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Abstract

The game is the first semester material in the Algorithm course at the Pos Indonesia Polytechnic which was adopted from
Oracle Academy. The output of this course is a simple 2D Greenfoot game. In 2020, around 70% of students made games,
which move randomly. It is due to the computer responses that are not like human responses when the game is running and
the rest uses a bouncing technique, so the computer response is very predictable. This study applied an expert system in the
form of Naive Bayes and forward chaining with training data from student correspondence for the computer movements. The
purpose of this study was to compare the random, bounce, and expert system techniques. This study contributes to providing
concrete innovations in the form of course implementation in semester 1 (using Greenfoot) and semester 6 (using WEKA as a
learning tool in artificial intelligence, data science, expert system courses) so that both are integrated. This can be a reference
for teachers who use the Oracle Academy (Greenfoot) curriculum to be able to implement other machine learning/expert
system models.
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INTRODUCTION

The ability of the hardware to perform computing is increasing. This makes it possible to embed Artificial
Intelligence (Al) into a wider range of devices. In the past, a company made telephone system automation for
example to contact the complaint service press 1, for language translation press 2, etc. Now, with the
implementation of Al, the telephone system can use the Natural Language Processing method so that it is as if
interacting with humans as well as short message services. Al through machine learning makes the system smarter
over time because it can recognize and create its patterns. In the case of a refrigerator, a refrigerator with a camera
and Al can recognize the type of food, estimate the stock content of a type of food and make recommendations.
An autonomous vehicle (AV) or a self-driving car is a vehicle that is capable of sensing its environment with
several sensors, such as radar, lidar, GPS, sonar, and inertial measurement units and moving safely with little or
no human input, results from the sensor readings processed by Al then used for navigation and response to the
environment. In the field of chemistry, with the current machine learning-based, the deep learning model is
employed to capture the constitution of 541,555 bioactive small molecules retrieved from ChEMBL [1]. Android
smartphone devices provide Google Assistant, which can be the personal assistant. Examples of Al in games such
as The Last of Us, F.E.A.R, Tom Clancy's Splinter Cell: Blacklist, etc.

The industry is trying to implement and benefit from Al, and the gaming industry is no exception. As reported,
the video game industry will grow to $ 300 billion by 2025. Mobile and cloud games are expected to grow, as
mobile games outnumber PC and console revenues in 2018, which reached $ 130 billion [2]. There is a list of
video game genres such as action, adventure, role-playing, etc. In the action type, there are several sub-platforms,
such as platform, shooter, fighting, etc. Examples of platformer games like Mario Bros, Sonic the hedgehog, etc.
According to the author, the game Mario Bros, which was popular around the 90s, is a legendary platform type
game, in this game there are several levels, challenging obstacles, players can jump, run and shoot. Until now, the
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game industry continues to produce platform types using the latest technological capabilities, for example on the
PS4 console there is Sonic Mania which was developed by Sega or can be created a platformer game with the
Unity3D engine which can use Key Al features which provide a machine learning agents toolkit for game maker.
To make a game requires knowledge, skills, art, and programming. In general, the stages of making a game start
from an idea then create a storyboard, scenario, and finally build a game. When creating a game, assets in the
form of images, sound effects, and background music must be considered. Assets can be created using free and
open-source software, such as LMMS and GIMP. LMMS is used to create sound assets. With LMMS, can easily
generate, play and arrange sounds and tones into complete tracks. Sound effects or music can be saved in mp3 or
Wav format. GIMP is a cross-platform image editor, which can create image assets with the output of Portable
Network Graphics (png) for images that require transparency or jpg for compressed images. Programming is
needed to create a set of instruction sets or algorithms that are understood by machines so that the machine can
do its job. There are various programming languages such as Java, Kotlin, C #, Python, PHP, C ++, JavaScript,
Golang, Objective-C, etc. With programming, can also create Al and its derivatives such as machine learning,
expert systems, etc.

The game is one of the Algorithm course materials adopted from Oracle Academy [3], with a simple two-
dimensional game as an output. The Oracle Academy curriculum contains Java fundamental material. Java
fundamentals are divided into three main subs, i.e. (a) Alice 3, introducing object-oriented programming with
drag and drop techniques, students getting to know classes, making the object, methods in the form of procedures
and functions, and making interactions; (b) Greenfoot, students begin to be introduced to writing Java programs
with the ultimate goal of making games, in this case, students can create their classes, create scenarios and simple
algorithms to adjust the target game with the Greenfoot framework; (c) Java, students create Java programs then
run them in the terminal with a focus on using the Eclipse IDE for integrated debugging and compilation [3].

