eats a Power Pills all active ghosts becomes edible and turns the direction and 
runs with a speed of 50%. The positive influence that they propagate out uses the exact same 
formula as the field of pills for the Ms. Pac-Man controller.

2.1.6 Combining the fields
Together all fields combined positive and negative influence is used for Ms. Pac-Man to determine 
what way to go each tick of the game. 

2.2 The Ghost Controller
The Ghost controller have 3 main attributes that can be influenced to change the characteristics of 
the controller. But the ghost have a set of rules that they have to follow. They can not chance the 
direction unless it reaches a junction. It may not go the opposite direction where it came from.

2.2.1 The Field of Ms. Pac-Man
Ms. Pac-Mans field can both be negative and positive depending on the distance from the closest 
Power Pill to Ms. Pac-Man. When Ms. Pac-Man comes close to a Power Pill she shifts to send out 
negative influence to keep the ghosts away if she eats the Power Pill so chance of eating all ghosts 
is less likely. And during the effect of the Power Pill Ms. Pac-Man sends out only negative 
influence to keep the ghosts away.
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The field for Ms. Pac-Man is based on the following equation:

fac = 1/PPDistFac * closetsPPdistance
if fac > 0.85
         Ipos = 200* fac^d
if fac < 0.85
         Ineg = 200 * 1.5-fac^d

PPDistFac is a fixed value that determines the distance when Ms. Pac-Man switches from sending 
out positive influence to instead send out negative influence in order to keep the ghosts away if a 
Power Pill is eaten. closetsPPdistance is the distance to the closest Power Pill.

2.2.2 The Field of Ghosts
Using the influence map we can send out negative influence around the ghost to repel other ghosts 
of coming close to other ghosts. By doing so they should choose an other path to Ms. Pac-Man. 
Also they should be more spread when Ms. Pac-Man eats a power pill. When the ghosts are far 
away from they have a larger influence range and when close to Ms. Pac-Man the negative 
influence range is shorter.
The formula used is: I(lap) = G * 0.90^d 
Where G is the weight of the ghost and d is the distance and to determine the range that the ghost 
influence we use: G - d*PacmanDistFactor/distanceToPacman and if the value is positive we 
continue to increase the range of the influence. G is the weight of the ghost, d the distance, 
PacmanDistFactor is a set value. A higher value means that a longer distance when the range start in 
decrease and a smaller value, a shorter distance to Ms. Pac-Man before the negative influence start 
to shorten.

3 Experimental design
The methods used to conduct the experiments was done by an implementation of the Ms. Pac-Man 
and Ghost controller. My original intention was to implement the controllers using C++ but when I 
discovered that the game used for the competition was Java I did all implementation in Java. 

3.1 Ms. Pac-Man
At first there was 7 parameters that could be tested, but with 7 parameters and 100 iterations for 
each parameter would mean 100^7 test cases and 40 trial runs for ever case would take years to 
complete. The tests are now done with 5 iterations for each parameter except the last that is 8 since 
the experiment is done on a PC with 8 available threads to maximize its efficiency. The 5 
parameters that are now used are the positive value for pills, power pills, edible ghosts the threshold 
value when Ms. Pac-Man wants to find the nearest junction and the negative value for ghosts. Now 
there are only 5000 test cases with 10 trial runs each resulting in a 14 hour experiment. The Ms. 
Pac-Man controller tests runs against a ghost controller that came with the game. It is a primitive 
controller that have a 90% chance to attack Ms. Pac-Man and a 10% chance to go in a random 
direction of its available choices, the ability to go in the direction of Ms. Pac-Man is still available. 
And the ghosts move away from Ms. Pac-Man when she comes close to a Power Pill. 
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3.2 Ghost
The Ghost controller uses 3 different parameters. The value for each ghost, a Power Pill distance 
factor and a distance factor to Ms. Pac-Man. With 10 iterations over each variable resulting in 1000 
test cases. The Ms. Pac-Man controller to be used against the Ghost controller was a controller that 
came with the game. But it is a big difference here since the Ms. Pac-Man controller needs more 
logic to be effective then what the Ghost controller needs.

4 Results
In total there are 5 parameters for the Ms. Pac-Man controller that are iterated over resulting in 5000 
test cases in a 8*5^4 scenario. Those parameters and their value a follows:

The Ghost controller have 3 parameters that are iterated over ten times each resulting in 1000 test 
cases. Those parameters and their value a follows:
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4.1 Ms. Pac-Man results
This part focuses on finding the most valuble parameter by looking at the average score of each 
parameter.

Fig 4. Ms. Pac-Man average score with Freedom of Choice in both diagram and PowerPills left 
and Pill on the right diagram.

Fig 5. Shows Freedom of Choice and Edible Ghosts on the left and Ghosts on the right.

Fig 6. Shows PowerPills in both and Edible Ghosts in the left and Ghost in the right.



8

Fig 7. Shows Pills in both and Edible Ghosts in the left and Ghosts in the right.

Fig 8. Shows PowerPills and Pills on the left and Edible Ghosts, Ghosts on the right.