In Greenfoot, students write in a Java program so which requires following the program syntax writing pattern.
Students also begin to understand the concepts and basics of programming, so that when creating solutions or
algorithms, errors are often encountered but this is a common thing in learning. Greenfoot IDE also helps students
where the error lies or also provides estimates. Likewise, the available materials and API documentation from
Greenfoot are sufficient. So with the final project of making a game with Greenfoot, the target is that students can
design scenarios then write their programs, logic, algorithms until a game can be played. So making a game with
Greenfoot is a complete package for the final project.

The Greenfoot game is the final project of the 2020 semester 1 algorithm course at the Pos Indonesia Polytechnic.
Previous data showed that out of 60 students, who make games on average implement about 70% of randomly
moving enemies or use invisible objects, 10% of the enemy can bounce to the right/left, or 20% of the enemy can
see the edge of the platformer object on the platformer type, so the game very easy to predict and win over. So
the problem of this game is how to make the Greenfoot game more difficult and the computer has a human-like
response. This is the target of algorithm courses such as teaching Object-Oriented Programming and simple
program logic, then the implementation of expert systems will be tested, so that computer responses can resemble
humans with algorithm implementation [4,5], such as expert systems [6,7]. A similar study includes incorporating
Al into the game [8] and the use of WEKA's Multi-Layer Perceptron, J48, and Random Forest classifiers to create
game-level tiers [9]. This study innovation and solution is to align algorithm courses in semester 1 and expert
systems in semester 6 using WEKA tools because the same programming language is Java. Real case studies,
implementation of the game are expected to attract more interest, innovative exploration of Greenfoot and WEKA.
The objective of this study was to compare three scenarios, i.e. random response, platformer response using object
invisibility, and response using expert system algorithm, and the result was the chance of winning from the three
scenarios. The implementation of an expert system in games is not the first time but, this is the first study to
discuss an expert system in Greenfoot throughout the literacy study carried out until the mid of 2021.

Materials and Methods

Materials

Greenfoot is an Integrated Development Environment (IDE) with the Java or Stride language, which is designed
for educational purposes. Greenfoot allows easy development of two-dimensional graphics applications, such as
simulations and interactive games. Greenfoot was developed by King's College London, with Oracle support. This
is free software, released under the GPL license. Greenfoot is available for Windows, macOS, Linux, Solaris, and
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the latest JVM [10]. This study uses Java as a programming language. Java is a programming language and
computing platform first released by Sun Microsystems in 1995. Java is a fast, secure, and reliable language for
laptops, data centers, game consoles, supercomputers, cell phones, and the internet [11].

Greenfoot game is designed for algorithm implementation without high computational resources, with the
consideration that the game rating is easy, feasible, and the computer responds to players like humans. Wang
tested the prediction of the Naive Bayes classifier from the respective winning probability of the two parties in
the DOTA2 game [12]. The results showed that the Naive Bayes classifier is a practical tool for analyzing lineups
and predicting outcomes based on player choices. Anwar used the Naive Bayes classifiers to classify players based
on data from the EEG headset and gave an accuracy value of 88% [13]. Al-Bow et al. concluded that Greenfoot
successfully taught basic programming concepts to novice programmers [14]. Fuzzy logic systems are applied to
a serious game strategy to each consumer [15] and this technique is also applied to other systems with the
application of fuzzy logic Mamdani [16]. This study used Naive Bayes and forward chaining to move the enemy,
because of the results of other studies and relatively easy to program. For examples of games that have been
created using Greenfoot, students can access the site greenfoot.org or Github with the keyword search for
Greenfoot. GitHub is a web-based software, which used as a collaborative medium in developing application
software projects. The software of the engineering collaborative learning model uses Github for informatics
students because it can simplify the learning and collaboration process [17].

Methods

In this study, of the 60 students, only 20% make games with the platformer type but the logic of the game is not
too simple when compared to shooter-type games or games that run randomly. In this type of platformer, it should
be checked for collisions on the platform/floor object when the player jumps, falls, and walks, as well as the
enemy object that becomes the obstacle. The Greenfoot Game was designed to contain 1 world and 3 actors. This
is the minimum number of classes required in a platformer game so that the enemy and player classes will only
be made into one object, while the floor objects of the Ground class are three. The world contained the MyWorld
class which defines a 900x600 pixel screen. MyWorld class was made with 3 floor platforms for players or
enemies, the positions were on a scale of 1: 100, i.e. (x1): 1to 9 (y1): 6; (x2): 2to 4 (y2): 4; and (x3): 6 to 9 (y3):
3. Actions can be taken by players and bots were moving left/right, up/dodging, and shooting, with 10 lives.
Players and bots are always on the floor and as a guideline, the world map shows the position of the region of
MyWorld which by default is not displayed visually to end-users (Figure 1).

Figure 1. World map, a=x, y position, b=floor, c=bot enemy, d=player

The base class was a gaming platform. The trial was carried out with three scenarios, i.e. random responses,
platformer responses using invisible objects, and responses using expert system algorithms.

In enemy bot random response scenarios, with pseudocode:

predAction = Greenfoot.getRandomNumber(3)

If predAction =0

a=true

If predAction = 1

d =true
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If predAction = 2
space = true
Greenfoot.getRandomNumber(3) will return a value of 0, 1, 2.
In the response scenario the bot moves to the left/right bounce until it hits an invisible object, with pseudocode:
Ifdir=0
d = true
Else
a=true
If getOneObjectAtOffset(0,0,Kanan.class) != null
dir=0
If getOneObjectAtOffset(0,0,Kiri.class)!=null
dir=1

In the invisible object pseudocode built from the Kiri and Kanan classes. The getOneObjectAtOffset function will
check the object's value at the specified position from the bot side.

In an expert system implementation scenario, the PlayerBot class responds to keyboard input when the main player
moves. The projectile class was created to create bullets in MyWorld. The enemy class contains a bot or Non-
Player Character (NPC) [18]. This bot is an implementation of an expert system, i.e. Naive Bayes and Forward
Chaining. Naive Bayes is an algorithm with good performance and fast learning in a variety of supervised
classification problems [19] and the successful implementation of game strategies [18]. Enemy movements were
left, right, and jump using Naive Bayes, while dodging and shooting using forward chaining.

Naive Bayes classification is a classification technique of calculating the degree of fit. If the degree of fit is high,
then the data are classified into the corresponding class. If the Vnj classification has attributes al, a2, ... an, then
the result of Vnj can be calculated by Eq. (1) [20].

Voj = POTIZ P(vY) (D)

According to Eq. (1), each attribute will produce a conditional probability value for each attribute, so that it can
be described in Eq. (2) [20].

Vi =P(V1)(P(a1 |Vj) * P(@1|Vj) * ... ... x P(an |V;j) (2)

Vy = the value of the probability classification result of the j target class

P(V;) = j chance of occurrence of target class v

P(ai | V;) = the conditional probability of occurrence of attribute a; in class v;

The modeling stages, ground truth data, and the game screen were mapped into a 2x2 matrix with 9x6 dimensions.
This is obtained at a scale of 1: 100 pixels from the 900x600 screen. The scale mapping technique was calculated

by Eg. (3).
LE+1(3)
The getX function returns the x coordinate of the actor's current location with an integer data type. Four attributes
were mapped, i.e. enemy x position, enemy y position, player x position, player y position, and class classification.
The model has three class choices, i.e. a, d, and space with 2380 training data sets. Class a for bot moving left.
Class d for bot moving right. Class space for bot jumping or dodging.The data set was inputted manually for this
scenario, then processed through the WEKA application [21]. Attributes X, y are nominal types 1-9, target x and
target_y attributes were nominal types 1-6. Training data were obtained from four pairs of human players for 11
minutes by recording each position state between the player and the enemy (Table 1). The enemy was moved
manually by humans, so in the training process, there were 2 players, 1 main player, and 1 enemy.

meX =

Table 1. Collection of Data Training
Team player  Collectdata  Time (min)