The most vital parameter for Ms. Pac-Man is the Ghost and Freedom of Choice in order for Ms. 
Pac-Man to survive. The best scores was achieved with a value of 90 for the Freedom of Choice and 
-90 for the Ghosts. Fig. 9 shows the score when locking the Freedom of Choice and Ghost value at 
90 and -90 respectively and changing the other parameters.
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Fig 9. Shows Ms. Pac-Mans score with the value for Edible Ghosts at 90 and Ghosts at -90. The 
influence of PowerPills and Pills in the Top left, PowerPills and Edible Ghosts in the Top right 

and Edible Ghosts and Ghosts in the bottom.

The third most significant score is the Edible score with a value of 60 to yield the highest scores. In 
Fig. 10 we use best values for the parameters Ghost, Freedom of Choice and Edible Ghost as -90, 
90 and 60 respectively and change the other two parameters.

Fig 10. Ms. Pac-Mans score with IoG = -90, IoFoC = 90 and IoEG = 60.

The highest score is clearly shown in Fig. 10 to be when the value for Pills is 4 and PowerPills is 40 
or 2 and 10 respectively. 
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4.2 Ghost results
The results from the test show that the highest score is achieved through the values 20 for the Ghost 
and Ms. Pac-Man influence = 0. These 2 variables are used together and with cPP = 20, the range of 
the negative influence is practically 0. It only emitted in its closest vicinity peaking at cPP = 12, this 
means that Ms. Pac-Man can walk very close to the Power Pill before she starts to send out negative 
influences. The results of the Ghost controller experiments are presented in Fig. 11.

Fig 11. The average score for the Ms. Pac-Man when playing against the Ghost Controller. The 
lesser score is better.
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5 Discussion
5.1 The Ms. Pac-Man controller
The Ms. Pac-Man controller was easy to implement due to the very good conditions of the game 
and the node system that the game uses. My first concern about the use of influence maps was the 
memory usage. Due to a large amount of nodes that holds data about the positive and negative 
influence I though that I might have to lower the precision of the nodes. But the memory usage was 
far from the limit of the game that is 512 MB. Ms. Pac-Man suffers from the ability to only see 1 
node ahead of itself and dies a lot due to the fact that when a group of pills are in a corner with only 
one exit Ms. Pac-Man eats those pills and traps herself between 2 ghosts. The fix to solve some of 
this problem when Ms. Pac-Man is cornered by 2 ghosts is to find the nearest junction and it works 
well in the middle parts of the maps where the corridors are short and there a lot of junctions. But at 
the edges of the map where longer corridors and few junctions are present this method don't work 
very well. Early testing of the ghost we used a quite high value for the ghosts, 300 to be exact. And 
the value of the ghost is tied to the length that the influence is sent out. With a higher value this 
meant that Ms. Pac-Man got pushed around quite a lot and often cornered in the end with no exit. 
The testing results showed that with a much lower value of he ghosts they have a shorter influence 
range and this meant that Ms. Pac-Man had more space to move around before needing to escape 
from the ghosts.

5.2 The Ghost controller
Initially we thought that the influence map technique would be better suited for the Ghosts then Ms. 
Pac-Man due to the ability to coordinate the ghosts to keep the distance from each other and still 
corner Ms. Pac-Man. But the influence map technique has a big disadvantage when multiple objects 
use it. We implemented it with one positive and one negative value and with this it became very 
obvious when Ms. Pac-Man took a Power Pill and ate any of the ghosts. Since Ms. Pac-Man sends 
out negative influence the ghost move away from Ms. Pac-Man even if they are not edible. If we 
switch Ms. Pac-Man to always send out positive influence the edible ghost would walk right into 
Ms. Pac-Man. What we did to partly solve this problem is to let the edible ghost send out positive 
influence so the non edible ghost would protect the edible ghosts. But this don't work very well 
because the edible ghost also attracts other edible ghost and they tend to move around each other 
instead of moving away from Ms. Pac-Man. The testing results pointed towards having a short 
influence range instead of having a longer one. When testing with bigger ranges of negative 
influences from the ghosts the negative was to strong when 2 ghosts was so far away from Ms. Pac-
Man that the negative influence overpowered the positive that the ghosts didn't know in which 
direction Ms. Pac-Man was. This resulted in ghosts walking around in circles. The best test result 
came when the range and power from the ghosts negative influence is very short and weak. This 
resulting in the ghosts constantly knows where Ms. Pac-Man is and don't care about the other 
ghosts.
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6 Conclusions
I can conclude that the technique influence map is viable as a CI for Ms. Pac-Man. But its uses 
when it comes to strategy and tactics for Ms. Pac-Man are limited due to the fact that it can only 
evaluate the present and not think ahead in time. For the Ghost controller influence map was not 
that that successful. With multiple instances using the map to evaluate its next move it becomes 
clear that you can not have different conditions for those who use the influence map. The solution 
for this would be to have individual map for each instance or have the influence maps divided into 
groups depending on the users.

7 Future work
The influence map works well to some extent and is easy to achieve an average score when a single 
instance reading the influence. But by moving all the logic to the map we made Ms. Pac-Man very 
short sighted and can only predict the current move and not 10 moves ahead. The influence map 
would seem to be the answer to this by influencing areas so Ms. Pac-Man knows that a ghost is 
coming around the corner. But as we described above this meant that Ms. Pac-Man got pushed 
around a lot and got cornered. When it comes to letting multiple instances use the same influence
map it clearly have its flaws. A workaround this would be to have a multiple influence maps for 
each object. But this would cause a massive increase of data and workload.
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