1 680 10
2 451 10
3 615 15
4 634 10
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average 595 11 min 15 sec
The test data collection was done only once, with the results of 142 data in 5 minutes. The training was carried
out in parallel and file contributions using the BufferedWriter class with output in CSV format. Human labeling
is done when there is a change in the position of a player or enemy bot with the pseudocode of recording.
The test data collection was done only once, with the results of 142 data in 5 minutes. The training was carried
out in parallel and file contributions using the BufferedWriter class with output in CSV format. Human labeling
is done when there is a change in the position of a player or enemy bot with the pseudocode of recording.
If tempPosition != position
tempPosition = position
Writetocsv
This technique is like the Matlab ground truth Labeler [22], which provides for human intervention. Example
data: 1,6,1,6, a. The results of Naive Bayes modeling will be saved into a serial file for the next classification
process. Forward chaining was a fact to get a conclusion from the previous facts. This reasoning was based on
existing facts (data-driven). Tracking started from inputting information, then tried to make conclusions. The facts
were obtained from the input X, target x, and the x position of the projectile object. The rules were made from
logic to the x and y target positions of the enemy. Rule 1 read the facts from the target position y with the output
shoot (s) of boolean type. Rule 2 read the facts, that the target x position was distanced from the enemy with a
boolean type dodge output.
The Forward chaining as follows:
Fact 1: this.getPlayerbot().getY () lower than this.getY() + 20
Fact 2: this.getplayerbot().getY() greater than this.getY() - 50
Fact 3: this.getObjectInRange(150, Projectile.class)
Decision 1: this.s is true
Decision 2: this.space is true
Rulel: Fact 1 AND Fact 2 => Decision 1
Rule2: Fact3 => Decision 2

Pseudocode:
predAction = classify(meX,meY,playerBotX,playerBotY)
if predAction =0

a=true

if predAction =1
d =true

if predAction =2
space = true

The classify function will process input in the form of human player positions and bot enemies at x, y and process
it through a previously created model. This will return the classification result value. Other supporting sources are
available from GitHub. The examination was an experiment on respondents. The student survey was conducted
with a questionnaire containing total play and total winners against three-game scenarios. The scenarios were
played by students from scenarios 1, 2, and 3, then the results were compared between the three scenarios. The
questionnaire target was 80 students.

To achieve the Greenfoot game more difficult and the computer has a human-like response, the Naive Bayes
classification method and Forward chaining were applied. Naive Bayes modeling was obtained by collecting
player responses when playing games, in this case, the bot actor was played by the player/student and the Player
actor was played by other players/students. The collected data were entered into training data and test data. The
Naive Bayes model that formed, then stored to respond to the position of the bot actor against the Player actor.
The Forward chaining method contains a fact set of rules designed to attack Player actors. These two methods are
then implemented in the game on the bot actor. For testing the three scenarios, the player must play the game with
each scenario. Players then fill out a questionnaire. The questionnaire was then interpreted. The software
requirements for testing are Greenfoot 3.6.0 software onwards and the recent Java platform on Intel/AMD
processors requires a 64-bit CPU and 64-bit operating system.
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Results and Discussion

Based on the research design that has been carried out, scenario 1 will be explained and discussed what was found.
Enemy bots move randomly, for example, when the game is running, the bot on the 1st-floor moves to the right,
jumps to the 2nd floor, advances to the left jumps and shoots while the player does not take action on the computer
via the keyboard, players can easily attack enemy bots by moving left, locating and shooting.

In the scenario 2, the enemy bot will move to the right and when it touches an object from the class kiri (ki) then
the direction of motion of the enemy bot moves to the left until it touches object kanan (ka) and so on, this causes
the movement of predictable enemy bots, although coupled with random action to jump and shoot, so that enemy
bots are easy to defeat.

Figure 2 showed the position of the mapped area, the value information of the variable can also be displayed
during the game development process for debugging purposes. The information about the position of enemy bots,
players, and motion classifications of enemy bots according to Naive Bayes and forward chaining modeling. The
enemy bot moves towards the player. In the scanario 3, Naive Bayes and forward chaining are used in this study
to improve the response of the enemy to players, according to the author, this classification probability method is
easy to implement with a small number of classes and can be trained with a small dataset [23], as well as forward
chaining, namely simple rule application. This study measurement only involved 1 enemy and 1 player.

By default info regarding the position and value of the variable is not displayed, when the game is being played
by the end-user. When the player is on the 2nd floor, the enemy bot will chase to the same position and at a certain
distance the enemy bot will shoot. Enemy bot movement was the result of modeling, this makes it difficult for
players to attack or dodge. For example, in Figure 2, Player and Bot actors were at positions x=7 and y=6. Figure
3 showed the performance of the Naive Bayes model.

st o
P Bog ©
a n O Incorrectly Classified Instances a
C o 2 0 Incoerectly Classified Instances d
e .;;:' g 17 Incorrectly Classified Instances space
did g ‘ri " x Comrectly Classified Instances a
oo 3 :’ g x Correctly Classified Instances d
2 4 o i « Correctly Classified Instances space
x
» »
da 9
A
a T 1
a space
d

Figure 3. Class vs predicted class

In the expert system implementation scenario, the modeling process from training data and test data has previously
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been carried out. Table 2 showed that of correctly classified and incorrectly classified as the result of performance
summary of Naive Bayes modeling. Models are stored in serial files for use by the game. In the expert system
implementation scenario, the modeling process from training data and test data has previously been carried out.
Models are stored in serial files for use by the game. There were 2380 data train sets, 142 data test sets and the
results of the confusion matrix (Table 2) showed that of correctly classified instances were 117 and incorrectly
classified instances was 25. So, the level of accuracy was 82.3944% when implemented in the game, then the
enemy can jump on ground 4 and 3.

Table 2. Confusion Matrix

True class
a d space
Predicted class a 51 4 4
d 8 55 7

space 1 1 11

Table 2 showed the confusion matrix. The results of Forward chaining with the 2 rules applied to the shoot and
dodge method produce an accurate response to the dodge or projectile motion. As result, if the value of s is true,
then the enemy will shoot and if the space is true then the enemy will jump. Questionnaire results of 80 students
from three scenarios, scenario 1 random, scenario 2 bounce, scenario 3 implementation of the Naive Bayes expert
system and forward chaining (Table 3). Table 3 was the results of the implementation of the test with the three
scenarios. Variable Main to accommodate the number of times played, variable Menang to accommodate the
number of times won the game. For example in the Random scenario, the main Random shows the number of
times the player plays in the Bot actor scenario moving randomly, menang Random shows the number of times
the player can win the game by defeating the Bot actor who acts randomly.

Table 3. Main and Menang Results for Random, Bounce, and Nbfc Scenarios

main menang main menang main Menang

Random Random Bouncing Bouncing  Nbfc Nbfc
Total 764 668 745 647 765 18
Average 9.55 8.35 9.3125 8.0875 9.5625 0.225

After implementing the expert system, the game was 37 times more difficult to win than the random technique
(Table 4). According to our interpretation, the expert system method is superior to the random method, this is
because the modeling techniques and class labels were recorded when the Bot actor is played by the
player/human/student-run well. When players play Bot actors to train, this is done seriously by student
respondents. Game response resembles a human response. Expert System has improved better game response in
a Greenfoot game.

Table 4. Comparison of Menang Probability between Scenarios

scenario 1 2 3
1 1 1.0068 37.1597
2 0.9933 1 36.9094
3 0.0269 0.0271 1
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As additional discussion material, if there is more than one enemy, it should be noticed how the enemy object
responds to one another because in a certain condition/position the enemy will run uniformly, this requires other
techniques so that the enemy can respond to enemies other than the main player. This is also a concern about how
the power in computing if the Enemy/Bot object is more than 200 in one world on the Greenfoot, therefore a
profiling program is needed to measure the space (memory) or time complexity of a program, the usage of
particular instructions, or the frequency and duration of function calls so that it can be analyzed further to find the
best optimization method. Comparison of a screen scale of 1: 100 to training data can be more precise, for example,
1: 1000, then Classification on Naive Bayes requires work to define/label more classes so that suggestions for
further development can be implemented by the Generative Adversarial Network (GAN) method [24] as done by
NVIDIA Researchers on Pac-man games. The Grenfoot game engine can be further developed so that the
rendering results become smoother and can be performed on android mobile. For the general case in Greenfoot,
if ported to low-end android mobile, scenarios that have many actors (eg more than 30) will cause a decrease in
rendering and computing performance. This study has succeeded in producing examples of integration of semester
1 courses that focus on the introduction to programming through the game Greenfoot (Oracle curriculum) and
semester 6 courses on expert systems.

Conclusion

Naive Bayes modeling produces an accuracy rate of 82.3944% from 2380 training data and 142 test data so that
the game response resembles a human response. The implementation of an expert system made the Greenfoot
game was 37 times more difficult to win than the random technique. Figure 1 as previously explained, Greenfoot
is used by the Oracle curriculum for beginners in learning programming. This study contributes to providing
concrete innovations in course implementation in semester 1 (using Greenfoot, algorithm 1 course) and semester
6 (using WEKA as a learning tool in machine learning/data science/expert system courses) so that both are
integrated. This can be a reference for teachers who use the Oracle curriculum, especially those who use Greenfoot
to be able to implement other machine learning/expert system models. This study has taken the example of
Greenfoot in the form of games, in other cases, it can also be implemented in the form of learning simulations
with various disciplines.
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